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S'-S-S.+2-K! J/,..'$#,($.+/#$(! 6/2+:+7$.+/#,! +#.'/2%7-! .5-! 2-5U2'$.-2! $6+#/! $7+2,!

2-5U2'/P%.U'+#-! $#2! 2-5U2'/$($#+#-! $,! 9-((! $,! .5-! 7U7(+7! .5+/-.5-'! $6+#/! $7+2,!

($#.5+/#+#-! $#2! 6-.5U(($#.5+/#+#-K! O5-! -#0U6-,! +#?/(?-2! +#! .5-! S/,..'$#,($.+/#$(!

6/2+:+7$.+/#! $'-! 8+,FA! 95+75! 2-5U2'$.-,! ,S-7+:+7! ,-'+#-! $#2! .5'-/#+#-! '-,+2%-,! +#!

S'-#+,+#A! $#2! .5-! 7U7($,-! 8+,YA! 95+75! 7$.$(U0-,! T6-.5U(V($#.5+/#+#-! :/'6$.+/#K! ;%((U!
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P+#2+#&! /:! S'-#+,+#! ./! 8+,FA! $#2! .5$.! 8+,F! 7$#! 2+,7'+6+#$.-! P-.9--#! %#6/2+:+-2A!
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]%,$66-#:$,,%#& KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK""!

"#2-ZKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK """!

DK!"#.'/2%7.+/# KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKD!

DKD!E#.+P+/.+7,!$#2!H-,+,.$#7- KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKD!

DKB!L$#.+P+/.+7, KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKX!

DKQ!8+,+#!S'/2%7.+/#!PU!!.()"#$*' KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK DW!

DKQKD!8+,+#!P+/,U#.5-,+, KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Db!

DKQKDKD!O5-!2-5U2'$.$,-!8+,F KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK DX!

DKQKDKB!O5-!7U7($,-!8+,Y KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Dc!

DKQKDKQ!O5-!#+,+#!,-7'-.+/#!6$75+#-'UKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Dd!

DKR!8+,+#I!4/2-!/:!$7.+/# KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK BD!

DKW!4-75$#+,6,!/:!($#.+P+/.+7!6/2+:+7$.+/# KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK BQ!

DKWKD!4/2+:+7$.+/#!/:!7($,,!""!($#.+P+/.+7, KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK BQ!

DKWKB!4/2+:+7$.+/#!/:!.5-!7($,,!"!($#.+P+/.+7!#+,+#KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK BW!

DKWKBKD!O5-!(-$2-'!S-S.+2-!/:!S'-#+,+# KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Bb!

BK!E+6,!$#2!/Pa-7.+?-, KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Bc!

QK!4$.-'+$(,!$#2!4-.5/2,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Bd!

QKD!4$.-'+$(, KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Bd!

QKDKD!Y5-6+7$(, KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Bd!

QKDKB!E#.+P/2+-,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QD!

QKDKQ!Y/#,%6$P(-,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QD!

QKDKR!M.'$+#,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QB!

QKDKW!J($,6+2,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QB!

QKDKb!4-2+$KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QB!

QKDKX!F%::-', KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QR!

QKDKc!"#,.'%6-#.,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Qb!

QKB!4-.5/2,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Qc!

QKBKD!Y%(.+?$.+/#!/:!!.()"#$*' KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Qc!

QKBKB!1(-7.'/S5/'-,+,!$#2!S'/.-+#!2-.-7.+/#KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Qc!

QKBKBKD!J'/.-+#!2-.-'6+#$.+/# KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Qc!
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! "e!

QKBKBKB!M*M!S/(U$7'U($6+2-!&-(!-(-7.'/S5/'-,+,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK Qd!

QKBKBKQ!Y//6$,,+-!,.$+#+#&!$#2!,+(?-'!,.$+#+#& KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RC!

QKBKBKR!"66%#/2-.-7.+/#KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RC!

QKBKQ!J'/.-+#!-ZS'-,,+/#!$#2!S%'+:+7$.+/#KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RD!

QKBKQKD!1ZS'-,,+/#!/:!=+,).$&&-2!8+,F KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RD!

QKBKQKB!J%'+:+7$.+/#!/:!=+,).$&&-2!8+,FKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RD!

QKBKQKQ!`S.+6+0$.+/#!/:!P%::-'!,/(%.+/#,!:/'!S'/.-+#!S%'+:+7$.+/# KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RB!

QKBKQKR!1ZS'-,,+/#!/:!S'-#+,+#!$#2!+.,!2-'+?$.+?-,KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RQ!

QKBKQKW!J%'+:+7$.+/#!/:!S'-#+,+#!$#2!+.,!2-'+?$.+?-, KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RQ!

QKBKQKb!J%'+:+7$.+/#!/:!$7.+?-!#+,+# KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK RQ!
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#/.! ,.'+7.(U! 7/%S(-2! TDDCVK! "#! $22+.+/#A! +.!9$,! ,5/9#! .5$.! L7.4! +,! $P(-! ./! 2-5U2'$.-! $#2!

7U7(+0-! #/#)($#.+P+/.+7! S-S.+2-,! $,! 9-((! $,! S-S.+2-,! 7/#.$+#+#&! #/#)S'/.-+#/&-#+7! $6+#/!

$7+2,!*+(,*$-%A!95-#!.5-U!$'-!Y).-'6+#$((U!:%,-2!./!.5-!(-$2-'!S-S.+2-!/:!($7.+7+#!RcDK!O5%,A!

L7.4!5$,!$!P'/$2!,%P,.'$.-!,S-7.'%6!TDDD)DDQVK!L7.4!$7.+?+.U!9$,!$(,/!/P.$+#-2!95-#!.5-!

S'/S-S.+2-! 9$,! $SS(+-2! ./! L7.4! 9+.5/%.! .5-! (-$2-'! S-S.+2-A! P%.! 5-'-! /#(U! $! ,+#&(-!

2-5U2'$.+/#! 7/%(2! P-! /P,-'?-2! TWWVK! "#! 7/#.'$,.A! 95-#! .5-! (-$2-'! S-S.+2-! $#2! .5-!
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.US-!,%P,.'$.-!T(-$2-'!S-S.+2-!$..$75-2!./!S'/S-S.+2-V!95-'-!:/%'!2-5U2'$.+/#,!/77%''-2!

9+.5+#!DW!6+#%.-,!TWWVK!"#!$22+.+/#A!.5-!S'/7-,,+?+.U!/:!L7.4!9$,!(/,.!95-#!(-$2-'!S-S.+2-!

$#2! S'/S-S.+2-!9-'-! ,%SS(+-2! *+( $-"+'! ./! L7.4! $,! +#.-'6-2+$.-,!9-'-! /P.$+#-2!9+.5! 8)

.-'6+#$(! '-,+2%-,! P-+#&! :$?/'-2! :/'! 2-5U2'$.+/#! +#2+7$.+#&! ,/6-! 2+'-7.+/#$(+.U! /:! L7.4!

TWWVK!O5-,-!:+#2+#&,!,%SS/'.!.5-!#-7-,,+.U!/:!.5-!(-$2-'!S-S.+2-!:/'!.5-!S'/7-,,+?-!$7.+?+.U!

/:!L7.4!95-#!.5-!,%P,.'$.-!+,!$..$75-2!./!.5-!(-$2-'K!O5-'-:/'-A!.5-!(-$2-'!S-S.+2-!,--6,!./!

S'/?+2-! +6S/'.$#.! P+#2+#&! $::+#+.U! .5$.! $((/9,! .5-! ($#.+P+/.+7! S'-S-S.+2-! ./! '-6$+#!

$,,/7+$.-2!./!.5-!6/2+:+7$.+/#!-#0U6-!:/'!2-5U2'$.+/#!$#2!7U7(+0$.+/#!TWWVK!!



! ! "#.'/2%7.+/#!

!

! BW

E#/.5-'! *+(,*,%! ,.%2U!,5/9-2!.5$.!5-.-'/(/&/%,!7/)-ZS'-,,+/#!/:!8%34A! .5-!6/2+:+7$.+/#!

-#0U6-! /:! #%3$7+#! "MN)DA! $#2! 8%3EA! .5-! S'-S-S.+2-A! +#!6.( #%)*! '-,%(.,! +#! :%((U! S'/7-,,-2!

S-S.+2-! TDDRVK! ;%'.5-'6/'-A! 8%34! ,--6,! ./! P-! $P(-! ./! 2+,.+#&%+,5! P-.9--#! ,-'+#-! $#2!

.5'-/#+#-! '-,+2%-,! $,! '-S($7-6-#.! /:! ,-'+#-! 9+.5! .5'-/#+#-! $#2! ?+7-! ?-',$! '-,%(.,! +#! $!

2-7'-$,-! /'! (/,,! /:! 2-5U2'$.+/#! $7.+?+.U! TDCRVK! O5+,! +#2+7$.-,! $! 2+::-'-#7-! +#! ,%P,.'$.-!

'-7/&#+.+/#!P-.9--#!L7.4!$#2!8%34A! $,! L7.4!2-5U2'$.-,! ,-'+#-! $#2! .5'-/#+#-! '-,+2%-,!

9+.5! .5-! ,$6-! -::+7+-#7U! TDCRADDQVK! ;/'! 8%34! $,! 9-((! $,! :/'! L7.4! +.! 9$,! ,5/9#! .5$.!

$SS(U+#&!$!Y).-'6+#$(!.'%#7$.-2!:/'6!/:!.5-!,%P,.'$.-! (-$2,!./! (-,,!-::+7+-#.!S'/7-,,+#&!/:!

.5-!S'-S-S.+2-!TDCRADCcVK!@+(,*$-%!'-7/#,.+.%.+/#!/:!8%34!$(,/!'-?-$(-2!.5$.!+.,!$7.+?+.U!+,!

EOJf4&Bp!2-S-#2-#.!(+3-!L7.4!TDCRVK!;%'.5-'6/'-A!$#!*+(,*$-%!+#.-'$7.+/#!/:!8%34!9+.5!+.,!

#$.%'$(!,%P,.'$.-!S'-)#%3$7+#!"MN)D!9$,!,5/9#!PU!MJH!$#$(U,+,!TDDWVK(

(

34B48(A516.6'&$65-(5.($>,('C&##(0(C&-$6"65$6'(-6#6-(#

#

O5-!$7.+?+.U!/:!8+,YA!.5-!7U7($,-!/:!.5-!S'-#+,+#!6/2+:+7$.+/#!6$75+#-'UA!9$,!'-7/#,.+.%.-2!

*+(,*$-%!$#2!+.,!,.'%7.%'-!9$,!,/(?-2!TWXADDbVK! ".!9$,!,5/9#!.5$.!$!]#Bp! +/#!+,! +#?/(?-2!+#!

.5-!7U7(+0$.+/#!'-$7.+/#K!O5-!]#Bp!+/#!+,!7//'2+#$.-2!PU!.9/!7U,.-+#-,!$#2!PU!/#-!5+,.+2+#-!

'-,+2%-!.5$.!$'-!$(,/!7/#,-'?-2!+#!.5-!Y).-'6+#+!/:!L$#4!-#0U6-,! (+3-!L7.4!$#2! +#!/.5-'!

L$#Y! -#0U6-,! (+3-! MS$Y! TDCXADDbVK! O5+,! ,%&&-,.,! .5$.! L$#4! $#2! L$#Y! -#0U6-,! ,5$'-! $!

,+6+($'!6-75$#+,6!/:!7U7(+0$.+/#!TRWVK!4%.$.+/#,!/:! .5-!]#Bp! +/#!7//'2+#$.+#&!'-,+2%-,! +#!

8+,Y!$#2!L7.4!'-,%(.-2!+#!+6S$+'-2!7U7(+0$.+/#!$7.+?+.UA!95+75!:%'.5-'!+#2+7$.-,!.5$.!L$#Y!

$#2!L$#4!5$?-!$!,+6+($'!7U7(+0$.+/#!6-75$#+,6!TcXAdQADCXVK!@+(,*,%!,.%2+-,!2-6/#,.'$.-2!

.5$.!8+,Y!+#.'/2%7-,!T6-.5U(V($#.5+/#+#-!'+#&,!+#./!#/#($#.+P+/.+7!S-S.+2-,A!95-#!.5-U!$'-!

:%,-2!./!.5-!S'-#+,+#!(-$2-'!S-S.+2-!TdRVK!O5%,A!8+,Y!$(,/!5$,!$!P'/$2!,%P,.'$.-!,S-7.'%6!

,+6+($'! ./! L7.4K! "#! $22+.+/#A! $! 2+'-7.+/#$(+.U! /:! 8+,Y! $7.+?+.U!9$,! '-?-$(-2A! P-7$%,-! 8+,Y!

7/%(2!7/%S(-!*5$f*5P!/#(U!./!6/'-!Y).-'6+#$(!(/7$.-2!7U,.-+#-!'-,+2%-,!TdRVK(

4/,.! ,.%2+-,! '-&$'2+#&! 7($,,! "!6/2+:+7$.+/#! -#0U6-,! TL$#FA! L$#YA! L$#O! $#2! L$#JV!9-'-!

S-':/'6-2! *+( ,*,%A! $,! *+( ,*$-%! '-7/#,.+.%.+/#! /:! -,S-7+$((U! L$#F! $7.+?+.U! 5$,! :$+(-2!

TbDADCWADCbVK!8+,F!9$,!,5/9#!./!2-5U2'$.-!#/#($#.+P+/.+7!S-S.+2-,A!95+75!$'-!:%,-2!./!.5-!

S'-#+,+#!(-$2-'!S-S.+2-K!O5-'-:/'-A!8+,F!5$,!$!P'/$2!,%P,.'$.-!,S-7.'%6!,+6+($'!./!8+,Y!/'!

L7.4! TccADDXVK! ;%'.5-'6/'-A! +.! 9$,! 2-6/#,.'$.-2! .5$.! ,-'+#-! $#2! .5'-/#+#-! '-,+2%-,!

:($#3-2! PU! 5U2'/S5/P+7! $6+#/! $7+2,! $'-! S'-:-'-#.+$(! 2-5U2'$.-2A! 95-'-$,! 5U2'/S5+(+7!



! ! "#.'/2%7.+/#!

!

! Bb

:($#3+#&! '-,+2%-,! 2+,:$?/'! 2-5U2'$.+/#! PU! 8+,F! TdCAdDVK! O5+,! +,! +#! 7/#.'$,.! ./! L7.4! .5$.!

$SS$'-#.(U! 2/-,! #/.! ,5/9! S'-:-'-#7-,! :/'! -+.5-'! 5U2'/S5/P+7! /'! 5U2'/S5+(+7! '-,+2%-,!

:($#3+#&!.5-!,-'+#-!/'!.5'-/#+#-!'-,+2%-,!TDDQVK!(

H-6$'3$P(UA!8+,F!2/-,!#/.!,5/9!5/6/(/&U!./!L$#4!-#0U6-,A!.5-!,-\%-#7-!5/6/(/&U!-?-#!

./!/.5-'!L$#F!-#0U6-,! +,! '$.5-'! (/9!TbDVK!O5-'-:/'-A! +.! '-6$+#,!%#3#/9#!95-.5-'!L$#F!

$#2!L$#4!-#0U6-,!7$.$(U0-!.5-!2-5U2'$.+/#!'-$7.+/#!+#!$!,+6+($'!6$##-'K!4/'-/?-'A!+.!9$,!

2-6/#,.'$.-2!.5$.!8+,F!2-5U2'$.-,!,.'-.75-,!/:!.5'-/#+#-,A!$#2!-?-#!'-,+2%-,!$.!S/,+.+/#,!

:%'.5-'! $9$U! .5$#! +#! .5-! #$.%'$(! S'-#+,+#! TdCVK! O5/,-! :+#2+#&,! +#2+7$.-! .5$.! 8+,F! 5$,! $!

P'/$2! ,%P,.'$.-! ,S-7.'%6A! 95+75! +#7(%2-! ,%P,.'$.-,! .5$.! $'-! (/#&-'! /'! ,5/'.-'! .5$#!

S'-#+,+#A! $#2! #+,+#! %#'-($.-2! S-S.+2-,K! =/9-?-'A! .5-! 2-5U2'$.+/#! 6-75$#+,6! /:! L$#F!

-#0U6-,!,.+((!'-6$+#,!%#7(-$'K(

M-?-'$(!,.%2+-,!5$?-!2-6/#,.'$.-2!.5$.!.5-!($#.+P+/.+7!6/2+:+7$.+/#!-#0U6-,!7$#!:%#7.+/#!

+#2-S-#2-#.!/:!-$75!/.5-'K!8+,Y!$#2!L7.4!9-'-!,5/9#!./!P-!$7.+?-!*+(,*$-%!+#!.5-!$P,-#7-!/:!

8+,Ff8+,O!$#2!L7.OA!'-,S-7.+?-(U!TWbAWXVK!8+,F!$#2!8+,O!$7.+?+.U!+#!.5-!$P,-#7-!/:!.5-!/.5-'!

6/2+:+7$.+/#! -#0U6-,! 9-'-! 2-6/#,.'$.-2! *+( ,*,%! TcdADDXVK! 8+,F! 9$,! $P(-! ./! 2-5U2'$.-!

S-S.+2-,!95+75!9-'-! :%,-2! ./! .5-! (-$2-'! S-S.+2-! /:! S'-#+,+#! +#! .5-! $P,-#7-! /:! 8+,Y! $#2!

8+,OA! 95-'-! .5-! -ZS/'.! /:! .5-! S-S.+2-,! 9$,! 6-2+$.-2! PU! 8).-'6+#$(! :%,-2! M1Y! /'! OEO!

,-7'-.+/#! ,+&#$(,! TcdVK! 4/'-/?-'A! 8+,O! 9$,! $P(-! ./! -ZS/'.! %#6/2+:+-2! S'-#+,+#! +#! .5-!

$P,-#7-!/:!8+,F!$#2!8+,Y!TDDXVK!8+,O!$(,/!,5/9-2!'-($Z-2!,%P,.'$.-!,S-7+:+7+.UA!$,!+.!7/%(2!

-ZS/'.!#/#($#.+P+/.+7!S-S.+2-,! :%,-2! ./! .5-!S'-#+,+#! (-$2-'!S-S.+2-! TDDXVK!=/9-?-'A!8+,O!
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,-7'-.-2!.5$#!%#6/2+:+-2!$#2!2-5U2'$.-2!S'-#+,+#!TcbVK(

(

9:L:E:9!O#(!<($/(%!=(=')/(!+-!=%(,).),(

!

E!S'-'-\%+,+.-!:/'!6/2+:+7$.+/#!PU!8+,F!/'!8+,Y!$#2!:/'!.5-!.'$#,S/'.!PU!8+,O!+,!.5-!(-$2-'!

S-S.+2-! /:! S'-#+,+#A!95+75! +,! #-?-'!6/2+:+-2! TWXAccADDXVK! M+#7-! 8+,FA! 8+,Y! $#2!8+,O! $'-!

,5/9#! ./!P-!$7.+?-! +#2-S-#2-#.(UA! +.! +,! (+3-(U! .5$.!-$75!-#0U6-!'-7/&#+0-,!$#2!P+#2,! .5-!

(-$2-'! S-S.+2-! +#2+?+2%$((UK! E! '-7-#.! ,.%2U! ,5/9-2! .5$.! .5-! #+,+#!6/2+:+7$.+/#! -#0U6-,!

./(-'$.-! ,+#&(-! $,! 9-((! $,! 6%(.+S(-! 6%.$.+/#,! 9+.5+#! .5-! (-$2-'! S-S.+2-K! =/9-?-'A! .5-!

7/#,-'?-2!;8L*!6/.+:!T;+&%'-!dEV!9+.5+#!.5-!(-$2-'!+,!-,,-#.+$(!:/'!S'-#+,+#!6/2+:+7$.+/#!

P%.!#/.! :/'!-ZS/'.!/:! .5-!6%.$#.A! ,+#7-! .5-!;8L*fEEEE!6%.$#.! ,5/9-2!#/!2-5U2'$.+/#,!



! ! "#.'/2%7.+/#!

!

! BX

P%.! 9$,! ,-7'-.-2! +#./! .5-! 6-2+%6! TDDcVK! O5-'-:/'-! +.! +,! S/,,+P(-! .5$.! .5-! +#2+?+2%$(!

-#0U6-,!'-7/&#+0-!2+::-'-#.!,+.-,!/:!.5-!(-$2-'!S-S.+2-K!(

!

!



! ! E+6,!$#2!/Pa-7.+?-,!

!

! Bc

84(!6+#(&-1(5"D,'$6E,#(

!

O5-! :%#7.+/#! /:! (-$2-'! S-S.+2-,! +#! ($#.+P+/.+7! 6$.%'$.+/#! +,! #/.! 9-((! +#?-,.+&$.-2K! ".! +,!

,%&&-,.-2! .5$.! .5-! (-$2-'! S-S.+2-! 2+'-7.,! .5-! ,%P,.'$.-! ./! .5-! ($#.+P+/.+7! 6/2+:+7$.+/#!

6$75+#-'U!TccAdDAdRADDdVK!O5-!:+#2+#&!.5$.!L7.4A!95+75!7$.$(U0-!P/.5A!.5-!2-5U2'$.+/#!$,!

9-((!$,!.5-!7U7(+0$.+/#!/:!.5-!7($,,!""! ($#.+P+/.+7!($7.+7+#!RcDA!2-5U2'$.-,!.5-!S'/S-S.+2-!/:!

S'-)($7.+7+#! 9+.5/%.! .5-! (-$2-'! S-S.+2-! $..$75-2A! ,5/9-2! .5$.! .5-! (-$2-'! S-S.+2-! +,! #/.!

7'%7+$(! :/'! 2-5U2'$.+/#! PU! L7.4! TWWVK! =/9-?-'A! .5-! (-$2-'! S-S.+2-! $..$75-2! ./! .5-!

S'/S-S.+2-!,.'/#&(U!+#7'-$,-,!.5-!-::+7+-#7U!/:!L7.4!TWWVK!h5-.5-'!.5-!+#7'-$,-2!-::+7+-#7U!

+,! 2%-! ./! 5+&5! $::+#+.U! /:! .5-! (-$2-'! S-S.+2-! ./! .5-! -#0U6-! /'! 2%-! ./! $! 7/#:/'6$.+/#$(!
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9$,!S//'(U!,/(%P(-!TDDdVK!!
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.5-!,%P,.'$.-! ./!P-7/6-!6/2+:+-2!$#2!-ZS/'.-2!PU! .5-!#+,+#!6/2+:+7$.+/#!-#0U6-,! T8+,F!

$#2!8+,YV!$#2!.5-!#+,+#!-ZS/'.-'!8+,O!TccAdRADDXVK!!

M+#7-! *+( ,*,%! ,.%2+-,!$'-!#/.! ,%+.$P(-! ./! 75$'$7.-'+0-!$!2+'-7.! +#.-'$7.+/#!/:!S'-#+,+#!9+.5!

-+.5-'!/#-!/:!.5-!6/2+:+7$.+/#!-#0U6-,!*+(,*$-%!+#?-,.+&$.+/#!7/%(2!&+?-!:%'.5-'!+#,+&5.K!E,!

.5-!2-5U2'$.+/#!/:!%#6/2+:+-2!S'-#+,+#!+,!.5-!:+',.!,.-S!+#!#+,+#!6$.%'$.+/#A!.5+,!9/'3!:/7%,!

/#! .5-! ,%P,.'$.-! '-7/&#+.+/#! $#2! ,S-7+:+7+.U! /:! 8+,FA! *+( ,*$-%K! O5-'-:/'-A! $((! 7/6S/#-#.,!

5$?-! ./! P-! S%'+:+-2! $#2! 75$'$7.-'+0-2K! ;%'.5-'6/'-A! $! ,%+.$P(-! P+#2+#&! $,,$U! 5$,! ./! P-!

2-?-(/S-2!./!2-6/#,.'$.-!$#2!75$'$7.-'+0-!.5-! +#.-'$7.+/#!/:!8+,F!$#2!2+::-'-#.!S'-#+,+#!

:/'6,K! O5+,! 7$#! '-?-$(! 5/9! 8+,F! 6$U! '-7/&#+0-! +.,! ,%P,.'$.-! $#2! 95-.5-'! 8+,F! 7$#!

2+,7'+6+#$.-! P-.9--#! .5-! 2+::-'-#.! S'-#+,+#! :/'6,K! =-'-+#A! .5-! :%#7.+/#! /:! .5-! (-$2-'!

S-S.+2-! :/'! .5-! 8+,F)S'-#+,+#! +#.-'$7.+/#! 7$#! P-! +#?-,.+&$.-2! +#! 2-.$+(K! O5-! '-,%(.,! 6$U!

S'/?+2-!:%'.5-'!3#/9(-2&-!/:!5/9!S'-#+,+#!+,!6/2+:+-2K!!

!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! Bd

:4(A&$,%6&C#(&-1(A,$>51#(

!

:43(A&$,%6&C#(

!

:4343(F>,+6'&C#(

!

DAR)*+.5+/.'-+./(!T*OOV! ESS(+Y5-6!

B)T8)6/'S5/(+#/V-.5$#-,%(:/#+7!$7+2!T41MV! Y$'(!H/.5!G6P=!s!Y/K!

B)tR)TB)5U2'/ZU-.5U(VS+S-'$0+#)D)

U(u-.5$#-,%(:/#+7!$7+2!T=1J1MV!

Y$'(!H/.5!G6P=!s!Y/K!

Q)TYU7(/5-ZU($6+#-V)D)S'/S$#-,%(:/#+7!

$7+2!TYEJMV!

Y$'(!H/.5!G6P=!s!Y/K!

Q)T8)6/'S5/(+#/VS'/S$#-)D),%(:/#+7!$7+2!

T4`JMV!

Y$'(!H/.5!G6P=!s!Y/K!

E7-.+7!$7+2!Tdc!oV! Y$'(!H/.5!G6P=!s!Y/K!

E7'U(!$6+2!! Y$'(!H/.5!G6P=!s!Y/K!

E&$')E&$'! M-'?$!

E66/#+%6S-'/Z/2+,%(S5$.-! Y$'(!H/.5!G6P=!s!Y/K!

E,S$'$&+#-! M+&6$)E(2'+75!Y5-6+-!G6P=!

F'/6S5-#/(!P(%-! M+&6$)E(2'+75!Y5-6+-!G6P=!

Y$(7+%6!75(/'+2-! Y$'(!H/.5!G6P=!s!Y/K!

Y$,-+#!5U2'/(U,$.-! Y$'(!H/.5!G6P=!s!Y/K!

Y5(/'$6S5-#+7/(!! Y$'(!H/.5!G6P=!s!Y/K!

Y//6$,,+-!F'+((+$#.!F(%-!H)BWC! !Y$'(!H/.5!G6P=!s!Y/K!

22=B`!4+((+)iWC!J(%,! 4+((+S/'-!

*-/ZU'+P/#%7(-$,-!"! M+&6$)E(2'+75!Y5-6+-!G6P=!

*+,/2+%6!5U2'/&-#!S5/,S5$.-! ehH!

1'U.5'/6U7+#! 4-'73!NG$E!

1.5$#/(! Y$'(!H/.5!G6P=!s!Y/K!

1.5U(-#2+$6+#-).-.'$)$7-.$.-!T1*OEV! Y$'(!H/.5!G6P=!s!Y/K!

;/(+7!$7+2! Y$'(!H/.5!G6P=!s!Y/K!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! QC

;/'6$(2-5U2-!QXo! Y$'(!H/.5!G6P=!s!Y/K!

G(%7/,-! Y$'(!H/.5!G6P=!s!Y/K!

G(U7-'/(! Y$'(!H/.5!G6P=!s!Y/K!

G(U7-'/(!S5/,S5$.-! Y$'(!H/.5!G6P=!s!Y/K!

G(U7+#-! Y$'(!H/.5!G6P=!s!Y/K!

=U2'/75(/'+7!$7+2A!QX!o! Y$'(!H/.5!G6P=!s!Y/K!

"6+2$0/(-! ;(%3$!Y5-6+-!G6P=!

"'/#!T"""V!75(/'+2-! vKOK!F$3-'!

",/S'/S$#/(! Y$'(!H/.5!G6P=!s!Y/K!

LU,/0U6-!! M+&6$)E(2'+75!Y5-6+-!G6P=!

4$&#-,+%6!75(/'+2-! Y$'(!H/.5!G6P=!s!Y/K!

4$&#-,+%6!,%(:$.-! 4-'73!NG$E!

4-.5$#/(! Y$'(!H/.5!G6P=!s!Y/K!

8+73-(!T""V!75(/'+2-! G'@,,+#&!

8+73-(!T""V!,%(:$.-! M+&6$)E(2'+75!G6P=!

8+7/.+#+7!$7+2! Y$'(!H/.5!G6P=!s!Y/K!

8+,+#A!:'/6!/$-30$%#%##&'()"#$*'!BKWo! M+&6$)E(2'+75!Y5-6+-!G6P=!

J$&-H%(-'w!J'-,.$+#-2!J'/.-+#!L$22-'! ;-'6-#.$,!

J$&-H%(-'w!>#,.$+#-2!J'/.-+#!L$22-'! ;-'6-#.$,!

J-S./#-!:'/6!7$,-+#f,/UfP--:! Y$'(!H/.5!G6P=!s!Y/K!

J/.$,,+%6!75(/'+2-!! ;(%3$!Y5-6+-!G6P=!

J/.$,,+%6!2+5U2'/&-#!S5/,S5$.-! G'@,,+#&!

J'/.-$,-!+#5+P+./'!7/73.$+(!.$P(-.,! H/75-!

H+P/:($?+#! Y$'(!H/.5!G6P=!s!Y/K!

M+(?-'!#+.'$.-! ;(%3$!

M/2+%6!$7-.$.-! M+&6$)E(2'+75!Y5-6+-!G6P=!

M/2+%6!$0+2-! ;(%3$!Y5-6+-!G6P=!

M/2+%6!7$'P/#$.-! Y$'(!H/.5!G6P=!s!Y/!

M/2+%6!75(/'+2-! Y$'(!H/.5!G6P=!s!Y/K!

M/2+%6!2/2-7U(!,%(:$.-!TM*MV! Y$'(!H/.5!G6P=!s!Y/K!

M/2+%6!5U2'/Z+2-! Y$'(!H/.5!G6P=!s!Y/K!

O-.'$6-.5U(-.5U(-#2+$6+#-!TO141*V! Y$'(!H/.5!G6P=!s!Y/K!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! QD

O'+75(/'$7-.+7!$7+2! ;(%3$!Y5-6+-!G6P=!

OH"MT5U2'/ZU6-.5U(V)$6+#/6-.5$#!TOH"MV! ehH!

O'US,+#! M+&6$)E(2'+75!Y5-6+-!G6P=!

O9--#)BC! Y$'(!H/.5!G6P=!s!Y/K!

l-$,.!-Z.'$7.! Y$'(!H/.5!G6P=!s!Y/K!

]+#3!,%(:$.-! M+&6$)E(2'+75!Y5-6+-!G6P=!

!

:4348(!-$6"516,#(

!

$#.+)=+,! i+$&-#!

$#.+)L-$2-'! TDDXV!

$#.+)'$PP+.!$#.+P/2U!7/%S(-2!./!5/',-'$2+,5!

S-'/Z+2$,-!T=HJV!:'/6!&/$.!

M+&6$)E(2'+75!Y5-6+-!G6P=!

$#.+)6/%,-! $#.+P/2U! 7/%S(-2! ./! =HJ! :'/6!

&/$.!

*+$#/?$!

!

:434:(F5-#*+&"C,#(

!

E6+7/#!>(.'$!DW!T4hY`!DCC!3*$V! 4+((+S/'-!

E6+7/#!>(.'$!R!T4hY`!QC!3*$V! 4+((+S/'-!

E6+7/#!>(.'$!R!T4hY`!Q!3*$V! 4+((+S/'-!

Je*;!P(/..+#&!6-6P'$#-! J$((!7/'S/'$.+/#!

H-$7.+/#!.%P-,!DKW!6(!$#2!B!6(! 1SS-#2/':!

H-$7.+/#!.%P-,!DW6(!$#2!WC!6(! M$',.-2.!

J+S-..-!.+S,! M$',.-2.!

8/#),.-'+(-!R!66!4+((-Z!,U'+#&-!:+(.-'!%#+.,! 4+((+S/'-!

O%P-)`)*"ELl]1HA!6+7'/!T4hY`!WC!3*$V! G)F+/,7+-#7-!

M-#,/'!Y5+S!8OE! G1!=-$(.57$'-!

M%S/'!RWC!6-6P'$#-!RX66! J$((!7/'S/'$.+/#!

M%S/'!DCC!6-6P'$#-!RX66! J$((!7/'S/'$.+/#!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! QB

:434?(G$%&6-#(

!

!"#$%#%##&'()"#$*'!,.'$+#!8]dCCC! 4GDQbQ! 2-'+?$.+?-! 9+.5! 030FII+*'C+*'D!

TDBCV!

!

:434B(HC&#+61#(

!

S8G#+,F5+,! !.()"#$*'!-ZS'-,,+/#!?-7./'m!76Hm!S'/?+2-2!PU!

F+`4$*-!

S8]#+,E)1Q! !.()"#$*'!-ZS'-,,+/#!?-7./'m!-'UH!TDDXV!

S"LQFOY! !.()"#$*'!-ZS'-,,+/#!?-7./'m!76H!TdDV!

S"LQ5SFO! !.()"#$*'!-ZS'-,,+/#!?-7./'m!76H!TcbV!

S"LQ5SO! !.()"#$*'!-ZS'-,,+/#!?-7./'m!76H!TcbV!

!

:434I(A,16&(

!

4-2+$! 7/6S/#-#.,!9-'-!2+,,/(?-2! +#!2+,.+((-2!/'!2/%P(-!2+,.+((-2!9$.-'!$#2!,.-'+(+0-2!PU!

$%./7($?+#&K!

!

4DX)6-2+%6!

• W!&f(!J-S./#-!:'/6!,/U!

• W!&f(!J-S./#-!:'/6!7$,-+#!

• W!&f(!J-S./#-!:'/6!P--:!

• BKW!&f(!U-$,.!-Z.'$7.!

• CKW!&f(!E,7/'P$.-!

• D!6(f(!4$&#-,+%6!,%(:$.-!TD4V!

• Dd!&f(!P-.$)G(U7-'/(!S5/,S5$.-!

!

!

!

!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! QQ

4+#+6$(!6-2+%6!

• M/(%.+/#!E!TBC!o!T?f?VV!

o DC!&f(!E66/#+%6!,%(:$.-!

o QC!&f(!*+,/2+%6!5U2'/&-#!S5/,S5$.-!

o DW!&f(!J/.$,,+%6!2+5U2'/&-#!S5/,S5$.-!

o W!&f(!M/2+%6!75(/'+2-!

!

• M/(%.+/#!F!TcC!o!T?f?VV!

o DBKW!&f(!Y$,$6+#/!$7+2!

o BKW!&f(!M/2+%6!$7-.$.-!

o CKD!&f(!E,S$'$&+#-!

o CKBW!&f(!4$&#-,+%6!75(/'+2-!

o CKCDBW!&f(!Y$(7+%6!75(/'+2-!

o CKCCCXW!"'/#T"""V!75(/'+2-!

!

• BC!o!G(%7/,-!TBKW!o!T?f?VV!

!

• e+.$6+#!4+Z!TCKD!o!T?f?VV!

o CKD!&f(!F+/.+#!

o D!&f(!;/(+7!$7+2!

o D!&f(!H+P/:($?+#!

o D!&f(!8+7/.+#+7!$7+2!

o D!&f(!J$#./.5-#+7!$7+2!

o B!&f(!JU'+2/Z$(!

!

G4!DX!E&$'!

• 4DX!6-2+%6!,%SS(-6-#.-2!9+.5!CKW!o!T9f?V!&(%7/,-!$#2!DKB!o!T9f?V!E&$')E&$'!

!

!

!

!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! QR

:434J(K*..,%#((

!

H-,%,S-#,+/#P%::-'!

• WC!64!=1J1M)8$`=!S=!c!

• DWC!64!8$Y(!

!

M*M)JEG1!'%##+#&!P%::-'!

• OH"M)=Y(!TWC!64A!S=!cKQV!

• M*M!TD!&f(V!

• G(U7+#-!TDdC!64V!

!

M*M)JEG1!,.$73+#&!&-(!P%::-'!

• OH"M)=Y(!TDKW!4A!S=!cKcWV!

• M*M!R!&f(!

!

M*M)JEG1!,-S$'$.+#&!&-(!P%::-'!

• OH"M)=Y(!TCKW!4A!S=!bKcV!

• M*M!R!&f(!

!

W!Z!M*M!,$6S(-!P%::-'!

• M.$73+#&!&-(!P%::-'!TBC!o!T?f?VV!

• M*M!TBKW!o!T9f?VV!

• G(U7-'+#!TRC!o!T?f?VV!

• F'/6/S5-#/(!P(%-!TCKCB!o!T9f?VV!

• *OO!TDC!64V!

!

O'$#,:-'!P%::-'!:/'!9-,.-'#!P(/..+#&!

• M*M)JEG1!'%##+#&!P%::-'!

• 4-.5$#/(!TBC!o!T?f?VV!

!

!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! QW

OFM!P%::-'!

• OH"M)=Y(!TBC!64A!S=!cKCV!

• 8$Y(!TBWC!64V!

!

OFM)O!P%::-'!

• OH"M)=Y(!TBC!64A!S=!cKCV!

• 8$Y(!TBWC!64V!

• O9--#!BC!TCKD!o!T?f?VV!

!

Y//6$,,+-!,.$+#+#&!,/(%.+/#!

• Y//6$,,+-!F'+((+$#.!F(%-!H)BWC!TCKBW!o!T9f?V!

• 4-.5$#/(!TRC!o!T?f?VV!

• E7-.+7!$7+2A!dc!o!TDC!o!T?f?VV!

!

Y//6$,,+-!2-,.$+#+#&!,/(%.+/#!

• 4-.5$#/(!TRC!o!T?f?VV!

• E7-.+7!$7+2A!dc!o!TDC!o!T?f?VV!

!

;+Z+#&!,/(%.+/#!:/'!,+(?-'!,.$+#+#&!

• 1.5$#/(!TQC!o!T?f?VV!

• E7-.+7!$7+2A!dc!o!TDC!o!T?f?VV!

!

O5+/,%(:$.-!P%::-'!

• M/2+%6!$7-.$.-!TDCC!64V!

• 1.5$#/(!TQC!oV!

• S=!bKC!$2a%,.!9+.5!$7-.+7!$7+2!

!

M+(?-'!#+.'$.-!,/(%.+/#!

• M+(?-'!#+.'$.-!TCKD!o!T9f?VV!

!

*-?-(/S-'!,/(%.+/#!TS'-S$'-!:'-,5!P-:/'-!%,$&-V!

• M/2+%6!7$'P/#$.-!TBKW!o!T9f?VV!

• ;/'6$(2-5U2-!QX!o!TDCC!x(fDCC6(V!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! Qb

:434L(0-#$%*+,-$#(

!

J%'+:+7$.+/#!,U,.-6,!

• y3.$!F$,+7! G1!=-$(.57$'-!

• y3.$!J%'+:+-'! G1!=-$(.57$'-!

• y3.$!1ZS(/'-'! G1!=-$(.57$'-!

• y3.$!J'+6-! G1!=-$(.57$'-!

• y3.$!6+7'/! G1!=-$(.57$'-!

• =JLY!L$Y5'/6! 4-'73)=+.$75+!!

!

Y5'/6$./&'$S5U!7/(%6#,!

• =+O'$S!Y5-($.+#&!=J!Y/(%6#,!W!6(! G1!=-$(.57$'-!

• =+O'$S!MJ!=J!W!6(! G1!=-$(.57$'-!

• M%S-'2-Z!BCC!DCfQCC!GL! G1!=-$(.57$'-!

• M%S-'2-Z!BCC!JY!QKBfQC! G1!=-$(.57$'-!

• =+L/$2!DbfbCC!M%S-'2-Z!BCC!S&! G1!=-$(.57$'-!

• L+Y5'/,S5-'!hJ!QCC!HJ)Dc!-#2!

7$SS-2!7/(%6#!

4-'73!

!

`S.+7$(!+#,.'%6-#.,!

• 8$#/2'/S!8*)DCCC! J-\($P!

• ;L>`,.$'!`JO"4E! F4G!L$P!.-75#/(/&U!

• Y`cCCC!7-((!2-#,+.U!6-.-'! hJE!F+/9$'-!

• F+$7/'-!z! G1!=-$(.57$'-!

!

Y-#.'+:%&-,!

• Y-#.'+:%&-!WRDXH! 1SS-#2/':!

• Y-#.'+:%&-!WRBR! 1SS-#2/':!

• 41GE;>G1!DKCH! O5-'6/!,7+-#.+:+7!

• E?$#.+!v)Bb!zJ! F-736$#!7/%(.-'!

• M/'?$((!1?/(%.+/#!HY! O5-'6/!,7+-#.+:+7!

• `S.+6$!L)dCN!>(.'$7-#.'+:%&-! F-736$#!7/%(.-'!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! QX

1(-7.'/S5/'-.+7!+#,.'%6-#.,!

• J/9-'!,%SS(U!J/9-'J$7!=Y! F+/)H$2!

• O'$#,)F(/.!M-6+)*'U!,U,.-6! F+/)H$2!

• M*M!?-'.+7$(!-(-7.'/S5/'-,+,!%#+.! Y5-6K!h-'3,.<..-#!==>!

• 4+#+)JH`O1E8!O-.'$!
1(-7.'/S5/'-,+,!MU,.-6!

F+/)H$2!

!

"#7%P$./',!

• ;%#7.+/#!L+#-! =-'$-%,!"#,.'%6-#.,!

• 4%(.+.'/#!M.$#2$'2! "#:/',!=O!

• 17/.'/#! "#:/',!=O!

!

`.5-',!

• F$,+7!]!7-((!2+,'%S./'! Y/#,.$#.!,U,.-6,!

• M*M)JEG1!7$,.+#&!%#+.! Y5-6K!h-'3,.<..-#!==>!

• 4+((+)iWC!J(%,! 4+((+S/'-!

• G+(,/#!S+S-..-,! G+(,/#!

• 4$7'/w!J+S-..-!Y/#.'/((-'! F'$#2.-75!,7+-#.+:+7A!"#7!

• O5-'6/6+Z-'!7/6:/'.! 1SS-#2/':!

• e/'.-Z!e;!B! v$#3-!s!N%#3-(!"NE!L$P/'.-75#+3!

• H/73+#&!S($.:/'6! ehH!

• #-/4$&!4$&#-.+7!M.+''-'! #-/L$P!

• S=!4-.-'!S=!WBb! hOh!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! Qc

:48(A,$>51#(

!

:4843(F*C$6E&$65-(5.(!"#$%&'()((

!

4DX!6-2+%6!7/#.$+#+#&!CKW!o!T9f?V!&(%7/,-!TG4DXV!$#2!.5-!$SS'/S'+$.-!$#.+P+/.+7,!9$,!

+#/7%($.-2!9+.5!!.( )"#$*'!8]dCCC!7-((,!,./'-2!$,!7'U/,./73,K!Y%(.%'-,!9-'-!&'/9#!$.!QC{YK!

`?-'#+&5.!&'/9#!S'-)7%(.%'-,!9-'-!.'$#,:-''-2!./!:'-,5!G4DX!6-2+%6!/'!6+#+6$(!6-2+%6!

7/#.$+#+#&!.5-!$SS'/S'+$.-!$#.+P+/.+7,K!O5-!7-((!2-#,+.U!9$,!2-.-'6+#-2!PU!6-$,%'+#&!.5-!

/S.+7$(!2-#,+.U!/:!.5-!7%(.%'-!$.!bCC!#6!9+.5!$!Y`cCCC!7-((!2-#,+.U!6-.-'K!E:.-'!+#2%7.+/#!

7-((,!9-'-!&'/9#!-+.5-'!:/'!$#!$22+.+/#$(!Q!5!/'!/?-'#+&5.!$.!QC{YK!;/'! (/#&).-'6!,./'$&-!

7-((,! :'/6! $! W! 6(! ,.$.+/#$'U! S'-)7%(.%'-! 9-'-! 5$'?-,.-2! $.! bCCC! Z&! :/'! DC! 6+#K! O5-!

,%S-'#$.$#.!9$,!2+,7$'2-2!$#2!.5-!S-((-.!9$,!,%,S-#2-2!+#!WCC!|(!6-2+%6!$#2!2+(%.-2!DID!

9+.5!DCC!o!&(U7-'/(K!O5+,!,%,S-#,+/#!9$,!\%+73(U!:'/0-#!+#! (+\%+2!#+.'/&-#!$#2!,./'-2!$,!

7'U/,./73!$.!)cC{YK!

!

:4848(MC,'$%5<>5%,#6#(&-1(<%5$,6-(1,$,'$65-(

!

H:E:E:9!I%+'(),!/('(%?),$')+,!

!

O5-!7/#7-#.'$.+/#!/:!,/(%P(-!S'/.-+#!9$,!2-.-'6+#-2!PU!6-$,%'+#&!.5-!$P,/'P$#7-!$.!BcC!

#6!9+.5! $! 8$#/*'/S!8*)DCCC! ,S-7.'/S5/./6-.-'K! O5-! .5-/'-.+7$(! -Z.+#7.+/#! 7/-::+7+-#.!

$#2! .5-! .5-/'-.+7$(! 6/(-7%($'! 9-+&5.! :/'! -$75! S'/.-+#! 9$,! 7$(7%($.-2! %,+#&! J'/.J$'$6!

T999K-ZS$,UK/'&f.//(,fS'/.S$'$6K5.6(VK!!

;/'!S-S.+2-,! ($73+#&!$'/6$.+7!$6+#/!$7+2,!.5-!7/#7-#.'$.+/#!7/%(2!#/.!P-!2-.-'6+#-2!PU!

.5-!$P,/'S.+/#!$.!BcC!#6K!O5-'-:/'-A!.5-!J+-'7-!FYE!J'/.-+#!E,,$U!N+.!9$,!%,-2K!O5-!FYE!

$,,$U!2-.-7.,!S-S.+2-!P/#2,! $,!9-((! $,! 7U,.-+#-,A! .U'/,+#-,! $#2! .'US./S5$#,!PU! '-2%7+#&!

Y%Bp! +/#,! ./! Y%p! +#! $#! $(3$(+#-! -#?+'/#6-#.K! =-'-+#A! .5-! S-S.+2-! P/#2,! $'-! .5-! 6$a/'!

7/#.'+P%./'! ./! .5-! '-2%7.+/#! /:! 7/SS-'K! M%P,-\%-#.(UA! .5-! Y%p! +/#,! :/'6! $! 7/(/'+6-.'+7!

7/6S(-Z!9+.5!P+7+#75/#+#+7!$7+2!TFYEV!95+75!7$#!P-!2-.-7.-2!PU!6-$,%'+#&!.5-!$P,/'S.+/#!

$.! WcR!#6!9+.5! $! ;L>`,.$'!`JO"4E!S($.-! '-$2-'! TDBDVK!E! 7$(+P'$.+/#! 7%'?-!9+.5!P/?+#-!

,-'%6! $(P%6+#! TFMEV! 9+.5! 3#/9#! 7/#7-#.'$.+/#,! 9$,! %,-2! ./! 7$(7%($.-! .5-! S-S.+2-!

7/#7-#.'$.+/#K!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! Qd

H:E:E:E!;G;!=+<0$&%0<$?)/(!7(<!(<(&'%+=#+%(.).!

!

J'/.-+#! ,/(%.+/#,! 9-'-! $#$(U0-2! %,+#&! 2+,7/#.+#%/%,! M*M! S/(U$7'U($6+2-! &-(!

-(-7.'/S5/'-,+,! TM*M)JEG1VK! E! 2+,7/#.+#%/%,! M*M)JEG1! 7/#,+,.,! /:! $! ,.$73+#&! &-(A!95+75!

5$,! $! :+Z-2! $7'U($6+2-! 7/#.-#.! /:! RKW!oA! $#2! $! ,-S$'$.+/#! &-(A! +#! 95+75! .5-! $7'U($6+2-!

7/#.-#.! +,! $2a%,.-2! :/'! .5-! S'/.-+#,! /:! +#.-'-,.K! ;/'! ($'&-! S'/.-+#,! TQC)DWC! 3*$V! DC! o!

,-S$'$.+/#!&-(,!9-'-!%,-2A!95-'-$,!,6$((!S'/.-+#,!TQ)DCC!3*$V!9-'-!$#$(U0-2!9+.5!DW!o!

,-S$'$.+/#!&-(,K!O5-!7/6S/,+.+/#!/:!.5-!%,-2!M*M)&-(,!+,!,5/9#!+#!O$P(-!DK!

!

O$C<(!9:!M(&)=(!-+%!R!;G;!=+<0$&%0<$?)/(!7(<.!

! ;'$&T),7!7(<! ;(=$%$')+,!7(<!

! RKW!o! DC!o! DW!o!

TF+,)VE7'U($6+2-!

,/(%.+/#!QC!o!

WKBW!6(! BW!6(! QXKW!6(!

M.$73+#&!&-(!P%::-'! W!6(! ! !

M-S$'$.+/#!&-(!P%::-'! ! DcKXW!6(! DcKXW!6(!

22=B`! BD!6(! QDKBW!6(! DcKXW!6(!

EJM! BDC!|(! QCC!|(! QCC!|(!

O141*! XC!|(! XC!|(! XC!|(!

!

M*M)JEG1! ,-S$'$.-,! S'/.-+#,! $77/'2+#&! ./! .5-+'! ,+0-! $,! M*M! %#:/(2,! $#2! 5/6/&-#/%,(U!

75$'&-,! .5-! S'/.-+#,K! O5-'-:/'-A! ,6$((-'! S'/.-+#,! 6+&'$.-! :$,.-'! .5'/%&5! .5-! &-(! 6$.'+Z!

.5$#!P+&&-'!/#-,K!O5-!S/'-!,+0-!/:!.5-!&-(!6$.'+Z!+,!2-.-'6+#-2!PU!.5-!7/#.-#.!/:!$7'U($6+2-!

$#2!2-7'-$,-,!9+.5!+#7'-$,+#&!$6/%#.!/:!$7'U($6+2-K!

M*M!&-(,!9-'-!S'-S$'-2!PU!$SS(U+#&! .5-! ,-S$'$.+/#!&-(!6+Z.%'-! ./!$!&-()7$,.+#&! 75$6P-'!

$#2!,%P,-\%-#.(U!.5-!&-(,!9-'-!7/?-'-2!9+.5!+,/S'/S$#/(K!E:.-'!D!5!/:!S/(U6-'+0$.+/#!.5-!

+,/S'/S$#/(!9$,!2-7$#.-2!$#2!.5-!,.$73+#&!&-(!6+Z.%'-!9$,!S/%'-2!/?-'!.5-!,-S$'$.+/#!&-(K!

O-:(/#!7/6P,!9-'-!%,-2! ./!&-#-'$.-!S/73-.,! +#./! .5-! ,.$73+#&!&-(K!J'/.-+#! ,$6S(-,!9-'-!

,%SS(-6-#.-2!9+.5!DfW.5!T?f?V!/:!W!Z!,$6S(-!P%::-'!S'+/'!./!-(-7.'/S5/'-,+,K!M*M)JEG1!9$,!

S-':/'6-2! $.! DWC! e! %#.+(! .5-! P'/6/S5-#/(! P(%-! '%##+#&! :'/#.! 6+&'$.-2! .5'/%&5! .5-!

,-S$'$.+/#!&-(K!;/'! ,6$((-'!S'/.-+#,! .5-!-(-7.'/S5/'-,+,!9$,! ,./SS-2!95-#! .5-!2U-! :'/#.!

5$2!6+&'$.-2!./!$P/%.!XW!o!/:!.5-!./.$(!,-S$'$.+/#!&-(!2+,.$#7-K!!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! RC

H:E:E:H!"++?$..)(!.'$),),7!$,/!.)<5(%!.'$),),7!

!

O/! ?+,%$(+0-! .5-! S'/.-+#,! $#$(U0-2! PU! M*M)JEG1A! .5-! M*M! &-(,!9-'-! ,.$+#-2! %,+#&! -+.5-'!

Y//6$,,+-!,.$+#+#&!/'!,+(?-'!,.$+#+#&A!2-S-#2+#&!/#!.5-!$6/%#.!/:!S'/.-+#!.5$.!9$,!$SS(+-2!

./!M*M)JEG1K!Y//6$,,+-!,.$+#+#&!5$,!$!,-#,+.+?+.U!/:!$SS'/Z+6$.-(U!DCC!#&!95-'-$,!,+(?-'!

,.$+#+#&!+,!6/'-!,-#,+.+?-!$((/9+#&!2-.-7.+/#!/:!S'/.-+#!$6/%#.,!$,!(/9!$,!W)DC!#&!TDBBVK!!

Y//6$,,+-!,.$+#+#&!9$,!S-':/'6-2!PU!+#7%P$.+#&!.5-!&-(!+#!Y//6$,,+-!,.$+#+#&!,/(%.+/#!/#!

$! ,5$3+#&!S($.:/'6! :/'!QC!6+#K!1Z7-,,!2U-!9$,! '-6/?-2!PU! +#7%P$.+#&! .5-!&-(! +#!2-,.$+#!

,/(%.+/#A!95+75!5$2!./!P-!-Z75$#&-2!,-?-'$(!.+6-,K!

;/'! $!6/'-! ,-#,+.+?-! 2-.-7.+/#! ,+(?-'! ,.$+#+#&!9$,! %,-2K! ;+',.! .5-! S'/.-+#,! #--2-2! ./! P-!

:+Z-2! +#! .5-!&-(!PU! +#7%P$.+#&! .5-!&-(!DW!6+#! +#! :+Z+#&!,/(%.+/#K!O5-#!.5-!&-(! +,!9$,5-2! +#!

.5+/,%(:$.-! P%::-'! T7/#.$+#+#&! D6&f6(! .5+/,%(:$.-V! :/'! DW! 6+#K! E:.-'9$'2,A! .5-! &-(! 9$,!

9$,5-2!B! .+6-,! +#!22=B`! :/'!DC!6+#K! M%P,-\%-#.(UA! .5-!&-(!9$,! +#7%P$.-2! :/'!BW!6+#! +#!

,+(?-'!#+.'$.-!,/(%.+/#K!;/'!2-.-7.+/#!.5-!&-(!9$,!,5/'.(U!9$,5-2!9+.5!22=B`!$#2!2-?-(/S-'!

,/(%.+/#K!O5-!&-(!9$,!.5-#!7/?-'-2!9+.5!2-?-(/S-'!,/(%.+/#!./!$((/9!,+(?-'!,.$+#+#&!/:!.5-!

S'/.-+#!P$#2,K!O/!,./S!.5-!,+(?-'!,.$+#+#&!'-$7.+/#A!$7-.+7!$7+2!9$,!$22-2K!

!

H:E:E:J!>??8,+/('(&')+,!

!

"66%#/2-.-7.+/#! PU! 9-,.-'#! P(/..+#&! +,! $! 7/66/#! .-75#+\%-! ./! ,S-7+:+7$((U! 2-.-7.! $!

7-'.$+#!S'/.-+#!+#!$!6+Z.%'-!/:!,-?-'$(!S'/.-+#,K!O5-'-:/'-!S'/.-+#,!$'-!:+',.!,-S$'$.-2!PU!

M*M)JEG1!$#2!,%P,-\%-#.(U!.'$#,:-''-2!./!$!Je*;!6-6P'$#-K!O5-!M*M!&-(!9$,!$SS(+-2!/#!

$!Je*;!6-6P'$#-A!95+75!9$,!/#!./S!/:!Q!9-.!h5$.6$#!:+(.-'!S$S-',K!`#!./S!/:!.5-!&-(A!Q!

$22+.+/#$(!9-.!h5$.6$#!S$S-',!9-'-!$SS(+-2!&-#.(U!./!$?/+2!$#U!$+'!P%PP(-,K!O'$#,:-'!9$,!

S-':/'6-2!9+.5!$!7%''-#.!/:!DCC!6E!S-'!&-(!:/'!D!5A!/'!$(.-'#$.+?-(U!:/'!,6$((!S-S.+2-,!.5-!

.'$#,:-'!($,.-2!BW!6+#K!O/!P(/73!$#U!:'--!P+#2+#&!,+.-,!.5-!Je*;!6-6P'$#-!9$,!+#7%P$.-2!

9+.5! 6+(3! S/92-'! ,/(%.+/#! :/'! QC! 6+#K! E:.-'! 9$,5+#&! 9+.5! OFM)O! $#2! OFM! ./! '-6/?-!

%#P/%#2! 7/6S/%#2,A! .5-! :+',.! $#.+P/2U! 9$,! $SS(+-2! ./! .5-! 6-6P'$#-! :/'! D! 5K!

M%P,-\%-#.(U! .5-! 9$,5+#&! ,.-S,! 9-'-! '-S-$.-2! $#2! .5-! ,-7/#2$'U! =HJ! 7/#a%&$.-2!

$#.+P/2U!9$,!$22-2!./!.5-!6-6P'$#-!:/'!D!5K!>#P/%#2!$#.+P/2U!9$,!'-6/?-2!PU!9$,5+#&!

9+.5!OFM)O!$#2!OFMK!;/'!2-.-7.+/#!.5-!1YL!$2?$#7-2!3+.!9$,!%,-2K!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! RD

:484:(H%5$,6-(,2<%,##65-(&-1(<*%6.6'&$65-(

!

H:E:H:9!KF=%(..)+,!+-!U).B'$77(/!1).2!

!

!.( )"#$*'!8]dCCC!7/#.$+#+#&!.5-!S($,6+2!S8G#+,F5+,!9$,!&'/9#!/?-'#+&5.! +#!DCC!6(!4DX!

6-2+%6! 7/#.$+#+#&! CKW!o! T9f?V! &(%7/,-! TG4DXV! $#2! W!µ&f6(! 75(/'$6S5-#+7/(! $.! QC{YK!

Y-((,!9-'-!.'$#,:-''-2!./!.9/!(+.-',!/:!:'-,5!G4DX!6-2+%6!$#2!&'/9.5!9$,!7/#.+#%-2!./!$#!

`*bCC! /:! CKc!95-'-%S/#!8+,F! -ZS'-,,+/#!9$,! +#2%7-2! PU! .5-! $22+.+/#! /:! #+,+#! ./! $! :+#$(!

7/#7-#.'$.+/#! /:! BW! #&f6(K! O5'--! 5/%',! $:.-'! +#2%7.+/#A! .5-! 7-((,! 9-'-! 5$'?-,.-2! PU!

7-#.'+:%&$.+/#! $.! cCCC! Z&! :/'! BC! 6+#K! $.! R{YK! O5-! 7-((! S-((-.! 9$,! ,%,S-#2-2! +#! P%::-'!

7/6S/,-2!/:!WC!64!=1J1M)8$`=!S=!cKC!$#2!DWC!64!8$Y(!$#2!,./'-2!$.!)BC{Y!%#.+(!%,-K!

!

H:E:H:E!I8%)-)&$')+,!+-!U).B'$77(/!1).2!

!

;/'!S%'+:+7$.+/#A!7-((,!9-'-! .5$9-2!$.!R{YA!,%SS(-6-#.-2!9+.5!S'/.-$,-! +#5+P+./'!7/73.$+(!

$#2!*8$,-!"A!$#2!(U,-2!9+.5!$!7-((!2+,'%S./'A!&-#-'$((U!R)W!7U7(-,!$.!$!S'-,,%'-!/:!BKW!3P$'K!

H-6$+#+#&! 7-((,! 9-'-! '-6/?-2! $.! DcCCC! Z&! :/'! QC! 6+#K! $.! R{YA! $#2! .5-! '-,%(.+#&!

,%S-'#$.$#.!9$,! 7(-$'-2! :'/6!6-6P'$#-,!PU! 7-#.'+:%&$.+/#!$.!DQCCCC!Z&! :/'!XW!6+#K! $.!

R{YK!O5-!,%S-'#$.$#.!7/#.$+#+#&!8+,F!9$,!,%SS(-6-#.-2!9+.5! +6+2$0/(-!S=!cKC!./!$! :+#$(!

7/#7-#.'$.+/#!/:!W!64!$#2!+#7%P$.-2!$.!R{Y!:/'!DC!6+#K!!

J'+/'! ./! +66/P+(+0-2!6-.$(! +/#! $::+#+.U! 75'/6$./&'$S5U! T"4EYV! $! W!6(!=+O'$S! 75-($.+#&!

7/(%6#!9$,! ,$.%'$.-2!9+.5!8+Bp! +/#,! $#2!-\%+(+P'$.-2!9+.5!WC!64!=1J1M)8$`=!S=!cKCA!

WCC!64!8$Y(A!DC!64!+6+2$0/(-!$#2!DC!o!T?f?V!&(U7-'/(K!M%P,-\%-#.(UA!.5-!8+,F!7/#.$+#+#&!

,%S-'#$.$#.! 9$,! $SS(+-2! ./! .5-! W!6(! =+O'$S! 75-($.+#&! 7/(%6#! ,$.%'$.-2! 9+.5! 8+Bp! +/#,A!

%,+#&!$!:(/9!'$.-!/:!B!6(f6+#!$.!R{YK!O5-!7/(%6#!9$,!9$,5-2!9+.5!P%::-'!7/#.$+#+#&!WC!64!

=1J1M)8$`=!S=!cKCA!WCC!64!8$Y(A!DC!64!+6+2$0/(-!$#2!DC!o!T?f?V!&(U7-'/(!:/((/9-2!PU!

$!9$,5! ,.-S! +#!95+75! .5- +6+2$0/(-! 7/#7-#.'$.+/#!9$,! +#7'-$,-2! ./! WC!64! +6+2$0/(-! ./!

'-6/?-! %#,S-7+:+7$((U! P/%#2! S'/.-+#,K! ;+#$((UA! 8+,F! 9$,! ,.-S)-(%.-2! PU! +#7'-$,+#&! .5-!

+6+2$0/(-! 7/#7-#.'$.+/#! ./! BWC! 64! %,+#&! $! :(/9! '$.-! /:! D! 6(f6+#K! 1(%.-2! S'/.-+#! 9$,!

6/#+./'-2! PU! 6-$,%'+#&! .5-! $P,/'P$#7-! $.! BcC! #6! $#2! $#$(U0-2! PU! M*M)JEG1K! 8+,F!

7/#.$+#+#&!:'$7.+/#,!9-'-!S//(-2!$#2!W!6(!/:!.5-!8+,F!7/#.$+#+#&!,/(%.+/#!9-'-!$SS(+-2!./!$!

M%S-'2-Z!BCC!DbfbCC!,+0-!-Z7(%,+/#!7/(%6#!%,+#&!WC!64!=1J1M)8$`=!S=!cKCA!WCC!64!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! RB

8$Y(!$#2!DCo!T?f?V!&(U7-'/(!$,!-(%.+/#!P%::-'K!8+,F!7/#.$+#+#&!:'$7.+/#,!9-'-!S//(-2!$#2!

7/#7-#.'$.-2! 9+.5! $#! E6+7/#! >(.'$! 7-#.'+:%&$(! :+(.-'! TDCC! 3*$! 7%.)/::VK! O5-! S'/.-+#!

7/#7-#.'$.+/#!9$,!2-.-'6+#-2!PU!6-$,%'+#&!.5-!$P,/'P$#7-!$.!BcC!#6!9+.5!$!8$#/*'/S!

8*)DCCC!,S-7.'/S5/./6-.-'!%,+#&!.5-!.5-/'-.+7$(!-Z.+#7.+/#!7/-::+7+-#.!/:!8+,F!/:!DBcRCC!

L}6/(~D}76~D!$#2!.5-! .5-/'-.+7$(!6/(-7%($'!9-+&5.!/:!8+,F!/:!DDcKQ!3*$A!$,!7$(7%($.-2! :/'!

.5-!5+,).$&&-2!8+,F!%,+#&!J'/.J$'$6!9-P!,-'?-'!T5..SIff999K-ZS$,UK75VK!

!

H:E:H:H!V=')?)*$')+,!+-!C8--(%!.+<8')+,.!-+%!=%+'(),!=8%)-)&$')+,!

!

*+::-'-#.! P%::-'! 7/#2+.+/#,! 9-'-! .-,.-2! ./! -#5$#7-! .5-! U+-(2! /:! S%'+:+-2! 8+,F! $:.-'! ,+0-!

-Z7(%,+/#!75'/6$./&'$S5UK!*+::-'-#.!P%::-',!7/?-'+#&!$!S=!'$#&-!:'/6!S=!RKC!./!S=!DCKCA!+#!

7/6P+#$.+/#!9+.5! 2+::-'-#.! ,$(.! 7/#7-#.'$.+/#,! /:! WC!64A! DWC!64! $#2! WCC!64! ,/2+%6!

75(/'+2-!9-'-!.-,.-2!:/'!-$75!S=K!O5-!%,-2!P%::-'!,U,.-6,!$'-!(+,.-2!+#!O$P(-!BK!

!

O$C<(!E:!W.(/!C8--(%!.0.'(?.!

S=!R! WC!64!E7-.$.-!

S=!W!! WC!64!E7-.$.-!

S=!b! WC!64!41M!

S=!X! WC!64!=1J1M!

S=!c! WC!64!OH"M!/'!WC!64!=1J1M!

S=!d! WC!64!OH"M!

S=!DC! WC!64!YEJM!

!

8+,F! S%'+:+-2! PU! +66/P+(+0-2! 6-.$(! +/#! $::+#+.U! 75'/6$./&'$S5U! 9$,! 2+?+2-2! +#! DWC! |(!

$(+\%/.,! $#2! 2+$(U0-2! /?-'#+&5.! $.! R{Y! $&$+#,.! BCC!6(! /:! .5-! +#2+7$.-2! P%::-'! TO$P(-! BVA!

%,+#&! .5-! .%P-)/)(U0-'! 2+$(U,+,! %#+.,! 9+.5! $! WC! 3*$! 4h! 7%.)/::K! E:.-'! 2+$(U,+,! 8+,F! 9$,!

.'$#,:-''-2!./!$!DKW!6(!'-$7.+/#!.%P-!$#2!7-#.'+:%&-2!$.!DRCCC!'S6!$.!R{Y! :/'!DC!6+#A! ./!

,-2+6-#.! $&&'-&$.-,K! O5-! ,%S-'#$.$#.,A! 95+75! ,.+((! 7/#.$+#-2! S'/.-+#A! 9-'-! :+(.-'-2!

.5'/%&5!$!CKRW!|6!,U'+#&-! :+(.-'!S'+/'! ./! $SS(U+#&! .5-! ,$6S(-,! ./! $#!$#$(U.+7$(! M%S-'2-Z!

BCC! S7! QKBfQC! 7/(%6#! %,+#&! $#! y3.$!6+7'/! ,U,.-6K! M1Y! $#$(U,+,! 9$,! S-':/'6-2! $.! R{Y!

%,+#&! :+(.-'-2! TCKD! |6V! $#2! 2-&$,,-2! 7/''-,S/#2+#&! 2+$(U,+,! P%::-'! $,! -(%.+/#! P%::-'K!

J'/.-+#! -(%.+/#! 9$,! 6/#+./'-2! $,! .5-! $P,/'P$#7-! $.! BcC! #6! $#2! S'/.-+#)7/#.$+#+#&!

:'$7.+/#,!9-'-!$#$(U0-2!PU!M*M)JEG1K!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! RQ

H:E:H:J!KF=%(..)+,!+-!=%(,).),!$,/!)'.!/(%)5$')5(.!

!

!.()"#$*'!8]dCCC!7/#.$+#+#&!.5-!S($,6+2!S8]#+,E)1Q!./&-.5-'!9+.5!-+.5-'!S"LQFOY!T:/'!:%((U!

6/2+:+-2! S'-#+,+#VA! S"LQ5SFO! T:/'! 2-5U2'$.-2! S'-#+,+#V! /'! S"LQ5SO! T:/'! %#6/2+:+-2!

S'-#+,+#V!9-'-! &'/9#! /?-'#+&5.! +#! WC!6(!4DX!6-2+%6! 7/#.$+#+#&! CKW!o! T9f?V! &(%7/,-!

TG4DXVA! W! µ&f6(! 75(/'$6S5-#+7/(! $#2! B! µ&f6(! -'U.5'/6U7+#! $.! QC{YK! Y-((,! 9-'-!

.'$#,:-''-2!./!5$(:!$!(+.-'!/:!6+#+6$(!6-2+%6!$#2!&'/9.5!9$,!7/#.+#%-2!./!$#!`*bCC!/:!CKQ!

95-'-%S/#! S'-#+,+#! -ZS'-,,+/#! 9$,! +#2%7-2! PU! .5-! $22+.+/#! /:! #+,+#! ./! $! :+#$(!

7/#7-#.'$.+/#!/:!BW!#&f6(K!E:.-'!/?-'#+&5.! +#7%P$.+/#!$.!QC{YA! 7-((,!9-'-! ,-2+6-#.-2!PU!

7-#.'+:%&$.+/#!$.!cCCC!Z&!:/'!QC!6+#K!$.!R{YK!J%'+:+7$.+/#!9$,!,%P,-\%-#.(U!S-':/'6-2!9+.5!

.5-!S'-#+,+#!7/#.$+#+#&!6-2+%6!,%S-'#$.$#.K!

!

H:E:H:L!I8%)-)&$')+,!+-!=%(,).),!$,/!)'.!/(%)5$')5(.!

!

Y-(():'--!6-2+%6! 7/#.$+#+#&! .5-! S-S.+2-!9$,! 2+(%.-2! DID!9+.5! WC!64! ($7.+7! $7+2! S=! QKCA!

:+(.-'-2! .5'/%&5! $! CKRW! |6! 6-6P'$#-! :+(.-'! $#2! ,%Pa-7.-2! ./! MJ)M-S5$'/,-!

75'/6$./&'$S5UK!E:.-'!S-S.+2-!P+#2+#&A!.5-!($7.+7!$7+2!P%::-'!S=!QKC!9$,!&'$2%$((U!75$#&-2!

./!WC!64!=1J1M)8$`=!S=!XKC!PU!$SS(U+#&!$!&'$2+-#.!TC!)!DCCo!WC!64!=1J1M)8$`=!S=!

XKCV!:/'!c!7/(%6#!?/(%6-,!$.!$!:(/9!'$.-!/:!B!6(f6+#A!:/((/9-2!PU!$!9$,5!,.-S!:/'!c!7/(%6#!

?/(%6-,!9+.5!WC!64!=1J1M)8$`=!S=!XKCK!E.! .5+,! ,.$&-A! .5-! -(%-#.! ,5/9-2! $! S=!/:! XKCK!

;+#$((UA!P/%#2!S'-#+,+#!9$,!-(%.-2!9+.5!WC!64!=1J1M)8$`=!S=!XKCA!D!4!8$Y(!$#2!DC!o!

T?f?V!&(U7-'/(K!J-S.+2-!-(%.+/#!9$,!6/#+./'-2!$.!BDW!#6!$#2! :'$7.+/#,!9-'-!$#$(U0-2!PU!

M*M)JEG1K!J'-#+,+#!7/#.$+#+#&!:'$7.+/#,!9-'-!S//(-2!$#2!:+(.-'-2!.5'/%&5!$#!E6+7/#!>(.'$!

7-#.'+:%&$(!:+(.-'!TQC!3*$!7%.)/::V!./!'-6/?-!5+&5!6/(-7%($'!9-+&5.!7/#.$6+#$#.,K!O5-!:(/9!

.5'/%&5!7/#.$+#+#&! .5-!S'-#+,+#!9$,! .5-#! 7/#7-#.'$.-2!9+.5!$#!E6+7/#!>(.'$! 7-#.'+:%&$(!

:+(.-'! TQ!3*$!7%.)/::VK!J-S.+2-!7/#7-#.'$.+/#,!9-'-!2-.-'6+#-2!9+.5!$ J+-'7-!FYE!J'/.-+#!

E,,$U!N+.!$.!WcR!#6K!

!

H:E:H:N!I8%)-)&$')+,!+-!$&')5(!,).),!

!

8+,+#!9$,!/P.$+#-2!$,!$!(U/S5+(+0-2!S/92-'!:'/6!7/66-'7+$(!,/%'7-A!95+75!7/#.$+#,!�BKW!

o! T9f9V! #+,+#K! ;/'! S%'+:+7$.+/#! /:! $7.+?-! #+,+#! $P/%.! DKQ! &! /:! S/92-'! T7/''-,S/#2+#&! ./!

�QB!6&!#+,+#V!9$,!2+(%.-2!+#!DCC!6(!WC!64!($7.+7!$7+2!S=!QKC!$#2!:+(.-'-2!.5'/%&5!$!CKRW!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! RR

µ6! 6-6P'$#-! :+(.-'K! O5-! #+,+#! ,/(%.+/#! 9$,! .5-#! $SS(+-2! ./! $! W! 6(! =+O'$S! MJ! =J! +/#!

-Z75$#&-!7/(%6#!%,+#&!$!:(/9!/:!B!6(f6+#K!E:.-'!P+#2+#&A!.5-!7/(%6#!9$,!9$,5-2!9+.5!WC!

64!($7.+7!$7+2!S=!QKC!%#.+(!$!,.$P(-!P$,-!(+#-!9$,!'-$75-2K!O5-!-(%.+/#!9$,!S-':/'6-2!PU!

P(/73! -(%.+/#! +#!95+75! .5-! 8$Y(! 7/#7-#.'$.+/#!9$,! +#7'-$,-2! :'/6! C! ./! D!4! +#! BCC!64!

,.-S,K!J'/.-+#!-(%.+/#!9$,!6/#+./'-2!$.!BDW!#6!$#2!:'$7.+/#,!9-'-!$#$(U0-2!PU!M*M)JEG1K!

8+,+#! 7/#.$+#+#&! :'$7.+/#,! 9-'-! S//(-2! $#2! S'/.-+#! 9$,! S'-7+S+.$.-2! 9+.5! BW! o! T?f?V!

.'+75(/'/$7-.+7!$7+2!/?-'#+&5.!$.!R{YK!J'-7+S+.$.-2!S'/.-+#!9$,!9$,5-2!.9/!.+6-,!9+.5!+7-)

7/(2!$7-./#-!./!'-6/?-!'-,+2%$(!8$Y(!$#2!OYE!$#2!.5-#!,%,S-#2-2!+#!WC!64!($7.+7!$7+2!S=!

QKC!$#2!,./'-2!$.!R{YK!J-S.+2-!7/#7-#.'$.+/#,!9-'-!2-.-'6+#-2!9+.5!$!J+-'7-!FYE!J'/.-+#!

E,,$U!N+.!$.!WcR!#6K!

!

:484?(H%5$,6-(&-&C=#6#(

!

H:E:J:9!4+<$%!?$..!/('(%?),$')+,!

!

4/($'!6$,,-,!9-'-!2-.-'6+#-2!PU!6%(.+)$#&(-!(+&5.!,7$..-'+#&!T4ELMV!-ZS-'+6-#.,K!4ELM!

+,! $#! $#$(U.+7$(! .-75#+\%-! :/'!2-.-'6+#+#&! .5-! $P,/(%.-!6/($'!6$,,-,!/:!6$7'/6/(-7%(-,!

,%75! $,! S'/.-+#,K! =-'-+#A! $! S/($'+0-2! (+&5.! P-$6! +((%6+#$.-,! $! ,/(%.+/#! 7/#.$+#+#&! .5-!

6$7'/6/(-7%(-,!/:!+#.-'-,.K!O5-!6$7'/6/(-7%(-,!,7$..-'!.5-!+''$2+$.-2!(+&5.!+#!2-S-#2-#7U!

/:!.5-+'!6/($'!6$,,K!!

;/'! 6$,,! 2-.-'6+#$.+/#! /:! 8+,F! .5-! 2+$(U0-2! S'/.-+#! 9$,! $SS(+-2! ./! $! M%S-'2-Z! BCC!

DCfQCC!7/(%6#!/#!$#!y3.$!S%'+:+-'!%,+#&!2+$(U,+,!P%::-'!$,!'%##+#&!P%::-'K!1(%.-2!S'/.-+#!

9$,! $#$(U0-2! %,+#&! $! .'+S(-)$#&(-! (+&5.! ,7$..-'+#&! 2-.-7./'! $#2! $! 2+::-'-#.+$(! '-:'$7.+?-!

+#2-Z!TH"V!2-.-7./'K!*$.$!9-'-!$#$(U0-2!9+.5!.5-!EMOHE!,/:.9$'-!S$73$&-!$77/'2+#&!./!.5-!

-\%$.+/#!TDVK!

!

"LS =
I#

I
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) 
solution
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% 
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( 
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buffer

= K +
dn

dc

$ 

% 
& 

' 

( 
) 

2

+ Mw + c ! ! ! ! ! ! !!!!!!!!!!TDV!

!

h5-'-! "�f"C! +,! .5-! '$.+/! /:! ,7$..-'-2! (+&5.! $.! $#&(-! �! $#2! .5-! +#7+2-#.! (+&5.K! �LM! +,! .5-!

2+::-'-#7-!P-.9--#!.5-!-Z7-,,!/:!(+&5.!,7$..-'-2!PU!$!,/(%.+/#!7/#.$+#+#&!$!6$7'/6/(-7%(-!

$.!$#&(-!�!$#2!.5-!(+&5.!,7$..-'-2!PU!.5-!P%::-'K!49!+,!.5-!6/(-7%($'!6$,,!/:!.5-!,7$..-'+#&!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! RW

6$7'/6/(-7%(-K! Y! +,! .5-! 7/#7-#.'$.+/#! /:! .5-! 6$7'/6/(-7%(-! +#! ,/(%.+/#A! 95+75! 7$#! P-!

2-.-'6+#-2! PU! .5-! $P,/'P$#7-! $.! BcC! #6! +:! .5-! -Z.+#7.+/#! 7/-::+7+-#.! T�V! /:! .5-!

6$7'/6/(-7%(-!+,!3#/9#K!!

!

c =
Abs

280solution " Abs280buffer

#
=
$Abs

280

#
!!9+.5!S$.5!(-#&.5!D76! ! ! ! !!!!!!!!!!TBV!

!

O5-! 2#f27! +,! .5-! 75$#&-! /:! '-:'$7.+?-! +#2-Z! +#! 2-S-#2-#7U! /:! .5-! 7/#7-#.'$.+/#! /:! .5-!

6$7'/6/(-7%(-K!;/'!6/,.!,/(%P(-!S'/.-+#,!.5-!2#f27!5$,!$!?$(%-!/:!CKDcX!6(f&K!O5-!2#f27!

7$#!P-!2-.-'6+#-2!-ZS-'+6-#.$((U!PU!6-$,%'+#&!.5-!2+::-'-#7-,!/:!.5-!'-:'$7.+?-!+#2-Z!+#!

2-S-#2-#7U!/:!3#/9#!6$7'/6/(-7%(-!7/#7-#.'$.+/#,K!!

O5-'-:/'-A!.5-!7/#7-#.'$.+/#!7$#!P-!2-,7'+P-2!$,I!

!

c =
"RI

(dn /dc)
!! ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!TQV!

!

N! +,! $! 7/#,.$#.A! 95+75! 2-S-#2,! /#! .5-! '-:'$7.+?-! +#2-Z! /:! .5-! P%::-'! 9+.5/%.! .5-!

6$7'/6/(-7%(-! T#VA! .5-!9$?-(-#&.5!/:! .5-! +''$2+$.+#&! (+&5.! T�VA! .5-!$#&(-!/:! .5-! ,7$..-'-2!

(+&5.!T�V!$#2!.5-!2+,.$#7-!P-.9--#!.5-!,7$..-'+#&!6/(-7%(-!$#2!.5-!2-.-7./'!T'VK!h+.5!8E!+,!

.5-!E?/&$2'/!#%6P-'K!

!

K =
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$
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+ ! ! ! ! ! ! ! ! ! !!!!!!!!!!TRV!
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O5-! 6/(-7%($'! 6$,,! 7$#! P-! 2-.-'6+#-2! +#! 2-S-#2-#7U! /:! .5-! >e! T$P,/'S.+/#V! /'! H"!

T'-:'$7.+?-!+#2-ZV!,+&#$(K!FU!%,+#&!-\%$.+/#,!TWV!/'!TbVK!

!

M
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=
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!! ! ! ! ! ! ! ! ! !!!!!!!!!!TWV!

!
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=
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#
"RI

dn /dc( )

! ! ! ! ! ! ! ! ! !!!!!!!!!!TbV!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! Rb

H:E:J:E!UIX"!$,$<0.).!+-!=%(,).),!$,/!)'.!/(%)5$')5(.!

!

E#$(U.+7$(!HJ)=JLY!9$,!S-':/'6-2!9+.5!$!L+Y5'/,S5-'!hJ!QCC!HJ)Dc!-#2!7$SS-2!7/(%6#!

T4-'73V!$.!'//6!.-6S-'$.%'-K!J%'+:+-2!S'-#+,+#!/'!#+,+#!9$,!+#a-7.-2!$.!$!7/#7-#.'$.+/#!/:!

WC! µ4! $#2! -(%.-2! PU! 6+Z+#&! .5-! $\%-/%,! P%::-'! E! TDCo! $7-./#+.'+(-A! CKDo! T?f?V!

.'+:(%/'/$7-.+7! $7+2V! 9+.5! .5-! /'&$#+7! ,/(?-#.! P%::-'! F! TdCo! $7-./#+.'+(-A! CKDo! T?f?V!

.'+:(%/'/$7-.+7!$7+2VK!1(%.+/#!9$,!S-':/'6-2!PU!$SS(U+#&!$!&'$2+-#.!/:!C!)!DCCo!/:!P%::-'!F!

/?-'! .5-! 7/%',-! /:! bC! 6+#K! $.! $! :(/9! '$.-! /:! D! 6(f6+#K! O5-! -(%-#.! 9$,! 6/#+./'-2! PU!

6-$,%'+#&!.5-!$P,/'P$#7-!$.!BBC!#6K!!

!

H:E:J:H!>,'(%$&')+,!.'8/)(.!8.),7!.)*(!(F&<8.)+,!&#%+?$'+7%$=#0!Y;K"Z!

!

;/'!7/6S(-Z!:/'6$.+/#A!S%'+:+-2!S'-#+,+#!/'!#+,+#!2+(%.-2!+#!WC!64!=1J1M)8$`=!S=!XKCA!D!

4!8$Y(!$#2!DCo!T?f?V!&(U7-'/(!9$,!6+Z-2!9+.5!S%'+:+-2!8+,FA!95+75!9$,!,./'-2!+#!WC!64!

=1J1M)8$`=! S=! cKCA! WCC!64!8$Y(! $#2! DCo! T?f?V! &(U7-'/(A! &+?+#&! $!6/($'! '$.+/! /:! BIDK!

Y/6S(-Z!:/'6$.+/#!9$,!$((/9-2!./!S'/7--2!:/'!D!5!$.!'//6!.-6S-'$.%'-K!8-Z.A!.5-!,$6S(-,!

9-'-!$SS(+-2!./!$!M%S-'2-Z!BCC!S7!QKBfQC!,+0-!-Z7(%,+/#!7/(%6#!/#!$#!yNOE!6+7'/!,U,.-6!

$.! R{Y! %,+#&! WC! 64! =1J1M)8$`=! S=! XKR! $#2! WCC! 64! 8$Y(! $,! -(%.+/#! P%::-'K! J'/.-+#!

-(%.+/#!9$,!6/#+./'-2!$.!BDW!#6!$#2!BcC!#6!$#2!.5-!7/)-(%.+/#!/:!8+,F!$#2!S'-#+,+#!9$,!

$#$(U0-2!PU!M*M)JEG1!$#2!9-,.-'#!P(/..+#&K!J'/.-+#!9$,!?+,%$(+0-2!PU!,+(?-'!,.$+#+#&!$#2!

+66%#/2-.-7.+/#K!

!

H:E:J:J!;8%-$&(!=<$.?+,!%(.+,$,&(!Y;IMZ!?($.8%(?(,'.!

!

MJH!6-$,%'-6-#.,! $'-! %,-2! ./! ,.%2U! P+/6/(-7%($'! +#.-'$7.+/#,K! O5-! P+#2+#&! -?-#.,! $'-!

2-.-7.-2! %,+#&! .5-! S5-#/6-#/#! /:! ,%':$7-! S($,6/#! '-,/#$#7-! TMJHVK! MJH! /77%',! 95-#!

S/($'+0-2! (+&5.! %#2-'! 7/#2+.+/#,! /:! ./.$(! +#.-'#$(! '-:(-7.+/#! ,.'+3-,! $#! +#.-':$7-! /:! .9/!

.'$#,S$'-#.!6-2+$!9+.5!2+::-'-#.!'-:'$7.+?-!+#2-Z-,!T:/'!-Z$6S(-!&($,,!$#2!P%::-'V!:'/6!.5-!

,+2-! /:! 5+&5-'! '-:'$7.+?-! +#2-Z! T&($,,VK! E(.5/%&5! .5-! +#7+2-#.! (+&5.! +,! ./.$((U! '-:(-7.-2A! $#!

-(-7.'/6$&#-.+7! :+-(2! 7/6S/#-#.! 7$((-2! .5-! -?$#-,7-#.! 9$?-! S-#-.'$.-,! .5-! 6-2+%6! /:!

(/9-'!'-:'$7.+?-!+#2-Z!TP%::-'VK!":!.5-!+#.-':$7-!P-.9--#!.5-!6-2+$!+,!7/$.-2!9+.5!$!.5+#!&/(2!

($U-'!.5-!-?$#-,7-#.!9$?-!7$%,-,!$!'-2%7.+/#!/:!.5-!+#.-#,+.U!/:!.5-!'-:(-7.-2!(+&5.!T;+&%'-!

DQVK!O5-!$#&(-!$.!95+75!.5+,!S5-#/6-#/#!+,!/P.$+#-2!+,!7$((-2!.5-!MJH!$#&(-K!!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! RX

!

6)78%(!9H:!;8%-$&(!I<$.?+,!%(.+,$,&(:!3D!>#2-'!.5-!7/#2+.+/#,!/:!./.$(!+#.-'#$(!'-:(-7.+/#!$.!$!&/(2)7/$.-2!
+#.-':$7-A!$#!-?$#-,7-#.!9$?-!S'/S$&$.-,!+#./!.5-!6-2+%6!/:!(/9-'!'-:(-7.+?-!+#2-ZK!2D!O5-!+#.-#,+.U!/:!.5-!
'-:(-7.-2!(+&5.!2-7'-$,-2!$.!.5-!MJH!$#&(-K!

!

O5-!MJH!$#&(-!2-S-#2,!/#!.5-!'-:'$7.+?-! +#2-Z!/:! .5-!6-2+%6!+#./!95+75!.5-!-?$#-,7-#.!

9$?-!S'/S$&$.-,!T.5-!.5+#!&/(2! ($U-'VK!E!,-#,/'!75+S! :/'!MJH!6-$,%'-6-#.,!7/#,+,.,!/:!$!

&($,,!($U-'!$#2!$!.5+#!&/(2!($U-'K!O5-!&/(2!($U-'!+,!7/?-'-2!9+.5!$!,%':$7-!6$.'+Z!/#!95+75!

P+/6/(-7%(-,! 7$#! P-! +66/P+(+0-2K! "#.-'$7.+/#! P-.9--#! $#! $#$(U.-! $#2! $#! +66/P+(+0-2!

(+&$#2!7$%,-,!$!75$#&-!/:!.5-!'-:'$7.+?-!+#2-Z!/:!.5-!&/(2!($U-'!$#2!.5-'-:/'-!.5-!MJH!$#&(-!

$(,/!75$#&-,!T;+&%'-!DRE!$#2!DRFVK!O5-!75$#&-!/:!.5-!MJH!$#&(-!2%-!./!6$,,!75$#&-,!/#!

.5-!75+S!,%':$7-! +,! .5-!6-$,%'-2!,+&#$(K!O5-'-:/'-A! .5-!$,,/7+$.+/#!$#2!2+,,/7+$.+/#!/:!$#!

$#$(U.-! ./! $#! +66/P+(+0-2! (+&$#2! 7$#! P-! 6/#+./'-2! 9+.5/%.! .5-! #--2! ./! ($P-(! $#U!

+#.-'$7.+/#! S$'.#-'K! E,,/7+$.+/#! /:! .5-! $#$(U.-! ./! .5-! (+&$#2! '-,%(.,! +#! $! ,+&#$(! +#7'-$,-!

95-'-$,!2+,,/7+$.+/#!(-$2,!./!$!,+&#$(!2-7'-$,-!T;+&%'-!DRYV!TDBQVK!!

!

!

6)78%(! 9J:! ;IM! ?($.8%(?(,'! +-! C)+?+<(&8<(! ),'(%$&')+,:! 3D! E#! +#.-'$7.+/#! P-.9--#! $#! $#$(U.-! $#2!
+66/P+(+0-2!(+&$#2!(-$2,!./!$!75$#&-!/:!6$,,!/#!.5-!,-#,/'!75+S!,%':$7-K!2D!O5-!75$#&-!/:!.5-!MJH!$#&(-!2%-!
./! .5-!6$,,! 2+::-'-#7-! /#! .5-! ,-#,/'! 75+S! ,%':$7-! TD! $#2! BVK!"D! OUS+7$(! ,-#,/'&'$6! :/'! .5-! $#$(U.-)(+&$#2!
+#.-'$7.+/#K!*%'+#&!$,,/7+$.+/#!.5-!,+&#$(!+#7'-$,-,!T:'/6!D!./!BV!$#2!2%'+#&!2+,,/7+$.+/#!.5-!,+&#$(!2-7'-$,-,K!!

!

E((! 6-$,%'-6-#.,! 9-'-! S-':/'6-2! 9+.5! $! F+$7/'-! z! TG1! =-$(.57$'-V! $.! BW{Y! $#2! $.! $!

7/#,.$#.!:(/9!'$.-!/:!QC!µ(f6+#!%,+#&!$!8OE!,-#,/'!75+S!TG1!=-$(.57$'-VK!O5-!MJH!P%::-'!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! Rc

9$,! 7/6S/,-2!/:! WC!64!=1J1M)8$`=!S=!XKRA! BWC!64!8$Y(! $#2!WC!µ4!1*OEK! J'+/'! ./!

+66/P+(+0$.+/#!/:!5+,).$&&-2!8+,F!P/.5!:(/9!7-((,!9-'-!,$.%'$.-2!9+.5!8+Bp!+/#,!PU!+#a-7.+#&!

W!µ(!/:!$!DC!64!8+Bp!,/(%.+/#!%,+#&!$!:(/9!'$.-!/:!DC!µ(f6+#K!;/'!+66/P+(+0$.+/#A!S%'+:+-2!

8+,F!9$,! 2+(%.-2! +#! MJH! P%::-'! ./! $! :+#$(! 7/#7-#.'$.+/#! /:! DXC! #4A!95-'-%S/#! W!µ(!9$,!

+#a-7.-2!/#!:(/9!7-((!B!9+.5!$! :(/9!'$.-!/:!DC!µ(f6+#K!O5-!:+',.! :(/9!7-((!9$,! (-:.!9+.5! a%,.!

8+Bp!$,!'-:-'-#7-K!J'-#+,+#!$#2!+.,!2-'+?$.+?-,!T+#7(%2+#&!$7.+?-!#+,+#!$#2!.5-!;8L*fEEEE!

6%.$#.V!9-'-! 2+(%.-2! :'/6! ,./73! ,/(%.+/#,! +#! MJH! P%::-'! ./! :+#$(! 7/#7-#.'$.+/#,! '$#&+#&!

:'/6! Rb! #4! ./! BKd!µ4K! *%-! ./! .5-! (/9! P+#2+#&! '-,S/#,-,! /:! .5-! :%((U!6/2+:+-2! S'-#+,+#!

5+&5-'! 7/#7-#.'$.+/#,! 9-'-! .-,.-2! +#! $22+.+/#A! 9+.5! #/! $SS$'-#.! -::-7.! /#! .5-! 3+#-.+7!

7/#,.$#.,!$#2! .5-!$::+#+.U! T2$.$!#/.! ,5/9#VK!;/'!-$75!S-S.+2-!7/#7-#.'$.+/#A!WC!µ(!/:! .5-!

S'-#+,+#!,$6S(-,!9-'-!+#a-7.-2!$.!$!:(/9!'$.-!/:!QC!µ(f6+#K!M-#,/'&'$6,!9-'-!'-7/'2-2!:/'!

BWC!,-7/#2,K!E:.-'!-?-'U!$#$(U.-! +#a-7.+/#A! .5-!75+S! ,%':$7-!9$,! '-&-#-'$.-2!PU! +#a-7.+#&!

,%77-,,+?-(U!DC!µ(!/:!QWC!64!1*OEA!DC!µ(!/:!DCC!64!8$`=!$#2!DC!µ(!/:!CKW!o!T9f?V!M*M!$.!

$!:(/9!'$.-!/:!DC!µ(f6+#K!M%P,-\%-#.(U!8+,F!9$,!+66/P+(+0-2!$&$+#!$,!2-,7'+P-2!$P/?-K!E((!

,-#,/'&'$6,! S'-,-#.-2! $'-! 7/''-7.-2! :/'! P$73&'/%#2! $#2! P%(3! :(/9! -::-7.,K! 1$75!

6-$,%'-6-#.! 9$,! '-S-$.-2! $.! (-$,.! .5'--! .+6-,K! *$.$! 9-'-! $#$(U0-2! %,+#&! .5-!

F"E-?$(%$.+/#! RKD! ,/:.9$'-! $77/'2+#&! ./! -\%$.+/#! XA! 95+75! 2-,7'+P-,! .5-! $,,/7+$.+/#A!

-\%$.+/#! cA! 95+75! 2-,7'+P-,! .5-! 2+,,/7+$.+/#! $#2! -\%$.+/#! dA! 95+75! 2-,7'+P-,! .5-!

2+,,/7+$.+/#!7/#,.$#.A!N*A!$,!'-S/'.-2!+#!TDBRVK!h5-'-!2Hf2.!+,!.5-!P+#2+#&!'$.-A!3/#! +,!.5-!

$,,/7+$.+/#!'$.-A!Y!+,!.5-!7/#7-#.'$.+/#!/:!+#a-7.-2!$#$(U.-A!H6$Z!+,!S'/S/'.+/#$(!./!.5-!(+&$#2!

7/#7-#.'$.+/#A! H! +,! S'/S/'.+/#$(! ./! .5-! :/'6-2! (+&$#2)$#$(U.-! 7/6S(-Z! $#2! 3/::! +,! .5-!

2+,,/7+$.+/#!'$.-K!(

!

dR

dt
= kon •C • R

max
" R( ) " koff •R ! ! ! ! ! ! ! ! !!!!!!!!!!TXV!

!

dR

dt
= "koff •R !! ! ! ! ! ! ! ! ! ! !!!!!!!!!!TcV!

!

KD =
koff

kon
! ! ! ! ! ! ! ! ! ! ! !!!!!!!!!!TdV!

!



! ! 4$.-'+$(,!$#2!4-.5/2,!

!

! Rd

E,! .5-! P+#2+#&! '-,S/#,-,! :'/6! MJH! 6-$,%'-6-#.,! 7/''-($.-,! ./! .5-! 6$,,! /:! 6/(-7%(-,!

P/#2!./!.5-!,%':$7-A!.5-!,./+75+/6-.'U!/:!.5-!+#.-'$7.+/#!7$#!P-!-?$(%$.-2!PU!-\%$.+/#!DC!

TDBWADBbVK!

!

stoichiometry =
R
max

•MW l

MWa •Rl

! ! ! ! ! ! ! !!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!TDCV!

!

=-'-+#A!.5-!$#$(U.-!P+#2+#&!7$S$7+.U!C4"G!7$#!P-!-Z.'$S/($.-2!:'/6!-ZS-'+6-#.$(!2$.$!$#2!

.5-!+66/P+(+0-2!(+&$#2!'-,S/#,-!C)!+,!/P.$+#-2!2+'-7.(U!:'/6!$!,-#,/'&'$6!'-7/'2-2!2%'+#&!

(+&$#2!+66/P+(+0$.+/#K!!

!

!



! ! H-,%(.,!

!

! WC!

?(7,#*C$#(

!

?43(H*%6.6'&$65-(5.(;6#K(

!

O5-!#+,+#!P+/,U#.5-,+,!6$75+#-'U!7/#,+,.,!/:!,-?-'$(!-#0U6-,A!#$6-(UA!.5-!2-5U2'$.$,-!

8+,FA! .5-! 7U7($,-! 8+,YA! .5-! EFY! .'$#,S/'.-'! 8+,O! $#2! .5-! S'/.-$,-! 8+,JK! O5+,! 9/'3!

:/7%,-2! /#! .5-! 2-5U2'$.$,-! 8+,F! .5$.! 2-5U2'$.-,! ,S-7+:+7$((U! ,-'+#-! $#2! .5'-/#+#-!

'-,+2%-,!+#!.5-!S'/S-S.+2-!S$'.!/:!S'-#+,+#K!O/!+#?-,.+&$.-!.5-!+#.-'$7.+/#!/:!8+,F!*+(,*$-%!

9+.5! %#6/2+:+-2! S'-#+,+#! $,! 9-((! $,! 9+.5! S'-#+,+#! 2-'+?$.+?-,A! ,%75! $,! 2-5U2'$.-2!

S'-#+,+#A!:%((U!6/2+:+-2!S'-#+,+#!$#2!.5-!;8L*fEEEE!6%.$#.A!8+,F!5$2!./!P-!S%'+:+-2!./!

5/6/&-#-+.U!+#!,%::+7+-#.!\%$#.+.UK!!

;/'! .5+,A!8+,F!9+.5!$! 7$'P/ZU).-'6+#$(!=+,b).$&!9$,!-ZS'-,,-2! +#!!.( )"#$*'!8]dCCC!$#2!

S%'+:+-2!:'/6!.5-!7U./,/(!%,+#&!"4EY!9+.5!WC!64!=1J1M)8$`=!S=!cKCA!DWC!64!8$Y(A!DC!

o!&(U7-'/(!$,!9$,5!P%::-'!$#2!9+.5!WC!64!=1J1M)8$`=!S=!cKCA!DWC!64!8$Y(A!DC!o!

&(U7-'/(! $#2! WCC! 64! +6+2$0/(-! $,! -(%.+/#! P%::-'! T;+&%'-! DWEVK! M*M)JEG1! $#$(U,+,!

,5/9-2!.5$.!8+,F!$#2!.9/!6$a/'!7/#.$6+#$#.,!T�!cC!3*$!$#2!�!QW!3*$V!9-'-!S'-,-#.!

+#!.5-!-(%.+/#!:'$7.+/#,!T;+&%'-!DWFA!($#-,!W)DC!6$'3-2!PU!$,.-'+,3VK!!

!

!

6)78%(! 9L:! I8%)-)&$')+,! $,/! ;G;BI3AK! $,$<0.).! +-! 1).2:! 3D! "66/P+(+0-2! 6-.$(! +/#! 75'/6$./&'$S5U!
T"4EYV! /:! 8+,FK! O5-! -(%.+/#! 9$,! 6/#+./'-2! PU! 6-$,%'+#&! .5-! $P,/'P$#7-! $.! BcC! #6! TP(%-! (+#-VK!
Y/#7-#.'$.+/#!/:!.5-!-(%.+/#!P%::-'!TWC!64!=1J1M)8$`=!S=!cKCA!DWC!64!8$Y(A!WCC!64!+6+2$0/(-A!DC!o!
&(U7-'/(V! +,!,5/9#!+#!o!T&'--#!(+#-VK!2D!M*M)JEG1!$#$(U,+,!/:!8+,F!"4EY!-(%.+/#!:'$7.+/#,K!4I!6/(-7%($'!
9-+&5.!6$'3-'!S'/.-+#,!T3*$Vm! ($#-!DI!,%S-'#$.$#.!$:.-'!5+&5),S--2!7-#.'+:%&$.+/#!/:!!.( )"#$*'!7-((! (U,$.-m!
($#-!BI!:(/9!.5'/%&5!/:!"4EYm!($#-!QI!WC!64!+6+2$0/(-!"4EY!9$,5m!($#-,!R)DCI!WCC!64!+6+2$0/(-!"4EY!
,.-S!-(%.+/#K!

!



! ! H-,%(.,!

!

! WD!

O5-! 7/#.$6+#$#.,! .%'#-2! /%.! ./! P-! 8+,F! 2-&'$2$.+/#! S'/2%7.,! $,! 2-.-'6+#-2! PU!

+66%#/P(/..+#&!$#2!6$,,!,S-7.'/6-.'U!T;+&%'-!DbVK!O5-!cC!3*$!S'/.-+#!:'$&6-#.!9$,!

+,/($.-2! :'/6! $! S/(U$7'U($6+2-! &-(! $#2! 2+&-,.-2! 9+.5! .'US,+#K! O5-! .'US,+#! :'$&6-#.,!

9-'-! ,%P,-\%-#.(U! $#$(U0-2! PU! 6$,,! ,S-7.'/6-.'UK! "2-#.+:+-2! S-S.+2-,! 9-'-! $((!

$..'+P%.-2! ./! 8+,FK! ;'/6! .5-! 2$.$! +.! 7$#! P-! 2-2%7-2! .5$.! .5-! cC! 3*$! 7/#.$6+#$#.!

7/6S'+,-,!$.!$!6+#+6%6!$!8+,F!:'$&6-#.!'$#&+#&!:'/6!M-'BW!./!E'&XCXK!O5-!.5-/'-.+7$(!

6/(-7%($'!9-+&5.!/:!.5+,! :'$&6-#.! +,!cCKX!3*$!$#2!+,! +#! (+#-!9+.5!.5-!6/(-7%($'!9-+&5.!

2-2%7-2!:'/6!.5-!M*M)JEG1!$#$(U,+,!T;+&%'-!DbEVK!"#!$22+.+/#A!.5-!QW!3*$!:'$&6-#.!9$,!

+2-#.+:+-2! $,! $! 8+,F! 2-&'$2$.+/#! S'/2%7.! PU! +66%#/P(/..+#&K! FU! %,+#&! $#! $#.+)=+,!

$#.+P/2U!$!QW!3*$!:'$&6-#.!7$''U+#&!$!=+,).$&A!95+75!+,!:%,-2!./!.5-!Y).-'6+#%,!/:!8+,FA!

9$,!+2-#.+:+-2!T;+&%'-!DbFA!($#-!DVK!!

!

!

6)78%(!9N:!3,$<0.).!+-!1).2!/(7%$/$')+,!=%+/8&'.:!3D!8+,F!S'+6$'U!,-\%-#7-!:'/6!$6+#/!$7+2,!BW!./!
XCX!9+.5!+2-#.+:+-2!S-S.+2-,!5+&5(+&5.-2!+#!&'--#K!2D!h-,.-'#!P(/.!$#$(U,+,!/:!8+,F!$:.-'!"4EYK!

!

O5-! 8+,F! 7/#.$+#+#&! :'$7.+/#,!9-'-! S//(-2! $#2! 7/#7-#.'$.-2! %,+#&! $! DCC! 3*$! 7%.)/::!

:+(.-'!2-?+7-K!M%P,-\%-#.!M1Y!'-?-$(-2!.5$.!#-$'(U!WC!o!/:!.5-!$SS(+-2!,$6S(-!-(%.-2!$,!

$&&'-&$.-,!T;+&%'-!DXE!$#2!FVK!`6+..+#&!.5-!7/#7-#.'$.+/#!,.-S!S'+/'!./!M1Y!,+&#+:+7$#.(U!

'-2%7-2!.5-!:/'6$.+/#!/:!.5-,-!$&&'-&$.-,!T;+&%'-!DXYVK!1(%.+/#!:'$7.+/#,!9-'-!$#$(U0-2!

PU! M*M)JEG1! T;+&%'-! DX*VK! O5-! 7/#7-#.'$.+/#,! 9-'-! 2-.-'6+#-2! %,+#&! $! 8$#/*'/S!

DCCC!9+.5!.5-!.5-/'-.+7$(!6/(-7%($'!9-+&5.!/:!8+,F!7$''U+#&!$!=+,).$&!TDDcKQ!3*$V!$#2!$!

7$(7%($.-2!-Z.+#7.+/#!7/-::+7+-#.!/:!DBcRCC!L}6/(~D}76~D!'-,%(.+#&!+#!$!U+-(2!/:!D!6&f(+.-'!

/:!7-((!7%(.%'-K!!



! ! H-,%(.,!

!

! WB!

!

6)78%(!9P:!;K"!$,/!;G;BI3AK!$,$<0.).!+-!1).2:!3D!M+0-!-Z7(%,+/#!75'/6$./&'$S5U!/:!7/#7-#.'$.-2!8+,F!
$:.-'!"4EY!%,+#&!WC!64!=1J1M)8$`=!S=!XKCA!DWC!64!8$Y(!$#2!DCo!&(U7-'/(K!2D!M*M)JEG1!$#$(U,+,!/:!EI!
4I!6/(-7%($'!9-+&5.!6$'3-'!S'/.-+#,!T3*$Vm!($#-!DI!$&&'-&$.-!S-$3m!($#-!B)WI!:'$7.+/#,!-(%.+#&!$.!DDKb!6(!
"D!M+0-!-Z7(%,+/#!75'/6$./&'$S5U!/:!8+,F!$:.-'!"4EY!9+.5/%.!S'-?+/%,!7/#7-#.'$.+/#!/:!8+,F!%,+#&!WC!64!
=1J1M)8$`=!S=!XKCA! DWC!64!8$Y(! $#2!DCo!&(U7-'/(K! 1(%.-2!S'/.-+#!9$,!6/#+./'-2!PU!6-$,%'+#&! .5-!
$P,/'P$#7-!$.!BcC!#6K!GD! M*M)JEG1!$#$(U,+,!/:!YI!4I!6/(-7%($'!9-+&5.!6$'3-'!S'/.-+#,! T3*$Vm! ($#-!DI!
$&&'-&$.-!S-$3m!($#-!B)QI!:'$7.+/#,!-(%.+#&!$.!DCKR!6(m!($#-!R)cI!$#$(U,+,!/:!.5-!S-$3!-(%.+#&!$.!DDKd!6(K!

!

M*M)JEG1!$#$(U,+,!2-6/#,.'$.-2!.5$.!.5-!S-$3!-(%.+#&!P-.9--#!DC!$#2!DW!6(!7/#.$+#,!

8+,F! T;+&%'-! DXY! $#2! DW*VK! =/9-?-'A! ,+#7-! .5+,! 8+,F! S-$3! +,! '$.5-'! P'/$2! $#2! #/.!

,U66-.'+7A!.5+,!,%&&-,.,!.5$.!.5-!-(%.-2!8+,F!+,!#/.!5/6/&-#/%,(U!T;+&%'-!DXYA!,5/%(2-'!

6$'3-2! PU! $''/9VK! 4/'-/?-'A! $! ,6$((! $6/%#.! /:! 8+,F! 2-&'$2$.+/#! S'/2%7.! 9$,! $(,/!

/P,-'?-2!+#!.5-,-!:'$7.+/#,K!O5-'-:/'-A!$#!/S.+6+0$.+/#!/:!.5-!P%::-'!7/#2+.+/#,!:/'!.5-!

8+,F!S%'+:+7$.+/#!9$,!#-7-,,$'UK!!

!

?48(N<$6+6O&$65-(5.("*..,%(#5C*$65-#(.5%(;6#K(<*%6.6'&$65-(

!

O5-! S%'S/,-! /:! ,7'--#+#&! 2+::-'-#.! P%::-'! 7/#2+.+/#,! :/'! 8+,F! S%'+:+7$.+/#!9$,! ./! &-.!

S%'-!$#2!5/6/&-#/%,!8+,F!$:.-'!M1YK!O5-'-:/'-A!2+::-'-#.!P%::-'!7/#2+.+/#,!9-'-!.-,.-2K!

O5-! S=! /:! .5-! %,-2! P%::-',! '$#&-2! :'/6! S=! RKC! ./! S=! DCKC! $#2! :/'! -$75! S=! 8$Y(!

7/#7-#.'$.+/#,! /:! WC! 64A! DWC! 64! $#2! WCC! 64! 9-'-! .-,.-2K! 8+,F! $:.-'! "4EY! T$,!

2-,7'+P-2!+#!QKDV!9$,!,-S$'$.-2!+#!$(+\%/.,!/:!DWC!|(!9+.5!$!S'/.-+#!7/#7-#.'$.+/#!/:!B!



! ! H-,%(.,!

!

! WQ!

6&f6(K!O5-!$(+\%/.,!9-'-!2+$(U0-2!/?-'!#+&5.!$.!R{Y!$&$+#,.!BCC!6(!/:!P%::-'!,/(%.+/#K!

E:.-'! 2+$(U,+,! .5-! ,$6S(-,! 9-'-! $#$(U0-2! :/'! S'-7+S+.$.-2! S'/.-+#K! O5+,! 9$,! 2/#-! PU!

?+,%$(! +#,S-7.+/#! $#2! 7-#.'+:%&$.+/#! $.! DRCCC! 'S6! $#2! R{Y! :/'! DC! 6+#! ./! ,-2+6-#.!

S'-7+S+.$.-2! S'/.-+#K! E((! ,$6S(-,! 9+.5! $! 8$Y(! 7/#7-#.'$.+/#! /:! WC! 64! $#2! DWC! 64!

,5/9-2!S-((-.,!/:!S'-7+S+.$.-2!S'/.-+#A!95-'-$,!8+,F!,/(%.+/#,!9+.5!$!S=!$P/?-!WKC!$#2!

$!8$Y(!7/#7-#.'$.+/#!/:!WCC!64!9-'-!$((!/P,-'?-2!./!P-!7(-$'!$#2!,5/9-2!.5-!5+&5-,.!

S'/.-+#! 7/#7-#.'$.+/#! $:.-'! 7-#.'+:%&$.+/#! $#2! :+(.'$.+/#! TO$P(-! QVK! O5+,! 2-6/#,.'$.-2!

.5$.!8+,F!9$,!,/(%P(-!%#2-'!.5-,-!7/#2+.+/#,K!

!

O$C<(!H:!;8??$%0!+-!C8--(%!.&%((,!

F%::-'! Y(-$'!
$:.-'!
2+$(U,+,!
Tpf)V!

Y(-$'!
$:.-'!

,S+##+#&!
Tpf)V!

Y/#7K!$:.-'!
,S+##+#&!
T6&f6(V!

Y/#7K!$:.-'!
:+(.'$.+/#!
T6&f6(V!

H-.-#.+/#!
?/(%6-!
T6(V!

S=!RKC!8$`E7!
WC!64!8$Y(!

)! )! DKB! DKC! BKDR!

S=!RKC!8$`E7!
DWC!64!8$Y(!

)! ))! CKCb! #K2K! #K2K!

S=!RKC!8$`E7!
WCC!64!8$Y(!

))! ))! CKCR! #K2K! #K2K!

! ! ! ! ! !
S=!WKC!8$`E7!
WC!64!8$Y(!

))! ))! CKCB! #K2K! #K2K!

S=!WKC!8$`E7!
DWC!64!8$Y(!

))! ))! CKD! #K2K! #K2K!

S=!WKC!8$`E7!
WCC!64!8$Y(!

))! )! DKD! CKX! DKRR!

! ! ! ! ! !
S=!bKC!41M!
WC!64!8$Y(!

))! ))! CKCc! #K2K! #K2K!

S=!bKC!41M!
DWC!64!8$Y(!

))! ))! DKD! CKb! BKDR!

S=!bKC!41M!
WCC!64!8$Y(!

p! p! DKR! DKQ! DKQW!

! ! ! ! ! !
S=!XKC!=1J1M!
WC!64!8$Y(!

))! ))! CKb! CKb! BKD!

S=!XKC!=1J1M!
DWC!64!8$Y(!

)! )! DKB! DKC! DKRc!

S=!XKC!=1J1M!
WCC!64!8$Y(!

p! p! DKW! DKBW! DKQW!

#K2KI!#/.!2-.-'6+#-2!

!

!



! ! H-,%(.,!

!

! WR!

O$C<(!H:!;8??$%0!+-!C8--(%!.&%((,!

S=!cKC!
=1J1M!

WC!64!8$Y(!

)! ))! CKCc! #K2K! #K2K!

S=!cKC!
=1J1M!

DWC!64!8$Y(!

p! )! DKC! CKd! DKRQ!

S=!cKC!
=1J1M!

WCC!64!8$Y(!

p! p! DKR! DKB! DKQW!

! ! ! ! ! !
S=!cKC!OH"M!
WC!64!8$Y(!

)! )! DKB! DKB! DKRR!

!S=!cKC!OH"M!
DWC!64!8$Y(!

p! )! DKD! DKD! DKQW!

S=!cKC!OH"M!
WCC!64!8$Y(!

p! p! DKW! DKC! DKQW!

! ! ! ! ! !
S=!dKC!OH"M!
WC!64!8$Y(!

))! ))! CKQ! #K2K! #K2K!

S=!dKC!OH"M!
DWC!64!8$Y(!

p! )! DKB! DKC! DKRR!

S=!dKC!OH"M!
WCC!64!8$Y(!

p! p! DKB! DKB! DKQW!

! ! ! ! ! !
S=!DCKC!YEJM!
WC!64!8$Y(!

)! )! CKD! #K2K! #K2K!

S=!DCKC!YEJM!
DWC!64!8$Y(!

p! )! DKQ! DKB! CKdb!

S=!DCKC!YEJM!
WCC!64!8$Y(!

p! p! DKW! DKQ! CKdb!

#K2KI!#/.!2-.-'6+#-2!

!

O5-!7/#7-#.'$.+/#!/:! .5-!,%S-'#$.$#.,!9$,!6-$,%'-2!$#2!,$6S(-,A!95+75!,.+((! ,5/9-2!

,/(%P(-!S'/.-+#A!9-'-! :+(.-'-2! .5'/%&5!$!CKRW!|6!,U'+#&-! :+(.-'-2!$#2!$#$(U0-2!PU!M1Y!

T;+&%'-!DcVK!!



! ! H-,%(.,!

!

! WW!

!

6)78%(!9Q:!;K"!$,$<0.).!+-!1).2!C8--(%!.&%((,:!M$6S(-,!9-'-!$SS(+-2!./!M1Y!$:.-'!2+$(U,+,!$&$+#,.!7-'.$+#!
P%::-',!'$#&+#&!:'/6!S=!RKC!./!S=!DCKCK!1$75!S=!9$,!.-,.-2!9+.5!WC!64!8$Y(A!DWC!64!8$Y(!$#2!WCC!64!
8$Y(!$,!+#2+7$.-2K!M$6S(-,A!95+75!,5/9-2!S'-7+S+.$.+/#A!$'-!+#2+7$.-2!$,!j,$6S(-!S'-7+S+.$.-2kK!

!

M1Y!$#$(U,+,!,5/9-2!.5$.!P%::-'!7/#2+.+/#,!9+.5!$!8$Y(!7/#7-#.'$.+/#!/:!WCC!64!$#2!$!

S=!$P/?-!WKC!'-,%(.-2!+#!,U66-.'+7!8+,F!-(%.+/#!S-$3,A!9+.5!$!5+&5!$P,/'P$#7-!$.!BcC!

#6!$#2!$!'-.-#.+/#!?/(%6-!/:!DKQW!6(K!"#!$22+.+/#A!8+,F!+#!WC!64!OH"M)=Y(!S=!cKC!$#2!

DWC!64!8$Y(!$(,/!-(%.-2!$.!DKQW!6(K!h5-'-$,A!8+,F!$.!S=!DCKC!-(%.-2!$.!.5-!?/+2!?/(%6-A!

95+75! +#2+7$.-2! .5$.! .5-! S'/.-+#! 9$,! $&&'-&$.-2! P%.! ,.+((! ,/(%P(-K! 8+,F! +#! P%::-',!

7/#.$+#+#&! DWC!64!8$Y(! T-Z7-S.! :/'! 8+,F! +#! OH"M)=Y(! S=! cKCV! -(%.-2! $.! DKRR!6(! +#! $!



! ! H-,%(.,!

!

! Wb!

P'/$2! $,U66-.'+7! S-$3! $#2! ,5/9-2! (-,,! $P,/'P$#7-! $.! BcC! #6! $,! -ZS-7.-2! :/'! .5-!

+#a-7.-2!7/#7-#.'$.+/#,!TO$P(-!QVK!

O5+,!+#2+7$.-2!.5$.!.5-!S'/.-+#!7/#.+#%-2!./!S'-7+S+.$.-!2%'+#&!$#$(U,+,!$#2!.5$.!-(%.-2!

8+,F!+,!#/.!S'-,-#.! +#!$!,+#&(-!7/#:/'6$.+/#A!95+75!+,! +#! (+#-!9+.5!.5-!/P,-'?-2!S-((-.,!

:/'! .5-,-! P%::-'! 7/#2+.+/#,K! ! M-?-'$(! ,$6S(-,! 9+.5! $! 8$Y(! 7/#7-#.'$.+/#! /:! WC! 64!
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T;+&%'-!QQEA!'-2!$#2!6$&-#.$!7%'?-,VK!O/!?-'+:U!+:!8+,F!+,!$P(-!./!P+#2!S'-#+,+#A!.5-!8+,F!
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(+#-V! 9+.5! 2-.-'6+#-2! 6/(-7%($'! 6$,,! T&'--#! (+#-Vm! 2D! M*M)JEG1! $#$(U,+,! /:! .5-! 8+,F! S-$3! :'$7.+/#,K!
*/..-2!(+#-!+#2+7$.-,!.5-!6/(-7%($'!9-+&5.!/:!2+6-'+7!8+,F!TBQbKb!3*$VK!O$3-#!:'/6!TcRVK!



! ! H-,%(.,!

!

! Xb!

?4X48(;6#KT<%,-6#6-(6-$,%&'$65-(#$*16,#(

!

M%P,-\%-#.! ./! 8+,F! +66/P+(+0$.+/#! .5-! 2+::-'-#.! S-S.+2-,! 9-'-! +#a-7.-2! $.! ?$'+/%,!
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-,,-#.+$(!:/'!P+#2+#&!/:!S'-#+,+#!./!8+,FK!4/'-/?-'A!8+,F!,5/9,!,%P,.'$.-!,S-7+:+7+.U!$,!+.!

P+#2,!+.,!#$.%'$(!,%P,.'$.-!%#6/2+:+-2!S'-#+,+#!$#2!+.,!6/2+:+-2!2-'+?$.+?-,A!2-5U2'$.-2!

$#2!.5-!:%((U!6/2+:+-2!S'-#+,+#A!9+.5!2+::-'-#.!$::+#+.UK!!

!

O$C<(!L:!]),(')&!&+,.'$,'.!-+%!'#(!1).2B=%(,).),!),'(%$&')+,:!

J-S.+2-! 3/#!T4)D!,)DV! koff (s
-1

) KD (µM) 

>#6/2+:+-2!S'-#+,+#! DKB!±!CKR!}DCR! 0.0117 ± 0.0014 1.05 ± 0.25 

*-5U2'$.-2!S'-#+,+#! WKD!±!DKR!}DCR! 0.0149 ± 0.0025 0.31 ± 0.07 

;%((U!6/2+:+-2!S'-#+,+#! QKD!±!CKQ!}DCR! 0.323 ± 0.035 10.5 ± 1.7 

E7.+?-!#+,+#! #KPK!

;8L*fEEEE!S'-#+,+#! #KPK!

#KPKA!#/!P+#2+#&!/P,-'?-2!%#2-'!.-,.-2!-ZS-'+6-#.$(!7/#2+.+/#,!

!

MJH!P+#2+#&!'-,S/#,-,!$'-!&-#-'$((U!S'/S/'.+/#$(!./!6$,,!$#2!.5-'-:/'-!/#-!7$#!$,,-,,!

.5-!,./+75+/6-.'U!/:!$#! +#.-'$7.+/#!PU!7/6S$'+#&!.5-!$6/%#.!/:! (+&$#2! +66/P+(+0-2!./!

.5-!$6/%#.!/:!$#$(U.-! .5$.!7$#!P-!P/%#2K!O5-!,./+75+/6-.'U!/:! .5-! +#.-'$7.+/#!/:!8+,F!

9+.5! .5-!2+::-'-#.!S'-#+,+#!S-S.+2-,!9$,!2-.-'6+#-2!%,+#&! -\%$.+/#!b! TDBWADBbVK!H6$Z!

T6$Z+6%6!7$S$7+.U!:/'!$#$(U.-!P+#2+#&V!+,!$!(/7$(!:+..-2!S$'$6-.-'!$#2!2-S-#2,!/#!.5-!

$6/%#.!/:!+66/P+(+0-2!8+,FK!M+#7-!8+,F!9$,!:'-,5(U!+66/P+(+0-2!:/'!-$75!6-$,%'-6-#.!

$#2!+.,!+66/P+(+0-2!(-?-(,!2+::-'-2!,/6-95$.!:/'!-$75!6-$,%'-6-#.A!.5-!$?-'$&-!?$(%-,!

/:!H6$Z! $#2!H(!9-'-!%,-2K!E,,%6+#&! .5$.! .5-! +66/P+(+0-2!8+,F! +,!2+6-'+7! TBQbKb!3*$VA!

.5-! 7$(7%($.-2!P+#2+#&! ,./+75+/6-.'U! :/'! .5-!%#6/2+:+-2A! .5-!2-5U2'$.-2! $#2! .5-! :%((U!

6/2+:+-2!S'-#+,+#!9-'-!:/%#2!./!P-!CKd!r!CKDA!CKc!r!CKD!$#2!CKd!r!CKDA!'-,S-7.+?-(UK!!

!



! ! *+,7%,,+/#!

!

! Xd!

B4(R6#'*##65-(

!

O5-!/77%''-#7-!$#2!2+,,-6+#$.+/#!/:!2'%&)'-,+,.$#.!S$.5/&-#,A!,%75!$,!/.("&-3&'!$#2!6.(

8"3#*&4A! +,! $!6$a/'!S'/P(-6! +#! 7(+#+7,!/:!2-?-(/S+#&!$#2!2-?-(/S-2!#$.+/#,! TBdVK!`?-'!

'-7-#.!U-$',!$!7($,,!/:!$#.+6+7'/P+$(!S-S.+2-,A!7$((-2! ($#.+P+/.+7,A!5$?-!P-7/6-!/:!&'-$.!

+#.-'-,.!,+#7-! .5-U!-Z5+P+.!$!5+&5!$#.+6+7'/P+$(!$7.+?+.U!$&$+#,.!G'$6)S/,+.+?-!P$7.-'+$K!

4/'-/?-'A!2%-!./!.5-!2%$(!6/2-!/:!$7.+/#!/:!($#.+P+/.+7,A!.$'&-.!/'&$#+,6,!,/!:$'!5$?-!#/.!

2-?-(/S-2! ,+&#+:+7$#.! '-,+,.$#7-! TQCADBcVK! L$#.+P+/.+7,! $'-! S'/2%7-2! PU! 7-'.$+#! G'$6)

S/,+.+?-! P$7.-'+$! $#2! S/,,-,,! $#.+6+7'/P+$(! $7.+?+.U! 6$+#(U! $&$+#,.! G'$6)S/,+.+?-!

P$7.-'+$A! +#7(%2+#&! +6S/'.$#.! S$.5/&-#,! ,%75! $,! 6-.5+7+((+#)'-,+,.$#.! /$"012)%#%##&'(

"&-3&'!T4HMEV!$#2!<)%'$-*9*&4(9*88*#*)3!TXQAXRVK!!

L$#.+P+/.+7,! $'-! '+P/,/6$((U! ,U#.5-,+0-2! $,! S'-S-S.+2-,A! 95+75! P-7/6-!

S/,..'$#,($.+/#$((U! 6/2+:+-2! PU! ,-?-'$(! -#0U6-,! TWDVK! O5-! ($#.+P+/.+7! S'-S-S.+2-,!

7/#,+,.!/:!.9/!S$'.,A!$!8).-'6+#$(!(-$2-'!S-S.+2-!$#2!$!Y).-'6+#$(!S'/S-S.+2-!TRWVK!O5-!

(-$2-'! S-S.+2-! 2+'-7.,! .5-! S'-S-S.+2-! ./! .5-!6/2+:+7$.+/#! -#0U6-,! $#2! +,! +#! $22+.+/#!

7'%7+$(! :/'! ,-7'-.+/#! TWW)WXVK! E((! ($#.+P+/.+7,! 7/#.$+#! T6-.5U(V($#.5+/#+#-! '+#&,A! 95+75!

$'-! +#.'/2%7-2! 2%'+#&! 6$.%'$.+/#! TbCVK! O5-! T6-.5U(V($#.5+/#+#-! '+#&,! 7/#:-'!

7/#:/'6$.+/#$((U!2-:+#-2!,.'%7.%'-,A!95+75!$'-!+6S/'.$#.!:/'!.5-!P+/(/&+7$(!$7.+?+.U!$#2!

+#!$22+.+/#!S'/.-7.!($#.+P+/.+7,!$&$+#,.!S'/.-/(U.+7!2-&'$2$.+/#!TWQAWRVK!!

O5+,!9/'3!:/7%,-2!/#!.5-!#+,+#!6/2+:+7$.+/#!6$75+#-'U!/:!!.()"#$*'K!8+,+#!S/,,-,,-,!:+?-!

T6-.5U(V($#.5+/#+#-!'+#&,A!95+75!S'/.-7.,!#+,+#!$&$+#,.!S'/.-/(U.+7!2-&'$2$.+/#!$#2!$'-!

+6S/'.$#.! :/'! +.,! $#.+6+7'/P+$(! $7.+?+.UK!8+,+#!S/,,-,,-,! $! 2%$(!6/2-!/:! $7.+/#! T;+&%'-!

DBVK!;+',.A!%S/#!P+#2+#&!./!(+S+2!""A!7-((!9$((!,U#.5-,+,!+,!P(/73-2!$,!#+,+#!P/%#2!(+S+2!""!+,!

#/.!$P(-!./!2-(+?-'!S-S.+2/&(U7$#!6/#/6-',!:/'!7-((!9$((!,U#.5-,+,!TXcVK!M-7/#2A!#+,+#!+,!

$P(-! ./! :/'6! S/'-,! 9+.5! (+S+2! ""K! O5-! 7/6S(-Z! :/'6+#&! .5-! S/'-! 7/#,+,.,! /:! R! (+S+2! ""!

6/(-7%(-,! $#2! c! #+,+#! 6/(-7%(-,! TRRVK! =-'-+#A! -,S-7+$((U! '+#&,! E! $#2! F! /:! #+,+#! $'-!

'-,S/#,+P(-!:/'!P+#2+#&!./!.5-!SU'/S5/,S5$.-!6/+-.U!/:!(+S+2!""!TRBVK!O$'&-.!7-((!2-$.5!+,!

.5-#! $77/6S(+,5-2! PU! S-'6-$P+(+0$.+/#! /:! .5-! 7U./S($,6+7! 6-6P'$#-A! 95+75! 7$%,-,!

%#7/#.'/((-2!-::(%Z!/:!-,,-#.+$(!7-((!7/6S/#-#.,!TXWAddADBdVK!!

O5-! T6-.5U(V($#.5+/#+#-! '+#&,! +#! #+,+#! $'-! +#,.$((-2! S/,..'$#,($.+/#$((U! PU! .5-!

7//S-'$.+?-! $7.+/#! /:! .5-! ,-'+#-f.5'-/#+#-! ,S-7+:+7! 2-5U2'$.$,-! 8+,F! $#2! .5-! 7U7($,-!

8+,Y! TcXAdXVK! H-7-#.(UA! ,%75! ($#.+P+/.+7! 6/2+:+7$.+/#! -#0U6-,! 5$?-! &$+#-2! ,S-7+$(!

+#.-'-,.! $,! .5-U! 7$#! P-! ,%77-,,:%((U! %,-2! ./! +#.'/2%7-! T6-.5U(V($#.5+/#+#-! '+#&,! +#./!



! ! *+,7%,,+/#!

!

! cC!

.5-'$S-%.+7! S-S.+2-,A! 95+75! -#5$#7-! .5-! ,.$P+(+.U! $#2! $7.+?+.U! /:! .5/,-! S-S.+2-,!

TdcADQCVK!"#!BCCdA!N(%,3-#,!3$(").!,5/9-2!.5$.!.5-!-#0U6$.+7!+#.'/2%7.+/#!/:!$!.5+/-.5-'!

'+#&! PU! 8+,F! $#2! 8+,Y! -#5$#7-,! .5-! ,.$P+(+.U! /:! $#&+/.-#,+#)TD�XV! $&$+#,.! S'/.-/(U.+7!

2-&'$2$.+/#A! 95+(-! 6$+#.$+#+#&! +.,! #$.%'$(! :%#7.+/#! TDQDVK! E#&+/.-#,+#)TD�XV! 7$#! P-!

%,-2! ./! .'-$.! 5+&5! P(//2! S'-,,%'-! TDQDVK! O5%,A! $! 6/(-7%($'! %#2-',.$#2+#&! /:! .5-!

'-$7.+/#,! 7$.$(U0-2! PU! .5-! #+,+#! 6/2+:+7$.+/#! 6$75+#-'U! 6$U! :%'.5-'! $+2! .5-!

2-?-(/S6-#.!/:!#/?-(!$#2!+6S'/?-2!$#.+P+/.+7,!/'!.5-'$S-%.+7,K!!

;'/6!7/6P+#-2!*+(,*,%!$#2!*+(,*$-%!,.%2+-,!+.!+,!3#/9#!.5$.!.5-!S'/.-+#,!8+,FA!8+,YA!8+,O!

$#2! 8+,J! :'/6! !.( )"#$*'A! 7$#! :%#7.+/#! +#2-S-#2-#.! /:! -$75! /.5-'! TWXAcdADDXVK! O5-!

2-5U2'$.+/#!/:! .5-!#+,+#!S'-7%',/'!S-S.+2-!7$.$(U0-2!PU!8+,F!S'-,-#.,!.5-! :+',.!,.-S! +#!

#+,+#!6$.%'$.+/#! $#2! +,! .5%,! 7'+.+7$(! :/'! #+,+#! P+/,U#.5-,+,K! ".!9$,! ,5/9#! .5$.! 8+,F! +,!

7'%7+$(! :/'! #+,+#! S'/2%7.+/#! P-7$%,-! ($73! /:! 8+,F! '-,%(.,! +#! ,-7'-.+/#! /:! %#6/2+:+-2!

S'-#+,+#!+#./!.5-!7%(.%'-!6-2+%6!$,!9-((!$,!$77%6%($.+/#!/:!%#6/2+:+-2!S'-#+,+#!9+.5+#!

!.()"#$*'!7-((,!TcbAdBVK!!

;%'.5-'6/'-A!95-#!8+,F!+,!S'-,-#.!$#2!8+,Y!+,!($73+#&!!.()"#$*'!7-((,!$'-!$P(-!./!S'/2%7-!

2-5U2'$.-2! S'-#+,+#! TdBADDXVK! @+( ,*,%! ,.%2+-,! 5$?-! 2-6/#,.'$.-2! .5$.! 8+,F! +,! $P(-! ./!

2-5U2'$.-!$!6%(.+.%2-!/:!#+,+#!2-'+?$.+?-,!$#2!-?-#!.5-'$S-%.+7!S-S.+2-,!#/#)'-($.-2!./!

#+,+#!95-#!.5-U!$'-!:%,-2!./!.5-!#+,+#!(-$2-'!S-S.+2-!TccAdCADQBVK!;%'.5-'6/'-A!,.%2+-,!

9+.5!6/2-(!S-S.+2-,!5$?-!,5/9#!.5$.!2-5U2'$.+/#!/:! ,-'+#-!$#2! .5'-/#+#-!'-,+2%-,! +,!

:$?/'-2! 95-#! .5-U! $'-! :($#3-2! PU! 5U2'/S5/P+7! '-,+2%-,A! 95-'-$,! $! 5U2'/S5+(+7!

-#?+'/#6-#.! 2+,:$?/'-2! 2-5U2'$.+/#! TdCAdDVK!4/'-/?-'A! .5-! 2-5U2'$.+/#! /:! .5'-/#+#-!

,--6,! ./! P-! S'-:-''-2! /?-'! ,-'+#-! TdCVK! "#! $22+.+/#A! +.!9$,! 2-6/#,.'$.-2! .5$.!8+,F! +,!

$P(-! ./! 2-5U2'$.-! '-,+2%-,! $.! Y).-'6+#$(! S/,+.+/#,! :%'.5-'! $9$U! .5$#! +,! .5-! 7$,-! +#!

#$.%'$(!S'-#+,+#!TdCVK!O$3-#!./&-.5-'A!8+,F!-Z5+P+.,!$!P'/$2!,%P,.'$.-!,S-7.'%6!$#2!7$#!

P-!%,-2!./!+#.'/2%7-!2-5U2'$.-2!'-,+2%-,!+#./!$!9+2-!'$#&-!/:!#+,+#!%#'-($.-2!S-S.+2-,K!!

=/9-?-'A! :/'! .$'&-.+#&! ,%75! S-S.+2-,! ./! 8+,F! .5-! #+,+#! (-$2-'! S-S.+2-! +,! '-\%+'-2!

TccAdCVK! >#:/'.%#$.-(UA! 2-.$+(-2! +#:/'6$.+/#! $P/%.! .5-! $7.%$(! 2-5U2'$.+/#! '-$7.+/#! +,!

,.+((!($73+#&!$#2!#/!,.'%7.%'-!/:!8+,F!+,!$?$+($P(-K!"#!.5+,!'-,S-7.A!'-7/#,.+.%.+/#!/:!.5-!*+(

,*$-%! $7.+?+.U! /:!8+,F! /'! $#U! /.5-'! -#0U6-!P-(/#&+#&! ./! .5-! L$#F! :$6+(U! 5$,A! .5%,! :$'A!

P--#! %#,%77-,,:%(! TRWAbDADCWADCbVK! "#! 7/#.'$,.A! 8+,Y! 7U7($,-! $7.+?+.U! 5$,! P--#!

,%77-,,:%((U!'-7/#,.+.%.-2!*+(,*$-%!$#2!+.,!7'U,.$(!,.'%7.%'-!+,!$?$+($P(-!TWXVK!"#!.5+,!9/'3!

$#! *+( ,*$-%! P+#2+#&! $,,$U! 9$,! 2-?-(/S-2! ./! +#?-,.+&$.-! .5-! +#.-'$7.+/#! P-.9--#! .5-!

($#.+P+/.+7!2-5U2'$.$,-!8+,F!$#2!+.,!#$.+?-!,%P,.'$.-!%#6/2+:+-2!S'-#+,+#A!$,!9-((!$,!+.,!



! ! *+,7%,,+/#!

!

! cD!

2-5U2'$.-2! $#2! :%((U! 6/2+:+-2! 2-'+?$.+?-,K! ;/'! .5+,A! 8+,F! $#2! .5-! ?$'+/%,! ,%P,.'$.-!

S-S.+2-,!5$2!./!P-!S%'+:+-2!./!5/6/&-#-+.U!$#2!+#!,%::+7+-#.!\%$#.+.UK!

!

B43(H*%6.6'&$65-(&-1('>&%&'$,%6O&$65-(5.(<%,-6#6-(

!

>#6/2+:+-2A! 2-5U2'$.-2! $#2! :%((U! 6/2+:+-2! 9-'-! S%'+:+-2! ./! 5/6/&-#-+.U! $#2! +#!

,%::+7+-#.! $6/%#.,! TD)B! 6&fL! /:! 7%(.%'-V! ./! $((/9! :%'.5-'! *+( ,*$-%! +#?-,.+&$.+/#,K!

E(.5/%&5!+.!9$,!,5/9#!.5$.!.5-!$6/%#.,!/:!%#6/2+:+-2!$#2!2-5U2'$.-2!S'-#+,+#!:/%#2!

+#! .5-! 6-2+%6! $:.-'! R! 5! /:! S'/2%7.+/#! 9-'-! ,+&#+:+7$#.(U! ,6$((-'! 7/6S$'-2! ./! :%((U!

6/2+:+-2! S'-#+,+#! TcbVA! #-$'(U! +2-#.+7$(! $6/%#.,! /:! %#6/2+:+-2A! 2-5U2'$.-2! $#2! :%((U!

6/2+:+-2! S'-#+,+#! 9-'-! /P.$+#-2! $:.-'! /?-'#+&5.! -ZS'-,,+/#! $#2! S%'+:+7$.+/#! T;+&%'-!

BWVK!!

e$#! 2-#! F-'&! ?$#! M$S$'/-$! 3$( ").! TBCCcV! ,5/9-2! .5$.! S'-#+,+#! $77%6%($.-,! ./!

7/6S$'$P(-! (-?-(! +#! 7-((,! -ZS'-,,+#&! +*'57<>! T:%((U! 6/2+:+-2! S'-#+,+#VA! +*'57>!

T2-5U2'$.-2! S'-#+,+#V! /'! +*'5><! T%#6/2+:+-2! S'-#+,+#V! $:.-'! R! 5A! +#2+7$.+#&! .5$.! .5-!

S'-#+,+#,!$'-!S'/2%7-2!+#!,+6+($'!$6/%#.!9+.5+#!.5-!7-((,!P%.!#/.!-ZS/'.-2!9+.5!,+6+($'!

-::+7+-#7U!TcbVK!O5-!S'-#+,+#!-ZS/'.-'!8+,O!6$U!.5-'-:/'-!P-!$!(+6+.+#&!:$7./'!.5$.!7$%,-,!

.5-!-ZS/'.!/:!%#6/2+:+-2!$#2!2-5U2'$.-2!S'-#+,+#!./!/77%'!9+.5!'-2%7-2!3+#-.+7,!TcbVK!

=/9-?-'A!95-#!%,+#&!/?-'#+&5.!-ZS'-,,+/#A!+.!9$,!S/,,+P(-!./!/P.$+#!,+6+($'!$6/%#.,!/:!

%#6/2+:+-2A!2-5U2'$.-2!$#2!:%((U!6/2+:+-2!S'-#+,+#!$:.-'!S%'+:+7$.+/#K!8+,+#!-ZS'-,,+/#!

/77%',!2%'+#&! .5-! (/&$'+.56+7!&'/9.5!S5$,-!/:!!.( )"#$*'! $#2! ,./S,!95-#! .5-! ,.$.+/#$'U!

S5$,-! +,! '-$75-2! TDQQADQRVK! O5-'-:/'-A! 8+,O!6$U! -ZS/'.! $77%6%($.-2! S'-#+,+#! 2%'+#&!

/?-'! #+&5.! -ZS'-,,+/#! $,! #/! #-9! S'-#+,+#! +,! S'/2%7-2! $:.-'! '-$75+#&! .5-! ,.$.+/#$'U!

&'/9.5! S5$,-A! $(.5/%&5! 8+,O! 5$,! '-2%7-2! $::+#+.+-,! :/'! %#6/2+:+-2! $#2! 2-5U2'$.-2!

S'-#+,+#!TcbVK!!

J'+/'!./!+#.-'$7.+/#!,.%2+-,A!.5-!?$'+/%,!S'-#+,+#,!9-'-!+2-#.+:+-2!$,!7/''-7.(U!S'/2%7-2!

PU!=JLY!$#$(U,+,K! "6S/'.$#.(UA! +.!9$,!2-6/#,.'$.-2!.5$.!=JLY!$#$(U,+,!7$#!P-!%,-2!./!

2+,7'+6+#$.-!P-.9--#!.5-!S%'+:+-2!S'-#+,+#,A!P-7$%,-!%#6/2+:+-2A!2-5U2'$.-2!$#2!:%((U!

6/2+:+-2! S'-#+,+#! -Z5+P+.! ,+&#+:+7$#.! 2+::-'-#7-,! +#! .5-+'! '-.-#.+/#! .+6-,! $#2! -(%.+/#!

S'/:+(-,! T;+&%'-! QBVK! O5-'-:/'-A! =JLY! 7$#! P-! %,-2! $,! $! 2+'-7.! $#2! :$,.! 6-.5/2! ./!

2+,7'+6+#$.-! P-.9--#! .5-,-! S-S.+2-,K! 1,S-7+$((UA! .5-! $P+(+.U! ./! 2+,7'+6+#$.-! P-.9--#!

2-5U2'$.-2! $#2! :%((U! 6/2+:+-2! S'-#+,+#! +#! $! :$,.! $#2! 2+'-7.! 6$##-'! 6$3-,! =JLY! $!



! ! *+,7%,,+/#!

!

! cB!

?$(%$P(-!.//(!:/'!$#$(U,+,!/:!S'-#+,+#!2-'+?-2!S-S.+2-,K!O5+,!6-.5/2!7/%(2!(+3-(U!$(,/!P-!

%,-2!:/'!/.5-'!($#.+P+/.+7,K!

O/! 2$.-! 6$,,! ,S-7.'/6-.'U! +,! 7/66/#(U! %,-2! ./! 2+,.+#&%+,5! P-.9--#! %#6/2+:+-2A!

2-5U2'$.-2! $#2! :%((U! 6/2+:+-2! S'-#+,+#K! 4$,,! ,S-7.'/6-.'U! $((/9,! 2+,7'+6+#$.+#&!

2+'-7.(U! P-.9--#! %#6/2+:+-2! TWdbQ! *$V! $#2! 2-5U2'$.-2! S'-#+,+#! TWcQX! /'! WcDd! *$V!

P-7$%,-!X!/'!c!9$.-'!6/(-7%(-,!$'-!-(+6+#$.-2!2%'+#&!2-5U2'$.+/#!'-,%(.+#&! +#!$!6$,,!
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