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%G&-4&=!=4$&3(4,!\-.-!=-$-93-'!=&9>!3>%3!3>-!.-=&$3=!.-T-.!34!A4,4A-.(9!=<-9(-=!W=--!h*!

[I<-.(A-,3%$!?-93(4,X*!V(3>!$(@%,'!94,9-,3.%3(4,=!4T!N*Z!AH/!3>(=!(=!%=9-.3%(,-'!%=!=>4\,!

<.-E(4&=$C!T4.!:H[)* 0Zg2!]>-=-!=3%3-A-,3=0hh/dO2!%=!\-$$!%=!3>-!94,3-,3=!4T!?-93(4,=!O*"/!O*O/!%,'!

O*Z!%.-!<%.3(%$$C!%,%$4@4&=!34!<.-E(4&=!.-$%3-'!=3&'(-=*0hZ/hh/hS/dO2!

!

DGN&3;.-.#:&+()2#$)#2&(7&BA=B0!03> Q&$)-&(7&O"%$#"-&61";."2&&



!

!

S!

!

6:H:) Oc/!$(j-!:H[) Oc/0O"2!9%,!%99-<3!3>.--!<.434,=/!3\4!%3!3>-!<>4=<>4, %3-!@.4&<!%,'!4,-!%3!

3>-!J"!=(3-!4T!3>-!<&.(,-!.-=('&-*!k&.3>-.!<.434,%3(4,=!%.-!<4==(1$-!%3!Jf!%,'!JZ/!1&3!3>-=-!

<.434,=!%.-!.-$-%=-'0dZ2!\(3>!<S%!n!N!%,'!%.-!3>&=!,43!4T!.-$-E%,9-!>-.-/!3>4&@>!%=!A-3%$!(4,Y

1(,'(,@!=(3-=!3>-C!A%C!1-!.-$-E%,3!0=--!?-93(4,=!O*h/!O*d!WJ"/!JfX!%,'!O*S/!O*f!WJZ/!JfX2*!)3 !

<6!o!N/!3>-!=3.4,@-=3!%9('!3>%3!-I(=3=!(,!%G&-4&=!=4$&3(4,!1%=-'!4, !6 :H:) Oc!(=!6ZW6:H:)X ^*!

]>-!94..-=<4,'(,@!3>.--!'-<.434,%3(4,!=3-<=/!\.(33-,!(,!%!@-,-.%$!A%,,-./!\>-.-!J: Oc!a!

,&9$-4=('-!<>4=<>W4, X%3-!W=--!k(@&.-!"X/!%.-!3>-!T4$$4\(,@!4,-=M!

! 6 ZWJ:X̂!! !!6 OWJ:Xp!^!6 ^!! W"%X!

!
!!
a!06 OWJ:Xp206^2P06ZWJ:X̂2! W"1X!

! 6 OWJ:Xp!! !!6WJ:Xc!^!6 ^! WO%X!

! !a!06WJ:Xc206̂2P06OWJ:Xp2! WO1X!

! 6WJ:Xc!! !!J: Oc!^!6 ^! WZ%X!

! !a!0J: Oc206^2P06WJ:Xc2! WZ1X!

(,=-. 3!]%1$-!"!9$4=-!34!>-.-!

]>-!%9('(3C!94,=3%,3=!T4.!6ZW6:H:)X ^!%.-!$(=3-'!(,!]%1$-!"!34@-3>-.!\(3>!.-$%3-'!'%3%*0dZc

Sh2!k.4A!3>-!%==-A1$-'!94,=3%,3=!3>-!T4$$4\(,@!94,9$&=(4,=/!,-I3!34!43>-.=/!%.-!<4==(1$-M!

W"X!]>-!<.434,=!4T!6ZW6:H:)X ^!%.-!.-$-%=-'!T.4A!3>-!%9('(9!=(3-=!(,!3>-!4.'-.!

:W;XW;6XO!o!WJ"X6̂!o! W;6X!W-,3.C!ZX*!

WOX!]>-!@(E-,!4.'-.!(=!94,T(.A-'!1C!-,3.(-=!"!34!Z!%,'!(3!%$=4!>4$'=!T4.!6ZW:H[)X ^!W-,3.C!

dX*!

WZX!]>-!:W;XW;6XO!@.4&<!4T!3>-!,&9$-41%=-YT.--!94A<4&,'=!6OW6:H:X!%,'!6 OW:H[X!(=!

=4A-\>%3!$-==!%9('(9!3>%,!3>-!94..-=<4,'(,@!@.4&<!4T!6 ZW6:H:)X ^!%,'!6 ZW:H[)X ^!Wq!<S%!9%*!

N*ZdX*!]>-!.-%=4,!(=!3>%3!3>-!.-<&$=(E-!-TT-93!4T!WJ"X6^!(=!A(==(,@*!

WhX!]>-!=(3-!%33.(1&3(4,!T4.!6ZW) H:X^!W-,3.C!gX!T4$$4\=!T.4A!-,3.(-=!"/!S/!%,'!f/!%,'!(3!(=!

%,%$4@4&=!34!3>%3!4T!6ZW6:H: )X^!%,'!6 ZW:H[)X ^*!!

WdX!]>-!<>4=<>%3-!'-.(E%3(E-=!%.-!A4.-!%9('(9!3>%,!3>-!<>4=<>4,%3-!4,-=*!]>(=!(=!

 !

  
KH3(NP)

H

 !

  
KH2(NP)

H

 !

KH(NP)
H

PO2–



!

!

f !

-=<-9(%$$C!-E('-,3!T4. W;6X!4T!A-3>C$!<>4=<>%3-!W-,3.C!RX!%,'!A-3>C$<>4=<>4,%3-!W-,3.C!

"NX!Wq!<S%!9%*!"*"dX*!

WSX!]>-!94,=-G&-,9-!4T!<4(,3!WdX!(=!3>%3!%3!3>-!<>C=(4$4@(9%$!<6!4T!f*d!%14&3!dNr!4T!

A-3>C$<>4=<>4,%3-!-I(=3!(,!(3=!A4,4<.434,%3-'!T4.A/!\>-.-%=!T4.!A-3>C$!<>4=<>%3-!3>(=!(=!3>-!

9%=-!T4.!4,$C!%14&3!fr*!#4,=-G&-,3$C/!%3!<>C=(4$4@(9%$!<6!3>-.-!(=!$-==!<.434,!94A<-3(3(4,!

.-@%.'(,@!A-3%$!(4,!1(,'(,@!\(3>!<>4=<>%3-!A4,4-=3-.=!3>%,!3>-.-!(=!T4.!<>4=<>4,%3-=*!!

WfX!)!T(,%$!<4(,3!34!1-!-A<>%=(U-'!(=!3>%3!(,!%'-,(,-!'-.(E%3(E-=!\(3>!%!T.--!J"!=(3-/!Jf!

<4==-==-=!%!94,=('-.%1$-!1%=(9(3C!W94$&A,!h!4T!]%1$-!"X*!]>(=!(=!4T!.-$-E%,9-!T4.!A%9.49>-$%3-!

T4.A%3(4,/!-*@*/!(,!HW)H:X!94A<$-I-=*0dS/df/SdcSg2!

!

DGD&6#$J.%.#:&+()2#$)#2&(7&#8"&!=BRB0!03> Q&$)-&!=B0!03>&+(E1%"C"2 &

!

]>-!-I<-.(A-,3%$!'%3%!4T!<43-,3(4A-3.(9!<6!3(3.%3(4,=!W=--!h*![I<-.(A-,3%$!?-93(4,X!%$$4\!3>-!

'-3-.A(,%3(4,!4T!3>-!=3%1($(3C!94,=3%,3=!%994.'(,@!34![G&($(1.(%!Wh%X!%,'!Wd%X/!\>(9>!%.-!\.(33-, !

(, !%!@-,-.%$!A%,,-.!\(3>!J:Oc!a!6:H:) Oc*!F3!=>4&$'!1-!,43-'!3>%3!(,!T4.A&$%-!$(j-!HW6_J:X ^/!

3>-!6̂ !%,'!J: Oc!%.-!=-<%.%3-'!1C!%!=-A(94$4,!34!T%9($(3%3-!.-%'(,@/!C-3!3>-C!%<<-%.!\(3>(,!3>-!

=%A-!<%.-,3>-=(=!34!(,'(9%3-!3>%3!3>-!<.434,!(=!%3!3>-!$(@%,'!\(3>4&3!'-T(,(,@!(3=!$49%3(4,M0hS2!

H O !̂^!6WJ:Xc! !HW6_J:X̂! Wh%X!

!a!0H W6_J:X ^2PW0H O 2̂06WJ:Xc2X! Wh1X!

H O !̂^!J: Oc! !HWJ:X! Wd%X!

!a!0H WJ:X2PW0H O 2̂0J: Oc2X! Wd1X!

k4.!3>-!H O P̂6:H:) !=C=3-A/![ G&($(1.(%!WO%X/!WZ%X/!Wh%X/!%,'!Wd%X!%.-!=&TT(9(-,3!34!413%(,!%,!

-I9-$$-,3!T(33(,@!4T!3>-!3(3.%3(4,!'%3%!<.4E('-'!3>%3!3>-!-E%$&%3(4,!(=!,43!9%..(-'!(,34!3>-!<6!.%,@-!

\>-.-!3>-!T4.A%3(4,!4T!>C'.4I4!=<-9(-=!499&.=_!3>(=!\%=!-E('-,3!T.4A!3>-!3(3.%3(4,=!\(3>4&3!3>-!

$(@%,'!Wh*![I<-.(A-, 3%$!?-93(4,X*0hS2!

J%3&.%$$C/![G&($(1.(%!Wh%X!%,'!Wd%X!%.-!%$=4!94,,-93-'!6.$![ G&($(1.(&A!WS%XM!

P(O)2–

 !

  
KM(H;NP)

M

 !

  
KM(NP)

M



!

!

g!

HW6_J:X̂! !HWJ:X!^!6^! WS%X!

!a!0H WJ:X206^2P0HW6_J:X̂2! WS1X!

]>-! 94..-=<4,'(,@!%9('(3C!94,=3%,3!0[G*!WS1X2!A%C!1-!9%$9&$%3-'!\(3>![G&%3(4,!WfXM!

!a! !^ !c! ! WfX!

]>-!.-=&$3=!%.-!$(=3-'!(,!]%1$-!O*!]>-!=3%1($(3C!94,=3%,3=!@(E-,!T4.!3>-!HW6_J:X̂!94A<$-I-=!

9%..C/!(,!<%.3/!.%3>-.!$%.@-!-..4.!$(A(3=!1-9%&=-!3>-!T4.A%3(4,!'-@.--!4T!3>-=-!=<-9(-=!\%=!$4\*!

(,=-.3!]%1$-!O!9$4=-!34!>-.-!

]>-!=3%1($(3C!94,=3%,3=!4T!3>-!HW6_6:H:)X^!94A<$-I-=!.-T$-93!3>-!F.E(,@YV($$(%A=!

=-G&-,9-0SR2!%,'!3>(=!A(@>3!1-!3%j-,!%=!%!>(,3!3>%3!WJXcH O Ŷ1(,'(,@/!3>%3!(=/!(,E4$E-A- ,3&4T!3>-!

,&9$-41%=-!.-=('&-/!(=!4T!=4A-!.-$-E%,9-*0fN2!

F,!94,3.%=3/!3>-!=3%1($(3C!94,=3%,3=!4T!3>-!HW6:H:)X!94A<$-I-=!\(3>!3>-!Z'!A-3%$!(4,=!

94,T(.A!3>-!$4,@Y=3%,'(,@!-I<-.(-,9-0fN2!3>%3!3>-!=3%1($(3(-=!4T!<>4=<>W4,X%3-YA-3%$!(4,!

94A<$-I-=!4T3-,!'4!,43!=3.(93$C!T4$$4\0df/SS/f"/fO2!3>-!F.E(,@YV($$(%A=!=-G&-,9-*0SR2!]>(=!!

41=-.E%3(4,!%@.--=!\(3>!3>-!T%93!3>%3!(,!$(@%,'=!4T!3>(=!j(,'!3>-!<>4=<>W4,X%3-!@.4&<!(=!

@-,-.%$$C0Zd/SS/Sf/f"/fZ/fh2!3>-!A%(,!=3%1($(3CY'-3-.A(,(,@!1(,'(,@!=(3-!W=--!k(@&.-!Z/!6.C").(+%$X*!k4.!

3>-!%$j%$(,-!-%.3>!(4,=/!94A<$-I!=3%1($(3C!'-9.-%=-=!W]%1$-!O/!94$&A,!ZX/!%=!4,-!A(@>3!-I<-93/!

\(3>!(,9.-%=(,@!(4,(9!.%'((/!3>&=!(,'(9%3(,@!3>%3!HO !̂1(,'(,@!%3!3>-!<>4=<>4,%3-!@.4&<!499&.=!%3!

$-%=3!<%.3$C!(,,-.=<>-.-*!!

!

DGA&S8","&'2&#8"&0,(#()&.)&#8"&!()(1,(#()$#"-&!=BRB0!03>&6 1";."2T&

&

]>-!-E%$&%3(4,!4T!<43-,3(4A-3.(9!<6!3(3.%3(4,!'%3%!4,$C!%$$4\=!3>-!'-3-.A(,%3(4,!4T!3>-!=3%1($(3C!

94,=3%,3=!4T!3>-!HW6_6:H:)X^!94A<$-I-=*!k&.3>-.!(,T4.A%3(4,!(=!.-G&(.-'!34!'-3-93!3>-!1(,'(,@!

=(3-=!4T!3>-!<.434,!%,'!3>-!A-3%$!(4,*0hS/hf/ f d/fS2!!

i-@%.'(,@!3>-!$49%3(4,!4T!3>-!<.434,!(3!(=!>-$<T&$!34!94,=('-.!3>-!'-<.434,%3(4,![ G&($(1.(&A!

WS%X*!]>-!94..-=<4,'(,@!%9('(3C!94,=3%,3!T4$$4\=!T.4A![G&%3(4,!Wf X!%,'!3>-=-!.-=&$3=!%.-!$(=3-'!(,!

 !

  
KM(H;NP)

H

  
pKM(H;NP)

H pKH(NP)
H

  
log KM(H;NP)

M log KM(NP)
M



!

!

R!

94$&A,!h!4T!]%1$-!O*!]>-!E%$&-=!T4.!3>-=-!%9('(3C!94,=3%,3=/! /!%.-!%$$!(,!3>-!<S%!

.%,@-!4T!%14&3!h*dg!Wp!N*OOX!34!d*d!Wp!N*dX*!]>(=!A-%,=/!3>-=-!E%$&-=!%.-!%14&3!N*hh!Wp!N*OOX!34!

"*h!Wp!N*dX!<S!&,(3=!%14E-!3>-!<S%!E%$&-!4T!3>-!%'-,(,-!,&9$-41%=-!W !a! !a!

h*"h!p!N*N"_!]%1$-!"/!-,3.C!ZX/!1&3!1-$4\! !a! a!S*gh!p!N*N"*!!

]>-!%14E-!41=-.E%3(4,!%$$4\=!34!94,9$&'-!3>%3!3>-!<.434,!(,!3>-=-!WH_6:H:)X ^!

94A<$-I-=!.-=('-=!%3!3>-!<>4=<>4,%3-!@.4&</!%,'!3>%3!3>-!<.-=-,9-!4T!HO !̂(,9.-%=-=!3>-!%9('(3C!4T!

3>-! W;6X!@.4&<!1C!%14&3!"*Z!Wp!N*dX!34!O*OS!Wp!N*OOX!<S!&,(3=*!!

!

DGU& S8","&' 2&#8"&!"#$%&'()&+((,-.)$#"-&.)&#8"&! ()(1,(#()$#"-&!=BRB0!03 >Q&

+(E1%"C"2T&

!

F,!3>-!=-94,'!34!3>-!$%=3!<%.%@.%<>!4T!?-93(4,!O*O!%!>(,3!(=!@(E-,!T4.!%!WJXcH O !̂1(,'(,@/!3>%3!(=/!

T4.!%!HO Ŷ%'-,(,-!.-=('&-! (,3-.%93(4,/!%,'!(,!3>-!<.-9-'(,@!?-93(4,!O*Z!(3!\%=!94,9$&'-'!3>%3!(,!

3>-!A4,4<.434,%3-'!HW6_6:H:)X ^!94A<$-I-=!3>-!<.434,!(=!$49%3-'!%3!3>-!<>4=<>4,%3-!@.4&<!

4T!6:H:) Oc*!6-,9-/!3>-!T4.A%3(4,!4T!3>-!A4,4<.434,%3- '!HW6_6:H:)X ^!94A<$-I-=!9%,!499&.!

(,!3\4!\%C=M!]>%3!(=/!HO !̂944.'(,%3-=!%3!3>-!,&9$-41%=-!\(3>!3>-!<.434,!%3!3>-!<>4=<>4,%3-!

@.4&</!3>(=!=<-9(-=!1-(,@!.-<.-=-,3-'!1C!3>-!-I<.-==(4,!W6·6:H:) VH X̂/!4.!3>-!43>-.!<4==(1($(3C!

(=!3>%3!143>!3>-!<.434,!%,'!3>-!A-3%$!(4,!%.-!$49%3-'!%3!3>-!<>4=<>4,%3-!@.4&<_!3>(=!=<-9(-=!(=!

\.(33-,!%=!W6·H V6:H:) X̂/!3>4&@>!4,-!A(@>3!(A%@(,-!3>%3!3>-!HO !̂(4,!%3!3>-!<>4=<>4,%3-!

(,3-.%93=!34!=4A-!-I3-,3!%$=4!\(3>!3>-!%'-,(,-!.-=('&-!T4.A(,@!%!A%9.49>-$%3-!%=!-I<.-==-'!1C!

W6·6:H: VH V) X̂*!]>-=-!3\4!=<-9(-=!\(3>!HO !̂%3!3>-!<>4=<>4,%3-!@.4&<!\-!94,=('-.!34@-3>-.!

&,'-.!3>-!$%1-$!6WHV6:H:) X̂*!]>-!-I(=3-,9-!4T!%!T&.3>-.!=<-9(-=!\(3>!3>-!A-3%$!(4,!%3!3>-!

<>4=<>4,%3-!@.4&<!%,'!3>-!<.434,!%3!3>-!J"!=(3-!(=!.%3>-.!&,$(j-$C!1-9%&=-!(,!3>-!&,94A<$-I-'!

=<-9(-=!W6V6:H:) V6X̂ Pc!3>-!<S%!4T!3>-!WJ"X6 ^!=(3-!(=!h*"h!W]%1$-!"/!-,3.C!Z/!94$&A,!dX!%,'!T4.!

WHV6:H:) V6X̂ !(3!\($$!1-!=(A($%.!4.!-E-,!$4\-.!%,'!%,!(=4A-.!\(3>!=&9>!%!$4\!<S%!E%$&-!(=!

-I<-93-'!,43!34!1-!4T!%!=(@,(T(9%,3!.-$-E%,9-!(,!3>-!94,3-I3!4T!3>-!43>-.!(=4A-.=!T4.A-'!W6.C")

.(+%$!]%1$-!h/!94$&A,=!d!%,'!SX*!

) 3!3>(=!<4(,3!\-!%.-!$-T3!\(3>!W6V6:H:) VHX̂ !%,'!6WHV6:H:)X ^/!%,'!3>-=-!3\4!

  
pKM(H;HPMPA)

H

  
pK(N1)H

H

  
pKH2(HPMPA)

H

pKP(O)2(OH)
H pKH(HPMPA)

H

P(O)2–



!

!

"N!

<4==(1($(3(-=!%.-!=&AA%.(U-'!(,!k(@&.-!O!\>-.-!3>-!A-3%$!(4,!%3!3>-!%'-,(,-!.-=('&-!W\(3>!J( O !̂%=!

%,!-I%A<$-X!(=!@(E-,!(,!3>-!&<<-.!<%3>\%C*!]>-!(=4A-.=!\(3>!HO !̂%3!3>-!<>4=<>4,%3-!@.4&</!(T!

9>-$%3-'!4.!,43/!%.-!(,'(9%3-'!%=!6WHV6:H:)X ^*!!

(,=-.3!k(@&.-!O!9$4=-!34!>-.-!

+43>!<.434,%3-'!=<-9(-=!$-%'!%T3-.!'-<.434,%3(4,!34!3>-!=%A-!94A<$-I/!HW6:H:)X/!\>(9>!(=!

=>4\,!(,!3>-!-G&($(1.(&A!=9>-A- !4T!k(@&.-!O!%3!3>-!.(@>3*!+C!'-3-.A(,(,@!3>-!A(9.4!=3%1($(3C!

94,=3%,3=!4T!3>-!W6V6:H:) VHX̂ !%,'!6WHV6:H:)X ^!=<-9(-=!4,-!A%C!-E%$&%3-!\>(9>!4T!3>-!

3\4!<%3>\%C=!(=!3>-!'4A(,%3(,@!4,-*!]>-!(,3-..-$%3(4,=!1-3\--,!3>-!A%9.494,=3%,3=!%,'!3>-!

A(9.494,=3%,3=/!\>(9>!%<<-%.!(,!3>-!=9>-A-/!%.-!@(E-,!(,!3>-!$4\-.!<%.3!4T!k(@&.-!O*!

k.4A!k(@&.-!O!(3!T4$$4\=!3>%3!3>-.-!%.-!T4&.!&,j,4\,!A(9.494,=3%,3=!1&3!4,$C!3>.--!

-G&%3(4,=!\>(9>!(,3-..-$%3-!3>-=-!A(9.4Y!\(3>!3>-!-I<-.(A-,3%$$C!%99-==(1$-!A%9.494,=3%,3=*!

6-,9-/!4,-!4T!3>-!A(9.494,=3%,3=!,--'=!34!1-!413%(,-'!(,!%,!(,'- <-,'-,3!A%,,-.*!k.4A!3>-!

=3.&93&.-=!=>4\,!(,!k(@&.-!"!(3!(=!-E('-,3!3>%3!3>-!%'-,(,-!A4(-3C!4T!%'-,4=(,-!W)'4X!(=!%!@44'!

A(A(9!4T!3>-!94..-=<4,'(,@!.-=('&-!4T!6W6:H:)Xc*!#-.3%(,$C/!3>-!94..-=<4,'(,@!3\4!A-3%$!(4,!

94A<$-I-=!HW)'4XO !̂%,'!HW6_6:H:)X ^!'(TT-.!1C!%!9>%.@-!4T!4,-!%,'!3>(=!,--'=!34!1-!3%j-,!

(,34!%994&,3!(, !3>-!-E%$&%3(4,=*!

]>-.-!(=!%$=4!%!'(TT-.-,9-!(,!3>-!1%=(9(3C!4T!J"!(,!)'4!94A<%.-'!\(3>!3>%3!(,!6W6:H:)Xc!

\>(9>!(=!.-T$-93-'!(,!3>-!94..-=<4,'(,@!%9('(3C!94,=3%,3=*!k4.!6 OW6:H:)X ^Pc!(3!>4$'=!

!
a!h*"h!p!N*N"!W]%1$-!"X!%,'!T4.!6W)'4X^! !a!Z*S"!p!N*NZ/!%!E%$&-!\>(9>!

=>4\=!,4!A%.j-' !'-<-,'-,9-!4,!3>-!(4,(9!=3.-,@3>!1-3\--,! 2)a!N*"!%,'!N*d!H!W]%1$-!"X*0Of2!]>-!

'(TT-.-,9-!(,!%9('(3C!%=!-I<.-==-'!(,![G&%3(4,!WgX!!

" !<S%!a!Wh*"h!p!N*N"X!c!WZ*S"!p!N*NZX!a!N*dZ!p!N*NZ! WgX!

(=!-I<-93-'!W'&-!34!3>-!j,4\,!'-<-,'-,9-!4T!$4@!S=3%1($(3C!4,  <S%X!34!1-!.-T$-93-'!(,!3>-!A-3%$!(4,Y

1(,'(,@!=3.-,@3>!4T!3>-!%'-,(,-!.-=('&-*!]>-!=3.%(@>3Y$(,-!<$43=!4T!*Y=&1=3(3&3-'!<C.('(,-Y3C<-!

$(@%,'=!.-T$-93!A-3%$!(4,!1(,'(,@!%3!J"/0ff 2!\>-.-%=!3>-!<$43=!4T!" YA-3>C$YhY%A(,41-,U(A('%U4$-Y

3C<-!Wa!RYA-3>C$Y"/ZY'('-%U%%'-,(,-X!4.!"/hY'(A-3>C$1-,U(A('%U4$-Y3C<-!Wa!S/RY'(A-3>C$Y"/ZY

'('-%U%<&.(,-X!$(@%,'=!.-T$-93!3>-!A-3%$!(4,!%TT(,(3C!4T!3>-!Jf!=('-*0fg2!)=!3>-!'(9>434AC!T4.!

A-3%$Y(4,!1(,'(, @/!-=<-9(%$$C!1-3\--,!J"!%,'!Jf!(= !\-$$!j,4\, /0f R2!\-!&=-'!3>-!%E-.%@-!4T!3>-!

  
pKH2(HPMPA)

H pKH(Ado)
H



!

!

"" !

=$4<-=!' !4T!3>-!3\4!=3.%(@>3Y$(,-!<$43=!W]%1$-!Z/!94$&A,!OX!%=!3>-!1-=3!%E%($%1$-!=$4<-/!' %E/!T4.!3>-!

'-<-,'-,9-!4T!3>-!J"/Jf YA-3%$!(4,!%TT(,(3C*!)= !3>-!94,3.(1&3(4,!4T!3>-!3-.A!' %ED" !<S%!(=!=A%$$/!

, 4!=(@,(T(9%,3!-..4.!(=!(,3.4'&9-'!1C!3>(=!<.49-'&.-*!

FT!4,-!=&AA%.(U-=!3>-!E%.(4&=!3-.A=!(,'(9%3-'!%14E-/!4, -!413%(,=!%,!-=3(A%3-!T4.!3>-!A(9.4!

=3%1($(3C!94,=3%,3!4T!3>-!W6V6:H:) VHX̂ !(=4A-.*!]>(=!(=!-I<.-==-'!(,![ G&%3(4,!WRXM!

! $4@!
!
^!' %E!V!" !<S%!^!9>%.@-!-TT-93!a!$4@! ! WR%X!

! $4@! ^!' %E!V!WN*dZ!p!N*NZX!^!WN*hN!p!N*"dX!a!$4@! ! WR1X!

]>-!9>%.@-!-TT-93!.-=&$3=!T.4A!3>-!,-@%3(E-!9>%.@-!4T!3>-!W;6X!@.4&<!4,!3>-!A-3%$!(4,!

%TT(,(3C!4T!3>-!%'-,(,-!.-=('&-*!V-!%<<$(-'!%!9>%.@-!-TT-93!4T!N*hN!p!N*"d!$4@!&,(3=!\(3>!%!

.-$%3(E-$C!$%.@-!-..4.!$(A(3_!(3=!=(U-!>%=!1--,!.-<-%3-'$C!94,T(.A-'*0Zg/dS/dR/gN2!]>-!94..-=<4,'(,@!

.-=&$3=!%.-!=&AA%.(U-'!(,!]%1$-!Z*0gNcgO2!]>-!94A< $-I-=!4T!3>-!%$j%$(,-!-%.3>!(4,=!%.-!,43!

94,=('-.-'!1-9%&=-!3>-!=3%1($(3(-=!4T!3>-!94..-=<4,'(,@!HW6_6:H:)X^!W]%1$-!OX!%,'!HW)'4XO !̂

W.-T*0g"2X!=<-9(-=!%.-!E-.C!$4\!%,'!3>-!-..4.!$(A(3=!%.-!3>&=!$%.@-*!

(,=-.3!]%1$-!Z!9$4=-!34!>-.-!

]>-!(,T4.A%3(4,!%==-A1$-'!(,!]%1$-!Z!%$$4\=/!(,!94A1(,%3(4,!\(3>!3>-!=3%1($(3C!94,=3%,3=!

$(=3-'!(,!]%1$-!O/!3>-!9%$9&$%3(4,!4T!3>-!A(9.494,=3%,3=!'-T(,-'!(,!k(@&.-!O*!]>-!94..-=<4,'(,@!

A(9.4!=3%1($(3C!%=!\-$$!%=!3>-!A(9.4!%9('(3C!94,=3%,3=!%.-!=&AA%.(U-'!(,!]%1$-!h*!]>-!A(9.4!

%9('(3C!94,=3%,3=!%.-!4T!=<-9(%$!(,3-.-=3!1-9%&=-!4,-!\4&$'!-I<-93!3>%3!%!A-3%$!(4,!944.'(,%3-'!%3!

3>-!%'-,(,-!.-=('&-!\($$!-,>%,9-!3>-!%9('(3C!4T!%!<.434,!%3!3>-!<>4=<>4,%3-!@.4&<!$-==!3>%,!%!

A-3%$!(4,!3>%3!(=!944.'(,%3-'!,-I3!34!3>-!<.434,!%$=4!%3!3>-!<>4=<>4,%3-!@.4&<*!]>-.-T4.-/!T.4A!

3>-!41=-.E%3(4,!3>%3!T4.!3>-!H,O /̂!#4O /̂!%,'!#' O !̂94A<$-I-=!(3!>4$'=!
!
!o!

/!(3!T4$$4\=!3>%3!(,!3>-=-!(,=3%,9-=!3>-!(=4A-.!\(3>!3>-!A-3%$!(4,!%3!3>-!,&9$-41%=-!

.-=('&-!'4A(,%3-=*!]>-!A(9.4!%9('(3C!94,=3%,3=!(,'(9%3-!T&.3>-.!3>%3!T4.!3>-!94A<$-I!\(3>!b,O !̂

3>-!.-E-.=-!(=!3.&-/!3>%3!(=/!3>-!$4\-.!<%3>\%C!(,!k(@&.-!O!'4A(,%3-=!'-A4,=3.%3(,@!3>%3!A%33-.=!

9%,!1-!A4.-!94A<$(9%3-'*!k4.!3>-!J(O !̂%,'!#&O !̂94A<$-I-=!3>-!3\4!A(9.4!%9('(3C!94,=3%,3=!%.-!

.%3>-.!=(A($%.!(,'(9%3(,@!%,!%<<.4I(A%3-$C!-E-,!T4.A%3(4,!'-@.--!4T!3>-!3\4!=<-9(-=!\(3>!HO !̂%3!

3>-!%'-,(,-!.-=('&-!4 .!%3!3>-!<>4=<>4,%3-!@.4&<*!F,'--'/!3>-=-!(,'(9%3(4,=!%.-!94,T(.A-'!1-$4\*!

KM(Ado)
M kH·HPMPA·M

M

KM(Ado)
M kH·HPMPA·M

M

P(O)2–

  pkH⋅HPMPA⋅M
H

  
pkH(M⋅HPMPA)

H



!

!

"O!

(,=-.3!]%1$-!h!9$4=-!34!>-.-!

!

&DGW& 3##"E1#&#(&P"#",E.)"&#8"&X(,E$#.()&P"/,""2&(7&#8"&!=BRB0!03>Q&'2(E",2 &

!

J%3&.%$$C/!%3!3>(=!<4(,3!4,-!\4,'-.=!%14&3!3>-!<4=(3(4,!4T!3>-!(,3.%A4$-9&$%.!-G&($(1.(&A!1-3\--,!

3>-!3\4!(=4A-.(9!=<-9(-=!W6D6:H:) DHX̂ !%,'!6WHD6:H:)X ^!=--,!(,!3>-!-G&($(1.(&A!=9>-A-!(,!

k(@&.-!O*!]>(=!<4=(3(4,!(=!'-T(,-'!1C!3>-!'(A-,=(4,Y$-==!(,3.%A4$-9&$%.!-G&($(1.(&A!94,=3%,3!SF!

\>(9>!94..-=<4,'=!34!3>-!.%3(4!X!4T!3>-=-!=<-9(-=_!X!(=!'-T(,-'!1C![ G&%3(4,!W"NXM!

! X)a! !a! ! W"NX!

]>-!3\4!A(9.4!=3%1($(3C!94,=3%,3=!%.-!(,3-.$(,j-'!\(3>!-%9>!43>-.!W=--!%$=4!3>-!-G&($(1.(&A!

=9>-A-X!1C![G&%3(4,!W%X!4T!k(@&.-!O*!+%=-'!4,!3>-=-!-G&%3(4,=!%,'!3>-!(,T4.A%3(4,!%==-A1$-'!(,!

]%1$-=!O!%,'!Z!3>-!.%3(4!X!9%,!1-!9%$9&$%3-'!%=!\-$$!%=!3>-!T4.A%3(4,!'-@.--!4T!3>-!=<-9(-=!(,!

\>( 9>!HO !̂(=!$49%3-'!%3!3>-!,&9$-41%=-!.-=('&-!W[G&%3(4,!W""XXM!

! r!W6V6:H:) VHX̂ !a!"NNVXPW"!^!XX! W"" X!

]>-!94..-=<4,'(,@!.-=&$3=!%.-!<.4E('-'!(,!]%1$-!d*!!

(,=-.3!]%1$-!d!9$4=-!34!>-.-!

J43!=&.<.(=(,@$C/!3>-!-..4.!$(A(3=!4T!3>-!.-=&$3=!<.-=-,3-'!(,!]%1$-!d!%.-!$%.@-/!>4\-E-./!(3!(=!

=3($$!-E('-,3!3>%3!143>!(=4A-.=!499&.!(,!E%.C(,@!%A4&,3=*!F,!%''(3(4,/!(3!(=!94AT4.3(,@!34!,43-!3>%3!

3>-!(,3-.<.-3%3(4,=!@(E-,!(,!3>-!94,3-I3!4T!]%1$-!h!%.-!94,T(.A-'*!k&.3>-.!(,3-.<.-3%3(4,=!%.-!

>%A<-.-'!1C!3>-!$%.@-!-..4.=!1-9%&=-!T4.!r!W6D6:H:)DHX ^!3>-!$4\-.!$(A(3=!T4.!H,O /̂!#4O /̂!

%,'!#' O !̂4E-.$%<!\(3>!3>-!&<<-.!$(A(3=!4T!J(O !̂%,'!#&O *̂!]>-!4,$C!E%$&-!3>%3!(=!=(@,(T(9%,3$C!

'(TT-.-,3!T.4A!%$$!3>-!43>-.=!(=!"fpS!T4.!r!W6D6:H:)Db,X^*!]>-!.-%=4,!T4.!3>(=!41=-.E%3(4,!(=!

A4=3!$(j-$C!3>%3!b,O !̂>%=!%!9>%A-$-4,Y$(j-!944.'(,%3(4,!=<>-.-0gZ2!%,'!=\(39>-=!-%=($C!T.4A!%,!

493%>-'.%$!4,-!34!%!3-3.%>-'.%$!4,-/!3>%3!(=/!T.4A!944.'(,%3(4,!,&A1-.!S!WE(%!dX!34!h*0gZ2!64\-E-./!

4E-.%$$!3>-!41=-.E%3(4,!3>%3!A-3%$!(4,=/!\(3>4&3!3>-!=&<<4.3!4T!%,C!43>-.!1(,'(,@!=(3-/!9%,!

 

[(H ⋅HPMPA ⋅M)+ ]
[H(M ⋅HPMPA)+ ]   

kH!HPMPA!M
M

kH(M!HPMPA)
M



!

!

"Z!

944.'(,%3-!34!3>-!%'-,(,-!.-=('&-0fR2!WE(%!J"!%,'P4.!JfX0gh2!(=!9-.3%(,$C!4T!1(4$4@(9%$!.-$-E%,9-*!

]>-!=%A-!(=!3.&-!T4.!3>-!<.44T!3>%3!6^!%,'!H O !̂A%C!=(A&$3%,-4&=$C!1(,'!34!%!@(E-,!

<>4=<>W4,X%3-!@.4&<*!i-@%.'(,@!A-3%$!(4,!944.'(,%3(4,!34!<>4=<>4'(-=3-.!&,(3=!(,!

4$(@4,&9$-43('-=!3>(=!(=!%$=4!4T!.-$-E%,9-*!

!

DGY& P"7.).#.()&(7&#8"&6#$J.%.#:&I)8$);"E")#2&7(,&!=<0>&+(E1%"C"2&$)-&+(E1$,.2()2&

3 E()/&6#,5;#5,$%%:&O"%$#"-&61";."2G&I77";#2&(7&65J2#.#5")#2&

!

)!=3%1($(3C!-,>%,9-A-,3!T4.!%,C!)J:! 94A<$-I!(=!41=-.E-'/!(T!3>-!-I<-.(A-,3%$$C!A-%=&.-'!

=3%1($(3C!94,=3%,3!0[G*!WdX2!(=!$%.@-.!3>%,!3>-!4,-!-I<-93-'!1%=-'!4, !%!=(A<$-!<>4=<>4,%3-YA-3%$!

(4,!944.'(,%3(4,*!k4.!3>-!HW:H[)X!94A<$-I-=!=3%1($(3C!-,>%,9-A-,3=!\-.-!T4&,'*!+%=-'!4,!

=3-.(9!%,'!9>-A(9%$!94,=('-.%3(4,=/0Zd/fh2!\>(9>!\-.-!94,T(.A-'!1C!JHi!=3&'(-= /0gd2!(3!\%=!

94,9$&'-'! 3>%3!3>-!'4A(,%3(,@!<%3>\%C!(,E4$E-=!JZ!%,'!3>&=!3>-!&<<-.!<%3>\%C!4T!3>-!

[G&($(1.(&A!?9>-A-!W"OX_0hd2!(T!%3!%$$/!(,!3>-!9%=-!4T!J(O !̂W.-T*0gS2X!4.!#&O !̂W.-T*0gf 2X!4,$C!E-.C!$4\!

%A4&,3=!4T!HW:H[)X 9$PJf!T4.A!W=--!%$=4!.-T*0hd2X*!k4.!3>-!9%=-!4T!J(W6:H:)X!4.!#&W6:H:)X!(3!

(=!94,9$&'-'!3>%3!HWJ:X9$PJf!(=!,43!4T!.-$-E%,9-!W=--!%$=4!1-$4\X*!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!W"OX!

!

!

]>-!3>.--!-G&($(1.(&A!94,=3%,3=!4T!3>-!&<<-.!<%.3!4T!3>-![G&($(1.(&A!?9>-A-!W"OX!%.-!'-T(,-'!1C!

[G&%3(4,=!W"ZX!34!W"dXM!

!a! ! W"ZX!

!!!!!!!!!
SFP;!a! ! W"hX!

M2+ +  NP2– M(NP)

M(NP)

M(NP)

K
M
M(NP)op

K I/O/N3 M(NP)

K I/N7

cl/N7

op

K I/O

cl/O cl/O/N3

  
KM(NP)op

M

 

[M(NP)op]

[M 2+][NP2! ]

 

[M(NP)cl/O]
[M(NP)op]



!

!

"h!

)))))SFP;PJZ!a! ! W"dX!

V(3>!3>-=-!'-T(,(3(4,=!3>-!A-%=&.-'!4E-.%$$!=3%1($(3C!94,=3%,3!0[G*!Wd1X2!9%,!1-!.-'-T(,-'!

1C![G&%3(4,=!W"S%X!3>.4&@>!W"S' XM!

!a! ! W"S%X!

a! ! W"S1X!

a! !^!SFP;!V! !^!SFP;PJZ!V!SFP;!V! ! !W"S9X!

a! W"!^!SFP;!^!SFP;!V&SFP;PJZX! W"S' X!

]>-!94,,-93(4,!1-3\--,!3>-!4E-.%$$!(,3.%A4$-9&$%.!-G&($(1.(&A!94,=3%,3!SFP343!0[G*!

W"gX20Zd/Zg/fh/gf 2!%,'!3>-!%99-==(1$-!=3%1($(3C!-,>%,9-A-,3!$4@!" H PJ:/!\ >(9>!(=!=-$TY-I<$%(,(,@!0[G*!

W"fX2/!(=!@(E-,!1C![G&%3(4,=!W"g%X!3>.4&@>!W"g-XM0hZ/gS2!

$4@!" HPJ: !a!$4@! !c!$4@! ! W"f%X!

a!$4@! !c!$4@! !Wa!$4@!" X! W"f1X!

SFP343!a! !c!"!a!"N$4@!" !c!" ! W"g%X!

!a! ! W"g1X!

!a! ! W"g9X!

!a!SFP;!^!SFP;PJZ!V!SFP;! W"g' X!

!a!SFP;!W"^!SFP;PJZX! W"g- X!

)3!3>(=!<4(,3!(3!(=!(,=3.&93(E-!34!94,=('-.!1.(-T$C!3>-!-TT-93!4T!=&1=3(3&-,3=!%3!#O!%,'!#S!4,!

A-3%$Y1%=-!(,3-.%93(4,=*!]>-!=>(T3!4T!3>-!%A(,4!@.4&<!T.4A!#S!(,!:H[)!34!#O!(,!RY0WOY

<>4=<>4,4A-3>4ICX-3>C$2YOY%A(,4<&.(,-!W:H[)O):X 0hh2!.-$(-E-=!=3-.(9!>(,'.%,9-!4,!3>-!Jf!

=(3-/!1&3!>(,'-.=!HO !̂944.'(,%3(4,!%3!JZ!W=--!=3.&93&.-=!(,!k(@&.-!"X*0hh2!)994.'(,@$C/!(,!

 

[M(NP)cl/O/N3]
[M(NP)cl/O]

  
KM(NP)

M

 

[M(NP)]

[M 2+][NP2! ]

 

[M(NP)op] + [M(NP)cl/O] + [M(NP)cl/O/N3]

[M 2+][NP2! ]

  
KM(NP)op

M

  
KM(NP)op

M

  
KM(NP)op

M

  
KM(NP)op

M

  
KM(NP)exp

M

  
KM(NP)calc

M

  
KM(NP)

M

  
KM(NP)op

M

  

KM(NP)
M

KM(NP)op

M

 

[M(NP)cl/tot]
[M(NP)op]

 

[M(NP)cl/O] + [M(NP)cl/O/N3]
[M(NP)op]



!

!

"d!

94A<$-I-=!\(3>!RY0OYW<>4=<>4,4A-3>4I CX-3>C$2YOY%A(,4YSY'(A- 3>C$%A(,4<&.(,-!

W:H[O)SLH):X 0hS2!3>-!JZ!=(3-!(=!1$49j-'!1C!3>-!#OWJ6OX!@.4&<!%,'!944.'(,%3(4,!%3!Jf!(=!

=3-.(9%$$C!>(,'-.-'!1C!3>-!JW#6ZXO!@.4&<!%3!#S*!6-,9-/!(,!HW:H[O)SLH):X!94A<$ -I-=!4,$C!

3>-!dYA-A1-.-'!9>-$%3-!%=!=--,!(,![G&($(1.(&A!W"RX0hd2!T4.A=_!,4!(=4A-.=!\(3>!A-3%$!(4,Y

,&9$-41%=-!(,3-.%93(4,=!499&.*0hS2!

!

!

!W"RX!!

#4,=('-.(,@!3>-!=3.&93&.%$!.-$%3(4,=>(<!1-3\--,!:H[)!%,'!6:H:)!Wk(@&.-!"X!\-!94,9$&'-!

T.4A!3>-!=&AA%.(-=!@(E-,!(,!3>(=!=-93(4,!3>%3!T4.!HW6:H:)X!94A<$-I-=!W(T!%3!%$$X!4,$C!3>-!

&<<-.!<%3>\%C!=--,!(,!3>-![G&($(1.(&A!?9>-A-!W"OX!(=!4T!.-%$!.-$-E%,9-!W=--!?-93(4,!O*fX*!

(,=-.3!k(@&.-!Z!9$4=-!34!>-.-!

)!G&%,3(3%3(E-!-E%$&%3(4,!.-@%.'(,@!=3%1($(3C!-,>%,9-A-,3=!0[G*!W"fX2!(=!<4==(1$-!%=!

(,'(9%3-'!(,!k(@&.-!Z*!]>-!=3.%(@>3!.-T-.-,9-!$(,-=!%.-!1%=-'!4,!3>-!.-$%3(4,=>(<!1-3\--,!

$4@! !%,'! !0[G*!WONX2M!

! $4@! !a!' !D! !^!I ! WONX!

]>-!=$4<-=!' !%,'!3>-!(,3-.9-<3=!I !\(3>!3>-!0!%I(=!%.-!3%1&$%3-'!T4.!%$$!HO !̂=C=3-A=!94,=('-.-'!

>-.-*0Zg/SS/fZ2!]>-!-(@>3!'%3%!<4(,3=!W-A<3C!9(.9$-=X!.-T-.!34!=(A<$-!<>4=<>W4,X%3-!=C=3-A=!W=--!

$-@-,'!4T!k(@&.-!ZX/!\>-.-!i!(,!iY:; Z!'4-=!,43!(,3-.%93!\(3>!HO !̂W,-(3>-.!(,!%!<4=(3(E-!,4.!(,!%!

,-@%3(E-!A%,,-.X*!

]>-!'%3%!<4(,3=!T4.!3>-!HWJ:X!=C=3-A=!4T!6:H:) OcP:H[) Oc!%,'!6:H: OcP:H[ Oc!Wk(@&.-!

"X!%.-!%$$!%14E-!3>-(.!.-T-.-,9-!$(,-=!<.4E(,@!%,!-,>%,9-'!=3%1($(3C!Wk(@&.-!ZX*!)<<$(9%3(4,!4T!

[G&%3(4,!WONX!\(3>!3>-!j,4\,!<%.%A-3-.=!T4.!' !%,'!I /!%,'!3>-! E%$&-!4T!3>-!$(@%,'!

94,=('-.-'!@(E-=!3>-!$4@!=3%1($(3C!94,=3%,3!$4@ /!(*-*/!4T!3>-!(=4A-.!(,!\>(9>!HO !̂(=!4,$C!

944.'(,%3-'!34!3>-!<>4=<>4,%3-!@.4&<!0[G*!W"RX_!=<-9(-=!%3!3>-!$-T32*!6-,9-/!3>-!E-.3(9%$!'433-'!

$(,-=!(,!k(@&.-!Z!94..-=<4,'!34!3>-!$4@!" HPJ: !E%$&-=!'-T(,-'!(,![G&%3(4,!W"f X*!;T!94&.=-/!3>-!

=3%1($(3C!-,>%,9-A-,3=!41=-.E-'!(,!k(@&.-!Z!%,'!3>-!E%$&-=!T4.!$4@!" HPJ: !0[G*!W"fX2!.-<.-=-,3!3>-!
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&*&$8!-,>%,9-A-,3!\>(9>!(,E4$E-=!%$$!<4==(1$-!(=4A-.=*!F,!]%1$-!S!3>-!.-=&$3=!%.-!%==-A1$-'!T4.!

3>-!HW6:H:)X!=C=3-A=*!),C!1.-%j'4\,!(,34!(,'(E('&%$!(=4A-.=!>%=!34!499&.!(,!=-<%.%3-!=3-<=!

1%=-'!4,!T&.3>-.!%.@&A-,3=*!

(,=-.3!]%1$-!S!9$4=-!34!>-.-!

!

DGZ& I9$%5$#.()&(7&#8"&6#$J.%.#:&I)8$);"E")#2&(7&#8"&!=B0!03>&+(E1%"C"2&

&

k.4A!3>-!=3%1($(3C!-,>%,9-A-,3=!=--,!(,!k(@&.-!Z!\>(9>!94..-=<4,'!34!3>-!$4@!" HP6:H:) !E%$&-=!

0[G*!W"fX2!$(=3-'!(,!]%1$-!S!W94$&A,!hX!(3!T4$$4\=!3>%3!,-I3!34!3>-!<>4=<>4,%3-!@.4&</!%3!$-%=3!(,!

<%.3!43>-.!1(,'(,@!=(3-=!4T!6:H:) Oc!W=--!k(@&.-!"X!%$$4\(,@!9>-$%3-!T4.A%3(4,/!A&=3!1-!

(,E4$E-'*!]>-!&*&$8!%A4&,3!4T!9$4=-'!=<-9(-=!(=!@(E-,!1C![G&%3(4,!WO"X/!!

! r!HWJ:X 9$P343!a!"NN!V!SFP343!P!W"!^!SFP343X! WO"X!

!%,'!3>-!<-.9-,3%@-!4T!3>-!4<-,!=<-9(-=!W4<X!-G&%$=!4T!94&.=-M!

! r!HWJ:X 4<!a!"NN!r! c!r!HWJ:X 9$P343! WOOX!

]>-!<43-,3(%$!A-3%$!(4,Y1(,'(,@!=(3-=!4T!6:H:) Oc!%.-!3>-!-3>-.Y4IC@-,!4T!3>-!c#6 Oc; c#6 Oc:; !

.-=('&-/!3>-!>C'.4IC$!@.4&<!4T!3>-!6;c#6 Oc!=('-!9>%(,!%,'!3>-!JZ!4.!Jf!=(3-=!4T!3>-!%'-,(,-!

A4(-3C/!3>-!Jf!=(3-!,43!1-(,@!4T!.-$-E%,9-/!%=!'(=9&==-'*!k&.3>-.A4.-/!3>-!J"!=(3-!9%,,43!1-!.-%9>-'!

1C!%!A-3%$!(4,!944.'(,%3-'!%3!3>-!<>4=<>4,%3-!@.4&<*0Zd/Zg/gd2!]4!=4$E-!3>(=!.%3>-.!94A<$-I!<.41$-A!

\-!-A <$4C!94A<%.(=4,=!\(3>!3>-!,&9$-41%=-YT.--!6:H: Oc!%,'!\(3>!3>-!=('-Y9>%(,YT.--!:H[) Oc*!

]4!3>(=!-,'!\-!$(=3!(,!]%1$-!f!3>-!94..-=<4,'(,@!$4@!" HPJ: !E%$&-=*!!

(,=-.3!]%1$-!f!9$4=-!34!>-.-!

k.4A!3>-!'(TT-.-,9-=!" !$4@!" 6:H:) c6:H: !T4$$4\=!'(.-93$C!3>-!-TT-93!4T!3>-!%'-,(,-!.-=('&-!

4,!3>-!=3%1($(3C!4T!3>-!94A<$-I-=*!F3!(=!%<<%.-,3!3>%3!3>(=!.-=('&-!(,>(1(3=!94A<$-I%3(4,!4T!+%O /̂!

?.O /̂!#%O /̂!H@O^!%,'!H, O *̂!F,3-.-=3(,@$C/!3>-!$4@!" HP6:H:) !E%$&-=!W94$&A,!OX!94..-=<4,'!T4.!3>-!

A-,3(4,-' !A-3%$!(4,=!34!3>4=-!4T!$4@!" HP:H[) !W94$&A,!dX*!k&.3>-.A4.-/!(3!>%=!1--,!94,9$&'-'!

3>%3!T4.!3>-!94A<$-I-=!4T!+%O /̂!?.O /̂!%,'!#%O !̂%!=(@,(T(9%,3!<4.3(4,!4T!3.('-,3%3-!1(,'(,@!4T!3>-!

 3
2Ð



!

!

"f !

6:H: Oc!$(@%,'!499&.=_!3>%3!(=/!T4.A%3(4,!'-@.--=!4T!%14&3!ZN!r!4T!3>-!HW6:H:X9$P;P;6 !(=4A-.=!

%.-!.-%9>-'*0hf 2![E('-,3$C/!\(3>!6:H:) Oc!=&9>!%!3C<-!4T!9>-$%3-!T4.A%3(4,!'4-=!,43!499&._!A4=3!

$(j-$C/!3>-!%'-,(,-!.-=('&-!>%A<-.=/!'&-!34!(3=!=3-.(9!1&$j/!3>-!T4.A%3(4,!4T!%!=<-9(-=!%,%$4@4&=!34!

HW6:H:X9$P;P;6 *!F,!94,3.%=3/!T.4A!3>-!'(TT-.-,9-=!$(=3-'!(,!94$&A,!h!4T!]%1$-!f!T4.!3>-!

94A<$-I-=!\( 3>!J(O !̂%,'!#&O !̂(3!T4$$4\=!&,-G&(E49%$$C!3>%3!3>-!%'-,(,-!.-=('&-!(=!(,E4$E-'!(,!

94A<$-I!T4.A%3(4,_!T4.!b,O !̂3>-!=(3&%3(4,!(=!$-==!9$-%.!T.4A!3>-=-!'%3%*!]>-=-!41=-.E%3(4,=!\($$!

1-!'(=9&==-'!T&.3>-.!1-$4\!(,!?-93(4,!O*g*!

k.4A!3>-!E%$&-=!$(=3-'!(,!94$&A,!S!4T!]%1$-!f/!\>(9>!T4$$4\!T.4A!3>-!'(TT-.-,9-=!4T!3>-!

$4@!" HPJ: !E%$&-=!4T!3>-!94A<$-I-=!T4.A-'!\(3>!6:H:)Oc!%,'!:H[) Oc/!4,-!A%C!-=3(A%3-!3>-!

-TT-93!4T!3>-!>C'.4IC$!@.4&<!4T!3>-!6;c#6 Oc!=('-!9>%(,!Wk(@&.-!"X*!)$$!3>-!'(TT-.-,9-=!%.-!E-.C!

=A%$$/!3>%3!(=/!3>-C!%.-!A4=3$C!U-.4!\(3>(,!3>-!-..4.!$(A(3=*!]>-.-!(=!<4==(1$C!%!=A%$$!<4=(3(E-!

'(TT-.-,9-!T4.!3>-!" !$4@!" 6:H:) c:H[) !E%$&-=!(,!3>-!9%=-!4T!3>-!J(O !̂%,'!#&O !̂94A<$-I-=/!1&3!3>-!

E%$&-=!%.-!=4!=A%$$!3>%3!3>-C!'4!,43!Q&=3(TC!34!<4=3&$%3-!3>-!(,E4$E-A-,3!4T!3>-!>C'.4IC$!@.4&<!4T!

6:H:) Oc/!-=<-9(%$$C!%=!3>-.-!(=!,4!=(@,!T4.!=&9>!%,!(,3-.%93(4,!(,!3>-!J(O !̂%,'!#&O !̂94A<$-I-=!

4T!6:H: Oc!%=!94A<%.(=4,=!\(3>!3>-!94..-=<4,'(,@!:H[ Oc!94A<$-I-=!=>4\!W]%1$-!f/!94$&A,!

fX*0hf 2!#4,=-G&-,3$C/!\-!94,9$&'-!3>%3!(,!%$$!HW6:H:)X!94A<$-I-=!3>-!>C'.4IC$!@.4&<!'4-=!,43!

<%.3(9(<%3-!(,!%!=(@,(T(9%,3!A%,,-.!(,!94A<$-I!T4.A%3(4,*!6-,9-/!(,!%$$!(,=3%,9-=/!\(3>!3>-!9$-%.!

-I9-<3(4,!4T!J( O !̂%,'!#&O !̂W%,'!<4==(1$C!b,O X̂/!T4.!\>(9>!3>-!%'-,(,-!.-=('&-!<%.3(9(<%3-=!W=--!

1-$4\!(,!?-93(4,!O*gX/!3>-.-!%.-!4,$C!3\4!(=4A-.(9!94A<$-I-=!34!1-!94,=(' -.-' *!]>%3!(=/!%,!4<-,!

W4<X!=<-9(-=!\(3>!%!<>4=<>4,%3-!944.'(,%3(4,!%$4,-!%,'!%!9$4=-'!W9$X!=<-9(-=!(,E4$E(,@!3>-!-3>-.!

4IC@-,/!(*-*/![G&($(1.(&A!W"RX!(=!4T!.-$-E%,9-*!]>-!T4.A%3(4,!'-@.--=!4T!3>-=-!dYA-A1-.-'!

9>-$%3-=!%.-!%$.-%'C!$(=3-'!(,!94$&A,!S!4T!]%1$-!S_!3>-C!E%.C!1-3\--,!%14&3!ON!%,'!fNr!

'-A4,=3.%3(,@!3>-(.!(A<4.3%,9-*!

!

DG[& ')#,$E(%";5%$,&I45.%.J,.$&.)&#8"&!=B0!03>&+(E1%"C"2&(7&<.DQ\&+5DQ\&$)-&]) DQ&

!

)=!'(=9&==-'!1-T4.-/!T4.!3>-!6:H:) Oc!94A<$-I-=!4T!J(O /̂!#&O /̂!%,'!<4==(1$C!b,O !̂3>-!94A<$-3-!

&<<-.!<%3>\ %C!4T!3>-![G&($(1.(&A!?9>-A-!W"OX!(=!4T!.-$-E%,9-*!]>(=!A-%,=/!\-!>%E-!34!'-%$!\(3>!

3>.--!(=4A-.(9!=<-9(-=M!W(X!%,!4<-,!W4<X!(=4A-.!\(3>!%!A-3%$!(4,Y<>4=<>4,%3-!944.'(,%3(4,!4,$C/!



!

!

"g!

HW6:H:)X 4</!W((X!%!9$4=-'!W9$X!=<-9(-=/!HW6:H:)X 9$P; /!(,E4$E(,@!3>-!-3>-.Y4IC@-,!(,!%!dY

A-A1-.-'!9>-$%3-!%=!=--,!(,![G&($(1.(&A!W"RX/!%,'!W(((X!%!3.('-,3%3-!9>-$%3-!(,!\>(9>!3>-!dY!%,'!%!

f YA-A1-.-'!.(,@!(=!T4.A-'/!3>- !f YA-A1-.-'!4,-!(,E4$E(,@!JZ/!HW6:H:)X 9$P;PJZ!W=--!k(@&.-!h!

%,'!%$=4!3>-!$(@%,'!=3.&93&.-!(,!k(@&.-!"X*!

(,=-.3!k(@&.-!h!9$4=-!34!>-.-!

),%$4@4&=!=9>-A-=!(,E4$E(,@!3>.--!'(TT-.-,3!(=4A-.=!>%E-!1--,!-E%$&%3-'!1-T4.-_0Zg/hf/gd2!

3>-.-T4.-!\-!\($$!j--<!3>-!T4$$4\(,@!-$%14.%3(4,!1.(-T*!]>-!-I<-.(A-,3%$$C!%99-==(1$-!=3%1($(3C!

94,=3%,3!0[G*!WdX2!.-T-.=!34!3>-!=&A!4T!%$$!(=4A-.(9!HW6:H:)X!94A<$-I-=!0[G*!W"SX2!%=!

'(=9&==-'!1-T4.-!(,!3>-!94,3-I3!4T!3>-!&<<-.!<%.3!4T![G&($(1.(&A!?9>-A-!W"OX*!6-,9-/![G&%3(4,=!

W"ZX!3>.4&@>!W"gX!9%,!1-!%<<$(-'*!]>-!94..-=<4,'(,@!.-=&$3=!%.-!=&AA%.(U-'!(,!]%1$-!g*!

(,=-.3!]%1$-!g!9$4=-!34!>-.-!

k.4A!3>-!.-=&$3=!(,!]%1$-!g!(3!T4$$4\=!3>%3!%$$!3>.--!(=4A-.=!=--,!(,!3>-!&<<-.!<%3>\%C!4T!

3>-![G&($(1.(&A!?9>-A-!W"OX!%.-!4T!.-$-E%,9-/!1&3!(3!(=!%$=4!9$-%.!3>%3!(,!3>-!3>.--!HO P̂6:H:) Oc!

=C=3-A=/!3>%3!(=/!\(3>!H O !̂a!J( O /̂!#&O /̂!%,'!b, O /̂!3>-!HW6:H:)X 9$P;PJZ!=<-9(-=!%.-!(,!T%93!3>-!

'4A(,%3(,@!(=4A-.=*!J43-!3>%3!3>(=!(,'(9%3-=!3>%3!&,'-.!=<-9(%$!94,'(3(4,=!JZ!9%,!1-!%,!

(A<4.3%,3!A-3%$!(4,!1(,'(,@!=(3-!W=--!%$=4!?-93(4,!ZX*!

!

AG&+();%52.()2 &

!

+43>!6:H:)!%,'!:H[)!%.-!%93(E-!%,3(E(.%$=/0gg2!%$1-(3!\(3>!'(TT-.-,3!%93(E(3C!=<-93.%*!V>($=3!

6:H:)!9%,!1-!94,=('-.-'!%=!%!1.4%' Y=<-93.&A!%,3(E(.%$!94A<4&,'!%@%(,=3!LJ)!E(.&=-=/!

:H[)!>%=!4,$C!$4\!%93(E(3C!%@%(,=3!3>-=-*!F,!3&.,/!:H[)!(=!%93(E-!%@%(,=3!.-3.4E(.&=-=/!\>-.-%=!

6:H:)!(=!,43* 0gR2!+43>!94A<4&,'=!%.-!%93(E-!%@%(,=3!>-.<-=!%,'!<4I!E(.&=-=*!6:H:)!3-,'=!34!

1-!%!1-33-.!=&1=3.%3-!T4.!j(,%=-=!3>%,!:H[)/0RN2!%,'!(3=!'(<>4=<>4.C$!'-.(E%3(E-!9%,!%93!%=!

%$3-.,%3(E-!=&1=3.%3-!T4.!LJ)!<4$CA-.%=-=/0"f2!%!T-%3!3>%3!(=!,43!<4==(1$-!T4.!:H[)<< *0ON2!] >-!

$%33-.!A-9>%,(=3(9!'(TT-.-,9-=!%.-!4\-'!34!3>-!>C'.4ICA-3>C$!@.4&<!<.-=-,3!(,!6:H:)!3>%3!

.-,'-.=!(3!%!9$4=-.!=3.&93&.%$!%,%$4@&-!4T!')H:*!

64\-E-./!(,!3-.A=!4T! $(@%,'!1%=(9(3C!W]%1$-!"X!%,'!A-3%$!94A<$-I!T4.A%3(4,!W]%1$-=!O!%,'!



!

!

"R!

f X/!3>-!>C'.4IC$!@.4&<!(,!6:H:)!'4-=!,43!%TT-93!3>-!=3%1($(3C!4T!<.434,%3-'!4.!A-3%$$%3-'!

=<-9(-=_!3>-.-T4.-!3>-!=<-9(%3(4,!4T!A-3%$!94A<$-I-=!\(3>!6:H:)Oc!(=!9$4=-$C!=(A($%.!34!3>%3!4T!

:H[) Oc*0Zg2!+43>!$(@%,'=!T4.A!T(E-YA-A1-.-'!9> -$%3-=!34!%!=(@,(T(9%,3!-I3-,3!0-*@*/!Z"r!T4.!

H@W:H[)X!%,'!Ohr!T4.!H@W6:H:)X2/!\>(9>!A%C!(A<%93!=&1=3.%3-!.-94@,(3(4,!1C!9-$$&$%.!

-,UCA-=*!!

)=!\-!>%E-!=--, /!JZ!9%,!1-!%,!(A<4.3%,3!1(,'(,@!=(3-/!%!T%93!3>%3!>%=!1--,!$4,@!4E-.$44j-'!

1-9%&=-!(3=!1%=(9(3C!>%=!1--,!&,'-.-=3(A%3-'*!F3!>%=!.-9-,3$C!1--,!=>4\,!3>%3!JZ!4T!%'-,4=(,-!

<4==-==-=!.-A%.j%1$-!1%=(9!<.4<-.3(-=M!]>-!A(9.4!%9('(3C!94,=3%,3!<NWJZX6!4T!'*(* <.434,%3-'!

%'-,4=(,-! (=!"*d!p!N*Z/0Of2!%,'!(,!%994.'!>-.-\(3>!3>-!%9C9$(9!%'-,(,-Y94,3%(,(,@!,&9$-43('-!

%,%$4@&-=!:H[)Oc!%,'!6:H:) Oc!=>4\!3>-!<43-,3(%$!4T!WJZXYA-3%$!(4,!944.'(,%3(4,*!]>(=!(=!%!

T&,'%A-,3%$$C!(A<4.3%,3!41=-.E%3(4,/!(T!4,-!.-9%$$=!3>%3!JZ!(=!-I<4=-'!34!3>-!=4$E-,3!(,!3>-!A(,4.!

@.44E-!4T!LJ) *0Od2!

]>-!=(@,(T(9%,3!3-,'-,9C!4T!6:H:)/!%,'!1C!(,T-.-,9-/!(3=!94,@-,-.=!(,9$&'(,@!]-,4T4E(.!

Wa!:H:)_!=--!F,3.4'&93(4,!%,'!k(@&.-!"X/!34!T4.A!94A<$-I-=!\(3>!-==-,3(%$!A-3%$!(4,=!(,9$&'(,@!

H@O !̂%,'!#%O !̂\%..%,3=!94,=('-.(,@!\>-3>-.!3>-!T4.A%3(4,!4T!=&9>!94A<$-I-=!A%C!<$%C!%,C!.4$-!

(,!3>-!<>%.A%94j(,-3(9=!4T!%9C9$(9!,&9$-4=('-!<>4=<>4,%3-=!W)J:=X!1-C4,'!3>-!'(.-93!

(,3-.%93(4,!4T!3>-!A-3%$!94A<$-I-=!\(3>!3>-!.-=<-93(E-!-,UCA-=/!4.!(,'--'!(,!3>-!'-E-$4<A-,3!4T!

%,C!41=-.E-'!=('-!-TT-93=!4T!3>-=-!94A<4&,'=*!J43%1$C/!),3(.-3.4E(.%$!]>-.%<C!=--A=!34!1-!%,!

(,'-<-,'-,3!.(=j!T%934.!T4.!'-E-$4<(,@!4=3-4<4.4=(=/!%!94,=-G&-,9-!4T!'(=3&.1-'!9%$9(&A!

A-3%14$(=A*0R" 2!]>-!-I%93!9%&=-=!%,'!94,=-G&-,9-=!T4.!3>(=!\-$$Y'49&A-,3-'!%==49(%3(4,!>%E-!

.-A%(,-'!&,9$-%.*!H4.-!=<-9(T(9%$$C/!3.-%3A-,3!\(3>!]-,4T4E(.!'(=4<.4I($!>%=!1--,!%==49(%3-'!

\(3>!=-94,'%.C!>C<-.<%.%3>C.4('(=A/!%!94,'(3(4,!3>%3!9%,!1-!%!94,=-G&-,9-!4T!'(=3&.1-'!9%$9(&A!

A-3%14$(=A/!%,'!(,!3&.,!A%C!$-%'!34!.-'&9-'!14,-!A(,-.%$!'-,=(3C!%,'!4=3-4<4.4=(=*0R" 2!)$3>4&@>!

(3!9%,!1-!-=3(A%3-'!T.4A!<>%.A%94j(,-3(9!'%3%0RO2!3>%3!9(.9&$%3(,@!$-E-$=!4T!)J:=!\($$!,43!-I9--'!

3-,=!4T!A(9.4A4$%.!%,'!3>&=!\($$!1-!4&3=3.(<<-'!1C!9(.9&$%3(,@!9%$9(&A0RZ2!1C!3\4!34!3>.--!4.'-.=!

4T!A%@,(3&'-/!3>-!<43-,3(%$!(,3-.%93(4,=!4T!)J:=!\(3>/!-*@*/!<$%=A%!9%$9(&A!%,'!3>-(.!

=(@,(T(9%,9-!>%=!,-E-.!1--,!(,E-=3(@%3-'!'(.-93$C*!`(E-,!3>%3!=A%$$!A4$-9&$-=!=&9>!%=!9$(4G&(,4$!

%,'!:+]O!W%!=-94,'Y@-,-.%3(4,!gY>C'.4ICG&(,4$(,-!%,%$4@X!=--A!34!<.4T4&,'$C!%TT-93!U(,9!%,'!

94<<-.!'(=3.(1&3(4,!(,!1.%(,!'-=<(3-!3>-(.!A4'-=3!%TT(,(3(-=/0Rh2!(3!A%C!1-!\4.3>!94,=('-.(,@!=(A($%.!



!
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]>-!T.--!%9('!4T!W9XYRY0ZY>C'.4ICYOYW<>4=<>4,4A-3>4ICX<.4<C$2%'-,(,-/!(*-*/!6OW6:H:)X p!

Wk(@&.-!"X/!\%=!<.-<%.-'!%=!'-=9.(1-'*0h"/Rd/RS2!]>-!=%A-!$43!>%'!1--,!&=-'!<.-E(4&=$C!T4.!3>-!

=3&'(-=!4T!3>-!3-.,%.C!#&W).AXW6:H:)X!94A<$-I-=/0ZR2!\>-.-!).A!a!O/O eY1(<C.('(,-!4.!"/"N Y

<>-,%,3>.4$(,-*!)$$!3>-!43>-.!.-%@-,3=!\-.-!3>-!=%A-!%=!&=-'!1-T4.-!(,!.-$%3-'!=3&'(-=*0Zf/hf 2!]>-!

(4,(9!=3.-,@3>/!2/!\%=!%$\%C=!%'Q&=3-'!%3!Ods#!34!N*"!H!\(3>!J%J;Z!W\>-,!,--'-'X* !

]>-!-I<-.(A-,3=!\(3>!6:H:)!\-.-! 9%..(-'!4&3!-I%93$C!$(j-!3>4=-!'-=9.(1-'!T4.!

6:H:# /0hf2!3>%3!(=/!3>-!-I<-.(A-,3%$!<.49-'&.-=/!3>-!94,9-,3.%3(4,=/!%,'!3>-!-G&(<A-,3!&=-'/!%=!

\-$$!%=!3>-!9%$9&$%3(4,!<.49-'&.-=/!-39*/!-A<$4C-'*!

64\-E-./!%!T-\! <4(,3=!\%..%,3!-A<>%=(=M!

W(X!+-9%&=-!3>-!%<<$(-'!<6!=9%$-!(=!1%=-'!4,!<.434,!%93(E(3C/!3>-!%9('(3C!94,=3%,3=!'-3-.A(,-'!%.-!

=4Y9%$$-'!<.%93(9%$/!A(I-'/!4.!+.t,=3-'!94,=3%,3=*0dR/SN2!]>-!,-@%3(E-!$4@%.(3>A=!4T!3>-=-!

94,=3%,3=!@(E-,!T4.!%G&-4&=!=4$&3(4,!WOds#_!2!a!N*"!H/!J%J; ZX!9%,!1-!94,E-.3-'!(,34!3>-!

94..-=<4,'(,@!94,9-,3.%3(4,!94,=3%,3=!1C!=&13.%93(,@!N*NO!T.4A!3>-!<S%!E%$&-=!$(=3-'*0SN2!]>-!

A-%=&.-'!=3%1($(3C!94,=3%,3=!4T!3>-!A-3%$!(4,!94A<$-I-=!%.-/!%=!&=&%$$C/!94,9-,3.%3(4,!94,=3%,3=*!

W((X!]>-!$(@%,'!94,9-,3.%3(4,!(,!3>-!-I<-.(A-,3=!\%=!3C<(9%$$C!N*Z!AH!%,'!3>-!HO^M6:H:)!

.%3(4=!\-.-!T4.!A4=3!A-3%$!(4,=!"""M"!%,'!dd*dM"!W=--!0hf2X*!L&-!34!=4$&1($(3C!<.41$-A=!3>-!

b, O^M6:H:)!.%3(4=!\-.-!4,$C!OgM"!%,'!"hM"/!%,'!3>4=-!T4.!#&O^M6:H:)!\-.-!""*"M"!%,'!d *SM"*!

]>-!9%$9&$%3-'!=3%1($(3C!94,=3%,3=!4T!3>-!A-3%$!(4,!94A<$-I-=!=>4\-'!,4!'-<-,'-,9-!4,!<6!4.!

4,!3>-!-I9-==!4T!HO *̂!

W(((X!]>-!T(,%$!.-=&$3=!@(E-,!%.-!(,!-%9>!9%=-!%$\%C=!3>-!%E-.%@-=!4T!%3!$-%=3!=-E-,!(,'-<-,'-,3!

<%(.=!4T!3(3.%3(4,=*!;,-!3(3.%3(4,!4T!=&9>!%!<%(.!\%=!\(3>4&3!$(@%,'!%,'!3>(=!%$$4\-'!34!'-T(,-!3>-!

1-@(,,(,@!4T!3>-!>C'.4$C=(=!4T!HW%GXO !̂Wa!>C'.4I4!94A<$-I!T4.A%3(4,X_!%3!3>(=!<4(,3!'%3%!

94$$-93(4,!T4.!3>-!9%$9&$%3(4,!4T!3>-!=3%1($(3C!94,=3%,3!4T!%!94A<$-I!\%=!=34<<-'*!
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!
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0" 2! [*!L-!#$-.9G/!`* !L*!w(/!,8.(G)Y.4%*I.*8G)X"6G!D^NY/!Z\ /!SRdcfhf* !

0O2! %X![*!L-!#$-.9G/!Y"CG)X"/G)X"6G!D^NA/!]] /!"Ofgc"ZNZ_!1X![*!L-!#$-.9G/!7.*4-"'G)

W-$%'$4*8G!D^NN/!̂ Z/!RRc"NR*!

0Z2! [*!L-!#$-.9G/!)*!64$7/!F*!i4=-,1-.@/!]*!?%j&A%/!x*!+%$U%.(,(/!:*!#*!H%&'@%$/!U$&F%"!N?[Y/!

]Z] /!hShchSf*!

0h2! [*!L-!#$-.9G/!x*!L-=9%A<=/!:*!L-!?4A-./!)*!64$7/!94."(4"!N?Z[/!Z??/!dSZcdSd*!

0d2!! >33<=MPP\\\*-A%*-&.4<%*-&P-,PA-'(9(,-=P>&A%,P[:)iPE(=3('-!W%99-==-'!"SPN"PON"RX*!

0S2! >33<=MPP\\\*-A%*-&.4<%*-&P-,PA-'(9(,-=P>&A%,P4.<>%,Y'-=(@,%3(4,=P-&Z"S"fff!!

W%99-==-'!"SPN"PON"RX*!

0f 2! >33<=MPP\\\*-A%*-&.4<%*-&P-,PA-'(9(,-=P>&A%,P[:)iP>-<=-.%!!W%99-==-'!"SPN"PON"RX*!

0g2! >33<=MPP\\\*-A%*-&.4<%*-&P-,PA-'(9(,-=P>&A%,P[:)iPE(.-%'!!W%99-==-'!"SPN"PON"RX*!

0R2! >33<=MPP\\\*-A%*-&.4<%*-&P-,PA-'(9(,-=P>&A%,P[:)iP3.&E%'%!!W%99-==-'!"SPN"PON"RX*!

0" N2! ?*!+43.4=/!?*!V($$(%A/!w*!6%AA%A/!b*!b('-j/!)*!64$7/!Q(&.'.4%*IG)Q3"(&/),-"'*&-"%G!

D^^A/!>P/!ZgdZcZgdg*!

0" " 2! [*!L-E.(-=/!x*!`*!?3%A/!k*!k*!x*!k.%,==-,/!6*!J(-&\-,>&(Q=/!:*!#>%E%$(3=>-\(,j44,/![*!L- !

#$-.9G/!x*!:*!;E-.'&$E-/!:* !#*!l%,'-.E$(-3/!Y*8G)7.*4-"'G)W$%$/.&*8G)N??N/!>P/!hZcdN*!

0" O2! i*!v%A(,=jC/!#*!?9>A('/!y*!`.-3>-./!)*!64$7/![*!L- !#$-.9G/!w*!J%-=-,=/!i*!+.&,/![%*#G)

Y"CG)2(&G)<"$8&-)N??Y/!; /!OddcOSZ*!

0" Z2! :*!:43A-=($/!H*!v.-9A-.4E%/![*!vA4,(9j4E%/!)*!64$7/!b*!b('-j/! DF%G)_G)W-$%'$4*8G!D^^Y/!

:>?/!"R"c"RR*!

0"h2! #*!+*!6%.3$(,-/!v*!H*!`&=3(,/!V*!+*!V%,/!?*!w*!#(-=$%/!x*!i*!+-%'$-/!v* !y*!64=3-3$-./![*!i*!

v-.,/! _G)2(+"4&G)!./G!D^^W/!;\; /!ZRScZRR*!

0"d2! v*!y*!64=3-3$-./!v*!)*!)$'-.,/!V* !+*!V%,/!?*!w*!#(-=$%/!x*!i* !+-%'$-/!Q(&.'.4%*IG)Q3"(&/)

,-"'*&-"%G)D^^Y/!:? /!OgdfcOgdR*!

0" S2! L*!#*!z&-,-$$-/!L*!x*!#4$$(,=/!w*!i*!:-33\%C/!#*!+*!6%.3$(,-/!x*!i*!+-%'$-/!V* !+*!V%,/!v*!

y*!64=3-3$-./![*!i*!v-.,/! Q(&.6.%$8)X"/G!D^^[/!P\/!"ZZc"Zd*!
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0" f 2! V* !#*!H%@--/!J*!l%$(%-E%/!x*!i*!+-%' $-/!L*!L*!i(9>A%,/!v* !y*!64=3-3$-./!L*!6*![E%,=/!

Q(&.'.4%*IG)Q3"(&/),-"'*&-"%G!D^NN/!:: /!dNSZcdNfO*!

0" g2! v*!]43>/!x*!k*!?<-,9-./!+*!w*!y(,@/!)*![*!]4$$-T=4,/!#*!+*!6%.3$(,-/![*!]*!i(9>%./!x*!x*!k%,/!

x*!w*!wC&/!+*!)*!v%=>-A(.4E/!#*!6%.3-@/!L*!i-C,%/![*!w(<j%/!H*!J*!:.(9>%.'/!#*![*!

H9v-,,%/!V* !?*!H*!V4$'/! Q(&.6.%$8)X"/G!D^N[/!;:] /!"cR*!

0" R2! y*!v&A%j(/!x*!L*!V44$9433/!x*!:*!i43>/!]* !b*!H9w-%,/!L*!k*!?A--/!L* !w*!+%.,%.'/!J*!

l%$(%-E%/!x*!i*! +-%'$-/!v*!y*!64=3-3$-./!Q(&.6.%$8)X"/G!D^N[/!;:^ /!"OOc"OS*!

0ON2! V* !#*!H%@--/!L*!6*![E%,=/!Q(&.6.%$8)X"/G)ON"O/!\@/!"SRc"gN*!

0O"2! #*!)*!+$(,'%&-./!)*! 64$7/!6*!LE4{|j4E|/!6*!?(@-$/!_G),-"'G)9*4G1)W"%N.()[%$(/G)Z!N??Z/!

OZdZcOZSZ*!

0OO2! 6*!?9>\%$1-/!V*!]>4A=4,/!?*!k.--A%,/!_G),-"'G)9*4G1)W"%N.()[%$(/G);!N??N/!"Zhgc"ZhR*!

0OZ2! i*!]. (14$-3/!6*!?(@-$/!DF%G)_G)7.*4-"'G!N?[Z/!;@]/!ZdZcZSZ*!

0Oh2! i*!+*!H%.3(,/!y*!6*!H%.(%A/!Y"&G)2*(/)7.*8G)90/&G!N?Z?/!̂ /!dfc"Oh*!

0Od2! v*!)4j(/! Y"&G)2*(/)7.*8G)90/&G)N??Y/!]Z/!R"c"Zh*!

0OS2! v*!)4j(/!v*!H&.%C%A%/!Y"&G)2*(/)R.+")94.G!D^ND/!;? /!hZc"NO*!

0Of2! w*![*!v%<(,4=/!+*!:*!;<-.=9>%$$/![*!w%.=-,/!6*!?(@-$/!,-"'G)DF%G)_G!D^NN/!;P/!g"dScg"Sh*!

0Og2! `*!:%$&/!?*!?3-T%,-$$(/!H*!i%==&/!#*!:%.4$(,/!x*!+%$U%.(,(/![*!L-!#$-.9G/!Q(&.6.%$8)X"/G!N??N/!

;@/!""d c""R*!

0OR2! %X!F*!l43.&1%/!i*!+-.,%-.3=/!]*!?%j&A%/![*!L-!#$-.9G/!)*!H-.3%/!F*!i4=-,1-.@/!)*!64$7/!

Y*8G)W-$%'$4*8G)N?[Z/!]Z /!dOhcdOR_!1X!)*!H-.3%/!F*!l43.&1%/!x*!x(,'{(9>/!)*!64$7/!]*!

#(>$|{/!F*!i4=-,1-.@/!H*!;3A%./!]*!y*!6-.E-/!7.*4-"'G)W-$%'$4*8G)N??D/!>>/!ONSfcONff*!

0ZN2! )*!64$7/!F*!l43.&1%/!)*!H-.3%/!x*!}-.,7/!x*!l-=-$7/!x*!l $%9>/!v*!~-'(E|/!F*!i4=-,1- .@/!H*!

;3A%./!6*!6{-1%1-9j7/!H*!].|E,(•-j/!l*!l4,j%/!i*!?,4-9j/![*!L-!#$-.9G/! Q(&.6.%$8)X"/G!

N?? /̂!;] /!ORdcZ""*!

0Z"2! V* !#*!H%@--/!v*!)*!)$'-.,/!v* !y*!64=3-3$-./!L*!6*![E%,=/!Q(&.'.4%*IG)Q3"(&/),-"'*&-"%G!

D^^[/!:Z /!dgScdRf*!

0ZO2! [*!L-!#$-.9G/!7.*4-"'G)W-$%'$4*8G!D^^Z/!P]/!R""cROO*!
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0ZZ2! x*!?>-$34,/!€*!w&/!x*!)*!64$$-,1%&@>/!x*!6*!#>4/!k*!)A1$%.'/!i*!k*!?9>(,%U(/!,-"'G)X"6G)

D^NY/!;;@/!"hZfRc"hhdd*!

0Zh2! %X!6*!?(@-$/!WF%")Q##8G),-"'G!N???/!P;/!"fOf c"fhN_!1X!6*!?(@-$/!)*!?(@-$/!_G)2(C.$(),-"'G)

9*4G!D^^ /̂!PP/!dN"cdNR*!

0Zd2! %X!6*!?(@-$/!,**%CG),-"'G)X"6G!N??W/!;>>/!OgfcZ"R_!1X!6*!?(@-$/!,-"'G)9*4G)X"6G!D^^U/!

]] /!"R"cONN*!

0ZS2! %X!6*!?(@-$/!i*!`.(-==-./!,-"'G)9*4G)X"6G)D^^W/!]> /!gfdcRNN_!1X!6*!?(@-$/!WF%")Q##8G)

,-"'G !D^^U/!P@/!ZfdcZgg*!

0Zf2! i*!+*!`•A-U Y#49%/!#*!)*!+$(,'%&-./!)*!?(@-$/!+*!:*!;<-.=9>%$$/!)*!64$7/!6*!?(@-$/!,-"'G)

7.*C.6"%/G!D^ND/!\ /!ONNgcONZh*!

0Zg2! 6*!?(@-$/!L*!#>-,/!J*!)*!#4.T‚/!k*!`.-@|ƒ/!)*!64$7/!H*!?3.%„|j/!<"86G),-.'G)Q4&$!N??D/!

P:/!OSZhcOSdS*!

0ZR2! #*!)*!+$(,'%&-./!i*!`.(-==-./!)*! 64$7/!+*!:*!;<-.=9>%$$/!)*!?(@-$/!+*!?4,@/!6*!?(@-$/!_G)

,**%CG),-"'G !D^N[/!P;/!"R"Nc"RZh*!

0hN2! )*!64$7/![*!L-!#$-.9G/!F*!l43.&1%/!Q,9)90'#G)9"%G!N?[?/!>?;/!d"cf" *!

0h" 2! 6*!LE4{|j4E|/!)*!64$7/!F*!i4=-,1-.@/!,*88"4&G),B"4-G),-"'G),*''F(G) N??U/!:\ /!ONSRc

ONRh*!

0hO2! #*!)*!+$(,'%&-./!)*!64$7/!6*!?(@-$/!,*88"4&G),B"4-G),-"'G),*''F(G !N???/!@>/!S"ZcSZO*!

0hZ2! )*!k-.,|,'-U Y+43-$$4/!i*!`.(-==-./!)*!64$7/!l*!H4.-,4/! 6*!?(@-$/!2(*%3G),-"'G!D^^W/!>>/!

d"Nhcd""f!WL-'(9%3-'!34!3>-!A-A4.C!4T!3>-!$%3-!:.4T*!L.*!J(3C%,%,'%!?%>%/!:.4T-==4.!4T!

#>-A(=3.C!%3!3>-!u,(E-.=(3C!4T!#%$9&33%!%,'!l(9-!#>%,9-$$4.!4T!v%$C%,(!u,(E-.=(3C/!F,'(%X*!

0hh2! )*!k-.,|,'-U Y+43-$$4/!+*!:*!;<-.=9>%$$/!)*!64$7/!l*!H4.-,4/ !6*!?(@-$/!!$8&*()[%$(/G!

D^N/̂!]\ /!SZhhcSZdh*!

0hd2! )*!?(@-$/!+*!:*!;<-.=9>%$$/!6*!?(@-$/!,**%CG),-"'G)X"6G!D^ND/!Z:@/!OSNcOfg*!

0hS2! i*!+*!`•A-U Y#49%/!)*!?(@-$/!+*!:*!;<-.=9>%$$/!)*!6 4$7/!6*!?(@-$/!,$(G)_G),-"'G)D^NU/!\Z/!

ff" cfgN!W,_, !(==&-!(,!>4,4.!4T!)*!+*!:*!W+%..CX!w-E-.X*!

0hf2! #*!)*!+$(,'%&-./!)*!?(@-$/!+*!:*!;<-.=9>%$$/!)*! 64$7/!6*!?(@-$/)2(*%3G),-.'G)Q4&$!D^N[/!
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>PZ/!OgZcORh*!

0hg2! )*!64$7/!Q(&.6.%$8)X"/G!D^^Y/!P;/!OhgcOdZ*!

0hR2! +*!?4,@/!)*!64$7/!6*!?(@-$/!`$BBG),-.'G)2&$8G!N??U/!;Z>/!ZgfcZRO*!

0dN2! ;*!y%A%&9>(/!)*!;'%,(/!6*!H%=&'%/!6*!?(@-$/!Y"&G)2*(/)7.*8G)90/&G)N??Y/!]Z/!ONfcOfN*!

0d"2! #*!H-(=-./!+*!?4,@/![*!k.-(=(,@-./!H*!:-($-.3/!6*!?(@-$/!+*!w(<<-.3/),-"'G)DF%G)_G)N??Z/!] /!

ZggcZRg*!

0dO2! )*!?(@-$/!+*!:*!;<-.=9>%$$/!6*!?(@-$/!_G)7.*8G)2(*%3G),-"'G!D^NU/!;\ /!SR"cfNZ!W_72, !(==&-!

'-'(9%3-'!34!3>-!A-A4.C!4T!FE%,4!+-.3(,(X*!

0dZ2! `*!v%A<T/!w*![*!v%<(,4=/!i*!`.(-==-./!+*!w(<<-.3/!6*!?(@-$/!_G),-"'G)9*4G1)W"%N.()[%$(/)Z!

D^^D/!"ZONc"ZOf*!

0dh2! H*!+%=3(%,/!k*!`.-@|ƒ/!`*!w(%,@/!6*!?(@-$/!VG)U$&F%+*%/4-G)N??A/!>^7/!"OfRc"Ogf*!

0dd2! ?*!?*!H%==4&'/!6*!?(@-$/!2(*%3G),-"'G)N?[[ /!ZP/!"hhf c"hdZ*!

0dS2! 6*!?(@-$/!?*!?*!H%==4&'/!i*!].(14$-3/!_G)Q'G),-"'G)9*4G)N?[[ /!;;? /!SgdfcSgSd*!

0df2! [*!H*!+ (%,9>(/!?*!)*!)*!?%Q%'(/!+*!?4,@/!6 *!?(@-$/!,-"'G)DF%G)_G)D^^A/!\ /!gg"cgRO*!!

0dg2! 6*!?(@-$/!#*!:*!L%!#4=3%/!+*!?4,@/!:*!#%.$4,(/!k*!`.-@|ƒ/)_G)Q'G),-"'G)9*4G!N???/!;Z; /!

SOhgcSOdf*!

0dR2! H*!+%=3(%,/!6*!?(@-$/!_G),**%CG),-"'G)N??N/!Z] /!"Zf c"dh!W_,, !(==&-!(,!>4,4.!4T!:.4T*!L.*!

).3>&.![*!H%.3-$$!4,!3>-!499%=(4,!4T!>(=!fd3>!1(.3>'%CX*!

0SN2! 6*!?(@-$/!)*!L*!b&1-.1…>$-./!;*!y%A%&9>(/!Q($8G),-.'G)Q4&$)N??N/!Z:: /!SZcfO*!

0S"2! )*!k-.,|,'-U Y+43-$$4/!)*!64$7/!l*!H4.-,4/!6*!?(@-$/!W*80-"C%*(!D^^A/)ZZ/!"NSfc"NfS*!

0SO2! 6*!?(@-$/!WF%")Q##8G),-"'G !D^^U/!P@/!"gSRc"ggS*!

0SZ2! i*!+*!H%.3(,/!94."(4"!N?YA/!;]\ /!""Rgc"ONZ*!

0Sh2! #*!)*!+$(,'%&-./!mu,3-.=&9>&,@-,!U&!?3%1($(3†3/!?3.&j3&.!&,'!i-j3(E(3†3!E4,!

H-3%$$(4,-,j4A<$-I-,!-(,(@-.!%,3(E(.%$-.!J&j$-43('Y),%$4@%m/!:>L!3>-=(=/!u,(E-.=(3C!4T!
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