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-%+,$4"I**."4*6(2+*4*'"=$4"-.1"$+,*4">.(C*42(+1"-#-4'"#(+,$%+"34($4"-64**:*.+"$="

+,*";$<+$4-&"9$&&*6*"J%-&(+1"F%IG9$::(++**@""

K$4)"2%I:(++*'"=$4"+,(2"4*2*-4<,"'*64**"-+"+,*">.(C*42(+1"$="A&1:$%+,",-2".$+"

=$4:*'"3-4+"$="-.1"$+,*4"'*64**"*(+,*4"-+"+,*">.(C*42(+1"$="A&1:$%+,"$4"-+"

-.$+,*4"*2+-I&(2,:*.+@""

H"34$64-::*"$="-'C-.<*'"2+%'1"#-2"%.'*4+-)*.8"#,(<,"(.<&%'*'/ "
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"#$%&'(%)!

<1-/!C;!D$1,%;!

<!='/+$/0,2!D0%$&-1!-/2!G,4%'/-1!C$-1'50,!3$+#!+#,!J-9,%!'*!B($1,(%);!

!. "+,*"*-4&1",$%42"$="+,*":$4.(.6"2*C*4-&"1*-42"-6$"!"-#$)*"#(+,"3 -4-:*'(<2"&*-.(.6"$ C*4"

:*@"!."-"2+-+*"$="<$.=%2($.8":1"=(42+"<$.2<($%2"'*<(2($."#-2"+$"*.+*4":1" :%2(<"

34$'%<+($."2+%'($"#,(&*"+,*1"-++*:3+*'"+$"&*-'":*"+$"+,*"- :I%&-.<* @"0%2(<"#-2"

(:3$4+-.+" +$":*" *C*."(."-"'(2$4(*.+-+*'" 3$2+G(<+-&"2+-+*"!"#$"%&'(')$*&"&'$+,$-+#*-.+/*#'**$

,+%%+0.#1$"$*'.2/('34"L#$"#**)2"&-+*4"!"-#$)*" #(+,"3-4-:*'(<2"2+-.'(.6"$C*4":*"-6-(. @"!"

,-'"2+-4+*'"+$"*T3*4(*.<*":%&+(3&*"2*(U%4*2@""

;%4(.6 "+,*"34*C($%2"#**)2 8"!"-&2$"*T3*4(*.<*'".%:*4$%2 "(.<('*.+2" $=":*:$41" &$22"#, *."

'*&(C*4(.6"34*2*.+-+($.2"-+"#$4)8"=**&(.62"$="I*(.6"4*+%4.*'"+$"+,*"4$$: "=$&&$#(.6"-."

-I2*.<* "$="<$.2<($%2.*22"-.' "2%==*4(.6"=4$:"+*:3$4-&"'(2$4(*.+-+($. @"!"-&2$"*T3*4(*.<*'"

:%&+(3&*"*3(2$'*2"$="' VWX"C%8"-4$:-2"+,-+"#*4*"'(==(<%&+"+$"('*.+(=18"C(2%-&"'(2+$4+($.2"-.'"

#-C*2"$="*%3,$4(-"&()*":$:*.+-41" (.+$T(<-+($."$="-." %.).$#."$4(6(.@"L,*2*"*T3*4(*.<*2"

I*6-."+$"(.<4*- 2*"(."=4*Y%*.<1"%.+(&":1"=(42+"+$.(<G<&(.(<"2*(U%4*@"Z$&&$#(.6":*'(<-&" +*2+28"

!"#-2"'(-6.$2*'"#(+,"* 3(&*321@"!+"#-2"-"<$.=%2(.6"3*4($'"#(+,".$",(2+$41"$="*3(&*321"(."

:1"=-:(&1" -.' ".$"3,12($&$6(<-&"<-%2*2"<$%&'"I*"('*.+(=(*' @"!"C(*#*'" *3(&*321"-2"-."

$C*4#,*&:( .6" -%+,$4(+18"(+"+-)*2"<$.+4$&"$="1$%4"&(=*"-.'"-22*4+2"(+2"3$#*4"%3$."1$%8"

=$4<(I&1"<,-.6(.6 "1$%4"4*-&(+1"(."-."(.2+-.+@""

K,*."!"2-#"+,*"BB["4*-'$%+2"=4$:":1"+*2+2"!".$+(<*'",$#"2(:(&-4"+,*1"#*4*"+$"2$%.'"

#-C*2"! ,.1/('*$5$"#)$634""

" "
Z(6%4*"P/"BB["# -C*=$4: " Z(6%4*"O/"H%'($"#-C*=$4: "

"
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"
H2"-."*&*<+4$.(<":%2(<(-.8"+,(2"34$W*<+"(2"I*(.6"%2*'"-2"-."-4+(2+(<"-.'"<-+,-4+(<"

$33$4+%.(+1"+$"<4*-+(C*&1"+4-.2=$4:"+,*"3$#*4"$="*3(&*321"-.'"4*-22*4+":1" 3*42$.-&"

('*.+(+1"%3$."(+@"F1:I$&(<-&&1"4*<&-(: (.6 "3*42$.-&"<$.+4$&"-.'"<4*-+(C*&1"+4-.2=$4:(.6 "

+,*"321<,$&$6(<-&"3*4<*3+($."$="3*42$.-&"3$#*4"+,-+"(2"&$2+"+,4$%6,"+,*"*T3*4(*.<*"$="

*3(&*321@"L4-.2=$4: (.6 "(+"=4$:"-."(.+*4.-&"'*2+4%<+(C*"=$4<*"(.+$"-."*T+*4.-&"-.'" <4*-+(C*"

-<+(C(+1"(.":1"&(=*@"9-3+%4(.6"+,*"<%&+%4-&"-.'"*:$+($.-&"*T3*4(*.<*2 "$="*3(&*321"-.'"

+4-.2=$4:(.6"+,*: "(.+$"<(.*:-+(<"*&*<+4$.(<"2$%.'2<-3* 2"%2(.6"4*2*-4<,"-.'" :%2(<-&"

*T3*4(:*.+-+($. "#(+,"BB[" *3(&*321"2(6.-&2@"!+"(2"-."*T(2+*.+(-&"*T3&$4-+($.8"+,*"4*2%&+2"

#(&&"I*"+-.6(I&*8"-<<*22(I&*"-.'"4*-2$.-I&* "(."+,* "+4-.2=$4:-+($."$="+,*"BB[" *3(&*321"

4*<$4'(.62"=4$:"+,*"%.<$.+4$&&-I&*"%.<$.2<($%2"(.+$"+,*"<4*-+(C*"<$.2<($%2@"L,(2"34$W*<+"

#(&&"-33&1"+4-.23$2(+($.8":-+,*:-+(<28"4*2*-4<, "-.' "<4*-+(C*"*T3&$4-+($."+$":-3"*3(&*321"

BB["*C*.+2"(.+$"<$:3%+*4"21.+,*2(U*'"2$%.'2<-3* 28"+4-.2=$4:(.6"+,*"3-22(C*".-+%4*"$="

'(- 6.$2*2"-.'"+4*-+:*.+"(.+$"-"34$ -<+(C*"-.'"<4*-+(C*"34$<*22@"L,(2"+,*2(2"2,-4*2"-."

(.'(C('%-&\2"4*2*-4<,"-.'"*T3*4(*.<* 2"$="*3(&*321"#(+,"-"<$::%.(+1"+ ,-+",-C*" -." (.+*4*2+"

(." +4-.2=$4:(.6"+,*" 3-22(C*"2%==*4*4"(.+$"-"<4*-+(C*&1"-<+(C*"-.'"-4+(<%&-+*"3-+(*.+@"

A4$=*22$4";-."]&$1'"!78+9"*$:4$;(+0#'%%3"A4$=*22$4"$="A,(&$2$3,1"-+"L4(.(+1"9$&&*6*"

2+-+*2"+,-+/$$

*+%!,$!-#$.&/.0!%1'%!234+!56&',78!'(%,/,%9!,$!:-&.!$,:,;'&!%-!:<$,(!%1'7!,%!,$!
%-!;'7=<'=.)))>!]&$1'";@"^O_PP`@""

!

!=8"-2"]&$1' "2%66*2+28"I4-(."-<+(C(+1"(2":$4*"&()*":%2(<"+,-."&-.6%-6*" +,*."#,-+":(6,+"

*3(&*321"I*"2-1(.6"$4"3$22(I&1"2(.6(.6"'%4(.6"+,*2*"*C*.+2a"K,-+"-4*"+,*"-%'(I&* "+(:I4*2"

$="+,*2*"*C*.+2a""

E*2*-4<,*42"2%<,"-2"K%"*+"-&8"A21<,*"*+"-&8"9,-=*"-.'"A-4C(U(",-C*"34*C($%2&1"(.+*434*+*'"

BB["' -+-"$="*3(&*321"BB["*C*.+2"+$"-('":*'(<-&"4*2*-4<,8"I%+"(+"(2".$+"*T3&$4(.6"+,*"

*:$+($.-&"+(:I 4*"$="*3(&*321"=4$:"-"3-+(*.+b2"3*423*<+(C*@"L,* "34*C($%2"4*2*-4<," '*4(C*'"

:%2(<-&".$+*2"=4$:"BB[" 2(6.-&2"+$"+4(66*4"0!;!"(.2+4%:*.+2"-.'":$'%&-+*".$. G*3(&*321"
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4*&-+*'"-%'($"2$%4<*2"=$4":*'(<-&"('*.+(=(<-+($. "3%43$2*2@"L,(2"34$W*<+"*T-:(.*2 "+,*"

3$22(I&*"+(:I4*2"'*4(C*'"'(4*<+&1"=4$:"+,*"BB["'-+-"+$"*T3&$4*"-.'"<4*-+(C*&1"'*2<4(I*"

+,*"*:$+($.-&"-.'"3,12(<-&"*T3*4(*.<* "=4$:"-"3-+(*.+b2"3*423*<+(C*@""

L,(2"+,*2(2"34*2*.+2"+,*"3*42$.-&"*T3*4(*.<*"$="*3(&*3218"+,*"'*C*&$3:*.+"$="

*&*<+4$*.<*3,-&$64-3,1"̂ BB[`8"+,*"2$<($<%&+%4-&",(2+$41"$="*3(&*321@"+,*"2$.(=(<-+($."-.'"

:%2(=(<-+($."$="BB["'-+-8"3&%2"+,*"<$.<*3+2"(.C$&C*'"(."+,*"'*2(6."$="+(:I4*"-.'"2$%.'"

*==*<+@"Z$4"+,(2"34$W*<+8"- "I*23$)*" 64-.%&-4"21.+,*2(U*4"<-&&*'"<78'$=>%.?/'@A("#.2'(B!

^34$64-::*'"#(+, "91<&(.6cR\2"0Hd0FA$̀,-2"I**. $<$.2+4%<+*'"+,-+"*:3&$12"BB["

2(6.-&28"<$.C*4+*'"+$"'(6(+-&"-%'($ 8"+$"21.+,*2(U*"+(:I4*2"+,-+"*T3&$4*"+,*"'*2<4(3+($."$="

,%:-." *T3*4(*.<*"-.'" *:$+($. 2"4*&-+*'"+$"*3(&*321@"L,(2 "+,*2(2"(.<&%'*2"4*2*-4<, "+,-+"

,-2"I**."<-44(*'"$%+"(.+$ ": -+,*:-+(<-&"-&6$4(+,:2"+$"6*.*4-+*":%2(<-&".$+*2"-.'"

:*&$'(<"(.=$4:-+($." (. "*&*<+4$.(<":%2(<"<$:3$2(+($.2"%2(.6"BB["*3(&*321"2*(U%4*"

-<+(C(+1@"L,*"-(:"(2"+$"+-)* "I-<)"3*42$.-&"<$.+4$&"I1"<4*-+(C*&1"+4-.2=$4:(.6 "+,*"BB[ "' -+-"

-.'" :1" 321<,$&$6(<-&"3*4<*3+($."$="*3(&*321"(. +$"*&*<+4$.(<"2$%.'2<-3* 2"-.'"2$.(<"

+*T+%4*2"+,4$%6,"*T3&$4-+($."$="2$.(=(<-+($."-.'":%2(=(<-+($."+*<,.(Y%*2@""

"
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F$%+!'*!='/+,/+%;!

HI2+4-<+"eeeee e@eeeeeeeeeeeeeeeeeeeeeeeeeeeeee@@ eeee e ee@"S"

](2+"$="9$.+*.+"eeeee@eee@@@ee@eeeeeeeeeeeeeeeeeeeeeeee@@ee@e@@"Q"

H%'($"9$.+*.+"eeeee@eee@@@ee@@eeeeeeeeeeeeeeeeee@@eeeeeee@@e@@"P_"

](2+"$="Z(6%4*2"M"L-I&*2"eeeee@eee@@@ee@eeeeeeeeeeeeeeeeeee@e@@ee@@"PP"

P@"B3(&*321"-.'"BB["eeee@@ee@e@eeeeeeeeeeeeeeeeeeeeeee @e@eee e@"Pf"

P@P@"K,-+"-4*"B3(&*321"F*(U%4*2a"eeee eeeeeeeeee eee@e@e@@e@e@@e @e@"Pf"

P@O@"L4(66*42"eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee@@"PR "

P@f@"K,-+"(2"-."BB[a"eeeeeeeeeeeeeeeeeeeeeeeee@@eeee@ee@@"PS"

P@R@"g$&+-"-.'"BB["g$&+-6*"]*C*&2"eeeeeee@@eee@@ee@@eeeee@@e@@ee@@@@"Ph"

O@"A4*C($%2"E*2*-4<,"-. '"0%2(<-&"BT3*4(:*.+-+($."#(+,"B3(&*321"-.'"BB[ "ee@e@e"Pi "

f@"jIW*<+(C(+1"-.'"F%IW*<+(C(+1/"<CD7E$"#)$F;=G7B"0 *+,$'$&$61"ee@e@eeeee@e "OS"

R@"H.<(*.+"0*'(<(.*8"F%3*4.-+%4-&"-.'"E*&(6($%2"L,*:*2" e@e@e@e@eeeeee@eee"f_ "

R@P@"k;-.+*"M"g(46(&";*2<*.'"3-2+"+,*"0(.$+-%4b"eeeeeeee@eeeee@ee@@"fO"

S@"F$.(=(<-+($.8"0%2(=(<-+($."-.'"0-33(.6" e@e@e@e@@ee@eee@e@eeeee@e@e@eee"fR"

S@P"0-33(.6"B T3*4(:*.+ "lP"eeeeee@eeeeeeeeeeeeeeeeeeeeee@"fS "

h@"BT3&$4-+($."-.'"BT-:(.-+($."$="0%2(=(<-+($."M"0-33(.6"L*<,.(Y%*"lP"!C/$'&$"%$

6HHI3"eee@eee@e@eeee@eeeee@eee@e@eeee@eeeee@ee@e@e@eeee@eeee"fQ"

h@"P"L*2+(.6"K%"*+"-&"0%2(=(<-+($."Z$4:%&-"M"0-33(.6"eeeeeeeee@@e@@@@"R_"

c@"BT3&$4-+($."$="0%2(=(<-+($."M"0-33(.6"L*<,.(Y%*"lO"!J.+#1$'&$"%$6H5K3$ee e ee "RO"

c@P"K*I*4GZ*<,.*4"]-# "eeeeeeeeeeeeeeeeeeeeeeeeeeeeee@"RO "

c@O"H33&(<-+($."$="K*I*4GZ*<,.*4"]-#"K (+,(."?($.6"*+"- &"0!;!"5$+*"NU"

0-33(.6"0*+,$'"e@eeeeeeeeeeee@eeeeeeeeeeeeeeeeeee@@@@"RS "

Q@"0-33(.6"BT3*4(:*.+ "lO"eeeee@ee@eeeeee@e@@eeeee@@@eeeeee@ee@@ee"Ri "
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Q@P"E*=&*<+($."$."A4*C($%2"BT3*4(:*.+2"eeeeeee@eeeeeeeeeee@@ee@"Sf"

i@"0-33(.6"BT3*4(:*.+"lf "m"F-:3&*4"91<&(<"B'(+2"e@eee@eee eeee@ee@eeeee "Sh"

i@P@"L,*"BB["@*'="Z(&*"9$.C*42($."=$4"0%2(<"A4$'%<+($."A%43$2*2"eee@@e@e"Sc"

i@O"A(+<,"M"L(:* GF+4*+<,(.6"@*'="Z(&*"9$.C* 42($."9-&<%&-+($.2"e@@eeee@@e@"h_"

i@f@"E*=&*<+($."$."BB["@*'="Z(&*"9$.C*42($."eee@eeeee@@ee@ee@eeeee"hO"

P_@"0-+,*:-+(<2"(2"Z%.'-:*.+-&"+$"0%2(<"I%+e @@eeeeeeeee @eee ee@eeee@e "hh"

PP@"L(:I4*"(2";(==(<%&+"+$"A%+"(.+$"K$4'2"ee@@ee eeeeeeeeeeeeee@@@ee ee@e"hi "

PO@"L,*"L(:I4*"$="BC*.+2"-.'"+,*"9(.*:-+(Y%*"eeeeeeee eeeeeeeeee@eee"cO "

Pf@"E*<-3(+%&-+($."eeeeeeee @eeeeeeeeeeeeeeeeeeeee@@ ee @eee @@@ee"ci"

Pf@P@"L,*"F%<<*22"(."9-3+%4(.6"B:$+($.-&"L(:I4*2"!.C$&C*'"#(+,"B3(&*321a"

eeeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeee@@eeeee@@@"QR"

Pf@O@"K,$":(6,+"=(.'"+,(2"+,*2(28"+,*"2$%.'2<-3*2"-.'"21.+,*2(U*4"<4*-+*'"=$4"

+,(2"34$W*<+"(.+*4*2+(.6"-.'"%2*=%&a"eeeeeeeeeeeee@@eeeeeeeee@@@"Qc"

PR@"Z(.-&"9$:3$2(+($.2 "F%::-41" 5-44-+(C*";*+-(&"e eee eeeeeeee@e@eeee@e@"iP"

PS@"E*=*4*.<*2"eeeeeeeee @eeeeeeeeeeeeeeeeeeeeeeeeeeeee @ee "if "

Ph@"H33*.'(T"H /!K*I*4 GZ*<,.*4"&-#"(.":%2(<-&"<$.+*T+"eeeee eee@@eeeeeeee" P_R"

Pc@"H33*.'(T"7 /!L*2+(.6"K%"*+"-&"=$4:%&-"E*2%&+2$eeeee eeeeeeeee eee@@@ee" P_S"

PQ@"H33*.'(T"9 /!BT3*4(:*.+" l P"#(+,"K%"*+"-&";-+- $eeeee eeeeeeee@ eeeee @e"PPP"

Pi@"H33*.'(T" ; /"H.-&12(.6"?($.6"*+"-&"=$4:%&-"-.'"4*2%&+2"e eeeeeeeeeee @@@eee"PPQ"

O_@"H33*.'(T"B /"91<&(<"F*6:*.+-+($."$="BB["BT3*4(:*.+ "eeeeeeee@@eee@@ee@"POR"

OP@"H33*.'(T"Z /!L,*" =>%.?/'@A("#.2'( "0Hdn0FA"21.+,*2(U*4"eeee @e e eeeeee" POc"

<78'$=>%.?/'@A("#.2'(B"BB["L (:I4*2 "eeeeeeeeee eeeeeeee@e@e@e@"PfR"

94*-+(C*"Z&$#"9,-4+"=$4"F$%.'";*2(6. "eeeeee eeeeeeeee@@@@@e@@eee"PfS"

!
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<02$'!='/+,/+;""

<02$'!='8('%$+$'/%!M'12,4T!

P@! L,*"B2$+*4(<"g$1-6*"$="N-.28"5()$&-("-.'"o*'*&"^PiOR`"

O@! ;-.+*"-.'"g(46(&";*2<*.'"A-2+"+,*"0(.$+-%4@ "

f@! L,4*-+"$="Z$<-&"j.2*+@"

R@! ]$2+@"

S@! j%+"7*1$.'"+,*"p3() mj$4+"9&$%'@"

h@! E*Y%(*:"=$4"-"5*%4$.@"

c@! !.+$"+,*"HI2*.<*@"

Q@! !.+*43$&-+*"7*+#**."F-=*+1"-.'"F*(U%4*@"

i@! 91<&(<"E,1+,:(<"F-:3&*4"BT3*4(:*.+@"

<02$'!BU-8(1,%!M'12,4T!

1.! Example 1a-chb01_03-Full EEG Recording.wav 

2.! Example 1b-chb01_03-FULL SEIZURE ALL ELECTRODES 256k SPEED.wav 

3.! Example 2-Mapped Notes - Wu examination-120bpm.wav 

4.! Example 3-Mapped Notes - My Method 1-120BPM.wav 

5.! Example 4-Mapped Notes - My Method 1-120BPM-(-2 octaves).wav 

6.! Example 5-Mapped Notes - My Method 1-120BPM-(+4 octaves pitch relative).wav 

7.! Example 6-Slowed-Timbre-examples_1-4.wav 

8.! Example 6b-Slowed-Timbre-examples_1-4_x_10.wav 

9.! Example 6c-Slowed-Timbre-examples_1-4_x_10.wav 

10.!Example 7-chb01_03 _SAMPLER_CYCLIC_EDITS_NO_FX.wav 

11.!Example 8-Breaking the Threshold Improvisation 1.wav 

12.!Example 9-Breaking the Threshold Improvisation 2.wav 

13.!Example 10-Breaking the Threshold Improvisation 3.wav 

14.!Example 11-Cyclic Rhythmic Sampler Experiment.wav (also included as composition) 

D<VWDEG!E)/+#,%$6,4!M'12,4T!

78'$=>%.?/'@A("#.2'(B"0Hdn0FA"F1.+,*2(U*4"A4$W*<+@ 
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?,$%!-2!@,=<&.$!A!B'#;.$)!

M$504,!QT"BB["# -C*=$4: "eee eee e@ee@@@ee eee@e@ee@@e @eee @ee @@e @eee@ee@e @$L$

M$504,!OT";(6(+-&"-%'($"#-C*=$4: "eee@ee@e @eeeee@ee @e @e e@@@e@@e @e @eee@ee@e @$L$

M$504,!XT"Z(42+"3%I&(2,*'"B&*<+4$*.<*3,-&$64-:"$="-",%:-."I1"N-.2"7*46*4"PiOR" @@@@@e @"PS!

M$504,!YT""H8"7"-.' "9"G"L,*"!.+*4.-+($.-&"P_ GO_"F12+*:"^[$&'I*46*4"*+"-&"O___`"@@e e@@e "Ph"

M$504,!ZT"BB["[4-3," 9N7 G0!L"F<-&3"BB["' -+-I-2*" m"[$&'I*46*4"*+"-&"O___"e eee e e"PQ"

M$504,![T"5$2=*4-+%"^PiOO`";(4*<+$4/"Z@K@"0%4.-%@"K4(+*42/"N*.4()"[-&**.@"74-:"F+$)*4"

^I -2*'"$."+,*".$C*& /"q;4-<%&-r`@"A%I&(<"'$:-(."ee eeeeeeeeeeeeeeeeeee e"Oi !

M$504,!RT L,*"$4(6(.-&"N-.2"7*46*4"^PiOR"̀BB[ "(:-6* "ee eeeeeee@@eee@@@eeeee@@"fh!

M$504,!\T"L,*"$4(6(.-&"N-.2"7*46*4"^PiOR`"(:-6*"$C*4&-('"+,*"I-22"-.'"+ 4*I&*"2+-C*"-.'"

.$+*2"eeeeeeeeeeeeeeee@@@eeee eeeeeeeeeeeeeeeeeeeeee@eeee@@"fh "

M$504,!]T"L,*"4*2%&+(.6".$+-+($."-I$C*"#(+,"+,*"N-.2"7*46*4"^PiOR`"(:-6*"*T<&%'*'"@@@"fh "

M$504,!QPT"K%"*+"-&"^O__i`"<M-"%'$N(''B"*T-:3&*" BB[".$+-+($. "eeeeeeeeeee@ee@e"R_ "

M$504,!QQT"K%"*+"-b2"kbF<-&*"Z4**b"BB["2*6:*.+-+($."-.'"-:3&(+%'*"64-3, "ee @@e@@e@@@e@"R_"

M$504,!QOT!BT3*4(:*.+"#(+,"K%"*+"-&"[4-3,";-+- "eeee@@eeeeeeeee@@eeee@@@@@@e@"Ri!

M$504,!QX!5'C!#!'70!(8T"P__"F-:3&*2"s"RRP"NU"<$.=(4:-+($."C(-"F(6.-&"[*.*4-+$4"-.'"

I$%.<*'"(.+$"#-C*"*'(+"e@@eeeee@@eeeeeeeeeeeeeeeeeeeeeeeee @eeee@@"SP!

M$504,!QYT"R_P"F-:3&*2"s"PP_"NU"<$.=(4:-+($."(."#-C*"*'(+$4"eeee@@eeeeee ee@@@@e@"SO"

M$504,!DEF$:+#O'(*.+#$D9"1' $5P$Q("-&.-"%$-+#,.(9"&.+#$+,$%'#1&8$.#$*'-+#)*$,( +9$('"%@&.9'$

&+$6LRE2$-+#O'(*.+#$eeeee eeeeeeeeeeeeeeeeeeeeeeeeeeeeee @eeee"Sc!

M$504,!DGF$:+#O'(*.+#$D9"1'$6P$Q("-&.-"%$-+#,.(9"&.+#$+,$%'#1&8$.#$*"9S%'*$,(+9$6LRE2$&+$

KK45TE2$-+#O'(*.+#$eeeeeeeeeeeee eee@eeeeeeeeeeeeee@@eeeee@@eee"S Q!

M$504,!DHF$:+#O'(*.+#$D9"1'$UP$VS.%'S*W$'O'#&$*&"(&$S+.#&$.#$*"9S%'*$,(+9$6LRE2$&+$

KK45TE2$-+#O'(*.+#$eeeeeeeeeeeeeeeeeeeee eeeeeeeeeeeeeeee@e@ e"Si $

M$504,!DIF$:+#O'(*.+#$D9"1'$KP$VS.%'S*W$'O'#&$%'#1&8$.#$*"9S%'*$,(+9$6LRE2$&+$KK45TE2$

-+#O'(*.+#$eeeeeeeeeeeeeeeeee eee@eeeeeeeeeeeeee@@eeeeee@@ee"h_ "
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M$504,!DJF$X'S'&.&.+#$+,$#+&'*$0.&8.#$-W-%.-$*'19'#&"&.+#$'YS'(.9'#&$ZUP$e@eeee@@@ee"hf !

M$504,!KLF$2@).1.&$('S'&.&.+#$&8('*8+%)$1("S8$eeee e@eeeeeeeeeeeeeeee @eee" hR!

M$504,!OQT"L,*" <=>%.?/'@A("#.2'($* W#&8'*.2'(B"(.+*4.-&"=%.<+($.-&"<$..*<+($.2"e@@e@@e @"QO!

M$504,!KKF$7.9>('*$"#) $*+#.-$&'Y&/('*$8.18%.18&')$0.&8$S/('$VVA$'S.%'S*W$)"&"$[44[[ [$PfR!

M$504,!KMF$:('"& .O'$,%+0$-8"(&$,+($*+/#)$)'*.1#$[[[44[[[4[[[[[[[[[[[[ [ e@ee@"PfS!

"

"-.1,!QT"L*2+(.6"K%"*+"-&"=$4:%&-"-6-(.2+".$+-+($."34$C('*'"e@eeee@@@e ee e @e@"P_SGP_i $

"-.1,!OT"H:3&(+%'*"*T3&$4-+($."#(+,"K%"*+"-&"-:3&(+%'*"64-3,"34$C('*'"eeeee@@@@@@@"PP_$

"-.1,!XT"L*2+(.6"-33&(<-+($."$="K*I*4GZ*<,.*4"=$4:%&-"(.":%2(<-&"<$.+*T+"e@@@eee@@@"P_R"

"-.1,!YT"L*2+(.6"?($.6"*+"-&b2"-33&(<-+($."$="K*I*4 GZ*<,.*4"=$4:%&-"eeeeee@ee@e@"PPQ"

"-.1,!ZT"L*2+(.6"?($.6"*+"-&b2"-33&(<-+($."$="K*I*4GZ*<,.*4"=$4:%&-"̂ <$.+(.%*'`"ee@@"PPi"

"-.1,![T"L*2+(.6"?($.6"*+"-&b2"-33&(<-+($."$="K*I*4GZ*<,.*4"=$4:%&-"̂ <$.+(.%*'`"ee@"PO_"

"-.1,!RT"L*2+(.6"?($.6"*+"-&b2"-33&(<-+($."$="K*I*4GZ*<,.*4"=$4:%&-"̂ <$.+(.%*'`"ee @@"POP"

"-.1,!\T"L*2+(.6"?($.6"*+"-&b2"-33&(<-+($."$="K*I*4GZ*<,.*4"=$4:%&-"̂ <$.+(.%*'` "@@e@@"POO"

"-.1,!]T"L*2+(.6"?($.6"*+"-&b2"-33&(<-+($."$="K*I*4GZ*<,.*4"=$4:%&-"̂ <$.+(.%*'`"@@@@@@@"POf"

"-.1,!QPT"L,*"C-&%*"$="kTb"(."?($.6"*+"-&b2"=$4:%&-"=$4"+,*"H*$&(-."0$'*"eee@eeeee@"RQ"

B'#;.!DDF$,+(9/%"$'YS'(.9'#&$0.&8$*'19'#&"&.+#$+,$VVA$0"O',+(9$S(+O.)')$>W$C/$'&$"%$

eee e@@eeeee@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@"PPPGPPf !

B'#;.!DKF$,+(9/%"$)'O'%+S9'#&$0.&8$"))')$5H\6$,+($E2$*'19'#&"&.+#$+,$VVA$)"&"$S(+O.)')$

>W$C/$'&$"%$e@eeeeeeeee eeeee@eeeeeeeeeeeeee eeee @eeee e@eeeee"PPR!

B'#;.!DMF$,+(9/%"$)'O'%+S9'#&$('&/(#.#1$E2$&+$('%"&.O'$E2$]$S.&-8$+,$VVA$)"&"$S(+O.)')$

>W$C/$'&$"%$[[[[[[[[[[[[[[[[[[[[[[[[[44 [[ [[[[[ [[4[4[4[[[4 4[[$ PPSGPPc!

B'#;.!DNF$,+(9/%"$'YS'(.9'#&$0.&8$-W-%.-$*'19'#&"&.+#$+,$VVA$*'.2/('$)"&"$ [4 [ 444[$PORGPOh!

B'#;.!DEF$X'S'&.&.+#$+,$#+&'*$0.&8.#$-W-%.-$*'19'#&"&.+#$'YS'(.9'#&$ZUP$eeeee@@@e@ee" hf "

!
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Q;!B($1,(%)!-/2!BBI;!

^FSS(+Y.9"&'%W$5_$+,$&8'$0+(%)B*$S+S/%"&.+#$'Y8.>.&*$*W9S&+9*$+,$'S.%'S*W`$^F,$*I"

O__R"̀

H<<$4'(.6"+$"+,*">.(+*'"5-+($.2 "̂ O_Pc`"+,*"#$4&'b2"3$3%&-+($."(2"$C*4"

abHHHbHHHbHHH@"

L,(2 ":*-.2 "c_8___8___"̂ PG(. GP__"̀3*$3&*":-1" 2%==*4"*3(&*321"#$4&'#('*@"H=+*4"

*T3*4(*.<(.6" :1"=(42+"+$.(<G<&$.(<"2*(U%4*8"-. "H<<('*.+ "-.'"B:*46*.<1";*3-4+:*.+"

.%42*"2+-+*'"+,-+"̂ ' O'(W+#'$.*$'#&.&%')$&+$+#'$,.&$.#$&8'.($%.O'*b$>/&$.,$W+/$8"O'$&0+$W+/$8"O'$

' S.%'S*Wc`"

Q;Q!J#-+!-4,!B($1,(%)!E,$604,%^"

L,*"I4-(. "=%.<+($.2"%2(.6"*&*<+4(<-&"-<+(C(+1"+$"<$::%.(<-+*"=4$:"<*&&"+$"<*&&@"K,*."

+,*4*"(2"-"'(24%3+(C*"I%42+"$="*&*<+4(<-&"-<+(C(+1"(+"<-."<-%2*"-"2*(U%4*@"L,*4*"-4*"'(==*4*.+"

+13*2"$="2*(U%4*2"-.'"21:3+$:2"4*&-+(C*"+$"+,*"-4*-"$="+,*"I4-(."-==*<+*'"I1"+,*"*&*<+4(<-&"

'(2 4%3+($.8"2*(U%4*2"<-."-==*<+"-&&"$4"W%2+"3-4+2"$="+,*"I4-(.@"L,*"2*(U%4*2"#*"$=+*."

-22$<(-+*"#(+,"*3(&*321"-4*"<-&&*'"+$.(<G<&$.(<"2*(U%4*28"+,(2"(2"#,*4*"+,*"2%==*4*4"&$2*2"

<$.2<($%2.*22"-.'"(2".$+"-#-4*"$="+,*(4"2%44$%.'(.62"-.'",-C*"21:3+$:2"+,-+"(.<&%'*"

I*(.6"C*41"2+(=="!&+#.-3$$4"<$.C%&2(C*"2,-)(.6"!-%+#.-34"HI2*.<*"2*(U%4*2"#,*4*"+,*"

2%==*4*4"-33*-4 2"-#-)*"-.'"-#-4*"I%+"(2 ".$+8"+,*"2%==*4*4":-1".$+"4*:*:I*4"-.1"$="+,*"

+(:*"'%4(.6"+,(2"+13*"$="2*(U%4*@"Z$<-&"$.2*+"2*(U%4*2"#,*4*"+,*"2%==*4*4"(2"-#-)*"-.'"

-#-4*"I%+"*T3*4(*.<(.6"2*.2-+($.2"2%<,"-2"%.('*.+(=(-I&*"2:*&&28"+-2+*28"' VWX"C%8"W-:-(2"

C%"-.'" 4*3*+(+(C*"3,12(<-&":$C*:*.+2"-.' "<-&&(.6"$%+@"L,*4*"-4*"-&2$"2*(U%4*2"+,-+"

,-33*."'%4(.6"2&**3"<-&&*'".$<+%4.-&"2*(U%4*2@"A*$3&*"#(+,"*3(&*321"<-."*T3*4(*.<*"-"

4-.6*"$="2*(U%4*"+13*28"2+-4+(.6"-2"$.*"+13*"+,*."'*C*&$3(.6"(.+$"-.$+,*48"$4"*T3*4(*.<*"

$.&1"$.*"+13*"2%<,"-2".$<+%4.-&"2*(U%4*2@"F*(U%4*2"<-."2+-4+"(."$.*"3-4+"$="+,*"I4-(."

#,(&2+"-#-4*"-.'"+,*."234*-'"+$"$+,*4"$4"-&&"3-4+2"$="+,*"I4-(."&*-'(.6"+$"%.<$.2<($%2"

-.'"<$.C%&2(C*"2+-+*2@""
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!."2$:*"<-2*28 "+,*"<-%2*"$="2*(U%4*"(2"-"4*2%&+"$="3,12(<-&"(.W%418"'(2*-2*"$4"6*.*+(<"

'-:- 6*"+$"+,*"I4-(.8"I%+"(."$+,*4"<-2*2"-"3*42$."<-."2%==*4"2*(U%4*2"#(+,$%+"-."('*.+(=(*'"

<-%2*@""

Q;O!"4$55,4%;"

L,*4*"-4*".%:*4$%2"+4(66*42"=$4"2*(U%4*28"2$:*" 2%==*4*42"<-."('*.+(=1"+,*2*"-.'"I*6(."+$"

-C$('"+,*:@"A,$+$2*.2(+(C*"*3(&*321"(2"-"<$::$."*3(&*321"+4(66*48"+*&*C(2($."34$64-:2"

+,-+"(.<&%'*"=&-2,"3,$+$64-3,1"34$C('*"#-4.(.62"$="(+2"(.<&%2($."-.'"-C$('-.<*"

2+4-+*6(*2"<-."I*" *:3&$1*' @"!+"(2"(:3$4+-.+"+$"'(==*4*.+(-+*"I*+#**."+,*"+4(66*42"-.'"+,*"

%.'*4&1(.6"<-%2*"$="*3(&*3218"+(4*'.* 228"2+4*228"-&<$,$&"-.'"'4%62"<-."+4(66*4"2*(U%4*2"

^B3(&*321"H<+($."O_PPR`@""F$:*"3*$3&*"<-."*T3*4(*.<*"2*(U%4*2"#,*4*"+,* "+4(66*42"-4*".$+"

('*.+(=(*'@"01 "*T3*4(*.<* 2"(.<&%'*"-"4-.6*"$="2*(U%4*"+13*2"2%<,"-2".$<+%4.-&8"=$<-&"$.2*+8"

+$.(<G<&$.(<"-.'"-I2*.<* "2*(U%4*2@"!",-C*"I**."'(-6.$2*'"-2"2%==*4(.6"=4$:"+*:3$4-&"&$I*"

*3(&*3218"$4(6(.-+(.6"(."+,*"4(6,+"+*:3$4-&"&$I*"$=":1"I4-(.@"L,*"2*(U%4*2"<-."I*"

:-.-6*'"C(-":*'(<-+($."I%+"+,*"+4(66*42"(.":1"<-2*",-C*" -&2$".$+"1*+"I**."('*.+(=(*'@""

B-4&(*4"(."+,(2"+,*2(28"+,*"+*4:"321<,$&$6(<-&"3*4<*3+($."#-2"%2*'"#,*."'*2<4(I(.6",$#"!"

C(*#*'"*3(&*3218"+,*"<$.2('*4-+($."$="+,*"321<,$&$6(<-&"*==*<+2"$="*3(&*321"+,-+"-"3-+(*.+"

*T3*4(*.<*2"-4*"(:3$4+-.+ @"!"I*6-."+$"&$2*"+4%2+"(.":1"$#."I4-(.b2"34$<*22(.6"$="

3*4<*(C*'"4*-&(+1"=$&&$#(.6"+,*"*T3*4(*.<*"$=",-C(.6"2*(U%4*2"(."3%I&(<"3&-<*28"-+"#$4)"

-.'"-+",$:* 8"+,*1"*4$'*'"+,*"+4%2+"!"34*C($%2&1"+$$)"=$4"64-.+*'@"L,(2"(.2*<%4(+1"2+$33*'"

:*"=4$:"&*-C(.6":1",$ %2*"-.' "2+$33*'":*"=4$:"6$(.6"+$"#$4)@""

!."-"<$::%.(+1 GI-2*'"2%4C*1"$="%.*:3&$1:*.+"=(6%4*2"$="3*$3&*"#(+,"*3(&*321"(."+,*"

5$4+,"B-2+"$="B.6&-.'8"(+"#-2"('*.+(=(*'"+,-+"Rht"$="3*$3&*"#(+,"*3(&*321"#*4*"

%.*:3&$1*'"<$:3-4*'"#(+,"Pit"$="+,*"2-:*"-6*"-.'"6*.'*4"<$.+4$&"64$%3"#(+,$%+"

*3(&*321@"L,*"%.*:3&$1:*.+"=(6% 4*2"<$%&'"I*"4*&-+*'"+$"(.'(C('%-&"2%==*4*4b2"<$.=('*.<*"

-.'",*-&+, @"L,(2"<$%&'"-&2$"I*"*T3&-(.*'"I1 "-."*:3&$1*4 "3$22(I&1"34*=*44(.6"+$",(4*"

2$:*$.*"#(+,$%+"*3(&*321"#,*."-.$+,*4"-33&(<-.+"#(+,"*3(&*321",-2"+,*"2-:*"2)(&&2"=$4"

+,*"W$I"I*(.6"-33&(*'"=$4@"^B&#*2"*+"-&"PiiP`@"
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01"3*4<*3+($."$="*3(&*321"<4*-+*'".*#"+,$%6,+"34$<*22*2"#,(<,"I*6-."+$"+-)*"<$.+4$&8"

-. "*T-:3&*"$="+,(2"(2"+,*".$+($."$="3*42$.-&"2-=*+1"-.'"2*<%4(+1@"H<+(C(+(*2"-.'"2(+%-+($.2"

+,-+"#*4*".$4:-&&1"+-)*."=$4"64-.+*'"-2"2-=*"-4*".$#"<,-&&*.6*'/"( ="!"*T3*4(*.<*'"-"

2*(U%4*".$#"#$%&'"!"I*"2-=*a"L,(2"+4-.2=$4:-+($."$="+,$%6,+"34$<*22(.6"I*<-:*"+,*"

.$4:"(.":-.1"$="&(=*b2"2(+%-+($.2@"B3(&*321"I*6-."+$"=$2+*4"(.2*<%4(+1"-.'"-"&-<)"$="+4%2+"(."

:1"$#."3*4<*3 +($."$="4*-&(+1"-.'"3*42$.-&"2-=*+18"<$:I(.*'"#(+,"+,*"3,12($&$6(<-&"

21:3+$:28"+,*"321<,$&$6(<-&"*==*<+"#-2"+,*"'*C*&$3:*.+"$="'*34*22($."I*<-%2*"$="+,* "

3*4<*3+($."$="+,*"<$.'(+($. @"B3(&*321"#-2".$#"<$.+4$&&(.6":1"&(=*u",$#"<$%&'"!"4*<&-(:"

2$:*" <$.+4$&a"N-C(.6 "4*&(*'"$.":%2(<"-.'"<4*-+(C(+1"+,4$%6,$%+":1"&(=*8"+,(2"BB["I-2*'"

:%2(<"34$W*<+"<$%&'"I*"-"34$-<+(C*"-.'"+4-.2=$4:-+(C*"-<+(C(+1"+$"<4*-+(C*&1"4*<&-(:"2$:*"

3*42$.-&"3$#*4"=4$:"*3(&*321@"

Q;X!J#-+!$%!-/!BBI^""

B3(&*321"I4-(.#-C*2"-4*"4*<$4'*'"C(-"*&*<+4$*.<*3,-&$64-3,1"^BB[`@"Z(6%4*"f"(2"+,*"=(42+"

3%I&(2,*'"* &*<+4$*.<*3,-&$64-:"$=",%:-. "I4-(."-<+(C(+1$>W$E"#*$;'(1'($5I6K@""

"
Z(6%4*"f/"Z(42+"3%I&(2,*'"B&*<+4$*.<*3,-&$64-:"$="-",%:-.$>W$E"#*$;'(1'($5I6K@"

L,*" 34*C($%2"=(6%4*"f"(2"$.*"$="+,*"=(42+"BB[2"-33*-4(.6"(."7*46*4\2"=(42+"4*3$4+@"L,*"+$3"

+4-<*"(2"+,*"BB["4*<$4'*'"=4$:"-"1$%.6":-&*"3-+(*.+ 8"+,*"I$++$:"+4-<*"(2"-"P_"N*4+U"̂NU`"

=4*Y%*.<1"4*=*4*.<*@"L,*"=(42+"3*42$."+$"'(2<$C*4"*&*<+4(<-&"-<+(C(+1"(."+,*"I4-(."#-2"+,*"

74(+(2,"3,12(<(-."E(<,-4'"9-+$."(."PQcS"#,(&2+"*T3*4(:*.+(.6"#(+,"+,*"*T3$2*'"I4-(.2"$="

4-II(+2"-.'":$.)*12@"5*-4&1"S_"1*-42"&-+*4"(."PiOR"+,*"[*4:-."321<,(-+4(2+"N-.2"7*46*4"

4*<$4'*'"-. "*&*<+4(<-&"2(6.-&"=4$:"-",%:-."I4-(."$."-"2+4(3"$="3-3*4"#(+,$%+",-C(.6"+$"

<%+"+,4$%6,"+,*"2)%&&@""^L*3&-."O__O`@"!+"#-2"-".*%4$&$6(<-&"I4*-)+,4$%6,"+,-+"#-2"<-&&*'"

*&*<+4$*.<*3,-&$64-3,18"+,*"<-%2*2"$="2*(U%4*2"(."3-+(*.+2"#(+,"*3(&*321"<$%&'".$#" I*6(."

+$"I*"2+%'(*'8"'(-6.$2*'"-.' "3*4,-32 "%.'*42+$$'@"^N--28"]@"Z@"O__f`@"
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B&*<+4$'*2"-4*"%2*'"+$"<-3+%4*"+,*"*&*<+4(<-&"I4-(.#-C*"-<+(C(+1@"Z(6%4*2"R"H8"7"M"9"

(&&%2+4-+*"&8'$O+7%.&7'%,-7';!DLPKL!Q9$%.:R!+,-+":*-2%4*2"-.'"4*<$4'2"+,*"+(.1"C$&+-6*2"

=4$:"+,*"I4-(. "I*+#**."2*.2$42"

3&-<*'"$."3*4<*. +-6*"3$2(+($.2"

-4$%.'"+,*"2)%&&"

^MS+#&"#'+/*$"-&.O.&W$.*$9'"*/(')$+#$
&8'$*-"%S$+($+#$&8'$>(".#4$78'$
"9S%.&/)'$+,$&8'$VVA$.*$">+/&$5HH$de$
08'#$9'"*/(')$+#$&8'$*-"%Sb$"#)$
">+/&$5@6$9e$08'#$9'"*/(')$+#$&8'$
*/(,"-'$+,$&8'$>(".#4$78'$>"#)0.)&8$+,$
&8.*$*.1#"%$.*$,(+9$/#)'($5$E2$&+$">+/&$
LH$E2`4$^[$&'I*46*4"*+"-&"O___`@"

"

Z(6%4*"R/"H8"7"-.'"9"G"L,*"!.+*4.-+($.-&"P_ GO_"F12+*:"^[$&'I*46*4"*+"-&"O___@̀"

L,*"*&*<+4(<-&"-<+(C(+1"<-3+%4*'"-.'"4*<$4'*'"C(-"BB["*&*<+4$'*2"(2"-"&$#"-:3&(+%'* "

2(6.-&"+$"<-3+%4*8"*23*<(-&&1"C(-"*&*<+4$'*2"3&-<*'"$."+,*"2<-&3@"B1*":$C*:*.+28"I&(.)(.68"

:%2<&*"23-2:2"-.'" 3,12(<-&":$ +($."<-."-&&"(.=&%*.<*"+,*":(.%+*"*&*<+4(<-&"2(6.-&2"

<-3+%4*'"I1"BB[@""

Q;Y!L'1+-!-/2!BBI!L'1+-5,!F,9,1%@"

;%4(.6 ":1"<,(&',$$'8"#*"%2*'"+$"3&-1"- "6-:*"$="'-4*"#,*4*"#*"#$% &'"3%+"$%4"+$.6%*2"

$."-"I-++*41"2,$4+(.6"$%+"+,*"3$2(+(C*"-.'".*6-+(C*"*&*:*.+2"+$"6*+"-"+(.1"2,$<)8"

-&+,$%6,"(+"#-2":$4* "&()*"-."%.<$:=$4+-I&*"+-2+*"+,-."-."*&*<+4(<"2,$<)@"L,(2 "(&&%2+4-+*2"
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+,*"&$#"&*C*&"$="+,*"*&*<+4(<-&"-<+(C(+1"<-3+%4*'"I1"+,*"*&*<+4$'*2"$."+,*"2<-&3"'%4(.6"-."

BB["4*<$4'(.6@"L,*" i GC$&+"2(6.-&"(2"i_8___"+(:*2"2+4$.6*4"+,-+"+,*"P__%g"<-3+%4*'"I1"

BB["*&*<+4$'*2"$."-"2<-&3@"

H"2:-&&"i GC$&+"I-++*41"s"i8___8___"%g"

H."BB["2(6.-&"s"-334$T@"P__"%g"

i8___8___"%g"n"P__"%g"s"i_8___"+(:*2"'(==*4*.<*"(."2(6.-&"2+4*.6+,@"

O_&$6^i8___8___"n"P__`"s"ii"'7%g"'(==*4*.<*@"

L,(2"+-2+*"*T3*4(*.<*'"I1 "2,$4+(.6"+,*"<$.+-<+"3$(.+2"$."+,*"I-++*41"#-2"$4(6(.-&&1"

('*.+(=(*' "I1 "H&*22-.'4$"g$&+-"(.",(2 "*T3*4(:*.+ 2"#(+,":*+-&2"-.'" +,*"-4+(=(<(-&"

6*.*4-+($."$="*&*<+4(<(+1@"g$&+-"4*2*-4<,*'"+,*"3$#*4"$="'(==*4*.+":*+-&2"(."+,*"'*4(C-+($."

$="*&*<+4(<(+1@"N*"'(2<$C*4*'"+,*"2+(:%&-+($."$="+,*"6%2+-+$41".*4C*2"-22$<(-+*'"#(+,"+-2+*"

(.",(2" *T3*4(:*.+ "I1"-4<(.6"I(:*+-&&(<":-+*4(-&2"#(+,",(2"+$.6%*"- .'".$+(.6"+,*"-<(' (<"

+-2+*"̂ A(<<$&(.$8"0@"O__h`@"

L,* "#$4)"I1" g$&+-"I*6-." +,* "'*C*&$3:*.+ "=$4"+,*"(.C*.+($."$="+,*"I-++*41"(."PQ__@"g$&+-"

*T+*.'*' "+,*"#$4)"$="]%(6("[-&C-.("(."+,*"&-+*"Pc__b2"#,$"<-44(*'"$%+"+,*"=-:$%2"

*T3*4(:*.+2"#(+,"*&*<+4(<(+1"<-%2(.6"+,*"+#(+<,(.6"$="-"'*-'" =4$6b2"&*62@"[-&C-.(" %2*'"+,*"

*&*<+4(<(+1"=4$:"-"+,%.'*42+$4:8"<$..*<+(.6 "+,*"=4$6b2".*4C*2"#(+,"&$.6"#(4*2"3$(.+(.6 "

2)1#-4' "#,(<, ":-'*"+,*"'*-'"=4$6b2"&*62"+#(+<, "&()*"+,*1"#*4* "-&(C*@"F$:*"1*-42"&-+*4"

+,(2"'(2<$C*41"(2"2-('"+$",-C*"(.=&%*.<*' "-4+"-.'"&(+*4-+%4*"6(C(.6"0-41"F,*&&*1"+,*"

(.23(4-+($."+$"-%+,$4"Z4-.)*.2+*(.@"[-& C-.("'(2<$C*4*'"+,-+"+,*"=4$6b2":%2<&*2"-.'".*4C*2"

4*23$.' *' "+$"*T+*4.-&"*&*<+4(<"(:3%&2*8"I%+"-&2$",-'"(+2"$#."(.+4(.2(<"*&*<+4(<(+1"#,(<,",*"

<-&&*'"<"#.9"%$'%'-&(.-.&WB$̂D$,.2$. 8"D@"A"O__P`@"L,(2"I*6-."+,*"=%.'-:*.+-&"2+-6*2"$="

'*C*&$3:*.+ "+$#-4'2"BB["+*<,.$&$61"-.'"+,*"%.'*42+-.'(.6"$=" *&*<+4(<(+1"(.",%:-."

3,12($&$61@"L,*"4*2%&+(.6"BB["2(6.-&2"-4*"4*34*2*.+*'"(."BB["6 4-3,28"2**"=(6%4*"S"I*&$# 8"

#,*4*"*-<,"*&*<+4$'*" 2(6.-&"<-."I*"*T-:(.*'"C(2%-&&1@"f+&'P$L,*"* 3(&*321"BB["'-+-"2*+2"

*:3&$1*'" =$4"+,(2"34$W*<+"-4*"=4$:"+,*"3%I&(<"-<<*22"9N7G0!L"F<-&3"BB["' -+-I-2*@"L,* "

'-+-"2*+2"#*4*"-4<,(C*'"(."+,*" B%4$3*-."'-+- "=$4:-+"̂ @*'="̀-.'" ,-C*"I**."<$.C*4+*'" +$"

'(6(+-&"-%'($ "=(&*2"=$4"%2*"(."+,*":%2(=(<-+($."-.' "21.+,*2(2"34$<*22*2"'%4(.6"+,(2"34$W*<+@""
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"
"

Z(6%4*"S/"9N7 G0!L"F<-&3"BB["' -+-I-2*" m"[$&'I*46*4"*+"-&"O___@"

L,*4*"(2"-. "$33$4+%.(+1"+$"&(2+*."+$"+,*"$4(6(.-&"*3(&*321"BB["'-+-"=(&*2"<$.C*4+*'"+$"

-%'($ "!.#$&8'$F/).+ $VY"9S%'*$N+%)'(3@"L,*1"6(C*"-. "*T-:3&*"$="+,*"2$%4<*":-+*4(-&"%2*'"

=$4"+,*":%2(=(<-+($."+$"'*C*&$3"+(:I4*28"2$%.'2<-3*2"-.'":*&$'(<"(.=$4:-+($."+$"<4*-+*"

<(.*:-+(<"2$.(<"*T3&$4-+($.2"$="*3(&*321"*C*.+2"$4"*T3*4(*.<*2@""

f+&'P"L,*"-%'($"=(&*2"I*&$#"-4*"2,$4+*.*'"(."+(:*"I1"-"4-+($"$="172.265625"#,*."

<$:3-4*'"+$"+,*"-<+%-&"&*.6+,"$="+,*"2*(U%4*"*T3*4(*.<*'"I1"+,*"3-+(*.+@"L,(2"(2"-"4*2%&+"

$="+,*"<$.C*42($."34$<*22"=4$:"BB["+$"-%'($"=$4:-+"#,(<,"(2"*T3&-(.*'"(."'*+-(&"#(+,(."

-8"S&'($I4$g"SS.#1$VYS'(.9'#&$ZUP$M"9S%'($:W-%.-$V).&*$̂3-6*"Sh̀ @"

$

"Play ÔExample 1a-chb01_03-Full EEG Recording.wavÓ "

S-%.F"L,*"=(&*"-I$C*"(2"+,*"=%&&"BB["4*<$4'(.6@"F*(U%4*"2+-4+2"-+"17.4"-.'"(2" 0.23219$

*'-+#)* $%+#1@"

 Play ÔExample 1b-chb01_03-FULL SEIZU RE ALL ELECTRODES 256k SPEED.wavÓ  

S-%.F"L,*"=(&*"-I$C*"(2"+,*"2*(U%4*"$.&1"*'(+@"F*(U%4*"*'(+"(2"0.23219 *'-+#)* $%+#1@"
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O;!G4,9$'0%!H,%,-4&#!-/2!D0%$&-1!BU(,4$8,/+-+$'/!3$+#!B($1,(%)!-/2!BBI;!

L,(2"34$W*<+"(2"(.+*4*2+*'"(."+,*"34$<*22*2"+,-+"6*.*4-+*"*&*<+4$.(<"+(:I4*"-.'"3(+<, "+$"

*T3&$4*"-.'"-33&1"<4*-+(C*8"+4-.2=$4:-+(C*":%2(<-&"34$<*22*2"#(+, "BB[" *3(&*321"'-+- @"

H:*4(<-."<$:3$2*4"-.'"3($.**4"(."+,*"%2*"$=".*%4$=**'I-<)";-C('"E$2*.I$$: @!

2%66*2+2/"

^g/*.-"%$"(&.*&*b$"%+#1$0.&8$9"#W$+&8'($1(+/S*b$"('$.#&'('*&')$.#$8+0$9/*.-$
#'/(+*-.'#-'$-"#$.#,+(9$"#)$.#*S.('$-('"&.O'$S("-&.-'*4` $!E$2*.I$$: @!O_PR@̀$

L,(2 "34$W*<+"#$4)"*T3&$4*2"+,*"<4*-+($."$="*&*<+4$.(<"2$%.'2<-3*"34$'%<+($.2"-.'" :%2(<"

<$:3$2(+($. 2"+,4$%6,"+,*"3*423*<+(C*"$="-."*3(&*321"3-+(*.+"#(+, "+4-.2=$4:-+(C*"<4*-+(C*"

34$<*22*2@"K,-+":%2(<" -.'"+(:I4*" <-."I*"=$%.'"#(+,(."+,*"-.-&12(2"$="+,* "BB[ "'-+-"(."

2$.(=(<-+($."$4":%2(=(<-+($.a"!2"+,*4*"2$&*&1"<,-$2"-.'"'(22$.-.<*"#(+,(."* 3(&*321"

I 4-(.#-C*2a"j4"<-.",-4:$ .1"-.'"$4'*4"I*"=$%.'a"E,1+,:(<"*C*.+2"-.'"2*Y%*.<*2"<-."

-&2$"I*"$I2*4C*'"(."* 3(&*321"BB["'-+-@"9-."!"+4-.2=$4:"-. "$C*4#,*&:(.6&1 "-%+,$4(+-+(C*"

:*'(<-&"<$.'(+($ ."(.+$"-"3$2(+(C*"<4*-+(C*"34$<*22"-.'"4*<&-(:"2$:*"3$#*4 "=4$: "

*3(&*321a"

]&$1'";@"^O_PP`"2%66*2+2"('*-2"(. "+,*"hg.#)$"*$g/*.-h"+,-+"+,*"I4-(."=%.<+($.2":$4*"&()*"

:%2(<"+,-."&-.6%-6*@"L,-+"2-('8"#*"<$::%.(<-+*"+,(.62"-I$%+"+,*":(.'"-.'" I4-(."(."

+*4:2"$="&-.6%-6*8"I%+"(2"(+"3$22(I&*"+,-+"(+"23*-)2"+$"%2"(.":%2(<a"H.'"(="2$8"2,$%&' "#*"I*"

&*-4.(.6"+$"&(2+*."-.'"%.'*42+-.'"+,*":(.'"(."+*4:2"$="+,*":%2(<"(+":(6,+"I*":-)(.6"(."

#- C*2"4*<$4'*'"(."+,*"I4-(.a "

!." ^78'$"%&'(#"&.O'$&+$&8'$i"#1/"1'$+,$78+/18&$.*$&8'$g/*.-$+,$78+/18&b$g=7$("&8'($&8"#$

i=74` "]&$1'".$+*'"+,-+"I4-(."-<+(C(+1"-33*-4*'":$4*"&()*"+,*"'1.-:(<2"$=":%2(<"+,-."

+,-+"$="&-.6%-6*@"]̂&$1'8";@"O_PP`@"L,(2"4*=&*<+2"+,*"('*-"+,-+"&-.6%-6*"(."<$.2+4%<+*'"#(+,"

2(.6%&-4"21:I$&2"-.'"<,-4-<+*42"=$4:*'"(.+$"'(2<4*+*"#$4'28"2*.+*.<*2"-.'"3-4-64-3,2 8"

#,*4*-2"+,*"I4-(."=%.<+($.2 "(."*&*<+4(<-&"C$&+-6*"#-C*2"-.-&$6$%2"+$"+,-+"$=":%2(<"-.'"

2$%.'@""
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A4*C($%2"4*2*-4<,"+,-+",-2"I**."<-44(*'"$%+" #(+, "2$.(=(<-+($."$="*3(&*321"BB["' -+-"=$4"+,*"

:*'(<-&"=(*&' ",-2"I**." +$!O&"S.)%W$%'"(#$.)'#&.,.-"&.+#$+,$'S.%'S&.-$*'.2/('*$,(+9$*+#.,.')$

VVA4B$L,*"-22*4+($."(2"+,-+"I1"%2(.6"-."-&6$4(+,:"+$"2$.(=1"BB["4*<$4'(.62"3*$3&*"#(&&"I*"

-I&*"+$"('*.+(=1".$4:-&"I4-(."-<+(C(+1"-.'"2*(U%4*2"I1"&(2+*.(.6"+$"+,*"-%'(I&*"4*2%&+2"

-&$.*"^A21<,*"*+"-&"O_PR`@"

F+-.=$4'"F<(*.+(2+2"9,4(2"9,-=*"-.'"D$2*="A-4C(U("+4-.2=$4:*' "BB["4*<$4'(.62"$="*3(&*321"

-<+(C(+1"(.+$":%2(<8"+,*1"*:I-4)*'"%3$."+,(2"#(+,"-4+(2+(<"-23(4-+($.2@"L,*1"#*.+"$."+$"

'*C*&$3"+,*" <>(".#$*&'&8+*-+S'B8"-"'*C(<*"+,-+"+%4.2"I4-(."-<+(C(+1"(.+$"2$%.'"%2(.6"-"

3-+*.+*'"2$.(=(<-+($."-&6$4(+,: "-.' "Z0"F1.+,*2(2"+$":$'%&-+*"2*&*<+*'"34*G4*<$4'*'"

C$<-&"2-:3&*2@"9,-=*"*+"-&"^O_PS`"<4*-+*'"+,*"+$"&(2+*."+$"*3(&*321"-.'".$4:-&"I4-(."

-<+(C(+1"2$.(=(*'"(."4*-&G+(:*@"

jC'hO'$('"%%W$k/*&$*&/-T$+/($,.#1'($.#$&8'('4$C'$T#+0$&8"&$&8'$9/*.-$.*$,"*-.#"&.#1$
"#)$&8"&$0'$-"#$8'"($.9S+(&"#&$)W#"9.-*b$>/&$&8'('$"('$*&.%%$0+#)'(,/%$('O'%"&.+#*$
&+$>'$9")'4j$9,-=*8"9@"9̂-4*18"O_Pf`@"

L,$:-2";*%*&" '*C*&$3*'"-"'*C(<*"+,*1"<-&&*'"+,*"B.<*3,-&$3,$. )$̂ F$#+O'%$9/*.-"%$

.#*&(/9'#&$"#)$>.+,'')>"-T$)'O.- ' `$̂ ;*%*&"*+"-&"O_Pc`"+,-+"+4(66*4*'"$4"<$.+4$&&*'"-"

21.+,*2(U*4"3(-.$@"L,(2 "#-2"-&2$"=(42+"'*C*&$3*'"#(+,"-."-4+( 2+(<"(.+*.+($."I%+"+,*."

'*C*&$3*'"=%4+,*4"#(+,":*'(<-&"+,*4-3*%+(<"3$22(I(&(+(*2@"; *%*&"2+-4+*'"+$"+,(.)"I*1$.'"

:%2(<8",$#"+,(2":-1" ,*&3"3-+(*.+2"#(+,"'(2-I(&(+(*2"+$"+4-(."+,*":(.'"( ."-"+,*4-3*%+(<"

*.C(4$.:*.+" #,*."(.+*4-<+(.6"#(+,"I4-(."<$:3%+*4"(.+*4=-<*2@"^7$1&*8"H"O_Ph`@"

H:*4(<-."<$:3$2*4" ;-C('"E$2*.I$$: "3($.**4*' "+,*"%2*"$=".*%4$=**'I-<)"

*T3*4(:*.+-+($. "#(+,"I4-(.#-C*": %2(<"(. "+,*"&-+*"Pih_b2"#(+, "k;(".#0"O'$f +.*'$

VYS'(.9'#&"%B"̂ PihQ@̀"!."Pic_"E$2*.I$$:" <$:3$2*'"-.'"3*4=$4:*'"-"3(*<*"<-&&*'"

<V-+%+1W$+,$&8'$MT.#B"+,-+"*:3&$1*'" +,* "BB["2(6.-&2"=4$: "<$&&-I$4-+$42"+-)(.6"3-4+8"%2(.6"

(.'(C('%-&"*&*<+4$.(<"2(6.-&"34$<*22(.6"+$"6*.*4-+*"C(2%-&"-.'"2$%.'2<-3*"*&*:*.+2"=$4"

+,*"3*4=$4:-.<*@"Ê$2*.I$$:" Pii_ `@"
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j."D-.%-41" PQ+,8"PicP"Z4-.)"7-)*4(<,"-.'"E$I*4+"L@"F<%&&1"=(&*'"-"3-+*.+"-33&(<-+($."=$4"

+,* "<V%'-&(+'#-'S8"%+S8+#'$"#)$N'')>"-T$MW*&'9 B"̂ -334$C*'"H%6%2+"OP2+8"Picf`"#,(<,"

34$C('*'"-":*+,$'"+$"2$.(=1"BB[" 2(6.-&2"=$4/"̂ "/).+$*&/)W$"#)$"#"%W*.*$+,$&8'$&WS'$"#)$

-8"("-&'($+,$>(".#$0"O'*$>'.#1$1'#'("&')4`$L,*"3-+*.+"-33&(<-+($."'*2<4(I*2",$# "+,* $

V%'-&(+'#-'S8"%+S8+#'"=%.<+($.2@"L,*"BB["I4-( .#-C*"-<+(C(+1"#-2"4*<$4'*'"#(+,"

*&*<+4$'*2"2*<%4*'"$."-"2<-&3"<-3@"H."*&*<+4$.(<"+4-.2'%<*4"<$:I(.*'"+,*"4*2%&+(.6"BB["

=4*Y%*.<1":$'%&-+($."-.'"-:3&(+%'*"(.=$4:-+($."(.+$"-."-%'(I&*"$2<(&&-+$4"#,(<,"

6*.*4-+*'"+$.*2"=$4"2$.(<"4*<$6.(+($."$="I4-(.#-C*"-<+(C(+1@!!."+,*"&-+*"Pic_b2"

*T3*4(:*.+-&":%2(<(-.2"A-%&(.*"j&(C*4$2"-.'";-C('"E$2*.I$$:"%2*'"+,*"

*&*<+4$*.<*3,-&$3,$.*"-.'"BB["2(6.-&2" #,*."<$:3$2(.6 "#$4)2"2%<,"-2"<;(".#0"O'$

g/*.-B "-.'" <=#$;'.#1$D#O.*.>%'B$^A21<,*"*+"-&"O_PR`@""

E$2*.I$$:b2" *T3*4(:*.+-&":%2(< "<$:I(.*2",%:-."3*4=$4:-.<*8"21.+,*2(U*'":-+*4(-&2 8"

'-.<*"-.'"I4-(.#-C*"6*.*4-+*'":-+*4(-& @"!.",(2"#4(+(.6"<VY&'#)')$g/*.-"%$D#&'(,"-'$0.&8$

&8'$E/9"#$f'(O+/*$MW*&'9$@$F**'**9'#&$"#)$Q(+*S'-&/*B$,*"'*2<4(I*2",(2 "#$4)"-2"

*T3&$4(.6/!

[̂$*/-8$"(&$,+(9*$"*$9/*.-b$O.*/"%$"(&b$T.#'&.-$"(&$"#)$)"#-'$l[m$^-(+**@-/%&/("%$
-+%%">+("&.+#*b$S'(,+(9"#-'$"(&b$-+9S/&'($9/*.-$*W*&'9*b$.#&'("-&.O'$9/%&.@9')."b$
-+9S+*.&.+#"%$"%1+(.&89*b$"#)$'Y&'#)')$9/*.-"%$.#&'(,"-'$0.&8$&8'$8/9"#$#'(O+/*$
*W*&'94`$̂E$2*.I$$:" Pii_`@""

E$2*. I$$:b2":%2(<-&"#$4)2"4*+-(."-.'"<4*-+* "-."-*2+,*+(<"+,-+"<-."I*"*.W$ 1*'"I*1$.'"

+,*"<$.=(.*2"$="$IW*<+(C*":*'(<-&" *T3&$4-+($."-.'"4*2*-4<, @"!+"(2"3*4,-32"+,*".-+%4*"$="

2%IW*<+(C*",%:-."(.+*4-<+($." #(+,"+,*"I4-(.#-C*"4*<$4'(.62 "<$:I (.*'"#(+,"$IW*<+(C*"

-&6$4(+,:2"+,-+"*.-I&*"+,(2 ":%2(<-&"-*2+,*+(<"#(+,(.",(2"#$4)@"K,*."&(2+*.(.6"+$"

E$2*.I$$:b2" #$4)2"$.*"<-.",*-4"+,-+"(+"(2".$+"3%4*"$IW*<+(C*"2$.(=(<-+($."$="I4-(.#-C*"

*C*.+2@"L,*4*"-4*"2%IW*<+(C*"-4+(2+(<8"- .'"3*4,-32"*:$+(C* 8"(.+*4-<+($.2"#(+,(."

E$2*.I$$:b2"#$4) "+,-+"<4*-+*"-*2+,*+(<":%2(=(<-+($.2"$="I4-(.#-C*"-<+(C(+1"I*1$.'"3%4*"

2$.(=(<-+($."-.'"'-+-"(.+*434*+-+($. "=$4":*'(<-&"3%43$2*2@""
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K(+,(."E$2*.I$$:b2":%2(<"+,*4* "(2"-"'(C*42(+1"$=":%2(<-&"+(:I4*8"4*3*+(+($.8"4,1+,:8 "

,-4:$.18"+*.2($.8"'(22$.-.<*8"'4$. *28"-+:$23,*4*"-.'"'1.-:(<"+,-+ "#$4)"-4+(2+(<-&&1"

I*1$ .'".*%4$= **'I-<)"'-+-"-.-&12(2@"L ,(2")(.'"$="-4+(2+(<"#$4)"#(+,"BB["* 3(&*321"*C*.+2"

(2"4*&*C-.+"+$"+,(2"34$W*<+"#$4)@"H"&(2+*.*4"$="*&*<+4$.(<"-.'"*T3*4(:*.+-&":%2(<"'$*2".$+"

.**'"+$").$#"#,-+",-2"6*.*4-+*'"+,*":%2(<"=$4"(+"+$",-C*" -."-*2+,*+(<"-==*<+"+,-+"<$%&'"

I* "*.W$1-I&*8"'(2+%4I(.68"<,-&&*.6(.68"34$C$<-+(C*8",13.$+(<"-.'" +4-.2=$4:-+(C*@""

Z4$:"-"&(2+*.*4b2"3*423*<+(C*8"+,* "2$.(=(<-+($."34$<*22*2"<$%&'"I*"<$.2('*4*' "2*<$.'-41"

(."-"3%4*&1"-*2+,*+(<"2*.2*@"F<(*.+(=(<-&&1"+,*"$IW*<+(C*"'-+-" 34$<*22(.6 "<-. "I*" 3%43$2*=%&8"

4*#-4'(.6 "-.'"(.+*4*2+(.6"I%+"<-." -&2$"I*" :-.(3%&-+*'"=$4"2%IW*<+(C*"-*2+,*+(<"C-&%*@"

E$2*. I$$:",-2 "*T3*4(:*.+*'"#(+,",-4:$.(<"4*2$.-.<* 2"=$%.'"#(+,(."I4-(.#-C*"

3-++*4.2"+$"+4-.2=$4:"(.+$":%2(<-&"*&*:*.+28"<$:I(.(.6" 2<(*.<*"-.'"+*<,.$&$61"#(+,"-"

:%2(<-&"-*2+,*+(<"=$4"3*4=$4:-.<*@"N*"'*2<4(I*2"+,(2"#$4)"-2".̂#?/.(.#1$&8'$#"&/('$+,$

8/9"#$"0"('#'**$"#)$08"&$0'$S'(-'.O'$"*$&8'$*'%,$"#)$&8'$/#.O'(*' 4"̀̂ E$2*.I$$:"O_PS`@"

K,*."&(2+*.(.6"+$" <;(".#0"O'$g/*.- B"I1"E$2*.I$$: "!5IaL̀ 8"(."+,*"<$:3$2(+($."<-&&*'"

<Q+(&">%'$A+%)$"#)$Q8.%+*+S8'(*B$M&+#'*B$!g/*.-$,(+9$; (".#*$.#$N+/(*3b"$.*"<-.",*-4"

:$'%&-+($. 2":$C(.6 "+,4$%6,"+,*",-4:$.(<"2 *4(*2@"!="1$%",-C*"*C*4"2#%.6"-"<08.(%W@&/>' B"

-4$%.' 8"=-2+*4"-.'"2&$#*4"#(+,"C-41(.6"=$4<*28"1$%"#(&&"4*<$6.(U*"+,*"2$%.'"$="+,*"+%I*"

:$'%&-+(.6" +,4$%6,".$+*2"=4$:"+,*",-4:$.(<"2 *4(*2@"L,(2"(2"'%*"+$"+,*"#-C*=$4:2"

4*2$.-+(.6"#(+,(."+,*"I$'1"$="+,*"+%I*" I*(.6"'(4*< +&1"4*&-+(C*"+$"+,*"+%I*\2"&*.6+,@"H2"+,*"

=$4<*"$4"C*&$<(+1"$="+,*"+%I*"2#(.6(.6"(2"(.<4*-2*'"(+"-<+(C-+*2"4*2$.-.<*2"-+",(6,*4"

=4*Y%*.<(*2@"!."-." $3*. G*.'*' "4*2$.-+(.6"+%I*8"+,*4*"-4*"#-C*&*.6+,2"+,-+"-4*/"

MQT"L#(<*"+,*"&*.6+,"$="+,*"+%I*"!&8'$,/#)"9'#&"%$8"(9+#.- `"*@6@"RR_NU@"

MOT"L,*"2-:*"&*.6+, "-2"+,*"+%I*"!&8'$,.(*&$+O'(&+#'$"#$+-&"O'$8.18'($&8"#$&8'$

,/#)"9'#&"% 38"*@6@"QQ_NU"

MXT"Onf4' "+,*"&*.6+,"!&8'$*'-+#)$+O'(&+#'$"#$+-&"O'$"#)$"$S'(,'-&$,.,&8$8.18'($&8"#$

&8'$,/#)"9'#&"%3"*@6@"PfO_NU@"

MYT"Z$%4"+(:*2"+,*"&*.6+,"$="+,*"*@6@"Pch_NU"+%I*e"-.'"2$"$."%3"+,*",-4:$.(<"

2*4(*2"(.":%&+(3&*2"$="+,*"$4(6(.-&"=%.'-:*.+-&"=4*Y%*.<1"^ZP`@"
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L,(2":%2(<-&"3,*.$:*.$."<-."I*",*-4'"(."E$2*.I$$:\2" <;(".#0"O'$g /*.- B"(2"-"=-:(&(-4"

2$%.'8"+,*":-+, *:-+(< 2":-)*"2*.2*"-.'"$%4"I4-(."*.W$12"(+" (.2+(.<+(C*&1"-.'"

-*2+,*+(<-&&1@"j." 4*-'(.6"E$2*.I$$:b2 "3-3*4"<-&&*'"<=#$;'.#1$D#O.*.>%'B"̂ PiQO"̀,*"$3*.2"

I1"2+-+(.6/"

^g/-8$9/*.-$.*$-+#-'.O')$S8W*.-"%%W$/#)'($&8'$>(+")'($-+#-'S&$+,$('*+#"#-'4$78.*$
.#-%/)'*$&8'$-+#-'S&.+#$+,$&8'$S8W*.-"%$9"&'(."%*$+,$9/*.-$"*$>'.#1$'9>+).')$.#$&8'$
1'+9'&(W$+,$O.>("&.+#*$+,$".($9+%'-/%'*$.#$"$>+/#)')$*S"-'b$.#*.)'$08.-8$&8'$
-+#-'S&$+,$&8'$̂ +/&*.)'`$+,$&8.*$*S"-'$.*$9'"#.#1%'**4`$^E$2*.I$$:"PiQO`@$

L,*2*"4*2$.-.<*2"$="+,*",-4:$.(<"2 *4(*2"-4*"<4*-+*'"I1":-.(3%&-+(.6"+,*"2$%4<*":-+*4(-&"

=4$:"I4-(.#-C*2"#(+,"-4+(2+(<"(.+*.+"*:3,-2(U(.6 "+,* ",-4:$.(<"<$.+*.+"#(+,"*&*<+4$.(<"

21.+,*2(28"+,(2"I*6(.2 "-."-4+(2+(<"-.' "-*2+,*+(<"'(-&$6%*"#(+,"I4-(.#-C*2 @""

!+"(2"(:3$4+-.+"+$"2+-+*"+,(2"4*2*-4<,"#(&&".$+"I* "*T3*4(:*.+(.6"#(+, "<$::*4<(-&"BB["

4*&-+*'"'*C(<*28"$="#,(<,"+,*4*"-4*"2*C*4-&8"+,-+"<-."<$.C*4+"BB["2(6.-&2"+$"0!;!"

(.=$4:-+($.@"79!"!;(".#$:+9S/&'($ D#&'(,"-'3@"L,*4*"-4*"(22%*2"#(+,"#,-+"*T-<+&1"+,*2*"

<$::*4<(-&"'*C (<*2"-4*":*-2%4(.6"$4"2*.2(.6"#(+,"+,*(4"BB["'*C(<*2@"0%2<&*":$C*:*.+8"

I&(.)(.6"*1*&('28":%2<&*":$C*:*.+2"-.'"23-2:2"-&&"*= =*<+"+,*"2(6.-&"I*(.6"4*<$4'*'"

:-2)(.6 "+,*"&$#*4"&*C*&"I4-(.#-C*2"$="(.+*4*2+@"̂ 0(4-.'-"*+"-&" O__f`@$

j+,*42",-C*"<$.<*4.2"-I$%+"<$::*4<(-&"BB[",*-'2*+2@"!."-."$.&(.*"-4+(<&* "I1" ]$4*."

[4%2,"̂ O_Pc`"<-&&*'"<78+*'$h9.#)@('").#1h$VVA$8'")*'&*$)',.#.&'%W$-"#h&$('")$W+/($

&8+/18&*4$C8"&$VVA$-"#$"#)$-"#h&$)+B"-22*4+2"+,-+"<$::*4<(-&"BB[",*-'2*+2"3(<)"%3"

-.1+,(.6"+,-+"6*.*4-+*2"-."*&*<+4(<-&"C$&+-6*"2%<,"-2":%2<&*":$C*:*.+8",*-4+I*-+28"*1*"

:$C*:*.+ 8"I&(.)(.6 "-.'"3$22(I&1".$+"I4-(."-<+(C(+1"-+"-&&@"

!+"(2".$+"*+,(<-&8"-.'"< $%&'"I*"'-.6*4$%28"+$"*T3*4(:*.+"#(+,"&(C*"*3(&*321"3-+(*.+2"$4"

:12*&="=$4"+,(2"34$W*<+@"L,(2"34$W*<+"#$4)"'$ *2".$+"(.+*.' "+$"(.'%<* "-.1"2*(U%4*2"

23*<(=(<-&&1"=$4"+,*":%2(<"<4*-+*'"'%4(.6"+,(2"34$W*<+8"=$4"+,*2*"4*-2$.2"+,(2"34$W*<+"#$4)"

'$*2" .$+"*:3&$1 "<$::*4<(-& "BB["*Y%(3:*.+ @"L,*"3%I&(<"'$:-(."9N 7G0!L"F<-&3"BB["

'-+-I-2* "$="BB["* 3(&*321"*C*.+28"4*<$4'*' "-+"+,*"9,(&'4*.b2"N$23(+-&"7$2+$.8"34$C('*"

-%+,*.+(<"2$%4<*":-+*4(-&2"#,(<, "-4*"<$.C*4+*' "+$"'(6(+-&"-%'($ "23*<(=(<-&&1"=$4"+,(2"
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34$W*<+@"L,*"2 $.(=(<-+($."-.'":%2(=(<-+($."* T3*4(:*.+ 2",-C*"I**." <-44(*'"$%+"#(+, "+,* "

BB[" *3(&*321"4*<$4'(.62"%2(.6"<78'$=>%.?/'@A("#.2'(B"[4-.%&-4"21.+,*2(U*4"<4*-+*'"

23*<(=(<-&&1"=$4"+,(2"34$W*<+"^34$64-::*' "#(+,"0Hdn0FA `8"3&%2"+,*"-33&(<-+($."$="'(6(+-&"

:%2(<"34$'%<+($."+*<,.(Y%*2"#(+,"]$6(<"d"2*Y%*.<(.6"2$=+#-4*@"

!.'%<(.6"2*(U%4*2"23*<(=(<-&&1"=$4"-"<4*-+(C*"34$W*<+",-2"I**."-++*:3+*'"34*C($%2&1"I1"-"

'-.<*"-4+(2+"=$4"-"3%I&(<"3*4=$4:-.<*"(."O__Q"-+"74-'=$4'"A&-1,$%2*@"L,*"3*4=$4:-.<*"

3(*<*"#-2"<-&&*'$hD#O+%/#&"(W$n"#-'*h"-.'"#-2"=%.'*'"I1"-"vPf8QQi"-4+2"<$%.<(&"64-.+@"L,*"

<,$4*$64-3,*4"-.'"'-.<*4"E(+-"0-4<-&$"-22*4+*'"+,-+"2,*"#-2"3*4=$4:(.6"(+"+$"+,*"3%I&(<"

+$"4-(2*"-#-4*.*22"-.'" <,-&&*.6*"+,*"2+(6:-"$="+,*"*3(&*321"<$.'(+($.@"E*34*2*.+-+(C*2"

=4$:"B3(&*321"H<+($."-.'"+,*"f"&.+#"%$M+-.'&W$,+($VS.%'S*W"'$%I+*'"+,-+"+,(2"#$%&'"

4*'%<*"+,*"2+(6:-"-.'":(6,+":-)*"-%'(*.<*2"%.<$:=$4+-I&* "̂ L,*"L*&*64-3, "O__i`@"

0-4<-&$"2+$33*'"+-)(.6":*'(<-+($."$= ",*4"$#."=4**"#(&&"-.'",*&'"+,*"3*4=$4:-.<*"=$4"OR"

,$%42"I%+"=-(&*'"+$"(.'%<*"-"2*(U%4*@"^779"5*#2"O__i`@"L#*&C*",$%42"(.+$"+,*"

3*4=$4:-.< *"#(+,".$"2*(U%4*"I*(.6"(.'%<*'8 "0-4<-&$"2+-+*'"+,-+"2,*"I*<-:*"-.641"-+",*4"

*3(&*321"I*<-%2*"(+"$=+*."+$$)"<$.+4$&"$=",*4"&(=*"-.'"+,(2"#-2"$.*"$33$4+%.(+1"#,*4*"2,*"

#-2"-++*:3+(.6"+$"+-)*"<$.+4$&"$="(+@"B3(&*321"#-2"I*(.6"'(==(<%&+"+$"<$.+4$&"$.",*4"+*4:2 @"

0-4<-&$"4*=&*<+*'"3$2(+(C*&1"2-1(.6 "+,-+"+,*"3*4=$4:-.<*",-'"6*.*4-+*'"3%I&(<"'(2<%22($."

-I$%+"+,*"<$.'(+($.@"̂ 5-+($.-&"F$<(*+1"=$4"B3(&*321"O__i`@"0-4<-&$"4*<*(C*'".-+($.-&"

:*'(-"<$C*4-6*",(6,&(6,+(.6"+,*"*3(&*321"<$.'(+($.8"-46%-I&1"-<,(*C(. 6",*4"$IW*<+(C*"

#(+,$%+"(.'%<(.6"-"2*(U%4*@""

"

"

"

"

!
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X;!>._,&+$9$+)!-/2!E0._,&+$9$+)T!OT+BU!'70!"6VWBR!D,+#'2'1'5);!

9$::*4<(-&"- 4+(2+2",-C*"34*C($%2&1"<$:3$2*'"2$.62"-I$%+"*3(&*321@"L,*1 "-4*"2%IW*<+(C*"

-4+(2+(<"4*-&(U-+($.2"-.'"(.<&%'*"&14(<-&".-44-+(C*"*T3&$4-+($.2"-I$%+"+,*"<$.'(+($.@"

BT-:3&*2"(.<&%'*/"

'8)!OQ1.R$!?-$%!X-7%&-;R"m"D$1";(C(2($.@"E*&*-2*'/"H%6"PiQ_4$L,(2"(.<&%'*2"-".-44-+(C*"

-I$%+"-"6(4&"9%4+(2").*# "#,$"&-+*4"'(*'"-2"-"4*2%&+"$="-."*3(&*321"2*(U%4*u"9%4+(2"-&2$"

2%==*4*'"=4$:"*3(&*321@""

;̂/&$*8'$'YS('**')$8'(*'%,$.#$9"#W$).,,'('#&$0"W*b$
G#&.%$*8'$%+*&$-+#&(+%$"1".#4$
F#)$0"%T')$/S+#$&8'$')1'$+,$#+$'*-"S'b$
F#)$%"/18')$DhO'$%+*&$-+#&(+%4$
M8'h*$%+*&$-+#&(+%$"1".#4`$

C(.&&'#$>W$;'(#"()$M/9#'(b$D"#$J'O.#$:/(&.*b$Q'&'($E++Tb$M&'S8'#$Q"/%$n"O.)$g+((.*$o$:+SW(.18&$p$
G#.O'(*"%$g/*.-$Q/>%.*8.#14$

L,*"34*C($%2"*T<*43+"=4$:"+,*"&14(<2"4*2$.-+*' "#(+,":*"I*<-%2*"-"3*42$." #(+,"* 3(&*321"

:(6,+ ".$+"I* "-I&*"+$")**3"=%&&"<$.+4$&"$="(+8"#(+,"$4"#(+,$%+":*'(<-+($. 8"2$:*+(:*2"+,*4*"

(2".$"*2<-3*@"N$#*C*48"(+"(2".$+"+,*"#,$&*"3*42$.b2"('*.+(+1 "I%+"-"2:-&&"3-4+"$="#,$"+,*1"

-4*8"+,*1"<-."<'YS('**$&8'9*'%O'*$.#$9"#W$).,,'('#&$0"W*B4$L,*1"-4*".$+" <'S.%'S&.-*B"+,*1"-4*"

3*$3&*"#(+,"*3(&*321@"!+"(2"(:3$4+-.+"+$"$.*b2"('*.+(+1 "+$"I*":$4*"+,-."-"&-I*&&*'"

<$.'(+($. 8"+,*"=(42+"&(.*"(."9%4+(2b"2$.6"-&&%'*2"+$"+,(2@""

7*(.6"'(-6.$2*'"#(+,"-":*'(<-&"<$.'(+($."(.+4$'%<*2"+,*":$'*"$="&-I*&&(.6@"H"3*42$."

I*<$:*2"-"3-+ (*.+"#(+,"-"&-I*&8"-."$IW*<+(C*"+,-+"+,*"'(-6.$2+(<"-.'"<%4-+(C*"34$<*22*2"

:%2+"I*"-33&(*'"+$"-.'"<-44(*'"$%+"#(+,@"L,*"4*2%&+"(2"-"'*3*42$.-&(U-+($."-.'"34$:$+*2"

-"3-22(C(+1"+$"+,*":*<,-.(<2"$="'(-6.$2*2"-.'"+4*-+:*.+@"!."+,*"K*&&<$:*"L4%2+"

3%I&(<-+($."kC8'('$)+'*$.&$8/(&qB$7-+<,*&$4"-.'"9%''"^O_PR`"-22*4+"+,-+"+,(2"

<-+*6$4(U-+($."-==*<+2"2*&=G<$.=('*.<*"-.'"(.'*3*.'*.<*@"L,*1"('*.+(=1"-")*1"-(:"(."+,*"

2*&=G<-4*"$="C%&.*4-I&*"3*$3&*"(2"+$"hS(+9+&'$&8'$-+#,.)'#-'$+,$&8'$S"&.'#&$"#)$(')/-'$

*&.19"$&8"&$.*$"**+-."&')$0.&8$"$-+#).&.+#h4"L,(2"('*.+(+1"2,(=+"=4$:"3*42$."+$"3-+(*.+"(2"-."
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(:3$4+-.+"321<,$&$6(<-&"3-4+"$="+,*"(.'(C('%-&"I*(.6"#*&&@"!="!"-:".$#"-."*3(&*3+(<"#,-+"

'$*2"+,-+":-)*":*".$#a" N-2"(.'(C('%-&(+1"I**."'(:(.(2,*'"I1"+,*"<$.'(+($.a"L,(2"

321<,$&$6(<-&"3*4<*3+($."$="#,$"1$%"-4*".$#"^+,*"&-I*&&*'"3-+(*.+`"(2"(:3$4+-.+@"L,*"

&-I*&&(.6"<-."I*"-".*6-+(C*"+4-.2=$4:-+($."34$<*22@"N$#"<-."+,(2"+4-.2=$4:-+($."I*"

3$2(+(C*8"34$'%<+(C*"-.'"(.'*3*.'*.+&1"<4*-+(C*a"!="+,*"4*2%&+"$="-"'(-6.$2*2"(2"

4*<$6.(U*'"-2"<-%2(.6"'*34*22($.8"<-."+,(2"I*"-C$('*'"I*=$4*"+,*"+4-.2=$4:-+(C*"+,$%6,+"

34$<*22*2"4*&-+*'"+$"+,*"2+(6:-2"<-%2*"(+a"

A*+*4"N$$)"!r+W$n.O.*.+#$"#)$f'0$=()'($>"**$S%"W'(3$#4(+*2"+,-+"'%4(.6"+,*"4*<$4'(.6"$="

<:%+*'(B"9%4+(2"#*.+":(22(.6"=4$:"+,*"2*22($."-.'"N$$)"*C*.+%-&&1"=$%.'",(:"

%.<$.2<($%2"(."+,*"+$(&*+"-=+*4"23&(++(.6",(2",*-'"$3* ."'%4(.6"-."* 3(&*3+(<"2*(U%4*8"#,(<, "

,*"2- (' ",-33*.*'"$=+*. @"H=+*4"+#$"%.2%<<*22=%&"-++*:3+2"$="2%(<('*"$."+,*"'-1"I*=$4*"D$1"

;(C(2($.b2"=(42+"H:*4(<-."+$%4"^PQ+,"0-1"PiQ_`"!-."9%4+(2"+$$)",(2"$#."&(=*"-+"+,*"-6*"$="

Of@"L,*":*'(<-+($."9%4+(2"#-2"34*2<4(I*'"<-%2*'":$$'"2#(.62"-.'",*" 2%==*4*'"=4$:"

'*34*22($. 8",-C(.6"+$"<$3*"#(+,"2*(U%4*2"'%4(.6"+$%42"-.'"4*<$4'(.6"2*22($.28"

<%&:(.-+(.6 "#(+,"+,*"34*22%4*"$=",-C(.6"+$"*:I-4)"$."-."H:*4(<-."+$%4 @"L,*"2+4*228"

*T<(+*:*.+8"3$$4"'(*+8"&-<)"$="2&**3"-.'"+(4*'.*22"+,-+"&(=*"$."+,*"4$-'"(."-"I-.'"<-."

<-%2*8"-&&"$="#,(<, "<-."*T-< *4I-+*"+,*"* 3(&*321"<$.'(+($.@"!+"(2"%.'*42+-.'-I&*" +$"2**",$#"

'-%.+(.6"+,(2":(6,+",-C*"I**."=$4",(:@ ""j."C(*#(.6 "+,*"=(&:"I-2*'"$. "9%4+(2b"&(=*"<-&&*'"

<:+#&(+%B"̂ O__c8̀"(."#,(<,"(+"'*+-(&2",(2":*'(<-+($."34*2<4(3+($.8"!"4*<$6.(U*'"$.*"

:*'(<-+($."!",-'" (.(+(-&&1"I**."34*2<4(I*'"<-&&*'"9-4I-:-U*3(.* "̂ L*64-+$&@̀"L,*"

:*'(<(.*b2"(.=$4:-+($."&(2+*'"+,* "2('*"*==*<+2"+,-+"(.<&%'*' P$,*-'-<,*28" '(UU(.*228"&$22"$="

<$$4'(.-+($.8"34$I&*:2"#(+,"#-&)(.68 ".-%2*-8"C$:(+(.68"'4$#2(.*228":*:$41"34$I&*:2"

-.' "'41":$%+, 8"3&%2"+,$%6,+2"$="2%(<('*"(."-:$.6"PG(. GS__"3-+(*.+2@"!"*T3*4(*.<*' "2+4$.6"

2('*"*==*<+2"#(+,"+,(2":*'(<-+($." -.'" *C*.+%-&&1"$3+*'"=$4"+,*"2*(U%4*2"4-+,*4"+,-." +-)*"

+,*":*'(<-+($."-.'"<$.+(.%*"#(+,"+,*"2('*"*==*<+2@" Z$&&$#(.6"'(-6.$2*28"$.*"(2"-&2$"

(.=$4:*'"$= "F>; BA"̂ F%''*.">.*T3&-(.*'";*-+, "(."B3(&*321̀"+,-+"3-+(*.+2"#(+,"*3(&*321"
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<-."*T3*4(*.<* 8"-&&"<-."-".*6-+(C*"321<,$&$6(<-&"*==*<+"$."-".*# &1"'(-6.$2*' "2%==*4*4"$="

*3(&*321@""

!."-."(.+*4C(*#"#(+,"J"0-6-U(.*"D$1";(C(2($.b2"6%(+-4(2+"7*4.-4'"F%:.*4"'*2<4(I*'",$#"

9%4+(2",-'":*+"-"6(4&"#(+,"*3(&*321"-+"-"4*,-I(&(+-+($."<*.+4*"#,*4*"9%4+(2"#$4)*'@"F,*"

2%''*.&1"2+$33*'"<$:(.6"(."-.'",*" &*-4.*'"+,-+ "2,*",-'"3- 22*'"-#-1"I*<-%2*"$="-."

*3(&*3+(<"2*(U%4*@"]-+*4"9%4+(2"2+-4+*'"*T3*4(*.<(.6"2*(U%4*2",(:2*&="#,(&2+"4*<$4'(.6"+,*"

D$1";(C(2($."-&I%:">.).$#."A&*-2%4*2@"9%4+(2b"2*(U%4*2"6$+"34$64*22(C*&1"#$42*"%.+(&",(2"

2%(<('*"(."PiQ_@"

H.$+,*4"&14(<"(:3$4+-.+"(."+,*"'*2<4 (3+($."$="*3(&*321"(2"+,*"=$&&$#(.6"C*42*/"

^F#)$*8'$1"O'$"0"W$&8'$*'-('&*$+,$8'($S"*&b$
F#)$*".)$DhO'$%+*&$-+#&(+%$"1".#b$
F#)$"$O+.-'$&8"&$&+%)$8'($08'#$"#)$08'('$&+$"-&b$
M8'$*".)$DhO'$%+*&$-+#&(+%$"1".#4`$

!+"(2"3$22(I&*"+,*"34*C($%2"&14(<"*T3&$4*2"+,*"(.-I(&(+1"+$"=%&&1"<$.+4$&"1$%42*&="3$2+G(<+-&"

^-."-&+*4*'"2+-+*"$="<$.2<($%2.*22"=$&&$#(.6"-. "*3(&*321"*C*.+`@"j.*":(6,+"I*"<$:3&*+*&1"

-I2*.+"=4$:"+,*"4*-&(+1"$="-"2(+%-+($."*C*."(="$.*"-33*-42"+$"I*"=%.<+($.(.6"$4"-<+(.6"=%&&1"

-#-4* @"L,*"&14(<"=4$:"D$1";(C(2($.b2"<M8'B*$i+*&$:+#&(+%B"'*2<4(I*2"+,(2"*T3*4(*.<*"$="

-33*-4(.6"+$"=%.<+($."'%4(.6"-."-I2*.<*"2*(U%4*u"w" #)$"$O+.-'$&8"&$&+%)$8'($08'#$"#)$

08'('$&+$"-&4̀""

!." -"3$2+G(<+-&"2+-+*8"$.*b2"(.,(I(+($.2"<-." -&2$"I*" 4*'%<*' "-.'"$.*":(6,+"2-1" $4"'$"+,(.62"

$%+"$="<,-4-<+*48"$4"3*4,-32"2-1"2$:*+,(.6"$.*"#$%&'".$+ "%2%-&&1"*T34*22"+$"-.$+,*4@"

L,*"D$1";(C(2($."&14(<"*̂8'$1"O'$"0"W$&8'$*'-('&*$+,$8'($S"*&b$"#)$*".)$DhO'$%+*&$-+#&(+%$

"1".# `$-&2$"(&&%2+4-+*2"+,(2@$

#8)!OYZ,;.Z$9!+$!['7(,7=R"G"H.+$.1"-.'"+,*"D$,.2$.2 @"L,(2"(2"-.$+, *4".-44-+(C*"-I$%+"-"

6(4&"#(+,"*3(&*321@"!."-."(.+*4C(*#"#(+,"0-4+(."94-.2+$."=$4 "-."$.&(.*":-6-U(.* "<-&&*'"

<N")'(B"(."O__i 8"H.+$.1"N*6-4+1"+,*"2(.6*4"$="<F#&+#W$"#)$&8'$r+8#*+#*B$2-12/"$
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^F#)$*8'$8")$&8.*$T.#)$+,$0.%)$'YS'(.'#-'$08'('$'O'(W&8.#1$1'&*$*8.#W$"#)$)"#-.#1$@
@$"$O.*.+#$"%9+*&$@@$"#)$08'#$*8'$-+9'*$&+b$*8'B*$,(.18&'#')$"#)$8"*$"$*'#*'$+,$
>(+T'##'**$"*$0'%%4$78'$*+#1$.*$">+/&$8+0$*8'$0"*$'#1/%,')$.#$-8"+*$>/&$&8'#$
*&'SS.#1$>"-T$,(+9$.&b$*8'$*&"(&*$&+$*''$&8'$S"&&'(#b$*&"(&*$&+$*''$&8'$-8+('+1("S8W$
+,$.&b$08.-8$.*$08W$D$*'&$&8'$*+#1$&+$"$0"%&24`$!:("#*&+#b$g4$6HHI34$

L,*"&14(<2"(."N*6-4+1b2"2$.6"'*2<4(I*"+,*"*T3*4(*.<*"-2" ^)"#-.#1 `"I%+"!",-C*".$+"=$%.'"

+,(2"+$"I*"-"2%(+-I&*"'*2<4(3+($.@"L,(2"-.-&$61"(2"$=+*."%2*'"I%+"!"'$".$+"<$.2('*4"(+"

'-.<(.6 8"(+"(2"-"'-%.+(.6"$4"2(.(2+*4"*T3*4(*.<*@"!."-"3-3*4"<-&&*'"<78'$X'S('*'#&"&.+#$+,$

VS.%'S*W$.#$Q+S/%"($g/*.-B"I1"F-&&(*"7-T*.'-&*"=4$:"+,*"!.2+(+%+*"$="5*%4$&$618">.(C*42(+1"

9$&&*6*"]$.'$.8 "2,* "'*2<4(I *2"<$.+*:3$4-41"2+*4*$+13*2"$="*3(&*321"(.":$'*4.":%2(<"

&14(<2"-2"<$:(.6"=4$:"-"4-.6*"$="6*.4*2"2%<,"-2",(3 G,$3"-.'"I&%*2 "+,-+"(.<&%'*"

-22$<(-+($.2"$="*3(&*321"I*(.6"$="&%.-<18":-'.*22"-.'",$44$48"I%+"-&2$"-22$<(-+(.6"(+"#(+,"

*%3,$4(<"'-.<*"-.'"2*T%-&"*<2+-21@"^7-T*.'-&*"O__Q`@"""

^n"#-.#1` ":(6,+".$+"I*"<$.2('*4*'"- "2%(+-I&*"-.-&$61"=$4"*3(&*321"I1"2%==*4*42"$="+,*"

<$.'(+($.@"N$#*C*48"#,*. "N*6-4+1"2+-+*2"w*8'$0"*$'#1/%,')$.#$-8"+*$>/&$&8'#$*&'SS.#1$

>"-T$,(+9$.&b$*8'$*&"(&*$&+$*''$&8'$S"&&'(#b$*&"(&*$&+$*''$&8'$-8+('+1("S8W$+,$.&b$08.-8$.*$08W$

D$*'&$&8'$*+#1$&+$"$0"%&24`"!"<-." *:3-+,(U*"#(+,"+,(2" '(2+(.<+($."I*+#**." )̂"#-.#1 `"-.'"

+,*"%2*"$="(+"-2"-":*+-3,$4 "=$4"2**(.6"+,*"3-++*4.2"-.'"4*3*+(+($."+,-+"<-."I*"*T3*4(*.<*'"

'%4(.6"*3(&*321"*C*.+2@"K,*."*T3*4(*.<(.6 "=$<-&"$.2*+"2*(U%4*2"!"%*+$T#+0#$"*$S"(&."%$

*'.2/('*$08.-8$",,'-&$+#'$S"(&$+,$&8'$>(".#3$!"<-."$=+*."=**&"(+"2+-4+(.6"+$",-33*."I*=$4*"-"

=%&&"2*(U%4*"$<<%42@"H"2*+"$="34*G'*+*4:(.*'"2+*328 ":$C*:*.+28"* T3*4(*.<*2"$4"=**&(.628"

+,-+"!",-C*" =$&&$#*'"34*C($%2&1"I%+"<-..$+"2+$3@"!"I*6-. "+$"4*<$6.(U*"+,*"3-++*4.2",-C(.6 "

*T3*4(*.<*'":%&+(3&*"2*(U%4*2@"N*6-4+1"-&2$"*T34*22*2"-"4*&(6($%2"+,*:*"(. "+,*"2$.6 "

<VS.%'S*W$.*$n"#-.#1B"#,(<,"(2 "$=+*."<$:I(.*'"#(+,"* 3(&*321"(.",(2+$4(<".-44-+(C*2@"!."+,*"

=(42+"C*42*"$="+,*"2$.6",* "2(.62/"

V̂S.%'S*W$.*$)"#-.#1$
M8'h*$&8'$:8(.*&$#+0$)'S"(&.#1$$
F#)$Dh9$,.#).#1$9W$(8W&89$
F*$D$&0.*&$.#$&8'$*#+0$$
=+8$#+0b$.&h*$S"**.#1$
=+8$#+0b$Dh9$)"#-.#1`$
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(8)!OYZ,;.Z$9R!`"I1"H&*)2("L$44(@"H"2$.6".$+"<$::*4<(-&&1"4*&*-2*'"I%+":-'*"-C-(&-I &*"(."

+,*"3%I&(<"'$:-(."C(-"x$%L %I*@"!."H&*)2("L$4.b2"2$.6"-I$%+"*3(&*321",*"2(.62"w.&B*$&8'('$

-(''S.#1$/S$+#$9' `$#,(<, "2%66*2+2"2$:*+,(.6"$4"2$:*$.*"#(+,"3$22(I&1"*C(&"$4"

:-&*C$&*.+"(.+*.+($.2@"L,(2"#-2"-&2$":1"3*42$.-&"*T3*4(*.<*"#,*."'*C*&$3(.6"* 3(&*3218"!"

<$%&'"=**&"(+"<4**3(.6"%3"$.":*8"$+,*4"2%==*4*42"!",-C*"23$)*."#(+,",-C*"-&2$"*T34*22*'"

+,-+"+,*1"<-."<,''%$'S.%'S*W$-+9.#1$-%+*'(B@"!"-:"$=+*."4*:(.'*' "$="7$4(2"?-4&$=="(."+,*"=(&:"

<f+*,'("&/B"!N.1/('$R3@"L,(2"I*<-:*"-"C(2%-&"(: -6*"4*=*4*.<*"=$4"*3(&*321"-.'":1"$#."

'*2<4(3+(C*"3*4<*3+($.8"I*(.6 "*==*<+(C*"I*1$.'"#$4'2@"

"

Z(6%4*"h/"5$2=*4-+%"^PiOO`";(4*<+$4/"Z@K@"0%4.-%@"K4(+*42/"N*.4()"[-&**.@"74-:"F+$)*4"^I-2*'"$."
+,*".$C*&/"q;4-<%&-r`@"A%I&(<"'$:-(.@"

L,*"=**&(.6"+,-+"$. *"*T3*4(*.<*2"#(+,"=$<-&"$.2*+"2*(U%4*2"(2"(.(+(-&&1"$.*" $="*%3,$4(-"I%+"

#,(<," Y%(<)&1"+%4.2"+$"=*-4"$.<*"+,*"=**&(.6",-2"I**."('*.+(=(*'"+, 4$%6,":%&+(3&*"

*3(&*321"*T3*4(*.<*2@"H"'*2<4(3+($."4*<$4'*'"I1"-." *3(&*321". %42*"2+-+*'"!",-'"'*2<4(I*'"

(+"-2"-"̂-+*9.-$,''%.#1 "̀$."$.*"$<<-2($.@"!+"(2"*-21"+$"*:3-+,(U* "#,1"3*$3&*"#(+,$%+"

:$'*4.":*'(<-&").$#&*'6*"#$%&'"'*C*&$3" $+,*4G#$4&'&1"2%3*42+(+($."-.'"2%23(<($. @""

L,*"23 *<(=(<"&14(<-&"'*2<4(3+($.2"$="*3(&*321":(6,+"I*"%2*=%&"-.'"(&&%:(.-+(.68"-2":%<,"-2"

+,*1":(6,+"I*"(.-<<%4-+*"+$"2$:* @"L,*" 34*C($%2"-4+(2+2"6(C*."-2"*T-:3&*2 "*T3&$4*"

*:$+(C*"2%IW*<+(C*"*T3*4(*.<*2"+$"#4(+*"&14(<2"-.'"2$.62"-I$%+"*3(&*321"-.'".$+" #(+,"+,*"

$IW*<+(C*"'-+-@"K,*4*-2"+,*":*'(<-&"- &6$4(+,:2"-.'"4*2*-4<," +,-+"+-)*"3%4*&1"$IW*<+(C*"

'-+-"-.'"<4*-+*"2$.(=(<-+($."-.'":%2(=(<-+($." #(+, "+,(2"'-+- "+,-+"3*4,-32 "$C*4&$$)"-.1"

*:$+(C*"-.'"2%IW*<+(C*"*T3*4(*.<*@"L,* "-(:2" $="+,(2"34$W*<+"*T3&$4*"-."-4+(2+(<"-334$-<, "

%2(.6"+,*"$IW*<+(C*"'-+-"-.'"+,*"2%IW*<+(C*".-44-+(C*2@"!.<$43$4-+(.6"*T3&$4-+($."=4$:"
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3*42$.-&"*T3*4(*.<* "-.'"<%&+%4-&"4*2*-4<,"-&$.62('*"*3(&*321"'-+-"=4$:" BB["4*<$4'(.628"

<$:I(. (.6 "-.'"+4-.2=$4:(.6" +,*2*"*&*:*.+2"(."+,*"<4*-+($."$="<(.* :-+(< "*&*<+4$.(<"

:%2(<"2$%.'2<-3*2"+$"'*2<4(I*"*3(&*321"*C*.+2"-.'"*T3*4(*.<*2 @""

Y;!</&$,/+!D,2$&$/,a!E0(,4/-+04-1!-/2!H,1$5$'0%!"#,8,%;!

;-.<(.6", -2"I**.",(2+$4(<-&&1"&(.)*'"+$"*3(&*321"=$4"<*.+%4(*28"(:-6(.*"I*(.6"+$&'" +,-+"

1$%":%2+"'-.<*"-&&"'-1"+$"<%4*"1$%4"*3(&*321"-.'"+,*."I*<$:(.6"2$"*T,-%2+*'"+,-+"1$%"

'( *'"-.'"#*.+"+$",*&&"(::*'(-+*&1@ "!."+,*":*'(*C-&"*4-"'-.<(.6"#-2"<$.2('*4*'"-"<%4*"

=$4"*3(&*321"3-4+(<%&-4&1"(."74(++-.1"-.'"7*&6(%:@"!."+,*"PS+,"<*.+%41"+,*4*"#-2"-"

+4-'(+($.-&"<%4*"-':(.(2+*4*'"34($4"+$"F+@"7-4+,$&$:*#b2"=*-2+"I1 "-"Z4-.<(2<-."(.Y%(2(+$4"

<-&&*'"Z4-.<(2<%2"Z&$4*.+(.%2"#,$"#$%&'":-)*"-&&"+,*"3*$3&*"#,$"2%==*4*'"=4$:"*3(&*321"

'-.<*" -+"+,*(4"&$<-&"<,%4<,"-&&"'-18"(."+,*",$3*"+,-+"+,*1"#$%&'"I*"=4**"=4$:"2*(U%4*2"=$4"

+,*"4*2+"$="+,*"1*-4@"F$:*"2%==*4*42"'(*'"=4$:"*T,-%2+($."-.'"#*4*"<$.2('*4*'"+$",-C*"

'*2<*.'*'"+$", *&&"(::*'(-+*&1 @"^0%43,18"B@"PiSi`@"

L*:)(."^PiRS`"-.'"0%43,1"^PiSi`" -&2$"2+-+*"+,-+"+,*"34$+*2+-.+"4*=$4:*4"0-4+(."]%+,*4"

^PRQfGPSRh`"<-&&*'"*3(&*321"+,*"9+(>/*$)'9+#."-/* "̂ '(2*-2*"$="'*:$.2"$4"+,*"'*C(&`@"

?-..*4"^Pif_`"2+-+*'"+,-+"+,*4*"#*4*"+,(4+1G2*C*."4*&(6($%2"2-(.+2"-22$<(-+*'"#(+,"

*3(&*321"-.'"<$.C%&2(C*"(&&.*22*2@"F-(.+2"#*4*"$=+*."(.C$)*'"(."2%3*42+(+($%2"<%4*2@""

!."+,*" *-4&1"+,(4+**.+,"<*.+%418"+,*4*"#-2"-"#$:-. "<-&&*'"<:8(.*&.#"$&8'$F*&+#.*8.#1B"#,$ "

#-2 "<$.2('*4*'"+$",-C*"*3(&*321"-.'"2-(.+&1"<4*'*.+(-&2@"F,*"#-2"-&2$").$#."-2 "9,4(2+(.-"

0(4-I(&(28":8(.*&.#"$&8'$F)9.(">%'b$M".#&$:8(.*&.#""-.'" ;%'**')$ :8(.*&.#b$-&+,$%6,"2, *",-2"

.$+"1*+"I**. "=$4:-&&1">'"/&.,.') "I1"-"A$3*"̂ 9-+,$&(<"F-(.+2@(.=$"O__Q`@"N*4"&(=*"#-2"

'$<%:*.+*'"I1"9-4'(.-&"D-<Y%*2"'*"g(+.1 8"#,$"(2"2-('"+$",-C*").$#.",*4"3*42$.-&&18 "

-.'"L,$:-2"'*"9-.+(:34V"34$=*22$4"$="+,*$&$61"-+"]$%C-(. "#,$2* "-<<$%.+"#-2"4*<$4'*'"

.*-4&1"-"'*<-'*" -=+*4",*4"'*-+,"I1"(.+*4C(*#(.6"#(+.*22*2 "̂ 7-T*.'-&*"O__Q`@"9,4(2+(.-b2"

-22$<(-+($."#(+,"*3(&*321"I*6(.2"#(+,"-."(.<4*'(I&*"2+$41"$=",*4"I*(.6"-22%:*'"+$",-C*"

'(*'" =$&&$#(.6"-"2*C*4*"2*(U%4*8"I%+"&*-3(.6"I-<)"+$"&(=*"=4$:",*4"$3*."<$==(."'%4(.6"+,*"
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=%.*4-&"2*4C(<*@"!+"(2"4*3$4+*'"+,-+"9,4(2+(.-"&*C(+-+*'"+$"+,*"4-=+*42"$="+,*"<,%4<,"

<$:3&-(.(.6"+,-+"2,*"<$%&'"2:*&&"+,*"2+*.<,"$=",%:-."2(.@"F,*"#-2"$4'*4*'"'$#. "=4$:"

+,*"4-=+*42"I1"+,*"34(*2+"+$"*T3&-(.",*4"I*,-C($4 @"9,4(2+(.-"*T3&-(.*'"+,-+"2,*",-'"I**."+$"

,*&&8"3%46-+$41"-.'",*-C*.@" F,*" I*&(*C*'"2,* ",-'"4*+%4.*'"+$"*-4+,"+$"&*-'"+,*"4*<*.+&1"

'(*'"2$%&2"+$"3%46-+$418"-.'"+,$2*"(."3%46-+$41"2,*"&*'"+$"3-4-'(2*"(.",*-C*.@"^ 9-+,$&(<"

F-(.+2@(.=$"O__Q"-.'" 7-T*.' -&*"O__Q̀@"9,4(2+(.-"*T3*4(*.<*'" <'-*&"*.'*B"!S8W*.-"%$*'#*'*$

>'.#1$*/*S'#)')3 "-.'" (+"#-2"'%4(.6"+,*2*"*C*.+2"+,-+"9,4(2+(.-"2+-+*'"+,-+"2,*"#-2"

C(2(+(.6"3%46-+$41"2-C(.6"2$%&2@"^9-+,$&(<"F-(.+2@(.=$"O_PQ`@"L,*"(.2+-.<*2"$="9,4(2+(.-b2"

2:*&&(.6"+,*"$'$%42"$="2(."<$%&'"I*"*T3&-(.*'"I1"+,*"$'$%42"$4"2:*&&2"*T3*4(*.<*'"I1"

*3(&*321"2%==*4*42"(."=$<-&"$.2*+"2*(U%4*2@"L,*" <'-*&"*.'*B"2,*"*T3*4(*.<*'" <$%&'"I*"

*T3&-(.*'"-2 "+$.(<G<&$.(<"2*(U%4*2@"

F%3*4.-+%4-&"-.'"4*&(6($%2"+,*:*2"-33*-4 "+,4$%6,$%+",(2+$4(<"&(+*4-+%4*"#(+,"4*6%&-4(+1"

(.<&%'(.6":-.1 "4*=*4*.<*2"+$"2%==*4*42"I*(.6 "3$22*22*'"I1"'*:$. 2"$4"*C(&"23(4(+28"+,(2"#-2"

-&2$"4*<$4'*'"(."7-I 1&$."2*C*4-&"+,$%2-.'"1*-42"-6$@"E*2*-4<,*42"-+"+,*"!.2+(+%+*"$="

B3(&*3+$&$618"?(.6b2"9$&&*6*8"]$.'$."2+%'(*'"-"7-I1& $.(-." +*T+8"4*=*44*'"+$"-2"+,*"

*3(&*321"+-I&*+"=4$:"+,*"*4-"$="+,*"7-I1&$.(-.")(.6"H'-'-3-&(''(.-"(."+,*"2*<$.'"

<*.+%41"798"#,(<, "'*+-(&*' ".*%4$&$6(<-&"'(2*-2*2"#(+, "-<<%4-+*"'*2<4(3+($.2"$="*3(&*321"

2*(U%4*2@"L,*"7-I1&$.(-.2"'('".$+" ).$#"-I$%+ "+,*"=%.<+($.2"$="+,*"I4-(."-.'"<$.2('*4*'"

*3(&*321"2*(U%4*2"+$"I*"2%3*4.-+%4-&"3$22*22($."$="+,*"3-+(*.+2"I1".-:*'"'*:$.2"

-22$<(-+*'"#(+,"C-4($%2"2*(U%4*"+13*2@"^E*1.$&'28"B@"*+"-&"O__Q`@"

jC*4"f___"1*-42"-6$"(."+,*"-.<(*.+"!.'(-.":*'(<(.*"212+*:"<-&&*'" H1%4C*'-8"*3(&*321"

#-2"'*2<4(I*'"-2"H 3-2:-4- "#,(<,":*-.2"-"&$22"$="<$.2<($%2.*22@"^A(*4<*"O_PO`@"

H3-2:-4- "(2"-&2$"-":1+,$&$6(<-&"'*:$."+,-+"+,*"N(.'%" 6$'" F,(C-"'-.<*2"%3$." #(+,(. "

N(.'%"(<$.$64-3,1" +,-+"(2"-22$<(-+*'"#(+,"*3(&*321@"^F*2,-'4("?[ "O_PR`@"

B3(&*321"-&2$"-33*-42"(."+,*"7(I&*"#,*4*"(+"(2":*.+($.*'"(."+,4**"[$23*&28"-."*T-:3&*"

I*(.6"D*2%2":(4-<%&$%2&1",*-&(.6"-"<,(&' "3$22*22*'"I1"-."%.<&*-."23(4(+"#(+,"* 3(&*321"(."

+,*"[$23*&"$="]%)*8"9,-3+*4"i/""
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$̂ Us$F#)b$>'8+%)b$"$9"#$+,$&8'$-+9S"#W$-(.')$+/&b$*"W.#1b$g"*&'(b$D$>'*''-8$&8''b$
%++T$/S+#$9W$*+#P$,+($8'$.*$9.#'$+#%W$-8.%)4$

UI$F#)b$%+b$"$*S.(.&$&"T'&8$8.9b$"#)$8'$*/))'#%W$-(.'&8$+/&t$"#)$.&$&'"('&8$8.9$&8"&$
8'$,+"9'&8$"1".#b$"#)$>(/.*.#1$8.9$8"()%W$)'S"(&'&8$,(+9$8.94$

KH$F#)$D$>'*+/18&$&8W$).*-.S%'*$&+$-"*&$8.9$+/&t$"#)$&8'W$-+/%)$#+&4$

K5$F#)$r'*/*$"#*0'(.#1$*".)b$=$,".&8%'**$"#)$S'(O'(*'$1'#'("&.+#b$8+0$%+#1$*8"%%$D$
>'$0.&8$W+/b$"#)$*/,,'($W+/q$;(.#1$&8W$*+#$8.&8'(4$

K6$F#)$"*$8'$0"*$W'&$"$-+9.#1b$&8'$)'O.%$&8('0$8.9$)+0#b$"#)$&"('$8.94$F#)$r'*/*$
('>/T')$&8'$/#-%'"#$*S.(.&b$"#)$8'"%')$&8'$-8.%)b$"#)$)'%.O'(')$8.9$"1".#$&+$8.*$
,"&8'(4`$]%)*"9,-3+*4"i@"?(.6"D-:*2"g*42($.@$

N%:-.2",- C*"I**."2%==*4(.6"-.'"+4*-+(.6"*3(&*321"=$4":(&&*..(- @"L4*-+:*.+2",-C*"4-.6 *'"

=4$:"<-2+(.6"$%+"'*:$.2" $4"*C(&"23(4(+28".%:*4$%2":*'(<-+($.28"$3*4-+(.6"$."+,*"

2%==*4*42"-.'"2+*4(&(U-+($."I1"+,*"5-U(2"^Piff`@"L,*"5-U(2"(.+4$'%<*'"-"&-#"<-&&*'"^78'$

i"0$,+($&8'$Q('O'#&.+#$+,$E'(').&"(.%W$n.*'"*')$Q(+1'#W`"̂ [*2*+U"U%4"g*4,(.'*4%.6"

*4I )4-.)*."5-<,#%<,2*2` "#,(<,"&*6-&(U*'"+,*"2+*4(&(U-+($."$="321<,(-+4(<"3-+(*.+2"-.'"

+,*(4"=-:(&(*2"#,$"2%==*4*'"=4$:"(&&.*22*2"2%<,"-2"*3(&*3218"2<,(U$3,4*.(-8"'*34*22($.8"

3,12(<-&"'*=$4:(+(*28"-&<$,$&(2:8"<$.6*.(+-&"I&(.'.*22"-.'"'*-=.*22@"L,*"&-#"#-2"I-2*'"

$."-."H:*4(<-."*%6*.(<(2+"<-&&*'"N-441"N-:(&+$."]-%6,&(."=4$:"+,*"*-4&1"PiR_b2@"^5$-<)"

*+"-&@"^O__c`@"N(33$<4-+*2"*T3&$4*'"*3(&*321"(.",(2" 34$+$/5!OV7!%1.!Q'(&.0![,$.'$.R!R__"

7@9@B@"N*"C(*#*'"3*$3&*"#,$ "<$.2('*4*'"*3(&*321"- 2"-"2%3*4.-+%4-&"=$4<*8"$4",-C(.6"-"

2-<4*'"<,-4-<+*48"-2"<,-4&-+-.2"-.'":-6(<(-.2",('(.6"I*,(.'"2%3*42+(+($. @"L,*1",-'".$"

('*- "$="#,-+"<-%2*'"+,*"<$.'(+($. "-.' "<4*-+*'":1+,$&$6(<-&"$4"4*&(6($%2"2+$4(*2"+$",('* "

+,*(4"(6.$4-.<* 8"'*C(2(.6 "2%3*42+(+($%2"4*:*'(*2"-.'"+4*-+:*.+2"+$":-(.+-(."+,*(4"

3$2(+($."$="3$#*4"-.'").$#&*'6*"^ D$.*28"PiOf`@"L,* "4*2*-4<,"<-44(*'"$%+"=$4"+,(2"+,*2(2"

(.+$"+,*"2$<($<%&+%4-&"+,*:*2"4*&-+*'"+$"*3(&*321"-4*"$="<4*-+(C*"(.+*4*2+"-.'"(.23(4-+($. 8"

+,*1"=$4:".-44-+(C*2"#(+,(."+,*":%2(=(<-+($."$="+,*"BB["'-+-@"L,* "2$<($<%&+%4-&"4*2*-4<,"

#(&&"6(C*"+,*"<4*-+(C*"-*2+,*+(<"'(4*<+($."-.'" <$.<*3+%-&"2%I2+-.<*8"W%2+"-2"<(.*:-"

34$C('*2"+,*"2+$41"-.' ":%2(<"%.'*43(.2"(+2".-44-+(C*2@"H."*T-:3&*"$="+,(2"<-."I*"=$%.'"

(."+,* ":%2(=(<-+($."2$%.'2<-3*"*.+(+&*'!<n"#&'$"#)$e.(1.%$n'*-'#)$S"*&$&8'$g.#+&"/(B4$

"
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Y;Q;!bC-/+,!-/2!L$45$1!C,%&,/2!(-%+!+#,!D$/'+-04c@"

L,(2 "2$%.'2<-3*"*T3&$4*2"+,*"4*&(6($%2"+,*:*2"34*2*.+*'"I1"+,*",(2+$4(<-&"3*4<*3+($.2"$="

*3(&*321"-.'"%2*2"+,*2*"-2"-."-*2+,*+(<".-44-+(C*"=$4"+,*"<4*-+(C*":%2(=(<-+($."$="+,*"

*3(&*321"BB["'-+-@$!." +,* "=(42+"3-4+"$="H&(6,(*4(b2"*3(<"3$*:" k78'$n.O.#'$:+9')W $@$+,* $

D#,'(#+bB"(+"'*2<4(I*2"g(46(&"&*-'(.6";-.+*"(."+,*(4"'*2<*.+"+$", *&&"3-2+"+,*"0(.$+-%4"(."

4*<$6.(+($."$="2(.8"+,*."-2<*.'(.6"+,4$%6,"3%46-+$41"(."+,*"4*.%.<(-+($."$="2(.@"

^0-<H&&(2+*48"H8"L@"O__i`@"L,(2".-44-+(C*"=4$:"+,*"3$*:" -&2$"*C$)*2"+,*"2+$41"$="

Z4-.<(2<%2"Z&$4*.+(.%2b"'-.<(.6"<%4*"=$4"*3(&*3218"+,*"3-4+(<(3-+(.6"2%==*4*42"#*4*"=4**"

=4$:"*3(&*321"=$4"+,*"1*-4"I%+"(="+,*1"=-(&*'"+,*1"'*2<*.'*'"2+4-(6,+"+$", *&&@""

L,*2*".-44-+(C*2"#*4*"*T3&$4*'"-2"321<,$&$6(<-&"2+(:%&("' %4(.6"+,*"<4*-+($."$="+,*"

2$%.'2<-3* "<n"#&'$]$e.(1.%$n'*-'#)$Q"*&$&8'$g.#+&"/(B@"F$%.'2"$="'*2<*.'(.6"-.'"

-2<*.'(.6"3(+<, "#*4*"'*2(6.*'"+,-+ "(&&%2+4-+*"; -.+*"-.'"g(46(&b2"'*2<*.+"(.+$",*&&"-.'"

+,* (4"-2<*.+"+,4$%6,"3%46-+$41@"L,(2 "2$%.'2<-3*"-&2$"*:3&$12"-"<,%4<,"2+1&*'"$46-."

(.2+4%:*.+ "21.+,*2(U*'"=4$:"+,*"BB["'-+- "+$"2%I&(:(.-&&1"2%66*2+"4*&(6($%2"+,*:*2@"L,*"

=$&&$#(.6"Y%$+*"(2"+-)*."=4$:"<n"#&'$F%.18.'(.$u$78'$D#,'(#+B"̂ PfPc"̀+4-.2&-+*'"I1"D$,."

9(-4'("^PiSR`@"

^78'$Q+'&*$>'1.#$&8'$)'*-'#&$+,$&8'$,"%%'#$(+-T$0"%%b$8"O.#1$,.(*&$&+$'O")'$&8'$
gDf=7FGXb$08+$9'#"-'*$&8'94$e.(1.%$&(.-T*$8.9$"#)$&8'$Q+'&*$8/((W$>W4`$

F*$"$>/%%$&8"&$>('"T*$.&*$-8".#*$k/*&$08'#$&8'$T#.,'$8"*$*&(/-T$.&*$)'"&8@>%+0b$
-"##+&$*&"#)$#+($(/#$>/&$%'"S*$,(+9$*.)'$&+$*.)'$0.&8$.&*$%"*&$%.,'$

M+$)"#-')$&8'$g.#+&"/(b$"#)$9W$*8('0)$A/.)' $-(.')$+/&P$jX/#$#+0c$C8.%'$8'$.*$
>%.#)$0.&8$("1'c$D#&+$&8'$S"**b$?/.-Tb$"#)$1'&$+O'($&8'$*.)'cj$

M+$0'$0'#&$)+0#$"-(+**$&8'$*8"%'$"#)$*%"&'$+,$&8"&$(/.#')$(+-Tb$08.-8$+,&'#$*%.)$
"#)$*8.,&')$/#)'($9'$"&$&8'$&+/-8$+,$%.O.#1$0'.18&4$

D$9+O')$+#b$)''S$.#$&8+/18&t$"#)$9W$A/.)'$&+$9'P$jv+/$"('$0+#)'(.#1$S'(8"S*$
">+/&$&8.*$(/.#$08.-8$.*$1/"()')$>W$&8"&$>'"*&$/S+#$08+*'$,/(W$D$S%"W')$k/*&$#+04$D$
*8+/%)$&'%%$W+/$&8"&$08'#$%"*&$D$-"9'$&8.*$)"(T$0"W$&+$&8'$)'S&8*$+,$E'%%b$&8.*$(+-T$
8")$#+&$W'&$,'%&$&8'$(/.#+/*$>%"*&4$

;/&$-'(&".#%Wb$.,$D$"9$#+&$9.*&"T'#b$.&$0"*$k/*&$>',+('$&8'$-+9.#1$+,$E.9$08+$&++T$
&8'$*+/%*$,(+9$i.9>+b$&8"&$"%%$E'%%$0"*$*8"T'#@"^9(-4'("PiSR`@"

!G1-)!&'8('%$+$'/!&-11,2!O['7%.!A!\,&=,;![.$(.70!]'$%!%1.!3,7-%'<&>!!
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L,*",(2+$4(<-&"2%3*42+(+($.2"2%44$%.'(.6"*3(&*321"-4*".-44-+(C*2"%2*'"-2"<4*-+(C*"

(.23(4-+($."=$4"+,*"<(.*:-+(< "2$%.' 2<-3*8"I%+"'$".$+"2%33$4+"*3(&*321"- 2"-"4*&(6($%2"

3%.(2,:*.+"$4"-==&(<+($.@"N$#*C*48"+,*"*T3*4(*.<*2"$="34*G2*(U%4*"-%4-2"'$",-C*"-"

*%3,$4(<"=**&(.6"+,-+8"#(+,"2$:*"(:-6(.-+($.8 "<$%&'"I*" :(2%.'*42+$$'"-2"I*(.6"

-22$<(-+*'"#(+, "4*&(6($."I1"-"2%3*42+(+($%2"<%&+%4*"&(C(.6"(."+,*":*'(*C-&"-6*2@"

Z;!E'/$*$&-+$'/a!D0%$*$&-+$'/!-/2!D-(($/5;!

A21<,*"*+"-&"^O_PR`"2+-+*@"^g'&8+)*$&+$*+#.,W$VVA$)"&"$('9".#$('%"&.O'%W$/#.?/'$"*$
*+9'$8"O'$)'O.*')$9'"#*$>/&$#+$9'&8+)$8"*$*8+0#$"#$'Y&('9'$/&.%.&W$-+9S"(')$&+$
"#W$+&8'(`4""

Z$4"+,(2"34$W*<+"+$"I*"2%<<*22=%&"(+"#(&&".**'"+$":-3"+,*"B B["'-+-"(."2$:*"=$4:"$4"

-.$+,*4 8"+,(2"(.(+(-+*'"+,* "4*2*-4<,"=$4"$+,*42"#,$" ,-C*" 4*2*-4<,*' "+,(2"34*C($%2&1@"F$:*"

,-C*"%2*'"*&*<+4$.(<"*Y%(3:*.+"2%<,"-2"BB[", *-'2 *+2"=$4"3*4=$4:-.<*"-.'"<$:3$2(+($. @"

L,*" =(42+"3*42$."+$"%2*"-."BB[",*-'2*+"-2"-."*&*<+4$.(<"<$:3$2(+($.-&"+$$&"#-2"H&C(."

]%<(*4"#(+,"hg/*.-$,+($"$M+%+$Q'(,+(9'(h$PihS4"L,(2"(2"-." (..$C-+(C*8".$(21"-.'"34(:(+(C*"

*T3&$4-+($."$="BB["<$:3$2(+($."<4*-+*'"$C*4"S_"1*-42"-6$"*:3&$1(.6"-&3,-"I4-(.#-C*2"

#-C*2"-.'"4,1+,:2@"^F+4-*I*&@"L,$I*.@"O_PR`@"]%<(*4b2"I4-(.#-C*2"#*4*"(.=&%*.<*'"I1"

2$%.'2"=4$:"+,*"-%'(*.<*8 "#,*.",*"<&$2*'",(2"*1*2"-.'"<$.<*.+4-+*'"$.":(.(:(U(.6",(2"

I4-(."-<+(C(+1"$4"#,*." *.6-6*'"(.":*.+-&"*T*4<(2*@"]%<(*4"%2*'"+,*2*"<,-.6*2"(."

I4-(.#-C*"-<+(C(+1"+$"<$.2<($%2&1"+$"(.=&%*.<*"+,*"BB["2(6.-&"I1"2%''*.&1"$3*.(.6",(2"

*1*2"-.'"<,-.6(.6",(2" <$.2<($%2"+,$%6,+"3-++*4.2@"L,(2"#-2"+,*"=(42+"+(:*"2$:*$.*",-'"-"

<*4+-(."-:$%.+"$="<$.+4$&"$."-."-%'($"2(6.-&"(."-":%2(<"3*4=$4:-.<*8 "-"64$%.'I4*-)(.6"

*T3*4(:*.+-&"3(*<*"$="BB[":%2(<"3*4=$4:-.<*@""

;̂W$%'&&.#1$1+$+,$-+#&(+%b$i/-.'($S"**.O'%W$.#*'(&')$8.9*'%,$.#&+$&8'$9/*.-$-.(-/.&b$
-+#&(.>/&.#1$k/*&$"*$9/-8$&+$&8'$9/*.-$"*$&8'$&'-8#+%+1.-"%$-+9S+#'#&*$0.&8.#$&8'$
*W*&'94`$̂]%++*428"7@8"M"?$*,&*48"A@"O_Ph`@"

!."]%<(*4b2"3(*<*8"+,* "I 4-(.#-C*2" 4*Y%(4*' "+,*"2(6.-&"+$"I*"%2*'"-2"-."-6(+-+$4"(."

<$:I(.-+($."#(+, "-."-''(+($.-&"*&*:*.+ "+,-+"4*2$.-+*' "#(+, "(+2"$#."(.,*4*.+" ,-4:$.(<2"

#(+,(."+,*",%:-.",*-4(.6"4-.6*8" 2%<,"-2"-"<1:I-&@"!="+,*"BB["=4*Y%*.<(*2"-4*"%2*'"
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'(4*<+&1"=$4"2$.(=(<-+($."+,*1$4*Y%(4*"+4-.23$2(+($.8"+,(2"(2"I*<-%2*"I4-(.#-C* 2"<-3+%4*'"

I1"BB[ "-4*"&$#"=4*Y%*.<(*2"I*+#**."_@S"+$"RO"NU"#,(<,"-4*"I*&$# 8"-.'"-+"+,*"&$#"*.'"$= "

+,*",%:-.",*-4(.6 "4-.6*@"L,*",%:-.",*-4(.6" 4-.6*"(2"-334$T(:-+*&1"O_GO_8___"NU8"

#(+,"+,*",(6,"=4*Y%*.<1"4-.6*"'4$33(.6"'4- :-+(<-&&1"-2"#*"6*+"$&'*4@"!." -%'($:*+4(<"

+*2+28"!"-:"%.-I&*"+$",*-4"=4*Y%*.<(*2"-I$C*"-334$T(:-+*&1"PR)NU@"

^F%S8"$"-&.O.&W$.*$.#)/-')$>W$-%+*.#1$&8'$'W'*$"#)$>W$('%"Y"&.+#b$"#)$">+%.*8')$>W$
'W'$+S'#.#1$+($"%'(&.#1$>W$"#W$9'-8"#.*9$!&8.#T.#1b$-"%-/%"&.#134$g+*&$+,$&8'$
S'+S%'$"('$('9"(T">%W$*'#*.&.O'$&+$&8'$S8'#+9'#+#$+,$^'W'$-%+*.#1`b$.4'4$08'#$&8'W$
-%+*'$&8'.($'W'*$&8'.($0"O'$S"&&'(#$*.1#.,.-"#&%W$-8"#1'*$,(+9$>'&"$.#&+$"%S8"$
0" O'*4`$̂L*3&-."O__O`@""

L,(2"(2"-"2*&=G'(4*<+*' "<4*-+(C*"34$W*<+u"<$::*4<(-& "BB["* Y%(3:*.+"$4"34*G*T(2+(.6"

:%2(=(<-+($."2$=+#-4*",-C*".$+"I**."*:3&$1*' @"L,*1 "&(*"$%+2('*"+,*"4*:(+"$="+,(2"<4*-+(C*"

34$W*<+@"H2"34*C($%2&1"-22*4+*'"(+":%2+"I*"<$.2('*4* '" %.*+,(<-&"+$"*T3*4(:*.+"#(+,"

*3(&*321"2%==*4*42"(."4*-&G+(:*"=$4":%2(=(<-+($."3%43$2*2@"L,* "3%I&(<"'-+-I-2* "$="34*G

4*<$4'*'"BB["' -+-"2*+2"=4$:"*3(&*321"*C*.+2"34$C('*"-."*+,(<-&"-334$-<,"=$4"+,(2"<4*-+(C*"

34$W*<+"#$4)@"J%*2+($.2"-2)*'" -+"+,*"I*6(..(.6"$=" +,(2"34$W*<+"(.<&%'*' "G"# (&&"+,*"2$%.'2"

$="*3(&*321"I*"<4*-+*'" +,4$%6,"3%4*"2%IW*<+(C(+1"$4"%2*"$IW*<+(C*"34$<*22*2"-.'"

-&6$4(+,:2a"N$#"#(&&"BB["*3(&*321"*C*.+2"I*":-33*' "+$":%2(<-&"#$4)2a"A%4*&1"

2%IW*<+(C*": %2(=(<-+($."-.'n$4 "$IW*<+(C*"2$.(=(<-+($.a""

Z;Q!D-(($/5!BU(,4$8,/+!dQ;!

H2"-."(.(+(-&"2+-4+(.6"3$(.+8"-."*T3*4(:*.+"#-2"<-44(*'"$%+ "(."+,*"<4*-+($."$="-"+4(I%+*"

:%2(=(<-+($."+$"N-.2"7*46*48"5(&$&-("[%&*)*"-.'"o*'*&"#(+,"$IW*<+(C*":-33(.6"+$"-"

:%2(<-&"2+-C*@"N-.2"7*46*4"=(42+"4*<$4'*'",%:-."BB["2(6.-&2" #,(&* "-".*%4$2%46*$."

<-&&*'"5(&$&-("[%&*)*"$3*4-+*'"$. "-"2*C*.+**. G1*-4G$&'":-&*"2+%'*.+"<-&&*'"o*'*&"#,$"

,-'" *T3*4(*.<*'" +#$"34*C($%2"<4-.(-&"$3*4-+($.2"=$4"+,*"4*:$C-&"$="-"I4-(."+%:$4@$L,(2"

*T3*4(:*.+"*:3&$1*' "-"2(:3&* "$C*4&-1":*+,$' "%2(.6"+,*"(:-6*"$=" +,*"=(42+",%:-."BB["

4*<$4'(.6"$="I4-(."-<+(C(+1"!N.1/('$a3@"L,(2"#-2"&$-'*' "(+"(.+$"-."(:-6*"*'(+$4 8"$C*4&-('"

#(+,"-"+4*I&*"-.'"I-22"< &*="-.'"=(.-&&1".$+-+(.6"+,*"3*-)2"$="+,*"#-C*=$4:2"+,-+"
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(.+*42*<+*'"+,*"2+-C*"&(.*2"!N.1/('$s 3@"H":%2(<-&"2+4%<+%4*"#-2":-(.+-(.*' "#(+,"<$44*<+"

.%:I*4"$=".$+*"C-&%*2"3*4"I-4@"L,*"4*2%&+"$="+,(2"*T3*4(:*.+"<-."I*"2**." (."Z(6%4*"i"-.'"

,*-4'"(." OB1.!Y$-%.&,(!\-9'=.!-2!U'7$C!S,^-;',!A!_.0.;!5DJKN8!"<0,-!Y`':Z;.R)!L,(2"

(2"-."*T+*.'*' "<$:3$2(+($." +,-+"*:3&$12"+,*"4*2%&+(.6"+,*:*2"34$C('*'"I1"=$%4"I- 42"$="

BB[".$+-+($." #(+,"-''(+($.-&" 2%IW*<+(C*":%2(<"34$'%<+($."+*<,.(Y%*2@""

"
Z(6%4*"c/"L,*"$4(6(.-&"N-.2"7*46*4"^PiOR`"(:-6*"-I$C*8""

 

  
Z(6%4*"Q/"jC*4&-('"+,*"I-22"-.'"+ 4*I&*"2+-C*"-.'".$+*2"-I$C*@"

"

 
Z(6%4*"i/"L,*"4*2%&+(.6".$+-+($."-I$C*"#(+,"+,*"N-.2"7*46*4"^PiOR`"(:-6*"*T<&%'*'@"

"
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L,* "4*2%&+2"#*4*"*==*<+(C*"(."4*&-+($."+$"34$C('(.6"-"4,1+,:(<"2+4%<+%4*"-.'":*&$'(<"

(.=$4:-+($. @"!+"#-2"(.+*4*2+(.6"+$",*-4"-":%2(=(<-+($."$="+,*2*"3($.**4(.6"BB["*C*.+2"if"

1*-42"-=+*4"+,*(4"<-3+%4*@"L,*"P_"NU"6%('*"2(6.-&"(."+,*"&$#*4"3-4+"$="+,*"C(2%-&"BB["

4*<$4'(.6"34$C('*'"-"2+-I&*"-.'"4*3*+(+(C*"2+4%<+%4*"=$4"-"I -22"3-++*4.8"#(+,"+,*"<$:3&*T"

.-+%4*"$="+,*"#-C*=$4:"$="o*'*&b2"I4-(."-<+(C(+1"(."+,*"+$3"2*<+($."$="+,*"(:-6*"34$C('*'"

+,*"+4*I&*"3-++*4."-.'":*&$'(<"-<+(C(+1@"L,* ":%2(=(<-+($."34$<*22"-&2$"(.<&%'*'"2%IW*<+(C*"

-44-.6*:*.+"+*<,.(Y%*2"-.'" +,*"-33&(<-+($."$=":$'*4."34$'%<+($."C-&%*28"(.<$43$4-+(.6"

-%'($"*==*<+2"-.'"-%+$:-+($. 8"+$"34$'%<*"-334$T(:-+*&1"+,4**":(.%+*2"$=":%2(<"#(+, "

+,(2":%2(=(<-+($."*T3*4(:*.+ @"

!G1-)!&'8('%$+$'/!&-11,2!OB1.!Y$-%.&,(!\-9'=.!-2!U'7$C!S,^-;',!A!_.0.;!

5DJKN8R!

!

!

!

!

!

!

!

!

!

!

!
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[;!BU(1'4-+$'/!-/2!BU-8$/-+$'/!'*!D0%$*$&-+$'/!-/2!D-(($/5!",&#/$70,!dQ!

eJ0!,+!-1!OPP]f;!

H&+,$%6,":*'(<-&"4*2*-4<,"#-2".$+"+,* "$4(6(.-&"(.+*.+($."=$4"+,(2"34$W*<+"#$4)8"(+"(2"

(.+*4*2+*'"(."+,*":*+,$'2" 34*C($%2&1"%2*'"=$4":*'(<-&" 2$.(=(<-+($."-.'":%2(=(<-+($."$="

BB["' -+-@!L,*" 4*2*-4<,"3-3*4"<-&&*'$<M-"%'@N(''$g/*.-$+,$&8'$;(".#B!I1";-."K%P8"9,-$ Gx("

](P8O8";*Go,$.6"x -$P"^O__i`"#-2"*T-:(.*'"'%4(.6"+,*"4*2*-4<,"34$<*22"$="+,(2"+,*2(2@"L,*"

3-3*4"2+-+*2/"

^[$M+#.,.-"&.+#$(/%'*$9"W$.)'#&.,W$&8'$9'#&"%$*&"&'*$+,$&8'$>(".#b$08.-8$S(+O.)'$"$
('"%@&.9'$*&("&'1W$,+($9+#.&+(.#1$>(".#$"-&.O.&.'*$S+&'#&."%%W$/*',/%$&+$
#'/(+,'')>"-T$&8'("SWq`$ K%8";@"*+"-&"^O__i`@""

!+"(2"<4%<(-&"+$"+,(2"34$W*<+"#$4)"+,-+"+,*"BB["*3(&*321"'-+-" <-."I*":-33*'" +$":%2(<"-.'"

2$%.' @"H.-&12(.6"+,*":*+,$'2" K%"*+"-&"̂ O__i`"*:3&$1*' "+$":-3 "BB["'-+-"=$4$hM-"%'$N(''$

g/*.-$+,$&8'$;(".#h"34$C('*'" -."$33$4+%.(+1"+$"-22*22"-.'"-33&1"+*<,.(Y%*2"'*C*&$3*'"(."

+,(2"-4*-"$="4*2*-4<,@"K%"*+"-&"̂O__i "̀*:3&$1*'": -+,*:-+(<-&"-&6$4(+,:2" (."+,*"

:%2(=(<-+($."34$<*22@"E*C*42*"*.6(.**4(.6" +,* ":*+,$'2 "+,*1"*:3&$1*'" 34$C('*' "-."

(.2(6,+"(. +$"+,(2"'(2<(3&(.*@"K%"*+"-&"̂O__i "̀=(42+"̂ '*&">%.*8')$"$*+#.,.-"&.+#$(/%'$>'&0''#$

&8'$"9S%.&/)'$+,$"#$VVA$0"O',+(9$"#)$&8'$S.&-8$+,$"$9/*.-"%$#+&'4̀">.'*42+-.'(.6 "+,*"

K%"*+"-&":$'*&"#- 2"(:3$4+-.+"(. "6-(. (.6 "-"'*+-(&*'"-#-4*.*22" $="+,*":%2(=(<-+($."$="BB["

'-+- @""

K%"*+"-&/"̂g"SS.#1$&8'$-8"#1'$+,$VVA$S+0'($'#'(1W$&+$#+&'*$O+%/9'$"--+().#1$&+$
&8'$N'-8#'(B*$%"0b$"#)$&8'$S'(.+)$+,$VVA$&+$&8'$#+&'*$)/("&.+#@"yez$F--+().#1$&+$
N'-8#'(B*$%"0b$&8'$('%"&.+#*8.S$>'&0''#$9/*.-$S.&-8$"#)$&8'$,('?/'#-W$!,g3$+,$"#$
.#*&(/9'#&$.*444j$̂ K%"*+"-&8"O__i`@$

G$+&#!g!&!1'5hi*D!j!2!

j444$08'('$-$w$KH$"#)$)$w$@UR4R$D#$&8'$gDnD$*&"#)"()b$&8'('$"('$56s$S.&-8$*&'S*$0.&8$
*'9.&+#'$.#&'(O"%*$"9+#1$&8'94$D#$&8.*$0+(Tb$0'$-8++*'$&8'$/*/"%$S.&-8$("#1'$l6K$
5Hsm$0.&8$&8'$,('?/'#-W$,g$.#$&8'$("#1'$lUU$K5sRm$E2@"yez$C'$/*/"%%W$&"T'$&8'$
9"Y.9"%$O"%/'$+,$"9S%.&/)'$F9S$w$6HH$9eb$"#)$&8'$Y$O"%/'*$+,$VVA$("#1'$,(+9$H4L$
&+$54L4$D#$&8.*$0+(Tb$/#.&$9e$0"*$&++T$).('-&%Wb$>'-"/*'$&8'$+#%W$).,,'('#-'$,+($
).,,'('#&$/#.&$.*$&8'$-+#*&"#&$#4$D,$0'$-8++*'$Yw545H$"#)$0.&8$-wKHb$0'$8"O'$XwsKt$
&8/*b$&8'$S.&-8$9"W$O"(W$,(+9$6K$&+$5Hs$.#$&8'$("#1'$+,$&8'$56s$S.&-8$*&'S*$.#$gDnD4`$
^K%"*+"-&8"O__i`@$
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!="+,*"4-.6*"$="-."(.2+4%:*.+"(2"I*+#**."ffNU"-.'"RPQhNU"+,*"34*C($%2"*Y%-+($."'*=(.*2"

-"NU"=4*Y%*.<1"4-.6*"I*+#**."ffNU"-.'"RPQhNU":-33*'"+$"-":%2(<-&"4-.6*" I*+#**."OR"

-.'"P_Q"0!;!".$+*".%:I*42@ ""

33Hz --> 33log!" x 40 -36.6 = MIDI note 24 

4186Hz --> 4186log!" x 40 -36.6 = MIDI note 108 

{"5$+*/"!."+,*"K%"*+"-&"'$<%:*.+"2+-+*2j444$08'('$-$w$KH$"#)$0!a!PMG)G$D#$&8'$gDnD$

*&"#)"() r"I%+"(."<-&<%&-+($."$="+,*"*Y%-+($."GR_"n"P@P"s"Gfh@fhfhfhfhfhfhfh 8"-.' n$48"+,*"

4*&-+($.2,(3"I*+#**."RR_"-.'"PO".$+*2"s"RR_"n"PO"s"fh@hhhh"3$22(I&1"-"+13$"$4"4$%.'(.6a"

H&+,$%6,"+,(2"3$22(I&*"4$%.'(.6"$4"+13$"4*2%&+2"(."&(++&*"'(==*4*.<*"+$"+,*"$%+<$:*"$="-."

(.+*6*4"0!;!".$+*".%:I*4@ "

R = Range of MIDI notes: 

where c = 40 

where x = 1.1 

where Max Amp = 200uV 

R = c / x log!"Amp 

40 / 1.1 x (200log!") = 83.6738 (84) 

Taking a range of 84 notes between MIDI notes 24 and 108 (Wu et al, 2009). 

K%"*+"-&"+,*."%2*'"+,*"=$&&$#(.6"-&6$4(+,:"+$"<-&<%&-+*".$+*"3(+<,*2"=4$:"+,*"- :3&(+%'*"

$="2*6:*.+*'"#(.'$#2"#(+,(."-."BB["#-C*=$4:/ "

Pitch = m log!"Amp + n 

where c = 40 

where m = - c / x = m = -36.3636364 

where x = 1.1 

where n = MIDI note 108 = C8 

(Wu et al, 2009). 

K%"*+"-&"6-C*"-."*T-:3&*"$="BB["6*.*4-+*'".$+-+($."'*4(C*'"=4$:"-." BB["[4-3, "!, .1/('*$

5H$]$553"C(-"+,*"34*C($%2"*Y%-+($.@"L,*"BB["-:3&(+%'*"&*C*&2"#*4*":-33*'"+$"'*4(C*"+,*"

.$+*"3(+<,"-.'"+,*" 2*6:*.+ *' "# -C*&*.6+,"<1<&*2"#*4*"%2*'"+$"$I+-(.".$+*"'%4-+($.@"
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"

Z(6%4*"P_/"K%"*+"-&b2"kF<-&*"Z4**b"BB[".$+-+($.@"

Z(6%4*"PP/"K%"*+"-&b2"kF<-&*"Z4**b"BB["2*6:*.+-+($."-.'"- :3&(+%'*"64-3,@"

K%"*+"-&b2"=$4:%&-",-'"+,*"4*2%&+"$="-22(6.(.6"&$#*4"-:3&(+%'*2":*-2%4*'"+$",(6,*4"

3(+<,n.$+*2@""

[;!Q!",%+$/5!J0!,+!-1!D0%$*$&-+$'/!M'4801-!-/2!D-(($/5;!!

BT3*4(:*.+(.6 "#(+, "+,*"=$4:%&- "-.' "+,*".$+-+($." 34$C('*'"I1"K%"*+"-&"<4*-+*'"-."

$33$4+%.(+1"=$4"<$:3-4(2$."#(+, "+,*"=(.-&"'-+-"+,*1"34$'%<*' @"5$I*&"A4(U*"#(..*4"F(4"

A-%&"5%42*"2+-+*'"$."+,*"779"'$<%:*.+-41" <M-.'#-'$G#)'($F&&"-TB"# ,*."C(*#(.6"+,*"

-4<,(C*2"$="+,*"E$1-&"F$<(*+1/"

^ULH$W'"(*$+,$"#$'#)'"O+( $08.-8$.*$>/.%&$+#$('*S'-&$,+($+>*'(O"&.+#b$('*S'-&$,+($)"&"b$
('*S'-&$,+($'YS'(.9'#&4$B&<$%!7-P-7.)!B&<$%!-7;9!b1'%!%1.!.`Z.&,:.7%$!'70!
%1.!0'%'!%.;;!9-<)`$̂ 5%42*8"A@"O_PP`!

K$4)(.6"+,4$%6," +,* "=$4:%&-"-.'" 4*2%&+(.6".$+-+($."34$C('*'"I1" K%"*+"-&"*.-I&*' "-. "

%.'*42+-.'(.6"$="+,*"*Y%-+($." +,*1"*:3&$1*'@"L,* "2-:*"0!;!". $+*"-.'"- :3&(+%'*"

4*2%&+2"#*4*"'*4(C*'" #,*." *T3*4(:*.+(.6"#(+,"+,*(4"*Y%-+($. @"H"=(.-&"<,*<)(.6"34$<*22"
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#-2"<-44(*'"$%+"I1":-33(.6 "+,*"'*4(C*'" .$+*2"+$"-"0!;!"3(-.$" (."]$6(<"d"2*Y%*.<*4"-.'"

C(*#(.6"+,*".$+-+($."#,(<,"-&2$"<$.=(4:*'"+,*"2-:*"4*2%&+2 @"L,*" =(.-&".$+-+($."$="+,*2*"

4*2%&+2"2$%.'*'" &()*"-"4-.'$:" 2*+"$=".$+*28",*.<*"K%"*+"-&"<-&&(.6".&$<M-"%'$N(''$g/*.-$+,$

&8'$;(".#4B"L,*"4*2%&+(.6".$+-+($.":-1 ".$+"4*&-+*"+$"<%&+%4-&"-<<*3+-.<*"$=".$+*"

2+4%<+%4(.6"+,4$%6,"+4-'(+($.-&&1"4*<$6.(U*'":%2(<-&"2<-&*28"$4"3*4,-32"#,-+"(2"

<$.2('*4*'" -2"3$3%&-4":%2(<@""

!G1-)!k!bBU-8(1,!O`D-((,2!?'+,%!`!J0!,U-8$/-+$'/`QOP.(8c!

?'+,!QT!(2"9R"$."+,*"I-22"<&*="=4$:"+,*"K%"*+"-&".$+-+($. "!,.1/('$5H$S"1'$KH3"%2(.6"

P@P%g"-2"+,*"4*=*4*.<*@"

G$+&#!g!8!1'5QP<8(!j!/!

^:`"s" GR_nP@P"s"Gfh@fhfhfhfh"T"^&$6|}H:3"s"OP"&$6|}`"s"GRQ@_Q_c_Ph"̂ GRQ̀"

GRQ"~"^.`"s"P_Q"s"0!;!".$+*"h_"

*@6@"OhP@hfNUG•"OhP@hf&$6|}"T"R_"Gfh@h"s"h_@P_cS_Ph"s"0!;!".$+*"h_"s"9R"

?'+,!OT"(2"HR"$."+,*"I-22"<&*=/"

GR_nP@P"s"Gfh@fhfhfhfh"T"^PP@Q"&$6|}`"s"GfQ@iccSOcS"^Gfi` "

Gfi"~"P_Q"s"0!;!".$+*"hi "

*@6@"RR_NU"GG•"RR_&$6P_"T"R_"Gfh@h"s"hi@PfQP_c"s"0!;!".$+*"hi"sHR"

S-%.F"L,*" =%&&"<-&<%&-+($.2"-.'"4*2%&+(.6".$+*2"=4$:"+*2+(.6"+,*"K%"*+"-&"=$4:%&-"(2"

(.<&%'*' "(./"H33*.'(T"7/"L-I&*"P"7'*&.#1$C/$'&$"%$,+(9/%"$X'*/%&*$̂ 3-6*"P_S̀@""

L,*" *T-:(.-+($."$="K%"*+"-&b2":*+,$'$&$61"34$C('*' "-"C-&%-I&*"$33$4+%.(+1"+$"*T3&$4*"

+,* ":-+,*:-+(<2"%2*'"=$4" +,*":%2(=(<-+($."$="*3(&*321"'-+-"(."-"34*C($%2"2+%'1@"N$#*C*48"

- 2"0(4-.'-"*+"-&"^O__f`"#,$"<-44(*'"$%+"4*2*-4<,"<-&&*'$<=#$E"(#'**.#1$&8'$

V%'-&(+'#-'S8"%+1("9$,+($&8'$g/*.-"%$;(".#-"SB"2+-+*2/""

7̂8'$S(+>%'9$.*$&8"&$&8'$("0$VVA$)"&"$.*$"$*&('"9$+,$/#*W*&'9"&.-b$("#)+9@%.T'$
#/9>'(*$+,$%.&&%'$9/*.-"%$.#&'('*&4$M+S8.*&.-"&')$"#"%W*.*$&++%*$"('$#'')')$&+$
)'-.S8'($&8'$-+9S%'Y.&W$+,$&8'$VVA$>',+('$"#W$"&&'9S&$.*$9")'$&+$"**+-."&'$.&$0.&8$
9/*.-"%$S"("9'&'(*b$"#)$&8.*$.*$"$O'(W$).,,.-/%&$S(+>%'94̂$0(4-.'-"*+"-&"^O__f` @"
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R;!BU(1'4-+$'/!'*!D0%$*$&-+$'/!-/2!D-(($/5!",&#/$70,!dO!el$'/5!,+!-1!

OPQYf;!

F̂--+().#1$&+$N'-8#'(B*$%"0b$&8'$S.&-8$"#)$.&*$-+(('*S+#).#1$,('?/'#-W$,+%%+0$&8'$
'YS+#'#&."%$('%"&.+#*8.Sb$08.-8$.*$*8+0#P$,$w$>"*'$Y$6!Q$@$Q>"*'$x$5634`"̂ ?($.6"*+"-&"
O_PR@̀"

E*2*-4<,*42"9,%"?($.6"]$$"*+"-&"^O_PR`"%2*' "-":%2(=(<-+($."=$4:%&-"(.<$43$4-+(.6"

kN'-8#'(B*$%"0B$=$4"<4*-+(.6"=4*Y%*.<1"4-.6*2"- .'"0!;!"3(+<,". $+*2@"L,*1"(.<$43$4-+*'"

+,(2"(."+,*"*T-:(.-+($."$="BB["=$4":%2(<-&"4*2%&+2"=$4"+,*(4"4*2*-4<,"3-3*4"<M.1#.,.-"&.+#$

,+($VVA$N('?/'#-W$MS'-&(/9$"#)$VVA@;"*')$V9+&.+#$N'"&/('*B@"!."+,(2 "2*<$.'"

*T-:(.-+($."$="-."BB[":%2(=(<-+($.":*+,$'"+,*4*"(2 "-.$+,*4 "4*=*4*.<*"+$"+,*"-33&(<-+($."

$="+,*"Z*<,.*4\2"]-# "(." -."BB[ ":%2(=(<-+($."34$<*228"I%+"# ,-+"(2"(+2"4*&-+($.2,(3"#(+,(."

?($.6"*+"-&b2"BB["*Y%-+($.a""

R;Q!J,.,4`M,&#/,4!F-3;!

L,(2"&-#"'*2<4(I*2"+,*"2%IW*<+(C*"3*4<*3+($."$="-."$IW*<+(C*"2+(:%&%2@"!+"(2".$+"3*4=*<+"I%+"

-'*Y%-+*&1"'*2<4(I*2"3*$3&*\2"4*23$.2*2"$4"3*4<*3+($.2"$="=&%<+%-+($."(."2+(:%&%2@"L,*"

2+(:%&%2":(6,+"I*"-.1":*-2%4-I&*"$IW*<+(C*8"#*(6,+"(2"-."*T-:3&*@"!="-"#*(6,+"(2",*&'"I1"

-"3*42$."-.'"+,*" &$-' "(2"(.<4*-2*' 8"+,*4*"(2"-"3$(.+"#,*4*"+,*"#*(6,+"(.<4*-2 *"(2"W%2+"

.$+(<*-I&*@"!="P)6"#-2"I*(.6",*&'"-.'"-"64-: "#*4*"-''*'"+,*."+,( 2":(6,+".$+"I*"

.$+(<*-I&*8"(="+,(2"(2"=%4+,*4"(.<4*-2*' "*.$%6,"+,-+ "+,*"3*42$.",$&'(.6"+,*"P)6"#*(6,+"

.$+(<*2"+,*"-''(+($.-&"#*(6,+ 8"+,*."+,* "hk/*&$#+&.-'">%'$).,,'('#-'h"̂ D5;`"4-+($"<-."I* "

<-&<%&-+*'@"L,(2":(6,+"I*"S"64-:2"-2"-."*T-:3&*8" +,*"D5; "4-+($"#(&&"I*"+,*"W%2+".$+(<*-I&*"

#*(6,+"(.<4*- 2*"'(C('*'"I1"+,*"(.(+(-&"#*(6,+ /"JND Ratio = 5 / 1000 = 0.005"

L,(2":*-.2"+,-+"(="+,-+"3*42$."#-2"6(C*. "- "f)6"#*(6,+ 8"+,*"D5;" 4-+($"<$%&'"I*"-33&(*'"+$"

'*4(C*"+,*".$+(<*-I&*"'(==*4*.<*"I1":%&+(3&1(.6"+,*".*#"# *(6,+"I1"+,*"D5;"4-+($@"L,*"

D5;"+,4*2,$&'" <$%&'"I*"-334$T(:-+*'"-.'"-''*'/ "3000 * 0.005 = 15 grams"

H2"-"I-2(2"=$4":*-2%4(.6"2%IW*<+(C*"3*4<*3+($."+,(2"D5;" 4-+($"I*<$:*2"+, *"C-&%*"I1"

#,(<,"-.1"#*(6,+ "<-."I*":%&+(3&(*'"+$"$I+-(."+,*"D5; @"H&+,$%6,".$+"3*4=*<+8"I*<-%2*"
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3*4<*3+($."(2"2%IW*<+(C*"+$"(.'(C('%-&28"(+"'$*2"$==*4"2$:*"<-&<%&-I&*"<$::$."64$%.'"=$4"

:*-2%4(.6"$4":-33(.6"3$22(I&*"$%+<$:*2@"L,(2"<-."-&2$"I*"2**."#(+,":*-2%4*:*.+2"

2%<,"-"F$%.'"A4*22%4*"]*C*&"̂ FA]`@"L,*"2:-&&*2+"2$%.'"-",%:-."<-.",*-4"(2"2-('"+$"I*"

_@____O"A-2<-&2"̂ A-`@"j.*"'*<( I*&"=&%<+%-+($."(."2$%.'"34*22%4*"&*C*&"^'7"FA]`"(2"+,*"%.(+"

+,-+"(2"<$.2('*4*' "- "W%2+".$+(<*-I&*"'(==*4*.<*@""

L,(2"(2"-"4-+($"$=/"10^(1/20) = 1.122018454301963"

H.1 ":%&+(3&(<-+($."$="-":*-2%4*'"FA]"I1"+,(2"4-+($"4*2%&+2"(."-."-''(+($."$="P"'7"FA]@"Z$4"

*T-:3&*8"+,*"D5;"I*1$.'"+,*"4*=*4*.<*"&*C*&"=$4"A-"(2/"

_@____O"A-"T"P@POO_PQRSRf_Pihf"s"_@____OORR_fhi_Qh"A-"""

O_&$6^_@____OORR_fhi_Qh"n"_@___O`"s"_@iiiiiiiiiiQRQ"s"P"'7"FA] "

9,$$2*"-.1"A-"&*C*&"-.'":%&+(3&1"(+"I1"+,*"D5;"4-+($"#(&&"4*2%&+"(."-."-''(+($."$="P"'7"FA]"

PR"A-"{P@POO_PQRSRf_Pihf"s"PS@c_QOSQfh_OOcRi"A-"

O_&$6^PS@c_QOSQfh_OOcRi"n"PR`"s"P"'7"FA] "

0%&+(3&1"-.1"A-"&*C*&"I1"+,*"D5;"4-+($".%:*4$%2"+(:*28"=$4"*T-:3&*"I1"+,*"3$#*4"$="f/ "

PR"A-"{P@POO_PQRSRf_Pihf"{P@POO_PQRSRf_Pihf"{P@POO_PQRSRf_Pihf"s"

Pi@ccSSOShORcPQSR"A-"

O_&$6^Pi@ccSSOShORcPQSR"n"PR`"s"f"'7"FA] "

H2"+,*"2+(:%&%2"(2":%&+(3&(*'"I1"+,*"D5;"4-+($"+,*4*"(2"-."-''(+($."$="3*4<*(C*'"2*.2-+($.@"

L,(2",-2"I**."-33&(*'"(."K%"*+"-&"-.'"?($.6"*+"-&\2":%2(=(<-+($.":-33(.6":*+,$'2@"

>2(.6"+,*"D5;"#(+,"+,*"0!;!".$+*"2+-.'-4'"$="$.*"2*:(+$.*8"+,*"4*&-+($.2,(3"=$4"-. 1"

.$+(<*-I&*"'(==*4*.<*"(."+,(2"2+-.'-4'"#(&&"I*/ "

O€^PnPO`"s"P@_SiRhf_iRfSiOiS"s"4-+($"$="P"2*:(+$.*"

H.1"=4*Y%*.<1":%&+(3&(*'"I1"+,(2"4-+($"#(&&"I*"-."-''(+($."$="P"2*:(+$.*/"

RR_NU"^HR`"{"P@_SiRhf_iRfSiOiS"s"Rhh@PhfchPSPQ_QiQNU"^HlR`"

Pf_@QPNU"^9f`"{"P@_SiRhf_iRfSiOiS"s"PfQ@SQQfhcfcfPfiRNU"^9lf`"
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H6-(.8"(="NU"(2":%&+(3&(*'"I1"+,(2"D5;"4-+($":%&+(3&*"+(:*2$!'YS+#'#&."%%W3"(+"#(&&"4*2%&+"(."

-."-''(+($."$="2*:(+$.*2"4*&-+(C* "+$"+,*"3$#*4"$=":%&+(3&(<-+($."*@6@"f"2*:(+$.*2/"

RR_NU"{P@_SiRhf_iRfSiOiS"{P@_SiRhf_iRfSiOiS"{P@_SiRhf_iRfSiOiS"s"

SOf@OSPPf_h_PPihiNU"

&$6O^SOf@OSPPf_h_PPihi"n"RR_`"TPO"s"f"2*:(+$.*2"~"hi"s"0!;!".$+*"cO"

N$#*C*48"$."=%4+,*4"4*-'(.6"-.'"*T-:(.-+($."#,-+"(2"-&2$"+4%*"-I$%+"+,(2"&-#"(2"+,-+"

+,*4*"(2"-"'**3*4"&$6-4(+,:(<"4*&-+($.2,(3"I*+#**."+,*"D5;"-.'"+,*"D5;"4-+($@ "

L,*" %+1$+,$&8'$*&.9/%/*"3&%2"+,*"%+1$+,$&8'$rfn$("&.+"34$C('*2"+,*"&$6"$="+,*".*T+"2+(:%&%2@!

P_€^&$6F!"~"&$6D5;"E-+($`"s".*T+"2+(:%&%2"C-&%*@"

Rhh@PhfchPS"NU"n"RR_"NU"s"P@_SiRhf_iRfPQPQ"^D5;"4-+($`"

&$6"P@_SiRhf_iRfPQPQ"s"_@_OS_QSQfOiSSPRS"^&$6"$="D5;"4-+($`"

&$6"Rhh@PhfchPS"s"O@hhQSfQS_iRRPfff"^&$6"$="2+(:%&%2`"

O@hhQSfQS_iRRPfff"~"_@_OS_QSQfOiSSPRS"s"O@hifhORfROfihff"

P_€"O@hifhORfROfihRQ"s"Rif@QQff_POPcciSP"NU"s".*T+"2+(:%&%2"C-&%*@"

!+"(2"-&2$"+4%*"+,-+"P_€!%+1rfn$y$%+1rfn$("&.+3$34$C('*2"+,*"C-&%*"(2"-'' *' "+$"+,*"<%44*.+"

2+(:%&%2"=$4"+,*".*T+"2+(:%&%2"(.+*.2(+1"^F!`@""

P_€^&$6D5;"~"&$6D5;"4-+($`"~"<%44*.+"2+(:%&%2"s".*T+"2+(:%&%2"C-&%*@"

Z$4"*T-:3&*/"

P_€"^P@RPcc__PQPSihfh"~"_@_OS_QSQfOiSS`"s"Oc@cPiSficPccQOcc"~"Rhh@PhfchPS"NU"s"

Rif@QQff_POPccQOcc"NU"

5$+*/"!.<&%'*'"(."H33*.'(T"H" ^3-6*"P_R̀"$="+,(2"'$<%:*.+"(2"-"+-I&*"#(+,"+,*"

(:3&*:*.+-+($."$="+,*"K*I*4 GZ*<,.*4"&-#"(."-":%2(<-&"<$.+*T+@""

{""K*I*4 GZ*<,.*4"]-#"4*-'(.6"2$%4<*2/"^5%++(.68"A@"[@"O_Pc@"K$$'4%==8"7@"O__O`@"
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R;O!<((1$&-+$'/!'*!J,.,4`M,&#/,4!F-3!J$+#$/!l$'/5!,+!-1!D@C@!?'+,!K6!D-(($/5!

D,+#'2;!L,*"?($.6"*+"-&"=$4:%&-"(2"-2"=$&&$#2/!

@!a!2#'$.!`!KcZPZ#'$.!d!DK!

C8'('P $

,>"*'$w$KKH$E2$

S>"*' $w$gDnD$#+&'$>"*'$('%"&.#1$&+$KKH$E2$

S$w$!T$Y$,$+(.1.#$y$>3$

C8'('P $

T$w$Q$8.18$@$Q$%+0$x$LHE2$

,$+(.1.#$w$%+0$+($8.18$E2$("#1'$

>$w$Q$%+0$gDnD$#+&'$

=#0!l$'/5!,+!-1!8-(($/5!*4,70,/&)!*'4801-T!

,$&"(1'&$w$,$>"*'$Y$6\! !!T$Y$,$+(.1.#$y$>3$@$S>"*'3$x$563$

J$+#!-/!BBI!*4,70,/&)!4-/5,!'*!P;Q!+'!YPK6T!

)"s"A",(6," G"A"&$#"n"S_NU"s"P_Q"GOR"n"S_"s"P@hQ"

="I-2*"s"RR_"NU"

="$4(6(."s"I*+#**."_@PNU"$4"S_NU"!VVA$N.%&'(')$,('?/'#-W$("#1'3$

I"s"A"&$#"s"OR"^0!;!".$+*`@"

?-b!&'7=.!UeF!

RR_"T"O€^^^^P@hQ"T"_@P`~"OR`"G"hi`"n"PO`"s"XXK6!

P@hQ"T"_@P"~"OR"G"hi"n"PO"s"Gf@cfh"

O€"Gf@cfh"s"_@_cS_S_OPROPcQOh"T"RR_"s"ff@_OO_iROSSQRfOR"^ffNU`@"

K$5#!4-/5,!K6T!

RR_"T"O€^^^^P@hQ"T"S_`"~"OR`"G"hi`"n"PO`"s"YQ\[K6!

P@hQ"T"S_"~"OR"G"hi"n"PO"s"f@OS"

O€"f@OS"s"i@SPfhShiO__OPchQ"T"RR_"s"RPQh@__i_RRQ_iScciO"^RPQhNU`"

='/9,4%$'/!'*!K6!4-/5,!+'!D@C@!/'+,%T!

0!;!".$+*"s"&$6O"^NU"n"RR_`"T"PO"~"hi""

F'3!4-/5,!D@C@!/'+,T!

&$6O^ff"n"RR_`"T"PO"~"hi"s"OR"s"0!;!".$+*"OR@"
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K$5#!4-/5,!D@C@!/'+,T!

&$6O^RPQh"n"RR_`"TPO"~"hi"s"P_Q"s"0!;!".$+*"P_Q@"

?'+,T"!="+,*"<-&<%&-+$4"'$*2".$+",-C*"-<<*22"+$"-"&$6O"I%++$.8"+,*"-I$C*"(2"<-44(*'"$%+"-2"

=$&&$#2/"

&$6^ff"n"RR__"n"&$6^O`"T"PO"~"hi"s"OR"s"0!;!".$+*"OR@"

&$6^RPQh"n"RR_`"n"&$6^O`"TPO"~"hi"s"P_Q"s"0!;!".$+*"P_Q"

K,*."-.-&1U(.6"?($.6"*+"-&b2"*Y%-+($."+,*1",-C*"%2*'"+,*"_@PGS_"NU"4-.6*"=4$:"+,*"BB["

'-+-"-.'"+,*1",-C*"<-&<%&-+*'",(6,"-.'"&$#".$+*"3(+<,"4-.6*8"I%+"#,-+"(2"+,*"4*&-+($.2,(3"

(."+,*"(.<4*-2*"$="BB[" NU"#(+,(."+,*"*Y%-+($."3*4"2*:(+$.*a"L,(2 "(2",(6,&(6,+*'"+,(2"(."

4*' /"

@!a!2#'$.!`!Kc555^!`!2!-&,=,7!f!#8!P!Z#'$.8!d!DK8!

?-b!4'7=.!UeF!

RR_"T"O€^^^^P@hQ"T"P;Q`~"OR`"m"hi`"n"PO`"s"XXK6!

P@hQ"T"P;Q"~"OR"m"hi"n"PO"s"Gf@cfh"

O€"Gf@cfh"s"_@_cS_S_OPROPcQOh"T"RR_"s"ff@_OO_iROSSQRfOR"^ffNU`@"

K$5#!H-/5,!K6T!

RR_"T"O€^^^^P@hQ"T"ZP`"~"OR`"m"hi`"n"PO`"s"YQ\[K6!

P@hQ"T"ZP"~"OR"m"hi"n"PO"s"f@OS"

O€"f@OS"s"i@SPfhShiO__OPchQ"T"RR_"s"RPQh@__i_RRQ_iScciO"^RPQhNU`@"

D@C@!/'+,!OY!+'!OZ!

¥! 9,*<)(.6"-6-(.2+"2*:(+$.*"4-+($"=$4:%&-/"NU"{O€"^P"n"PO`"s"P@_SiRhf_iRfSif"T"

fO@c_fPiShh"NU"s"fR@hRcQOQQc"NU"

¥! Z$4:%&-"=$4"NU"+$"0!;!".$+*/"&$6O^NU"n"RR_`"{PO"~"hi"s"0!;!".$+*".%:I*4 "

&$6O^fR@hRcQOQQc"n"RR_`"{PO"~"hi"s"OS"s"0!;!".$+*".%:I*4"OS@"

H."-&+*4.-+(C*"(2/"."s"hi"~"PO{&$6^=4*YnRR_`"n"&$6^O`"s"0!;!".$+*".%:I*4"OS"

¥! Z(.'(.6"+,*" V!NU"$="+,*"=(42+"(.<4*-2*"I1"#$4)(.6"I-<)#-4'2"=4$:"+,*"NU/"

fR@hRcQOQQc"NU"n"RR_"s"_@_cQcRS_hShPfhR"• •"&$6O"s"Gf@hhhhhhhhhcSRRPc"T"PO"s""

GRR@________P_Sf"~"hi"s"OS"G"OR"s"P"""P"n"P@hQ"s"_@SiSOfQ_iSOfQP"

RR_"T"O€^^^^P@hQ"T"_@SiSOfQ_iSOfQP`"~"OR`"G"hi`"n"PO`"s"fR@hRcQOQQc"NU$

¥! Z(.-&&18"V"=&%<+%-+($."(."NU"3*4"2*:(+$.*"#(+,(."+,*"*Y%-+($."s"_@SiSOfQ_iSORh_P"

G"_@___________cif"s"_@SiSOfQ_iSOfQ_Q"NU"!"SS(+Y4$H4R$E234"
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D@C@!/'+,!OZ!+'!O[!

¥! 9,*<)(.6"-6-(.2+"2*:(+$.*"4-+($"=$4:%&-/"NU{O€^P"n"PO`"s"P@_SiRhf_iRfSiOif"T"

fR@hRcQOQQc"s"fh@c_Q_iSiQcRRPRS"NU"

¥! Z(.'(.6"+,*".*T+" V"NU/"

fh@c_Q_iSiQcRRPRS"n"RR_"s"_@_QfROcRi_QQ_SS"• •"&$6O"s"Gf@SQfffffffROPPfO"T"PO"s"

GRf@________P_SfSQ"~"hi"s"OS@iiiiiiiiQiRhRO"G"OR"s"P@iiiiiiiiQiRhRO"n"P@hQ"s"

P@Pi_RchPQiQRi_h"

RR_"T"O€^^^^P@hQ"T"P@Pi_RchPQiQRi_h`"~"OR`"G"hi`"n"PO`"s"fh@c_Q_iSiQcRRO_S"NU!

¥! Z(.-&&18"V"=&%<+%-+($."(."NU"3*4"2*:(+$.*"#(+,(."+,*"*Y%-+($."s"P@Pi_RchPQiQRi_h"

G"_@SiSOfQ_iSOfQP"s"_@SiSOfQ_iRhP_ih"NU"!"SS(+Y4$H4R$E234"

D@C@!/'+,!QPR/""

RR_"T"O€^^^^P@hQ"T"Ri@R_RchPi_Rchii_`"~"OR`"G"hi`"n"PO`"s"fiSP@_hhRP__SO_hiRR"NU"

O€^^^^P@hQ"T"Ri@R_RchPi_Rchii_`"~"OR`"G"hi`"n"PO`"s"Q@icihihfQhRQPich"

D@C@!/'+,!QP\T""

RR_"T"O€^^^^P@hQ"T"S_`"~"OR`"G"hi`"n"PO`"s"RPQh@__i_RRQ"NU"

O€^^^^P@hQ"T"S_`"~"OR`"G"hi`"n"PO`"s"i@SPfhShiO"

i@SPfhShiO"n"Q@icihihfQhRQPich"s"P@_SiRhf_iR "!&8'$("&.+$>'&0''#$*'9.&+#'*3@"

!."?($.6"*+"-&b2"=$4:%&-"#,*."+,*"BB["NU"(.<4*-2*2"$4"'*<4*-2*2"I1"0.6"NU"+,*4*"(2"-."

*T3$.*.+(-&"(.<4*-2*"I1" 1.05946309435929@"L,*".$+*"3(+<,"(.<4*-2*2"$4"'*<4*-2*2"I1"P"

2*:(+$.*@!!

?.$#(.6" +,*"I-2*"BB["NU"4-.6*2 "=$4".$+*"3(+<,"#$%&'"-&&$#"=$4"34$64-::(.6"$=": $'-&"

(.+*434*+-+($."$="BB["'-+-8"$.*"<$%&'"*T<&%'*"$4"(6.$4*"+,*"NU"4-.6*2"+,-+"'$".$+"-',*4* "

+$"-"<,$2*.":$'-&"2<-&* @"L,(2"#$%&'"-&&$#"=$4"I4*-)2"(.".$+*"+4(66*4(.6"-2"#*&&"-2"

34$:$+* "'(C*42*".$+*"'%4-+($.8"$4"+,*"23-<*"(.GI*+#**."+4(66*4*'".$+*2@"L,(2"#$%&'"

<4*-+*"$33$4+%.(+(*2"=$4"<4*-+(C*":$C*:*.+"+$#-4'2":%2(=(<-+($. "+,-."3%4*"2$.(=(<-+($.@"

Z$4"*T-:3&*8"#*"<$%&'"<,$$2*"+,*"H*$&(-."0$'*"(."9 "! :b$nb$V>b$Nb$Ab$F>b$;>38"<-&<%&-+*"

+,*"BB["NU"C-&%*2"#(+,(."+,*"=$4:%&-"-.'"4*W*<+"-.1"=-&&(.6"$%+2('*"$="+,(2"4-.6*"-2"

=$&&$#2: 440 x 2^((((1.68 x x)+ 24) Ð 69) / 12). 
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7">%'$5HP$78'$O"%/'$+,$<YB$.#$J.+#1$'&$"%B*$,+(9/%"$,+($&8'$F'+%."#$g+)'4"

C1 D1 Eb1 F1 

0.00000000000793 1.19047619048413 1.78571428572222 2.97619047619841 

G1 Ab1 Bb1 C2 
4.16666666667461 4.76190476191270 5.95238095238890 7.14285714286509 

"

L,*2*"34*C($%2":%2(=(<-+($."*Y%-+($.2"-&2$"23*<(=1"-"I-2*"-.'"-" 4-.6* "=$4",(6,"-.'"&$#"

=4*Y%*.<(*2@"

440NU"s"0!;!". $+*"69 (base)"

N(6,". $+*"108"

]$#".$+*" 24"

L,*4*=$4*8"-.1".$+(<*-I &*"'(==*4*.<*"<-."I*"<-&<%&-+*'"(.<$43$4-+(.6"+,*"I-2*"-.'"+,*"

4-.6*"<$.=(.*2 8"#,(&2+"2+(&&"-',*4(.6"+$"+,*"D5; @"L,(2"4*&-+*2"(+"+$"+,*"<,-.6*2" (."*(+,*4"

BB["N U"$4"C$&+-6*"-:3&(+%'*28"#,(<, *C*4"(2"<,$2*."-2"+,*"2+(:%&%2"(@*@"-.1"=&%<+%-+($.2"

I*+#**."+,*2*"=-<+$42"^NU"$4"%g`"<-."I*":-33*'"-.'" Y%-.+(U*'"+$"+,*"0!;!". $+*"

2+-.'-4'@"L,(2"(2"-+"+,*"<*.+4*"$="#,-+"4*2*-4<,*42"K%"*+"-&"-.'"9,%"?($.6"*+"-&"-4*"

'$(.6"#,*.":-33(. 6"+,*"-:3&(+%'*"$="BB["C$&+-6*2"-.'" <1<&(<"NU"=&%<+%-+($.2"+$"3(+<,"

=$4":%2(=(<-+($."3%43$2*2@"L,*1"-4* "*==*<+(C*8"=%.<+($.-&"('*-2"-.'"34$<*22 *2"+,-+"1(*&'"

4*2%&+2@"L,*" I4-(.#-C* "NU"(2":-(.&1" I*&$#",%:-.",*-4(.6"4-.6* "-.'"'$ *2".$+"34$'%<*"

#('*"*.$%6,"=&%<+%-+($."4-.6*2"=$4"&(.*-4":-33(.6 "+$":%2(<-&".$+*"NU"=&%<+%-+($.2@"L, *"

=$4:%&-"-33&(*'"(."+,*"#$4)"$="K%"*+"-&"#,*4*"+,* "2+(:%&%2"(2"+,*"-:3&(+%'*"$="C$&+-6*"

:-33* '"+$"0!;!". $+*"3(+<,"2+-.'-4'2 8"-.'"+,*"#$4)"$="9,%"?($.6"*+"-&"#,*4*"&(.*-4"

=&%<+%-+($.2"(."BB["I4-(.#-C*2"(2":-33*'"+$"*T3$.*.+(-&"=&%<+%-+($.2"(.":%2(<-&"3(+<,"

NU"-4*"+,*4*=$4*"*==*<+(C*":-33(.6"+*<,.(Y%*2"(."-":%2(=(<-+($."34$<*22@"

!

!

!
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\;!D-(($/5!BU(,4$8,/+!dOT!!

BU(,4$8,/+!3$+#!J0!,+!-1!BBI!I4-(#!C-+-;!

L,(2"(2"-."*T3*4(:*.+ "#(+,"+,*"C(2%-&"BB["64-3,"'-+-" 34$C('*'"I1"K%"* +"-&@"!+"#-2"<-44(*'"

$%+"I1"<-&<%&-+(.6"-"4-+($"I*+#**."+,*"=%&&"#(.'$#"$="+(:*"-.' "+,*"<1<&(<"&*.6+,"$="+,*"

2*6:*.+*'"#-C*=$4:2 8"+,*. ":-33(.6"+,*:"+$"=4*Y%*.<1"NU @"L,* "<-&<%&-+($.2"#*4*"

<-44(*'"$%+"I1"C(2%-&&1":*-2%4(.6"+,*"'-+-"34$C('*'"(."+,*"K%"*+"-&"#-C*=$4:"64-3,"

=̂(6%4*"PP8"3-6*"R_`"+$"<-&<%&-+*"4-+($2"<$:I(.*'"#(+,"<,$2*. "BB[" NU"2-:3&*"4-+*2@"

"
Z(6%4*"PO/"BT3*4(:*.+"#(+,"K%"*+"-&"[4-3,";-+-@"

D,+#'2T!;*C(2(.6"- "=$4:%&-"=$4"'*4(C(.6"+,* "NU"=$4"*-<,"2*6:*.+*'"#(.'$#"(."+,*"K%"*+"

-&"BB["64-3," '-+- "%2(.6"<$.C*42($."=4$:"C(2%-&":*-2%4*:*.+2"(.":: "+$"NU@!

=)&1,!K6!g!m!W!E!"

E"s"^^Z2"n"^Z#"n"F#``` "

H!s"Z#"n"F#"

E!s"Z2"n"E"

T1.&.F!!

Q!a$*"9S%'*$.#$&8'$*'19'#&4$

6!a!>"#)0.)&8$*"9S%'($("&'$+,$VVA$.#$E24$

@$!a$,/%%$*'19'#&$0.#)+0$%'#1&8$.#$#+4$+,$*"9S%'*4$

@b!a$,/%%$0.#)+0$%'#1&8$.#$994$

Qb!a$*'19'#&$0.#)+0$-8+*'#$.#$994 $

4!a$("&.+$>'&0''#$,/%%$0.#)+0$"#)$*'19'#&4$
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L,*"4-+($"$="*-<,"U*4$G<4$22(.6"2*6:*.+*'"#-C*=$4:"(."+,*"64-3,(<-&"4*34*2*.+-+($."$="

BB["-<+(C(+1"<-."I*"<-&<%&-+*'"I1"%2(.6"+,*"=%&&"#(.'$#"&*.6+,"'(C('*'"I1"+,*"2*6:*.+"

<,$2* ."+$"-44(C*"-+"-"4-+($@"!="+,*"=%&&"#(.'$#"&*.6+,"(2").$#."(."2*<$.'28"+,*"4-+($2"

I*+#**."=%&&"#(.'$#"&*.6+,"-.'"2*6:*.+2"<-."I*"%2*'"+$ "<-&<%&-+*"+,*"=4*Y%*.<1"(."NU"$="

*-<,"<1<&(<"#-C*=$4:"=4$:"+,*"4*2%&+(.6".%:I*4"$="2-:3&*2"#(+,(."+,*"=%&&"#(.'$#"

34$C('*'@"

L,*"<,$2*."2-:3&*"4 -+*"#(&&"'*+*4:(.* ",$#":-.1"2-:3&*2 "-4*"(. "+,*"=%&&"#(.'$#"&*.6+,8"

-.'" ,$#":-.1" 2-:3&*2"-4*"(."*-<,"2*6:*.+@"L,*"3( +<,"^=4*Y%*.<1"NU`"<-."I*"<-&<%&-+*'"

%2(.6"+,*"=$&&$#(.6"=$4:%&-/"K6!g!M3nem!W!Hf!

J#,4,T!

{"M3!g!&*.6+,"$="=%&&"BB["#(.'$#"<,$2*."*@6@"4"2*<$.'2@!

{"6!a"2-:3&*"4-+*"<,$2*."*@6@"44,100"3*4"2*<$.'@!

{"4!a"4-+($"$="U*4$G<4$22(.6"2*6:*.+2"*@6@"1/16th $="=%&&"#(.'$#"&*.6+,@"

0*-2%4*"+,*"&*.6+,"$="=%&&"#(.'$#"*@6@"40cm (400mm) 

0*-2%4*"+,*"<,$2*."2*6:*.+"*@6@"2.5cm (25mm)"

;(C('*"=%&&"#(.'$#"&*.6+,"I1"2*6:*.+"&*.6+,"+$"'*4(C*"4-+($8 40cm / 2.5cm = 1/16th"4-+($@"

!="+,*"=%&&"#(.'$#"(2"R"2*<$.'2"-+"RR8P__"2-:3&*2"3*4"2*<$.'" (4*44,100 = 176,400),"'(C('*"

+,(2"I1"Ph"+$"-44(C*"-+",$#":-.1"2-:3&*2"+,*"2*6:*.+"#(&&"I*@""

176,400 / 16 = 11,025 2-:3&*2"(."+,*"2*6:*.+@"

"#,/!-((1)!+#,!*'11'3$/5!*'4801-!+'!2,4$9,!+#,!*4,70,/&)!eK6fT!

1). How many samples in a given frequency (Hz)? 

Sample rate / frequency (Hz) = samples 

441Hz at a sample rate of 44100 = 44100 / 441 = 100 samples. 

2). What is the frequency Hz in a given number of samples? 

Sample rate / no. of samples = frequency (Hz) 

441Hz at a sample rate of 44100 = 44100Hz / 100 samples = 441 Hz. 
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9$.=(4:*'"I1" *T-:(.(.6"+,(2"(."-"'(6(+-&"#-C*"*'(+$4"#(+,"-"2(6.-&"6 *.*4-+$4"2*+"+$"RRPNU"

-.'"<$ %.+(.6"+,*".%:I*4"$="4*2%&+(.6"2-:3&*2 "!*''$,+%%+0.#1$N.1/('$5U34$

$

 
 
 
 
Z(6%4*"Pf-/""
P__"2-:3&*2"s"RRP"NU"
<$.=(4:-+($."C(-"
2(6.-&"6*.*4-+$4"-.' "
I$%.<*'"(.+$"#-C*"
*'(+$4@"
$

$

"
"
"
Z(6%4*"PfI/" '*+-(&"
=4$:"2(6.-&"6*.*4-+$4"
RRP"NU@"
$

$

$
$
$
Z(6%4*"Pf</"'*+-(&"
=4$:"RRP"NU"F(.*"
#-C*"I$%.<*'"+,*."
<$.=(4:*'"-2"P__"
2-:3&*2"(."#-C*"
*'(+$44"

"
O`/"N$#":-.1"2-:3&*2"(."-"6(C*."=4*Y%*.<1"^NU`a"

F-:3&*"4-+*"n"=4*Y%*.<1"^NU`"s"2-:3&*2"

RRPNU"-+"-"2-:3&*"4-+*"$="RRP__"s"RRP__"n"PP_"s"R_P"2-:3&*2@"

K,-+"(2"+,*"=4*Y%*.<1"NU"$="-"2(.6%&-4"#-C*"<1<&*"!-+9S('**.+#$]$("(',"-&.+#3$ (."-"6(C*."

.%:I*4"$="2-:3&*2a "M"9S%'$("&'$x$#+4$+,$*"9S%'*$w$,('?/'#-W$!E23"
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RRPNU"-+"-"2-:3&*"4-+*"$="RRP__"s"RRP__NU"n"R_P"2-:3&*2"s"PP_"NU@"

$$

$
Z(6%4*"PR/"R_P"2-:3&*2"s"PP_"NU"<$.=(4:-+($."(."#-C*"*'(+$4@"

H6-(.8"<$.=(4:*'"I1"*T-:(.(.6"+,(2"(."-"'(6(+-&"#-C*"* '(+$4"#(+,"-"2(6.-&"6*.*4-+$4"2*+"+$"

441NU"-.'"<$ %.+(.6"+,*".%:I*4"$="4*2%&+(.6"2-:3&*2 "!, .1/('$5K34"

<M-"%'$N(''$g/*.-$+,$&8'$;(".#B$3-3*4"I1"K%"*+"-&"^O__i`"̂78'$*.1#"%*$0'('$('-+()')$
>W$"$U6$-8"##'%$f'/(+M-"#$*W*&'9$0.&8$"$*"9S%.#1$("&'$+,$6LH$E2$"#)$0'('$>"#)@$
S"**$,.%&'(')$,(+9$H4L$E2$&+$KH$E24`$

9,*<) *' "-6-(.2+"K%"*+"-&b2$Bf'/(+M-"#B "OS_NU"4-+*"I*&$#8"-"=%&&"#(.'$#"$="<,$2*."BB["$="

R"2*<$.'2"#(+,"-"2-:3&*"4-+*"_="OS_"NU"#(&&"6(C*"+,*"=$&&$#(.6"4-.6*"$="2-:3&*2"3*4"

2*6:*.+"#(.'$#/ "

OS_"NU"{R"2*<$.'2"s"P___"2-:3&*2@"

BT-:3&*"I*&$#"=4$:"K%"*+"-&b2"64-3,"*T-:3&*"P/"

f+&'P"K%"*+"-&",-C*"%2*'"<&.')B".$+*2@"

K%"*+"-&b2"2*6:*.+"#(.'$#2"-4*"O_"(."-&&"!,.1/('$55b$S"1'$KH3"

F*6:*.+"c"^+(*'".$+*2"c GQ`u""

F*6:*.+"Pf"^+(*'".$+*2"PRGPSGPh`u"

F*6:*.+"PR"^+(*'".$+*2"PcGPQ`u""

F*6:*.+"PQ"^+(*'".$+*2"OOGOf`u"

Z%&&"#(.'$#/"OP@h<:"^OPh::"̀G"+,*4*"-4*"+#$"%.%2*'"2*6:*.+2u"P"^f::`" -+"+,*"I*6(..(.6"

M"P"^Pf::` "*.'"$="+,*"=%&&"#(.'$#@"

S-%.F"N/%%$&">%'$+,$('*/%&*$,(+9$&8.*$'YS'(.9'#&$.#$FSS'#).Y$:P$7">%'$55P$S"1'$55534""
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\;Q;!H,*1,&+$'/!'/!G4,9$'0%!BU(,4$8,/+%;!

K,-+ "<-." I*" ,*-4 ' "(. "+,*2*"(.(+(-&"C(2%-&":-33(.6"*T3*4(:*.+2"#(+,"K%"*+"-&b2"*Y%-+($."

-.'"+,*" 34$C('*'"BB["64-3,"-.'".$+-+($. 8"(2"+,-+"-&+,$%6,"+,*"4*2%&+(.6".$+*2"=4$:"*-<,"

:*+,$'":-1"I*" '(==*4*.+8"+,*"4,1+,:(<" 2+4%<+%4-&".-+%4*"$="+,*"4*2%&+2":-)*"*-<,"3(*<*"

2$%.' "2(:(&-4@"H&+,$%6,"+,*"<M-"%'$N(''B".-+%4*"$="+,*".$+*2"-4*"'(==*4*.+@"L,*1 "-33*-4"-2"

%.4*&-+*'".$+*2"(."2%<<*22($."#(+, ".$ "*:$+($.-& "<$..*<+($."I*+#**."+,*:@"A&-1(.6"+,*"

.$+*2"$. "-"3%4*"(.2+4%:*.+"&()*"-"0!;!"3 (-.$"-+"-":(' G4-.6*"3%&2*"-&2$"'$*2".$+"-33*-4"

+$"-('"+,*":%2(<-&"=&$# "$4"34$C('*"-."*:$+(C*":%2(<2<-3*@""

BT3*4(:*.+(.6" #(+,(."]$6(<"d"F*Y%*.<(.6"34$64-:" I1"2&$#(.6 "+,*"3%&2*"'$#."+$"P_"7A0"

!;'"&*$Q'($g.#/&'3 8"+,*."-22(6.(.6 "-."*+,*4*-&"2$%.'(.6"21.+,*2(U*4"2$%.' "-33*-4*'"+$"

<4*-+*"-":%2(<-&"*:$+($ ."#(+,(."+,*" 2*+"$="BB["6*.*4-+*'".$+*2@"H22(6.(.6":$4*"

<$:3&*T"+(:I4*"-.'"-'W%2+(.6"3%&2*":-'*"-"2*&=G3*4<*(C*'"*:$+(C*"'(==*4*.<*"+$"I$+,"+,*"

K%"*+"-&"6*.*4-+*'".$+*2"-.'"+,*"*T3*4(:*.+2"<-44(*'"$%+"#(+,"+,*"C(2%-&"'-+-",*4*@"L,*"

=$&&$#(.6"-%'($"(2"-"$="+,*"34*C($%2"-%'($"*T-:3&*2"5$@$K"#(+,"2&$#*'"3%&2*"-.'"<,-.6*"(."

(.2+4%:*.+"-.'"+(:I4*@ "

!G1-)!k!bBU-8(1,![`E1'3,2`"$8.4,`,U-8(1,%oQ`Yc!

L-)(.6"+,(2"('*-"=%4+,*4"#(+,"+,*"-I$C*"*T-:3&*"+(:* G2+4*+<,*'"P_"+(:*2"&$.6*4"%2(.6"+,*"

Q+%WS8+#.-"+(:* G2+4*+<,"-&6$4(+,:"I*&$#/"

!G1-)!k!bBU-8(1,![.`E1'3,2`"$8.4,`,U-8(1,%oQ`YoUoQPc!

L,*"*T-:3&*"I*&$#"(2"+(:* G2+4*+<,*'"P_"+(:*2"&$.6*4"%2(.6"+,*"7'9S+S8+#' "+(:* G2+4*+<,"

-&6$4(+,:"I*&$#/ "

!G1-)!k!bBU-8(1,![&`E1'3,2`"$8.4,`,U-8(1,%oQ`YoUoQPc!!

L,*"2&$#(.6 G'$#."$="+,*"+4-.23$2*'"BB[",-'"-":%2(<-&(+1"+,-+"*.-I&*'"23-<*"=$4"3,4-2*2"

+$"'*C*&$3"(.":1"3*4<*3+($."$="+,*"2+4*-:"$=".$+*2"6*.*4-+*'"I1"+,*"BB[":%2(=(<-+($."

34$<*22@";*<4*-2(.6"+,*"3%&2*"-.'"-22(6.(.6"2$%.'2"+,-+",-' "&$.6*4"2%2+-(."'%4-+($."-&2$"
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,- 2"+,*"* ==*<+"$="&*.6+,*.(.6"+,*".$+*2"'4-:-+(<-&&1@"L,(2"I*6-."+$"<4*-+*"-":%2(<-&"

*:$+(C*"3&-+=$4:"=$4"+,*".$+*2"+$"2%2+-(."-.'",*&3"+,*"&(2+*.(.6"(:-6(.-+($."2*-4<,"=$4"

3$22(I&*":*-.(.6@">2(.6"+,*"+(:* G2+4*+<,"-&6$4(+,:"+,-+"&*.6+,*.*'"+,*"-%'($"-.$+,*4"

+*."+(:*2"(."&*.6+,"-&2$"<4*-+*'"-''(+($.-&"+(:I4*"-.'"2$.(<"<,-4-<+*4@" "

L,(2"*T3*4(:*.+"#(+,"2&$#(.6"+,*"+*:3$ "$4"3%&2*",-2"I**."%2*'"34*C($%2&1"I1"+,* "

:(.(:-&(2+"-4+(2+"]-"0$.+*"x$%.6 "(."+,*"*-4&1"Pih_b2@"!. $<7(.+$,+($*&(.#1*$5ILsB$<$:3$2*'"

I1" ]-"0$.+*" x$%.6@"L,(2"(2"-. ",$%4"&$.6"POG+$.*"<,-:I*4"3(*<* "I -2*'"%3$. "

F<,$*.I*46\2"F*4(-&(2:"<$.<*3+8"+,*"=(42+"2$%.'"(2"=$4"=$%4"-.'" -",-&=":(.%+*2@"!."

<:+9S+*.&.+#$5IRH$ZaB"]-"0$.+*"x$%.6b2"2<$4*"(.2+4%<+2"+,*"3&-1*4"+,-+"+,*".$+*2"-4*"^&+$

>'$S%"W')$,+($"$%+#1$&.9'4`"L,*4*"-4*"W%2+"+#$".$+*2"7"-.'"Zl" I*(.6"3&-1*' "<$.<%44*.+&1"

<4*-+(.6",-4:$.(<"+$.*2" -.'"3%&2*2"$C*4"-"&$.6"3*4($'"$="+(:*@"]-"0$.+*"x$%.6"2&$#*'"

'$#."-.'" &*.6+,*.*'"+,*"+(:*=4-:*"$=" +,*":%2(<"(.+$"&$.6"+$.*28"<4*-+(.6"23-<*"=$4"

4*2$.-.<*8"2%2+-(."-.'"4*=&*<+($.@"F&$#(.6"'$#."+,*".$+*2" -.'"-33&1(.6"-"'(==*4*.+"

+(:I4*"$4"(.2+4%:*.+":-1 "#$4)"-*2+,*+(<-&&1"=$4"$.*"&(2+*.*4"I%+"'$*2"+,*"2-:*"-33&1"=$4"

-.$+,*4"3*42$."#(+,"-"'(==*4(.6"-*2+,*+(<"$3(.($."-.'":%2(<-&"+-2+ *a"!+"'$*2"34$:3+"+,*"

<$.2('*4-+($."$="# ,$2*"-*2+,*+(<a"K,$2*"+(:I4*a "A4$=*22$4";*.(2"F:-&&*18"-"<$:3$2*4"

23*<(-&(U(.6"(."*&*<+4$-<$%2+(<":%2(<"-&2$"<$.2('*42"+,(2"Y%*2+($."(."-."-4+(<&*"<-&&*'"

<n',.#.#1$&.9>('$@$X',.#.#1$&.9>('B"#,*4*",*" Y%*2+($.2"+,*":*-.(.6"$="+(:I4*/ "

^C8"&$.*$&.9>('q$C8'#$.*$.&$9'"#.#1,/%$&+$/*'$&8'$&'(9q$E+0$/*',/%$.*$"$-+#-'S&$+,$
&.9>('$.#$&8'$-+#&'Y&$+,$'%'-&(+"-+/*&.-$9/*.-q$n',.#.#1$&.9>('$.*$"$8"2"()+/*$
+S'("&.+#4$j7"%T.#1$">+/&$&.9>('bj$*"W*$Q8.%.SS'$g"#+/(W$j.*$"*$)'%.-"&'$"*$&"%T.#1$
">+/&$&"*&'j$!5II53$̂ 4$!F:-&&*1"PiiR`@"

!."-."(.+*4C(*#"I1"0-4+(."[-1&*"=$4"+,*"[%-4'(-."=4$:"-."*'(+*'"*T+4-<+"$=" <F$E.*&+(W$+,$

Q.-&/('*P$N(+9$&8'$:"O'$&+$&8'$:+9S/&'($M-(''#B"̂ N$<).*1"M"[-1=$4'"O_Ph`8";-C('"

N$<).*1"'(2<%22*2"#,-+"+%4.2"-"3(<+%4*"(.+$"-":-2+*43(*<*b@"N*"2+-+*2/"

^78'$:8.#'*'$*"W$W+/$#'')$&8(''$&8.#1*$,+($S".#&.#1*P$&8'$8"#)b$&8'$'W'$"#)$&8'$
8'"(&4$D$&8.#T$&8"&$('9"(T$.*$O'(Wb$O'(W$1++)4$70+$0+#B&$)+4$F$1++)$'W'$"#)$8'"(&$.*$
#+&$'#+/18b$#'.&8'($.*$"$1++)$8"#)$"#)$'W'`4$

N$<).*1b2"Y%$+*"-I$%+"+,*"9,(.*2*"3*423*<+(C*"$."3-(.+(.6"(2"-"2(:(&-4"<$.<*3+"+$"+,*"
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<&8(''$S.%%"(*$+,$,%"9'#-+B"'(2<%22*'"I1"=&-: *.<$"'-.<*4"BC-"x*4I-I%*.-@"K , *."

('*.+(=1(.6"2$.68"6%(+-4"-.'"'-.<*"-2"+,*"+,4**"3 (&&-42"$="=&-:*.<$8" *"W*b$jD,$+#'$+,$&8+*'$

,".%$.&$-"#$>'-+9'$)"#1'(+/*`4 "x*4I-I%*.-"(2"2%66*2+(.6"+,-+"(="-.1"$="+,$2*"+,4**"-4*"

:(22(.6" ^$4"=-(&"+$"<$.C*1"+,*"3-22($."(."2$:*"#-1$̀+,*."+,*"= &-:*.<$"(2"#*-)*.*'"I1"(+2"

-I2*.<*@"7$+,"+,*"N$<).*1"-.'"x*4I-I%*.-"Y%$+*2"<$%&'"3*4,-32"I*"-33&(*'"+$":%2(<"

-.'"2%I 2+(+%+*'"#(+,"+,*"+*4:2"<9'%+)Wb$&.9>('$"#)$S/%*'B8"-&+,$%6,"+,*"-''(+($."$= "

k8"(9+#Wb$)W#"9.-$"#)$(8W&89B$<$%&'"-&2$"I*"<$.2('*4*'@"L,*"-++*.+($."+$"3%&2*"

(.=&%*.<(.6"+,*"4*2%&+2"$="+,*"BB[ ":%2(=(<-+($."#-2"-2"(:3$4+-.+"-2"+,*".$+*2"

+,*:2*&C*2@""

L,(2"2%IW*<+(C*":%2(<-&"*'(+(.6"-.'"+,*"(:3$2(+($."$="<4*-+(C*"'*<(2($.2"%3$."+,*"'-+-"(2"

(:3$4+-.+"=$4"+,*"2$.(=(<-+($."4*2%&+2"+$"'*C*&$3"-":%2(<-&"-*2+,*+(<@"L,(2"<$%&'"I *"

<$.2('*4*'" -2"3%++(.6"+,*",*-4+"-.'"2$%&"(.+$"-"3(*<*8"+$"'*C*&$3"+,*"2$.(=(<-+($."I*1$.'"

I*(.6 "2$&*&1"+,*"(.'(<-+$4"$="*C*.+28"-.'":$C*" -*2+,*+(<-&&1"(.+$"+,*":%2(=(<-+($."$="'-+-@"

!=":%2(=(<-+($."$="'-+-"(2"+,*"-(:8"+,*"4*2%&+2".**'"+$"<4*-+*"*:$+(C*"$4"-*2+,*+(<":%2(<-&"

*T3*4(*.<*2"#,*."&(2+*.(.6"+$"(+@"0(4-.'-"*+"-&"̂ O_Ph`"*T3&$4*'"+,*"(:3$4+-.<*"$=":%2(<-&"

-*2+,*+(<"(."+,*"2$.(=(<-+($."$="<M'"$&'9S'("&/('$"#)$*"%.#.&W$)"&"$.*$/*')$&+$-('"&'$"$

9/*.,.-"&.+#$+,$-%.9"&'$-8"#1'$S8'#+9'#" ub"0(4-.'-"-22*4+2"+,-+"+,*4*":-1"I*"

*.+,%2(-2:"-.'"(.+*4*2+"2%44$%.'(.6"+,*"(.(+(-&"<$.<*3+"=$4"+,*"2$.(=(<-+($."$="2<(*.+(=(<"

'-+-8"I%+"+,*"<$.2('*4-+($."$="+,*":%2(<-&"-*2+,*+(<"(2"(:3$4+-.+"=$4"+,*"4*2%&+2"+$"I*"

2%<<*22=%&@"L,(2"(2"I*<-%2*"+,*":%2(<"'*4(C*'"=4$:"+,*"2$.(=(<-+($."<-."I*"'(2-33$(.+(.6"

=$4"-%'(*.<*2"(=".$+"-*2+,*+(<-&&1"3&*-2(.6"$4"4*#-4'(.6"(."- ":%2(<-&"<$.+*T+@"̂ 0(4-.'-"*+"

-&"O_Ph`@"

!

!

!

!
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];!D-(($/5!BU(,4$8,/+!dXT!E-8(1,4!=)&1$&!B2$+%;!"

L,(2"*T3*4(:*.+"(.C$&C*'"%2(.6"BB["'-+-"=(&*2"=4$:"-"3%I&(<"'-+-I-2*"$="BB["*3(&*321"

4*<$4'(.62@"L,*"BB["2* (U%4*"=(&*2"%2*'"=$4"+,(2"34$W*<+"#*4*"-<<*22*'"-+"-"3%I&(<"'-+-I-2*"

=$4"4*2*-4<,"3%43$2*2/"L,*"9N7G0!L"2 <-&3"BB["'-+-I-2*@"L,*"!.+*4.-+($.-&"P_GO_"212+*:"

$="BB["*&*<+4$'*"3$2(+($.2"#-2"%2*'"=$4"+,*2*"4*<$4'(.62@"L,*"=(&*2"#*4*"4*<$4'*'"-.'"

'(6(+(U*'"-+"-"2-:3&*"4-+*"$="OShNU"#(+,"PhGI(+"4*2$&%+($."-.'"<$:3(&*'"-.'"2+$ 4*'"(."+,*"

B%4$3*-.";-+- "=(&*"=$4:-+"̂ @*'=@̀"L,(2"=(&*"=$4:-+"#-2"<4*-+*'"I1":*'(<-&"*.6(.**42"(."+,*"

&-+*"PiQ_b2"-.'"3%I&(2,*'"(."PiiO"=$4"-"4-.6*"$="'(6(+(U*'"3$&164-3,(<"4*<$4'(.62"=$4"%2*"

(.":%&+(<*.+*4"4*2*-4<,"34$W*<+2"-.'"<$::*4<(-&"BB["*Y%(3:*.+ @"̂ 74-(.+4$.(<2"7@g@"

O_Pc`@"

L,* "BB[ "=(&*2"#*4*"4*<$4'*'"-+"OShNU"I%+"+,*"<$.C*42($."+$"'(6(+-&"-%'($"=$4:-+"-&+*42"+,*"

2-:3&*"4-+*"-.'",-2"'(4*<+"(:3&(<-+($.2"$."+,*"+(:*=4-:*"-.'"3(+<,"$="+,*"#-C*=$4:2@"

9$.C*42($."=4$:"OShNU"+$"RRP__NU"@#-C"2,$4+*.2"+,*"+(:*=4-:*8" +,*4*=$4*"+,*"NU"

=4*Y%*.<1"-.' "(.<4*-2*"(."+,*"4*2%&+(.6"3(+<,"$="+,*"-%'($@"L,(2"I4(.62"+,*"&$#"=4*Y%*.<1"

BB["(.+$"+,*",%:-.",*-4(.6"4-.6*8" I%+"I1",$#":%<,"*T-<+&1"(."4*&-+($."+$"=4*Y%*.<1"-.'"

3(+<,a"N$#":-.1"2*:(+$. *2"-.'"< *.+2a"71",$#":-.1 "NUa"L,(2"<-."I*"<-&<%&-+*'"(."<*.+28"

NU8"2*<$.'2"-.'"2 -:3&*2"34*<(2*&1"%2(.6":-+,*:-+(<-&"=$4:%&-*"-.' "'$%I&*"<,*<)*'"

34-<+(<-&&1"%2(.6"-"'(6(+-&"#-C*"*'(+$4@"9-&<%&-+(.6"-.'"<$.2('*4 (.6 "+,*"+4-.23$2(+($."$="

+(:*"-.'"3(+<,"(."+,*" =(&*"<$.C*42($."34$<*22"#-2"(:3$4+-.+ "+$"=%&&1"%.'*42+-.'"+,*"=(&*28"

+(:*=4-:*2"-.'"=4*Y%*.<1"4-.6*2"'%4(.6"4*<$4'(.68"2+$4-6*"-.'"<$.C*42($."=$4":%2(<-&"

34$'%<+($."3%43$2*2@"L,*"=$&&$#(.6"2%I"<,-3+*4"6(C*2"-." $="+,*"BB["=(&*"<$.C*42($."

34$<*22@"

!

!

!

!
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];Q;!"#,!BBI!;,2*!M$1,!='/9,4%$'/!*'4!D0%$&!G4'20&+$'/!G04('%,%!!

M$1,!%-8(1,!4-+,T!

L,*"BB["'-+-"Z(&*2"#*4*"4*<$4'*'"-+"OShNU"3*4"2*<$.'"2-:3&*"4-+*@"

E-8(1,!4-+,!&'/9,4%$'/!4-+$'T!

L,*"<$.C*42($."=4$:" 4'), "=(*"+$"@#-C"!,(+9$6LRE2$&+$KK5HHE2`"=$4":%2(<-&"

34$'%<+($."3%43$2*2@"

='/9,4%$'/!4-+$'T!

RRP__NU"n"OShNU"s"PcO@OhShOS"!X"&.+$.4'4$KK5HH$*"9S%'$("&'$.#-%/)'*$5a646RLR6L$

&.9'*$9+('$*"9S%'*$S'($*'-+#)34$

E-8(1,!4-+,!&'/9,4%$'/!(,4&,/+-5,%T!

RRP__"n"OSh"s"PcO@OhShOS"T"P__"s"PcOOh@ShOSt"

OSh"n"P__"s"O@Sh"T"PcOOh@ShOSt"s"RRP__"

"#)$&8'$.#O'(*'[ $

OSh"n"RRP__"s"_@__SQ_RiQQhhOPf"T"P__"s"_@SQ_RiQQhhOPft"

>4$5$/-1!1,/5+#!'*!BBI!4,&'42$/5"s"P",$%4"s"h_:(.2"T"h_"2*<$.'2 "s"fh__"2*<$.'2 "

H+"OShNU"(+"2,$4+*.2"+,*"+(:*=4-:*"#,*."(:3$4+(.6"+$"RR8P__"NU"@#-C"=(&*/"

fh__"2*<$.'2 "n"2-:3&*"4-+*"<$.C*42($."4-+($"PcO@OhShOS"s"O_@QiciSiPQfhcfRc"

2*<$.'2 "-+"RR@P)NU"2-:3&*"4-+*"!-+#,.(9')$ .#$MgQ7V$-+)'$>'%+0$.#$N.1/('$5L34$

"
Z(6%4*"PS/"9$.C*42($."!:-6* "P/"34-<+(<-&"<$.=(4:-+($."$="&*.6+,"(."2*<$.'2"=4$:"4*-&G+(:*"+$"

OShNU"<$.C*42($."
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F,/5+#!$/!%-8(1,%!*4'8!OZ[K6!+'!YY;QSK6!&'/9,4%$'/T!

]*.6+,"(."2-:3&*2"s"=(&*"&*.6+,"n"&*.6+,"$="P"2-:3&*"-+"RR8P__NU""

O_@QiciSiPQfhcfRc"2*<$.'2 "n"_@____OOhcScfhih"2*<$.'2 "s"iOPh__@____SQiQOROc"

2-:3&*2"(."&*.6+,"-=+*4"<$.C*42($."=4$:"OhSNU"+$"RR8P__NU"!-"%-/%"&.+#*$-8'-T')$

"1".#*&$*"9S%'$%'#1&8$+,$08+%'$('-+().#1$0.&8.#$"$).1.&"%$0"O'$').&+($-+#,.(9*$

I65RHH$*"9S%'*$.#$%'#1&8b$*''$,+%%+0.#1$N.1/('$5R34"

$
Z(6%4*"Ph/"9$.C*42($."!:-6*"O/"A4-<+(<-&"<$.=(4:-+($."$="&*.6+,"(."2-:3&*2"=4$:"OShNU"+$"RR@P)NU"

<$.C*42($. 

E+-4+a!,/2!-/2!1,/5+#!'*!BBI!,($1,(%)!,9,/+!$/!+$8,!5$.(-70$8F!

BBI!*$1,!$/*'48-+$'/T"

N.%'$#"9'P$-8>H5zHU4'),$

N.%'$*&"(&$&.9'P$5UPKUPHK$

N.%'$'#)$&.9'P$5KPKUPHK$

f/9>'($+,$*'.2/('*$.#$,.%'P$5$

M'.2/('$*&"(&$&.9'P$6IIR$*'-+#)*$

M'.2/('$'#)$&.9'P$UHUR$*'-+#)*$

Q%'&%!%,:.!(-7/.&$,-7T"!."+,*"$4(6(.-&&1"34$C('*'"4'), "'-+-"=(&*"+,*"2*(U%4*"2+-4+2"-+"Oiih"

2*<$.'2 "(."+,*"'*+-(&2"4*&-+(.6"+$"+,*"$4(6(.-&"4'), "=(&*@"9$.C*42($."=4$:"OShNU"+$"

RRP__NU"@#-C"<,-.6*2"+,*"+(:*=4-:*/"

Oiih" 2*<$.'2 "n"PcO@OhShOS"^4-+($`"s"Pc@fiPcRh_fPcRh_f"2*<$.'2 "

F*(U%4*"2+-4+2"-+"Pc@fiPcRh_fPcRh_f"2*<$.'2 "(."+,*"<$.C*4+*'"@#-C"=(&*@"
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Y70!%,:.!(-7/.&$,-7F"!."+,*"$4(6(.-&&1"34$C('*'"4'), "'-+-"=(&*"+,*"2*(U%4*"*.'2"-+"f_fh"

2*<$.'2@"L,*"<$.C*42($."=4$:"OShNU"+$"RRP__NU"<,-.6*2"+,(2"+(:*=4-:*/ "

f_fh" 2*<$.'2 "n"PcO@OhShOS"^4-+($`"s"Pc@hOfiRSScQOfPOi"2*<$.'2 @"

F*(U%4*"*.'2"-+"Pc@hOfiRSScQOfPOi"2*<$.'2 "(."+,*"<$.C*4+*'"@#-C"=(&*@"

@,;.!;.7=%1!(-7/.&$,-7F"]*.6+,"$="BB["*3(&*321"*3(2$'*"(."2*<$.'2"s"Pc@hOfiRSScQOfPOi"

G"Pc@fiPcRh_fPcRh_f"s"_@OfOPiiSRhRQSOh"*'-+#)* $!S(' @*"9S%'$("&'$-+#O'(*.+#$@$+(.1.#"%%W$

KH$*'-+#) *$%+#134$

E+-4+a!,/2!-/2!1,/5+#!'*!BBI!,($1,(%)!,($%'2,!$/!%-8(1,%F!

E+-4+`('$/+!&'/9,4%$'/"s"*3(&*321"*C*.+"2+-4+"3$(.+"(."2*<$.' 2"n"&*.6+,"$="$.*"2-:3&*"(."

2*<$.'2@"

]*.6+, "$="$.*"2-:3&*"-+"RR8P__"NU"s"P"2*<$.' "n"RRP__"s"_@____OOhcScfhih"

2*<$.'2 "

Pc@fiPcRh_fPcRh_f"2*<$.'2 "n"_@____OOhcScfhih"2*<$.'2 "s"chhich@____Ri_QhfQc"

*3(&*321"*C*.+"2-:3&*2"2+-4+"3$(.+"!-+#,.(9')$.#$N.1/('$5a$>'%+034"

"
Z(6%4*"Pc/"9$.C*42($."!:-6*"f/"B3(&*321"*C*.+"2+-4+"3$(.+"(."2-:3&*2"=4$:"OShNU"+$"RR@P)NU"

<$.C*42($.4$

B/2`('$/+!&'/9,4%$'/"s"*3(&*321"*C*.+"2-:3&*2"2+-4+"3$(.+"G"*3(&*321"*C*.+"2-:3&*2"

*.' G3$(.+"

Pc@hOfiRSScQOfPOi"G"Pc@fiPcRh_fPcRh_f"s"_@OfOPiiSRhRQSOh"2*<$.'2 "̂ #(+,"@#-C"

2-:3&*"4-+*"<$.C*42($."G"$4(6(.-&&1"R_"2*<$.'2 "&$.6`@"
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F,/5+#!'*!BBI!,($1,(%)!,($%'2,!-+!YYQPPK6!%-8(1,!4-+,T!

"s"_@OfOPiiSRhRQSOh"2*<$.'2 "n"&*.6+,"$="-"2-:3&*"-+"RR8P__"s"_@____OOhcScfhih"

2*<$.'2 "s"P_OR_@______hSSfOh"2-:3&*2"(."&*.6+,"g!QPOYP!%-8(1,%!$/!1,/5+#!

!-+#,.(9')$N.1/('$5s $>'%+034!

"
Z(6%4*"PQ/"9$.C*42($."!:-6*"R/"B3(&*321"*C*.+"&*.6+,"(."2-:3&*2"=4$:"OShNU"+$"RR@P)NU"

<$.C*42($.@"

];O!G$+&#!-/2!+$8,`%+4,+&#$/5!).02!M$1,!&'/9,4%$'/!&-1&01-+$'/%;!

L,*"2-:3&*"4-+*"<$.C*42($."-==*<+2"3(+<,"-2"#*&&"-2"+(:*8"+,*4*"(2"-."(.<4*-2*"(."=4*Y%*.<1"

-.'" +,*4*=$4*"3(+<,"'%4(.6"+,(2"<$.C*42($."I*+#**."2-:3&*"4-+*2@"L,(2"(.<4*-2* "<-."I*"

('*.+(=(*' @"H=+*4"*T+4-<+(.6"+,*"2*(U%4*"+(:*"2+-+*'"(."2*(U%4*"4*<$4'2"+,*"4*6($."<-:*"+$"

P_OR_"2-:3&*2"(."&*.6+,"-2"=$&&$#2/"

R_"2*<$.'2 "n"PcO@OhShOS"s"_@OfOPiiSRhRQSOh"2*<$.' "2*(U%4*"&*.6+,"-=+*4"

<$.C*42($.@"

_@OfOPiiSRhRQSOh"2*<$.'2 "n"2-:3&*"&*.6+,"^P"2*<$.' "n"RR8P__"2-:3&*"4-+*`"s"

P_OR_@______hSSfOh"2-:3&*2"(."&*.6+,e"

C$**,4,/&,!.,+3,,/!+3'!*4,70,/&$,%;!K6!%-8(1,!4-+,%T!4-+$'!p!&,/+%!*'4801-T!!

BU-8(1,T!YY;QSK6!9%;!Y\SK6T!

]$6^RRP__"n"RQ___`"T"fiQh@fPfcPR"s"GPRh@c"9*.+2"

O€^PRc"n"PO__`"s"P@_QQhPihhfPORhf"

H-+$'!.,+3,,/!%-8(1,!4-+,%"RR8P__"NU"-.'"RQ8___"NU"g!Q;P\\[Q][[XQOY[X"
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?'+,T!L,*" h-+#*&"#&h$=(6%4*"^fiQh@fPfcPfQhRQfcR`"(."+,*"34*C($%2"=$4:%&-"(2"'*4(C*'"=4$:"

+,*"&$6-4(+,:(<"4*&-+($.2,(3"I*+#**."PO".$+*"'(C(2($.2"(."-."$<+-C*"-2"=$&&$#2/""

M'4!%,8$+'/,%T!

&$6^ZPnZO`"T"^POn&$6^O``"

&$6^O`"s"_@f_P_OiiiShhfiQP"

PO"n"_@f_P_OiiiShhfiQP"s"fi@QhfPfcPfQhRQfc"

&$6^ZPnZO`"T"fi@QhfPfcPfQhRQfc"s"2*:(+$.*"'(==*4*.<*"I*+#**."+#$"=4*Y%*.<(*2@$

M'4!&,/+%T!

&$6^ZPnZO`"T"^PO__n&$6^O``"

&$6^O`"s"_@f_P_OiiiShhfiQP"

PO__"n"_@f_P_OiiiShhfiQP"s"fiQh@fPfcPfQhRQfcR""

&$6^ZPnZO`"T"fiQh@fPfcPfQhRQfcR"s"<*.+2"'(==*4*.<*"I*+#**."+#$"=4*Y%*.<(*2@$

<((1)$/5!+#,!-.'9,!+'!&-1&01-+,!+#,!&,/+%!2$**,4,/&,!.,+3,,/!+#,!;,2*!BBI!*$1,!

&'/9,4%$'/!*4'8!OZ[K6!+'!YY;QSK6!$%T!

&$6^OSh"n"RP___`"T"fiQh@fPfcPR"s"GGQiPR@PQiOROc_PR_S_c"9*.+2"

O€^QiPR@PQiOROc_PR_S_c"n"PO__`"s"_@__SQ_RiQQhhPPP"

H-+$'!.,+3,,/!%-8(1,!4-+,%!OZ[!K6!-/2!YYaQPP!K6!g!P;PPZ\PY]\\[[QQQ!

=,/+%!2$**,4,/&,!.,+3,,/!%-8(1,!4-+,%!OZ[!K6!-/2!YYaQPP!K6!g!

\]QY;Q\]OYORPQYPZPR!&,/+%!

"#$%!$%!-1%'!&'/*$48,2!$/!+#,!%-8(1,!1,/5+#%T!

P_OR_"2-:3&*2"T"PcO@OhShOS"4-+($"s"PchR___"2-:3&*2"=$4"<$.C*4+(.6"I-<)"+$"4*-&G

+(:*"*3(&*321"*C*.+/"

&$6^P_OR_"2-:3&*2"n"PchR___"2-:3&*2`"T"fiQh@fPfcPR"s"GQiPR@PQiOROc_PR_S_c"

<*.+2@"

f+&' P"]$6(<"d"-%'($"2*Y%*.<*4"#-2"%2*'"+$"<-441"$%+"+,(2"+-2)8"I%+"]$6(<"d"<-..$+"+(:*G

2+4*+<,"-2":%<,"-2"GQiPR@PQiOROc_PR_S_c"<*.+2"(."$.*"34$<*22"I4*-)(.6"(+"'$#."+$"GOOOi"

<*.+2"T"R"#-2"<&$2*2+"+$"-<+%-&"'(==*4*.<*@"
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E*6($."P_OR_"2-:3&*2"+(:*"2+4*+<,*'"(."7.9'$]$Q.&-8$g"-8.#' "(."]$6(<"I1" GOOOi"<*.+2"T"R"

s"GQiPh"<*.+2"4*2%&+*'"(."PchSihS"2-:3&*2"&*.6+,"(."]$6(<@"

=-1&01-+$/5!+#,!2$**,4,/&,!$/!&,/+%!*'11'3$/5!4'0/2$/5!0(!g"# (+,"' *2+(.-+($. "2*+"+$"

_@PPPft"!",&'($*&('&-8.#1$@666I$-'#&*$Y$K3"4*2%&+*'"(."2-:3&*"&*.6+,"$="PchR__P"2-:3&*2"

=#,&S$/5!(4-&+$&-1!3-9,!,2$+'4!(4'&,%%,%!-.'9,!-5-$/%+!8-+#,8-+$&%T!!

;(==*4*.<*"(."<*.+2"I*+#**."+# $"2-:3&*"&*.6+,2"s"&$6^FPnFO`"T"fiQh@fPfcPR"s""

PchSihS"n"PchR___"s"P@__PPPfiRSScQOf"• •"&$6"s"_@___RQfSPPPhSPcR"T"fiQh@fPfcPR"s"

P@iOcROcPQQh_S_R"<*.+2@"

O!=,/+!9-4$-+$'/T"PchSihS"2-:3&*2"n"PchR___"2-:3&*2"s"P@__PPPfiRSScQOf"T"P__"s"

P__@PPPfiRSScQOfe"-.'"_@PPPft"(2"#,-+" 7.9'$]$Q.&-8$g"-8.#' "'(23&-1*'"=$4"'*2+(.-+($. "t"

=$4"~O"<*.+2"s"P__t"$="$4(6(.-&"&*.6+,"3&%2"_@PPPft"=$4"~O"9*.+2@"

];X;!H,*1,&+$'/!'/!BBI!;,2*!M$1,!='/9,4%$'/;!

L,*"34*C($%2"<-&<%&-+($.2"34$C('*"-"'*+-(&*' "-<<$%.+"$="+,*"+(:*"-.' "3(+<,"'(==*4*.<*2"

I*+#**."+,*"$4(6(.-&"4*<$ 4'*'"2-:3&*"4 -+*2"-.'"+,*"<$.C*42($."+$"-%'($"'-+- @"L,(2"(2"

34$C('*'" ,*4*" -2"-.-&1+(<-&"'-+-"+$"%.'*42+-.'"+,*"=(&*28"+,*(4"+(:(.62"-.'"3(+<,*2"(."

34*3-4-+($."=$4":%2(=(<-+($."*T3*4(:*.+2@"N-C(.6"-"'*+-(&*' "%.' *42+-.'(.6"$="+,(2"'-+-"

34$C('*2"+,*"$33$4+%.(+1"+$":-)*"'*<(2($.2"+,-+"4*&-+*"+$",$#"<&$2*"+$"2+-1"+$"$4(6(.-&"

3(+<,G-.' G+(:*"'-+-" '%4(.6"+,*":%2(=(<-+($."34$'%<+($."34$<*22*2@!

"#,!(4'&,%%!*'4!8-(($/5!,U(,4$8,/+!dX!$/9'19,2"(:3$4+(.6"+,*"BB["-%'($"=(&*2"

<̂$.C*4+*'"+$"44.1kHz$&8'(',+('$)'-('"*.#1$&.9',("9'$"#)$.#-('"*.#1$S.&-8$>W$("&.+*$+,$

172.2656253"(.+$"-"2*Y%*.<*4$!i+1.-${3$-.'"*'(+(.6"<1<&(<"2*6:*.+2"=4$:"+,*"-%'($"'-+-8"

+-)(.6"*-<,"<1<&*"-+"U*4$G<4$22(.6"3$(.+2"(.<&%'(.6"$.*"<$:34*22($."-.'"4 -4*=-<+($.8"

(:3$4+(.6"*-<,"<1<&*"2*6:*.+"<4*-+*'"(.+ $"-"2-:3&*4"(.2+4%:*.+"^]$6(<"d"EXS24̀ "-.'"

<-&<%&-+(.6"+,*"3(+<,"! ,('?/'#-W$"#)$#+&'$S.&-83"C(-"+,*":-+,*:-+(<-&"=$&&$#(.6"=$4:%&-*@"
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E-8(1,%!+'!K6!*'4801-/"C8"&$.*$&8'$,('?/'#-W$!E23$+,$"$1.O'#$#/9>'($+,$*"9S%'*q$N+($

'Y"9S%'b$65$*"9S%'*q$

RRP__"n"OP"s"OP__"NU"

M$/2$/5!+#,!&'44,%('/2$/5!D@C@!/'+,!/08.,4!*4'8!K6!*4,70,/&)!8,-/%!

-((1)$/5!e%,,!.,1'3fT!>2(.6"RR_NU"HR"0!;!".$+*"hi"-2"+,*"4*=*4*.<*'".$+*/ !

."s"hi"~"PO{&$6^=4*YnRR_`n&$6^O`8"#,*4*"."(2"+,*"0!;!".$+*".%:I*4@"

hi"~"PO{&$6^OP__nRR_`n&$6^O`"s"0!;!".$+*"ih"

Q('O.+/*$,+(9/%"$"%*+$S+**.>%'$"*$,+%%+0.#1P$

^NU"n"RR_`"G•"34*22"&$6O"I%++$."T"PO"~"hi"

&$6O^OP__nRR_`TPO~hi"s"ih@_ScchhcQQfRSi"s"0!;!"5$+*"ih"

?'+,T!+#,!*011!1$%+!'*!4,%01+$/5!/'+,%!5,/,4-+,2!.)!+#$%!&)&1$&!%,58,/+-+$'/!'*!BBI!

,U(,4$8,/+!&-/!.,!*'0/2!$/!<((,/2$U!B!'*!+#$%!2'&08,/+!e(-5,!QOYf;!

7">%'$5LP$X'S'&.&.+#$+,$#+&'*$0.&8.#$-W-%.-$*'19'#&"&.+#$'YS'(.9'#&$ZUP$

C C# D D# E F F# G G# A A# B 

19 15 11 6 5 5 8 5 10 8 7 6 

/ / / / / / / / G#3=1 / / / 
C4=1 C#4=1 / / E4=1 / / / G#4=4 A4=3 A#4=2 / 
C5=2 C#5=4 D5=2 D#5=2 E5=2 / F#5=3 G5=3 G#5=3 A5=4 A#5=2 B5=4 
C6=13 C#6=5 D6=9 D#6=3 E6=2 F6=3 F#6=4 G6=2 G#6=2 A6=1 A#6=3 B6=2 
C7=3 C#7=5 / D#7=1 / F7=2 / / / / / / 

!

"
Z(6%4*"Pi/"E*3*+(+($."$=".$+*2"#(+,(."<1<&(<"2*6:*.+-+($."*T3*4(:*.+"lf /"

0
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C
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G
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C
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C
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G
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C

#7
D
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Cyclic Segmentation Experiment #3 

Note Occurance
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L,(2"*T3*4(:*.+ 8"*T3&$4(.6"+,*"2*6:*.+-+($."$="(.'(C('%-&"<1<&(<"#-C*=$4:28"34$C*'"+$"

I*"-."(.+*4*2+(.6"$.*"(."+,*"2*.2*"+,-+"(+" 34$C('*'"-"#('*"4-.6*"$=".$+*2"-<4$22"+,*"

<,4$:-+(<"2<-&*8"-&I*(+"-<4$22"2*C*4-&"$<+-C*2"-&&"PO"+$.*2"-4*"34*2*.+@"!." ;-."]&$1' b2"

#4(+(.6"4*&-+(.6"+$"<g.#)$"*$g/*.-B"̂ O__P`",*"'(2<%22*2"+,*"<*S"(*.&WB"$="#$4'2 "#(+,(."

&-.6%-6*@"N*"'*2<4(I*2"+,-+"2$:* "#$4'2" -4*"%2*'"#(+,",(6,"4*3*+(+($."-.'" $+,*42"#(+,"

&*22"4*6%&-4(+18"-22*4+(.6"+,-+"23-42*"&-.6%-6*2"-4*"*-2(*4"+$"&*-4."I%+"4*Y%(4*"*T34*22($."

-.' "-:I(6%(+1@"K,*4*-2"-"&-.6%-6*"+,-+"(2"'*.2*"#(+,"(.'(C('%-&"#$4'2"%2*'"$.&1"$.<*"(2"

:$4*"'(==(<%&+"+$"&*-4."-.'"(2$<)'#*'B4$L,*"<,4$:-+(<":%2(<"2<-&*"<$%&'"I*"<$.2('*4*'"-"

23-42*"&-.6%-6*"#,(<,"4*Y%(4*2"-.'" 4*&(*2"$."+,*"'(C*42*"*T34*22($."$="+,(2"23-42(+1"-.'"

+,*4*=$4*"<-." <4*-+*"-:I(6%(+1 @"K(+,"+,*"34*C($%2".$+*"+-I&*8"+,* "<$.2+4%<+($."$="

+,4*2,$&'"4%&*2"=$4":%2(=(<-+($."<$%&'"I*"<$.2('*4*'@"L,(2"<$%&'"(.<&%'*":-)(.6"+,*"

:$2+"=4*Y%*.+&1"4*3*-+*'".$+*"+,*"4$$+".$+*"$="-"2<-&*"$4":*&$'1@"!."+,*"<-2*"$="+,*"

34*C($%2"+-I&*"(+"(2"*C('*.+"+,-+"+,*".$+*"9"-33*-42"#(+,"+,*" ,(6,*2+ "4*6%&-4(+1"-.'"<$%&'"

+,*4*=$4*"I*"+,*"4$$+".$+*"$="-.1":%2(=(<-+($."#(+,"+,*".$+*2"6*.*4-+*'"#(+,"<1<&(<"

2*6:*.+-+($.@"L,*"4*6%&-4(+1"-.'"23-42(+1"#(+,"-."-33&(*'" +,4*2,$&' "<$%&'"34$C('*"-"

2<-&*"$4":$'*@"Z$4"*T-:3&*8"<$.2+4%<+"-"2<-&*"$4":*&$'1"=4$:".$+*2"4*3*-+*'"$."-.'"

-I$C*"-" 2G'(6(+"4*3*+(+($."+,4*2,$&'"-.'"( ."$4'*4"$="4*3*+(+($.8"-.'":$2+"=4*Y%*.+&1"

4*3*-+*'"'*2<*.'(.6"<,$(<*"$="*-<,".$+*" !"#)$(+&"&'$+-&"O'$O"%/'$.,$*S"(*'3P"

C6=13 - C#7=5 - D6=9 - G#4=4 - C7=3 - C#6=5 - D5=2 - G#5=3 - C5=2 - C#5=4 - D6=9 - 

G#6=2 - C4=1 - C#4=1 - D5=2 - G#3=1  

"
Z(6%4*"O_/"OG'(6(+"4*3*+(+($."+,4*2,$&'"64-3,@"

0
1
2
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4
5
6
7
8
9

10
11
12
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14
15
16
17
18
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C C# D D# E F F# G G# A A# B
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!:34$C(2-+($.-&"*T3*4(:*.+ 2"=$&&$#*'"%2(.6"C-4(-+($.2"$="9"9l";"[l "=4$:"-I$C*"64-3, "

+,-+"I4*-) "+,4$%6,"+,*"2*+"+,4*2,$&'"%2(.6"2$&*&1"+,*"BB[" *3(&*321"-%'($"'-+-" &$-'*'"

(.+$"k78'$=>%.?/'@A("#.2'( B"0Hdn0FA" 21.+,*2(U*4@";%4(.6"21.+,*2(2"$="+,*2*"

(:34 $C(2-+($.2"+,*"*:$+($.2"-.'"*T3*4(*.<*2"$="* 3(&*321"2*(U%4*"#*4*"<$.+*:3&-+*'8"

2%<,"-2"#-C*2"$="-&+*4*'"&*C*&2"$="<$.2<($%2.*22"'%4(.6"=$<-&"$.2*+@"A&*-2*"&(2+*./"

!

G1-)!k!bBU-8(1,!\`m4,-S$/5!+#,!"#4,%#'12!@8(4'9$%-+$'/!Qc"

G1-)!k!bBU-8(1,!]`m4,-S$/5!+#,!"#4,%#'12!@8(4'9$%-+$'/!Oc!

G1-)!k!bBU-8(1,!QP`m4,-S$/5!+#,!"#4,%#'12!@8(4'9$%-+$'/!Xc!

H"4,1+,:(<"-.'":*&$'(<"*T3*4(:*.+" #-2"<-44(*'"$%+"#(+,"+,(2"=(42+"Oi".$+*2"$="+,*"

BB["<1<&(<"2*6:*.+-+($."(." FSS'#).Y$V$̂ 3-6*"POR̀$#,(<,"<-."I *",*-4'"(. "+,*"

=$&&$#(.6"-%'($"*T-:3&*"I*&$# @"L,*"*T+4-<+*'"BB["#-C* G<1<&*2"#*4*"Y%-.+(U*'"

+$"+,*".*-4*2+"64th $="-"I -4"=$4"4,1+,:(<":-+*4(-&"-.'"2*&*<+*'".$+*2 "(."2%<<*22($."

=$4":*&$'(<"3,4-2*2@"L,*"'(22*<+($."$="+,*"BB["<1<&*2"(.+$"4,1+,:(<"3-++*4.2"'$*2"

.$+"*T34*22"+,*"#-C*G&()*".-+%4*"$="*T3*4(*.<(.6"*3(&*3218"+,*"=**&(.62"!",-C*"

*T3*4(*.<*'"(."* 3(&*321"*C*.+2"<$:*"(."#-C*2"-.'"'$".$+"=**&"&()*"'(2<4*+*"

4,1+,:(<" 3-++*4.2@"

!G1-)!k!bBU-8(1,!QQ`=)&1$&!H#)+#8$&!E-8(1,4!BU(,4$8,/+c!

"

"

"

!

!
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QP;!D-+#,8-+$&%!$%!M0/2-8,/+-1!+'!D0%$&!.0+q!

0 *&$'18",-4:$.18"+%.(.6"-.'"4,1+,:"<-."-&& "I*" -.-&1U*'"-.' "<$.2+4%<+*'"%2(.6"

:-+,*:-+(<-&"=$4:%&-*@"A1+,-6$4-2"4*<$6.(U*'"+,*", -4:$.(<".-+%4*"$="+$.*2"#,*."

,*-4(.6"+,*"7&-<)2:(+,\2"N-::*4"2+4()(.6"&*.6+,2"$4"(4$."$="'(==*4* .+"&*.6+,2@"0%2(<"

4*&(*2"$."+,*"I4-(."Y%(<)&1"-.'"2%I<$.2<($%2&1"<-441(.6"$%+"+,*":-+,*:-+(<2 @"L,*"

3*4<*3+($."$="-."(.<4*-2*"$4"'*<4*-2* "I1"-." $<+-C*"-2"-"2(:(&-4".$+*8",(6,*4"$4"&$#*48"(2"

3%4*&1"I*<-%2*"+,*"=4*Y%*.<1"^NU`"(2"'$%I&*"$4",-&="+,*"4*=*4*.<*'".$+*@"

L,*" $46-.(U-+($."(.+$":*&$'(< "=$4:28",-4:$.(<"4*&-+($.2,(32"-.' "4,1+,:(<" 2*Y%*.<*2"

-&2$"4*&(*2"$." (.2+(.<+(C*":-+,*:-+( <2@"!." #,-+"(2"4*<$6.(U*' "-2",-4:$.1" +,*4*"-4*"$=+*."

2-+(2=1(.6":-+,*:-+(<-& "4*&-+($.2,(32"I*+#**. "+,*".$+*2"3&-1*'"<$.<%44*.+&18"=$4"

*T-:3&* "+,*",-4:$.(<"2 *4(*2@"L,*"2-:*" (2"+4%*"=$4"<$.2*<%+(C*".$+*2"#(+,":*&$'1"-.'"

4,1+,: @"; (22$.-.<*"<-."-&2$"I*"2-+(2=1(.6"#(+,".$. G(.+*6*4"4*&-+($.2,(32"I*+#**.".$+*28"

-&+,$%6,"<$.2+-.+"'(22$.-.<*" <-."4*Y%(4*"4*2$&%+($."#(+,":-+,*:-+(<-&",-4:$.18"$4"+,* "

,%:-. ":(.'"I*6(.2"+$"2*-4<,"=$4"+,(2 8"%.&*22"<$.2+-.+"'(22$.-.<*"(2"+,*"$IW*<+(C*@"

L,*" #$4) "34*C($%2&1"4*2*-4<,"(."+,*"2%IW*<+"$="*3(&*321"BB["2$.(=(<-+($."-.'"

:%2(=(<-+($.",-2"I**." <-44(*'"$%+"#(+, "-"34$-<+(C*"(.+*.+($. "+$#-4'2"<4*-+(.6"-.'"

'*C*&$3(.6 "-"3$2(+(C*":*'(<-&"+$$&"=$4"*-4&1"$.2*+"('*.+(=(<-+($."-.'"#-4.(.6"$="2*(U%4*"

*C*.+2@"j." &(2+*.(.6"+$"K%"*+"-&b2"<M-"%'$N(''$g/*.-$+,$&8'$;(".#B"$4"+,* "BB[ ":$'%&-+*'"

-%'($"#(+, "9,-=*"-.'"A-4C(2(b2"<M&'&8+*-+S'$+,$&8'$;(".#B"(+"(2"3$22(I&*"+,-+"<-4*42"$4"

2%==*4*42"$="*3(&*321":(6,+".$+ "#-.+"+$"&(2+*."+$"#(+,"<$.+(.%(+1"$4"#(+,"4*6%&-4(+1@"K,*."

:%&+(+-2)(.6"(."-":*'(<-&"('*.+(=(<-+($."2<*.-4($"+,*"-%'(I&*":$'-&(+1"#$%&'"34$C('*"-."

$33$4+%.(+1"+$"#$4)"$."$+,*4"+-2)2"#,(&2+"&(2+*.(.6"+$"BB[":%2(=(<-+($.@""

!."-":%2(<-&&1"-*2+,*+(<"<$.+*T+8"<$.2('*4(.6"+,*":-+,*:-+(<-&",-4:$.1"+,-+"<-."I*"

=$%.'"(.":%2(<8"+,*"2$.(=(<-+($."$="BB["'-+-"#(+,":-+,*:-+(<"-&6$4(+,:2 "-&$.* "&-<)"+,*"

*T34*22($."-.'"23*<+4%:"$=",%:-."*T3*4(*.<*"-.'"*:$+($.@ "L,*"4*2%&+(.6":%2(<"K%"*+"-&"

<4*-+*'"#(+,"+,*(4"=$4:%&-8"-.'"+,*" *T3*4(:*.+"<-44(*'"$%+",*4*"#(+," <1<&(<"#-C*=$4:"NU"
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'*4(C-+(C*2"-&$.* 8"'('".$+"34$C('*"-*2+,*+(< ":%2(<-&"2-+(2=-<+($."I*<-%2*"$="+,(2"*T<&%2($."

$=":$'-&(+18"4*3*+(+($.8"2%IW*<+(C*"*T34*22($.8"+,*",%:-."*:$+($. "-.'" .-44-+(C*"#*"$=+*."

4*Y%(4*"#(+,(.":%2(< @"L,*" 4*2%&+(.6":*&$'(<-&&1"%.$46-.(U*'".$+*2" :(6,+ "-&2$"2%66*2+"

-I.$4:-&(+1 "(."-"#('*4"3%I&(<"<$.2%:3+($."$="+,(2":%2(<8"+,*"('*.+(+1"2+*4*$+13*2"-.'"

2+(6:-2"-22$<(-+*'"#(+,"*3(&*321":(6,+"I*" 4*(.=$4<*'"I1"+,(2@"L,*":*&$'(<"4*2%&+2"$="K%"

*+"-&b2"kM-"%'$N(''$g/*.-$+,$&8'$;(".#B"-&6$4(+,: 8"-.' "*23*<(-&&1"+,*":$'%&-+*'":%2(<"$="

9,-=*"*+"-&"#(+,"+,*"%2*"$="C$<-&"2-:3&*2"+,-+"4*3*-+"C$#*&2"(."- ."-&:$2+"<$:(<-&"+$.* 8"

2$%.'"-2"(="+,*":%2(<",-2"-."('*.+(+1"(22%*"I*<-%2*"(+"'$*2".$+"<$.=$4:"+$"+4-'(+($.-&"

:$'-&(+1 "$4"=$4:"+,-+"#*"('*.+(=1"-2":%2(<@"L,(2 ":(6,+"2+4*.6+,*."2+*4*$+13*2"-:$ .6"

.$. G*3(&*321"&(2+*.*42@"!."-"3-3*4"<-&&*'"<VS.%'S*W$9W&8*P$F%.O'$"#)$,+"9.#1$.#$&8'$65*&$

-'#&/(W4$VS.%'S*W$"#)$;'8"O.+(B$I1"7-T*.'-&*8"M"jbL$$&*@"^O__c`"+,*1"2+-+*/"

^g+O.'$-8"("-&'(*$0.&8$'S.%'S*W$"('$,('?/'#&%W$9")b$>")b$+($)"#1'(+/*b$0.&8$
)'9+#.-$S+**'**.+#b$%/#"-Wb$.).+-Wb$"#)$).O.#'$('O'%"&.+#$"*$('1/%"($,'"&/('*4`$ghi!
*h!%1.!#.;,.2!%1'%!Z.-Z;.!b,%1!.Z,;.Z$9!1'/.!:-&.!Z.&$-7';,%9!Z&-#;.:$!
%1'7!-%1.&$)>"̂ 7-T*.'-&*8 "jbL$$&*@"O__c !̀

E*3*-+*'":$+(=28"'*C*&$3(.6":*&$'18 ":-+,*:-+(<-&"$46-.(U-+($."$=". $+*2"-.'"4*&-+(C*"

4,1+,:2"+,-+" =$4:"<$.C*.+($.-&"'*=(.(+($.2"$=":%2(<8"-4*".$+".-+%4-&&1"34$C('*' "I1"

*3(&*321"BB["4*<$4'(.62"%.&*22"-&6$4(+,:2"<-."I*"'*C*&$3*'"+$"(.+*434*+"+,*:8"Y%-.+(U*"

-.'"$46-.(U*"+,* : 8"(.+$":$'-&"-.'"4,1+,:(<" 2*.2* $=$4"&(2+*.*4@""

!2":%2(=(<-+($."-.1":$4*"*==*<+(C*"+,-."2$.(=(<-+($."=$4"('*.+(=1(.6"2*(U%4*"-<+(C(+1a"!="

:%2(<"(2"+$"I*"%2*'"+$"34$C('*"*-4&1"$.2*+"#-4.(.6"$="* 3(&*321"*C*.+2"(."-"'$:*2+(<"

2<*.-4($8"(+"(2"(:-6(.-I&* "+,-+"9,-=*"-.'" Q"(O.*.B*$<M&'&8+*-+S'$+,$&8'$;(".#B"=4*Y%*.<1"

: $'%&-+($."$="-%'($"2-:3&*2"<$%&'"I*"(:3&*:*.+*'"+$":$'%&-+* "$4"(.+*44%3+"-%'($"

2(6.-&2"#,*. "&(2+*.(.6"+$".$4:-&",$%2*,$&'"4-'($8"+*&*C(2($."$4"3*42$.-&"2$%.'"212+*:2"

#,*."%2(.6"-%'(I&*":$'-&(+1 "+$"#-4."$="*3(&*321"*C*.+2"(."-"3-+(*.+"$4"(.'(C('%-&@"

j+,*4#(2* "-"2(:3&*"2$.(=(*'"-&-4:"&()*"-" A'.1'($:+/#&'( "<$%&'"-&2$"34$C('*"-"2-+(2=-<+$41"

-%'($"#- 4.(.6"$="*3(&*321@"N%:-."I*(.6 2"=(.'"2%''*.":$'%&-+($."$=" 3(+<,8"+,*"2+*4*$"

=(*&'"-.'"C(2%-&"2+(:%&("'(==(<%&+"+$"(6.$4*"2$"+,(2":(6,+"I*"-"%2*=%&"(:3&*:*.+-+($."$="
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:$'%&-+*'"-%'($"(."*3(&*321"#-4.(.62 @"L,(2"(2"3$22(I&1"'%*"+$"+,*"34(:-&".-+%4*"$="

2%4C(C-&"+,-+"-&*4+2"$%4"2*.2*2"#,*."$%4"*.C(4$.:*.+"<,-.6*2 "2%''*.&1@"!="-.1"$="$%4"

2*.2*2"('*.+(=1"-":$'%&-+(.6"2$%4<*"#*"I*6(."+$"+4-<)"(+"(.2+(.<+(C*&18"C(2%-&&18"-%4-&&1"

-.'"(:3%&2(C*&1"<,*<)(.6 "=$4"3$22(I&*"+,4*-+@"""

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"
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QQ;!"$8.4,!$%!C$**$&01+!+'!G0+!$/+'!J'42%;!

!. "hg.#)$"*$g/*.-h"]&$1'"'(2<%22*2"+,*"23-42(+1"-.'"'*.2(+1"$="+,*"<$'(.6"$="&-.6%-6*"

#(+,(."+,*",%:-."I4-(. "-.'"4*&-+*2"+,(2"+$":%2(<@"A*$3&*",-C*"*T3*4(:*.+*'"#(+,"

2$.(=(<-+($.8"-.'":$4*"23*<(=(<-&&1":%2(=(<-+($.8"$="BB["2(6.-&2"4*<$4'*'"=4$:"#(+,(."+,*"

,%:-."I4-(."-.'" ,-C*" '*C*&$3*' "23-42*":%2(<-&"<$'(.6"(."+,*"2,-3 *"$=":%2(<-&".$+*2"$."

-"2+-C*@"L,(2"(2"-"2(:3&(2+(<"-334$-<,"-.'"#,*." <$:3-4*'"+$"+,*"'*3+,"$="&-.6%-6*"%2*'"

#(+,(." C*4I-&"<$::%.(<-+($."(+": (6,+".$+"I*"'*.2*"$4"'*+-(&*'" *.$%6,"<$'(.6"+$"*T34*22"

-&&"+,*":*-.(.6"-.'"'*+-(&8"*23*<(-&&1"-2"#*":-(.&1"<$::%.(<-+*"#(+,"C*4I-&"2*:-.+(<2 "

+,-.":%2(<-&"2*:-.+(<2 @"

L,*".$+*2"$."-"2+-C*"<$%&'"I*"<$.2('*4*'"+,*"&*++*42"=4$:"-."-&3,-I*+8"-.'":*&$'1"

<$.2('*4*'"#$4'2"<$.2+4%<+*'"=4$:"(+@"7%+",%:-." <$::%.(<-+($.8"#(+,"+,*"%2*"$="+,*"

-&3,-I*+"-2"-"<$'* "-.'"C*4I-&"2*:-.+(<2 8"3*4,-32"$3*4-+*2":%<,":$4*"'*.2*&1"#(+,"2%I+&*"

-.'"'*+-(& *'"'*3+,@"!." *C*41'-1"C*4I-&"<$::%.(<-+($.8 "(+"(2"(:3$4+-.+"+$"<$.2('*4 "+,*"

+(:I4*" $4"*T34*22(C*".-+%4*"$="<$.C*42-+($."-2"#*&&"-2"+,*":*-.(.6"$="+,*"#$4'2"-.' "

&-.6%-6*@"!."+,*":%2(=(<-+($."$="BB[8"-"23-42*"<$'*"<-."I*"%2*'" +$"6*.*4-+*"2*+2"$="

'(2<4*+*":%2(<-&".$+*2"I%+"#,-+":(6,+"(+"2$%.'"&()*"I*1$.'"+,*"2(:3&*":-33(.6"$="3(+<,a"

K,-+"-4*"+,*"3$22(I&*"+(:I4*2a "

L,*"+4-.2<4(I(.6"$="BB["'-+-"+$"2(:3&*".$+*28":*&$'1"-.'",-4:$.1"$."-"2+-C*":(6,+".$+"

I*"'*+-(&*'"*.$%6,"+$" <$::%.(<-+*"+,*"*T3*4(*.<*2"$="-."*3(&*321"*C*.+ @"9$.2('*4"+,*"

:%2(<"&(2+*.*'"+$"(."3$2+":$'*4.(2+(<"<%&+%4*8"(+"<$%&'"I*"2%66*2+*'8"#(+,".*# "

*T3*4(:*.+-&"-.'"'*C *&$3(.6"*&*<+4$.(<":%2(<"6*.4*28"+,-+"+(:I4*"(2"-2"(:3$4+-.+"+,-."

+,*":-33(.6"$=".$+*2"+$"-"2+-C*@"H4C$"A‚ 4+"+$%<,*2"%3$."+,(2"#,*."'(2<%22(.6"+$.*"#,*."

,* "2+-+*2/"

^D$8"O'$).*-+O'(')$&8"&$.&$.*$'#+/18$08'#$"$*.#1%'$#+&'$.*$>'"/&.,/%%W$S%"W')4$78.*$
+#'$#+&'b$+($"$*.%'#&$>'"&b$+($"$9+9'#&$+,$*.%'#-'b$-+9,+(&*$9'4$D$0+(T$0.&8$O'(W$
,'0$'%'9'#&*$u$0.&8$+#'$O+.-'b$0.&8$&0+$O+.-'*4$D$>/.%)$0.&8$&8'$9+*&$S(.9.&.O'$
9"&'(."%*$u$0.&8$&8'$&(.")b$0.&8$+#'$*S'-.,.-$&+#"%.&W4`"A‚ 4+8"H@"^-<<*22*'"$.&(.*"
0-4<," S+,8"O_Pc`"
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L(:I4*",-2"'*C*&$3*' "I*1$.'"-"2*+"$ =".$+*2"3&-1*'"$."-"4-.6*"$="-<$%2+(<"(.2+4%:*.+28"(."

:$'*4."*&*<+4$.(<":%2(<"6*.4*2".$+*2"-4*"$=+*."&(:(+*'"I%+"+(:I4*"4(<,8"'*+-(&*'"-.'"

*T<(+(.6"I*<-%2*"$="*&*<+4$.(<"$2<(&&-+$428"21.+,*2(2"+13*2"2%<,"-2"64-.%&-4"21.+,*2(2"-.'"

.%:*4$%2"+*<,.(Y%*2"%2(.6"'(6(+-&":-.(3%&-+($."$="-%'($@"L,(2"34$W*<+"(2"-&2$"*T3&$4(.6"

#,-+"+,*"+(:I4*"$="+,*2*"BB["#-C*=$4:2":(6,+"I*"I*1$.'"+,*(4"3(+<,"$4".$+*"$."-"2+-C*@ "

!="-.-&$6(*2"<-."I*"'4-#."#(+,"&-.6%-6*8"+,*".$+*2 "-&$.*"-4*"+$$"2(:3&(2+(<8"+(:I4*" (2"

<$::%.(<-+(.6"-.' "*T3&$4(.6"'(C*42*"-.'".%-.<*'":*-.(.6@"K*"<$%&'"-2)"W%2+",$#"=-4"

:*&$'1" -&$.*"<-."+-)*"%2"(.+$"+,* "%.'*42+-.'(.6" -.' ".%-.<*2"$="&-.6%-6*8"

<$::%.(<-+( $."-.'"+,$%6,+a "L(:I4*"2,$%&'"-&2$"I*"<$.2('*4*'"(:3$4+-.+"(."+,(2"

34$<*22@"L,*"2(:3&*"-&3,-I*+"(2".**'*'"+$" 2,-3*"&-.6%-6*"-2"-4*":%2(<-&".$+*2"(.":%2(<8"

I%+"#(+,$%+"+,*".%-.<*"$="+(:I4*"(+"'$*2".$+",-C*"2$.(<"'*3+, "-.' "'(C*42(+18"+,*"&-.6%-6*"

$=":%2(<"I*<$:*2"&(:(+*'"+$"2$:*+,(.6" &()*"- "I-2(<"0!;!"=(&* @"F$&*&1":-33(.6 "BB["'-+-"+$"

:%2(<-&".$+*2"$."-"2+-C*":-1".$+"I*"*.$%6,"+$"%.'*42+-.'"+,*".%-.<*2"*:I*''*'"#(+,(."

+,*"*3(&*321"-.'" BB["I4-(. G#-C*=$4:2@"j.*"2(.6&*".$+*"<$%&'"*T34*22":-.1"'(==*4*.+"

+,(.62"#(+,"+,*":-.(3%&-+($."-.'"*T34*22($."$="+(:I4* "

L,*"34*C($%2":*'(<-&& 1"I-2*'" :%2(=(<-+($."4*2*-4<,":*+,$'2"'$".$+"-33*-4 "+$"2-1"

-.1+,(.6"-I$%+"+,*",%:-."23*<+4%:"$="*T3*4(*.<*"$4"*:$+($.2 b$<&8'$&.9>('$+,$'O'#&*B8"

+,*1"2$%.'"4-.'$:"-.' "%.*:$+($.-&"3(*<*2"$=":%2(<8"I*1$.'"+,*"(.(+(-&".$C*&+1"+,*"

'(-&$6%*"$4"*:$+(C*" .-44-+(C*"=-'*2"Y%(<)&1@""94*-+($."$="-&6$4(+,:2"+,-+"34$C('*"

*:$+($.-&&1"<$..*<+(C*":%2(<":(6,+"34$C('*"C-&%*"(."+,(2"-4*-"$="4*2*-4<,8"+,*"4*2%&+2"

:-1 "34$C('*"-".-44-+(C*"+,-+"*T3&$4*2"%.'*42+-.'(.6"I*1$.'"#$4'2@"0 %2(<"(2"<$.2('*4*'"

+$"*T34*22"+,*",%:-." <$.'(+($. "I*1$.'"C*4I-&"'*2<4(3+($.@"!."-"3-3*4"*.+(+&*'"<V#&"#1%.#1$

&8'$g').-"%$E/9"#.&.'*B"+,*"-%+,$42"74(-."N%4#(+U"-.'"A-%&";-)(."-22*4+"+,-+"2<(*.<*"

-&$.*"(2".$+"*.$%6,"+$"%.'*42+-.'",*-&+,8"(&&.*22"-.'"'(2*-2*@"L,*4*"(2"-".**'"+$"<$.2('*4"

*+,(<2"-.'"2$<(-&"2<(*.<*"=$4"-",$&(2+(<"%.'*42+-.'(.6@"^E(<,-4'2"*+"-&"O__h`@"L,(2"2,$%&'"

-&2$"(.<&%'*"+,*".-44-+(C*2"-.'"*T3*4(*.<*2"$="+,*"2%==*4*42"+,*:2*&C*2@"
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B3(&*321"2%==*4*42"-&2$"=(.'"+,*"*:$+($.28"3,12(<-&"-.'":*.+-&"*T3*4(*.<*2"'(==(<%&+"+$"3%+"

(.+$"#$4'28"*23*<(-&&1"#,*4*"<$.2<($%2.*22"(2"<$:I(.*'"#(+,"+,*"*3(&*321"*T3*4(*.<* "$="

<"/("*B"$4"=$<-&"$.2*+"2*(U%4*28"#(+, "<n|k}$O/B"$4"<r"9".*$e/B"I*(.6" - "<$::$."'*2<4(3+($.@ "

B3(&*321"'(24%3+($."(."+,*"+*:3$4-&"&$I*2"<-."-==*<+"*:$+($.2"-.'"I*,-C($%4@"A*$3&*"#,$"

*T3*4(*.<*"+*:3$4-&"&$I*"*3(&*321"^L]B`"'*2<4(I*"(+"-2"=**&(.6"&()*"-"'4*-:8"I%+"=(.'"+,*"

2*.2-+($.2"'(==(<%&+"+$"'*2<4(I*@"L,(2"<-."(.<&%'*"*T34*22(.6"=*-48"(.+*&&*<+%-&"=-2<(.-+($.8"

-.T(*+18":*:$4(*28":%2(<8"2:*&&28"+-2+*2"-.'"*C*."W$1"<-."I*"%2*'"+$"'*2<4(I*"+,*"

2*.2-+($.2"*T3*4(*.<*'"I1"L]B"2%==*4*42@"A-.-1($+$3$%&$2"^O__S`"(.<&%'*2"-"'*2<4(3+($."

I1"-"3-+(*.+"#,$"*T3*4(*.<*'"-%'(+$41"+*:3$4-&"&$I*"2*(U%4*2"#,$"2+-+*'/ "

^D&$.*$"$*&("#1'$<).,,.-/%&@&+@)'*-(.>'B$*'#*"&.+#`$l[m$^E'('$.&$.*$"1".#4$78"&$>/22.#1$
.#$>+&8$'"(*4$D&$.*$k/*&$>/224$D$-"##+&$)'*-(.>'$.&[̀ $$^A-.-1($+$3$%&$2"9A@"O__S`@"

L,*4*"-4*"-&2$".$:*.<&-+%4*"(22%*2"4*&-+*'"+$"(.'(C('%-&"3-+(*.+b2"'*2<4(3+($.2"$="L]B"

*T3*4(*.<* 2/""

<̂n('"9W$*&"&'*Bb$<S*W-8.-$+($9'#&"%$*W9S&+9*Bb$<.#&'%%'-&/"%$"/("B$"#)$<'YS'(.'#&."%$
S8'#+9'#"B$"('$&8'$&'(9*$9+*&$0.)'%W$/*')$&+$)'#+&'$*W9S&+9*$+,$&'9S+("%$%+>'$
*'.2/('*$&8"&$/#.?/'%W$('%"&'$&+$&8'$S"&.'#&B*$S'(*+#"%.&W$('1"().#1$.)'#&.&Wb$
'YS'(.'#-'b$'9 +&.+#b$&8+/18&$"#)$9'9+(W4`$^A-.-1($+$3$%&$2"9A@"O__S`@$

0 %2(<"*T3*4(:*.+-+($." <$%&'"(&&%:(.-+*"+,(2"=%4+,*48"-2"-"2%==*4*4"-.'":%2(<(-. "!"#-.+"+$"

*T34*22"(+"I*1$.'"#$4'2" %2(.6":%2(<"-.'"+(:I4*@" L,(2"34$W*<+",-2"4*2*-4<,*'":*+,$'2"+$"

:-)*" :%2(<"#(+,"BB["* 3(&*321"'-+-"+$"<-3+%4*"(+2".-+(C*"=$4:8"I%+"-&2$"*.+*4(.6 "(.+$"-"

:%2(<-&"'(-&$6%*"+,-+"'*2<4(I*2"*3(&*321"*C*.+2"-.'"+,*",%:-."*T3*4(*.<*"+,4$%6,"

:%2(=(<-+($."$="+,*"BB["'-+-@"L,*"3*4<*3+($."$="B3(&*321",-2"I**."*T3&$4*'"-.'"

(&&%2+4-+*'"(."-4+8"+*&*C(2($."-.'"<(.*:-"I%+"+,*"2+%'1"$="(+"#(+,(.":%2(<",-2"I**."4-4*@"

7̂-T*.'-&*" O__Q̀@"

H2"H:*4(<-. "<$:3$2*4"-.'"3($.**4"(."+,*"%2*"$=".*%4$=**'I-<)";-C('"E$2*.I$$:"

-22*4+28"+,*4*"-4*"%.*T3&$4*'"-23*<+2"$="+,*"I4-(."-.'":%2(<b2"4*&-+($.2,(3"#(+,"(+@"L,-+"

.*%4$2<(*.<*"<$%&'"I*.*=(+"=4$:"C(*#(.6"+,*"I4-(."#(+,":%2(<-&"34(.<(3&*2"#,(<,":(6,+"

34$C('*"=%4+,*4"(.2(6,+2"(.+$"(+2"-<+(C(+1@"^E$2*.I$$:"O_PR`@"

"
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QO;!"#,!"$8.4,!'*!B9,/+%!-/2!+#,!=$/,8-+$70,;!

L,(2"34$W*<+"#$4)"(.+*64-+*2"-.'"'*C*&$32":%&+(3&*":%2(<-&":-33(.6":*+,$'28"

:-+,*:-+(<2"-.'" 21.+,*2(2"+*<,.(Y%*2"+$"2*4C*"-2"+$$&2"=$4":%2(=(<-+($."-.'"2$.(=(<-+($."

$="BB["* 3(&*321"'-+-"-.' "*T3&$4-+($."$="+,*"*:$+($.-&" ,%:-."*T3*4(*.<*"$="* 3(&*321@"

L,(2"<$%&'"I*" <-&&*'"+,* "<&8'$&.9>('$+,$'O'#&*B@"j.*":(6,+",-C* "(.'(C('%-&"('*-2"$."#,-+"

+,*"+(:I4*"$="* 3(&*321"*C*.+2":-1"I*8"I%+"#(&&"(+":*-."+,*"2-:*"+$"-.$+,*4a"L,(2"

34$:3+2"+,*"*T3&$4-+($."$="+,*":*-.(.6"$="<&.9>('B"#,(<,"-&2$",-2" .$:*.<&-+%4*"(22%*2"

4*&-+*'"+$"(.'(C('%-&"'*2<4(3+($.2"$="2$%.'@"H2"-."*&*<+4$.(<":%2(<(-.8"+,(2":*-.2"+,*"

,-4:$ .(<"<$.+*.+"$="2$%.'8"+,*"*.+418"*T(+8"'%4-+($.8":$'%&-+($.8"2%2+-(."Y%-&(+(*2"-.'"

<,-4-<+*4(2+(<2@"Z$4"$+,*428"+,(2":(6,+":*-. "2%IW*<+(C*"&-.6%-6*8"3*4<*3+($."-.'"

%.'* 42+-.'(.6"$="2$%.' "=$4"*T-:3&* 8"I4(6,+8"'%&&8"'-4)"-.'" -664*22(C*@"E*2*-4<,*42",-C*"

<-44(*'"$%+"#$4)"(."+,(2"-4*-"+,-+"(.<&%'*'"'*2<4(3+(C*"#$4'2"2%<,"-2/"

^MW#&8'&.-t$-+%)t$8.18t$1(.&&Wt$".(Wt$>.1t$8"(*8t$+S'#t$-(/#-8Wt$&8.#t$-%'"#t$)/%%t$#"*"%t$
8"()t$*8"(St$1'#&%'t$*+%.)t$&8.-Tt$9/,,%')t$-%+*'t$0++)'#t$(.#1.#1t$-%"9+(+/*t$
).*&"#&t$)(Wt$(+/18t$9'&"%%.-t$*8+(&4`"̂ F-4)-4"*+"-&"O__i`@$

L,* "2%4C*1"('*.+(=(*'"'*2<4(3+(C*"+*4:2"+,-+"#*4*"-64**'"%3$."#,*."+*2+*'"#,(<, "#*4*"

>(.18&b$('*+#"#&b$,/%%b$-%'"#b$)'#*'b$S'(-/**.O'b$8"(*8b$".(Wb$*8(.%%b$"-+/*&.-$S/('$-.' $-%+*'@"

N$#*C*48"+,*4*"#-2":$4*"-64**:*.+"(."+,*"*T<&%2($."$="'*2<4(3+(C*"#$4'2"2%<,"-2"+S'#b$

8"()b$&8.#b$%.18&$"#)$8'"OW@"^F-4)-4"*+"-&"O__i`@"L,(2"2%4C*1(.6"$="'*2<4(3+(C*"+*4:2":(6,+"

-&2$"I*":-'*":$4*"<$:3&*T"#(+, ":$'*4."*&*<+4$.(<":%2(<"#,*4*"<%&+%4-&":*-.(.62"$="

#$4'2"<-."I*" -:I(6%$%28"#$4'2"&()*",-4'8"4$%6,8"6.-4&18"'**38"'-4)"-.'",*-C1"<$%&'"

(:3&1"3$2(+(C*"*T<&-:-+($.2"$=":%2(<"-.'"'*2<4(3+($.2"$="+(:I4*"(." C-4($%2"<%&+%4-&"

64$%32@"

L,(2"'(2<%22($."$."+,*"'*2<4(3+($."-.' "<,-4- <+*4(U-+($."$="2$%.'"-.'"+(:I4* ",-2"I*<$:* "

<$:3&*T"2(.<*"+,*"'*C*&$3:*.+"$="*&*<+4$.(<"2-:3&(.6"-.'"21.+,*2(2 "#,*4*":-.1".*#"

2$%.'2"<-."I*" :-.(3%&-+*'"I*1$.'"$4(6(.-&"<$.+*T+"-.'"<4*-+*'"=4$:".$. G-<$%2+(<"

2$%4<*2@"L,*"O_+,"9*.+%41"I4$%6,+"-".*#"-.'" '(C*42*"3-&*++*"$="2$.(<"3$22(I(&(+(*2"#(+,"
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*&*<+4$.(<"$2<(&&-+$428"<$:3&*T":$'%&-+($."=%.<+($.-&(+18"+,*"4*<$4'(.6"$="2$%.'2"+$"I*"

:-.(3 %&-+*'"I*1$.'"4*<$6.(+($."#(+,":-6.*+(<"+ -3*8"-.'"&-+*4"#(+,"'(6(+-&"2-:3&*42"-.'"

2$=+#-4*@"5*#"21.+,*2(2"+13*28"+*<,.$&$61"-.'"3($ .**42"#$4)(.6"#(+,(."+,(2"=(*&'"<4*-+*'"

.*#"+(:I4* 2".$+"34*C($%2&1"*T3*4(*.<*'"(.":%2(<"<$:3$2(+($. @"L,*":%2(<"<4*-+*'"I1"

:%2(<(-.2"%2(.6"+,*2*".*#" *&*<+4$.(<"(.2+4%:*.+2"(2"$=+*."<-&&*'"<'%'-&(+"-+/*&.-$9/*.-B@"

A4$=*22$4";*.(2"F:-&&*1"'*2<4(I*2"+,(2"6*.4*"-2"(.<&%'(.6"2$%.'2"+,-+"-4*"4*-&"-.'"

2%44*-&8"#(+,"+,*"&(2+*.*4"I*(.6"%.-I&*"+$"&(.)"+,*:"+$"3,12(<-&"2$%.'2"$4"(.2+4%:*.+2"

+,*1"-4*"=-:(&(-4"#(+,@"

Â+#'$"('$&8'$,"9.%."($"(&.-/%"&.+#*$+,$.#*&(/9'#&*$"#)$O+-"%$/&&'("#-'t$1+#'$.*$&8'$
*&">.%.&W$+,$#+&'$"#)$.#&'(O"%t$1+#'$&++$.*$&8'$(','('#-'$+,$>'"&$"#)$9'&('4`"̂ F:-&&*18"
;@"Piic`@$

H."(.+*4*2+(.6"*T-:3&*"$."+,*"'(2<%22($."$."+(:I4*"-.'"2$%.'"(." B&*<+4$-<$%2+(<":%2(<"

I*1$.'"+,*"9&-22(<-&"K*2+*4."+4-'(+($."(2"+,*"=$&&$#(.6"I1"A(*44*"N*.41"!"$S.+#''($+,$

hg/*.?/'$:+#-('&'h3 4$N*.41" '(2<%22*2"-"<&-22(=(<-+($."I*1$.'".$+*2"(."+,*"=$&&$#(.6"+*T+"

!&("#*%"&')b$+(.1.#"%%W$.#$N('#-83"=4$:"<r+/(#"%$)'$9'*$2$. 2b"^D$%4.-&"$="01"F$%.'2@"PiQO`@""

^D#$+&8'($*&/).+*b$&8'$-%"**.,.-"&.+#$+,$*+/#)*$.*$>"*')$+#$*-.'#&.,.-$)"&"4$D#$9W$
-"*'b$&8'('$"('$#+$#+(9"%.2')$*+/#)*b$'&"%+#*b$>/&$'#&.&.'*$08.-8$.#$&8'9*'%O'*$"('$
9.-(+*-+('*4$:+9S+*'(*$0+(T$0.&8$*+/#)*$&+$)+$'O'(W&8.#14$78'$'?/.O"%'#&$+,$
9/*.-"%$#+&'*4$D$8"O'$#+$#+&'*b$D$#'O'($%.T')$&8'$#+&'*4$D$#'')$?/"%.&.'*b$
('%"&.+#*8.S*b$,+(9*b$"-&.+#*b$:8"("-&'(*b$9"&'(."%*b$/#.&*b$9+O'9'#&*4$F#)$"%%$
&8"&b$&8'*'$"('$9W$#+&'*$&+$9'4$N+($'Y"9S%'b$&8'('$"('$*+/#)*$&8"&$D$-"%%$+O"%4$78'W$
'Y.*&$"*$O'(W$&WS.-"%$>'.#1*b$'O+T.#1$0"(b$+($&8'$*&+(9b$+($&8'$-+*9+*4$78'W$0'('$
9")'$,(+9$"$,.#1'($*-("S.#1$+#$"$S.-T@/S$#'')%'b$e'(W$"9S%.,.')$"#)$(+%'$.#$"$(++9$
+,$#"&/("%$'-8+4$gW$+O"%$*+/#)*$"('$>.1$*+/#)*4$f+&$>.1$#+&'*b$&8"&h*$.#*/,,.-.'#&b$
#+&'*4$D&h*$#+&8.#14$D&$1'&*$%+*&$D&h*$*&/S.)4$C'$-"##+&$0+(T$0.&8$&8'$#+&'*4$78'$
#+&'*$"('$1++)$,+($-+9S+*'(*4"̀̂ N*.418"A@"PiQO`@"

!."+,*"Y%$+*"-I$C*"#*"<-."2**"A(*44*"N*.41"'*2<4(I(.6"+,*"34$<*22*2"$=",(2"2$%.'"

<4*-+($."I*1$ .'"+4-'(+($.-&".$+($.2"$=".$+*2@"N*"(2"(&&%2+4-+(.6"#,-+",*"#-.+2"+,*:"+$"

*C$)*"C(-"'*2<4(3+(C*"+*4:2"$="+,*(4"3$22(I&*"+(:I4*8"=$4"*T-:3&*"<+O"%B$-.' $<>.1$*+/#)*4B"

L,*"'*2<4(3+($.2 "(."N*.41b2"Y%$+*"2%66*2+2"-".**'"=$4"<$.2('*4-+($."$=" .*#" :%2(<-&"

+*4:28"<-+*6$4(*2"-.'"<&-22(=(<-+($."$="+(:I4*"(."+,*"*&*<+4$-<$%2+(<"-6*@"
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L,*"<$:3%+*4"-.'":%2(<"2$=+#-4* ",-C* "I4$-'*.*'"+,*" 3$22(I(&(+(*2"$="+(:I4*@"F$%.'"

6*.*4-+($. 8"21.+,*2(2"-.' "2$.(<"+4-.2=$4:-+($. "<-3-I(&(+1",- C*"I*<$:*"-<<*22(I&*"+$"-"

#( '* "4-.6*"$=":%2(<"<$.2%:*42"-.'"<4*-+$42"'%*"+$"+,*"34$&(=*4-+($."$="'(6(+-&":%2(<"

2$=+#-4*8":%2(<"4*<$4'(.6"-.'":-.(3%&-+($.".$"&$.6*4"4*Y%(4*2"*T3*.2(C*"*Y%(3:*.+8"

23*<(-&(U*'"*.6(.**42"-.'"2+%'($"23-<* ;!!+"(2"-&2$"3$22(I&*"+$"<$.2('*4"+,* "<$:3%+*4"-.'"

*&*<+4$.(<":%2(<"-2"=$&)":%2(<8"#,*4*"(+"(2"-<<*22(I&*"-.'"-C-(&-I&*"+$"-&&"#,*+,*4"

:%2(<-&&1"+4-(.*'"$4".$+@";*..(2"F:-&&*1":-)*2"-"<$:3-4(2$." $="*&*<+4$-<$%2+(<":%2(<"-2"

-."$4-&"-<+(C(+1"-6-(.2+"+,*",*4(+-6*"$="+4-.2<4(I*' "#*2+*4."-4+": %2(<@"F:-&&*1"2%66*2+2"

+,-+"*&*<+4$-<$%2+(<":%2(<"(2".$+"-2"*-21"+$"+4-.2<4(I*"+$".$+-+($."-2"#*2+*4."<&-22(<-&"

:%2(<"(2@"^F:-&&*1"Piic@̀"L,*"2*3-4-+($."$="3*4=$4:(.6":%2(<"-.'"#4(+(.6":%2(<"(2".$+"

34-<+(<*'"-2"*T+*.2(C*&1"(. "-." *&*<+4$-<$%2+(<"2*++(.68"+,*4*=$4*"I*(.6"2(:(&-4"+$"+,*"$4-&"

+4-'(+($."$="=$&)":%2(<@"L,*"(.+*4.*+",$2+2"-"C-2+"4*2$%4<*"$="3*$3&*"2,-4(.6"*&*<+4$.(<"

:%2(<"('*-2"-.'"+%+$4(-&28"+(32"=$4"-<,(*C(.6"23*<(=(<"2$%.'28"6*.4*2"-.'"21.+,*2(2"

+*<,.(Y%*2@"L,(2"<$%&'"I*"'*2<4(I*'"-2"-."$4-&"+4-'(+($."&()*"+,*"+4-.2:( 22($."$="=$&)"

:%2(<"#-2"34($4"+$"+,*"'(6(+-&"(.+*4.*+"*4-@"

L,*":%2(<"(.'%2+41",-2"<$:3&-(.*'"-I$%+"4*'%<+($."(."4*C*.%*"2(.<*"+,*" <$:3%+*4"

'$#.&$-'" *4-@"L,*"-<<*22(I(&(+1"$="<$:3%+*4":%2(<"2$=+#-4*"*.-I&*2"(.<4*-2(.6".%:I*42"

$="3*$3&*"+$":-)*":%2(<8"%3&$-' "+,*(42"-.'"$+,*42 $=$4"=4**"+$"M+/#)-%+/)b$;"#)-"9Sb$

v+/&/>' 8"3*42$.-&"#*I2(+*2"-.'"3**4G+$G3**4"3&-+=$4:24$H"C-2+"-:$%.+"$=":%2(<"(2"=4**&1"

-C-(&-I&*"=$4"+,*"&(2+*.(.6"3%I&(<"+$"<$.2%:*"#(+,$%+"3%4<,-2(.6"(+@"9$.2('*4 "+,*"-.-&$61"

+,-+",(2+$4(<-&&1"(+"#-2"$.&1"-. "*'%<-+*'"=*# "#,$ "#*4*"&(+*4-+*8"I%+"-2"+,*"3$3%&-+($."

I*<-:*"*'%<-+*'" +,*1":(6,+" -&2$",-C* "I**."<$.<*4.*' "-I $%+",$#"+,*1":(6,+"<$.+(.%*"

+$":-)*"-"&(C(.6"(=":-.1":$4*"$="+,*"3$3%&-+($."<$%&'".$# "4*-'"-.'"#4(+* @"A*4,-32"

:%2(<":-)(.6"(."+,*"<$:3%+*4"-6*"(2"2(:(&-4a" 0 %2(<":(6,+ ".$# "I*"-"&-.6%-6*"+,-+"'$*2"

.$+"4*Y%(4*"-"34$=*22($.-&&1"+4-(.*'"2<4(I*@"L,*"3$3%&-+($."=%4+,*4"-&2$"'*C*&$32"-. "

(.+4(.2(<"%.'*42+-.'(.6"$ ="'(C*42*"6*.4*2"-.'" <(.*:-+(< "2+1&*":%2(<"+,4$%6,": %&+(:*'(-"

<$.2%:3 +($."$="<(.*:-8"+*&*C(2($.8"+,*"(.+*4.*+"-.'"6-:(.6"2$%.'+4-<)2@" "
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L,(2":-1"I* "-."(.+*4*2+(.6"-.-&$61"I%+"#*" '$" <$.+(.%*"+$"-334*<(-+*"23*<(-&(2+"-%+,$428"

2<4(3+#4(+*42"-.'"W$%4.-&(2+2"#,*4*"#4(+(.6"( 2"-"23*<(-&(U*'"34$=*22($."#$4+,1"$="4*C*.%*"

=$4"+,*(4"2)(&&2@"!+"(2"4*-2$.-I&*"+$"2%66*2+"+,-+"23*<(-&(U*'":%2(<"<4*-+$42"'*2*4C*"+,(2"-.' "

(+"(2"4*=&*<+*'"#(+,"+,*"<$.+(.%*'"2%<<*22"$="&(C*"3*4=$4:-.<*"'*23(+* "=4**"'$#.&$-'"

(22%*2@"L,*4*"(2".$"2%I2+(+%+*"+$"2**(.6"- "=-C$4(+*":%2(<"-4+(2+"3*4=$4:8"*.-I&(.6"+,*"

<$.+(.%-+($."$="-"34$=*22($.-&":%2(<(-.@"

E*6-4'(.6"+,*"'(2<%22($."$. "*T3&$4-+($."-.'"('*. +(=(<-+($."$="+(:I4*8"(+"(2"4*-2$.-I&*"+$"

2%66*2+"+,-+"+,*".$.G*&*<+4$-<$%2+(<":%2(<(-.",-2"-"2$3,(2+(<-+*'"(.+*4.-&"'(-&$6%*"-.'"

%.'*42+-.'(.6" $="'(C*42*"+(:I4*"=4$:"<(.*:-+(<"2$%.'2<-3*@"9$.2('*4"+,*" -+:$23,*4(<"

2$%.'2<-3*"$="=(&:"-.'"+*&*C(2($.8"*T-:3&*2"(.<&%'*"+,*"*&*<+4$-<$%2+(<"2$%.'"'*2(6." =$4"

+,*"=-:$%2"kn(4$C8+B*$<7"().* B"2$%.'"*==*<+"'*2(6.*' "I1"74-(."N$'62$. @"L,(2",-2"

3*4:*-+*'"-.'"'(C*42(=(*'"$%4"&(2+*.(.6"3-&*++*2"I*1$.'"+,*"2(.6%&-4"-<+(C(+1"$="h%.*&'#.#1$

&+$9/*.-h@"N$'62$."=(42+"<$.2+4%<+*'"-"C*4I-&"'*2<4(3+($."$="#,-+"+,*"2$%.'"2,$%&'"

2$%.'"&()*8"'*2<4(I(.6"+,* "2$.(<"Y%-&(+(*2"-.'"+,*." I*6-. "'*2(6.(.6"(+@"L,*"%2*"$="

&-.6%-6*"-.'"C$<-I%&-41"I*(.6"(:3$4+-.+"+$"+,*" <4*-+(C*"2$%.'"'*2(6."34$<*22"-.'"+,*"

*C*.+%-&"+(:I4*"$="+,*"'*2(4*'"2$%.' @"!."-."(.+*4C(*#" =$4"779"5*#2"I1"A-%&"N-1*2"-.'"

0-4+(."7-4I*4"<-&&*'"<n+-&+($C8+P$E+0$f+(,+%T$9"#$-('"&')$n"%'T$"#)$7"().*$*+/#)*B"

N$'62$."2+-+*2/"

jD$)+#h&$T#+0$08+$&8+/18&$+,$.&b$>/&$0'$-"9'$/S$0.&8$&8'$h('#).#1$+,$&8'$,">(.-$+,$
&.9'$"#)$*S"-'B4`$̂N$'62$.8"7@"O_Pf`@"

k78'$7"().* B"#$%&'".**'"+$"-<,(*C*"+,*"+(:I4*"$= "-"Pih_b2"A$&(<*"7$T",%4+&(.6"+,4$%6,"k&8'$

,">(.-$+,$&.9'$"#)$*S"-'4B$L,* "4*-&(U-+($."$="+,(2"2$%.'"'*2(6."4*&(*'"$."+,*"+(:I4*"$="

(:-6(.-+($."-.'".$+ "+,*"+(:I4*"$="-<+%-&"*C*.+2@"g(*#*42"-.'"2$%.'"'*2(6.*42 "#*4*"

%.&()*&1"+$",-C*"-"4*-&(2+(<"3*4<*3+($."$="+,(2"2$"- ."(.+*4.-& "<(.*:-+(<" (:-6(.-41" '(-&$6%*"

(2"*:3&$1*' @"L,*" <7"().*B$#-2"<4*-+*'"I1"4*<$4'(.6"+,*"2<4-3(.6"-") *1"-&$.6"+,*"I-22"

2+4(.62"$."-"3(-.$8"&-1*4*'"#(+,"$+,*4"4*<$4'(.62"$="+,*"2-:*"-<+($.8"23**'(.6"-.'"
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2&$#(.6"+,*:"'$#.8"-.'"-''(.6"-"4(2(.6".$+*"<$:I(.*'"#(+,"=**'I-<)"-.'" w78'$7"().*$

0"*$>+(#`$!7-4I*48"0@"N-1*28"A@"O_Pf`@"

L,*"<(.*:-+(<"2$%.'2<-3*"<-."I*" -33-4*.+ "-.'"<$.2<($%2"I%+"<-. "-&2$"I* "2%I&(:(.-&"(."

(+2"(.,-I(+-+($."$="-"&-46*"3*4<*.+-6*"$="$%4"+*&*C(2($."-.'"=(&:"*T3*4(*.<*@"L,*",$:*"

<(.*:-"(2 "%I(Y%(+$%2"(.":-.1 ",$:*2"-.'"+,*"-<<$:3-.1(.6"2$%.'2< -3*2"-.'"

I-<)64$%.'":%2(<":$C*"I*1$.'"3$3%&-4":%2(< "6*.4*@"N$#*C*48"-&+,$%6,"+,*"&(2+*.*4"$4"

C(*#*4":(6,+",-C*"-."(.2+(.<+(C*"(.+*4.-&"'(-&$6%*"#(+,"<(.*:-+(<"2$%.'2<-3* 8"+,*(4"

-I(&(+1"+$"'*2<4(I*"+,*"+(:I4*2"C*4I-&&1":(6,+",-C*"C-2+"'(==*4*.<*2"I*+#**."*-<,"

&(2+*.*4@""

"#,!4,1-+$'/%#$(a!-/2!(,4#-(%!$/+,4/-1!2$-1'50,a!3$+#!&$/,8-+$&!,1,&+4'/$&!80%$&!

-/2!%'0/2!.,5-/!$/!+#,!,-41)!Q]ZPc2@"H."*-4&1"*T-:3&*"#-2"+,*"**4(*"2$%.'"$="+,*"

*&*<+4$.(<"L,*4*:(."(." <78'$n"W$&8'$V"(&8$M&++)$M&.%%B"k2<$4*"I1"7*4.-4'"N*44:-. "#(+,"

+,*"L,*4*:(."3&-1* '"I1"F-:%*&"N$==:-."A-%&"F,%4*"(."PiSP@"L,*"=(42+"=%&&1"*&*<+4$.(<"

:$C(*"2$%.'+4-<)"(2"<$.2('*4*'"+$"I*" <X'&/(#$+,$78'$g+#*&'($,(+9$78'$D)B$(."PiSh8"#(+,"

+,*"2<$4*"-.'"2$%.'"'*2(6."I1"]$%(2"-.'"7*I*"7-44$."PiSh @"7*I*"7-44$."2-12/"

^78"&$&+$9'$.*$"$S'(,'-&$'Y"9S%'$+,$+/($0+(Tb$D$9'"#$0'$0'('$+/&$&+$9"T'$&8'$
%+O'">%'$9+#*&'(@̀"7̂-44$."PiSh̀ @"

]$%(2"7-44$."2-12"+,-+"+,*"*Y%(3:*.+"<(4<%(+2"%2*'"#*4*".$+"(.2+4%:*.+2"I%+"3*4=$4:*42@"

7-44$. "#-2"-&2$"-"<$:3*+*.+"-.'"<$.=('*.+"*&*<+4$.(<2"*.6 (.**4"#,$"I%(&+"-.'"<4*-+*'"

-&&",(2"$#."*&*<+4$.(<"*Y%(3:*.+"6(C(.6",(:"+,*"$33$4+%.(+1"+$"*T3*4(:*.+"-.'"(..$C-+*"

#(+,$%+"+,*"4*&(-.<*"$."-.1$.*"*&2*@"L,*1"#*4*"I$+,":*:I*42"$="+,*"5*#"x$4)"HC-.+ G

6-4'*"+*-:(.6"%3"#(+,"-4+(2+2"-.'"<$:3$2*42"2%<,"-2"D$,."9-6*8"*T3*4(:*.+(.6"#(+,"

+-3*"23&(<(.68"&$$3(.6"-.'"̂ 9+#T'W.#1$"(+/#)`$!i+/.*$;'>'3 "#(+,"'(==*4*.+"<(4<%(+2"+$"2**"

#,-+"(+"#$%&'"34$'%<*"2$.(<-&&1@"9-6*b2"̂ C.%%."9*$g.YB"#-2"<4*-+*'"-2"-"<$&&-I$4-+($."

I*+#**."I1"<%++(. 6"-.'"23&(<(.6"+(.1"2&(+,*42"$="+-3*"-.'"3%++(.6"+,*:"I-<)"+$6*+,*4"

#(+,"<,-.<* G$3*4-+($.@"]$%(2"7*I*"#-.+*'"+$"*T3*4(:*.+"#(+," ^S%/11.#1$&8.#1*$.#$0(+#1`"

+$"2**"#,-+"#$%&'",-33*. @"E-.'$:(U-+($. "-.'",-33*.2+-.<*"#*4*"*. <$%4-6*'"#(+,"+,*"
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<(4<%(+418"]$%(2"<-&&*'"+,*:"<>'8"O.+("%$-.(-/.&*4B"L,*1"#*4*"I*(.6"$46-.(< 8"'$(.6"#,-+"

+,*1"#-.+*'"+$"'$@"]$%(2"-.'"7*I*"7-44$."-C$('*'"2+-I(&(U(.6"+,*(4"*Y%(3:*.+ "2$"(+"

#$%&'".$+"2$%.'"+,*"2-:* "*C*41"+(:*"+,*1"#*4*"3&-1*'8"34$C('(.6"$33$4+%.(+(*2"=$4"

*Y%(3:*.+"+$"<,-.6*"*-<,"+(:* "(+"#-2"%2*'@"!.2+-I(&(+1"I*<-:*"-"<4*-+(C*"=$4:"#(+,(."

+,*"<(4<%(+41"-.'"+,*(4"<4*-+(C*"34$<*22*2@"̂ N$&&(.628"?@"7%4:-.8"0@"^O_Pf`@"

!+"<$%&'"I*" -46%*' "+,-+"+,(2"34$<*22"$="4*23*<+(.6"+,*"(.2+-I(&(+1"$="*-4&1"*&*<+4$.(<"

<(4<%(+41"#-2"&(2+*.(.6"+$"#,-+"+,*"<(4<%(+41"#-2"<$::%.(<-+(.6"2$.(<-&&1"I*=$4*"

(:3$2(.6"<$.2+4-(.+2"+,4$%6,"+,*"2*-4<,"=$4"2+-I(&(+1@";*C*&$3(.6"-"4*-&"'(-&$6%*"

I*+#**."*Y%(3:*.+"-.'"*&*<+4$-<$%2+(<"-4+(2+"#-2"-"3$2(+(C*"<4*-+(C*"*.C(4$.:*.+"-+"+,*"

I*6(..(.6"$="+,*"<(.*:-+(<"*&*<+4$.(<"2$%.'2<-3*@""

L,*"=(&:"'(4*<+$4"H&=4*'"N(+<,<$<)").*#"+,*"(:3$4+-.<*"$="F$%.'"+$"'*2(6."+,*"

-+:$23,*4*"#(+,(.",(2"=(&:28"'*2<4(I(.6"+,*"*:$+($.-&"*T3*4(*.<*@"K,$"<-."=$46*+"+,*"

(.=-:$%2"2+-II(.6"2$%.'"(."+,*"2,$#*4"2<*.*"(."N(+<,<$<)b2" hQ*W-8+h$3%.<+%-+*'"I1"+,*"

2$%.'"'*2(6.8"2&-2,(.6 "+,4$%6,"$%4":$'*4.(2+"'$:*2+(<(+18"3%.<+%4(.6"+,*"2-=*+1"$="$%4"

2,$#*4 G+(:*"=$4"*C*4"-=+*4"#(+.*22(.6"+,-+"2<*.*"-.'"+,-+"2$%.'@"L,*"-I(&(+1"+$"<4*-+*"

-+:$23,*4*2"#(+,"2$%.'"I*1$.'"-"2(:3&*"'*=(.(+($."$=" <9/*.-B",-2"I**."*T+4*:*&1"

(:3$4+-.+"(."<(.*:-@"L,* "Pihf"N(+<,<$<)"=(&:"<78'$;.()* \"%2*'"-."*&*<+4$.(<"21.+,*2(U*4"

<-&&*'"<78'$7("/&+#./9h"G".$.*"$= "+,*"I(4'"2$%.'2"#*4*".-+%4-&@"N(+<,<$<)"#-.+*'"-".*#"

'(:*.2($."$="+*44$4@"F<$4*'"I1"7*4.-4'"N*4:-..@" "

jC8'#$W+/$S/&$9/*.-$&+$"$,.%9b$.&h*$k/*&$"#+&8'($*+/#)$('"%%W4j"H&=4*'"N(+<,<$<)@"
^K-'2#$4+,8"9@"O_Ph`@""

L,(2"(2"+,*"4*-2$."+,*"+*4:" <-.#'9"&.?/'B$#-2"34*C($%2&1"%2*'!#(+,(."+,(2"'$<%:*.+ $-2"-"

<-+*6$4(U-+($."(."+,*"<4*-+($."$="*&*<+4$.(<"2$%.'2<-3*@"0%2(<"<$.2%:3+($.",-2"I**."

(.=&%*.<*'"I1"+,*"(.+*4.-&"'(-&$6%* "-.'"&(2+*.(.6":$'*2 "#*",-C*"'*C*&$3*'"+,4$%6,"

<(.*:- +(<"2$%.'2<-3*@"H2"<(.*:-"-.'" +*&*C(2($."34$C('*"+,*"(:-6*2"=$4"2$%.'"'*2(6.*42"

+,(2"34$W*<+",$3* 2"+$"34$C('*"+,*"2$%.'"'*2(6."=$4"+,*"&(2+*.*4"+$"<4*-+*"+,*(4"$#."

(.+*4.-&"<(.*:-"=$4"* 3(&*321@"!."+,*":%2(=(<-+($.2"'*C*&$3*'"=$4"+,(2"34$W*<+"+,(2"('*-" ,-2"
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I**."-33&(*'8" (."+, *"<$:3$2(+($."-.'"2$%.'"'*2(6. 8"+$"-++*:3+"+$"4*<4*-+*"+,*"+(:I4*"$="

*C*.+28"*:$+($.2"-.'"*T3*4(*.<*2 "$="*3(&*321"*C*.+2@"H2"#(+,"+,*"=(&:$<78'$;.()*Bb"#,*4*"

+,*4*"#*4*".$" <9/*.-"%$.#*&(/9'#&*B8"+,*"*&*<+4$.(<"2$%.'2",-C*"<4*-+*'"+,*"+(:I4*"$="+,*"

3,12(<-&"-.' "321<,$&$6(<-&"$IW*<+(C*2@"H."*T-:3&*"$="+,(2"#(+,(."+,* "2$%.'2<-3*2"

34$'%<*'"=$4"+,(2"34$W*<+"(2"+,*"0(.$+-%4"2$%.'"'*2(6." (." <n"#&'$"#)$e.(1.%$n'*-'#)$Q"*&$

&8'$g.#+&"/(4B"L,*"0 (.$+-%4"'*C$%4(.6",%:-."=&*2, "-.'"+,*"=$$+2+*32"+,-+"<-."I*",*-4'"

-4*"*&*<+4$.(<"4*-&(U-+($.2"$="+,*"3,12(<-&"-.'"321<,$2$<(-&"$IW*<+(C*2@"

!."+,*"<$:3$2(+($. $<i+*&bB$34$'%<*'"-2"3-4+"$="+,(2"34$W*<+8"+,*4*"(2"-."-++*:3+ "+$"4*<4*-+*"

+,*"=**&(.6"$="I*(.6"&$2+"=$&&$#(.6"-"3*42$.-&"*T3*4(*.<* "$="- . "-I2*.<*" 2*(U%4*"$."-."

*C*.(.6"I%2@"j."4*+%4.(.6"+$"<$.2<($%2.*22"!"=$%.'":12*&="#-&)(.6" (."-"3-4+"$="+,*"<(+1"

-+".(6,+"!"#-2".$+"=-:(&(-4"#(+,@"L,(2"*T3*4(*.<*"<4*-+*'"<$.=%2($."-.'"+,*"=*-4" $="I*(.6"

&$2+@"L,*"2$%.'2<-3*" ,-2"-++*:3+*'"+$"4*<4*-+*"+,* "<(.*:-+(Y%*"$="+,*"*C*.+@"0%2(<-&"

=$4:"-33*-42"-I2*.+8"-&&"(2"&$2+8":%2(<-&G&()*"2$%.'2"3(*4<*"+,*"2<*.*"-2"+,*"4*+%4."+$"

<$.2<($%2.*22"+-)*2"3&-<*@"H2"K-&+*4"0%4<,8"=-:$%2"=$4"=(&:"2$%.'"'*2(6."2%<,"-2"

<FS+-"%WS*'$f+0B"2%66*2+*'"(."-"+*&*C(2($."'$<%:*.+-4 1"-I$%+"+,*"F$%.'"$="9(.*:-"

7̂%4:-."*+"-&"O_Pf`/"

*T1.7!9-<!Z<%!:.'7,7=!,7%-!%1.!$-<70!.22.(%$)))!'$!'!;,$%.7.&!9-<!('7!Z<;;!
:.'7,7=!2&-:!,%)>!^0%4<,8"K@"O_Pf`@!

$7*(.6"*23*<(-&&1"(:3$4+-.+ "+$"+,(2"34$W*<+"#$4)"(2"+,-+"+,*"2$%.'"'*2(6."%2*2"+,*"

-%+,*.+(<"*3(&*321"BB["'-+-"'(4*<+&1"+$"4*<4*-+*"+,*"321<,$&$6(<-&"+(:I4*"$="4*-&"*3(&*321"

*C*.+2@""$

!F$%+,/!+'!&'8('%$+$'/!&-11,2!`!O?-$%R!!
"

!

!

!
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QX;!H,&-($+01-+$'/;!

]$$)(.6"=$4":%2(<"#(+,(." BB[" *3(&*321"I4-(."#-C*2"'$*2".$+"2(:3&1"34$'%<*"#$.'*4=%&&1"

=$4:*'":%2(<"-2"#*":(6,+").$#"(+ @"BT3*<+(.6"+$"=(.'":*&$'18",-4:$.1"-.'"4,1+,:"+,-+"

:(6,+"I*"<$.2('*4*'"3$3%&-4"=$4:2"$4"4*-&(U-+($.2"$=":%2(<"(2"3$22(I&1"%.4*-&(2+(<@"!+"

<$%&'"I*"&()*.*'"+$"-":-&=%.<+($.(.6"9;"A&-1*4"$4"E*<$4'";*<)"+$"3&-1"I4$)*."<$:3-<+"

'(2<2"$4"'-:-6*'"4*<$4'2 "-.'" *T3*<+(.6"+,*"4*2%&+2"I*"3$3%&-4"$4"*-21G&(2+*.(.6$:%2(<@"

H&+,$%6,".*#":%2(<"6*.4*2"'$" %2*"+,*"2$%.'"$=":-&=%.<+($."-2"2$.(<"+*T+%4*"-.'"

-*2+,*+(<"3$22(I(&(+18"*T*:3&(=(*'"I1"6*.4*2"2%<,"-2"<A%.&-8B"$4"+,*"4*3*+(+(C*"&$$3(.6"$="

2:-&&"=4-6:*.+2"$="2$%.'"(."-"'(6(+-&"2-:3&*4@"L,*" I4-(."(2":-&=%.<+($.(.6"'%4(.6"

*3(&*321"2*(U%4*2"-.'"+,*":%2(<": -'*"=4$:"+,*"BB["4*<$4'(.62" :%2+"4*=&*<+"+,(28"

&(2+*.(.6"+$"+,*"$4(6(.-&"*3(&*321"BB["'-+-"<$.=(4:2"+,*".$(2*"-.'"<,-$2"34*2*.+"(."BB["

-.'"+,*"I4-(."'%4(.6"-"2*(U%4*@"5 $(2*",-2"I**." 34*C($%2&1"'*=(.*'"-2":%2(<"(."-4+(2+(<"

:$C*:*.+2@"L ,*"Z%+%4(2+2"#*4*"=-2<(.-+*'"#(+,"+,*".$(2*"$="+,*"+#*.+(*+,"<*.+%418"+,*"

.*#".$(2*"$=":-<,(.*41"-.'"#-4@" !." <78'$F(&$+,$f+.*'B$^L,*" Z%+%4(2+"0-.(=*2+$8"PiPf`"]%(6("

E%22$&$"2+-+*'"+,-+"+,*1"#*4*"I$4*' "#(+,"+,*" *̂+,&$"#)$%.9S.)$S/(.&W$+,$*+/#)$"#)$&8'$

-"('* *.#1$+,$&8'$'"($>W$*/"O'$8"(9+#.'*4`$L,*1" -2)*'"34$C$<-+(C*&18"̂ .*$&8'('$"#W&8.#1$

9+('$(.).-/%+/*$.#$&8'$0+(%)$&8"#$&0'#&W$9'#$*%"O.#1$&+$.#-('"*'$&8'$S%".#&.O'$9''+0.#1$+,$

O.+%.#*q`$L,*"Z%+%4(2+2"<$.2('*4*'"+,*".*#":*<,-.(<-&".$(2*"$="+,*":$'*4."-6*"-2"

3$22(I&*":%2(<8"4,1+,:2 "-.'"*T<(+(.6"+(:I4* @"B.<$%4-6(.6":%2(<(-.2"+$"4('"+,*:2*&C*2"$="

+4-'(+($.-&".$+($.2"$=":%2(<8":*&$'1"-.'"4,1+,:"<4*-+(.6".*#"2$.(<"'*C*&$3:*.+2"=$4"

+,*"<$:3$2(+($."3-&*++*@"!="+,*"Z%+%4(2+2",-'"+,*"$33$4+%.(+1"+$"+4-.2=$4:"-.' "&(2+*."+$"

+,*"BB[".$(2*"$="-"I4-(."'%4(.6"*3(&*321"+,*1":-1"#*&&",-C*"I**."*T<(+*'"I1"+,(2".$(2*"

-.'" 4*'*=(.*'" (+"-2":%2(<"+$$@"

L,*" $IW*<+(C*"-.-&12(2"$="3%4*"2$.(=(<-+($."'-+- ":-1"#*&&"I*"%2*=%&"+$"2<(*.+(=(<-&&1"

%.'*42+-.'"+,*"I4-(."#-C*2"'%4(.6"+,*2*" *3(&*321"*C*.+28"I%+":%2(=(<-+($."=$4"-*2+,*+(<"

&(2+*.(.6":-1".$+a"H2"-."*&*<+4$.(<":%2(<(-.8"+,*"<4*-+(C*"2%IW*<+(C(+1"I*<$:*2"-"
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:$+(C-+(.6"=-<+$4"-.'"(.=&%*.<*2"+,*" :%2(<-&"4*2%&+2"#,(<," 3$22(I&1"<-+((/S&*B"$IW*<+(C(+1"

4*&-+(.6"+$"'-+-"-.-&12(2@"jIW*<+(C*"2$.(=(<-+($."(2"3-4+"$="+,*"34$<*22"*:3&$1*' "'%4(.6"-"

34$W*<+"&()*"+,(2"C(-"-&6$4(+,:2"*:3&$1*' 8"I%+"+,*4*"I*<$ :*2"-"3$(.+8"$4"=%&<4%:8"#,*4*"

:%2(<(-.2"*.+*4"-. "-*2+,*+(<":%2(=(<-+($."34$<*22"#,(<,"I*6(. 2"+$"-&+*4"-.'"(.=&%*.<*"+,*"

'-+-"2%IW*<+(C*&1@$

!2"+,*4*"-"3&-<*"=$4"2%IW*<+(C*":%2(<-&"(.+*434*+-+($.2"$="*3(&*321"BB["'-+-"(."2<(*.<*a"

9$..*<+(.6"-<-'*:(<"'(2<(3&(.*2":(6,+"I*"(:3$4+-.+8"-2"A,12(<(2+";-C('"7$,:"'(2<%22*2"

(."kC8+%'#'** $"#)$&8'$D9S%.-"&'$=()'(h"23*<(=(<-&&1"+,*"<,-3+*4"kN("19'#&"&.+#$"#)$

08+%'#'**B$#,*4*" 7$,:"-22*4+2"+,-+",%:-.(+1",-2"<$.+(.%*'"+$"'(C('*"(+2*&="(.+$"4-<(-&"

64$%328"2*3-4-+*".-+($.28"'(==*4*.+"4*&(6($.28"$33$2(.6"3$&(+(<2"-.'"I*1$.'@";(22-+(2=(*'"

#(+,"+,*2*"<-+*6$4(*28"3*$3&*",-C*"=%4+,*4"23&(+"(.+$"C-4($%2"<*S'-."%&.'*B"#(+,(."

(.+*4'(2<(3&(.-41"2%IW*<+2"2%<,"-2"-4+8"2<(*.<*8"+*<,.$&$618":*'(<(.*8"3$&(+(<2"-.'"4*&(6($. "

<-%2(.6"+$"'(C('*",%:-.(+1"(.+$"=4-6:*.+2 "+,-+"<-."34$:$+*"<$.=&(<+8"$33$2(.6"$3(.($.2"

-.'" 2*3-4-+*'" '*=(.(+($. 2@"K,*4*-2"7$,:"34$:$+*2"-" <08+%'#'**B$('*-&"(."-"6&$I-&"

<$::%.(+1"#,*4*" <8/9"#$0+(TB".$"&$.6*4"=4-6:*.+28"#,(<,",*"-46%*2"(2"+,*"<-%2*"

<$.=&(<+"-.'"<$.=%2($.@"^7$,:8";@"O__O`@$K,*."#*"&$$)"-+"+,*"#$4&'"#*"2**"4-'(<-&"

2*3-4-+(2:"(.":-.1",%:-."-<+(C(+(*28"3$&(+(<-&"-.' "('*-&2@"L,*"4*<$..*<+($."$="

=4-6:*.+*' "('*-2"# (+,(."-" '(2+(.<+"'(2<(3&(.*"(2"(:3$4+-.+8"I%+"-&2$"4*&*C-.+"+$"'(==*4*.+"

' (2<(3&(.*2"2%<,"-2"-4+"-.'"2<(*.<*8"-2"#*&&"-2"+,*"4*&-+($.2,(3"I*+#**. ":*'(<-&"

34-<+(+($.*4"-.'"3-+(*.+ @"$

0%2(<(-.2"-4*"'(4*<+&1"(.=&%*.<*'"I1"C-41(.6"-*2+,*+(<"C-&%*2"-.'"('*-&28"W%2+"&()*"+,*"

4*2%&+2"$="2$.(=(<-+($."-.'":%2(=(<-+($. "$="+,*"BB["'-+-" -4*"(.=&%*.<*'"'(4*<+&1"I1"+,* "

-&6$4(+,:2"%2*'@"L,*" 4*<$4'*'" BB["I4-(." #-C*2"=%.<+($."I*&$#",%:-.",*-4(.6"-.'"

4*Y%(4*"+4-.2=$4:-+($."$4"+4-.23$2(+($."(.+$"-%'(I&*"4-.6*28"+,* ":*+,$'2"$=" $46-.(U-+($."

$="+,*"BB[" '-+- "(.+$"-%'(I&*":%2(<-&"=$4:"(.=&%*.<*2"-.'"-&+*4 2"+,*"4*2%&+2@"L,*4*=$4*8"

$.<*"+,*"'-+-",-2"I**."<$&&*<+*'" -.'"+,* ":%2(=(<-+($."34$<*22"I*6(.28"+,* "$IW*<+(C*"'-+-"

4*2%&+2"I*<$:* "-*2+,*+(<":%2(=(<-+($.8"I%+"+,-+"'$*2".$+":*-."(+"<-..$+"(.=$4:"$4"
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<$.+4(I%+*"+$"2<(*.<*@"F<(*.+(=(<"-&6$4(+,: "2$.(=(<-+($."34$<*22*2"<-." -&2$"4*2%&+"(."

:$C(.6 "-#-1"=4$:"+,*"$4(6(.-&":%2(<-&&1"4*&-+(C*"'-+- @"!="+,*"'-+-"(2"+$"I*"(.+*434*+*'"

2<(*.+(=(<-&&1"(+"'$*2".$+".*<*22-4(&1".**'"+$"4*&-+*":%2(<-&&1"+$"+,*"$4(6(.-&"I4-(." #-C*2"

-2"=-4"-2"=4*Y%*.<1"-.'"+(:I4* "(2"<$.<*4.*'@"L,(2"(2"*C('*.+"(."-&6$4(+,:2"2%<,"-2"K%"*+"

-&"-.'"$+,*428"+,*"4*2%&+(.6"3(+<,"$="2$.(=(*'".$+*2"-4*".$+":%2(<-&&1"4*&-+*'"+$"+,*"

$4(6(.-&"#-C*&*.6+,2b"3(+<,8"-.'"+,*4*=$4*":(6,+"I*"<$.2('*4*'"-2".$+":%2(<-&&1"4*&-+*'@"

H&+,$%6,"+,(2"-*2+,*+(<":%2(<-&"4*&-+(C(+1":(6,+".$+"I*"(:3$4+-.+"+$"2<(*.+(=(<"

(.+*434*+-+($."$="'-+-"(+":(6,+"I*"<&$2*4"+$"+,*"+4%+,"(="<$.2('*4*'"(:3$4+-.+8"+,*"

-*2+,*+(<"<$%&'"(.=$4:"+,*"2<(*.+(=(<"(."-."$IW*<+(C*"2$.(=(<-+($."2<*.-4($@"

!." +,*":%2(=(<-+($."$="+,(2"'-+- 8"-"2*&*<+(C*"34$<*22"(2"4*Y%(4*'"(."+,*":$C*:*.+"+$#-4'2 "

+,*"-4+(2+(<"-*2+,*+(<8"+,*"<$&&*<+($."-.'"-.-&12(2"$="'-+-"#(+,":-+,*:-+(<-&"-&6$4(+,:2"

<-."+,4$#"%3"&-46*"-:$%.+2"$="'-+-"+$"2(=+"+,4$%6,@"!="+,*"-(: "(2"=$4"2<(*.+(=(<"3%43$2*2"

$IW*<+(C*"-.-&12(2"$="+,*"'-+-"2*+2"-4*"(:3$4+-.+"+$"-C$('"2%IW*<+(C*"<-+((/S&.+#B"$="+,*"

2$.(=(<-+($.8"I%+"-"2*&*<+($."34$<*22"%2"C(+-&"=$4"-4+(2+(<"$4"-*2+,*+(<":%2(=(<-+($."

34$<*22*2@"L,*":*+,$'2 "%.'*4+-)*. "'%4(.6"+,(2"34$W*<+8"(."+,*"'*4(C-+($."$=".$+*2"-.'"

=4*Y%*.<1"4-.6*2"I*=$4*":%2(=(<-+($.8"'$" <4*-+*"$IW*<+(C*"4*2%&+2"+,-+"<$%&'"I*"-.-&1U*'"

=%4+,*4"(="+,(2"34$W*<+"#*4*"-(:*'"-+"+,*"2<(*.+(=(<"2$. (=(<-+($."=$4"BB["*3(&*321"-.-&12(2"

(."-".*%4$&$6(<-&"=4-:*#$4)@"L,*4*":-1"#*&&"I*"4*&-+($.2,(32"I*+#**."=4*Y%*.<1"4-.6*2"

-.'" <1<&(<"4*3*+(+($."+,-+"<$%&'"I*"-.-&1U*'"$IW*<+(C*&18"#(+,(."-."-%'(+$41"=4-:*#$4)8"

(."-.1"=%+%4*".*%4$&$6(<-&"'*C*&$3:*.+"$="+,(2"34$W*<+@""

L,*" <M-"%'@N(''B"-&6$4(+,: 2"-&2$"+,4$#"%3"&-46*"-:$%.+2"$="4*-&G+(:*"'-+- "2$.(=(<-+($.8"

I%+"+,*"34$<*22(.6"$="+,*"'-+-"(2"=4**"=4$:"+,*"-*2+,*+(<"(="$3*4-+(.6"#(+, (."-"2<(*.+(=(<"

=4-:*#$4) @"K,*."%2(.6"+,*"'-+-"=$4":%2(=(<-+($."+,*"-*2+,*+(<"6$-&"4*'%<*2"+,*"=4**'$:"

+$"%2*"&-46*"-:$%.+28"$4"&$.6"2+4*- :2" $="+,*"'-+-"I*<-%2*"$="+,*"4*<$6.(U*'"-*2+,*+(<"

:%2(<-&"2+4%<+%4*2"#*",-C*"<$.2+4%<+*'"-2":%2(<-&"I*(.62"<-."I*".-44$# @"!."+,*"#*2+*4."

+4-'(+($.8"#*"*:3&$1"+#*&C*".$+*2"#(+,"=*#*4".$+*2"#(+,(."4*<$6.(U*'"2<-&*2"-.'")*12@"
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K,*."<$:3-4*'"-6-(.2+"&-46*"-:$%.+2"$=" ,-4C*2+*'" '-+- 8"+,*":-33(.6"+$"-*2+,*+(<"

:$'*&2"-4*"4*'%<*'" +$"2(:3&*"'-+-"2*+2"+,-+"<-."I*"2%(+-I&*"=$4":%2(<-&":-33(.6@""

^Z%4&$.6/"0(4-.'-"*+"-&" O_Ph@̀"

L,* "3,(&$2$3,(<"('*-2"I*,(.'"+,* "(.(+(-&"34$W*<+"('*-"(.<&%'*' "+,*"<$.2('*4-+($."$="

:*+-3,$428"21:I$&(2:8"('*$&$618"*T3&$4(.6"(.+*4<$..*<+($.28"*.6-6(.6"#(+,"('*-2"#(+,(."

:%2(<8"*3(&*321$!8.*&+(W$"#)$-/%&/('`"-.'"(.<$43$4-+*"+,*2* "#(+,(."+,(2"34$W*<+@"K,*."

$.* "-.-&1U*2"+,*"0Hd0FA" k=>%.?/'@A("#.2'(B$21.+,*2(U*4"<4*-+*'"=$4"+,(2"34$W*<+$(+"<$%&'"

-<+"-2"-"2(:3&(2+(<":*+-3,$4"=$4"+,*":(.'8"#(+,"(+2"(.+*4<$..*<+($.28"<$:3&*T"4$%+(.628"

:-+,*:-+(<-& "<-&<%&-+($.2"-.'".%:*4$%2"+4(66*42"#,(&2+"34$<*22(.6"+,*"BB["I4-(.#-C*2 @"

H2"(+"64$#2"-.'"'*C*&$328"(:3*4=*<+($.2"-.'"=-%&+2"<4**3"(.8"+,*4*"-4*"<$:34$:(2*2"(."

'*2(6."-.'"=%.<+($.-&(+18"2$:*+(:*2"(+"6&(+<,*2"-.'"<4-2,*2"&()*"+,*"I4-(.":(6,+" '%4(.6"

2*(U%4*@"!+"#$%&'"I*"64-.'($2*"+$"2%66*2+"(+"(2"-":(.'8"I%+"-2"-":*+-3,$4(<"<$.<*3+" (+"

2*4C*2"+$"I*"h%.T'$&8'$9.#)h8"#(+,"('*-2"-.'"+,$%6,+2 "+,-+"<-."I*"&$-'*'"(.+$"(+"&()*"2$%.' G

2-:3&*28":$43,*'"(.+$"2$.(<":-+*4(-&" C(-"+,*"*T3&$4-+($."$="3*42$.-&"*:$+($.2"-.'"

:*+-3,$42@";(==*4*.+"3-4+2"$="+,*"I4-(.8"&$I*28"<$%&'"I*"&()*.*'"+$"+,*"(.'(C('%-&"64-.%&-4"

6*.*4-+$428"+,*":-+4(T"6*.*4-+(.6" :%2(<-&".$+*2"3%&2(.6"&()*"+,*",*-4+ "+$"<4*-+*"-"=(.-&"

2$.(<"4*-&(U-+($."$="+,(2"('*-@"

"
Z(6%4*"OP/"L,*"kjI&(Y%*G[4- .(U*4"21.+,*2(U*4b"(.+*4.-&"=%.<+($.-&"<$..*<+($.2@"
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L,*"4*2*-4<,"(.+$"<%&+%4-&"-.'" ,(2+$4(<"3*4<*3+($.2"$="*3(&*321"'(4*<+&1"(.=&%*.<*'"+,*"

-*2+,*+(<"$="+,*":%2(<-&"$%+<$:*2@"E*&(6($%2"+,*:*28"-"2*.2*"$="3*4<*(C*'"&$22"$="

(.'* 3*.'*.<*"#,*."=(42+"'*C*&$3(.6 "*3(&*3218"<$.=%2($.8"'-.6*48"=*-4"-.'"&$.*&(.*22"-&&"

(.=&%*.<*'"+,*":%2(=(<-+($.2"2%IW*<+(C*&18"I%+"#(+,"$.*"$IW*<+(C*"4%&*u"+$"%2*"+,*"BB["

*3(&*321"'-+-"-2"+,*"2$%4<*"2$.(=(<-+($."+$"4*:-(."2(.<*4*"+$"+,*"34$W*<+"(.+*.+($.2@"

j IW*<+(C*&1"4*2+4(<+(.6 "+,*"2$%4<*"2$.(=(<-+($.":-+*4(-&"+$"%2(.6"+,* "4*<$4'(.62"$="4*-&"

BB["* 3(&*321"*C*.+28"I%+"+,*."+$"*:3&$1"2%IW*<+(C*":%2(=(<-+($. "+$"-++*:3+"+$"<-3+%4*"

-.'"*T3&$4*"+,*"*:$+($.-&"-.'"<%&+%4-&"*T3*4(*.<*2"$="*3(&*321@"F$.(=(<-+($.",- 2"I**." +,*"

34(:-41" 34$<*22"I%+"+,*"-*2+,*+(<":%2(=(<-+($.",-2"-&2$"I**." 3(C$+-&@"L,(2"<4*-+*'"-"

=%&<4%:"I*+#**."2$.(=(<-+($."-.'":%2(=(<-+($."+,-+"34$'%<*' "-"I-&-.<(.6"34$<*22"

I*+#**."+,*"+#$" +,4$%6,$%+"+,*"34$W*<+@"E*2+4(<+(.6"+,*"34$<*22"+$"3%4*"2$.(=(<-+($."

#(+,"+,*"$4(6(.-&"BB["'-+-"34$'%<*'"-*2+,*+(<-&&1"%.(.+*4*2+(.6".$(2*8"I%+":$C(.6"+$$"

=-4"+$#-4'2"+,*":%2(<-&"-*2+,*+(<"4(2)*'":*4*&1":-)(.6":%2(<"-I$%+"*3(&*321@"

!."+,*"4*2*-4<,"3-3*4"kM+/#)b$i.*&'#.#1$"#)$Q%"-'P$78'$"'*&8'&.-$).%'99"B"+,*"

*&*<+4$-<$%2+(<"<$:3$2*4"7-441"L4%-T"-&2$"('*.+(=(*2"2$:*+,(.6"2(:(&-4"+$"-"=%&<4%:"

I*+#**."+,*"-*2+,*+(<"-.'"+,*":*22-6*"+,*"*&*<+4$-<$%2+(<"-4+(2+"(2"-++*:3+(.6"+$"

<$::%.(<-+*" #,*.",*"2+-+*2/" "

j78'$-+9S+*'($"#)$*+/#)$"(&.*&$>'-+9'$-"/18&$.#$&8'$).%'99"$+,$'.&8'($
"'*&8'&.-.*.#1$&8'$*+/#)*$+,$&8'$'#O.(+#9'#&b$,+($.#*&"#-'b$+($'%*'$*/>+().#"&.#1$
"(&.*&.-$O"%/'*$.#$+()'($&+$-+#O'W$"$*+-."%$9'**"1'qj"̂ L4%-T8"7@"O_PO`@$

L4%-T"-22*4+2"+,*4*"(2"-"3$+*.+(-&&1"#('*"-%'(*.<*"+,-+"(2"34*3-4*'"+$"&(2+*."+$"

*&*<+4$-<$%2+(<"2$%.'2<-3*28"$%+2('*"$="<$::*4<(-&":%2(<8"(="+,*"-4+(2+",-2"2$:*+,(.6"

:*-.(.6=%&"-.'"4*-&"+$"<$::%.(<-+*@" L4%-T"I*&(*C*2"2$%.'GI-2*'"-4+"(2"-I$%+"

<$::%.(<-+($.@" N* "*T34*22*2"+,*"(:3$4+-.<*"$="*T3&$4(.6"2$<($<%&+%4-&"-.'"

*.C(4$.:*.+-&"(22%*2"<4*-+(C*&18"<$:I(.*'"#(+,"<-4*=%&"<$.2('*4-+($."=$4",$#"(+"(2"I*(.6"

<$::%.(<-+*' "#(+,(."+,*"2$%.'2<-3*"*.C(4$.:*.+@" L,*"2$%.'"'*2(6.*4"-.'" <"-+/*&.-$

'-+%+1.*&B"('*.+(=(*'"-2"3(C$+-&"+$"+,(2"<4*-+(C*"*T+*.2($."(."+,*"-4+"$="<$:3$2(+($.@"
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QX;Q;!"#,!E0&&,%%!$/!=-(+04$/5!B8'+$'/-1!"$8.4,%!@/9'19,2!3$+#!B($1,(%)^""

K,*."N$'62$."'*2(6.*'"+,*"L-4'(2"2$%.'"*==*<+"=$4"+,*"779"+*&*C(2($."'4-:-" <n+-&+($

C8+B$,*"'*2<4(I*'"(+"C*4I-&&1"-2"j(.SS.#1$&8'$,">(.-$+,$&.9'$"#)$*S"-'4j$K,-+"'*2<4(3+(C*"

+*4:2":(6,+"I*"%2*'"+$"'*2<4(I *"+,*"*T3*4(*.<*2"-.'"*:$+($.2"$="*3(&*321a ";*2$&-+*8"

(2$&-+(.68"<4**3(.68"'-4)8"$:(.$%28"321<,$&$6(<-&&1"(.+*4G'(:*.2($.-&8"<$2:(<8"#-C*2"$="

=*-4"-.'"<$.=%2($.@"j+,*4"*3(&*321"3-+(*.+2",-C*"2(:(&-4"-.'"C-41(.6"+*4:2/ "

^.&$0"*$"*$.,$&.9'$"#)$*S"-'$8")$*&++)$*&.%%4`$̂ B3(&*321"F$<(*+18"A*42$.-&"F+$4(*28"
D-.*"0-.#-4(.6"O_PQ `@$

jD$&8+/18&$D$0"*$1+.#1$-("2W4j"̂ B3(&*321"F$<(*+18"A*42$.-&"F+$4(*28"]-%4-"[4-(.6*4"
O_PQ`@"

^D$,'%&$D$0"*$,%+"&.#1$+/&$+,$9W$>+)W4$78'$.#*&"#-'*$0'('$?/.&'$'/S8+(.-4`"̂ B3(&*321"
E*2*-4<,">?8"E*-&"2+$4(*28"5*&&*"Z-6-."O_PQ`@"

^F$*/))'#$,''%.#1$+,$S"#.-"̀̂ B3(&*321"E*2*-4<,">?8"E*-&"2+$4(*28";-C*"N*&&(.62"
O_PQ`@"

^=#'$+,$9W$S"&.'#&*$)'*-(.>')$.&$"*$+-'"#.-4`"̂ ;4@"H&-2'-(4"9$&*2"O_Pf`@"

^v+/$*/))'#%W$,''%$&8'$S('*'#-'$+,$'&'(#"%$8"(9+#W$.#$"%%$.&*$,/%%#'**4$D&$.*$#+&8.#1$
'"(&8%W4`"̂ ;$2+$*C2)18"L,*";*C(&2"PQcPmPQcO"G"F*.*C(4-+.*8">@"O_P_`@"

L,* 4*"-4*".%:*4$%2"=$4:2"$="*3(&*321"4*2%&+(.6"(."'(==*4(.6"C*4I-&"'*2<4(3+($.2"$="+,*"

*3(&*321"*T3*4(*.<* "I*+#**."2%==*4*42@"!="3&-<*'"#(+,(."+,*"3$22(I&*"<$.+*T+"$="-"

2$%.'2<-3*"-*2+,*+(<"+,(2"#(&&"-''"-.$+,*4"C-4(-.+"4*&-+(.6"+$"2$.(<"2*:-.+(<2 @"L,(2"#(&&"

I*"-"4*2%&+"$="+,*"(.'(C('%-&"2*:-.+(<"(.+*434*+-+($.2"$="+,*"*T3*4(*.<*"-.'"2$%4<*G

I$.'(.62"+,*1":-1",-C*"#(+,"2$%.'@"L,*"2%<<*22"$="+,*"2$%.'2<-3*2"#(&&"I*"2%IW*<+(C*@"

N$#*C*48"+,*"2$%.'2<-3*2"<4*-+*'"'%4(.6"+,(2"34$W*<+"#(&&"2*4C*"-2"$.*"-%+,*.+(<"-4+(2+(<"

*T-:3&*"<4*-+*'"=4$:"BB["*3(&*321"*C*.+2"+,4$%6,"3*42$.-&"*T3*4(*.<*2"$="*3(&*321@""

!."+,*"34$'%<+($."<-&&*'"<X'?/.'9$,+($"$f'/(+ #B$+,*4*"(2"-"+*-4(.6"2$%.'":$C(.6"-<4$22"

+,*"2+*4*$"=(*&'@"K,*.":$.(+$4(.6"$. ",*-'3,$.*2"+,(2",-2"+,*"321<,$-<$%2+(<" *==*<+"$="

:$C(.6"+,4$%6,"+,*"I4-(.@"!+"4*34*2*.+2"+,*"3$2+G(<+-&"3,-2*"$="*3(&*321"#,*."+,* "I4-(."(2"

*T,-%2+*'"=4$:"+,*"2*(U%4*"*T3*4(*.<*8"3-(."(2"234*-'"-<4$22"+,*"I4-(."-.'"=**&2"+$4."(."

+,*"*3(<*.+*4"$="+,*"2*(U%4*"#,*4*"(+"+4-.2:(++*'"+,4$%6,"+,*"I4-(. 4$Z$&&$#(.6"-"2*(U%4*"
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*C*.+"+,*4*" <-." I*" -"=**&(.6"$="&$.*&(.*22"I*<-%2*"$="+,*"2$&(+-41"-.'"<&(.(<-&".-+%4*"$="+,*"

*T3*4(*.<* @"L,*"&$22"$="<$.+4$&"-.' "+,*"(. -I(&(+1"+$",$&'"$.+$"<$.2<($%2"4*-&(+1"(2"

:$%4.*' 8"-"<$:3&*T"=$4:"$="4*&(*="-.'"'*34*22($."2*+2"(."-=+*4"+,*"3$2+G(<+-&"3,-2*"#,*. "

$4'*4"I*6(.2"+$"4*+%4.@"L,*2*"+,*:*2 ",-C*"I**."(.+*.+($.-&&1" -.'"<4*-+(C*&1"

<$::%.(<-+*' "(. "+,(2"2$%.'2<-3*@$

!+"(2"'*I-+* '"(=".*%4$.2"(."+,*"I4-(."'(*"'%4(.6"2*(U%4*2@"!+"(2"-."(.+*4*2+(.6"2%IW*<+"-4*-"

+$"*T3&$4*"#(+,(."+,*"2$%.'2<-3*"-.'"<*4+-(.&1"2$:*+,(.6"+,*"2$%.'"'*2(6."34$<*22 "

<$.2('*4*'"(."4*&-+($."+$"+,*"=**&(.6"$="&$22"(."-"3$2+G(<+-&"2+-+*@"K,*4*":(6,+" +,*"=**&(.6"

$="&$22"<$:*"=4$:a"L,*"2%==*4*4":-1",-C*"*T3*4(*.<*'"-"&$22"$="<$.2<($%2.*228"I%+"'$*2"

+,*"I4-(." <$.2<($%2&1"4*<$6.(U*".*%4$."&$22a"K ,*."4*2*-4<,(.6"+,(2" -4*-8"(+"I*<-:*"

3*42$.-&(U*' "I*<-%2*"$="+,*"3*42$.-&"*T3*4(*.<*2"$="+*:3$4-&"&$I*"*3(&*321"+,-+",-C*"

34$64*22*'"+$"<$.C%&2(C*"2*(U%4*2@"L,*2*"2*(U%4*"+13*2"-4*"<$.2('*4*'":$4*"&()*&1"+$"

<-%2*".*%4$.-&"&$22@"9&(.(<-&"4*2*-4<,"<$.2('*42"4*3*+(+(C*"-.'"34$&$.6*'"+*:3$4-&"&$I*"

2*(U%4*2"+,-+"'*C*&$3"(.+$"+$.(<G<&$.(<"<$.C%&2(C*"2*(U%4*2"<$%&'"<-%2*".*%4$.-&"&$22"

*23*<(-&&1"(."-'%&+2@"^;(.6&*'(.*"*+"-&"O_PR`@"L,*"&(2+*.*4"<-."'*<('*"(="(+",-2"- <,(*C*'"+,*"

<-3+%4*"$="*:$+($.-&"+(:I4*2"2%<,"-2"+,*2*@"L,*"2$.(<":*+-3,$42"<4*-+*'"-.'"34*2*.+"(."

+,(2"34$'%<+($."-4*"(.+*4*2+(.6"-.'"C-&(' "(."+,*" 3*42$.-&"<$::%.(<-+($. "$="+,*2*"

*3(&*321"*T3*4(*.<*28"*:$+($.2"-.'"<$.<*3+2 @""

L,* "2$%4<*":-+*4(-&"̂BB["-%'($` $-.'"F1.+,*2(2"+$$&2"-&2$",-C*"-"'(4*<+"*==*<+"$."+,*"

+(:I4*"$=" +,*"=(.-&"2$.(<"+*T+%4*2"-.'"<$:3$2(+($.2@"F1.+,*2(2":*+,$'2 ",-C* "2$.(<"

<,-4-<+*4"+,-+"(.=&%*.<*"+,*"4*2%&+28"-2"'$ *2"+,* "jI&(Y%*G[4-.(U*4"0Hdn0FA"2 1.+,*2(U*4"

<4*-+*'"=$4"+,(2"34$W*<+$-.' ",$#"(+"(:3&*:*.+2 "2-:3&* GI-2*'"[4-.%&-4"F1.+,*2(2 "#(+,"+,*"

BB[":-+*4(-& @"L,*"*T3*4(*.<*"$=":-.(3%&-+(.6"+,*"BB["4*<$4'(.62" <%.O'B"C(-"+,*"

21.+,*2(U*4"(2"3*4,-32":$4*"4*#-4'(.68 "+,*"34(.+(.6"+$"k=(T*'":*'(-b"2$%.'2<-3*2",-'"+,*"

-*2+,*+(<"*==*<+"$="<&$2(.6"+,*"'(-&$6%*"#(+,"+,*"BB["-.'"=(.-&(U(.6"+,*"<4*-+(C(+1@"L,*"

*T3*4(*.<*"$="3&-1(.6"+,*"BB["<%.O'B"-.'"<$.+(.%(.6"+,*"'*C*&$3:*.+"$="'(-&$6%*"#-2"

=$%.'"+$"I*":$4*"4*#-4'(.6"=4$:"-"3*42$.-&"-4+(2+(<"3$(.+"$="C(*#@""
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L,* "21.+,*2(2"+$$&28"2$%4<*":-+*4(-&"-.'"2%IW*<+(C*".-44-+(C*"-&&"<$:I(.*"-.'"<$.+4(I%+*"

+$"+,*"=(.-&"2$.(<"4*2%&+2@"L,*"2$%.'"'*2(6."34$<*22 "=$&&$#*'"+,*":*+,$'$&$61 "$="<0.&8$

"#)$" >+/&B"*3(&*321"I1"34$'%<(.6"+,*":%2(<"-.' "2$.(<"+*T+%4*2"%2(.6$+,*"$IW*<+(C*"BB["

:-+*4(-&@"L,*"*T34*22($."$="+,*"2%IW*<+(C*"-*2+,*+(<"-I$%+"+,* $*3(&*321"<$.'(+($."=4$:"

3*42$.-&"*T3*4(*.<*"34$C('*'"- ."$33$4+%.(+1"=$4"+,*"2$%.'2<-3*2"-.'"2$.(<"+*T+%4*2"+$"

<$::%.(<-+*"-."-%+,*.+(<"-.'" :*-.(.6=%&":*22-6* @"L,%28"4*&-+(.6"(+"+$"+,* "-(:"$="I*(.6"

- "34$-<+(C*"-.'" <4*-+(C*"+4-.2=$4:-+($."$="+,*".*6-+(C*"*3(&*321"*T3*4(*.<*"-.'"

'(-6.$2*2 @"

L,*" 2$%.'2<-3*2"-.'"2$.(<"+*T+%4*2"#(+,(."+,*"=>%.?/'@A("#.2'( "21.+,*2(U*4"<4*-+*'"=$4"

+,(2"34$W*<+"<-."I*" *T3*4(*.<*'"I1"-."-%'(*.<* "#(+,$%+"+,*"<$.+*T+%-&"(.=$4:-+($."

4*&-+(.6"+$"+,*"%2*"$="*3(&*321@"!+"<$%&'"I*"<$.+*T+%-&(U*'"<$:3&*+*&1"'(==*4*.+&1"I1"+,*"

4*:$+* "&(2+*.*4"!&8'$&'(9$<('9+&'B$&+$(','($&+$"$%.*&'#'($08+$)+'*$#+&$"--'**$"#W$

-+9S+*.&.+#$)'&".%b$-+#&'Y&$"#)$&8'$9'-8"#.-*$+,$S(+)/-&.+#34"H2";*.(2"F:-&&*1"'(2<%22*28"

(+":-1".$+"I*" 4*&*C-.+"+$"+,*"&(2+*.*4"-.'"+,*"&(2+*.(.6"*T3*4(*.<*"+$").$#"*T-<+&1",$#"

-.'"#,1"+,*"<$:3$2*4"<4*-+*'"+ ,* ":%2(<@"K,-+"+,*"<$:3$2*4"2*+"$%+"+$"3$4+4-1"+$"+,*"

&(2+*.*48"+,*"34$<*22*2"-.'"+*<,.(Y%*2"*:3&$1*'8"<-."I*"-('*'"$4",(.'*4*'"I1"34$64-:"

.$+*2"I*<-%2*"(+"(2".$+"-&#-12"4*&*C-.+@"F:-& &*1",-2"('*.+(=(*'"+,-+"+,*"&(2+*.*4",-2"

C-4($%2"<*+/(-'$>+#).#1*B"#(+,"2$%.'8"+(:I4* "-.'"<$.+*T+ "+,*2*":-1"I*"2(:(&-4&1"2,-4*'"

-:$.62+"-"&(2+*.(.6"-%'(*.<*"I%+"+,*"2$%.'"-.'"+(:I4*" <>+#).#1*B":-1" -&2$"I*"

<$:3&*+*&1"'(==*4*.+@"F:-&&*1"'*=(.*2"+,*"+*4:" <*+/(-' @>+#).#1B"-2"4*2%&+(.6"=4$:"#('*4"

<%&+%4-&"-22$<(-+($.2"-2"#*&&"-2"=4$:"2:-&&*4"<$::%.(+1"64$%3"*T3*4(*.<*2@"L,*1"<-."

-&2$"I*"(:-6(.*'"I1"(.'(C('%-&2" $4"&*-4.*'"+,$%6,"*T3*4(*.<*@"](2+*.*42"<-.",*-4"+,*"

2-:*"2$%.'" $4":%2(<"-.'"(+":*-."2$:*+,(.6"<$:3 &*+*&1"'(==*4*.+"+$"+,*:"-2"-"4*2%&+"$="

+,*(4"3*42$.-&(U*'"I$.'(.6"#(+,"2$%.'"+,4$%6,"<%&+%4*8"*T3*4(*.<* "-.'"2$<(-&"64$%3(.6@"

^F:-&&*1"Piic`@"

K,*."<$.+*:3&-+(.6"-"<$::$."I$.'(.6"$4 "̂ -+99+#$"'*&8'&.-$,("9'0+(T` $#*":-1"-&&"

2,-4* "̂ 0(4-.'-"*+"-&" O_Ph8̀"(+"(2"3$22(I&1"'%*"+,-+"*-21"-<<*22"+$"*C*4G#('*.(.6" :$'*4."
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*&*<+4$.(<":%2(<"6*.4*2"C(-"+,*"(.+*4.*+8"-.'":%&+(:*'(-"*T3*4(*.<*2"2%<,"-2"<$:3%+*4 G

6-:(.6 @"H"<$.+(.%$%2&1"'*C*&$3(.6"<(.*:-+(<":%2(<-&"&-.6%-6*"-:$.62+ "6&$I-&"

-%'(*.<*2" +,4$%6,"+*&*C(2($."-.'"=(&:"-&2$"#('*."+,*"2$.(<"3-&*++*"-%'(*.<*"*T3*4(*.<*2 "

!"#)$.*$S('S"(')$&+$'YS'(.'#-'3 $-2":%2(<@"<M+/(-' @>+#).#1B$<$.+(.%*2"+$"I*"'*=(.*'" -.'"

'*C*&$3*'" #(+,(."+,*2*":%&+(:*'(-"*T3*4(*.<*2"-<4$22"-":$'*4." <$.2%:* 4(2+"<$::$. G

-*2+,*+(<G=4-:*#$4)@"!+"(2"3$22(I&*"+,* "-I(&(+1"=$4"-%'(*.<*2"+$"<$:34*,*.'"2(:(&-4 &1"

'*+-(&*'":*-.(.62"*T34*22*'"I1"+,*"<$:3$2*4 8"#(+,(."+,*(4"<$:3$2(+($.28"I*<$:*2"-"

<$::$."&-.6%-6*"#*":(6,+"%.'* 42+-.'"I*1$.'"&(.6%(2+(<"$4(6(.@"H2":*.+($.*'"*-4&(*4"

(."+,(2"'$<%:*.+8"=(&:"2$%.'"'*2(6.*4 "-.'"*' (+$4"K-&+*4"0%4<,"2+-+*'"̂ 7%4:-."*+"-&"

O_Pf̀/"

^C8'#$W+/$S/&$9'"#.#1$.#&+$&8'$*+/#)$',,'-&*444$"*$"$%.*&'#'($W+/$-"#$S/%%$9'"#.#1$
,(+9$.&4$̀̂ 0%4<,8"K@"O_Pf`"

QX;O;!J#'!8$5#+!*$/2!+#$%!+#,%$%a!+#,!%'0/2%&-(,%!-/2!%)/+#,%$6,4!&4,-+,2!*'4!+#$%!

(4'_,&+!$/+,4,%+$/5!-/2!0%,*01^!!

A-+(*.+28"<-4*42"-.' ":*'(<-&"34-<+(+($.*42"(.+*4*2+*'"(."*T-:3&*2"$=",$#"2$:*$.*"<-."

(.+*4-<+"<4*-+(C*&1"-.'"<-+,-4+(<-&&1"#(+,"*3(&*321"<$%&'"=(.'"+,(2"#$4)"*.6-6(.6"-.'"

%2*=%&@"!."+,*"kg').-"%$r+/(#"%$+,$F/*&("%."B$(." -."-4+(<&*"<-&&*'"<g').-"%$E/9"#.&.'*P$7+$

:/('$M+9'&.9'*b$&+$X'%.'O'$=,&'#b$&+$:+9,+(&$F%0"W*B"̂ O__S`"D(&&"[$4'$."-22*4+*'"+,-+"

+,*4*"(2"-"64$#(.6"3%I&(<"(.+*4*2+"(."-4+#$4)2"<4*-+*'"I1"3-+(*.+2"$="321<,(-+4(<"

<$.'(+($.2 8"<(+(.6"*T-:3&*2"2%<,"-2"k78'$F(&$+,$M-8.2+S8('#."B"I1"741-."9,-4.*1"#,$"

2%==*4*'"=4$:"+,*"<$.'(+($."=$4",(2"-'%&+"&(=*"%.+(&",(2"34*:-+%4*"'*-+,"-+"RO"1*-42"$="-6*"

^PiRiGPiiP`@"!."+,*"'*<-'*" 34($4"+$",(2"2%(<('*"9,-4.*1"*T3&$4*'",(2"*T3*4(*.<*2"$="

2<,(U$3,4*.(-"-.'"<4*-+*'"-"2*4(*2"$="3-(.+( .62"*T3&$4(.6"+,*"2%==*4(.6"$=":*.+-&"(&&.*228"

-.'"=(.-&&1"34$'%<(.6"-"2*+"$="2*C*.+**."2*&=G3$4+4-(+2"#,(&2+"*T3*4(:*.+(.6"#(+,"C-4($%2"

'$2*2"$="+,*",*-C1":*'(<-+($.",*"#-2"34*2<4(I*'@ "H4+#$4)2"<4*-+*'"I1"3*$3&*"&(C(.6"#(+,"

(&&.*22"<-."+4-.2=$4:"3*423*<+(C*28"<,-&&*.6*"34*W%'(<*"-.'"2+*4*$+13*2"I1"34$C('(.6"

3*42$.-&"(.2(6,+2"(.+$"+,*(4"&(C*2"-.'"<$.'(+($.2"=$4"+,*"#('*4"3%I&(<@"L,(2"<,-.6*"(."
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3*423*<+(C*":-1"-&2$"I*"+4%*"=$4":*'(<-&"34$=*22($.-&2"(.C$&C*'"(."+,*"<-4*"-.'"+4*-+:*.+"

$="+,*2*"3-+(*.+28"<4*-+(C(+1"<$%&'"I*"34$:$+*'"+$" -%6:*.+" +,*"+4*-+:*.+"-.'"

:-.-6*:*.+"$="+,*"<$.'(+($.@ "

0*'(<-&"34-<+(+($.*428"<-4*42"-.'".%42(.6"2+-=="<$%&'"-<<*22"+,(2"#$4)"-2"-"<4*-+(C*"-.'"

<-+,-4+(<"-<+(C(+1"*T-:3&*"#(+,"3-+(*.+2"#,$"<-. "-&2$"-<<*22"(+"(.'*3*.'*.+&1@"BB["

4*<$4'(.62"<$%&'"I*"34$C('*'"+$"3-+(*.+2"$."4*Y%*2+"+$"*.6-6*"(."<4*-+(C*"-.'"<-+,-4+(<"

2$.(=(<-+($."-.'":%2(=(<-+($."-<+(C(+(*2"#(+,"+,*(4"$#."BB["I4-(.#-C*2@"L,(2"<$%&'"=$4:"

3-4+"$="+,*4-3*%+(<"4*<$C*41"(."+,*"=$4:"$="+4-.2=$4:-+(C*"#$4)2,$32"<,-.6(.6"-"

'(-6.$2(2"(.+$"-"<4*-+(C*"-<+(C(+1@"K,*."(.=$4:(.6 "-."*3(&*321".%42*"$="+,(2"34$W*<+"2,*"

2+-+*'"+,-+"2$:*"3-+(*.+2"%2*"3-(.+(.6"+$"*T34*22"+,*(4"=**&(.628"I%+"2,*",-'".$+",*-4'"$="

3-+(*.+2":-)(.6":%2(<"=4$:"*3(&*321"BB["4*<$4'(.62@"L,(2"-<+(C(+1"<$%&'"<$.+4(I%+*"+$"-"

3$4+=$&($"$="<4*-+(C*"-.'"<-+,-4+(<"+4-.2=$4:-+(C*"-<+(C(+1"-2"3-4+"$="-"#('*4 "3$4+=$&($"#(+, "

-"4-.6*"3$22(I&*"-<+(C(+(*2"=$4"(.+*4-<+(.6"#(+,"+,*(4"<$.'(+($.-&"<4*-+(C*&1@"""

L,*4*"(2"-."$33$4+%.(+1"+$"=%4+,*4"'*C*&$3"-"3$4+=$&($"$="-4+(2+(<"-.'"<4*-+(C*"-<+(C(+(*2"

+,-+"'$".$+ "2$&*&1"(.C$&C*"34$=*22($.-&"\:*'(<-&"+4*-+:*.+\"(."+,*"<-4*"$="3-+(*.+\2"#*&&G

I*(.6 8"#(+,"+,(2"I*(.6"34$C('*'"I1"-4+(2+2"-2"#*&&"-2"+,*4-3(2+2@"L,(2"(2"'*:$.2+4-+*'"(."

2<,*:*2"&()*"+,*" <F(&*$+#$Q('*-(.S&.+#B"34-<+(<*"#,*4*" (+"(2"<$.2('*4*'"+,-+"*==*<+2"$="+,*"

-4+2"-.'"<4*-+(C*"-<+(C(+(*2"$==*4"-"4-.6*"$="I*.*=(+2"=$4"3-+(*.+2"#(+,"321<,$&$6(<-&"

34$I&*:2"-.'"2$<(-&"(2$&-+($.@"L,(2"2%66*2+2"+,-+"+,*"34*2<4(3+($."$="<4*-+(C*"-<+(C(+(*2"

:(6,+"I*"-"+,*4-3*%+(<" -&+*4.-+(C*"=$4"2$:*"3*$3&*8"-2"-.+(G'*34*22-.+2"<$%&'"I*"=$4"

$+,*42@"L,*"-4+2"(.",*-&+,"<-4*",-2"I**."<$.2('*4*'"-" <%'1.&.9"&'$.#&'(O'#&.+#B"2(.<*"+,*"

Pic_b2"#(+,"$==(<(-&"4*<$6.(+($."$="+,*"2$<(-&"C-&%*"$="+,*"-4+2"+,*"K$4&'"N*-&+,"

j46-.(U-+($. 8"+,*"E$1-&"9$&&*6*"$="A21<,(-+4(2+2"-.'"74(+(2,"0*'(<-&"H22$<(-+($.@"!+",-2"

I**."-22*4+*'"(."4*2*-4<,"+,-+ "3-4+(<(3-+($."(."+,*4-3*%+(<"34*2<4(I*'"<4*-+(C*"-4+"64$%32"

34$:$+*'"<$.=('*.<*"(."3-4+(<(3-.+28"(.23(4(.6"2$:*"+$"3%42%*"=%4+,*4"*'%<-+($."-.'"

*:3&$1:*.+ 8"6-(.(.6".*#" 2)(&&2"-.'"34$:$+(.6"-"3$2(+(C*"$%+&$$)"$."&(=*@"^F+(<)&*18"N%(@"
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O_PO`@"0-++"A*-<$<)"=4$:"<M&(''&0.*'$=S'("B"#,$"#$4)2"#(+,",$:*&*22.*22"Y%*2+($.*'"

+,-+"2*&=G*2+**:"#-2"4-.)*'" &$#*4"+,-. "3,12($&$6(<-&".**'2"(."0-2&$#b2",(*4-4<,1"$="

.**'2@"A*-<$<)"-22*4+2"+,-+"+,*"-4+2"6(C*"3*$3&*"'(6.(+18"(:34$C*2"+,*(4"2*&=G*2+**:"-.'"

:-)*2"3*$3&*"4*-&(U*"+,*1"-4*":$4* "+,-."+,*"2%:"$="+,*(4"34$I&*:2"-.'" +,-+"+,*1"<-."

,-C*"-"3$2(+(C*"3%43$2*"(."&(=*@"^N$&'*."*+"-&"O_PR`@"

L,(2"E*2*-4<,"0-2+*42"2+%'18"%2(.6"<4*-+(C*"4*2*-4<,"+$"+4-.2=$4:"+,*"BB["*3(&*321"

I4-(.#-C*2"(.+$"2$%.'2<-3*8",-2"*.-I&*'"+,*" 3*42$.-&"+4-.2=$4:-+($."$="+,*"3$#*4"+,-+"

*3(&*321"-22*4+2"$."-."(.'(C('%-&"(.+$"-"34$-<+(C*"-.'"<4*-+(C*"34$'%<+($."34$<*22@"

;%4(.6"+,(2"34$W*<+8"+,*"+4-.2=$4:-+($."34$<*22",-2"34$-<+(C*&1"=-<(&(+-+*'"+,*"<4*-+($."$="

-"I*23$)*"64-.%&-4"21.+,*2(U*48"-"2%(+*"$="2$%.'2<-3*28"-"4*2*-4<,"+,*2(2"-.'"-"

<$&&-I$4-+(C*"<$.+*:3$4-41":%2(<"<$.<*4+"(.C$&C(.6":%2(<(-.2"#,$"'$".$+",-C*"+,*"

*3(&*321"<$.'(+($."I%+",-C*"-&2$"I**.":-)(.6":%2(<"#(+, "(+@"L,*"<$&&-I$4-+$42"=$4"+,*"

<$.<*4+",-C*"*T34*22*'"*T<(+*:*.+"-.'"*.W$1:*.+"$="+,*"#$4)"+,*1",-C*"34$'%<*'8"

#,(&*"%.(.+*.+($.-&&1"&*-4.(.6":$4*"-I$%+"+,*"*3(&*321"<$.'(+($.@"!."&(.*"#(+,"F:-&&*1b2"

2%66*2+($."$="+,*"(:3$4+-.<*"$="+,*"2$%.'2<-3* "-4+(2+"<$::%.(<-+(.6"2$<($<%&+%4-&"

+,*:*28"+,(2"34$W*<+"<$%&'"<$::%.(<-+*"-":*-.(.6=%&":*22-6*"+,4$%6,"2$%.'2<-3*" -.'"

2$<($<%&+%4-&"4*2*-4<,@"L,*"<,(*="*T*<%+(C*"$="B3(&*321"H<+($."A,(&&(3"]**"2+-+*'"+,-+"+,(2"

34$W*<+"#$4)"(2"-"6$$'"#-1"+$"4-(2*"-#-4*.*22"$="+,*":(2%.'*42+$$'"*3(&*321"<$.'(+($."

I1"<4*-+(.6"-"2,-4*'"*T3*4(*.<*@"B3(&*321",-2"-"4(<,",(2+$41"$=",%:-."*T3*4(*.<*8"

:*'(<(.*8" +*<,.$&$618":1+,$&$618"2%3*42+(+($.8"4*&(6($.8"&(+*4-+%4*8"-4+"-.'":%2(<8"#,*."

$.*" -<Y%(4*2"+,(2"<$.'(+($. "$.*"<-." I*"I*<$:*"-."-<+(C*" 3-4+"$="+,(2",(2+$41"#(+,"<4*-+(C*"

34$-<+(C(+1"-.'".$+"3-22(C(+1@"L,(2 "34$W*<+"#$4)",-2"I**."34$'%<+(C*8"<4*-+(C*"-.'"

3$2(+(C*&1"+4-.2=$4:-+(C*"=$4":12*&=@"L,*"#$4)"34$'%<*'"<$%&'"-%6:*.+"-"3$4+=$&($"$="

<4*-+(C*"2$<(-&"#*&&GI*(.6"$33$4+%.(+(*2"-"3-+(*.+"$4"34-<+(+($.*4"<$%&'"-<<*22"(."3$2+G

'(-6.$2*2"+,*4-3*%+(<"-.'" <$&&-I$4-+(C*"<-4*@"j+,*4"2%==*4*42"$="+,*"<$.'(+($.":-1"

<$.+4(I%+*"-%+,*.+(<"-*2+,*+(<"(.+*434*+-+($.2"+$"+,*"2$%.'2<-3*"$="*3(&*321"(."+,*"

=%+%4*@"L,(2":-1"-&2$"2*4C*"-2"-."-%'(+$41"3$4+=$&($"-2"*T*:3&-42"<4*-+*'"I1"3-+(*.+2@"
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L,(2"+,*2(2"$==*42"2$%.'2<-3*"*T-:3&*2"-.'"<$.+4(I%+*2":*+,$'2"$=":%2(=(<-+($."-.'"

2$.(=(<-+($."+$"*.+*4"-":%2(<-&"'(-&$6%*"#(+,"+,*"#-C*2"$="*3(&*321@"L,(2"#$4)"<$%&'"I*"

34$C('*'"+$"3-+(*.+2"#(+,"(.+*4*2+2"(."+,*"-4+2"+$"34$-<+(C*&1"4*<&-(:"3$2(+(C*"<4*-+(C*"

<$.+4$&"=4$:"*3(&*321@"

0*'(<-&"34-<+(+($.*42"(.C$&C*'"(."+,*"+4*-+:*.+"-.'"<-4*"$="*3(&*321"3-+(*.+2":-1"

<$.2('*4"+,*"3-+(*.+"*T3*4(*.<*"(. "'(==*4*.+"3*423*<+(C*28"-."(.'(C('%-&(U*'"=$<%2"$."

+4*-+:* .+"-.'"<-4*"#(+,"+,*"2%IW*<+"<$.2('*4*'"-2"#*&&"-2"+,*"$IW*<+(C*@"A4-<+(<-&"-.'"

<4*-+(C*"-<+(C(+(*2"<$%&'"*:3$#*4"3-+(*.+2"+$#-4'2"3$2(+(C*"2*&=G:$+(C-+*'" 3*423*<+(C*2"

I*1$.'"'(-6.$2*2"-.'":*'(<-+($. @"!.":1"<-2*"!"#-.+*'"+$"*.+*4"'**3*4"'( 2<%22($."-I$%+"

*3(&*321"I*1$.'"+,*"+*2+2"+,-+"<$.=(4:*'"+,*"<$.'(+($."-.'"+,*"(.2+4%<+(C*"34*2<4(3+($."

$=":*'(<-+($.@"L,*"321<,$&$6(<-&"-==*<+"<$%&'"I* "'(2<%22*'"(."'*+-(&"-.'"4*&-+*'"+$"

<4*-+(C*"34$<*22(.6"+$#-4'2"<$3(.6"#(+,"+,*"<$.'(+($.@"A-+(*.+2"<-."I*"-4+(<%&-+*"-.'"

#-.+"+$"*T3&$4*"+,*"=(.(+*"'*+-(&"$="'(-6.$2*2@"B.+*4"-"+#$G#-1"'(-&$6%*"#(+,":*'(<-&"

34-<+(+($.*428"*T3&$4*"+,*"<$.'(+($."(.".*#"<4*-+(C*8"+4-.2=$4:-+(C*"-.'"3*42$.-&(U*'"

#-12@"E$1"A$4+*4"('*.+(=(*2"+,*"h"(&.-/%"&'$*/,,'('(h"(." h78'$Q"&.'#&h*$e.'0P$n+.#1$g').-"%$

E.*&+(W$,(+9$>'%+0h"̂ PiQS@̀"N*"-22*4+2"+,-+"(.(+(-+(C*2"-.'"(..$C-+($.2",-C*"<$:*"=4$:"

3-+(*.+2"-2"#*&&"-2":*'(<-&"34-<+(+($.*428"+,-+":*'(<-&",(2+$41"2,$%&'"*.<$:3-22"+,*"

4-.6*"$="3-+(*.+\2"*T3*4(*.<*"#(+,"=$<%2"$."<-4*"-2"#*&&"-2"<%4*@"A$4+*4"-&2$"-22*4+2"+,-+"

+,*4*"-4*"k-':(4-I&*b",(2+$4(*2"$="*3(&*321"I%+".$.*"=4$:"+,*"2%==*4*42"+,*:2*&C*2@"!."-"

4*C(*#"$="A$4+*4b2"#$4)"+,(4+1"1*-42"&-+*4"(+"(2"2+(&&"-22*4+*'"+,-+"+,*"3-+(*.+b2"C(*#"4*:-(.2"

%.'*4'*C*&$3*'"^7-<$3$%&$2Gg(-%8"H@"Z-%C*&8"H@"O_Ph`@"

L,*" *&*<+4$*.<*3,-&$64-3,*4"(.":1"<-2*" #-2".$+"-I&*"+$"'(2<%22"-.'"-4+(<%&-+*"+,*"

'*+-(&2"$="BB["'(-6.$2*2"'*23(+*":1"*T34*22(.6"-."(.+*4*2+"(."+,*"#-C*=$4:2@"!"<$%&'"

$3*.&1"'(2<%22"NU"4-.6*2"-.'"#-C*=$4:"+13*28"I%+"#,*."!"*.Y%(4*' "-I$%+"+,*"#-C*=$4:2"

+,-+",*",-'"('*.+(=(*'"-2"34$$="$="*3(&*321"(.":1"BB["4*2%&+2",*"-22*4+*'"+,-+"h&8'W$0'('$

k/*&$S('*'#&$&8(+/18+/&$&8'$VVA4h";('"+,*"*&*<+4$*.<*3,-&$64-3,*4"I*&(*C*"!"#-2" .$+"

-4+(<%&-+*"*.$%6,"+$"%.'*42+-.'a"j4"#-2"+,*4*".$"+(:*"+$"'(2<%22"(+"#(+,"-"3-+(*.+a"L,*"
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*.+,%2(-2:"!",-C*"=$4"#-C*=$4:2"-2"-."*&*<+4$.(<":%2(<(-."(2"+4-.2=*4-I&*8"$4"<-."I*"

+4-.2=$4:*'"+$"+,-+"$="*&*<+4(<-&"BB["#-C*=$4:2"(="6(C*."-."(.+*4'(2<(3&(.-41"$33$4+%.(+1"

+$"=%4+,*4"'*C*&$3"+,(2"*.+,%2(-2:"-.'").$#&*'6*@"H."*&*<+4$.(<":%2(<(-."#(+,"*3(&*321"

&()*":12*&="<$%&'"<$.+4(I%+*"+$"'*C*&$3:*.+2"(."+,*":-.-6*:*.+"$= "321<,$&$6(<-&"#*&&G

I*(.6" #(+, ":1"$#."*3(&*321"-.'"3*4,-32"$+,*42 "+,4$%6,"<4*-+(C*":*-.2@"H2"A$4+*4"

-22*4+28"3-+(*.+2":-1",-C*"2$:*+,(.6"+$"<$.+4(I%+*"+$").$#&*'6*"-.'"(..$C-+($."(."

2<(*.<*"-.'":*'(<(.*@" !",-'"-"'*2(4*" +$"(.+*4-<+"#(+,":1"'(-6.$2*2"(."-"'*+-(&*'8"

-4+(<%&-+*"-.'"<4*-+(C*":-..*4"+$"j+O'(-+9'$&8'$*'S"("&.+#$+,$-%.#.-"%$"#)$8/9"#.*&.-$

.#?/.(Wj"̂ [$4'$.8"D@"O__S`@"L,(2"34$W*<+"#$4)"(2"-."(.Y%(418"-"<$.+(.%*'"'(-&$6%*"#(+,"+,*"

#-C*2"$="*3(&*3218"(.'*3*.'*.+&1" +4-.2=$4:(.6"+,*"3-22(C*"3-+(*.+"(.+$"-"<4*-+(C*&1"-<+(C*"

$.*"+,4$%6,"(.Y%(2(+(C*"-.'"+4-.2=$4:-+(C*"<4*-+(C*"34$<*22*2@"

!

QX;O;!M$/-1!='8('%$+$'/%!E088-4)!?-44-+$9,!C,+-$1;!

¥! B1.!Y$-%.&,(!\-9'=.!-2!U'7$C!S,^-;',!'70!_.0.;!5DJKN8!P!!"*T3*4(:*.+*'"#(+,"

$C*4&-1(.6"-."BB["[4-3,"$.+$"-":%2(<-&"2+-C*"-2"-"+4(I%+*":%2(=(<-+($."+$"N-.2"

7*46*48"5(&$&-("[%&*)*"-.'"o*'*& "@$̂ 78'$,.(*&$S"&.'#&$.#O+%O')$0.&8$&8.*$*&/)W$0"*$"$5a@

W'"(@+%)$-+%%'1'$*&/)'#&$>W$&8'$#"9'$+,$~')'%$08+$8")$/#)'(1+#'$&0+$-("#.+*&+9.'*$

,+($&8'$('9+O"%$+,$"$>(".#$&/9+(b$%'"O.#1$8.9$0.&8$"$%"(1'$-("#."%$)','-&$+O'($&8'$

-'#&("%$*/%-/*$"#)$.&*$")k"-'#&$9+&+($"#)$*'#*+(W$1W(.4`3"

"

¥! ['7%.!'70!\,&=,;![.$(.70!]'$%!%1.!3,7-%'<&!G"+$"<$.+(.%*"+,*(4"W$%4.*1"+,4$%6,"

+,*"(.=*4.$";-.+*"-.'"g(46(&" :%2+"+4(<)"+,*(4"#-1"3-2+"+,*"0(.$+-%48"+,-+"-<+2"-2"-"

:*+-3,$4"=$4".-C( 6-+(.6"*3(&*321"+$"<$.+(.%*"$.*\2"*C*41'-1"&(=*@"!+"(2"-&2$"(.=&%*.<*'"

I1"+,*"2+$41"+,-+"*3(&*321"2%==*4*42"#*4*":-'*"+$"'-.<*"=$4"OR",$%42"-+"+,*"F+@"

7-4+,$&$:*#"'-.<* "#(+,"2$:*"'1(.6"=4$:"*T,-%2+($."-.'"'*2<*.'(.6"2+4-(6,+"+$"

,*&&@$

$
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¥! B1&.'%!-2!@-(';!V7$.%!P$*T3&$4(.6"+,*"$:(.$%2"=**&(.6"+,-+"-"2*(U%4*"<$%&'",-33*."

-+"-.1"+(:*@!

!

¥! ?-$%!`"(2"-."*T3&$4-+($."$="4*+%4.(.6"=4$:"-."-I2*.<*"2*(U%4*"(."-."%.).$#."3,12(<-&"

&$<-+($.@"

!

¥! V<%!6.9-70!%1.!jZ,^kV-&%!X;-<0!G"-"+,*$4*+(<-&"<&$%'"2%44$%.'(.6"+,*"2%."(."

(.+*42+*&&-4"23-<*@"!"#-2"&$$)(.6"=$4":*+-3,$4(<-&"2%IW*<+2"-+"+,*"*'6*2"$="$%4"2$&-4"

212+*:"+$"<$.+4(I%+*"+$"+,*"<$2:(<"=**&(.62"$="=$<-&"$.2*+"2*(U%4*2"34($4"+$"=%&&"

2*(U%4*@"L,*"ƒ3()Gj$4+"9&$%'"(2"2-('"+$"I*"(.=&%*.<*'"I1"+,*"64-C(+-+($.-&"3%&&"$="

3-22(.6"2+-42"-.'"$%4"$#."0(&)1"K-18"+,*"64-C(+1"$="*3(&*321"-.'"<$.2<($%2.*22"I$+,"

3%&&(.6":1"&(=*"(."'(==*4*.+"'(4*<+($.2"$4"<$.2<($%2.*22@"

"

¥! 4.l<,.:!2-&!'!S.<&-7!P$+,*4*"(2"-"+*-4(.6"2$%.'":$C(.6"-<4$22"+,*"2+*4*$"=(*&'8"

#,*.":$.(+$4(.6"$.",*-'3,$.*2"+,(2",-2"+,*"321<,$-<$%2+(<"*== *<+"$=":$C(.6"

+,4$%6,"+,*"I4-(.@"L,(2"4*34*2*.+2"+,*"3$2+G(<+-&"3,-2*"$="*3(&*3218"+,*"I4-(."(2"

*T,-%2+*'"=4$:"+,*"2*(U%4*"*T3*4(*.<*8"3-(."(2"234*-'"-<4$22"+,*"I4-(."-.'"=**&2"+$4."

(."+,* "*3(<*.+*4"$="+,*"2*(U%4*"-.'"#,*4*"(+"+4-.2:(++*'"+,4$%6,"+,*"I4-(.4!

!

¥! +7%-!%1.!"#$.7(.!P"(+"(2"-."%.2*++&(.6"*T3*4(*.<*"'4(=+(.6"(.+$"-"2*(U%4*"+,4$%6,"=$<-&"

$.2*+8"I%+"2+(&&"=%.<+($.(.6"-2"=-4"-2"$I2*4C*42"-4*"<$.<*4.*'@"A*$3&*"#,$"-4*"34*2*.+"

#,*." *T3*4(*.<(.6 "-."* 3(&*321"-I2*.<*"2*(U%4*"$=+*."'(2<%22"1$%4"I*,-C($4"$4"-<+($.2"

#,*."1$%"#*4*"-I2*.+ 8"I%+"1$%",-C*"I**."I*1$.'"+,*"$I2*4C-I&*@"

"

¥! +7%.&Z-;'%.!6.%b..7!Q'2.%9!'70!Q.,e<&.!m"*T3&$4(.6"+,*"('*-"$="+,*":$C*:*.+"

I*+#**."<$.2<($%2.*22"-.'" %.<$.2<($%2.*22@"

$

¥! X9(;,(!419%1:,(!Q':Z;.&!Y`Z.&,:.7%!m"*T3*4(:*.+"#(+ ,"2*6:*.+-+($."$="* 3(&*321"

BB["' -+-"=$4"4,1+,:(<"-.'":*&$'(<"3,4-2(.6@ "

!
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QY;!H,*,4,/&,%;"

7-<$3$%&$2Gg(-%8"H@8"M"Z-%C*&8"H@"^O_Ph`@"L,*"A-+(*.+b2"L%4."E$1"A$4+*4"-.'"A21<,(-+41b2"

L-&*28"L,(4+1"x*-42"$.@"0*'(<-&"N(2+$418"h_^P`8"PGPQ@"'$(/P_@P_Pcn:',@O_PS@hS"

7-(.I4('6* 8"]@"̂ O_P_̀@"bA*+*4"N$$)/"!\:"6$(.6"+$"<*&*I4-+*"!-."9%4+(2@"5$"$.*"*&2*"#(&&b"G"

F%.'-1"i"0-1"O_P_"__@_c"7FL"^-<<*22*'"OQ+,"D%.*"O_Pc"G"

,++32/nn###@+,*6%-4'(-.@<$:n:%2(<nO_P_n:-1n_in3*+*4G,$$) G(-. G<%4+(2`@"

7-)*4(<, 8"Z@"F<%&&18"E@"L@"^PicP`@"kB&*<+4$*.<*3,-&$3,$.*"-.'"Z**'I-<)"F12+*:b">.(+*'"

F+-+*2"A-+*.+"H33&(<-+($.@"5$@OP_c8OPS@"Z(&*'"D-.%-41"PQ+,"PicP8"-334$C*'"H%6%2+"OP2+"Picf@"

!.C*.+$42/"Z4-.)"7-)*4(<,u"E$I*4+"L@"F<%&&18"I$+,"$="0*.'$<(.$8"9-&(=@"H22(6.**/"

HY%-4(%2"B&*<+4$.(<28"0*.'$<(.$8"9-&(=@"^-<<*22*'"$.&(.*"D%.*"OO.'"O_Pc"

,++32/nn3-+*.+(:-6*2@2+$4-6*@6$$6&*-3(2@<$:n3'=2n>FfcSfRff@3'=`@"

7-4I*48"0@"N-1*28"A@"^O_Pf`@"k;$<+$4"K,$/"N$#"5$4=$&)":-."<4*-+*'";-&*)"-.'"L-4'(2"

2$%.'2b"71"A-%&"N-1*2"-.'"0-4+(."7-4I*4@"779"5*#2"Of"5$C*:I*4"O_Pf"^-<<*22*'"$.&(.*"

D%.*"Oi+,"O_Pc"G",++3/nn###@II<@<$@%)n.*#2n%)G*.6&-.' G.$4=$&)GOS_SP_hP`@"

7-T*.'-&*"-.' "jb+$$&*@"^O__c`@"B3(&*321":1+,2/"H&(C*"-.'"=$-:(.6"(."+,*"OP2+"<*.+%41@"

B3(&*321"-.'"7*,-C($48"PP^O`8"PiOGPih@"

7-T*.'-&* 8"F@"̂ O__Q`@"L,*"(.+4(6%(.6"<-2*"$="9,4(2+(.-"+,*"H2+$.(2,(.6@"5*%4$&$61"0-1"

O__Q8"c_"^OP`"O__RGO__cu";j!/P_@POPOn_P@#.&@____fPOScR@QSOSf@<_"

7-T*.'-&*8"F@"^O__Q`@"L,*"4*34*2*.+-+($."$="*3(&*321"(."3$3%&-4":%2(<@"B3(&*321"-.'"

7*,-C($48"PO^P`8"PhSGPhi@"

779"5*#2" G"kH4+(2+"+$"(.'%<*"2*(U%4*"$."2+-6*b@"[0L8"L,%42'-18"Pi"5$C*:I*4"O__i@"A-6*"

&-2+"%3'-+*'"-+"Pf/_Q"^-<<*22*'"$.&(.*"Z*I4%-41"PQ8"O_PQ"G

,++3/nn.*#2@II<@<$@%)nPn,(n*.6&-.'n#*2+„1$4)2,(4*nQfhQPSi@2+:`@"
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7*46*48"N@"PiOR@"Z(42+"3%I&(2,*'"B&*<+4$*.<*3,-&$64-:"$="-",%:-.@"L,(2"(:-6*"(2"$.*"$="

+,*"=(42+"BB[28"-33*-4(.6"(."7*46*4\2"Z(42+"E*3$4+@"!+"(2"-"3$4+($."$="=(6@"Pf"=4$:"7*46*4\2"

=(42+"3%I&(<-+($."$."BB[/"7*46*4"N@"…I*4"'-2"B&*)+4*.)*3,-&$64-::"'*2"0*.<,*.@"

H4<,(C*2"=†4"A21<,(-+4(*@"PiOiu"Qc/SOcGc_@"

,++32/nn*.@#()(3*'(-@$46n#()(nN-.2„7*46*4ln:*'(-nZ(&*/P2+G**6@3.6"A*4:(22($."'*+-(&2/"

A%I&(<"'$:-(." ^-<<*22*'"$.&(.*"D%.*"PQ+,"O_Pc`@"

7$,:8";@"^O__O`@"K,$&*.*22"-.'"+,*"(:3&(<-+*"$4'*4"^E$%+&*'6*"<&-22(<2`@"]$.'$./"

E$%+&*'6*@"

7$1&*8"7@"^O_Ph`@"k](2+*."+$"+,*"B.<*3,-&$3,$.*8"+,*":%2(<-&"(.2+4%:*.+"1$%"3&-1"#(+,"

1$%4":(.'b@",++32/nn###@6**)#(4*@<$:nO_Phn*.<*3,-&$3,$.*G:%2(<G:(.'n "̂ -<<*22*'"

$.&(.*"OP2+"D%.*"O_Pc`@"

741-."D@"9,-4.&*1"G"[-&&*41@"7*+,&*:"0%2*%:"$="+,*"0(.'@"

,++3/nn:%2*%:$=+,*:(.'@$46@%)n6-&&*41n-4+(2+nI41-. GW@G<,-4.&*1"̂ - <<*22*'"$.&(.*"

Z*I4%-41"P2+8"O_PQ`@"

9-4*18"7@"^O_Pf`@"F+-.=$4'"2<(*.+(2+2"I%(&'"-"\I4-(."2+*+,$2<$3*\"+$"+%4."2*(U%4*2"(.+$"

:%2(<b@",++3/nn.*#2@2+-.=$4'@*'%n.*#2nO_Pfn2*3+*:I*4n2*(U%4*G:%2(<G4*2*-4<,G

_iORPf@,+:&"G"̂ -<<*22*'"$.&(.*"Pc+,"Z*I4%-41"O_Pc`@""

9-+,$&(<F-(.+2@!.=$@"wF-(.+"9,4(2+(.-"+,*"H2+$.(2,(.6@w"Oh"H%6%2+"O_Pc@"

,++3/nn<-+,$&(<2-(.+2@(.=$n2-(.+G<,4(2+(.-G+,* G-2+$.(2,(.6n "̂ -<<*22*'"$.&(.*"OS+,"

Z*I4%-41"O_PQ`@"wI*-+(=(<-+($.r@"O__Q@",++3/nn<-+,$&(<2-(.+2@(.=$nI*-+(=(<-+($.n"

9,%"?($.6"]$$8"x-3"?** :"F(-,8"?$)"K-("K$.68"H.'4*#"L*$,"7*.6"D(.8"?-(U,%"N%-.6@"

F34(.6*48"OP"j<+"O_PR@"kF$.(=(<-+($."=$4"BB["Z4*Y%*.<1"F3*<+4%:"-.'"BB[G7-2*'"B:$+($."

Z*-+%4*2b@"5*%4-&"!.=$4:-+($."A4$<*22(.6/"OP2+"!.+*4.-+($.-&"9$.=*4*.<*8"!9j5!A"O_PR8"

?%<,(.68"0-&-12(-8"5$C*:I* 4"fGh8"O_PR@"A4$<**'(.628"A-4+"f8"*'(+*'"I1"9,%"?($.6"]$@"
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9(-4'(8"D@"^PiSR`@"L,* "!.=*4.$8";-.+*"H&(6,(*4(@"L4-.2&-+*'"I1"D$,."9(-4'(@"K(+,"-."

!.+4$'%<+($."I1"H4<,(I-&'"L@"0-<H&&(2+*4"-.'"-"5*#"H=+*4#$4'"I1"B'#-4'"0@"9(=*&(8"

A,;@""F![5BL"9]HFF!9F@"A%I&(2,*'"I1"5*#"H:*4(<-."](I4-418"-"'(C(2($."$="A*.6%(." "

9$&*28"H@"^O_Pf`@"L*:3$4-&"&$I*"*3(&*321"-.'";$2+$1*C2)1"2*(U%4*2/"5*%4$3-+,$&$61"-.'"

F3(4(+%-&(+1@";4"H&-2'-(4"9$&*2@"

,++3/nn###@<$&*2<-:I4('6*@$46@%)n(.'*T„,+:„=(&*2nH&-2'-(4tO_9$&*2tO_L*:3$4-&tO_

&$I*tO_*3(&*321tO_-.'tO_;$2+$1*C2)1tO_2*(U%4*2@T@3'="̂ -<<*22*'"$.&(.*"OS+,"

Z*I4%-41"O_PQ`@"

[4$%3"^>FH`"!.<@8"fcS"N%'2$."F+4**+8"5*#"x$4)8"5*#"x$4)"P__PR8">FH@"9$314(6,+"‡ˆ"

D$,."9(-4'(8"PiSR8"PiQO@"H=+*4#$4'"<$314(6,+"‡ˆ"B'#-4'"0@"9(=*&&(8"O__i@"

94-.2+$.8"0@"̂ O__i`@"kK(&'&1"HI2+4-<+"H.'"9$.2+-.+&1"jI&(Y%*b/"H."!.+*4C(*#"K(+,"

H.+$.1"N*6-4+1"71"0(<,-*& "94-.2+$. "G"A$2+*'/"ZB7E>HEx"P_+,8"O__i"G"

,++3/nn###@+,*=-'*4@<$:nO__in_OnP_n#(&'&1G-I2+4-<+G-.' G<$.2+-.+&1G$I&(Y%*G-. G

(.+*4C(*#G#(+, G-.+$.1 G,*6-4+1"̂ -<<*22*'"$.&(.*"D%.*"PQ"O_Pc`@"

;-28"D@"^O_Pc`@"F$%.'"$="9(.*:-/"L,*"0%2(<"+,-+"0-'*"+,*"0$C(*2@"]-2+"$."779"Zj>E"

K*'"S"D%&"O_Pc"O_/__@"F*4(*2"A4$'%<*4/"D$,.";-2@";(4*<+$4/"D$,.";-2@"A4*2*.+*4/"5*(&"

74-.'@"BT*<%+(C*"A4$'%<*4/"0(<,-*&"A$$&*@"

;(.6&*'(.*8"E@"g-4C*&8"5@"N@"";%'*) 8"B@"Z@"^O_PR`@"wK,*."-.'"N$#";$"F*(U%4*2"?(&&"

5*%4$.28"-.'"!2"9*&&";*-+,"E*&*C-.+"+$"B3(&*3+$6*.*2(2ar"H'C-.<*2"(."*T3*4(:*.+-&"

:*'(<(.*"-.'"I($&$61"QPf"^O_PR`/"P_imPOO@"A09@"K*I@"PP"H%6@"O_Pc@"

B;Z"E*6(2+4-+($.@"74-(.+4$.(<2"7@g@"

,++3/nn###@I4-(.+4$.(<2@.&n3-6*2nF$=+#-4*L$$&2nB;ZtO_E*<$4'(.6nB;ZG0-(.@,+: "

^-<<*22*'"$.&(.* "Pc+,"Z*I4%-41"O_Pc`@"

B3(&*321"H<+($.8",++32/nn###@*3(&*321@$46@%)n(.=$n#,-+G(2G*3(&*321"̂ -<<*22*'"$.&(.*"Pc+,"

Z*I4%-41"O_Pc8"%3'-+*'"0-1"O_PR`@"
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B3(&*321"E*2*-4<,">?"^O_PQ`@"L4-.2=$4:(.6"](C*2"L,4$%6,"E*2*-4<,@"

,++32/nn###@*3(&*3214*2*-4<,@$46@%)n-I$%+G*3(&*321n4*-&G2+$4(*2n"̂ -<<*22*'"$.&(.*"OS+,"

Z*I4%-41"O_PQ`@""

B3(&*321"F$<(*+1@"A*42$.-&"F+$4(*2"^O_PQ`@",++32/nn###@*3(&*3212$<(*+1@$46@%)n3*42$.-&G

2+$4(*2GPl@K3][oU?<-N$ "̂ -<<*22*'"$.&(.*"OS+,"Z*I4%-41"O_PQ`@""

B&#*2"E;8"0-42,-&&"D8"7*-++(*"H8"5*#:-."A?@"B3(&*321"-.'"*:3&$1:*.+@"H"<$::%.(+1"

I-2*'"2%4C*1"(."-."-4*-"$=",(6,"%.*:3&$1:*.+@"D$%4.-&"$="5*%4$&$618"5*%4$2%46*418"-.'"

A21<,(-+41@"PiiPuSR^f`/O__GO_f@"

Z(+U6*4-&'";8"9-&&-4'"Z@"^O_Ph`@"B.+-.6&(.6"+,*"0*'(<-&"N%:-.( +(*2@"!./"H+)(.2$."F8"

0-<.-%6,+$."D8"E(<,-4'2"D8"-%+,$42u"K,(+*,*-'"H8"K$$'2"H8"*'(+$42@"L,*"B'(.I%46,"

9$:3-.($."+$"+,*"94(+(<-&"0*'(<-&"N%:-.(+(*2@"B'(.I%46,"^>?`/"B'(.I%46,">.(C*42(+1"

A4*22u"O_Ph"D%."f_@"9,-3+*4"P@"HC-(&-I&*"=4$:/"

,++32/nn###@.<I(@.&:@.(,@6$CnI$$)2n57?fciOhRn"

[-&**. 8"N@"^PiOO@̀"5$2=*4-+%8"*(.*"F1:3,$.(*"'*2"[4-%*.2"^$4(6(.-&"+(+&*`@";(4*<+$4/"Z@K@"

0%4.-%@"K4(+*42/"N*.4()"[-&**."^2<4**."3&-1`8"74-:"F+$)*4"^I-2*'"$."+,*".$C*&/"

q; 4-<%&-r`@"F+-42/"0-T"F<,4*<)8"[4*+-"F<,4‰'*48"E%+,"]-.'2,$=="G"

,++3/nn###@(:'I@<$:n+(+&*n++__PfRROn"G"̂ -<<*22*'"$.&(.*"Pc+,"Z*I4%-41"O_Pc`@"A%I&(<"

'$:-(.@ "

[$&'I*46*4"H 8"H:-4-&"]H58"[&-22"]8"N-%2'$4=="D08"!C-.$C"A9,8"0-4)"E[8"0(*+%2"DB8"

0$$'1"[78"A*.6"9 G?8"F+-.&*1"NB@"̂ O___`@"A,12($7-.)8"A,12($L$$&)(+8"-.'"A,12($5*+/"

9$:3$.*.+2"$="-"5*#"E*2*-4<,"E*2$%4<*"=$4"9$:3&*T"A,12($&$6(<"F(6.-&2@"9(4<%&-+($."

P_P^Of`/*OPSG*OO_"y9(4<%&-+($."B&*<+4$.(<"A-6*2u"

,++3/nn<(4<@-,-W$%4.-&2@$46n<6(n<$.+*.+n=%&&nP_PnOfn*OPSzu"O___"^D%.*"Pf`@""

[$4'$.8"D@"k0*'(<-&"N%:-.(+(*2/"L$"9%4*"F$:*+(:*28"+$"E*&(*C*"j=+*.8"+$"9$:=$4+"

H&#-12b8"0*'(<-&"D$%4.-&"$="H%2+4-&(-"PQO@P"^O__S`8"33@"SmQ@"
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[4%2,8"]@"^O_Ph`@$<78+*'$h9.#)@('").#1h$VVA$8'")*'&*$)',.#.&'%W$-"#h&$('")$W+/($&8+/18&*4$

C8"&$VVA$-"#$"#)$-"#h&$)+B"I1"]$4*."[4%2,/"

,++3/nn###@+,*C*46*@<$:nO_PhnPnPOnP_cSRRfhn<$::*4<(-&G**6 G,*-'2*+2 GC('*$ G6-:*2 G

:(.' G<$.+4$&G+*<,.$&$61"̂ D-."PO8"O_Ph8"PO/_Q3:"BFL"m"-<<*22*'"$.&(.*"H%6%2+"f4' "O_Pc`@"

N--28"]@Z@"^O__f`@"N-.2"7*46*4"^PQcfGPiRP`8"E(<,-4'"9-+$."^PQROGPiOh`8"-.'"

*&*<+4$*.<*3,-&$64-3,1@"^5*%4$&$6(<-&"F+-:3`@"D$%4.-&"$="5*%4$&$618"5*%4$2%46*41"-.'"

A21<,(-+418"cR^P`8"i@"

N*6-4+18"H@"H.+$.1"-.'"+,*"D$,.2$.2" G"qB3(&*321"!2";-.<(.6q"

,++32/nn###@1$%+%I*@<$:n#-+<,aCsF1.!„(9,:K)"G"̂ -<<*22*'"$.&(.*"H34(&"P_+,88"O_Pc`@"

N*.418"A@"kD$%4.-&"'*":*2"2$.2b"^D$%4.-&"$="01"F$%.'2`"^PiQO`@"9$::(22($./"F+%'($"$="

?&-%2"F<,‰.(.6 "-+"+,*"K;E"$="9$&$6.*@"7$$)&*+"^'*+-(&8"-%+,$4`/"+*T+"I1"A(*44*"N*.41"(."

[*4:-.8"^ V'(+($.2"FV6%(*4"9-44V":%2(Y%*8"Piih`@"

N$<).*18";"M"[-1=$4'8"0@"kH"N(2+$41"$="A(<+%4*2/"Z4$:"+,*"9-C*"+$"+,*"9$:3%+*4"

F<4**.b@"A$&(2,*'"I1"L,-:*2"M"N%'2$."O_Ph@"!F75GPf@"icQ_S__OfiRi_@"

N$&'*.8"D@"?(*==*48"D@"5*#I(6(.8"4(6,+8"F@"K*&&<$:*"L4%2+"^]$.'$.8"B.6&-.'`@"K,*4*"'$*2"

(+",%4+a"L,*".*#"#$4&'"$="+,*":*'(<-&",%:-.(+(*2@"!F75/"icQ G_GiSc_OQSGcGinZ(42+"

3%I&(2,*'"(."j<+$I*4"O_PR@"

N$&&(.628"?@"7%4:-.8"0@"^O_Pf`@$<M+/#)$=,$:.#'9"P$X'&/(#$=,$78'$g+#*&'($N(+9$78'$D)B"

I1"]$%(2"-.'"7*I*"7-44$."PiSh@"779b2"F$%.'"j="9(.*:-"2*-2$.@"A4*2*.+*4n"?*."N$&&(.628"

A4$'%<*4n"0-4)"7%4:-."=$4"+,*"779"O_Pf@"^-<<*22*'"$.&(.*"F*3+*:I*4"O_Pf`@"

N$$) 8"A@"̂ O_PP`@"D$1";(C(2($.\2"!-."9%4+(2"<$::(+2"2%(<('*b@"L%*2'-1"PR"D%.*"O_PP"__@Oi"

7FL@",++32/nn###@+,*6%-4'(-.@<$:n:%2(<nO_PPnW%.nPRnW$1G'(C(2($.G(-. G<%4+(2G2%(<('*"

^-<<*22*'"OQ+,"D%.*"O_Pc`@"
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D$,.2$. 8"D@"A@"̂ O_PP`@"H.(:-&"B&*<+4(<(+18"<(4<-"PcQP@"N$#"-."!+-&(-."2<(*.+(2+"'$(.6"

Z4-.)*.2+*(. G&()*"*T3*4(:*.+2"$."'*-'"=4$62"'(2<$C*4*'"+,-+"+,*"I$'1"(2"3$#*4*'"I1"

*&*<+4(<-&"(:3%&2*2@b"D*22(<-"A@"D$,.2$."(."L,*"F<(*.+(2+8"F*3+*:I*4"OQ8"O_PP"^-<<*22*'"

$.&(.*"D%.*"Oi+,"O_Pc"G",++3/nn###@+,*G

2<(*.+(2+@<$:na-4+(<&*2@C(*#n-4+(<&*5$nfP_cQn+(+&*nH.(:-&GB&*<+4(<(+1GG<(4<-GPcQPn`"

D$.*28"K@"N@"F"*+"-&"^PiOf`@"N(33$<4-+*2@"j."+,*"F-<4*'";(2*-2*"K4(++*."R__"7@9@*"#(+,"

-."*.6&(2,"+4-.2&-+($."I1"K@"N@"F@"D$.*2@"7%42-4"-.'"F+*#-4'"$)"2@"j-+,-4(.)\2"9$&&*%*8"

9-:I4('6*@"<$44*23$.'(.6":*:I*4"$="+,*",(2+$4(<-&"2*<+($."$="+,*"E$C-&"F$<(*+1"$="

0*'(<(.*@"=(42+"34(.+*'"PiOf8"4*34(.+*'"PiRf8"PiSO8"PiSi@"

D$1";(C(2($."m"F,*\2"]$2+"9$.+4$&"n"H+:$23,*4*@"Z-<+$41"^>F`"m"Z-<%2"O8"Z-<+$41"^>F`"m"

ZH9>F"O@"E*&*-2*'/"H%6"PiQ_@"

D$1"; (C(2($.@"F,*b2"] $2+"9$.+4$&"G",++3/nn###@2$.6=-<+2@<$:n'*+-(&@3,3a('sR__cO"

^-<<*22*'"$.&(.*"D%.*"PQ+,8"O_Pc`@"

?-..*48"]@"^!if_`8"\L,*".-:*2"$="+,*"=-&&(.6"2(<).*2\@"N%:@"7($&@8"!!8"P_i@"

]&$1'8";@"^O_PP`@"0(.'"-2"0%2(<@"Z4$.+(*42"(."A21<,$&$618"O8"Z4$.+(*42"(."A21<,$&$618"O_PP8"

g$&@O@"

]%)*"9,-3+*4"i@"?(.6"D-:*2"g*42($."^?Dg`",++32/nn###@)(.6W-:*2I(I&*$.&(.*@$46n]%)*G

9,-3+*4 Gin "̂ -<<*22*'"$.&(.*"Of4'"D%.*"O_Pc`@"

]%++*428"7@8"M"?$*,&*48"A@"^O_Ph`@"74-(.#-C*2"(."<$.<*4+/"L,*"O_+,"<*.+%41"2$.(=(<-+($."$="

+,*"*&*<+4$*.<*3,-&$64-:@"74-(.8"Pfi^P_`8"OQ_iGOQPR@"

0(&&*++8";@"^O__P`@"N-.2"7*46*4/"Z4$:"A21<,(<"B.*461"+$"+,*"BB[@"A*423*<+(C*2"(."7($&$61"

-.'"0*'(<(.*8"RR^R`8"SOOGSRO"

0(4-.'-" *+"-&"̂ O__f`@"j."N-4.*22(.6"+,*"B&*<+4$*.<*3,-& $64-:"=$4"+,*"0%2(<-&"

74-(.<-3@"9$:3%+*4"0%2(<"D$%4.-&8""Oc^O`8"Q_GP_O@"
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0(4-.'-8"BE8"7$.*+8"58"M"?(4)*8"H@"^O_Ph`@"7&1+,"m"B-2+I$%4.*"m"K*:I%41/"F$.(=(<-+($."

-2"-"9$:3$2(+($.-&"L$$&"(."B&*<+4$-<$%2+(<"0%2(<@"

0 %43,18"B@"^PiSi`@"L,*"F-(.+2"$="B3(&*321@"0*'(<-&"N(2+$418"P_nPiSi8"g$&@f^_R`8"33@f_fGfPP"

5-+($.-&"F$<(*+1"=$4"B3(&*321"O__i@"kj%+"$="F+*3ab"

,++32/nn###@*3(&*3212$<(*+1@$46@%)n2(+*2n'*=-%&+n=(&*2nO__itO_(22%*tO_f@3'="̂ -<<*22*'"

$.&(.*"Z*I4%-41"PQ8"O_PQ`@"

5$-<)8"L,$42+*.8"M"Z-.6*4-%8"N*(.*4@"^O__c`@"B%6*.(<28"B%+,-.-2(-8"-.'"H=+*4:-+,@"

!.+*4.-+($.-&"D$%4.-&"$="0*.+-&"N*-&+,8"fh^P`8"PPOGPOR@"

5%42*8"A@"^O_PP`@"$kF<(*.<*">.'*4"H++-<)b"N$4(U$.8"O_P_GO_PP"B3(2$'*"P_"$="PS@"]-2+"$."779"

j5B"F-+"Pi"Z*I"O_PP"G"_P/__@"5$I*&"A4(U*"#(..*4"F(4"A-%&"5%42*"*T-:(.*2"#,1"2<(*.<*"

-33*-42"+$"I*"%.'*4"-++-<)8"-.'"#,1"3%I&(<"+4%2+"(.")*1"2<(*.+(=(<"+,*$4(*2",-2"I**."

*4$'*'@"E*&*-2*"'-+*/"OR"D-.%-41"O_PP"G",++3/nn###@II<@<$@%)n34$64-::*2nI__1R1Y&"

5%++(.68"A@"[@"^Pi_Q`@"L,*";*4(C-+($."$="Z*<,.*4\2"]-#@"H%+,$4^2`/"A@"[@"5%++(.6@"F$%4<*/"

F<(*.<*8"5*#"F*4(*28"g$&@"Oc8"5$@"hiP"^0-4@"Oc8"Pi_Q`8"33@"SP_GSPP"A%I&(2,*'"I1/"H:*4(<-."

H22$<(-+($."=$4"+,*"H'C-.<*:*.+"$="F<(*.<*"F+-I&*">E]/"

,++3/nn###@W2+$4@$46n2+-I&*nPhfOiRR"H<<*22*'/"PfG_cGO_Pc"Pf/Oc">L9@"

A-.-1($+$3$%&$2"9A@"̂ O_PS`@"L,*"B3 (&*32(*2/"F*(U%4*28"F1.'4$:*2"-.'"0-.-6*:*.+@"

jT=$4'2,(4*"^>?`/"7&-'$."0*'(<-&"A%I&(2,(.6u"O__S@"9,-3+*4"PO8"F1:3+$:-+(<"-.'"

A4$I-I&1"F1:3+$:-+(<"Z$<-&"B3(&*32(*2/"L$3$64-3,(<-&"F1:3+$:-+$&$61"-.'"

9&-22(=(<-+($.@"HC-(&-I&*"=4$:/",++32/nn###@.<I(@.&:@.(,@6$CnI$$)2n57?Oh_Sn"

A‚ 4+8"H@"7($64-3,1"G",++3/nn###@-4C$3-4+@$46nI($@,+:&"̂ -<<*22*'"$.&(.*"S+,"0-4<,"O_Pc`@"

A(<<$&(.$8"0@"^O__h`@"]%(6("[-&C-.(\2"3-+,"+$"-.(:-&"*&*<+4(<(+1@"9$:3+*2"E*.'%2"G"

7($&$6(*28"fOi^S`8"f_fGfPQ@"
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A(*4<*8"D0F@"H";(2*-2*"j.<*"F-<4*'@"H"N(2+$41"$="+,*"0*'(<-&">.'*42+-.'(.6"$="B3(&*321@"

74-(."^O__O`"POS"^O`/"RRPGRRO@";j!/",++32/nn'$(@$46nP_@P_ifnI4-(.n-#=_fQ"_P"Z*I4%-41"

O__O@"

A21<,*8"]@"?$3&(.G[4**.8"0@"Z4(<)8"0@"-.'"0-22$.*8"0@"̂ O_PR̀@"E-3('&1"&*-4.*'"

('*.+(=(<-+($."$="*3(&*3+(<"2*(U%4*2"=4$:"2$.(=(*'"BB[@"jE![!5H]"EBFBHE9N"HEL!9]B"

3%I&(2,*'/"Pf"j<+$I*4"O_PR"N>0H5"5B>EjF9!B59B@"

#++(%TWW%'0/2&1'02;&'8W(%)&#,`1'0$W%,+%W-15'4$+#8$&!

E-U-C(8"B,2-.(8"?-:4-C-8"A*)*&(28"5-.6(-8"9,-=*8"M"A-4C(U(@"^O_PS`@"L,*"I4-(."2+*+,$2<$3*/"

H"'*C(<*"+,-+"+%4.2"I4-(."-<+(C(+1"(.+$"2$%.'@"B3(&*321"M"7*,-C($48"Rh8"SfGSR@"

E*1.$&'28"B@8"M"?(..(*4"K(&2$.8"D@"^O__Q`@"A21<,$2*2"$="B3(&*321"(."7-I1&$./"L,*"j&'*2+"

H<<$%.+"$="+,*";(2$4'*4@"B3(&*32(-8"Ri^i`8"PRQQGPRi_@"

E$2*.I$$:8";@"^PiQO@̀"k=#z;'.#1zD#O.*.>%'B$

8&&SPxx)"O.)(+*'#>++94-+9x*.&'*x)',"/%&x,.%'*x9')."x)+0#%+")*x=#z;'.#1zD#O.*.>%'zg

C6s4S),$@$̂ -<<*22*'"$.&(.*"D%.*"OO.' 8"O_Pc`@"

E$2*.I$$:8";@"^Pii_`@"kBT+*.'*'"0%2(<-&"!.+*4=-<*"#(+,"+,*"N%:-."5*4C$%2"F12+*:" G"

H22*22:*.+"-.'"A4$23*<+%2b@"]*$.-4'$ "0 $.$64-3, "F*4(*2@"!.+*4.-+($.-&"F$<(*+1"=$4"+,*"

H4+28"F<(*.<*2"-.'"L*<,.$&$61"^!FHFL`@"F-."Z4-.<(2<$8"9-&(=$4.(-8">@F@H@"j4(6(.-&"Pii_8"

E*C(2($.2"+$"A-4+2"S"-.'"h"-.'"-''(+($.-&"H33*.'(T*28"Piic@ "

E$2*.I$$:8";@"^O_PR`@"H<+(C*"(:-6(.-+(C*"&(2+*.(.6"G"-".*%4$:%2(<-&"<4(+(Y%*@"Z4$.+(*42"

(."5*%4$2<(*.<*8"Q8"Z4$.+(*42"(."5*%4$2<(*.<*8"O_PR8"g$&@Q@""

E$2*.I$$:8";@" ^O_PS̀@"kA$4+-I&*"[$&'"-.'"A,(&$2$3,*42\"F+$.*2"^;*C(-.+"E*2$.-.<*2`b"G"

^-<<*22*'"$.&(.*"D%.*"OO.'"O_Pc"G",++3/nn###@'-C('4$2*.I$$:@<$:n:*'(-n3$4+-I&* G

6$&'G-.' G3,(&$2$3,*42G2+$.*2G'*C(-.+ G4*2$.-.<*2` @"
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E%22$&$8"]@"L,*"H4+"$="5$(2*"^=%+%4(2+":-.(=*2+$8"PiPf`"I1"]%(6("E%22$&$"+4-.2&-+*'"I1"

E$I*4+"Z(&&($%@"j4(6(.-&&1"3%I&(2,*'"(."Pihc"-2"-"[4*-+"7*-4"A-:3,&*+"I1"F$:*+,(.6"B&2*"

A4*22@"%I%<&-22(<2"###@%I%@<$:"F*4(*2"B'(+$4/"0(<,-*&"L*.<*4"G"̂ -<<*22*'"$.&(.*"

Z*I4%-41"PO+,"O__R"G",++3/nn###@%I%@<$:n,(2+$4(<-&n6In4%22$&$„.$(2*@3'=`@"

F-4)-48"0@"*+"-&@"0!L"0*'(-"]-I"K$4'2"+,-+";*2<4(I*"L(:I4*" G"0!L"-&%:.(" G"H"F+%'1"$="

H%'(+$41"A*4<*3+($."L,4$%6,"]-.6%-6*@"0(,(4"F-4)-48"7-441"g*4<$*8"x-.6"x-.6"

,̂++3/nn-&%:.(@:*'(-@:(+@*'%nŠ:(,(4n'$<%:*.+2n:(,(4„2$%.'„2%4C*1„3$2+*4@3'="G"

-<<*22*'"$.&(.*"D%.*"OR+,"O_Pc`@"

F*.*C(4-+.*8">@"^O_P_`@"Z1$'$4";$2+$*C2)1"-.'",(2"=-&&(.6"2(<).*22/"H"<4(+(<-&"-.-&12(2"$="

2*(U%4*"2*:($&$61@"B3(&*321"-.'"7*,-C($48"O_P_8"g$&@PQ^R`8"33@RORGRf_@"

F*2,-'4( "?[@"B.'$<4(.$&$61"-.'"+,*"-4+2"-+"+,*"=**+"$="+,*"'-.<(.6"]$4'/"A-4-+,14$('"

,$4:$.*"4*2(2+-.<*"(."-."!.'(-."(<$.@"!.'(-."D"B.'$<4"0*+-I"y2*4(-&"$.&(.*z"O_ PR"

y<(+*'"O_PQ"D-."O_z@"HC-(&-I&*"=4$:/",++3/nn###@(W*:@(.n+*T+@-23aO_PRnPQnOnOOhnPOiPPc"

F,$*I8"B'#-4'28"9$..$&&18"7$%46*$(28"L*'"L4*C*28"M"[%++-6@"^O__R`@"A-+(*.+G23*<(=(<"

2*(U%4*"$.2*+"'*+*<+($.@"B3(&*321"-.'"7*,-C($48"Ŝ R`8"RQfGRiQ@"

F:-&&*18";@"^Piic`@"F3*<+4$:$43,$&$61/"BT3&-(.(.6"2$%.'G2,-3*2@"j46-.(2*'"F$%.'8"

O^O`8"P_cGPOh@""

F:-&&*18";@"^O__i`@";*=(.(.6"+(:I4*" • "E*=(.(.6"+(:I 4*@"9$.+*:3$4-41"0%2(<"E*C(*#8"

_PnPiiR8"g$&@P_^O`8"33@fSGRQ@"A%I&(2,*'"$.&(.*/"OP"H%6"O__i@"

F+4-*I*&8"g@8"M"L,$I*.8"K@"^O_PR`@"H&C(."]%<(*4\2"0%2(<"=$4"F$&$"A*4=$4:*4/"BT3*4(:*.+-&"

:%2(<"I*1$.'"2$.(=(<-+($.@"j46-.(2*'"F$%.'8"Pi^P`8"PcGOi@"'$(/P_@P_PcnFPfSSccPQPf___fcd@"

F+(<)&*18"L@"N%(8"H@"^O_PO`@"F$<(-&"34*2<4(I(.6"+,4$%6,"-4+2"$."34*2<4(3+($."(."-">?"<(+1/"

A-4+(<(3-.+2\"3*423*<+(C*2"^A-4+"P`8"A%I&(<"N*-&+,8"g$&%:*"POh8"!22%*"c8"O_PO8"A-6*2"ScRG

Sci8"!FF5"__ffGfS_h8",++32/nn'$(@$46nP_@P_PhnW@3%,*@O_PO@_R@__O@""
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F+(<)&*18"L@"N%(8"H@"^O_PO`@"F$<(-&"34*2<4(I(.6"+,4$%6,"-4+2"$."34*2<4(3+($."(."-">?"<(+1/"

E*=*44*42\"3*423*<+(C*2"^3-4+"O`8"A%I&(<"N*-&+,8"g$&%:*"POh8"!22%*"c8"O_PO8"A-6*2"SQ_GSQh8"

!FF5"__ff GfS_h8",++32/nn'$(@$46nP_@P_PhnW@3%,*@O_PO@_R@__P@"

,̂++3/nn###@2<(*.<*'(4*<+@<$:n2<(*.<*n-4+(<&*n3((nF__fffS_hPO__Pfc_`@"

L*:)(.8"j#2*(@"L,*"=-&&(.6"2(<).*22/"H",(2+$41"$="*3(&*321"=4$:"+,*"[4**)2"+$"+,*"

I*6(..(.62"$=":$'*4.".*%4$&$61@"7-&+(:$4*/"D$,.2"N$3)(.2"A4*228"PiRS8"33@"

L*3&-. 8"0@"Ô__Ò@"Z%.'-:*.+-&2"$="BB["0*-2%4*:*.+u"0*-2%4*:*.+"F<(*.<*"E*C(*#8"

g$&%:*"O8"F*<+($."O8"O__O@"

L,*4*:(.C$T@"̂ O__R`@$<78'$n"W$78'$V"(&8$M&++)$M&.%%B"k2<$4*"I1"7*4.-4'"N*44:-."#(+,"+,*"

L,*4*:(."3&-1*'"I1"F-:%*&"N$==:-."A- %&"F,%4*"yez"(."PiSP@"L,*4*:(.@(.=$"

,++32/nn###@+,*4*:(.C$T@<$:n-4+(<&*n-4+(<&*C(*#ni_nPnPcn(.'*T@,+:&"̂ -<<*22*'"$.&(.*"

D%.*"OQ+,"O_Pc`@"

L,*"L*&*64-3,"^O__i`@"A-%&"F+$)*2@"B3(&*3+(<"-<+4*22"-++*:3+2"+$"(.'%<*"=(+"$."2+-6*@"

h/PiA0"[0L"Pi"5$C"O__i@",++3/nn###@+*&*64-3,@<$@%)n<%&+%4*n+,*-+4*n+,*-+4*G

.*#2nhh_hffinB3(&*3+(<G-<+4*22G-++*:3+2G+$G(.'%<* G=(+G$. G2+-6*@,+:&"̂ -<<*22*'"$.&(.*"

Z*I4%-41"PQ8"O_PQ`@"

L,$:-2"H@";*%*&8"D%-."A-:3(.8"D-<$I"F%.'2+4$:8"M"Z*&(T";-4C-2@"^O_Pc`@"L,*"

B.<*3,-&$3,$.*/"H"5$C*&"0%2(<-&"7($=**'I-<)";*C(<*"%2(.6"9$.2<($%2"9$.+4$&"$="

B&*<+4$*.<*3,-&$64-:"^BB[`@"Z4$.+(*42"(."N%:-."5*%4$2<(*.<*8"PP8"Z4$.+(*42"(."N%:-."

5*%4$2<(*.<*8"_P"H34(&"O_Pc8"g$&@PP@"

L('18"9@"^O_PS`@"kB3(&*321"#(+,"Z$<-&"F*(U%4*2b"G"H%+,$4/";4"9$&(."L('1@"A**4"E*C(*#*4/"

A4$="9-+,1"D-<)2$.@";$<%:*.+"!;/"RRRQ"^CRP`@"]-2+"9,*<)*'/"_S"D%.*"O_PS@"5*T+"E*C(*#/"

_R"D%.*"O_PQ@"^-<<*22*'"$.&(.*"D%.*"PQ"O_Pc",++32/nn3-+(*.+@(.=$n,*-&+,n+13*2G$=G*3(&*321G

-.' G2*(U%4*2`@"
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L$44(8"H@"B3(&*321"G"j4(6(.-&"0%2(<"g('*$"I1"H&*)2("L$44("G"

,++32/nn###@1$%+%I*@<$:n#-+<,aCs]7_:CLU+iL!"̂ -<<*22*'"D-."O_Pc`@"

L4*+)$==8"B@"0-4<,"O__h"^g$&%:*"PS8"5%:I*4"f`"PQ__/"g$&+-"'*2<4(I* 2"+,*"B&*<+4(<"

7-++*41@"ˆPiiS" G"O_PQ8"H:*4(<-."A,12(<-&"F$<(*+1"^-<<*22*'"$.&(.*"OO.' "D-.%-41"O_PQ`"

,++32/nn###@-32@$46n3%I&(<-+($.2n-32.*#2nO__h_fn,(2+$41@<=:"

L4%-T8"7-441@"F$%.'8"](2+*.(.6"-.'"A&-<*/"L,*"-*2+,*+(<"'(&*::-@ "j46-.(2*'"F$%.'8"O_PO8"

g$&@Pc^f`8"33@PifGO_P@"

>.(+*'"5-+($.2 8 #++(TWW333;0/;'45W,/W2,9,1'(8,/+W2,%-W/,3%W('(01-+$'/WOPQZ`

4,('4+;#+81"̂ -<<*22*'"$.&(.*"Pc+,"Z*I4%-41"O_Pc`@"

K-'2#$4+,8"9@"^O_Ph`@"H"N-.'2 Gj."[%('*"+$"+,*"94-=+"$="Z(&:"-.'"Lg"B'(+(.6 @"9,4(2"

K-'2#$4+,@"Z(42+"3%I&(2,*'"O_Ph"I1"Z$<-&"A4*22"cPP"L,(4'"HC*.%*8"5*#"x$4)8"5x"P__Pc"

-.'"I1"Z$<-&"A4*228"O"A-4)"FY%-4*8"0(&+$."A-4)8"HI(.6'$.8"jT$."jdPRE5@"!F75"icQGPG

PfQGi_ffc GP"^3I)`8"!F75"icQGPGfPSGhc_hSGO"^*I)`@"

K,-&&*18"7@"*+"-&"^O_Pf`@"kZ&-:*.<$/"[1321"F$%&b"779";$<%:*.+-41@"A4*2*.+*'"I1"

B&(U-I*+,"?(.'*4@"A4$'%<*'"-.'";(4*<+*'"I1"7*."K,-&&*1@"BT*<%+(C*"A4$'%<*4/"0-4)"

9$$3*4@"O_Pf"^'*+-(&2"-I$%+"+,*"'$<%:*.+-41"<-."I*"=$%.'",*4*"G"

,++3/nn###@II<@<$@%)n34$64-::*2n3_P'1P=)`@"

K$$'4%==8"7@"^O__O`@"j<+$I*4"OO8"PQS_"[%2+-C"Z*<,.*4\2"]-#"qF"s")"]$6"Eq"ˆO__O"I1"

7%44+$."K$$'4%==@"H&&"4(6,+2"4*2*4C*'@"0$'(=(*'"Z4('-18"D%.*"c8"O__O"

,̂++3/nn###@-332+-+*@*'%nŠ2+**&*):n<&-22*2n321fO_fn0*-2%4*n=*<,.*42&-#@,+:&"

-<<*22*'"$.&(.*"D%&1"O_+,8"O_Pc`@"

K%8";@8"](8"9@8"x-$8";@8"M"F<-&-28"B@"^O__i`@"F<-&*GZ4**"0%2(<"$="+,*"74-(."^F<-&*GZ4**"

0%2(<"$="+,*"74-(.`@"A]$F"j5B8"R^h`8"BSiPS@""

!
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<((,/2$U!mT!",%+$/5!J0!,+!-1!M'4801-!H,%01+%;!

7">%'$5P$7'*&.#1$C/$'&$"%$,+(9/%"$"1".#*&$#+&"&.+#$S(+O.)')4$

Note 1: is C4 on the bass clef from the Wu et al notation (figure 10 page 40) using 1.1uV as the 

reference. 

Pitch = m log10Amp + n 

(m) = -40/1.1 = -36.36363636 x (log!"Amp = 21 log!") = -48.0807016 

-48 + (n) = 108 = MIDI note 60 

e.g. 261.63Hz-> 261.63log!" x 40 -36.6 = 60.1075016 = MIDI note 60 = C4 

Note 2: is A4 on the bass clef: 

-40/1.1 = -36.36363636 x (11.8 log!") = -38.9775275 (=-39) 

-39 + 108 = MIDI note 69 

A4 = 440Hz = MIDI note 69 

e.g. 440Hz --> 440log10 x 40 -36.6 = 69.138107 = MIDI note 69 =A4 

Note 3: is G#3 on the bass clef: 

-40/1.1 = -36.36363636 x (27 log!") = -52.0495914 

-52 + 108 = MIDI note 56 

G#3 = 207.65Hz = MIDI note 56 

e.g. 207.65log10 x 40 -36.6 = 56.09327741 = MIDI note 56 = G#3 

Note 4: is F#5 on the bass clef: 

-40/1.1 = 36.36363636 x (6.6 log!") = -29.8015976 (=-30) 

-30 + 108 = MIDI note 78 

F#5 = 739.99Hz = MIDI note 78 

e.g. 739.99log10 x 40 -36.6 = 78.169034 = MIDI note 78 = F#5 

Note 5: is G#4 on the bass clef: 

-40/1.1 = 36.36363636 x (12.6 log!") = -40.013474 (= -40) 

-40 + 108 = MIDI note 68 

G#4 = 415.30Hz = MIDI note 68 

e.g. 415.30log!" x 40 -36.6 = 68.13447724439513 = MIDI note 68 = G#4 

Note 6: is E4 on the bass clef: 

40/1.1 = 36.36363636 x (16.3 log!") = -44.079549 (= -44) 

-44 + 108 = MIDI note 64 

E4 = 329.63Hz = MIDI note 64 

e.g. 329.63log!" x 40 -36.6 = 64.1210692182 = MIDI note 64 = E4 
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Note 7: Bb2 = MIDI note 46 

-40/1.1 = 36.36363636 x (51 log!") = -62.0934609 (= -62) 

-62 + 108 = MIDI note 46 

Bb2 = 116.54Hz = MIDI note 46 

e.g. 116.54log!" x 40 -36.6 = MIDI note 46 = Bb2 

Note 8: Is also (tied note) --> Bb2 = MIDI note 46 

-40/1.1 = 36.36363636 x (51 log!") = -62.0934609 (= -62) 

-62 + 108 = MIDI note 46 

Bb2 = 116.54Hz = MIDI note 46 

e.g. 116.54log!" x 40 -36.6 = MIDI note 46 = Bb2 

Note 9: C#3 on the bass clef:  

-40/1.1 = 36.36363636 x (42 log!") = -59.02724692356002 (= -59)  

-59 + 108 = MIDI note 49  

C#3 = 138.59Hz = MIDI note 49 

e.g. 138.59log!" x 40 -36.6 = MIDI note 49 = C#3 

Note 10: E4 = MIDI note 64 (the same as note 6). 

-40/1.1 = 36.36363636 x (16.3 log!") = -44.079549 (= -44) 

-44 + 108 = MIDI note 64 

E4 = 329.63Hz = MIDI note 64 

e.g. 329.63log!" x 40 -36.6 = 64.1210692182 = MIDI note 64 = E4 

Note 11: Gb3 = MIDI note 54 

-40/1.1 = 36.36363636 x (30.5 log!") = -53.9745396 (= -54) 

-54 + 108 = MIDI note 54 

Gb3 = 185Hz = MIDI note 54 

e.g. 185log!" x 40 -36.6 = 54.086869 = MIDI note 54 = Gb3 

Note 12: D2 = MIDI Note 38 

-40/1.1 = 36.36363636 x (84 log!") = -69.973792 (= -70) 

-70 + 108 = MIDI note 38 

D2 = 73.416Hz = MIDI note 38 

e.g. 73.416log!" x 40 -36.6 = 38.0316287 = MIDI note 38 = D2 
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Note 13: (is the same as note 2) A = MIDI note 69 

-40/1.1 = -36.36363636 x (11.8 log!") = -38.9775275 (=-39) 

-39 + 108 = MIDI note 69 

A4 = 440Hz = MIDI note 69 

e.g. 440Hz --> 440log!" x 40 -36.6 = 69.138107 = MIDI note 69 =A4 

Note 14:  G1 = MIDI note 31 

-40/1.1 = 36.36363636 x (131 log!") = -76.991683 (= -77) 

-77 + 108 = MIDI note 31 

G1 = 48.999Hz = MIDI note 31 

e.g. 48.999log!" x 40 -36.6 = 31.0075 = MIDI note 31 = G1 

Note 15: (is the same as note 14, tied note) G1 = MIDI note 31 

-40/1.1 = 36.36363636 x (131 log!") = -76.991683 (= -77) 

-77 + 108 = MIDI note 31 

G1 = 48.999Hz = MIDI note 31 

e.g. 48.999log!" x 40 -36.6 = 31.0075 = MIDI note 31 = G1 

Note 16: (is the same as note 15, tied note) G1 = MIDI note 31 

-40/1.1 = 36.36363636 x (131 log!") = -76.991683 (= -77) 

-77 + 108 = MIDI note 31 

G1 = 48.999Hz = MIDI note 31 

e.g. 48.999log!" x 40 -36.6 = 31.0075 = MIDI note 31 = G1 

Note 17: (is the same as note 12) D2 = MIDI note 38 

-40/1.1 = 36.36363636 x (84 log!") = -69.973792 (= -70) 

-70 + 108 = MIDI note 38 

D2 = 73.416Hz = MIDI note 38 

e.g. 73.416log!" x 40 -36.6 = 38.0316287 = MIDI note 38 = D2 

Note 18: (is the same as note 17, tied note) D2 = MIDI note 38 

-40/1.1 = 36.36363636 x (84 log!") = -69.973792 (= -70) 

-70 + 108 = MIDI note 38 

D2 = 73.416Hz = MIDI note 38 

e.g. 73.416log!" x 40 -36.6 = 38.0316287 = MIDI note 38 = D2 
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Note 19: F3 = MIDI note 53 

-40/1.1 = 36.36363636 x (32.4 log!") = -54.92891 (= -55) 

-55 + 108 = MIDI note 53 

F3 = 174.61Hz = MIDI note 53 

e.g. 174.61log!" x 40 -36.6 = 53.08276 = MIDI note 53 = F3 

Note 20: C3 = MIDI note 48 

-40/1.1 = 36.36363636 x (44.6 log!") = -59.975813 (= -60) 

-60- + 108 = MIDI note 48 on the bass clef:  

C3 = 130.81Hz = MIDI note 48 

e.g. 130.81log!" x 40 -36.6 = 48.065638 = MIDI note 48 = C3 

Note 21: (is the same as note 3) = G#3 on the bass clef:  

-40/1.1 = -36.36363636 x (27 log!") = -52.0495914 

-52 + 108 = MIDI note 56 

G#3 = 207.65Hz = MIDI note 56 

e.g. 207.65log!" x 40 -36.6 = 56.09327741 = MIDI note 56 = G#3 

Note 22: A2 = MIDI note 33 

-40/1.1 = 36.36363636 x (115.4 log!") = -74.9893 (= -74) 

-75 + 108 = MIDI note 33 

A2 = 55Hz = MIDI note 33 

e.g. 55log!" x 40 -36.6 = 33.01451 = MIDI note 33 = A1 

Note 23: A2 (is the same as note 22, tied note) = MIDI note 33 

-40/1.1 = 36.36363636 x (115.4 log!") = -74.9893 (= -74) 

-75 + 108 = MIDI note 33 

A2 = 55Hz = MIDI note 33 

e.g. 55log!" x 40 -36.6 = 33.01451 = MIDI note 33 = A1 

Note 24: F2 = MIDI note 41 

-40/1.1 = 36.36363636 x (69.6 log!") = -67.003972 (= -67) 

-67 + 108 = MIDI note 41 on the bass clef  

F2 = 87.307Hz = MIDI note 41 

e.g. 87.307log!" x 40 -36.6 = 41.0419626 = MIDI note 41 = F2 
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Note 25: (is the same as note 19) F3 = MIDI note 53 

-40/1.1 = 36.36363636 x (32.4 log!") = -54.92891 (= -55) 

-55 + 108 = MIDI note 53 

F3 = 174.61Hz = MIDI note 53 

e.g. 174.61log!" x 40 -36.6 = 53.08276 = MIDI note 53 = F3 

!

?'+,T"0!;!"+$"NU"<-."-&2$"I*"'$%I&*"<,*<)*' "%2(.6"+,*"=$&&$#(.6/"*-<,".$+*\2"=4*Y%*.<1"

(2"2^ (1/12)"+(:*2"+,*"=4*Y%*.<1"$="+,*"34*C($%2".$+*8"440*2^(2/12) = 493.8833012561241 

E2@"!="0!;!".$+*"hi"^RR_NU`"(2"%2*'"-2"-"4*=*4*.<*"+,*"No"<-."I*"<-&<%&-+*'"%2(.6"+,*"

=$&&$#(.6"=$4:%&-/"

Frequency Hz = 440 * 2^((n-69)/12) where 'n' is the MIDI note number. 

Note 25: F3 = MIDI note 53 

Hz = 440 * 2^((53-69)/12) = 174.61411571650231 = 174.61Hz 

=-1&01-+$/5!+#,!D@C@!/'+,!/08.,4%!*4'8!*4,70,/&)!&-/!-1%'!.,!+4,.1,!&#,&S,2!

9$-!+#,!*'4801-T!!

n = 69 + 12*log(F/440)/log(2) 

Where n = MIDI note; F=Hz 

n = 69 + 12*log(174.61411571650231/440)/log(2) = MIDI note 53 

"#-/.!';$-!Z-$$,#;.!;,^.!%1,$F!

n = log2(F/440) x 12 + 69 

Where n = MIDI note; F=Hz 

n = log2(174.61411571650231/440) x 12 + 69 = MIDI note 53 

!

!
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M'11'3$/5!+#,!&-1&01-+$'/!'*!+#,!9'1+-5,!*4'8!+#,!J0!,+!-1!/'+,%a!+#$%!$%!-/!

,U(,4$8,/+!,U(1'4$/5!+#,!8-(($/5!'*!2m!-8(1$+02,!9-10,%!5,7!B'#;.!K!#.;-b8!3$+#!

+#,!J0!,+!-1!54-(#!e*$504,!QQT!(-5,!YPfT!

H:3&(+%'*/"'7"s"O_&$6P_^Cn4*=`"

K,*4*"C"s"C$&+-6*"3*-)2":*-2%4*'"C(-"BB["

4*="s4*=*4*.<*"C$&+-6*"%g"%2*'"+$"'*4(C*"'7"C-&%*2@"

7">%'$6P$F9S%.&/)'$'YS%+("&.+#$0.&8$C/$'&$"%$"9S%.&/)'$1("S8$S(+O.)')4$

Note 1: 20log!" x (21uV / 1.1 ref uV) =       

25.6 dB 

Note 2: 20log!" x (11.8uV / 1.1 ref uV) =     

20.6 dB 

Note 3: 20log!" x (27uV / 1.1 ref uV) = 

27.8dB 

Note 4: 20log!" x (6.6uV / 1.1 ref uV) =    

15.56 dB 

Note 5: 20log!" x (12.6uV / 1.1 ref uV) =    

21.18 dB 

Note 6: 20log!" x (16.3uV / 1.1 ref uV) = 

23.42 dB 

Note 7: 20log!" x (51uV / 1.1 ref uV) =      

33.32 dB 

Note 8: 20log!" x (42uV / 1.1 ref uV) = 

31.64dB 

Note 9: 20log!" x (16.3uV / 1.1 ref uV) = 

23.42dB 

Note 10: 20log!" x (30.5uV / 1.1 ref uV) = 

28.86dB 

Note 11: 20log!" x (84uV / 1.1 ref uV) = 

37.66dB 

Note 12: 20log!" x (11.8uV / 1.1 ref uV) = 

20.61dB 

Note 13: 20log!" x (131uV / 1.1 ref uV) = 

41.52dB 

Note 14: 20log!" x (131uV / 1.1 ref uV) = 

41.52dB 

Note 15: 20log!" x (131uV / 1.1 ref uV) = 

41.52dB 

Note 16: 20log!" x (131uV / 1.1 ref uV) = 

41.52dB 

Note 17: 20log!" x (84uV / 1.1 ref uV) = 

37.66dB 

Note 18: 20log!" x (84uV / 1.1 ref uV) = 

37.66dB 

Note 19: 20log!" x (32.4uV / 1.1 ref uV) = 

29.38dB 

Note 20: 20log!" x (44.6uV / 1.1 ref uV) = 

32.16dB 

Note 21: 20log!" x (27uV / 1.1 ref uV) = 

27.8dB 

Note 22: 20log!" x (115.4uV / 1.1 ref uV) = 

40.42dB 

Note 23: 20log!" x (115.4uV / 1.1 ref uV) = 

40.42dB 

Note 24: 20log!" x (69.6uV / 1.1 ref uV) = 

36.02dB 

Note 25: 20log!" x (32.4uV / 1.1 ref uV) = 

29.38dB 

"
!
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<((,/2$U!=T!BU(,4$8,/+!dO!3$+#!J0!,+!-1!C-+-!!S"1'$KI34!

7">%'$55P$,+(9/%"$'YS'(.9'#&$0.&8$*'19'#&"&.+#$+,$VVA$0"O',+(9$S(+O.)')$>W$C/$'&$"%4"
Segment window 1:  

Fw / Sw = 216 / 5 = 43.2 = ratio between full window and segment window 

Fs / R = 1000 / 43.2 = 23.14814814814815 = samples in the segment. 

B / S = 250 / 23.14814814814815 = 10.8 Hz 

Segment window 2:  

Fw / Sw = 216 / 3.5 = 61.71428571428571 

Fs / R = 1000 / 61.71428571428571 = 16.2037037037037  

B / S = 250 / 16.2037037037037 = 15.42857142857143 = 15.43 Hz 

Segment window 3:  

Fw / Sw = 216 / 6 = 36 

Fs / R = 1000 / 36 = 27.77777777777778  

B / S = 250 / 27.77777777777778 = 9 Hz 

Segment window 4:  

Fw / Sw = 216 / 2 = 108 

Fs / R = 1000 / 108 = 9.25925925925926  

B / S = 250 / 9.25925925925926 = 27 Hz 

Segment window 5:  

Fw / Sw = 216 / 5 = 43.2 

Fs / R = 1000 / 43.2 = 23.14814814814815  

B / S = 250 / 23.14814814814815 = 10.8 Hz 

Segment window 6:  

Fw / Sw = 216 / 7 = 30.85714285714286 

Fs / R = 1000 / 30.85714285714286 = 32.4074074074074  

B / S = 250 / 32.4074074074074 = 7.71428571428572 = 7.71 Hz 

Segment window 7:  

Fw / Sw = 216 / 29 = 7.44827586206897 

Fs / R = 1000 / 7.44827586206897 = 134.25925925925918  

B / S = 250 / 134.25925925925918 = 1.86206896551724 = 1.86 Hz 

Segment window 8:  

Fw / Sw = 216 / 10.5 = 20.57142857142857 

Fs / R = 1000 / 20.57142857142857 = 48.61111111111111  

B / S = 250 / 48.61111111111111 = 5.14285714285714 = 5.14 Hz 

Segment window 9:  

Fw / Sw = 216 / 7 = 30.85714285714286 

Fs / R = 1000 / 30.85714285714286 = 32.4074074074074  

B / S = 250 / 32.4074074074074 = 7.71428571428571 = 7.71 Hz 
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Segment window 10:  

Fw / Sw = 216 / 6 = 36 

Fs / R = 1000 / 36 = 27.77777777777778  

B / S = 250 / 27.77777777777778 = 9 Hz 

Segment window 11:  

Fw / Sw = 216 / 11.5 = 18.78260869565217) 

Fs / R = 1000 / 18.78260869565217 = 53.24074074074075  

B / S = 250 / 53.24074074074075 = 4.69565217391304 = 4.7 Hz 

Segment window 12:  

Fw / Sw = 216 / 4 = 54) 

Fs / R = 1000 / 54 = 18.51851851851852  

B / S = 250 / 18.51851851851852 = 13.5 Hz 

Segment window 13:  

Fw / Sw = 216 / 29 = 7.44827586206897 

Fs / R = 1000 / 7.44827586206897 = 134.25925925925918  

B / S = 250 / 134.25925925925918 = 1.86206896551724 = 1.86 Hz 

Segment window 14:  

Fw / Sw = 216 / 19.5 = 11.07692307692308 

Fs / R = 1000 / 11.07692307692308 = 90.27777777777775 

B / S = 250 / 90.27777777777775 = 2.76923076923077 = 2.77 Hz 

Segment window 15:  

Fw / Sw = 216 / 3.5 = 61.71428571428571) 

Fs / R = 1000 / 61.71428571428571 = 16.2037037037037  

B / S = 250 / 16.2037037037037 = 15.42857142857143 = 15.43 Hz 

Segment window 16:  

Fw / Sw = 216 / 4.5 = 48 

Fs / R = 1000 / 48 = 20.83333333333333  

B / S = 250 / 20.83333333333333 = 12 Hz 

Segment window 17:  

Fw / Sw = 216 / 4 = 54 

Fs / R = 1000 / 54 = 18.51851851851852  

B / S = 250 / 18.51851851851852 = 13.5 Hz 

Segment window 17:  

Fw / Sw = 216 / 4 = 54 

Fs / R = 1000 / 54 = 18.51851851851852  

B / S = 250 / 18.51851851851852 = 13.5 Hz 
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Segment window 18:  

Fw / Sw = 216 / 21.5 = 10.04651162790698 

Fs / R = 1000 / 10.04651162790698 = 99.537037037037  

B / S = 250 / 99.537037037037 = 2.51162790697675 = 2.51 Hz 

Segment window 19:  

Fw / Sw = 216 / 13 = 16.61538461538462 

Fs / R = 1000 / 16.61538461538462 = 60.18518518518517  

B / S = 250 / 60.18518518518517 = 4.15384615384615 = 4.15 Hz 

Segment window 20:  

Fw / Sw = 216 / 8.5 = 25.41176470588235 

Fs / R = 1000 / 25.41176470588235 = 39.35185185185186  

B / S = 250 / 39.35185185185186 = 6.35294117647059 = 6.35 Hz 

!

</-1)%$%!'*!D-(($/5!BU(,4$8,/+!dOT!

L,(2 ":%2(=(<-+($."$="BB["'-+-",(6,&(6,+2"+,*"(22%*"+,-+"BB["I4-(.#-C*2"-4*"I*&$#"+,*"

,%:-.",*-4(.6"4-.6*8"+4-.23$2(+($."(2"4*Y%(4*'"+$"I4(.6"(+"(.+$"+,*"-%4-&"-.'":%2(<-&"

'$:-(.@"j.&1"$.*"$="+,*".$+*2" !M'19'#&$C.#)+0$K$w$FH3$(2"W%2+"#(+,(."+,*",%:-."

,*-4(.6"4-.6*"(."+,*"=( 42+":-33(.6@"Z4$:"+,*"4*2%&+2"+-I&*"+,*"&$#*2+"=4*Y%*.<1"(2"P@QhNU"

-.'"+,*",(6,*2+"OcNU" !M'19'#&$C.#)+0$K$w$FH3@"H"+4-.23$2(+($."34$<*22"#-2"4*Y%(4*'"+$"

:-3"+,*"34*C($%2"NU"=4*Y%*.<(*2"#(+,(."+,*",%:-.",*-4(.6"4-.6*"-.'"-22(6. "+$"0!;!"

. $+*".%:I*42"%2(.6"+,*"=$&&$#(.6"=$4:%&-@"!"2(:3&1":%&+(3&(*'"+,*"NU"4-.6*2"I1"P_€O"-.'"

+,*.":-33*'"+$"0!;!".$+*"3 (+<,*2@"

M$/2$/5!&'44,%('/2$/5!D@C@!/'+,!/08.,4!*4'8!K6T!!08'('$#$.*$&8'$gDnD$#+&'$

#/9>'(34 $

n = 69 + 12*log10(freq/440)/log(2) *10^2  

<.'9,!-1%'!('%%$.1,!1$S,!+#$%T!

(Hz / 440) -> press log2 button x 12 + 69 *10^2 

$
$
$
$
$
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7">%'$56P$,+(9/%"$)'O'%+S9'#&$0.&8$"))')$5H\6$,+($E2$*'19'#&"&.+#$+,$VVA$)"&"$S(+O.)')$
>W$C/$'&$"%4"

Segment window 1: = 10.8 Hz *10^2 = 1080 Hz 

log2(1080 / 440) *12 + 69 = 84.54547060231403 = 85 = C#6 

Segment window 2: = 15.43 Hz *10^2 = 1543 Hz 

log2(1543 / 440) *12 + 69 = 90.72195159655289 = 91 = G6 

Segment window 3: = 9 Hz *10^2 = 900 Hz 

log2(900 / 440) *12 + 69 = 81.38905773230857 = 81 = A5 

Segment window 4: = 27 Hz *10^2 = 2700 Hz 

log2(2700 / 440) *12 + 69 = 100.40860774096241 = 100 = E7 

Segment window 5: = 10.8 Hz *10^2 = 1080 Hz 

log2(1080 / 440) *12 + 69 = 84.54547060231403 = 85 = C#6 

Segment window 6: = 7.71 Hz *10^2 = 771 Hz 

log2(771 / 440) *12 + 69 = 78.71072803668452 = 79 = G5 

Segment window 7: = 1.86 Hz *10^2 = 186 Hz 

log2(186 / 440) *12 + 69 = 54.09358917100036 = 54 = F#3 

Segment window 8: = 5.14 Hz *10^2 = 514 Hz 

log2(514 / 440) *12 + 69 = 71.69117802803064 = 72 = C5 

Segment window 9: = 7.71 Hz *10^2 = 771 Hz 

log2(771 / 440) *12 + 69 = 78.71072803668452 = 79 = G5 

Segment window 10: = 9 Hz *10^2 = 900 Hz 

log2(900 / 440) *12 + 69 = 81.38905773230857 = 81 = A5 

Segment window 11: = 4.7 Hz *10^2 = 470 Hz 

log2(470 / 440) *12 + 69 = 70.14188679648411 = 70 = A#4 

Segment window 12: = 13.5 Hz *10^2 = 1350 Hz 

log2(1350 / 440) *12 + 69 = 88.40860774096241 = 88 = E6 

Segment window 13: = 1.86 Hz *10^2 = 186 Hz 

log2(186 / 440) *12 + 69 = 54.09358917100036 = 54 = F#3 

Segment window 14: = 2.77 Hz *10^2 = 277 Hz 

log2(277 / 440) *12 + 69 = 60.98858943029422 = 61 = C#4 

Segment window 15: = 15.43 *10^2 = 1543 Hz 

log2(1543 / 440) *12 + 69 = 90.72195159655289 = 91 = G6 

Segment window 16: = 12 Hz *10^2 = 1200 Hz 

log2(1200 / 440) *12 + 69 = 86.36950772365468 = 86 = D6 

Segment window 17: = 13.5 Hz *10^2 = 1350 Hz 

log2(1350 / 440) *12 + 69 = 88.40860774096241 = 88 = E6 

Segment window 18: = 2.51 Hz *10^2 = 251 Hz 

log2(251 / 440) *12 + 69 = 59.28220608511349 = 59 = B3 
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Segment window 19: = 4.15 Hz *10^2 = 415 Hz 

log2(415 / 440) *12 + 69 = 67.98729375251556 = 68 = G#4 

Segment window 20: = 6.35 Hz *10^2 = 635 Hz 

log2(635 / 440) *12 + 69 = 75.35103681761844 = 75 = D#5 

!

!

G1-)!k!bBU-8(1,!X`D-((,2!?'+,%!`!D)!D,+#'2!Q`QOPmGDc!

G1-)!k!bBU-8(1,!Y`D-((,2!?'+,%!`!D)!D,+#'2!Q`QOPmGD`e`O!'&+-9,%fc!

L,*" <$.<*4. "!", -C*"#(+,"+,*"=(42+":-33(.6"(."L-I&*"PO"̂ 3-6*"PPR̀"(2"+,-+"+,*"0!;!".$+*"

3(+<,*2"-4*",(6,8"!"*T3*4(:*.+*'"#(+, "+,*:"I1"+4-.23$2(.6"'$#."I1"O"$ <+-C*2@"7%+".$+"

$.&1"+,(28"+,*"-4I(+4-41".-+%4*"$=":%&+(3&1(.6"+,*"$4(6(.-&"NU"4-.6*2"I1"P_€O"'$*2".$+"

:-)*"+,* "-%'(I&*".$+*2"<S.&-8$('%"&.O'B"+$"+,*"$4(6(.-&"NU"$="+,*"BB["'-+-@"!"#-.+*'"+,*"

+4-.23$2(+($."+$"I*"3(+<,"4*&-+(C*"+$"+,*"$4(6(.-&"BB["NU"=(.'(.62@""

H.$+,*4":*+,$'"*:3&$1*'"+$"4*+-(."+,*"4*&-+(C*"3(+<,*2"#-2"+$"+4-.23$2*"+,*"$4(6(.-&"

BB["NU"=(.'(.62"%3"I1"2*C*4-&"$<+-C*28"+,*4*=$4*"4*+-(.(.6"4*&-+(C*"3(+<,"+$"$4(6(.-&"

=(.'(.62@"H6-(.8"+,*"<$.C*42($."$="NU"+$":%2(<-&"3(+<,"#,(<,"<-."I*"<-44(*'"$%+"C(-"+,*"

=$&&$#(.6"=$4:%&-/"

M'11'3$/5!"-.1,!QX!$/&102,%!K6!4,%01+%!3$+#!+4-/%('%$+$'/!$/&4,-%,!.)!4!'&+-9,%!

!Q.&-8$('%"&.O'$&+$+(.1.#"%$VVA$E23P$

n = log2(1.86Hz/440) x 12 + 69 + 48 (4 octaves) = MIDI note 22 = Bb 

MIDI note 22 = Hz = 440 * 2^((22-69)/12) = 29.13523509488055 = 29.14Hz 

7">%'$5UP$,+(9/%"$)'O'%+S9'#&$('&/(#.#1$E2$&+$('%"&.O'$E2$]$S.&-8$+,$VVA$)"&"$S(+O.)')$>W$
C/$'&$"%4"

Segment window 1: 10.8 Hz 

log2(10.8Hz/440) x 12 + 69 + 48 (4 octaves) = 52.81919632501415 = MIDI n ote 53 = F3 

MIDI note 53 = 440 * 2^ ((53-69)/12) = 174.61411571650231= 174.61 Hz 

Segment window 2: 15.43 Hz 

log2(15.43Hz/440) x 12 + 69 + 48 (4 octaves) = 58.99567731925531= MIDI n ote 59 = B3 

MIDI note 59 = 440 * 2^ ((59-69)/12) = 246.94165062806259 = 246.94 Hz 
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Segment window 3: 9 Hz 

log2(9Hz/440) x 12 + 69 + 48 (4 octaves) = 49.66278345501569 = MIDI n ote 50 = D3 

MIDI note 50 = 440 * 2^ ((50-69)/12) = 146.83238395870409 = 146.83 Hz 

Segment window 4: 27 Hz (A0) 

log2(27Hz/440) x 12 + 69 + 48 (4 octaves) = 68.68233346366673 = MIDI n ote 69 = A4 

MIDI note 69 = 440 * 2^ ((69-69)/12) = 440 Hz 

Segment window 5: 10.8 Hz 

log2(10.8Hz/440) x 12 + 69 + 48 (4 octaves) = 52.81919632501415 = MIDI n ote 53 = F3 

MIDI note 53 = 440 * 2^ ((53-69)/12) = 174.61411571650231= 174.61Hz 

Segment window 6: 7.71 Hz 

log2(7.71Hz/440) x 12 + 69 + 48 (4 octaves) = 46.98445375939049 = MIDI n ote 47 = B2 

MIDI note 47 = 440 * 2^ ((47-69)/12) = 123.47082531403127 = 123.47 Hz 

Segment window 7: 1.86 Hz 

log2(1.86Hz/440) x 12 + 69 + 48 (4 octaves) = 22.3673148936926 = MIDI n ote 22 = Bb0 

MIDI note 22 = 440 * 2^ ((22-69)/12) = 29.13523509488055 = 29.14Hz 

Segment window 8: 5.14 Hz 

log2(5.14Hz/440) x 12 + 69 + 48 (4 octaves) = 39.96490375073662 = MIDI n ote 40 = E2 

MIDI note 40 = 440 * 2^ ((40-69)/12) = 82.40688922821731 = 82.41 Hz 

Segment window 9: 7.71 Hz 

log2(7.71Hz/440) x 12 + 69 + 48 (4 octaves) = 46.98445375939049 = MIDI n ote 47 = B2 

MIDI note 47 = 440 * 2^ ((47-69)/12) = 123.47082531403127 = 123.47 Hz 

Segment window 10: 9 Hz 

log2(9Hz/440) x 12 + 69 + 48 (4 octaves) = 49.66278345501569 = MIDI n ote 50 = D3 

MIDI Note 50 = 440 * 2^ ((50-69)/12) = 146.83238395870409 = 146.83 Hz 

Segment window 11: 4.7 Hz 

log2(4.7Hz/440) x 12 + 69 + 48 (4 octaves) = 38.41561251919033 = MIDI n ote 38 = D2 

MIDI note 38 = 440 * 2^ ((38-69)/12) = 73.41619197935202 = 73.42 Hz 

Segment window 12: 13.5 Hz 

log2(13.5Hz/440) x 12 + 69 + 48 (4 octaves) = 56.68233346366673 = MIDI n ote 57 = A3 

MIDI note 57 = 440 * 2^ ((57-69)/12) = 220 Hz 

Segment window 13: 1.86 Hz 

log2(1.86Hz/440) x 12 + 69 + 48 (4 octaves) = 22.3673148936926 = MIDI n ote 22 = Bb0 

MIDI note 22 = 440 * 2^ ((22-69)/12) = 29.13523509488055 = 29.14Hz 

Segment window 14: 2.77 Hz 

log2(2.77Hz/440) x 12 + 69 + 48 (4 octaves) = 29.26231515298514 = MIDI n ote 29 = F1 

MIDI note 29 = 440 * 2^ ((29-69)/12) = 43.65352892912559 = 43.65 Hz 
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Segment window 15: 15.43 Hz 

log2(15.43Hz/440) x 12 + 69 + 48 (4 octaves) = 58.99567731925531= MIDI n ote 59 = B3 

MIDI note 59 = 440 * 2^ ((59-69)/12) = 246.94165062806259 = 246.94 Hz 

Segment window 16: 12 Hz  

log2(12Hz/440) x 12 + 69 + 48 (4 octaves) = 54.64323344635969 = MIDI n ote 55 = G3 

MIDI note 55 = 440 * 2^ ((55-69)/12) = 195.99771799087423 = 196 Hz 

Segment window 17: 13.5 Hz 

log2(13.5Hz/440) x 12 + 69 + 48 (4 octaves) = 56.68233346366673 = MIDI n ote 57 = A3 

MIDI note 57 = 440 * 2^ ((57-69)/12) = 220 Hz 

Segment window 18: 2.51 Hz 

log2(2.51Hz/440) x 12 + 69 + 48 (4 octaves) = 27.55593180783044 = MIDI n ote 28 = E1 

MIDI note 28 = 440 * 2^ ((28-69)/12) = 41.20344461410864 = 41.20 Hz 

Segment window 19: 4.15 Hz 

log2(4.15Hz/440) x 12 + 69 + 48 (4 octaves) 36.26101947522217 = MIDI n ote 36 = C2 

MIDI note 36 = 440 * 2^ ((36-69)/12) = 65.40639132514964 = 65.41 Hz 

Segment window 20: 6.35 Hz 

log2(6.35Hz/440) x 12 + 69 + 48 (4 octaves) 43.62476254032391 = MIDI note 44 = Ab2 

MIDI note 44 = 440 * 2^((44-69)/12) = 103.82617439498652 = 103.83 Hz 

"

!

!G1-)!k!bBU-8(1,!Z`D-((,2!?'+,%!`!D)!D,+#'2!Q`QOPmGD`ejY!'&+-9,%!($+&#!
4,1-+$9,fc!

!

!

!

!
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!
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!
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$!f+&'P$*8")') $#+&'*$/*')$"*$K$-8+()*$.#$%"&&'($8"%,$+,!O4.l<,.:!2-&!'!S.<&-7R3P$

7">%'$5KP$,+(9/%"$'YS'(.9'#&$0.&8$-W-%.-$*'19'#&"&.+#$+,$VVA$*'.2/('$)"&"4 "
NOTE 1:  21 samples in length  44100 / 21 = 2100 Hz = MIDI note 96 = C7.          (chord #1) 

NOTE 2:  28 samples in length 44100 / 28 = 1575 Hz = MIDI note 91 = G6.          (chord #1) 

NOTE 3:  42 samples in length 44100 / 42 = 1050 Hz = MIDI note 84 = C6.          (chord #1) 

NOTE 4:  29 samples in length 44100 / 29 = 1520.69 Hz = MIDI note 90 = F#6.    (chord #1) 

NOTE 5: 35 samples in length  44100 / 35 = 1260 Hz = MIDI note 87 = D#6.        (chord #1) 

NOTE 6: 21 samples in length 44100 / 21 = 2100 Hz = MIDI note 96 = C7.           (chord #2) 

NOTE 7: 16 samples in length 44100 / 16 = 2756.25 Hz = MIDI note 101 = F7.    (chord #2) 

NOTE 8: 33 samples in length 44100 / 33 = 1336.36 Hz = MIDI note 88 = E6.      (chord #2) 

NOTE 9: 22 samples in length 44100 / 22 = 2004.55 Hz = MIDI note 95 = B6.      (chord #2) 

NOTE 10: 27 samples in length 44100 / 27 = 1633.33 Hz = MIDI note 92 = G#6.    (chord #2) 

NOTE 11: 23 samples in length 44100 / 23 = 1917.39 Hz = MIDI note = 94 = A#6.  (chord #2) 

NOTE 12: 31 samples in length 44100 / 31 = 1422.58 Hz = MIDI note 89 = F6 

NOTE 13: 25 samples in length 44100 / 25 = 1764 Hz = MIDI note 93 = A6 

NOTE 14: 28 samples in length 44100 / 28 = 1575 Hz = MIDI note 91 = G6 

NOTE 15: 24 samples in length 44100 / 24 = 1837.5 Hz = MIDI note 94 = A#6 

NOTE 16: 32 samples in length 44100 / 32 = 1378.125 Hz = MIDI note 89 = F6 

NOTE 17: 20 samples in length 44100 / 20 = 2205 Hz = MIDI note 97 = C#7 

NOTE 18: 20 samples in length 44100 / 20 = 2205 Hz = MIDI note 97 = C#7 

NOTE 19: 42 samples in length 44100 / 42 = 1050 Hz = MIDI note 84 = C6 

NOTE 20: 24 samples in length 44100 / 24 = 1837.5 Hz = MIDI note 94 = A#6 

NOTE 21: 29 samples in length 44100 / 29 = 1520.69 Hz = MIDI note = 90 = F#6 

NOTE 22: 42 samples in length 44100 / 42 = 1050 Hz = MIDI note 84 = C6.           (chord #3) 

NOTE 23: 20 samples in length 44100 / 20 = 2205 Hz = MIDI note 97 = C#7.         (chord #3) 

NOTE 24: 38 samples in length 44100 / 38 = 1160.53 Hz = MIDI note 86 = D6.      (chord #3) 

NOTE 25: 36 samples in length 44100 / 36 = 1225 Hz = MIDI note 87 = D#6.         (chord #3) 

NOTE 26: 43 samples in length 44100 / 43 = 1025.58 Hz = MIDI note = 84 = C6.     (chord #3 

NOTE 27: 40 samples in length 44100 / 40 = 1102.5 Hz = MIDI note 85 = C#6.       (chord #4) 

NOTE 28: 59 samples in length 44100 / 59 = 747.46 Hz = MIDI note 78 = F#5.       (chord #4) 

NOTE 29: 54 samples in length 44100 / 54 = 816.67 Hz = MIDI note 80 = G#5.      (chord #4) 

NOTE 30: 51 samples in length 44100 / 51 = 864.71 Hz = MIDI note 81 = A5.        (chord #4) 

NOTE 31: 54 samples in length 44100 / 54 = 816.67 Hz = MIDI note 80 = G#5.       (chord #4) 

NOTE 32: 83 samples in length 44100 / 83 = 531.33 Hz = MIDI note 72 = C5 

NOTE 33: 107 samples in length 44100 / 107 = 412.15 Hz = MIDI note 68 = G#4 

NOTE 34: 70 samples in length 44100 / 70 = 630 Hz = MIDI note 75 = D#5 

NOTE 35: 95 samples in length 44100 / 95 = 464.21 Hz = MIDI note 70 = A#4 

NOTE 36: 106 samples in length 44100 / 106 = 416.04 Hz = MIDI note 68 = G#4  

NOTE 37: 55 samples in length 44100 / 55 = 801.82 Hz = MIDI note 79 = G5 

NOTE 38: 80 samples in length 44100 / 80 = 551.25 Hz = MIDI note 73 = C#5 
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NOTE 39: 93 samples in length 44100 / 93 = 474.2 Hz = MIDI note 70 = A#4 

NOTE 40: 106 samples in length 44100 / 106 = 416.1 Hz = MIDI note 68 = G#4  

NOTE 41: 99 samples in length 44100 / 99 = 445.45 Hz = MIDI note 69 = A4 

NOTE 42: 103 samples in length 44100 / 103 = 428.2 Hz = MIDI note 69 = A4 

NOTE 43: 161 samples in length 44100 / 161 = 273.91 Hz = MIDI note 61 = C#4 

NOTE 44: 134 samples in length 44100 / 134 = 329.1 Hz = MIDI note 64 = E4 

NOTE 45: 168 samples in length 44100 / 168 = 262.5 Hz = MIDI note 60 = C4 

NOTE 46: 215 samples in length 44100 / 215 = 205.12 Hz = MIDI note 56 = G#3 

NOTE 47: 109 samples in length 44100 / 109 = 404.59 Hz = MIDI note 68 = G#4 

NOTE 48: 79 samples in length 44100 / 79 = 558.23 Hz = MIDI note 73 = C#5 

NOTE 49: 100 samples in length 44100 / 100 = 441 Hz = MIDI note 69 = A4 

NOTE 50: 56 samples in length 44100 / 56 = 787.5 Hz = MIDI note 79 = G5 

NOTE 51: 58 samples in length 44100 / 58 = 760.35 Hz = MIDI note 78 = F#5 

NOTE 52: 48 samples in length 44100 / 48 = 918.75 Hz = MIDI note 82 = A#5 

NOTE 53: 42 samples in length 44100 / 42 = 1050 Hz = MIDI note 84 = C6 

NOTE 54: 30 samples in length 44100 / 30 = 1470 Hz = MIDI note 90 = F#6 

NOTE 55: 43 samples in length 44100 / 43 = 1025.58 Hz = MIDI note 84 = C6 

NOTE 56: 35 samples in length 44100 / 35 = 1260 Hz = MIDI note 87 = D#6 

NOTE 57: 43 samples in length 44100 / 43 = 1025.58 Hz = MIDI note 84 = C6 

NOTE 58: 73 samples in length 44100 / 73 = 604.11 Hz = MIDI note 74 = D5 

NOTE 59: 66 samples in length 44100 / 66 = 668.18 Hz = MIDI note 76 = E5 

NOTE 60: 72 samples in length 44100 / 72 = 612.5 Hz = MIDI note 75 = D#5 

NOTE 61: 51 samples in length 44100 / 51 = 864.71 Hz = MIDI note 81 = A5 

NOTE 62: 39 samples in length 44100 / 39 = 1130.77 Hz = MIDI note 85 = C#6 

NOTE 63: 20 samples in length 44100 / 20 = 2205 Hz = MIDI note 97 = C#7 

NOTE 64: 21 samples in length 44100 / 21 = 2100 Hz = MIDI note 96 = C7 

NOTE 65: 18 samples in length 44100 / 18 = 2450 Hz = MIDI note 99 = D#7 

NOTE 66: 38 samples in length 44100 / 38 = 1160.53 Hz = MIDI note 86 = D6 

NOTE 67: 39 samples in length 44100 / 39 = 1130.77 Hz = MIDI note 85 = C#6 

NOTE 68: 80 samples in length 44100 / 80 = 551.25 Hz = MIDI note 73 = C#5 

NOTE 69: 44 samples in length 44100 / 44 = 1002.27 Hz = MIDI note 83 = B5 

NOTE 70: 76 samples in length 44100 / 76 = 580.26 Hz = MIDI note 74 = D5 

NOTE 71: 46 samples in length 44100 / 46 = 958.7 Hz = MIDI note 82 = B5 

NOTE 72: 79 samples in length 44100 / 79 = 558.23 Hz = MIDI note 73 = C#5 

NOTE 73: 34 samples in length 44100 / 34 = 1297.1 Hz = MIDI note 88 = E6 

NOTE 74: 42 samples in length 44100 / 42 = 1050 Hz = MIDI note 84 = C6 

NOTE 75: 41 samples in length 44100 / 41 = 1075.61 Hz = MIDI note 84 = C6 

NOTE 76: 45 samples in length 44100 / 45 = 980 Hz = MIDI note 83 = B5 

NOTE 77: 22 samples in length 44100 / 22 = 2004.55 Hz = MIDI note 95 = B6 

NOTE 78: 20 samples in length 44100 / 20 = 2205 Hz = MIDI note 97 = C#7 

NOTE 79: 53 samples in length 44100 / 53 = 832.1 Hz = MIDI note 80 = G#5 

NOTE 80: 32 samples in length 44100 / 32 = 1378.13 Hz = MIDI note 89 = F6 

NOTE 81: 42 samples in length 44100 / 42 = 1050 Hz = MIDI note 84 = C6 
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NOTE 82: 50 samples in length 44100 / 50 = 882 Hz = MIDI note 81 = A5 

NOTE 83: 38 samples in length 44100 / 38 = 1160.53 Hz = MIDI note 86 = D6 

NOTE 84: 41 samples in length 44100 / 41 = 1075.61 Hz = MIDI note 84 = C6 

NOTE 85: 41 samples in length 44100 / 41 = 1075.61 Hz = MIDI note 84 = C6 

NOTE 86: 85 samples in length 44100 / 85 = 518.82 Hz = MIDI note 72 = C5 

NOTE 87: 16 samples in length 44100 / 16 = 2756.25 Hz = MIDI note 101 = F7 

NOTE 88: 65 samples in length 44100 / 65 = 678.46 Hz = MIDI note 76 = E5 

NOTE 89: 39 samples in length 44100 / 39 = 1130.77 Hz = MIDI note 85 = C#6 

NOTE 90: 40 samples in length 44100 / 40 = 1102.5 Hz = MIDI note 85 = C#6 

NOTE 91: 38 samples in length 44100 / 38 = 1160.53 Hz = MIDI note 86 = D6 

NOTE 92: 52 samples in length 44100 / 52 = 848.1 Hz = MIDI note 80 = G#5 

NOTE 93: 59 samples in length 44100 / 59 = 747.46 Hz = MIDI note 78 = F#5 

NOTE 94: 45 samples in length 44100 / 45 = 980 Hz = MIDI note 83 = B5 

NOTE 95: 37 samples in length 44100 / 37 = 1191.9 Hz = MIDI note 86 = D6 

NOTE 96: 38 samples in length 44100 / 38 = 1160.53 Hz = MIDI note 86 = D6 

NOTE 97: 56 samples in length 44100 / 56 = 787.5 Hz = MIDI note 79 = G5 

NOTE 98: 50 samples in length 44100 / 50 = 882 Hz = MIDI note 81 = A5 

NOTE 99: 43 samples in length 44100 / 43 = 1025.58 Hz = MIDI note 84 = C6 

NOTE 100: 37 samples in length 44100 / 37 = 1191.89 Hz = MIDI note 86 = D6 

NOTE 101: 46 samples in length 44100 / 46 = 958.7 Hz = MIDI note 82 = A#5 

NOTE 102: 29 samples in length 44100 / 29 = 1520.69 Hz = MIDI note 90 = F#6 

NOTE 103: 38 samples in length 44100 / 38 = 1160.53 Hz = MIDI note 86 = D6 

NOTE 104: 27 samples in length 44100 / 27 = 1633.33 Hz = MIDI note 92 = G#6 

All calculated notes in this table were corroborated by the Tuner (within a tolerance of +/-50 Cents). All 
note sin the audio example are the actual EEG audio converted wave cycles. 

Play Ð ÔExample 7-chb01_03 _SAMPLER_CYCLIC_EDITS_NO_FXÕ 
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bB1.!V#;,l<.Pm&'7,e.&R!BBI!"$8.4,%;!

S-%.F!L,*"(:-6*"I*&$#",(6,&(6,+2"+,*" =>%.?/'@A("#.2'( "21.+,*2(U*4"34*G2*+"+(:I4*2"M"

2$.(<"+*T+%4*2"<4*-+*'"=$4"<$:3$2(+($.2"%2(.6"3%4*"BB["*3(&*321"'-+-"$.&1"

$

Z(6%4*"OO/"A4*G2*+"+(:I4*2"-.' "2$.(<"+*T+%4*2",(6,&(6,+*'"#(+,"3%4*"BB["*3(&*321"'-+-@"

L,*" $+,*4"34*G2*+"2$%.'2 "'*+-(&*' "!&+$&8'$%',&$(."Z(6%4*"OO3"-4*"+(:I4*2"-.'"2$.(<"+*T+%4*2"

<4*-+*'"-.'"'*2(6.*' "#,(&2+"'*C*&$3(.6"+,*"0Hdn0FA"21.+,*2(U*4"=$4"+,(2"34$W*<+8"%2(.6"

-"'4%:"&$$38"C$<-&"-.'"2+4(.6"2-:3&*"!"#W$"/).+$*"9S%'$-"#$>'$%+")')$.#&+$&8'$A("#/%"($

A'#'("&+(*3 $(."+,*"<4*-+(C*":$'*&"+,-+"<-."I*"2**."(."+,* "<4*-+(C*"=&$#"<,-4+"$."+,*"
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=4,-+$9,!M1'3!=#-4+!*'4!E'0/2!C,%$5/;!

"

Z(6%4*"Of/"94*-+(C*"Z&$#"9,-4+"=$4"F$%.'";*2(6.@"

"

Z4$:"+,*"'(-64-:"-I$C*"#*"<-."2**"+,-+"(+"(2"3$22(I&*"+$":$C*"=4$:"+,*"2%IW*<+(C*"

*T3&$4-+($."$="<$.<*3+"+$"+,*"34$'%<+($."$="2$.(=(<-+($."#(+,"+,*"<4*-+*'"21.+,*2(2"+$$&28"

I13-22(.6"BB["'-+-"2$%4<*2"+$"<4*-+*"-."-4+(2+(<"-.' "2%IW*<+(C*"4*-&(2-+($."$="+,*"<$.<*3+"

#(+,"-.1"-%'($"2$%4<*@"H.'n$4"$.+$"+,*"34-<+(<-&"*T3&$4-+($."$="3%4*"BB["'-+-" : -33(.628"

34$C('(.6 "I$+," 2%IW*<+(C*"-.'"$IW*<+(C*"2$.(=(<-+($."3$22(I(&(+(*2@"


