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The Wisconsin Section of the American Water Resources Association provides an 
interdisciplinary forum for people involved in all aspects of water resources research and 
management. The success of the section is due in part to the dedication of past and current
members of our board of directors. We heartily acknowledge the following individuals for their 
service, and we invite others to consider volunteering to ensure an ongoing dialogue among 
those committed to water resources research and management in the state of Wisconsin.
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! WZ^b! ! ,12&3-E&7!:101(&;&02!107!C3/-#/0!4/023/$!%23?.2?3&-U!:132#0!5U=U!!
! ! ! +3#99#0

! LZbb! ! A&8&$/B#0(!:/7&$#0(!I//$-!#0!%?BB/32!/9!G?23#&02!>&7?.2#/0!5/$#.#&-U!!
! ! ! =71;!IU!R3&#E/&9&3!

!
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! LZLb! ! IE&!C8/$?2#/0!/9!I/21$!5E/-BE/3?-!43#2&3#1!9/3!,#-./0-#0!N1F&-U!I#;/2E<!!
! ! ! >U!=-B$?07!

! LZ^b! ! M;B$&;&02#0(!,#-./0-#0a-!,12&3!4/0-&3812#/0!107!C99#.#&0.<!+/1$-!107!!
! ! ! D'f&.2#8&-U!%E1#$#!:U!59&#99&3!

! \Zbb! ! K/J!:?.E!410!%.#&0.&!4/023#'?2&!2/!%212&J#7&!M0!%23&1;!R$/J!5/$#.#&-h!
! ! ! :132#0!5U=U!+3#99#0!
!

+7<<6?8(F:(.(( 'E1C6781<(;8=(&?81;N68;81<(

! ! ! >#8&38#&J!%/?2E!

! ! ! :/7&312/3Z!C3#.!"//2E)!*0#8&3-#2<!/9!,#-./0-#06:17#-/0!
!

! WZ^b! ! C$&;&021$!DB2#.1$!R#'&36"1-&7!%&0-/3-!9/3!=Q?&/?-!C08#3/0;&02-U!%2&8&!
! ! ! O/B#2@F&!i!

! LZbb! ! :&1-?3#0(!A3#0F#0(!,12&3!9/3!N/J6$&8&$!4/0.&02312#/0-!/9!4E3/;#?;!VHMXU!
! ! ! 5123#.F!>U!+/3-F#!

! LZLb! ! C81$?12#0(!2E&!C99&.2-!/9!D?2&3!:&;'310&!53/2&#0!VD:5X!I/$4!/0!2E&!!
! ! ! I310-B/32!/9!G,(7%#.(7."&(B).!J#2E#0!%12?312&7!%107-U!!N?.#1!! !
! ! ! R&3#10.#F/81!i!

! LZ^b!! ! "#/9?&$!107!43/B!:101(&;&02!M09$?&0.&!/0!%?391.&!>?0/99!107!G?23#&02!!
! ! ! >&2&02#/0!#0!%/?2E&30!,#-./0-#0U!%2&BE10#&!:U!=073&?..#!i!

! \Zbb! ! !5E/-BE/3?-!107!%&7#;&02!N/--!93/;!5$?;!43&&F!,12&3-E&7U!:13 2<!!
! ! ! T1./'-/0!i!
(

\ZLb!g!\Z^b!BU;U! :C7;U(
!

\Z^b!g!dZLb!BU;U! &?85ECC781(+7<<6?8<(G!(;8=(G:(
!

+7<<6?8(G!(.(( 3;U7<(4C7;1(;8=(+N;@@(

( ( ( >#8&38#&J!G/32E!

( ( ( :/7&312/3Z!=;1071!"&$$)!*U%U!+&/$/(#.1$!%?38&<!
!

! \Z^b! ! :&2E/7!9/3!C81$?12#0(!A&(317&7!"&02E/-!107!5$10F2/0!#0!,#-./0-#0a-!!
! ! ! N1F&!:#.E#(10!=3&1-!/9!4/0.&30U!=;1071!"&$$!

! ^Zbb!! ! C81$?12#/0!/9!5/2&02#1$!%/?3.&-!107!I310-B/32!:&.E10#-;-!/9!R&.1$!!
! ! ! M07#.12/3!"1.2&3#1!2/!"&1.E!,12&3)!:?3BE<!513F!"&1.E)!A//3!4/?02<)!!
! ! ! ,#-U!51?$!RU!T?.F&;!
!

!

i!%2?7&02!B3&-&0212#/0!
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! ^ZLb! ! >&-B/0-&!/9!4/1-21$!"$?99!192&3!G&J$<!"?#$2!%23?.2?3&-!/0!N1F&!:#.E#(10!!
! ! ! %E/3&U!P#0(6I#&0!VO&8#0X!N#0!i!

! ^Z^b! ! H13#12#/0-!/9!M02&36!107!M02316100?1$!4#3.?$12#/0!5122&30-!#0!N1F&!:&07/21!
! ! ! ?07&3!4E10(#0(!4$#;12&U!=01-21-#1!=U!+?01J10!i!

! dZbb! ! M;B1.2-!/9!4$#;12&!4E10(&!/0!M.&!4/8&3!107!IE&3;1$!%23?.2?3&!#0!IE3&&!!
! ! ! %/?2E&30!,#-./0-#0!N1F&-!/9!A#99&3#0(!:/3BE/;&23<U!:17&$#0&!:1(&&!i!

(

+7<<6?8(G:(.( 4C?E8=V;17C(+1E=67<(

( ( ( >#8&38#&J!%/?2E!

! ! ! :/7&312/3Z!+&/3(&!O3192)!*0#8&3-#2<!/9!,#-./0-#06%2&8&0-!5/#02!

!

! \Z^b! ! 4/023/$$&76>&$&1-&!R&32#$#@&3!C99&.2!/0!+3/?07J12&3!G#23/(&0!! !
! ! ! 4/0.&02312#/0!#0!%107<!%/#$-!?07&3!H&(&21'$&!53/7?.2#/0U!G#.E/$1-!TU!!
! ! ! "&3/!i!

! ^Zbb! ! 5/3/&$1-2#.!:&.E10#-;-!>&-B/0-#'$&!9/3!>&8&3-&!,12&3!N&8&$!! !
! ! ! R$?.2?12#/0-!0&13!1!A&&B!5?'$#.!,12&3!%?BB$<!,&$$U!4E3#-2/BE&3!=U!!
! ! ! +&$$1-.E!i!

! ^ZLb! ! 53&9&3&02#1$!R$/J!512E-)!+$1.#1$!N1F&!D-EF/-E!-&7#;&02)!D?21(1;#&!4/U)!
! ! ! ,MU!O1$$#01!:U!A?0F$&!i!

! ^Z^b! ! 53&.1;'3#10!"1-&;&02!I/B/(31BE<!/9!R/07!A?!N1.!4/?02<!107!! !
! ! ! %/?2E&1-2&30!,#-./0-#0!93/;!\A!:/7&$#0(!/9!+318#2<!107!=&3/;1(0&2#.! !
! ! ! A121U!T/E0!AU!%F1$'&.F!!

! dZbb! ! R$//7#0(!/9!2E&!A?.F!43&&F!j?133<!1-!10!*0#02&07&7!4/0-&Q?&0.&!/9!!
! ! ! A&&B!=Q?#9&3!>&./8&3<!g!=0!*B712&U!T/E0!=U!N?.@1f!

(

dZLb!BU;U! ! $7BC7<2N781<!
!

]Zbb!BU;U! ! K6887C(.(>#8&38#&J!>//; (

( ( ( +P7;U7CM(:&(!+1$$/J1<)!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-!

! ! ! 5%,-B#"-.B/&B>&!"D%&3%)-B/&">-%#&-7%&?@@H&1)BBI&"/I&1".)+#%&
!

`Z\b!BU;U! ! >?<17C(+7<<6?8(;8=(K7<<7C1(+?56;@(

WU! N/0(62&3;!4E10(&-!#0!2E&!A&;/(31BE<!/9!1!R3&-EJ12&3!R#-E!
4/33&-B/07#0(!2/!=02E3/B/(&0#.!A#-2?3'10.&-U!%E100/0!A18#-6
R/?-2!i!

LU! %B12#1$!107!I&;B/31$!H13#12#/0!#0!A#8&3-#2<!/9!5$&?3/.&3#7!
+1-23/B/71!107!/2E&3!"&02E#.!:1.3/#08&32&'312&!R1?01)!
:?FJ/01(/!>#8&3)!,#-./0-#0U!O3#-2#&!NU!K10-&0!i!

i!%2?7&02!B3&-&0212#/0!
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\U! :/0#2/3#0(!M081-#8&!I&33&-23#1$!5$102-!1$/0(!%23&1;!D?2$&2-!#0!
O&0/-E1!4/?02<)!,#-./0-#0U!4E3#-!=U!+/$7-;#2E!i!

^U! CS1;#0#0(!41?-&-!9/3!4<10/'1.2&3#1$!"$//;-!#0!1!:#0#;1$$<!
A&8&$/B&7!N1F&!#0!R/3&-2!4/?02<)!,#-./0-#0U!K1<$&<!=U!I&;B$13!!107!
G#./$&!CU!R&#2&0i!

dU! =!:&.E10#-2#.!%2?7<!/9!4#B3/9$/S1.#0!>&;/81$!'<!O1/$#0#2&U!>/'&321!
=U!:1.A/01$7!i!

]U! 4/0.&02312#/0-!/9!%<02E&2#.!R31(310.&!4E&;#.1$-!#0!=Q?12#.!
%<-2&;-U!O1<$1!I3#BB!i!

`U! %21'#$#2#&-!/9!%&$&.2&7!5E13;1.&?2#.1$-!#0!2E&!53&-&0.&!/9!+&/$/(#.!
4/$$/#7-U!!kE1/E?#!N#!

[U! %/?3.&-!/9!4E3/;#?;!2/!1!%107-2/0&!=Q?#9&3!#0!%/?2E&30!,#-./0-#0U!!
:17&$#0&!"U!+/2F/J#2@!

_U! +17/$#0#?;!1-!1!A/;&-2#.!,1-2&J12&3!:13F&3U!:#.E1&$!"U!,1 1F!i!

WbU!D..?33&0.&!/9!,1-2&!M07#.12/3!4/;B/?07-!#0!A#99&3&02!%23&1;!
4/;B132;&02-!107!R$/J!>&(#;&-!#0!:#$J1?F&&)!,#-./0-#0U!=?-2 #0!OU!
"1$7J#0!!

WWU!j?102#212#8&!=01$<-#-!/9!4E$/3#7&!4/0.&02312#/0-!#0!2E&!5#F&!>#8&3!#0!
%/?2E&1-2&30!,#-./0-#0U!IE/;1-!KU!"1310!T3!i!

WLU!=0!C81$?12#/0!/9!2E&!A#-23#'?2#/0!107!%/?3.&-!/9!A#--/$8&7!%23/02#?;!
#0!2E&!+3/?07J12&3!/9!C1-2&30!,#-./0-#0U!T/-&BE!"U!"1&2&0!i!

W\U!%/#$!C3/-#/0!107!G#2312&!%$/B&!+317#&02!C81$?12#/0!#0!2E&!,E#2&J12&3!
43&&F!,12&3-E&7)!,E#2&J12&3)!,MU!K1(&0!A!O1.@;13&F!i!

W^U!M7&02#9<#0(!%/?3.&-!/9!K#(E!G#2312&!4/0.&02312#/0-U!=;<!NU!G#2F1!i!

WdU!D?2$#0#0(!10!=BB3/1.E!9/3!A&2&3;#0#0(!G#23/(&0!M;B1.2-!107!4/-2-!12!
1!,12&3-E&7!%.1$&U!O&8#0!4U!:1-13#F!

W]U!G?23#&02!%B&.#12#/0!/9!G/0B/#02!%/?3.&!%0/J;&$2!>?0/99!#0!
=(3#.?$2?31$!%?'6,12&3-E&7-U!=71;!>U!K/99;10!

W`U!*-&!/9!>17#/;&23#.!R#0(&3B3#02#0(!2/!M7&02#9<!%/?3.&-!/9!M06%23&1;!
%?-B&07&7!%&7#;&02-U!T1-;&&2!N1;'1!i!

W[U!5131;&2&3#@12#/0!/9!1!%&7#;&02!I310-B/32!>/?2#0(!CQ?12#/0!*-#0(!1!
%&;#65E<-#.1$!:/7&$U!K13-E!H137E10!%#0(E!i!

W_U!4/;'#0#0(!,12&3-E&7!107!%?391.&!,12&3!:/7&$-!2/!%#;?$12&!
5E/-BE/3?-!4/0.&02312#/0-!#0!%23&1;-U!=;<!=U!I#;;!

LbU!:/0#2/3#0(!C7(&6/96R#&$7!%?391.&6,12&3!>?0/99Z!1!IE3&&6%212&!5#$/2!
53/f&.2!2/!53/;/2&!107!C81$?12&!1!%#;B$&)!M0&SB&0-#8&)!107!>&$#1'$&!
+1?(&U!>107<!%U!:&02@!

LWU!,12&3!107!G?23#&02!R$?S&-!?07&3!"#/9?&$!43/BB#0(!%<-2&;-U!><10!%U!
%2&0f&;!i!

!

i!%2?7&02!B3&-&0212#/0!
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LLU!N#0F#0(!%E1$$/J!+3/?07J12&3!2/!43/B!P#&$7!*-#0(!>&;/2&$<!%&0-&7!
A121)!P1E131!,12&3-E&7)!,MU!%1;?&$!4U!k#BB&3!i!

L\U!I310-$12#0(!2E&!K<73/-2312#(31BE<!/9!A10&!4/?02<)!,M)!#02/!1!
+3/?07J12&3!:/7&$#0(!R31;&J/3FU!:#.E1&$!513-&0!

L^U!+3/?07J12&3!:/?07!'&0&12E!2E&!*0#8&3-#2<!/9!,#-./0-#06513F-#7&!
41;B?-Z!!G12?31$!/3!G/2h!G#./$&!K/&BB0&3!i!

LdU!5&3-B&.2#8&-!/0!+3/?07J12&3!5?;B#0(!107!,12&3!>&-/?3.&-!
%?-21#01'#$#2<!#0!2E&!,#-./0-#0!4&0231$!%107-U!+&/3(&!TU!O3192!

L]U!M08&-2#(12#0(!2E&!C99&.2!/9!K#(E641B1.#2<!,&$$!5?;B#0(!/0!
+3/?07J12&3!N&8&$-!#0!2E&!4&0231$!%107-!>&(#/0!/9!,#-./0-#0U!
:13#'&2E!NU!O0#99#0!i!

L`U!I&;B/31$!107!+&/.E&;#.1$!4/023/$-!/9!I?91!A&B/-#2#/0! 107!
M;B$#.12#/0-!9/3!2E&!%21'#$#2<!/9!,12&3!>&-/?3.&-!#0!,#-./0-#0a-!
A3#92$&--!=3&1U!C810!4U!:1-.#22#!i!

L[U!M08&-2#(12#0(!2E&!>&$12#/0-E#B!'&2J&&0!A<01;#.!M.&!R/3;12#/0!107!
K<B/3E&#.!CS.E10(&!12!2E&!C1-2!"310.E!5&.12/0#.1!>#8&3U!:122E&J!
AU!,&'&3!i!

L_U!=01$<-#-!/9!>//2!>#8&3!107!5#F&!>#8&3!,12&3-E&7-!#0!%/?2E&1-2&30!
,#-./0-#0U!T1./'!T/@&9/J-F#!i!

\bU!P1E131!>#8&3!,12&3-E&7!K<73/$/(#.!>&23/-B&.2#8&!=01$<-#-Z!N/0(6
I&3;!=8&31(&-!107!I3&07-!#0!10!*3'10#@#0(!=(3#.?$2?31$!N107-.1B&U!
C3#.!+U!"//2E!

\WU!4$#;12&!4E10(&!M;B1.2-!/0!CS23&;&!53&.#B#212#/0!=--&--&7!*-#0(!1!
>&(#/01$#@&7!=01$<-#-!/9!>&(#/01$!4$#;12&!:/7&$!A121U!k1.E13<!IU!
%.E?-2&3!i!

\LU!=0!M02&31.2#8&!4<'&3!+&/(31BE#.!M09/3;12#/0!%<-2&;!V+M%X!9/3!,12&3!
:101(&;&026M02&(312&7!G/J.1-2!107!R/3&.1-2!DB&312#/0!%<-2&;!
VMGRD%X6!P1E131!N1F&-U!4E1/E&!V+13<X!+?/!i!

\\U!A&8&$/B;&02!107!=BB$#.12#/0!/9!10!=?2/;12&7!>#8&36C-2?13<!
A#-.E13(&!M;1(#0(!%<-2&;U!=71;!TU!"&.E$&!i!

\^U!+M%!:1BB#0(!/9!2E&!=$'#/0!"1-#0!,12&3-E&7!#0!=$21)!*21EU!!!!!!!!!!!!!
T/E0!>1-.E!i!

\dU!DB2#.1$!107!=./?-2#.!"/3&E/$&!M;1(#0(Z!%212&6/962E&6=32!I//$-!#0!
>/?2#0&!*-&!12!2E&!,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<U!
O&00&2E!>U!"317'?3<!

\]U!G10/2&.E0/$/(<!107!,12&3!:101(&;&02U!:132#0!5U=U!+3#99#0!

\`U!*-&!/9!I&.E0/$/(<!2/!%?BB/32!I3#'?213<!107!C;'1<;&02! :/0#2/3#0(!
9/3!2E&!+3&12!N1F&-!>&-2/312#/0!M0#2#12#8&!V+N>MXU!4E13$&-!=U!5&2&3-!

!

!

i!%2?7&02!B3&-&0212#/0!

(
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TC6=;AH(";C52(GH(GIFG(

]Z^b!6!`Z^b!1U;U! :?;C=("77168R !g!CS&.?2#8&!"/137!>//;!

!

[Zbb!g!_Z^b!1U;U!! &?85ECC781(+7<<6?8<(/!(;8=(/:(

(

+7<<6?8(/!(.(( LA=C?R7?527N6<1CA(

( ( ( >#8&38#&J!G/32E!

! ! ! :/7&312/3Z!O&0!"317'?3<)!,#-./0-#0!+&/$/(#.1$!l!G12?31$!K#-2/3<!%?38&<!

[Zbb! ! IE&!5/3/-#2<!107!5&3;&1'#$#2<!/9!,#-./0-#0a-!:#764/02#0&02!>#92!! !
! ! ! %&7#;&02-!J#2E!=BB$#.12#/0!2/!5/2&02#1$!+&/$/(#.!%&Q?&-2312#/0!/9!413'/0!
! ! ! A#/S#7&U!A18#7!TU!K132!

! [ZLb! ! C81$?12#0(!2E&!5&3-#-2&0.&!/9!5&3.E&7!+3/?07J12&3!*-#0(!2E&!! !
! ! ! %2312#(31BE#.!5/-#2#/0!107!+&/.E&;#-23<!/9!%B3#0(!I?91!A&B/-#2-!#0!2E&!!
! ! ! A3#92$&--!=3&1!/9!,#-./0-#0U!%?-10!OU!%J10-/0!

! [Z^b! ! =BB$<#0(!+&/.E&;#-23<!2/!M08&-2#(12&!2E&!D..?33&0.&!/9!>#8&3'10F!!
! ! ! M07?.&;&02!#02/!1!%E1$$/J!=Q?#9&3!#0!%/?2E&1-2&30!,#-./0-#0U!=001!!
! ! ! A$?(/$&.F#!i!

! _Zbb! ! +3/?07J12&3!4E&;#-23<!107!A#-B&3-#/0!A/J0(317#&02!/9!1!%&B2#.!!!
! ! ! A31#01(&!R#&$7U!T/-&BE!"U!"1&2&0!i!

! _ZLb! ! :&.E10#-;-!/9!51$&/3&.E13(&!#0!2E&!A&&B!%107-2/0&!=Q?#9&3!*-#0(!!
! ! ! G/'$&!+1-)!W^4!107!%21'$&!M-/2/B&!I31.&3-U!I#;!+3?07$!

!

+7<<6?8(/:(.( );17C<27=(;8=()71@;8=(";8;R7N781(

( ( ( >#8&38#&J!%/?2E!

! ! ! :/7&312/3Z!T/E0!510?-F1)!*0#8&3-#2<!/9!,#-./0-#06:17#-/0!

[Zbb! *-#0(!A121!93/;!mN&1-26A#-2?3'&7m!%23&1;!%#2&-!2/!A&8&$/B!:101(&;&02!
+/1$-!9/3!,#-./0-#0!%23&1;-U!A18#7!=U!:/-E&3!

! [ZLb! ! C81$?12#0(!2E&!C99&.2#8&0&--!/9!1!,12&3-E&7!%1;B$#0(!A&-#(0!1-!5132!/9!!
! ! ! 2E&!,#-./0-#0!AG>!,12&3!:/0#2/3#0(!%2312&(<U!>/01$7!TU!A/$&0!

! [Z^b! ! A&8&$/B;&02!/9!10!M02&(312&7!G/J.1-2!107!R/3&.1-2!DB&312#/0!%<-2&;!!
! ! ! VMGRD%X!9/3!:101(#0(!1!N1F&6>#8&3!4E1#0!%<-2&;U!T/E0!>U!>&#;&3!i!

! _Zbb! ! =!4/;B13#-/0!/9!2E&!%2/3;J12&3!A&2&02#/0!41B1'#$#2#&-!/9!R/?3!! !
! ! ! G&#(E'/3#0(!,&2$107!%J1$&-U!T&993&<!RU!:#$$&3!i!

! _ZLb! ! %/32#0(!D?2!,&2$107!4E10(&!#0!,#-./0-#0U!IE/;1-!"&302E1$!!

!

!

i%2?7&02!B3&-&0212#/0!
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!_Z^b!g!WbZbb!1U;U!:C7;U(

WbZbb!g!WWZ^b!1U;U!&?85ECC781(+7<<6?8<(Z!(;8=(Z:(
!

+7<<6?8(Z!(.(( >EY@65(%817C;516?8(V612();17C(+567857(

( ( ( >#8&38#&J!G/32E!
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73#0F!93/;!#2!107!J12&3!/?3!9#&$7-!93/;!#2U!,&!1$-/!2?30!/?3!J1-2&!#02/!#2U!,E&0!#2a-!(/0&!/3!
./021;#012&7!J&!$/0(!2/!E18&!#2!'1.FU!M2a-!12!2E#-!B/#02!2E12!J&!-2132!2E#0F#0(!J&!-E/?$7!;1<'&!
$&18&!1!$#22$&!J12&3!#0!2E&!-23&1;!9/3!9#-EU!"?2!#0!-23&1;!9$/J!-/$?2#/0-!13&!?-?1$$<!0/2!2E12!
-#;B$&U!
!
=$$!2//!/92&0)!J&!9/.?-!/0!f?-2!2E&!-.#&0.&!/9!#0!-23&1;!9$/J!107!/8&3$//F!2E&!91.2!2E12!2E&3&!
13&!3&1$$<!2E3&&!.3#2#.1$!./;B/0&02-!2E12!;?-2!1$$!'&!1773&--&7!#9!J&!13&!2/!-?..&--9?$$<!
B3/2&.2!107!3&-2/3&!/?3!B?'$#.!3#8&3#0&!3&-/?3.&-U!!!
!
IE&!-.#&0.&!;1<!2&$$!?-!JE12!J&!-E/?$7!7/!2/!1.E#&8&!10!&./$/(#.1$!./07#2#/0)!'?2!#2a-!2E&!
B?'$#.!JE/!2&$$!?-!JE12!2E&<!J102!?-!2/!7/!107!$1J-!107!#0-2#2?2#/01$!.1B1.#2<!2E12!2&$$-!?-!JE12!
J&!.10!7/U!4/;B$#.12#/0-!13#-&!JE&3&!2E&!B?'$#.!-B&1F-!$/?7$<!V107!2E&<!(&0&31$$<!E18&!
;10<!7#99&3&02!8#&J-X)!J&!7/0a2!E18&!2E&!0&.&--13<!#0-2#2?2#/01$!.1B1'#$#2<!V-2199)!231#0#0(!/3!
'?7(&2X!2/!7/!JE12!J&!;#(E2!J102)!107!2E&!$1J-!7/0a2!1$$/J!?-!2/!B3/2&.2!10<2E#0(!10<J1<U!
IE#-!7#-.?--#/0!J#$$!B3&-&02!-/;&!J#7&$<!1..&B2&7!./0.&B2-!107!B3#0.#B$&-!-?33/?07#0(!2E&!
7&8&$/B;&02!/9!#0!-23&1;!9$/J-)!107!.&02&3!13/?07!2E&!0&&7!2/!?07&3-2107!1$$!2E&!
./;B/0&02-!#08/$8&7!JE&0!;1F#0(!7&.#-#/0-!/3!3&./;;&0712#/0-!?-&7!2/!.3&12&!B/ $#.#&-!
2E12!3&(?$12&!f?-2!E/J!;?.E!J12&3!2E12!3#8&3!3&1$$<!0&&7-U!
(
!!
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+#++%,'(F:M(

'E1C6781<(;8=(&?81;N68;81<(

*2EC<=;AH(";C52(FH(GIFG(

FMZI(.(/MGI(PSNS(

!
"E@169#@7N781;@(,P165;@(T6Y7C9:;<7=(+78<?C<(B?C(!^E7?E<(#8O6C?8N781<(
(
i%2&8&!O/B#2@F&)!*0#8&3-#2<!/9!,#-./0-#06:#$J1?F&&)!:#$J1?F&&)!,M)!DB9.-ND%K+=2J%I+!
!
5&2&3!+&#--#0(&3)!*0#8&3-#2<!/9!,#-./0-#06:#$J1?F&&)!:#$J1?F&&)!,M)!$%.,,./$K+=2J%I+ !
!
"/2E!@#0.!107!./BB&3!13&!&--&02#1$!0?23#&02-!2/!-?BB/32!$#9&U!K/J&8&3)!12!E#(E!./0.&02312#/0-!
'/2E!/9!2E&-&!&$&;&02-!&SE#'#2!2/S#.#2<!2/!2E&!-1;&!-B&.#&-U!IE&-&!&$&;&02-!13&!1$-/!?-&7!#0!
;10<! 7/;&-2#.! 107! #07?-23#1$! 1BB$#.12#/0-U! =-! -?.E)! 2E&! 1'#$#2<! 2/! 1..?312&$<)! &1-#$<! 107)!
JE&3&!B/--#'$&)!3&;/2&$<!;/0#2/3!2E&-&!B/$$?2102-!#-!.3?.#1$U!IE&!-&0-/3-!7&-.3#'&7!E&3&!/99&3!
1BB3/B3#12&!7&2&.2#/0!$#;#2-)!91-2!3&-B/0-&!2#;&-!107!2E&!1'#$#2<!2/!'&!3&(&0&312&7)!/99&3#0(!10!
#7&1$!B$129/3;!9/3!2E&!./0-2102)!3&1$!2#;&!;/0#2/3#0(!/9!1Q?&/?-!&08#3/0;&02-!/9!#02&3&-2U!!
!
DB2#.1$69#'&36'1-&7! -&0-/3-! B3/8#7&! 10! 1$2&3012#8&! -&0-#0(! ;/71$#2<! 2E12! 1$$/J-! 9/3! 3&;/2&!
;/0#2/3#0(!/9!$13(&!13&1-!#0!3&1$!2#;&Z!;10<!-&0-/3!3&(#/0-!.10!'&!.3&12&7!/0!1!-#0($&!/B2#.1$!
9#'&3)!JE&3&!.E10(&-!#0!2E&!$?;#0&-.&0.&!.E131.2&3#-2#.-!/9!2E&!-&0-/3-!#07#.12&!2E&!B3&-&0.&!
/9!-?'-210.&-!/9!#02&3&-2U!IE&-&!-&0-/3!3&(#/0-!.10!'&!#02&33/(12&7!#0!3&1$62#;&!107!-B12#1$$<!
3&-/$8&7)! JE&0!B?$-&76$1-&3!&S.#212#/0! 107! 2#;&63&-/$8&7!7&2&.2#/0! /9! -&0-/3!$?;#0&-.&0.&!
B?$-&-!12!2E&!9#'&3!&07!#-!?2#$#@&7U!
!
%B&.#9#.1$$<)!2E#-!7&-#(0!?2#$#@&-!&810&-.&02!J18&-!93/;!1!$1-&3!B?$-&!1-!1!;&10-!/9!&S.#212#/0!
9/3! $?;#0&-.&02! -&0-/3! ;/$&.?$&-! 7&-#(0&7! 2/! E18&! 1! E#(E! -B&.#9#.#2<! 9/3! 2E&!&$&;&02! /9!
#02&3&-2U!"/2E!-&0-/3-!?2#$#@&!/B2#.1$!9#'&3-)!'?2!2E&!;&2E/7!/9!1221.E;&02!813#&-!(3&12$<U!,E#$&!
2E&! ./BB&3! -&0-/3! 7<&! #-! ./81$&02$<! 1221.E&7! 2/! 2E&! '13&! 9#'&3! ./3&)!2E&! @#0.! -&0-/3! 7<&!
3&Q?#3&-!#;B3&(012#/0!J#2E#0!1!B/$<&2E<$&0&!($<./$!7#1.3<$12&!B/$<;&3U!M0!/37&3!2/! ;12.E!2E&!
91-2! 3&-B/0-&! 2#;&! Vr\b! -&.X! /9! 2E&! ./BB&3! -&0-/3)! 2E&! @#0.! -&0-/3! ;123#S! ?07&3(/&-! 1!
;#.3/-BE&3&! 2&;B$12#0(! B3/.&7?3&! 2E12! .3&12&-! ;#.3/6! 107! 010/-.1$&! .E100&$-! J#2E#0! 2E&!
B/$<;&3U! IE#-! 1$$/J-! 9/3! 31B#7! 2310-B/32! /9! @#0.! 2/! 2E&! -&0-/3! ;/$&.?$&U! ,E#$&! 2E&! ./BB&3!
-&0-/3! #-! -&0-#2#8&! 2/! $/J! BB;! $&8&$-)! 2E&! @#0.! -&0-/3! .10! '&! -&0-#2#8&! 2/! ./0.&02312#/0-!
'&2J&&0!Lbb!s(cN!107!`!;(cN!7&B&07#0(!/0!2E&!./0.&02312#/0!/9!-&0-/3!;/$&.?$&-!J#2E#0!2E&!
B/$<;&3U! "/2E! -&0-/3-! 13&! &1-#$<! 3&(&0&312&7! 107! E18&! 1! $#9&2#;&! /9! 1BB3/S#;12&$<! \6^!
J&&F-U!

!
i!%2?7&02!53&-&0212#/0!
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"7;<EC68R(KC68U68R();17C(B?C(3?V9@7O7@(&?85781C;16?8<(?B(&2C?N6EN(_J%`(
(
5123#.F!>U!+/3-F#)!,#-./0-#0!%212&!N1'/312/3<!/9!K<(#&0&)!:17#-/0)!,M)!
9"-#.(DJ$B#,D.K,)7J=.,(J%I+&
&
:132#0!:U!%E19&3)!,#-./0-#0!%212&!N1'/312/3<!/9!K<(#&0&!107!*,6:17#-/0!C08#3/0;&021$!
4E&;#-23<!107!I&.E0/$/(<!53/(31;)!:17#-/0)!,M)! 22,7">%#K=.,(J%I+&
!
T/&$!IU!D8&37#&3)!,#-./0-#0!%212&!N1'/312/3<!/9!K<(#&0&)!:17#-/0)!,M)!
LB%)JB<%#I.%#K,)7J=.,(J%I+&
!
T/-&BE!AU!+3107&)!:17#-/0!,12&3!*2#$#2<)!:17#-/0)!,M)!L$#"/I%K2"I.,B/="-%#JB#$&
!
IE&!$&8&$!/9!./0.&30!1'/?2!.E3/;#?;!V43VHMXX)!1UFU1U!E&S181$&02!.E3/;#?;)!./021;#012#/0!#0!
(3/?07J12&3!E1-!'&&0!E&#(E2&0&7!7?&)!#06B132)!2/!1!E#(E$<!B?'$#.#@&7!3&B/32!'<!2E&!
C08#3/0;&021$!,/3F#0(!+3/?B)!JE#.E!7/.?;&02&7!2E&!J#7&-B3&17!/..?33&0.&!/9!43VHMX)!1!
F0/J0!.13.#0/(&0)!#0!73#0F#0(!J12&3!1.3/--!2E&!012#/0!107!#0!,#-./0-#0U!%#0.&!2E&3&!13&!
1$;/-2!/0&!;#$$#/0!B3#812&!J&$$-!#0!,#-./0-#0!107!;10<!B?'$#.!73#0F#0(!J12&3!?2#$#2#&-!E18&!
(3/?07J12&3!-/?3.&-)!#2!#-!.3#2#.1$!2/!E18&!(//7!Q?1$#2<!7121!2/!'&22&3!1--&--!2E#-!./0.&30U!
4/0.&02312#/0-!.#2&7!#0!2E&!3&B/32!18&31(&!bUW[!BB'!107!310(&!$/J&3)!JE#.E!#-!.E1$$&0(#0(!9/3!
;10<!.?33&02!101$<2#.1$!;&2E/7-U!*-#0(!93&-E$<!./$$&.2&7!:17#-/0!.#2<!73#0F#0(!J12&3)!J&!
./;B13&7!2J/!1BB3/1.E&-Z!WX!A#BE&0<$.13'1@#7&!VA54X!-B&.23/BE/2/;&23<!J#2E!$/0(6B12E!
/B2#.1$!1'-/3B2#/0!.&$$!VN,44X!107!LX!9#&$7!-&B1312#/0!?-#0(!1!.12#/06&S.E10(&!.1323#7(&!
9/$$/J&7!'<!-&.2/3!9#&$7!#07?.2#8&$<!./?B$&7!B$1-;1!;1--!-B&.23/BE/2/;&2&3!V%R6M456:%XU!
IE&!-&./07!1BB3/1.E!<#&$7&7!2E&!$/J&-2!7&2&.2#/0!$#;#2!107!2E&!177#2#/01$!1781021(&!/9!
1$;/-2!#0-210210&/?-!-&B1312#/0!/9!.E3/;#?;!/S#712#/0!-212&-!2/!#0.3&1-&!E/$7!2#;&U!=!
-1;B$#0(!F#2!E1-!'&&0!7&8&$/B&7!'<!2E&!,M!%212&!N1'/312/3<!/9!K<(#&0&!'1-&7!/0!2E&-&!
9#07#0(-!9/3!B?'$#.!?-&!2/!21F&!-#2&6-B&.#9#.!2/21$!.E3/;#?;!107!.1323#7(&6-&B1312&7!43VHMX!
-1;B$&-U!=92&3!-&8&31$!;/02E-)!'/2E!B3#812&!.#2#@&0-!107!B?'$#.!?2#$#2#&-!E18&!?2#$#@&7!2E&!
-1;B$#0(!F#2!2E3/?(E/?2!2E&!-212&!2/!./$$&.2!1!J#7&!310(&!/9!7121U!IE&!3&-#0!.1323#7(&!1BB3/1.E!
9/$$/J&7!'<!%R6M456:%!#-!1$-/!'&#0(!B$100&7!2/!'&22&3!?07&3-2107!'#/(&/.E&;#.1$!.<.$#0(!/9!
43VHMX!12!1;'#&02!,M!(3/?07J12&3!./07#2#/0-!
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#O;@E;168R(127(#BB751<(?B(,E17C("7NYC;87(>C?1768(_,">`(*?@&(?8(127(*C;8<P?C1(?B(
Escherichia coli (V61268(+;1EC;17=(+;8=<((
(
iN?.#1!R&3#10.#F/81)!*0#8&3-#2<!/9!,#-./0-#06:#$J1?F&&)!:#$J1?F&&)!,M)!)+(."K+=2J%I+&&
!
%/0#1!"137<)!*0#8&3-#2<!/9!,#-./0-#06:#$J1?F&&)!:#$J1?F&&)!,M)!0"#I:K+=2J%I+&&
!
%E10(B#0(!t?)!*0#8&3-#2<!/9!,#-./0-#06:#$J1?F&&)!:#$J1?F&&)!,M)!O+,K+=2J%I+&&
!
=!2E/3/?(E!?07&3-2107#0(!/9!2E&!2310-B/32!'&E18#/3!/9!'1.2&3#1!J#2E#0!2E&!(3/?07J12&3!-<-2&;!
#-!.3#2#.1$!2/!2E&!B3/2&.2#/0!/9!(3/?07J12&3!3&-/?3.&-!93/;!;#.3/'#1$!./021;#012#/0!107!2E&!
3&7?.2#/0!/9!1--/.#12&7!B?'$#.!E&1$2E!3#-F-U!M2!J1-!3&.&02$<!E<B/2E&-#@&7!2E12!2E&!/?2&3!
;&;'310&!B3/2&#0!VD:5X!/9!I/$4)!JE#.E!#-!1!.3#2#.1$!./;B/0&02!/9!J#7&$<!7#-23#'?2&7!
102#'#/2#.-!&99$?S!B?;B-!2E12!13&!#08/$8&7!#0!'1.2&3#1$!;?$2#673?(!3&-#-210.&!V:A>X)!./?$7!
&0E10.&!2E&!;/'#$#2<!/9!GJ&(B).!J#2E#0!-12?312&7!-107-U!M0!2E#-!-2?7<)!J&!?-&7!I/$4!B/-#2#8&!107!
0&(12#8&!GJ&(B).!;?2102-!2/!&81$?12&!2E&!&99&.2-!/9!D:5!I/$4!/0!2E&!2310-B/32!'&E18#/3!/9!GJ&
(B).!?07&3!1!J#7&!310(&!/9!J12&3!.E&;#-23<!./07#2#/0-U!D?3!3&-?$2-!./09#3;&7!2E&!&0E10.#0(!
3/$&!/9!D:5!I/$4!/0! GJ&(B).!;/'#$#2<U!IE&!-?391.&!B3/B&32#&-!V&U(U)!@&21!B/2&02#1$)!./021.2!
10($&-!/9!2E3&&!B3/'#0(!$#Q?#7X!/9!I/$4!B/-#2#8&!107!0&(12#8&!GJ&(B).!.&$$-!J&3&!7&2&3;#0&7!107!
2E&!&S2&07&7!A&3f1(?#06N1071?6H&3J&<6D8&3'&&F!VtANHDX!2E&/3<)!JE#.E!./0-#7&3-!
N#9-E#2@u810!7&3!,11$-!VN,X!#02&31.2#/0)!2E&!&$&.23/-212#.!7/?'$&!$1<&3!VCANX!#02&31.2#/0!1-!
J&$$!1-!2E&!N&J#-!1.#76'1-&!V="X!V#U&U)!E<73/BE/'#.X!#02&31.2#/0!'&2J&&0!GJ&&(B).!.&$$-!107!2E&!
-?391.&!/9!Q?132@!-107-)!J&3&!?-&7!2/!&SB$1#0!2E&!/'-&38&7!23&07!#0!GJ&(B).!;/'#$#2<U!M0!
(&0&31$)!(//7!1(3&&;&02-!'&2J&&0!2E&!&SB&3#;&021$!/'-&3812#/0-!107!tANHD!.1$.?$12#/0-!
J&3&!/'-&38&7U!R#07#0(-!93/;!2E#-!3&-&13.E!-?((&-2&7!2E12!102#'#/2#.!3&-#-2102!'1.2&3#1!2E12!
&SB3&--!E#(E!Q?102#2#&-!/9!I/$4!./?$7!7#-B$1<!E#(E&3!;/'#$#2<!#0!-107<!1Q?#9&3-U!!

!
i!%2?7&02!53&-&0212#/0
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:6?BE7@(;8=(&C?P(";8;R7N781(%8B@E7857(?8(+ECB;57($E8?BB(;8=('E1C6781($717816?8(68(
+?E127C8()6<5?8<68(
(
i%2&BE10#&!:U!=073&?..#)!*0#8&3-#2<!/9!,#-./0-#06:17#-/0)!:17#-/0)!,M)!
"/I#%+((.K=.,(J%I+&
&
:122!>?13F)!*0#8&3-#2<!/9!,#-./0-#0!6:17#-/0)!:17#-/0)!,M)! 2I#+"#DK=.,(J%I+ !
!
"#3$!N/J&3<)!*0#8&3-#2<!/9!,#-./0-#0!6:17#-/0)!:17#-/0)!,M)! 0)B=%#:K=.,(J%I+&
!
M2!E1-!'&&0!3&./(0#@&7!J/3$7J#7&!2E12!2E&!312&!12!JE#.E!9/--#$!9?&$-!13&!./0-?;&7!;?-2!0/2!
./02#0?&!J#2E/?2!7&B$&2#/0!/9!3&-/?3.&-!107!$/0(!2&3;!&08#3/0;&021$!71;1(&U!I/!1../;B$#-E!
-#(0#9#.102!3&7?.2#/0-!#0!2E&!?-&!/9!0/03&0&J1'$&!9/--#$!9?&$-!B3/7?.2#/0!/9!'#/9?&$-!93/;!
1(3#.?$2?31$!.3/B-!E1-!(3&12$<!#0.3&1-&7U!"&.1?-&!/9!2E&!$13(&!$107!13&1-!3&Q?#3&7!2/!;&&2!
'#/9?&$!B3/7?.2#/0!(/1$-)!;101(&;&02!B31.2#.&-!;?-2!&0-?3&!./02#0?&7!-/#$!9&32#$#2<!107!E#(E!
.3/B!<#&$7-U!,&!13&!./07?.2#0(!3&-&13.E!2/!Q?102#9<!-/#$)!0#23/(&0)!BE/-BE/3?-)!107!.13'/0!
$/--&-!'<!-?391.&!3?0/99!1-!#;B1.2&7!'<!(3/J#0(!./30!V P%"&2":,&NUX!?07&3!813<#0(!
;101(&;&02!2&.E0#Q?&-!1-!./;B13&7!2/!-J#2.E(31--!V M"/.(+2&<.#$"-+2&NUXU!
!
IE&!B3#;13<!7121!-/?3.&!9/3!2E#-!3&-&13.E!./0-#-2-!/9!3?0/99!./$$&.2#/0!93/;!;#0#6&3/-#/0!B$/2-!
931;&-!VbUd6;!J#7&!'<!WUb6;!$/0(X)!#0-21$$&7!#0!13&1-!J#2E!3&.&02$<!&-21'$#-E&7!-J#2.E(31--!
107!0/62#$$1(&!./02#0?/?-!./30!12!2E&!*0#8&3-#2<!,#-./0-#06:17#-/0!=(3#.?$2?31$!>&-&13.E!
%212#/0)!12!=3$#0(2/0)!,#-./0-#0U!IE&3&!J&3&!1!2/21$!/9!LW!B$/2-!J#2E!1!./$$&.2#/0!931;&!#0!&1.E)!
3&B3&-&02#0(!2E3&&!3&B$#.12#/0-!/9!/0&!23&12;&02!/9!-J#2.E(31--!107!9/?3!23&12;&02-!/9!./30U!
IE&!9/?3!./30!23&12;&02-!1$$/J!9/3!/'-&3812#/0!/9!813#/?-!.3/B!3&-#7?&!;101(&;&02-)!3/J!
-B1.#0()!107!7&0-#2<U!!
!
:/0#2/3#0(!-&7#;&02!$/17!107!3?0/99!8/$?;&!./09#3;-!E#(E&3!.3/B!7&0-#2<!107!0133/J!3/J!
-B1.#0(!13&!81$?1'$&!2&.E0#Q?&-!#0!;#0#;#@#0(!-?391.&!3?0/99U!,12&3!-1;B$&-!J&3&!./$$&.2&7!
93/;!/0&!E138&-2!-&1-/0!9/3!.E&;#.1$!101$<-#-!/9!9#$2&3&7!107!?09#$2&3&7!931.2#/0-!/9!0#23/(&0)!
BE/-BE/3?-)!107!.13'/0U!!!
!
i!%2?7&02!53&-&0212#/0!
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/3!.1$.?$12&7!93/;!2E&-&!3&./37-U!IE&!0/06B131;&23#.!:1006O&071$$!23&07!2&-2!107!1!
B131;&23#.!$#0&13!3&(3&--#/0!J&3&!?-&7!2/!7&2&3;#0&!JE#.E!23&07-!J&3&!-#(0#9#.102U!I3&07-!#0!
2E&!100?1$!E<73/(31BE!-E1B&!13&!1$-/!&S1;#0&7!'<!101$<@#0(!.E10(&-!/0!1!;/02E$<!107!71<6
/96J12&36<&13!'1-#-!107!231.F#0(!.E10(&-!#0!2E&!.&02&3!/9!;1--!9/3!&1.E!J12&3!<&13!/8&3!2E&!
/'-&3812#/01$!3&./37U!
!
IE#-!&99/32!B3/8#7&-!1!E#-2/3#.1$!9/?0712#/0!9/3!E/J!.$#;12&)!$1076?-&)!107!J12&3!;101(&;&02!
#02&31.2!2/!#;B1.2!E<73/$/(<U!R?2?3&!;/7&$#0(!&99/32-!J#$$!'&!-#;?$12#0(!1$2&3012&!9?2?3&!
-.&013#/-!'1-&7!/0!2E&-&!2E3&&!#;B/32102!73#8&3-!7&3#8&7!93/;!#0B?2!93/;!7#8&3-&!
-21F&E/$7&3-!1.3/--!2E&!J12&3-E&7U!



58

/FS(&@6N;17(&2;8R7(%NP;51<(?8(#f1C7N7(>C756P61;16?8(!<<7<<7=(-<68R(;($7R6?8;@6b7=(
!8;@A<6<(?B($7R6?8;@(&@6N;17("?=7@(K;1;!
!
ik1.E13<!IU!%.E?-2&3U!*0#8&3-#2<!/9!,#-./0-#06:17#-/0)!:17#-/0)!,M)!N,(7+,-%#K=.,(J%I+&&
!
%212#-2#.1$!7/J0-.1$#0(!107!>&(#/01$!4$#;12&!:/7&$-!V>4:X!13&!2J/!1BB3/1.E&-!2E12!E18&!
'&&0!7&8&$/B&7!9/3!7/J0-.1$#0(!+&0&31$!4#3.?$12#/0!:/7&$!V+4:X!.$#;12&!7121!2/!-.1$&-!J#2E!
E#(E&3!3&-/$?2#/0U!!53&8#/?-!3&-&13.E!2E12!M!7#7!?-&7!1!-&2!/9!-212#-2#.1$$<67/J0-.1$&7!+4:!
7121!9/3!2E&!-212&!/9!,#-./0-#0U!D0&!;1f/3!$#;#212#/0!/9!2E&!-212#-2#.1$!;&2E/7!#-!2E12!#2!3&$#&-!/0!
B1-2!B3&.#B#212#/0!23&07-!2/!B3/f&.2!9?2?3&!.E10(&-U!
!
IE#-!3&-&13.E!?-&-!>&(#/01$!4$#;12&!:/7&$-!2/!1--&--!2E&!#;B1.2-!/9!.$#;12&!.E10(&!/0!
#02&0-&!B3&.#B#212#/0!&8&02-!9/3!2E&!-212&!/9!,#-./0-#0U!IE&!B?3B/-&!/9!2E#-!3&-&13.E!#-!2/!
B3/8#7&!10!101$<-#-!/9!9?2?3&!B3&.#B#212#/0!&S23&;&-!2E12!#-!?-&9?$!2/!7&.#-#/06;1F&3-!JE/!13&!
#02&3&-2&7!#0!1--&--#0(!9?2?3&!8?$0&31'#$#2#&-!9/3!2E&!-<-2&;-!2E12!2E&<!;101(&U!
!
=!2/21$!/9!0#0&!>4:-!181#$1'$&!93/;!2E&!G/32E!=;&3#.10!>&(#/01$!4$#;12&!4E10(&!
=--&--;&02!53/(31;!VG=>44=5X!J&3&!?-&7!#0!2E&!-2?7<U!IE&!0#0&!181#$1'$&!;/7&$-!J&3&!
9#3-2!2&-2&7!1(1#0-2!E#-2/3#.1$!(3#77&7!B3&.#B#212#/0!7121!2/!1#7!#0!-&$&.2#0(!10!&0-&;'$&!/9!
;/7&$-!2E12!B3/7?.&-!100?1$!B3&.#B#212#/0!;1S#;1!2E12!13&!731J0!93/;!2E&!-1;&!-212#-2#.1$!
7#-23#'?2#/0!1-!2E&!/'-&38&7!E#-2/3#.1$!7121U!
!
=0!&0-&;'$&!/9!-&8&0!;/7&$-!J1-!-&$&.2&7)!107!2E#32<6<&13!100?1$!;1S#;1!-&3#&-!J&3&!
B3/7?.&7!9/3!2E&!(3#7!.&$$-!2E12!./021#0!Ld!.#2#&-!107!GD==!4DD5!(1(&-!1.3/--!2E&!-212&U!
=00?1$!;1S#;1!-&3#&-!J&3&!B3/7?.&7!9/3!1!E#-2/3#.1$!2#;&!B&3#/7!/9!W_`b6W___!107!1!9?2?3&!
2#;&!B&3#/7!/9!Lb^b6Lb]_U!=!93&Q?&0.<!7#-23#'?2#/0!J1-!2E&0!9#2!2/!&1.E!$/.12#/0a-!100?1$!
;1S#;1!-&3#&-!9/3!'/2E!2E&!E#-2/3#.1$!107!9?2?3&!2#;&!B&3#/7-U!IE&-&!7#-23#'?2#/0-!J&3&!?-&7!2/!
.1$.?$12&!2E&!&8&02-!J#2E!1!Wbz!VWb6<&13X!107!Wz!VWbb6<&13X!&S.&&710.&!B3/'1'#$#2<U!
!
M0!/37&3!2/!-;//2E!2E&!#;B1.2-!/9!10<!/0&!-212#/0a-!B3/f&.2#/0-)!2E&!.E10(&-!#0!&S23&;&!
Q?102#$&-!J&3&!3&(#/01$#@&7!9/3!-&8&31$!B132-!/9!2E&!-212&U!IE&!3&(#/01$#@&7!.E10(&-!/'21#0&7!
93/;!2E&!>4:!B3&.#B#212#/0!B3/f&.2#/0-!B3/8#7&!1!;/3&!7<01;#.!B3/f&.2#/0!/9!E/J!;?.E!;/3&!
/3!$&--!B3&.#B#212#/0!&S23&;&-!J#$$!'&!#0!2E&!9?2?3&)!107!2E&<!;1<!B3/8#7&!1!?-&9?$!2//$!9/3!
J12&3!3&-/?3.&-!;101(&3-!JE/!J/?$7!$#F&!2/!B3&B13&!2E&#3!-<-2&;-!9/3!9?2?3&!.E10(&-!#0!
&S23&;&!&8&02-U!
!
i!%2?7&02!53&-&0212#/0
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/GS(!8(%817C;516O7(&AY7C(47?RC;P265(%8B?CN;16?8(+A<17N(_4%+`(B?C();17C(";8;R7N7819
%817RC;17=('?V5;<1(;8=(T?C75;<1(,P7C;16?8(+A<17N(_%'T,+`9(X;2;C;(3;U7<(
(
i4E1/E&!V+13<X!+?/)!*0#8&3-#2<!/9!,#-./0-#0g:17#-/0)!:17#-/0)!,M)! ($+B?[K=.,(J%I+ !

!
iT/E0!>U!>&#;&3)!*0#8&3-#2<!/9!,#-./0-#0g:17#-/0)!:17#-/0)!,M)! L##%.2%#K=.,(J%I+!

!

4E#0!KU!,?)!*0#8&3-#2<!/9!,#-./0-#0g:17#-/0)!:17#-/0)!,M)! (7./=+K%/$#J=.,(J%I+ !

!
>&1$62#;&!/3!9?2?3&!J12&3!#09/3;12#/0!#0.$?7#0(!J12&3!$&8&$!107!7#-.E13(&!#-!81$?1'$&!9/3!J12&3!
B$100#0(!107!;101(&;&02U!=-!1!3&-?$2!10!#02&(312&7!J12&3!-<-2&;!J#2E!0/J.1-2!107!9/3&.1-2!
.1B1'#$#2<!#-!0&&7&7!9/3!/B&312#/01$!7&.#-#/0-U!R?32E&3;/3&!#2!#-!.3#2#.1$!2E12!2E&!-<-2&;!B3/8#7&!
(&/(31BE#.1$$<!3&9&3&0.&7!7121!JE&3&!7121!.10! '&!3&23#&8&7!/0!7&;107!9/3!&1-<! ./;B?2#0(!
'<!1$$!.$#&02-U!!
!
=0! M02&31.2#8&! 4<'&3! +&/(31BE#.! M09/3;12#/0! %<-2&;! V+M%X! 9/3! P1E131! N1F&-)! .1$$&7!
M02&(312&7! G/J.1-2! 107! R/3&.1-2! DB&312#/0! %<-2&;! VMGRD%X)! #-! 7&8&$/B&7U! IE&! -<-2&;!
&;B$/<-!+//($&!:1B-!107!+//($&!C132E!2&.E0/$/(#&-!2/!8#-?1$#@&!/'-&3812#/0-!107!;/7&$#0(!
3&-?$2-! 1$/0(! 9/3! P1E131! N1F&-! 107! 3#8&3-U! *-#0(! 1! J#7&! 1331<! /9! 1BB$#.12#/0! B3/(31;;#0(!
#02&391.&-!V=5MX)!J&!;&3(&!(&/-B12#1$!7121!#02/!7#99&3&02!1223#'?2&!$1<&3-U!"<!17/B2#0(!2E&!&1-<!
./;B?2#0(!./0.&B2)!J&!&Q?#B!MGRD%!J#2E!M02&31.2#8&!4<'&3!+M%!.1B1'#$#2<!2/!1..&--!1!813#&2<!
/9!#09/3;12#/0!#0.$?7#0(!$1F&!2&;B&312?3&)!3#8&3!.E100&$!.3/--!-&.2#/0!107!B3/9#$&)!J12&3!$&8&$)!
107! 7#-.E13(&! 9/3! P1E131! $1F&-U! MGRD%! J#$$! '&! ?-&7! 2/! B3/8#7&! 2#;&$<! #09/3;12#/0! 2/!
;101(&3-c./;;?0#2<!107!&81$?12&!9?2?3&!-.&013#/-!9/3!3&(?$12#0(!/B2#;1$!J12&3!$&8&$-U!
!
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/ZS(4%+(";PP68R(?B(127(!@Y6?8(:;<68();17C<27=(68(!@1;H(-1;2((
(
iT/E0!>1-.E)!*0#8&3-#2<!/9!,#-./0-#0!g!513F-#7&)!O&0/-E1)!,M)!#",(7@@ZK#"/$%#,J+=9J%I+!
!
IE&!=$'#/0!"1-#0!#-!$/.12&7!#0!2E&!,1-12.E!:/?021#0-)!0&13!=$21)!*21EU!IE&!13&1!#-!10!
#;B/32102!J12&3-E&7!2E12!./023#'?2&-!2/!2E&!N#22$&!4/22/0J//7!43&&F)!/0&!/9!9/?3!.3&&F-!?-&7!
'<!%1$2!N1F&!4#2<!9/3!#2-!73#0F#0(!J12&3!-?BB$<U!=-!-?.E)!2E&!'1-#0!#-!.$/-&$<!;/0#2/3&7!107!#-!
B3/2&.2&7!'<!2E&!%1$2!N1F&!4#2<!A&B132;&02!/9!5?'$#.!*2#$#2#&-!J12&3-E&7!;101(&;&02!B$10U!M0!
3&.&02!<&13-)!#0.3&1-&7!7&8&$/B;&02!#0!2E&!13&1!E1-!2E3&12&0&7!2E&!/8&31$$!E&1$2E!/9!2E&!
=$'#/0!"1-#0U!N/.1$!(3/?B-!$#F&!1#.%/I,&B>&R)-"!E18&!'&&0!.3&12&7!J#2E!2E&!B3#;13<!(/1$!/9!
B3/2&.2#0(!2E&!&08#3/0;&02!/9!2E&!3&(#/0)!#0.$?7#0(!J12&3-E&7!107!J#$7$#9&!E1'#212!13&1-U!!
=77#2#/01$$<)!1#.%/I,&B>&R)-"&E1-!#0#2#12&7!1!-2?7<!#0!2E&!13&1!#0!/37&3!2/!./$$&.2!E<73/$/(#.!7121!
#0!2E&!'1-#0U!G#0&!;/0#2/3#0(!J&$$-!E18&!'&&0!#0-21$$&7!12!2E3&&!J&2$107!$/.12#/0-!2/!./$$&.2!
J12&3!$&8&$!107!J12&3!Q?1$#2<!7121U!
!
I/!./;B$&;&02!2E&!E<73/$/(#.!7121)!#$$?-2312#8&!;1B-!/9!2E&!13&1!E18&!'&&0!.3&12&7!?-#0(!
&S#-2#0(!+M%!2//$-U!>&.&02!#0.3&1-&-!#0!2E&!181#$1'#$#2<!/9!+M%!7121!2E3/?(E!/0$#0&!-/?3.&-)!
-?.E!1-!2E&!-212&!/9!*21E)!E18&!;17&!2E&!.3&12#/0!/9!0&J)!;/3&!1..?312&)!;1B-!B/--#'$&U!
*-#0(!C%>M)!=3.+M%!-/92J13&)!107!2E&!181#$1'$&!+M%!7121)!;1B-!J&3&!.3&12&7!-E/J#0(!
J&2$107!7&$#0&12#/0)!B3&7/;#0102!8&(&212#/0)!-/#$!2<B&!107!;/3&U!=!./;B13#-/0!;17&!
'&2J&&0!2E&-&!+M%!;1B-!107!;1B-!93/;!B3&8#/?-!3&B/32-!1$$/J-!9/3!1!;/3&!2E/3/?(E!
101$<-#-!/9!3&(#/01$!B3/B&32#&-)!2E?-!3&-?$2#0(!#0!1!;/3&!#067&B2E!?07&3-2107#0(!/9!2E&!
J12&3-E&7U!
!
i!%2?7&02!53&-&0212#/0
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/aS(,P165;@(;8=(!5?E<165(:?C72?@7(%N;R68RM(+1;179?B91279!C1(*??@<(68($?E1687(-<7(;1(127(
)6<5?8<68(47?@?R65;@(;8=(';1EC;@(L6<1?CA(+ECO7A(
(
O&00&2E!>U!"317'?3<)!,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<)!:17#-/0)!,M)&
D#0#"I0+K=.,(J%I+ !
!
A18#7!TU!K132)!,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<)!:17#-/0)!,M)!
IL7"#-K=.,(J%I+&
!
:17&$#0&!"U!+/2F/J#2@)!,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<)!:17#-/0)!,M)!
20$B-DB=K=.,(J%I+ !
!
:#.E1&$!513-&0)!,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<)!:17#-/0)!,M)!
2L9"#,%/K=.,(J%I+ !
!
5&2&3!4E1-&)!,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<)!:17#-/0)!,M)!
92(7",%K=.,(J%I+ !
!
T1./'!O31?-&)!,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<)!:17#-/0)!,M!&
!
=!B#.2?3&!#-!J/32E!1!2E/?-107!J/37-)!107!3&.&02$<!1.Q?#3&7!'/3&E/$&!#;1(#0(!2//$-!13&!
B3/8#7#0(!0&J!#0-#(E2-!#02/!-?'-?391.&!(&/$/(<!107!E<73/(&/$/(<!1.3/--!,#-./0-#0U!IE& !
,#-./0-#0!+&/$/(#.1$!107!G12?31$!K#-2/3<!%?38&<!V,+GK%X!3&.&02$<!3&.&#8&7!1!(3102!93/;!
2E&!G12#/01$!%.#&0.&!R/?0712#/0!2/!B?3.E1-&!2J/!'/3&E/$&!#;1(#0(!2//$-!./;B12#'$&!J#2E!#2-!
&S#-2#0(!J#3&$#0&!'/3&E/$&!$/((#0(!-<-2&;U!IE&!DB2#.1$!"/3&E/$&!M;1(&3!VD"MX!2//$!1.Q?#3&-!
E#(E63&-/$?2#/0!\]b67&(3&&!7#(#21$!#;1(&-!/9!2E&!#02&3#/3!/9!?0.1-&7!'/3&E/$&-U!IE&!=./?-2#.!
"/3&E/$&!M;1(&3!V="MX!2//$!1.Q?#3&-!./;B10#/0!7121!?-#0(!1./?-2#.!3&9$&.2#/0-!93/;!2E&!
'/3&E/$&!J1$$U!M;1(&-!93/;!'/2E!2//$-!13&!/3#&02&7!J#2E!3&-B&.2!2/!1@#;?2E!107!2#$2!-/!2E12!2E&<!
1..?312&$<!;&1-?3&!2E&!/3#&0212#/0!V-23#F&!107!7#BX!/9!'&77#0(!B$10&-)!931.2?3&-)!107!/2E&3!
9&12?3&-!8#-#'$&!#0!'/3&E/$&!J1$$-U!*-#0(!1./?-2#.!2318&$!2#;&-)!2E&!="M!2//$!.10!;&1-?3&!
'/3&E/$&!7#1;&2&3!107!-E1B&U!M0!177#2#/0)!'/2E!2//$-!;&1-?3&!'/3&E/$&!7&8#12#/0!107!-E/J!
2E12!;10<!J&$$-!107!'/3&E/$&-!7&8#12&!-#(0#9#.102$<!93/;!8&32#.1$U!
!
D8&3!2E&!B1-2!<&13!/?3!(3/?B!E1-!?-&7!2E&-&!2//$-!#0!'/3&E/$&-!2E3/?(E/?2!,#-./0-#0!2/!
7&B2E-!/8&3!Wbbb!9&&2!'&$/J!2E&!-?391.&U!IE&!3&-?$2#0(!#;1(&-!-E/J!'&73/.F!-23?.2?3&!107!
E<73/(&/$/(#.!9&12?3&-!12!./;B131'$&!3&-/$?2#/0!2/!./3&!73#$$#0(!107!12!913!$&--!./-2!J#2E!'&22&3!
7&B2E!./023/$U!:10<!/9!2E&!#;1(&-!13&!91-.#012#0(!107!&8&0!-B&.21.?$13!9/3!(&/$/(#-2-)!
-E/J#0(!F&<!9&12?3&-!-?.E!1-!931.2?3&-)!#023?-#/0-)!.3/--6'&77#0()!91?$2-)!3#B6?B!.$1-2-)!
-/$?2#/0!@/0&-)!107!J/3;!'?33/J-U!A#(#21$!B3/.&--#0(!1$$/J-!2E&!./0-23?.2#/0!/9!n8#32?1$!./3&-o!
107!/2E&3!-2<$&-!/9!7121!B3&-&0212#/0U!
!
D?3!B/-2&3!7#-B$1<-!&S1;B$&-!107!#02&3B3&212#/0-!/9!2E&-&!#;1(&-!93/;!J&$$-!107!'/3&E/$&-!
1.3/--!,#-./0-#0!#0!1!813#&2<!/9!3/.F!2<B&-U!
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/0S(';8?17528?@?RA(;8=();17C(";8;R7N781(
(
:132#0!5U=U!+3#99#0)!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-)!:17#-/0)!,M)!
2"#-./9J$#.>>./K=.J$B<&
&
G10/2&.E0/$/(#&-)!1;/0(!2E&!91-2&-26(3/J#0(!13&1-!/9!-.#&02#9#.!3&-&13.E!107!2&.E0/$/(<!
7&8&$/B;&02!J/3$7J#7&)!E18&!'&&0!.1$$&7!2E&!nG&S2!M07?-23#1$!>&8/$?2#/0Uaa!IE&!-.#&0.&!/9!
010/2&.E0/$/(<!E1-!(3&12!B/2&02#1$!2/!'&0&9#2!2E&!&08#3/0;&02!2E3/?(E!1BB$#.12#/0-!/9!
010/;12&3#1$-!2/!B3&8&02)!;/0#2/3)!107!3&;/8&!B/$$?2102-!#0!(3/?07!107!-?391.&!J12&3-U!=2!2E&!
-1;&!2#;&)!-.#&02#-2-!13&!31#-#0(!./0.&30-!1'/?2!2E&!B/2&02#1$!&08#3/0;&021$!3#-F-!3&$12&7!2/!
2E&!010/6-#@&7!;12&3#1$-!?-&7!#0!010/2&.E0/$/(#&-U!
!
G10/B132#.$&-!E18&!-E/J0!&0/3;/?-!B3/;#-&!#0!2E&!9#&$7!/9!&08#3/0;&021$!3&;&7#12#/0U!A?&!
2/!2E&!0/8&$!B3/B&32#&-!&SE#'#2&7!'<!010/B132#.$&-)!#2!E1-!'&&0!7#-./8&3&7!2E12!.&321#0!B132#.$&-!
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&$&812&7!$&8&$-!/9!.E$/3#7&-!107!0#2312&-!7/J0!(317#&02!/9!1!-.E//$a-!-&B2#.!731#01(&!9#&$7U!=!
B3#;13<!(/1$!/9!2E#-!-2?7<!J1-!2/!'&22&3!?07&3-2107!2&;B/31$!.E10(&-!#0!(3/?07J12&3!
.E&;#-23<!12!2E#-!-#2&U!"#6J&&F$<!-1;B$#0(!/9!2E3&&!;/0#2/3#0(!J&$$-!J1-!./07?.2&7!9/3!/0&!
<&13!'&(#00#0(!#0!R&'3?13<!LbWWU!%E1$$/J!(3/?07J12&3!V:,6WX!Lb!9&&2!7/J0(317#&02!/9!-&B2#.!
9#&$7!-E/J&7!.E$/3#7&!$&8&$-!1-!E#(E!1-!WLd!;(cN!107!0#2312&!$&8&$-!?B!2/!dd!;(6GcNU!!
:/0#2/3#0(!J&$$!\!V:,6\X)!$/.12&7!\Lb!9&&2!7#3&.2$<!7/J0(317#&02!93/;!-&B2#.!9#&$7!E17!.E$/3#7&!
$&8&$-!?B!2/!^]!;(cN!107!0#2312&-!?B!2/!W[!;(6GcNU!:/0#2/3#0(!J&$$!L!V:,6LX!$/.12&7!
7/J0(317#&02!'?2!0/2!#0!2E&!9$/J!B12E!/9!2E&!-&B2#.!9#&$7!107!1BB13&02$<!/?2!/9!2E&!-&B2#.!
B$?;&)!E17!.E$/3#7&!$&8&$-!/0$<!1-!E#(E!1-!WL!;(cN!107!0#2312&!$&8&$-!/0$<!3&1.E#0(!\!;(6GcNU!!
,#2E!2E&!<&136$/0(!-1;B$#0(!/9!2E&-&!J&$$-!2E&!(3/?07J12&3!9#3-2!;&1-?3&7!#0!:,6W!J#$$!'&!
;&1-?3&7!1(1#0!#0!:,6\!1'/?2!\\b!71<-!$12&3!/3!-/;&2#;&!#0!T10?13<!/9!LbWLU!IE#-!7 12&!J#$$!
'&!?-&7!2/!&-2#;12&!2E&!7#-B&3-#/0!/9!.E$/3#7&-!#0!(3/?07J12&3!107!2E&!'3&1F7/J0!/9!0#2312&-U!
!
+3/?07J12&3!$&8&$-!J&3&!$/J&-2!1'/?2!:13.E!W!107!B&1F&7!#0!%&B2&;'&3!192&3!1!LU[!92!
#0.3&1-&U!,&!&-2#;12&7!2E12!Ldz!/9!31#091$$)!(#8&0!?0#9/3;!7#-23#'?2#/0)!#09#$2312&7!107!;17&!#0!
2/!2E&!J12&3!21'$&!2/!3&.E13(&!2E&!1Q?#9&3U!
(
i(%2?7&02!53&-&0212#/0
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"752;86<N<(?B(>;@7?C752;CR7(68(127(K77P(+;8=<1?87(!^E6B7C(-<68R('?Y@7(4;<H(FZ&(;8=(
+1;Y@7(%<?1?P7(*C;57C<S((

I#;!+3?07$)!*0#8&3-#2<!/9!,#-./0-#06:#$J1?F&&)!:#$J1?F&&)!,M)!$#+/I)K+=2J%I+&&
&
G12&!:1(0?--/0)!*0#8&3-#2<!/9!,#-./0-#06:#$J1?F&&)!:#$J1?F&&)!,M)!/"-7"/2^K+=2J%I+&
!
>/$9!O#B9&3)!C=,=+)!A•'&07/39)!%J#2@&3$107)!#B)>JD.9>%#K%"="$J(7&
&
:122E#1-!"3&00J1$7)!C=,=+)!A•'&07/39)!%J#2@&3$107)!2"--7.",J0#%//=")IK%"="$J(7 !
!
!
G/'$&!(1-)!-21'$&!#-/2/B&!107!! W^4!1(&!7121!J&3&!./$$&.2&7!#0!2E&!7&&B!-107-2/0&!1Q?#9&3!
1$/0(!2E&!9$/J!B12E!93/;!;?0#.#B1$!J&$$-!$/.12&7!0&13!+3&&0!"1<)!,#-./0-#0)!12!1!$12#2?7&!2E12!
#-!xLbb!F;!93/;!2E&!2&3;#0?-!/9!2E&!$1-2!($1.#1$!;1S#;?;U!W^4!1(&-!2E12!#0.3&1-&!2/!1!
;1S#;?;!/9!W_)`bb!<&13-)!1$/0(!J#2E!-21'$&!#-/2/B&!107!(&/.E&;#.1$!23&07-)!#07#.12&!1!.$&13!
7&;13.12#/0!'&2J&&0!-?'($1.#1$$<!3&.E13(&7!107!B/-2($1.#1$$<!3&.E13(&7!B/32#/0-!/9!2E&!
1Q?#9&3U!€W[D!7&3#8&7!2&;B&312?3&-!91$$!2/!$&8&$-!1-!$/J!1-!6dU]!•4!#0!J12&3-!3&.E13(&7!7?3#0(!
2E&!$1-2!($1.#1$!B&3#/7U!M0!./0231-2)!0/'$&!(1-!2&;B&312?3&-!3&;1#0!./0-2102!0&13!}L!•4U!IE#-)!
#0!./0f?0.2#/0!J#2E!$13(&!1;/?02-!/9!&S.&--!G&!V‚G&!v!]bz6Wb`zX)!#-!#02&3B3&2&7!2/!'&!2E&!
3&-?$2!/9!-?B31($1.#1$!;&$2J12&3!3&.E13(#0(!2E&!1Q?#9&3U!IE#-!#-!#0!./0231-2!2/!&13$#&3!J/3F!
B&39/3;&7!0&13!2E&!#.&!2&3;#0?-!V0&13!:#$J1?F&&X!#0!JE#.E!2E&!-?'($1.#1$$<!3&.E13(&7!J12&3!
J1-!B3&7/;#0102$<!;&2&/3#.!J#2E!$#22$&!($1.#1$!;&$2J12&3U!G/'$&!(1-&-)!#0!./;'#012#/0!J#2E!
-21'$&!#-/2/B&-)!13&!1!?-&9?$!2//$!#0!2E&!-2?7<!/9!3&.E13(&!;&.E10#-;-!#0!($1.#1$!2&3310&-!2E12!
#-!./023/$$&7!'<!E#(E$<!813#1'$&!91.2/3-!#08/$8#0(!#.&!17810.&!107!3&23&12!1-!J&$$!1-!B&3;193/-2!
9/3;12#/0!107!#.&6#07?.&7!B3&--?3&!E&17-U!M;B$#.12#/0-!#;B/32102!2/!$/.1$!J12&3!-?BB$<)!
($1.#1$!;/8&;&02!#0!(&0&31$!107!2E&!/..?33&0.&!/9!B&3#/7#.!($1.#1$!-?3(&-!#0!;/7&30!#.&!
-E&&2-!J#$$!'&!7#-.?--&7U!
(



69

+#++%,'(/:M(

);17C<27=(;8=()71@;8=(";8;R7N781(

TC6=;AH(";C52(GH(GIFG(

gMII(.(hMZI(;SNS(

-<68R(K;1;(BC?N(j37;<19K6<1ECY7=j(+1C7;N(+617<(1?(K7O7@?P(";8;R7N781(4?;@<(B?C(
)6<5?8<68(+1C7;N<(
(
A18#7!=U!:/-E&3)!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-)!:17#-/0)!,M)!
3"<.IJVB,7%#K;.,(B/,./J$B< !
!
:#.E1&$!=U!:#$$&3)!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-)!:17#-/0)!,M)!
V.(7"%)RJV.))%#K;.,(B/,./J$B< !
!
A1$&!:U!>/'&32-/0)!*U%U!+&/$/(#.1$!%?38&<)!:#77$&2/0)!,M)!IN#B0%#-K+,$,J$B<!
!
4E&;#.1$!107!'#/$/(#.1$!7121!93/;!\\_!E1076B#.F&7!n$&1-267#-2?3'&7o!-23&1;!-#2&-!J&3&!?-&7!
2/!7&8&$/B!3&9&3&0.&!./07#2#/0-!9/3!813#/?-!;&1-?3&-!/9!-23&1;!Q?1$#2<U!D?3!/3#(#01$!1BB3/1.E!
J1-!2/!&-2#;12&!3&9&3&0.&!./07#2#/0-!'1-&7!/0!-B&.#9#.!B&3.&02#$&-!9/3!&1.E!B131;&2&3!93/;!
2E&!-212&J#7&!$&1-267#-2?3'&7!7121-&2U!K/J&8&3)!E#(E!813#10.&!#0!2E&!7121!J&3&!/'-&38&7)!107!
&-2#;12&7!3&9&3&0.&!./07#2#/0-!9/3!-/;&!B131;&2&3-!1BB&13&7!2//!3&-23#.2#8&!JE#$&!/2E&3-!
1BB&13&7!2//!$1SU!I/!3&7?.&!2E#-!813#10.&)!J&!(3/?B&7!-#2&-!?-#0(!2E3&&!7#99&3&02!;&2E/7-Z!WX!
"&9#.B#.!.$1--#9#.12#/0!?-#0(!D;&30#F!N&8&$!MMM!C./3&(#/0-)!LX!.$1--#9#.12#/0!107!3&(3&--#/0!
23&&-!V4=>IX!2/!.3&12&!?0#Q?&!(&/(31BE#.!13&1-!9/3!&1.E!-23&1;!3&-B/0-&!813#1'$&)!107!\X!
;?$2#813#12&!3&(3&--#/0!23&&-!V:>IX!2/!.3&12&!?0#Q?&!(&/(31BE#.!13&1-!9/3!(3/?B-!/9!
./33&$12&7!-23&1;!3&-B/0-&!813#1'$&-U!>&-?$2#0(!(&/(31BE#.!(3/?B#0(-!93/;!4=>I!107!:>I!
101$<-&-!-E/J&7!1!-#;#$13!3&-B/0-&!/9!-&B1312#0(!2E&!E&18#$<!1(3#.?$2?31$#@&7!-/?2E&1-2!
3&(#/0!/9!,#-./0-#0!93/;!2E&!3&-2!/9!2E&!-212&U!I/!.3&12&!(&/(31BE#.!13&1-!2E12!J&3&!
#07&B&07&02!/9!E?;10!7#-2?3'10.&!J&!?-&7!-B12#1$$<!17f?-2&7!3&(3&--#/0!23&&!101$<-&-!
V%5=>I=XU!!%5=>I=!3?0-!4=>I!/0!7121!2E12!E18&!'&&0!3&-#7?1$#@&7!1(1#0-2!$107!?-&)!
2E&3&'<!3&;/8#0(!$1076?-&!#;B1.2-!93/;!&1.E!B131;&2&3U!IE&!3&-?$2#0(!3&-#7?1$#@&7!7121!13&!
#07&B&07&02!/9!$107!?-&)!3&-?$2#0(!#0!1!7121!-&2!J#2E!;/3&!#02&3B3&21'$&!(&/(31BE#.1$!
7#-23#'?2#/0-!9/3!2E3&-E/$7!.3&12#/0U!IE&!3&-?$2#0(!3&9&3&0.&!./07#2#/0!2E3&-E/$7-!9/3!&1.E!
(&/(31BE#.!13&1!J#$$!'&!./;B13&7!J#2E!7121!;&1-?3&-!93/;!1!3107/;!-212&J#7&!-1;B$#0(!
7121!-&2!2/!7&8&$/B!1!-212#-2#.1$$<!81$#7!1--&--;&02!/0!2E&!/8&31$$!./07#2#/0!/9!,#-./0-#0!
-23&1;-U!
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#O;@E;168R(127(#BB7516O787<<(?B(;();17C<27=(+;NP@68R(K7<6R8(;<(>;C1(?B(127()6<5?8<68(
K'$();17C("?861?C68R(+1C;17RA(
(
>/01$7!TU!A/$&0)!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-)!:17#-/0)!,M!)!
#B/")IJIB)%/K=.,(B/,./J$B<&&
!
:#.E1&$!=U!:#$$&3)!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-)!:17#-/0)!,M !

2.(7"%)"J2.))%#K=.,(B/,./J$B<&&
!
O12E&3#0&!"U!%/0(&3)!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-)!:17#-/0)!,M!
D"-7%#./%J,B/$%#K=.,(B/,./J$B<&&
&
4E3#-!DU!P/7&3)!:#7J&-2!"#/7#8&3-#2<!M0-2#2?2&)!4/$?;'?-)!DK)!:BI%#K##B7.BJ(B2&
&
C7J137!K1;;&3)!*U%U!C08#3/0;&021$!53/2&.2#/0!=(&0.<)!4E#.1(/)!MN)!
7"22%#J%I="#IK%9"J$B<&
&
IE&!,#-./0-#0!A&B132;&02!/9!G12?31$!>&-/?3.&-!V,AG>X)!J#2E!-?BB/32!93/;!2E&!*U%U!C5=!
107!2E&!:#7J&-2!"#/7#8&3-#2<!M0-2#2?2&)!?-&7!1!3107/;6-2312#9#&7!-1;B$#0(!7&-#(0!2/!1--&--!
-23&1;!./07#2#/0-!#0!2E&!5&.12/0#.1!,12&3-E&7!$/.12&7!#0!-/?2E!.&0231$!,#-./0-#0U!IE&!;1f/3!
(/1$-!/9!2E#-!B3/f&.2!J&3&!2/!&81$?12&!JE&2E&3!2E#-!-1;B$#0(!7&-#(0!./?$7!B3/8#7&!;/3&!
./;B3&E&0-#8&!7121!107!'&22&3!#7&02#9<!F&<!91.2/3-!7&(317#0(!-23&1;!3&-/?3.&-!2E10!
-1;B$#0(!7&-#(0-!.?33&02$<!?-&7!'<!2E&!,AG>U!%#S2<6&#(E2!-23&1;!-1;B$#0(!-#2&-!#0!2E&!
J12&3-E&7!J&3&!-&$&.2&7!'<!9#3-2!?-#0(!1!3107/;6-2312#9#&7)!(&/;&23#.!-1;B$#0(!7&-#(0!'1-&7!
/0!.12.E;&02!-#@&!107!-&./07!'<!177#0(!213(&2&7!-#2&-!2/!1--&--!B/#02!-/?3.&!B/$$?2#/0U!M0!
LbWb)!BE<-#.1$)!.E&;#.1$)!107!'#/$/(#.1$!7121!J&3&!./$$&.2&7!107!101$<@&7!12!2E&-&!-#2&-)!
B3/8#7#0(!E#(E&3!-B12#1$!107!2&;B/31$!7121!#02&0-#2<!2E10!.?33&02!,AG>!;/0#2/3#0(!&99/32-U!
,&!1$-/!&81$?12&7!2E&!&99&.2#8&0&--!107!1BB$#.12#/0-!/9!;?$2#813#12&!-212#-2#.1$!2&.E0#Q?&-p
"31<64?32#-!/37#012#/0)!0/06;&23#.!7#;&0-#/01$!-.1$#0()!.10/0#.1$!./33&-B/07&0.&!101$<-#-)!
3&(3&--#/0!23&&-)!107!-23?.2?31$!&Q?12#/0!;/7&$#0(p2/!#7&02#9<!F&<!73#8&3-!#0!2E&!J12&3-E&7U!
IE&!9/$$/J#0(!F&<!73#8&3-!J&3&!#7&02#9#&7Z!2/21$!BE/-BE/3?-)!2/21$!Of&$71E$!0#23/(&0)!-?-B&07&7!
-&7#;&02!./0.&02312#/0)!2/21$!7#--/$8&7!-/$#7-)!;#0#;?;!7#--/$8&7!/S<(&0!B&3.&02!-12?312#/0)!
2&;B&312?3&)!2310-B13&0.<)!.E$/3/BE<$$6=)!GJ&(B).)!107!-23&1;!E1'#212!Q?1$#2<U!"#/2#.!3&-B/0-&!
2E3&-E/$7-!9/3!2E&-&!B131;&2&3-!J&3&!.1$.?$12&7!?-#0(!Q?102#$&!3&(3&--#/0-U!IE&-&!17810.&7!
-212#-2#.1$!2//$-!1$$/J&7!?-!2/!312&!2E&!3&$12#8&!7&(31712#/0!107!3&-2/312#/0!B/2&02#1$!12!&1.E!
-#2&)!JE#.E!813#&7!J#7&$<!2E3/?(E/?2!2E&!J12&3-E&7U!!!
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IE&!M02&(312&7!G/J.1-2!107!R/3&.1-2!DB&312#/0!%<-2&;!VMGRD%X!9/3!2E&!P1E131!N1F&-!107!
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(
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