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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States Government. While this 

document is believed to contain correct information, neither the United States Government nor any agency thereof, 

nor The Regents of the University of California, nor any of their employees, makes any warranty, express or 

implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness of any information, 

apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. 

Reference herein to any specific commercial product, process, or service by its trade name, trademark, 

manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring 

by the United States Government or any agency thereof, or The Regents of the University of California. The views 

and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or 

any agency thereof or The Regents of the University of California. 
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$%!&'()*!"+,+-!.!/0.1!23!45)0%/)4/4!.%6!0%7)%00(4!3(21!8.9(0%50!:0(;0*0<!=./)2%.*!8.>!
?8:=8@!.%6!AB!:0(;0*0<-!9)/C!4D''2(/!3(21!/C0!E.(3D(!F/2G04!H(2I05/!?EFH@-!D%60(/22;!.!
3.5/J3)%6)%7!1)44)2%!/2!K.)/)!)%!2(60(!/2!.44044!%0064!.%6!2''2(/D%)/)04!32(!522;4/2G0!
)%/0(G0%/)2%L!!:.406!2%!6./.!52**05/06!3(21!)%32(1.*!)%/0(G)094!9)/C!K.)/).%4!.%6!=MN4-!
/C0!/0.1-!F52//!F.6*2%-!O2>0(/!BC0%7-!.%6!P.<I0!:22;0(-!)60%/)3)06!.%6!(052110%606!4/2G0!
/04/)%7!.%6!521'.()42%!.4!.!C)7C!'()2()/<!%006!/C./!52D*6!>0!3)**06!><!8:=8L!!!

$%!(04'2%40!/2!/C./!(052110%6./)2%-!3)G0!5C.(52.*!4/2G04!90(0!/04/06!./!/C0!8:8!4/2G0!
/04/)%7!3.5)*)/<!D4)%7!.!126)3)06!32(1!23!Q0(4)2%!#!23!/C0!FC0**!R2D%6./)2%!K2D40C2*6!
S%0(7<!H(2I05/!T./0(!:2)*)%7!U04/!?T:U@L!!!7+)8'-!H'*'!+'-+'I!0)*!+:J'!+)!<):/>!+4'*J5/!
'00:6:',6K>!5,I!-('6:0:6!0.'/!6),-.J(+:),>!5-!H'//!5-!'J:--:),-!)0!3;!5,I!3;?L!!$%!
.66)/)2%-!K.)/).%!D40(!3006>.5;!.%6!3)0*6!2>40(G./)2%4-!2G0(!.!4D>40/!23!/C0!4/2G04-!90(0!
521>)%06!9)/C!/C0!0V'0()0%504!23!/C0!*.>2(./2(<!/04/)%7!/05C%)5).%4!/2!0G.*D./0!/C0!
D4.>)*)/<!23!/C0!4/2G04!.%6!/C0)(!.''(2'()./0%044!32(!K.)/).%!522;)%7L!!UC0!*.>2(./2(<!
(04D*/4!3(21!01)44)2%4!.%6!033)5)0%5<!/04/)%7!.%6!52%5*D4)2%4!(07.(6)%7!D4.>)*)/<!23!/C0!
4/2G04!.(0!'(040%/06!)%!/C)4!(0'2(/L!

?D!LM&9;"7!

?DA!7+)8'-!&'-+'I!

!
R2(!)%5*D4)2%!)%!/C0!/04/)%7-!90!.//01'/06!/2!2>/.)%!/C240!4/2G04!/C./!90(0!>0)%7!0)/C0(!
52%4)60(06!32(!6)4/()>D/)2%!><!=MN4!2'0(./)%7!)%!K.)/)!2(!/C./!.(0!.*(0.6<!9)60*<!.G.)*.>*0!
)%!H2(/!.D!H()%50L!
!
:.406!D'2%!/C040!5()/0().!.4!90**!.4!.G.)*.>)*)/<!23!/C0!522;4/2G04!32(!/04/)%7-!/C0!32**29)%7!
3)G0!4/2G04!90(0!5C240%!32(!)%5*D4)2%!)%!/C0!0G.*D./)2%!.%6!.(0!4C29%!)%!R)7L!,L!
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!
R)7L!,W!R(21!*03/!/2!()7C/W!/(.6)/)2%.*!4/2G0-!S52O05C2-!H(.;/)-!F/2G0U05!U92JE22(-!X)(.;!

!
&L U(.6)/)2%.*!4/2G0L!X.60!*25.**<!)%!K.)/)!3(21!45(.'!10/.*!.%6!9)60*<!.G.)*.>*0L!SG0%*<!

6)4/()>D/06!C2*04!.(0!*25./06!.**!.(2D%6!/C0!4)604!.%6!/C0!>2//21!23!.!(05/.%7D*.(!5C.(52.*!
52%/.)%0(L!UC0!'2/!4)/4!6)(05/*<!2%!/C0!5C.(52.*!)%!/C0!5C.1>0(-!.%6!.4C!3.**4!/C(2D7C!/2!.!
/(.<!D%60(%0./CL!UC)4!4/2G0!9.4!'D(5C.406!32(!,Y+!72D(604!)%!&'()*-!"+,+!?AF!Z#L[Y@!>D/!
90(0!/2*6!/C0<!5.%!524/!D'!/2!"Y+!72D(604!?Z\L"Y@L!!UC040!4/2G04!/<')5.**<!*.4/!2%*<!4)V!
12%/C4!/2!2%0!<0.(L!
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:L S52O05C2L!&!10/.*!4/2G0!9)/C!.!50(.1)5!*)%0(!1.60!)%!K.)/)LL!UC0!'2/!4)/4!.>2G0!/C0!5C.(52.*-!
2%!/C(00!/().%7D*.(!10/.*!906704L!&!622(!2%!/C0!3(2%/!23!/C0!4/2G0!5.%!>0!2'0%06!2(!5*2406!
/2!52%/(2*!.)(3*29L!

BL H(.;/)!802BC.(L!!$%4D*./06!10/.*!4/2G0L!!UC0!(05/.%7D*.(!5C.(52.*!5C.1>0(!)4!/C0!41.**04/!23!
.**!4/2G04L!!&!622(!2%!/C0!3(2%/!23!/C0!4/2G0!5.%!>0!.6ID4/06!/2!52%/(2*!.)(3*29L!

EL F/2G0U05!U92JE22(L!ED.*J3D0*!9226!.%6!5C.(52.*!4/2G0!9)/C!.!10/.*!>26<!.%6!.!5*.<!
)%4D*./06!)%/0()2(L!!UC0!'2/!)4!'*.506!2%!/2'!23!/C(00!10/.*!;%2>4!.%6!)4!%2/!)%!52%/.5/!9)/C!
/C0!5C.(52.*L!&!622(!2%!/C0!3(2%/!23!/C0!4/2G0!5.%!>0!.6ID4/06!/2!52%/(2*!.)(3*29L!

SL X)(.;L!&!*25.**<!1.60-!45(.'!10/.*!52'<!23!/C0!X)(.;!4/2G0!604)7%06!><!B&OS!.%6!9)60*<!
.G.)*.>*0!)%!H2(/J.DJH()%50L!!!UC)4!4/2G0!9.4!'D(5C.406!32(!,Y+!72D(604!)%!&'()*!"+,+!?AF!
Z#L[Y@L!!UC0!5C.(52.*!5C.1>0(!)4!C.*3!4'C0()5.*-!.%6!/C0!'2/!4)/4!6)(05/*<!2%!/C0!5C.(52.*L!!

!
&*/C2D7C!/C0!F/2G0U05!52104!9)/C!.!4;)(/!/C./!5.%!>0!D406!32(!.6606!033)5)0%5<-!90!5C240!
%2/!/2!D40!/C0!4;)(/!6D()%7!/04/)%7L!:05.D40!90!90(0!52%50(%06!/C./!/C0!4;)(/!1.<!%2/!>0!
52112%*<!D406-!90!/C2D7C/!)/!>0//0(!/2!0G.*D./0!/C0!4/2G0!9)/C2D/!)/L!UC040!52%50(%4!90(0!
>.406!2%!.%0562/.*!0G)60%50!3(21!2/C0(!52D%/()04-!)%!9C)5C!60/.5C.>*0!4;)(/4!C.G0!
70%0(.**<!>00%!6)45.(606-!.%6!2>40(G./)2%!23!)%521'./)>)*)/<!)%!4)^0!>0/900%!/C0!4;)(/!.%6!
/C0!*.(70(!()50!'2/4!D406!)%!K.)/)L!!
!
?D?!%.'/-!+'-+'I!

!
M()**1.(;_!%./D(.*!*D1'!5C.(52.*!9.4!D406!32(!.**!/04/)%7L!!BC.(52.*!4.1'*04!90(0!
.%.*<^06!D4)%7!4/.%6.(6!2G0%!6(<!'(2506D(04!.%6!9.4!32D%6!/2!C.G0!YL`a!12)4/D(0!
52%/0%/L!!K290G0(-!(04D*/4!3(21!/C./!0V'0()10%/!90(0!%2/!.G.)*.>*0!)%!/)10!/2!)%52('2(./0!
)%/2!/C0!033)5)0%5<!.%6!4'05)3)5!3D0*!5.*5D*./)2%4-!42!(0'2(/06!G.*D04!.(0!D%52((05/06!32(!
.5/D.*!12)4/D(0!52%/0%/L!!!!UC0!0V'05/06!)1'.5/!23!52((05/)%7!32(!12)4/D(0!52%/0%/!)4!/C./!
033)5)0%5<!32(!.**!4/2G04!9)**!()40!42109C0(0!>0/900%!/C(00!.%6!32D(!'0(50%/.70!'2)%/4!?)L0L!
#,LYa!92D*6!>05210!#]a@L!!=2/0-!C290G0(-!/C./!9C)*0!/C0!2G0%!6(<!/04/!52%3)(106!/<')5.*!
(D*0J23J/CD1>!04/)1./04!32(!5C.(52.*!?.''(2V)1./0*<!Ya@-!/C0!4/.%6.(6!T:U!'(2506D(0!
)%5*D604!12)4/D(0!52((05/)2%!32(!9226!3D0*4!>D/!%2/!32(!5C.(52.*L!
!
?DN!&'-+!7K-+'J!

!
&**!/04/)%7!9.4!'0(32(106!D%60(!52%/(2**06!52%6)/)2%4!./!8.9(0%50!:0(;0*0<!=./)2%.*!
8.>2(./2(<L!!UC0!/04/!4<4/01!52%4)4/4!23!4/2G0!'*./32(1!.%6!.%!0VC.D4/!C226!9C)5C!6(.94!
7.4404!D'9.(6!9C0(0!/C0<!.(0!1)V06!.%6!4.1'*06L!:2/C!BN!.%6!BN"!01)44)2%4!90(0!
10.4D(06!9)/C!.!B.*)32(%).!&%.*</)5.*!$%4/(D10%/4!\++J40()04!7.4!.%.*<^0(-!.%6!6)*D/)2%!
(./04!90(0!52%/)%D2D4*<!12%)/2(06L!!$%!.66)/)2%!/2!01)44)2%4-!3D0*!90)7C/!.%6!9./0(!
/01'0(./D(0!90(0!10.4D(06!.%6!(052(606!)%!(0.*!/)10L!
!
?DO!P*)+)6)/!!

!
UC0!FC0**!R2D%6./)2%!K2D40C2*6!S%0(7<!H(2I05/!T./0(!:2)*)%7!U04/!?T:U@-!G0(4)2%!#L+!9.4!
D406!/2!0G.*D./0!/C0!4/2G04L!UC0!/04/!52%4)4/4!23!/C(00!'C.404W!
!

,L B2*6!F/.(/!?C)7C!'290(@W!A4)%7!.!52*6!4/2G0!.%6!.!52*6!'2/-!"LY8!(221!/01'0(./D(0!
9./0(!9.4!>(2D7C/!/2!.!>2)*L!
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"L K2/!4/.(/!?C)7C!'290(@W!$1106)./0*<!32**29)%7!/C0!52*6!4/.(/-!/C0!9./0(!)4!(0'*.506!
9)/C!.!%09!>./5C!23!"LY8!23!(221!/01'0(./D(0!9./0(!9C)5C!)4!>(2D7C/!/2!.!>2)*L!

#L F)110(!?*29!'290(@W!$1106)./0*<!32**29)%7!/C0!C2/!4/.(/-!/C0!.*(0.6<!>2)*06!9./0(!
)4!1.)%/.)%06!./!.!4)110(!32(!]Y!1)%D/04L!$%!/C)4!'C.40-!/C0!4/2G0-!'2/-!.%6!9./0(!
(01.)%!C2/!3(21!/C0!4052%6!'C.40!23!/C0!/04/L!!

!
UC040!'C.404!90(0!D406!32(!4)1D*/.%02D4!52**05/)2%!23!6./.!2%!6./.!23!/C0(1.*!033)5)0%5<!
.%6!01)44)2%4L!TC0%!G0%/)*./)2%!622(4!90(0!.G.)*.>*0-!90!;0'/!/C01!2'0%!32(!/C0!C)7C!
'290(!2'0(./)2%-!.%6!Y+J\+a!2'0%!6D()%7!/C0!*29!'290(!?4)110(@!2'0(./)2%L!!!!
!
UC0!4.10!3*./J>2//21-!,Yb!6).10/0(!.*D1)%D1!'2/-!'D(5C.406!)%!H2(/J.DJH()%50-!9.4!D406!
32(!.**!/04/4L!
!
UC0!T:U!9.4!604)7%06!32(!9226J>D(%)%7!4/2G04!.%6!5.%%2/!>0!0V.5/*<!.''*)06!/2!5C.(52.*J
>D(%)%7!4/2G04L!!T0!1.60!/C0!32**29)%7!.6ID4/10%/4!/2!.5521126./0!5C.(52.*!4/2G04L!!
UC040!.6ID4/10%/4!.(0!52%4)4/0%/!9)/C!/C0!'(.5/)504!2>40(G06!)%!K.)/)L!

,L U2!4/.(/!/C0!3)(0-!.!')050!23!C)7CJ(04)%!')%0!9226!9.4!'*.506!2%!/2'!23!/C0!5C.(52.*!
')*0!.%6!*)/L!UC0!/04/0(4!/C0%!>*09!2%!/C0!9226!/2!*)7C/!/C0!5C.(52.*-!.4!9.4!2>40(G06!
)%!K.)/)L!!

"L TC0%!5.*5D*./)%7!0cD)G.*0%/!6(<!3D0*!52%4D106-!/C0!9226J>D(%)%7!'(2/252*!
)%52('2(./04!/C0!0%0(7<!(0cD)(06!/2!/D(%!/C0!*03/2G0(!9226!)%/2!5C.(L!K290G0(-!.4!
5C.(52.*!9.4!D406!)%4/0.6!23!9226-!)/!9.4!60/0(1)%06!/C./!/C)4!/0(1!)%!/C0!0cD./)2%!
9.4!%2/!.''*)5.>*0!.%6!/C0(032(0!9.4!(012G06L!!!UC)4!(012G.*!5C.%706!/C0!0cD./)2%!!!!!!!!!!!
3(21W!!

! !
!!!!!!!!!!!!!!/2W!!
!
!

?DQ!$,5/K-:-!

R2(!0.5C!10/()5-!90!(0'2(/!4/2G0!'0(32(1.%50!2%!/C0!T:U!>2/C!.4!.!9C2*0-!.G0(.706!2(!
4D1106!2G0(!.**!/C(00!'C.404-!.4!90**!.4!.G0(.70!'0(32(1.%50!42*0*<!2%!/C0!4)110(!'C.40L!!
:05.D40!K.)/).%!522;)%7!23/0%!(0cD)(04!*2%7!'0()264!23!4)110()%7-!4210/)104!32(!1.%<!
C2D(4-!'0(32(1.%50!6D()%7!/C./!'C.40!)4!'.(/)5D*.(*<!)1'2(/.%/L!!T)/C!/C./!)%!1)%6-!)%!
.66)/)2%!/2!'(040%/./)2%!23!(04D*/4!3(21!.**!'C.404!23!/C0!T:U!521>)%06-!90!C.G0!)42*./06!
/C0!(04D*/4!23!/C0!4)110(!'C.40-!40'.(./0!3(21!/C0!52*6!.%6!C2/!4/.(/!'2(/)2%4!23!/C0!T:UL!!
UC)4!'(040%/./)2%!9)**!0%.>*0!(0.60(4!1.<!400!C29!0.5C!4/2G0!'0(32(14!4'05)3)5.**<!6D()%7!
/C0!4)110(!'C.40!.4!90**!.4!2G0(!/C0!0%/)(0!/04/L!!

TC0%!'(040%/)%7!7(.'C4!23!/C0!(04D*/4!32(!0.5C!4/2G0!'0(32(1.%50!10/()5-!90!)%5*D60!0((2(!
>.(4!0cD.*!/2!2%0!4/.%6.(6!60G)./)2%!.>2G0!.%6!>0*29!/C0!10.%!42!/C./!G.()./)2%!)%!(04D*/4!
)4!5*0.(*<!G)4)>*0L!!:05.D40!23!/C0!41.**!%D1>0(!23!/04/4-!G.().>)*)/<!9.4!4210/)104!cD)/0!
C)7CL!!$%!/C0!'(040%50!23!*.(70!G.().>)*)/<-!)/!5.%!>0!6)33)5D*/!/2!60/0(1)%0!9C0/C0(!.''.(0%/!
6)330(0%504!2>40(G06!)%!0V'0()10%/4!.5/D.**<!(0'(040%/!/(D0!6)330(0%504!)%!(0.*J92(*6!
'0(32(1.%50L!!UC0(032(0-!90!C.G0!52%6D5/06!C<'2/C04)4!/04/)%7!/2!)60%/)3<!9C0/C0(!/C040!
6)330(0%504!.(0!4/./)4/)5.**<!4)7%)3)5.%/!./!/C0!'d+!L+Y!*0G0*L!!TC0%!4)7%)3)5.%/!6)330(0%504!
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90(0!32D%6!./!/C0!7(2D'!*0G0*-!90!32**2906!D'!9)/C!'.)(J9)40!.%.*<4)4!/2!)60%/)3<!9C)5C!
'.)(4!23!4/2G04!90(0!4)7%)3)5.%/*<!6)330(0%/!./!/C0!+L+Y!*0G0*L,!!T0!62!%2/0-!.4!.!5.G0./-!/C./!
L+Y!)4!.!G0(<!52%40(G./)G0!'JG.*D0-!.%6!)/!)4!*);0*<!/C./!12(0!4/2G04!92D*6!>0!4)7%)3)5.%/*<!
6)330(0%/!./!.!C)7C0(!G.*D0!4D5C!.4!+L,+L!!!!

ND!#M7GR&7!

!
O04D*/4!.(0!7(2D'06!)%/2!/C(00!5./072()04W!!

• M00:6:',6KS!/C0(1.*!033)5)0%5<-!/01'0(./D(0J52((05/06!4'05)3)5!3D0*!52%4D1'/)2%-!

.%6!/)10!/2!>2)*!!

• MJ:--:),-W!BN!.%6!BN"!

• G-5<:/:+KW!2>40(G./)2%4!23!0.40!23!4/2G0!D40!3(21!4/2G0!/04/0(4!./!8:=8!

ScD./)2%4!32(!/C0!G.()2D4!10/()54!.(0!%2/!'(040%/06!>D/!5.%!>0!32D%6!)%!/C0!FC0**!
R2D%6./)2%!K2D40C2*6!S%0(7<!H(2I05/!T./0(!:2)*)%7!U04/!?T:U@-!G0(4)2%!#L+L!!UC0!'(2/252*!
)4!.G.)*.>*0!2%*)%0!./W!!C//'Wee0C4L4'CL>0(;0*0<L06DeC01e'.70L.4'f)6d]"L!

NDA!M00:6:',6K!

NDADA!&:J'!+)!2):/!

&4!0V'05/06-!/C0!/(.6)/)2%.*!4/2G0!>(2D7C/!9./0(!/2!.!>2)*!12(0!cD)5;*<!/C.%!.%<!23!/C0!
)1'(2G06!4/2G04L!!T./0(!C0./06!2%!/C0!/(.6)/)2%.*!4/2G0!>2)*06!)%!2%*<!"+L`!1)%D/04-!<0/!/C0!
4.10!.12D%/!23!9./0(!/22;!#gL\!1)%D/04!/2!>2)*!)%!/C0!%0V/!3.4/06!4/2G0!?/C0!S52O05C2@-!.!
6)330(0%50!23!.*124/!,g!1)%D/04L!!&*/C2D7C!.**!23!/C0!)1'(2G06!4/2G04!90(0!1D5C!4*290(!
/C.%!/C0!/(.6)/)2%.*!4/2G0-!/C0<!'0(32(106!4)1)*.(*<!/2!0.5C!2/C0(!9)/C!.G0(.704!(.%7)%7!
3(21!#gL\!/2!]YL`-!.!6)330(0%50!23![L#!1)%D/04L!

&5</'!AS!&:J'!+)!2):/!0*)J!3)/I!7+5*+! ! !!!!!!!!!!!%:TD!?S!&:J'!+)!2):/!0*)J!3)/I!7+5*+!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

,!R2(!/C240!%2/!3.1)*).(!9)/C!C<'2/C04)4!/04/)%7-!/C040!/04/4!.(0!62%0!><!3)(4/!'24)%7!.!h%D**!C<'2/C04)4i!
'(2'24)%7!/C./!4/2G0!'0(32(1.%50!)4!.5/D.**<!)60%/)5.*!.%6!/C./!2>40(G06!6)330(0%504!.(0!/C0!(04D*/!23!(.%621!
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/C0!H(.;/)!.%6!/C0!S52O05C2!'0(32(106!/C0!>04/L!!K290G0(-!0V50'/!9C0(0!%2/06-!/C0<!90(0!
%2/!4)7%)3)5.%/*<!6)330(0%/!3(21!/C0!F/2G0U05!2(!/C0!X)(.;L!!!
!
!

#L"!S1)44)2%4!

#L"L,!U2/.*!B.(>2%!X2%2V)60!?BN@!

$%!0.5C!T:U!/C./!9.4!52%6D5/06-!BN!01)44)2%4!90(0!12%)/2(06-!(052(606-!.%6!4D1106!32(!
0.5C!'C.40!23!/C0!T:UL!!UC240!4D14!90(0!/C0%!.G0(.706!.5(244!1D*/)'*0!/04/4!/2!5.*5D*./0!
/C0!/2/.*!BN!'0(!'C.40!.%6!4/.%6.(6!60G)./)2%!/C./!)4!(0'2(/06!>0*29L!!U2/.*!BN!01)44)2%4!
32(!/C0!0%/)(0!T:U-!521>)%)%7!.**!'C.404-!9.4!5.*5D*./06!><!4D11)%7!/C040!.G0(.706!'C.40!
/2/.*4L!!!UC)4!4D11)%7!23!.G0(.704!'(26D504!.!'(2'.7./)2%!0((2(-!9C)5C!9.4!/.;0%!)%/2!
.552D%/!9C0%!5.*5D*./)%7!4/.%6.(6!60G)./)2%4L!!O04D*/4!32(!/2/.*!BN!01)44)2%4!2G0(!/C0!
0%/)(0!T:U!90(0!%2/!4)7%)3)5.%/*<!6)330(0%/!3(21!2%0!.%2/C0(-!10.%)%7!/C./!/(D0!6)330(0%50!
>0/900%!4/2G04i!01)44)2%4!'0(32(1.%50!5.%%2/!>0!60/05/06L!

&*/C2D7C!%2/!4)7%)3)5.%/-!/2/.*!BN!01)//06!2G0(!.**!'C.404!9.4!C)7C04/!32(!F/2G0U05!.%6!
S52O05C2!.%6!*2904/!32(!X)(.;!.%6!H(.;/)L!!$/!4C2D*6!>0!%2/06!/C./!)%!/0(14!23!BN!
01)44)2%4-!%2/!.**!)1'(2G06!4/2G04!2D/'0(32(106!/C0!/(.6)/)2%.*!4/2G04L!

O04D*/4!23!/C0!4)110(!'C.40!52%4)60(06!40'.(./0*<!90(0!32D%6!/2!>0!4)7%)3)5.%/L!!UC0!X)(.;!
.7.)%!'0(32(14!/C0!>04/-!9C)*0!/C0!S52O05C2!'0(32(14!/C0!92(4/L!!$%!/C0!4)110(!'C.40-!/C0!
5.(>2%!12%2V)60!01)44)2%4!23!/C0!C)7C04/!01)//0(!?/C0!S52O05C2@!.(0!4)7%)3)5.%/*<!
6)330(0%/!/C.%!/C240!23!/C0!*2904/!01)//0(4!?X)(.;!.%6!H(.;/)@L!!K290G0(-!/C0!1)66*0!(.%;4!
5.%%2/!>0!6)4/)%7D)4C06!3(21!2%0!.%2/C0(L!!

&4!5.%!>0!400%!)%!/C0!0((2(!>.(4!23!/C0!7(.'C!23!BN!01)44)2%4!23!/C0!4)110(!'C.40!?R)7L!`@!
>2/C!/C0!F/2G0U05!.%6!U(.6)/)2%.*!4/2G04!C.6!*.(70!G.()./)2%!)%!/C0)(!01)44)2%4-!1.;)%7!)/!
6)33)5D*/!/2!.44044!9C0/C0(!/C0<!.(0!4)7%)3)5.%/*<!6)330(0%/!)%!/C0)(!'0(32(1.%50!/C.%!/C0!
2/C0(!4/2G04L!!

&5</'!=S!&)+5/!3;!MJ:--:),-!0)*!7:JJ'*!P45-'!5,I!)8'*!5//!P45-'-!

!! &)+5/!3;!B!7:JJ'*!!

P45-'!UTV!

&)+5/!3;!B!$//!

P45-'-!UTV!

&*5I:+:),5/! `,L\! ,Y#L\!

P*5W+:! \gL[! ,#YL\!

7+)8'&'6! g#LY! AZ?DQ!
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L:*5W! Q[DA! ANODA!
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!
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!! !

!

#L"L"!U2/.*!BN"!

$%!0.5C!T:U!/C./!9.4!52%6D5/06-!BN"!01)44)2%4!90(0!12%)/2(06-!(052(606-!.%6!4D1106!
32(!0.5C!'C.40!23!/C0!T:UL!!UC240!4D14!90(0!/C0%!.G0(.706!.5(244!1D*/)'*0!/04/4!/2!
5.*5D*./0!/C0!/2/.*!BN"!'0(!'C.40!.%6!4/.%6.(6!60G)./)2%!/C./!)4!(0'2(/06!>0*29L!!U2/.*!BN"!
01)44)2%4!32(!/C0!0%/)(0!T:U-!521>)%)%7!.**!'C.404-!9.4!5.*5D*./06!><!4D11)%7!/C040!
.G0(.706!'C.40!/2/.*4L!!!UC)4!4D11)%7!23!.G0(.704!'(26D504!.!'(2'.7./)2%!0((2(-!9C)5C!
9.4!/.;0%!)%/2!.552D%/!9C0%!5.*5D*./)%7!4/.%6.(6!60G)./)2%4L!!&4!5.%!>0!400%!)%!U.>*0![-!
/C0!01)44)2%4!3(21!/C0!4)110(!'C.40!70%0(.**<!.552D%/06!32(!.>2D/!C.*3!/C0!/2/.*!BN"!
01)44)2%4L!!!

E)330(0%504!>0/900%!/2/.*!BN"!01)44)2%4!90(0!4)7%)3)5.%/!>2/C!32(!/C0!3D**!T:U!.%6!32(!/C0!
4)110(!'C.40!52%4)60(06!)%6)G)6D.**<L!!R2(!/C0!3D**!T:U-!/C0!H(.;/)!C.6!/C0!*2904/!
01)44)2%4-!9C)*0!/C0!F/2G0U05!4/2G0!C.6!/C0!C)7C04/L!!UC0!6)330(0%50!)%!01)44)2%4!>0/900%!
/C0!F/2G0U05!.%6!>2/C!/C0!H(.;/)!.%6!/C0!S52O05C2!9.4!4)7%)3)5.%/-!>D/!%2!2/C0(!'.)(4!52D*6!
>0!6)4/)%7D)4C06L!!!

R2(!/C0!4)110(!'C.40-!/C0!H(.;/)!.7.)%!'0(32(106!/C0!>04/-!9C)*0!/C0!/(.6)/)2%.*!4/2G0!
3.(06!/C0!92(4/L!!!UC0!6)330(0%504!>0/900%!/C0!H(.;/)!.%6!/C0!F/2G0U05!.%6!X)(.;-!
(04'05/)G0*<-!90(0!4)7%)3)5.%/L!!=2!2/C0(!'.)(4!52D*6!>0!6)4/)%7D)4C06L!!&*/C2D7C!/C0!
/(.6)/)2%.*!4/2G0!C.6!/C0!C)7C04/!.G0(.70!01)44)2%4!32(!/C0!4)110(!'C.40-!)/4!G.().>)*)/<!
1.60!)/!)1'244)>*0!/2!6)4/)%7D)4C!3(21!/C0!H(.;/)!0G0%!/C2D7C!/C0!.G0(.70!01)44)2%4!32(!
>2/C!4/2G04!.(0!cD)/0!6)330(0%/L!

&4!9)/C!/C0!BN!(04D*/4-!/C0!/(.6)/)2%.*!4/2G0!4C2906!C)7C!G.().>)*)/<-!1.;)%7!)/!6)33)5D*/!/2!
3)%6!.!4)7%)3)5.%/!6)330(0%50!>0/900%!)/4!'0(32(1.%50!.%6!/C./!23!/C0!)1'(2G06!4/2G04L!!
K290G0(-!.4!/C0!/.>*0!4C294-!.**!4/2G04!0V50'/!/C0!F/2G0U05!6)6!C.G0!*290(!01)44)2%4!2G0(!
/C0!0%/)(0!T:U!/C.%!/C0!/(.6)/)2%.*!4/2G0L!!!
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&5</'!YS!&)+5/!3;?!MJ:--:),-!0)*!7:JJ'*!P45-'!5,I!%.//!12&!

! &)+5/!3;?!]!

7:JJ'*!UTV!

&)+5/!3;?!B!$//!

P45-'-!UTV!

&*5I:+:),5/! [?ZDO! ,\"YL#!

P*5W+:! QOAD=! A?O[DA!

7+)8'&'6! g+"L"! AZOADZ!

M6)#'64)! \#`L[! ,#[\L#!
L:*5W! [][L,! ,Y[\L[!

!

%:T!A?S!&)+5/!3;?!MJ:--:),!B!7:JJ'*!P45-'! !!!!!%:T!ANS!&)+5/!3;?!MJ:--:),-!)8'*!5//!P45-'-!

!! !

!

#L"L#!S1)44)2%!B2%5*D4)2%4!

UC0!5.(>2%!12%2V)60!(04D*/4!2G0(!.**!'C.404!23!/C0!T:U!90(0!%2/!4)7%)3)5.%/*<!6)330(0%/!
.12%7!/C0!/04/06!4/2G04L!!F2-!.*/C2D7C!H(.;/)!.%6!X)(.;!C.6!/C0!*2904/!.G0(.70!01)44)2%4-!
/C0)(!(04D*/4!5.%%2/!>0!6)4/)%7D)4C06!3(21!/C240!23!/C0!2/C0(!4/2G04!./!2D(!5C240%!
4)7%)3)5.%50!*0G0*L!!!

E)330(0%504!>0/900%!BN!(04D*/4!3(21!/C0!4)110(!'C.40-!9C)5C!.552D%/4!32(!42109C./!*044!
/C.%!C.*3!/C0!/2/.*!BN!01)44)2%4!3(21!/C0!0%/)(0!T:U-!90(0!4)7%)3)5.%/L!!UC0!X)(.;!.%6!
H(.;/)!C.6!/C0!*2904/!01)44)2%4-!9C)5C!90(0!4)7%)3)5.%/*<!*290(!/C.%!/C0!4/2G0!9)/C!/C0!
C)7C04/!01)44)2%4!?S52O05C2@L!!X)66*0!(.%;4!52D*6!%2/!>0!6)4/)%7D)4C06L!

E)330(0%504!>0/900%!BN"!(04D*/4!90(0!4)7%)3)5.%/!32(!>2/C!/C0!4)110(!'C.40!.%6!/C0!3D**!
T:UL!!UC0!H(.;/)!4/2G0!C.6!/C0!*2904/!01)44)2%4!32(!>2/C!/C0!4)110(!.%6!/C0!3D**!T:UL!!R2(!
/C0!4)110(!/04/-!/C0!01)44)2%4!23!/C0!H(.;/)!90(0!4)7%)3)5.%/*<!*290(!/C.%!/C0!F/2G0U05!.%6!
X)(.;-!.%6!)%!/C0!3D**!T:U-!H(.;/)!01)44)2%4!90(0!4)7%)3)5.%/*<!*290(!/C.%!F/2G0U05L!!=2!
2/C0(!'.)(4!52D*6!>0!6)4/)%7D)4C06L!!!

$%!52%4)60()%7!01)44)2%4!23!>2/C!BN!.%6!BN"-!/C0!H(.;/)!4/2G0!'0(32(106!/C0!>04/-!.*/C2D7C!
/C0!6)330(0%50!9.4!D4D.**<!2%*<!4)7%)3)5.%/!9C0%!521'.()%7!/C0!>04/!.%6!92(4/!'0(32(10(4W!
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$%!/C)4!405/)2%-!90!'(2G)60!52110%/4!.%6!2>40(G./)2%!2%!/C0!0.40!23!D4)%7!/C0!4/2G0L!!
SV50'/!9C0(0!%2/06-!/C0!52110%/4!.(0!3(21!/04/0(4!)%!/C0!*.>2(./2(<!'0(32(1)%7!/C0!T:U-!
42!4210!52110%/4!1.<!%2/!>0!(0*0G.%/!32(!K.)/).%!522;4L!!T0!C.G0!'(0G)2D4*<!
6)4401)%./06!2D(!2>40(G./)2%4!.%6!)%32(1.*!D40(!52110%/.(<!3(21!.!4)%7*0!6.<!K.)/)!
522;J233!)%!9C)5C!124/!23!/C040!4/2G04!90(0!D406!)%!/C0!1.;)%7!23!!"!#$%&!><!K.)/).%!
9210%!)%!4'()%7!23!/C)4!<0.(L!!UC./!(0'2(/!)4!2%*)%0!.G.)*.>*0!./!
C//'Wee999L3D0*%0/92(;L2(7e)%60VL'C'f2'/)2%d521k6251.%l/.4;d5./kG)09l7)6d["l$/0
1)6dY[l*)1)/d,Yl*)1)/4/.(/d+l2(60(d6./0l6)(d&FB!!!!!

• 7+)8'&'6W!UC0!/04/0(4!C.6!/(2D>*0!9)/C!/C0!622(-!9C)5C!30**!233!0.4)*<!.%6!9.4!

6)33)5D*/!/2!3)/!)%!)/4!7(22G04L!!ED()%7!C2/!.%6!52*6!4/.(/4!/C0!622(!9.4!gYa!2'0%!.4!

3D**<!2'0%)%7!/C0!622(!5.D406!)/!/2!3.**!233L!!UC0!C.%6*04!4210/)104!30**!233!9C0%!

6D1')%7!5C.(52.*!2D/L!!ED()%7!2%0!3.)*06!/04/-!/C0!5*.<!>*25;!4C)3/06!.%6!40.*06!233!

.)(!4D''*<L!!U04/0(4!.*42!32D%6!)/!6)33)5D*/!/2!70/!%09!52.*4!*)/!9C0%!.66)%7!/C01L!!

!

• L:*5W!m!&4!5C.(52.*!6)04!629%-!/C0!'2/!4)%;4!)%-!9C)5C!5D/4!233!.)(3*29L!!U04/0(4!90(0!

.>*0!/2!1)/)7./0!/C0!'(2>*01!><!'D//)%7!*.(70!')0504!2%!/C0!4)604!42!)/!92D*6!.**29!

32(!.)(3*29L!!:05.D40!5C.(52.*!>D(%06!D%0G0%*<-!'2/!/0%606!/2!/)*/L!!U04/0(4!32D%6!/C)4!

4/2G0!C.(6!/2!*)7C/L!T)/C!.!>)770(!'.%!.**29)%7!/C0!5C.(52.*!/2!4'(0.6!2D/-!)/!6204!%2/!

*)7C/!.4!90**-!.%6!/04/0(4!90(0!23/0%!.3(.)6!23!412/C0()%7!/C0!3)(0L!!$%!%2/)%7!/C0!

/01'0(./D(0!5C.%704!9)/C!X)(.;-!2D(!/04/0(4!32D%6!/C./!/C0!/01'0(./D(0!j45)442(06!

D'b!.4!2''2406!/2!5*)1>)%7!52%4)4/0%/*<L!!UC)4!1.<!>0!>05.D40-!)%!2(60(!/2!.66!12(0!

5C.(52.*-!/04/0(4!C.6!/2!(012G0!/C0!'2/!3(21!/C0!4/2G0-!9C)5C!6(2''06!/C0!

/01'0(./D(0!23!/C0!9./0(!4*)7C/*<!0.5C!/)10!/C0<!.6606!3D0*L!

!

• M6)#'64)!m!U04/0(4!C.6!/(2D>*0!9)/C!/C0!C2*04!)%!/C0!5C.(52.*!'.%-!9C)5C!5*27706!

9)/C!.4C!6D()%7!522;)%7L!!UC)4!'(2>*01!255D((06!%0.(*<!0G0(<!/)10!/C0<!D406!/C0!

4/2G0!.%6!5.D406!1D*/)'*0!3.)*06!/04/4!.4!/C0!5*277)%7!521'*0/0*<!5D/!233!/C0!.)(3*29!

.%6!'D/!2D/!/C0!3)(0L!!UC0!C2*04!.(0!6)33)5D*/!/2!D%5*27W!/04/0(4!D*/)1./0*<!(042(/06!/2!

D4)%7!/2%74!/2!'0()26)5.**<!D%5*27!C2*04!6D()%7!/C0!/04/L!!UC0!622(!6204!%2/!.**29!32(!

'.(/).*!2'0%)%7-!42!/04/0(4!;0'/!)/!521'*0/0*<!2'0%L!!UC0!C.%6*04!90(0!42*)6!.%6!

52D*6!C.%6*0!1D*/)'*0!.4C!6D1')%74L!!UC)4!4/2G0!9.4!/C0!0.4)04/!/2!3006!9C0%!')0504!

23!5C.(52.*!90(0!*.(70L!

!

• P*5W+:!J!!UC0!32D(!'(2%7!'*./32(1!)4!.!>)/!D%4/.>*0!?%2/!'0(305/*<!0G0%@!521'.(06!/2!

/C0!4/.>*0!#J'(2%7!'*./32(1!23!2/C0(!4/2G04L!!UC0!C.%6*04!.(0!41.**!.%6!3.**!629%!/2!

(04/!.7.)%4/!/C0!4)60!23!/C0!4/2G0-!9C)5C!1.;04!/C01!C.(6!/2!1.%0DG0(L!!UC0<!.*42!

/C0%!70/!0V/(010*<!C2/-!9C)5C!1.;04!/C01!6)33)5D*/!/2!D40L!!UC0!622(!92(;4!90**!.%6!

)4!0.4<!/2!D40L!!UC0!52.*4!90(0!0.4<!/2!*)7C/!>05.D40!23!/C0!4C.**29!5C.1>0(L!!U04/0(4!

.*42!*);06!/C0!4C.'0!.%6!4)^0!23!/C0!4/2G0!.%6!32D%6!)/!/2!>0!4/D(6<L!!UC0<!.*42!
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/C2D7C/!/C0!.4C!'.%!9.4!.!7226!2%0L!!UC0<!6)6!3)%6-!C290G0(-!/C./!/C0!32D(!'(2%74!

1.60!)/!12(0!6)33)5D*/!/2!.66!5C.(52.*!>05.D40!/C0(0!9.4!*044!4'.50!/C(2D7C!9C)5C!

/2!.66!.66)/)2%.*!3D0*L!

!

OD!3;F3RG7E;F!

$%!(07.(64!/2!033)5)0%5<-!.**!4/2G04!2330(06!)1'(2G010%/!2G0(!/C0!/(.6)/)2%.*!4/2G0L!!UC0(0!)4!
.!/(.60233-!/C2D7C-!)%!/)10!/2!>2)*-!.4!.**!)1'(2G06!4/2G04!/22;!1D5C!*2%70(!/2!>()%7!9./0(!/2!
.!>2)*!/C.%!/C0!/(.6)/)2%.*!4/2G0L!!NG0(.**-!)%!/0(14!23!>2/C!4'05)3)5!3D0*!.%6!/C0(1.*!
033)5)0%5<-!/C0!H(.;/)!.%6!/C0!S52O05C2!'0(32(106!/C0!>04/L!!K290G0(-!.4!6045()>06!.>2G0-!
)%!1.%<!)%4/.%504-!/C0)(!'0(32(1.%50!9.4!%2/!4/./)4/)5.**<!4)7%)3)5.%/*<!6)330(0%/!3(21!/C0!
F/2G0U05!2(!/C0!X)(.;L!

$%!/0(14!23!01)44)2%4!23!>2/C!BN!.%6!BN"-!/C0!H(.;/)!'0(32(106!/C0!>04/-!.*/C2D7C!
6)330(0%504!90(0!D4D.**<!4/./)4/)5.**<!4)7%)3)5.%/!2%*<!9C0%!521'.(06!/2!/C0!4/2G0!9)/C!/C0!
C)7C04/!01)44)2%4L!!!
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