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!G-2*>+5*!/%)%!)%*1*(%&5%5!+&!@)+*W7H@F!A@7B!;144%)!2&5!3)2&*4,)>%5!+&3,!

R1;=-,&+&<!744+=+%&=6!HIX"!=,>(%3%&3!=%--*!A[&.+3),<%&D!8]OZXWU8YD!T1)-+&<3,&D!

`&32)+,D!?2&252BC!T2=3%)+2!/%)%!<),/&!,&!2>(+=+--+&W!A[&.+3),<%&D!88X#9UOYD!

T1)-+&<3,&D!`&32)+,D!?2&252B!=,&32+&+&<!2<2)!(-23%*!APT!F<2)!7eS+'W!R+<>2D!PYX99D!

`2E.+--%D!`&32)+,D!?2&252B!2&5!+&=1;23%5!23!9Y°?!,.%)&+<:3C![*,-23%5!=,-,&+%*!/%)%!

(+=E%5!2&5!<),/&!+&!9!>-!,4!PT!;),3:!AR+<>2D!PYZX]D!`2E.+--%D!`&32)+,D!?2&252B!

=,&32+&+&<!2>(+=+--+&!A[&.+3),<%&D!88X#9UOYD!T1)-+&<3,&D!`&32)+,D!?2&252B!

,.%)&+<:3!23!9Y°?C!F!S+&+()%(!E+3!AL+2<%&D!OY8U"D!@,),&3,D!`&32)+,D!?2&252B!/2*!

1*%5!3,!+*,-23%!(-2*>+5*!2==,)5+&<!3,!3:%!>2&142=31)%)a*!+&*3)1=3+,&*C!G-2*>+5*!



!

!

X8!

/%)%!5+<%*3%5!/+3:!)%*3)+=3+,&!%&Q6>%*!,.%)&+<:3!23!9Y°?C!7&Q6>%!*+3%*!/%)%!

*%-%=3%5!/+3:+&!2&5!,13*+5%!3:%!)+;,(),;%!+&*%)3!3,!.%)+46!3:%!)+;,(),;%!+&*%)3C!@:%!

4,--,/+&<!526!5+<%*3%5!(-2*>+5*!/%)%!)1&!+&!2!UC]^!2<2),*%!A\-3)2G1)%!F<2),*%!f!

[&.+3),<%&D!8ZXUUXUUD!T1)-+&<3,&D!`&32)+,D!?2&252B!<%-!3,!%&*1)%!%'(%=3%5!;2&5!

*+Q%*!/%)%!()%*%&3!2&5!3:%)%!/2*!&,!=,&32>+&23+,&C!F--!)+;,(),;%*!/%)%!2-*,!*%&3!

4,)!*%01%&=+&<!23!3:%!?%&3)%!4,)!F((-+%5!$%&,>+=*!23!R+=E!g+5*!:,*(+32-!A@,),&3,D!

`&32)+,D!?2&252BC!F43%)!=,&4+)>23+,&!,4!3:%!(),(%)!(-2*>+5!=,&*3)1=3D!-2)<%)!"UU!

>-!PT!;),3:!AR+<>2D!PYZX]D!`2E.+--%D!`&32)+,D!?2&252B!=1-31)%*!/%)%!+&=1;23%5!

,.%)&+<:3!23!9Y°?!2&5!S2'+()%(!AL+2<%&D!8O#Z9D!@,),&3,D!`&32)+,D!?2&252B!

(-2*>+5!+*,-23+,&!/2*!(%)4,)>%5!2==,)5+&<!3,!3:%!>2&142=31)%)a*!+&*3)1=3+,&*C!!!

1-(23%!"G5%H/C)93<%/=%()*+,%=-:*2'%)*(/;)/(3<"%

I303% H/C)93%

"#$! H)C!RC!g,)*>%6%)!P2;!

H)C!KC!R-2=E!P2;!"$%!

"&'!

()'&!

H)C!SC!`hK%+--6!P2;!

R6&3:%*+Q%5!

!

! [*,-23%5!(-2*>+5*!/%)%!(1)+4+%5!1*+&<![--1*3)2!$J_!HVF!G1)+4+=23+,&!g+3!A$7!

P+4%!R=+%&=%*D!O]W#U9"WYUB!2==,)5+&<!3,!3:%!>2&142=31)%)a*!+&*3)1=3+,&*C!HVF!

=,&=%&3)23+,&!/2*!5%3%)>+&%5!1*+&<!2!L1;+3!4-1,),>%3%)!A[&.+3),<%&D!L9O]XYD!

T1)-+&<3,&D!`&32)+,D!?2&252BC!8!µ<!,4!(-2*>+5!/2*!-+&%2)+Q%5!,.%)&+<:3!1*+&<!

)%*3)+=3+,&!%&Q6>%!5+<%*3!2&5!H[$!-2;%-+&<!/2*!=,>(-%3%5!3:%!4,--,/+&<!526!1*+&<!

H[$!KVF!P2;%-+&<!S+'!E+3!AK,=:%D!88OYYUY9#8UD!S+**+**21<2D!`&32)+,D!?2&252B!

2==,)5+&<!3,!3:%!>2&142=31)%)a*!+&*3)1=3+,&*C!P2;%-+&<!%44+=+%&=6!/2*!3%*3%5!;6!



!

!

XO!

(%)4,)>+&<!2!*(,3!2**26!/+3:!8U!4,-5!*%)+2-!5+-13+,&*!,4!3:%!H[$W-2;%-%5!)+;,(),;%!

*(,33%5!,&3,!I6;,&5!&6-,&!>%>;)2&%!AF>%)*:2>!T+,R=+%&=%*D!KGV9U9OUD!

G+*=232/26D!V%/!i%)*%6D!\RFBD!5)+%5!2&5!\j!=),**!-+&E%5C!@:%!>%>;)2&%!/2*!3:%&!

/2*:%5!+&!H[$!5%3%=3+,&!;144%)!8!A8UU!>S!@)+*!(I!YCXD!8XU!>S!V2?-B!4,)!X!

>+&13%*D!3:%&!;-,=E%5!/+3:!8^!;-,=E+&<!)%2<%&3!AK,=:%D!88U#Z8YZUU8D!

S+**+**21<2D!`&32)+,D!?2&252B!+&!H[$!5%3%=3+,&!;144%)!8!4,)!9U!>+&13%*C!J,--,/+&<!

;-,=E+&<D!2!8kOUUU!5+-13+,&!,4!2&3+WH[$!2&3+;,56!AK,=:%D!88U#9OY"#8UD!

S+**+**21<2D!`&32)+,D!?2&252B!/2*!255%5!3,!3:%!;-,=E+&<!*,-13+,&!2&5!/2*:%5!4,)!

9U!>+&13%*!23!),,>!3%>(%)231)%!/+3:!),=E+&<C!@:%!>%>;)2&%!/2*!3:%&!/2*:%5!

/+3:!H[$!5%3%=3+,&!;144%)!8!3/+=%!4,)!8X!>+&13%*!%2=:!2&5!H[$!5%3%=3+,&!;144%)!O!

A8UU!>S!@)+*!(I!#CXD!8UU!>S!V2?-D!XU!>S!S<?-OB!3/+=%!4,)!X!>+&13%*!%2=:C!

J+&2--6!3:%!>%>;)2&%!/2*!+&=1;23%5!+&!=,-,1)!5%.%-,(>%&3!*,-13+,&!AUC"X^!"W

V+3),;-1%!3%3)2Q,-+1>!AVT@BD!UC9X^!XW;),>,W"W=:-,),W9W+&5,-6-W(:,*(:23%!AT?[GB!

+&!H[$!5%3%=3+,&!;144%)!OB!+&!3:%!52)E!23!),,>!3%>(%)231)%!4,)!9U!>+&13%*C!@:%!

)%2=3+,&!/2*!*3,((%5!;6!/2*:+&<!3:%!>%>;)2&%!+&!32(!/23%)!2&5!2--,/+&<!+3!3,!

5)6C!P2;%-%5!(),;%*!/%)%!3:%&!2**%**%5!;6!=,>(2)+&<!3:%!*+<&2-!+&3%&*+3+%*!,4!3:%!

5,3*C!

! @+**1%!*%=3+,&*!/%)%!/2)>%5!3,!),,>!3%>(%)231)%!4,)!9U!>+&13%*D!2&5!3:%&!

+&=1;23%5!+&!8kXU!3,!2!8kXUUU!5+-13+,&!,4!5%&231)%5!)+;,(),;%!+&!:6;)+5+Q23+,&!

*,-13+,&!A@2;-%!OC#BC!@:%!5+-13+,&!,4!)+;,(),;%!/2*!5%3%)>+&%5!;6!3:%!*+<&2-!

+&3%&*+3+%*!4),>!3:%!*(,3!2**26!3,!%&*1)%!%012-!5+-13+,&*!,4!*%&*%!2&5!2&3+*%&*%!

(),;%*!/%)%!255%5!3,!3+**1%!*2>(-%*C!F&6!*%&*%!2&5!2&3+*%&*%!(),;%*!3:23!:25!



!

!

X9!

<)%23%)!3:2&!2!8U!4,-5!5+44%)%&=%!+&!-2;%-+&<!+&3%&*+36!/%)%!5+*=2)5%5!2&5!4)%*:!

(),;%*!/%)%!)%-2;%-%5C!R%=3+,&*!/%)%!+&=1;23%5!/+3:!)+;,(),;%*!23!ZX°?!+&!2!

:1>+5+36!=:2>;%)!,.%)&+<:3C!@:%!4,--,/+&<!>,)&+&<!*-+5%*!/%)%!+&=1;23%5!+&!/2*:!

;144%)!A@2;-%!OC8UB!23!ZX°?!/+3:!),=E+&<!4,)!8_!8X!>+&13%*!2&5!O_!9U!>+&13%*C!R-+5%*!

/%)%!3:%&!3)2&*4%))%5!3,!8_!SFT@!AUCX!S!S2-%+=!2=+5D!UCYX!S!V2?-D!UCX^!@/%%&!OUB!

2&5!/2*:%5!23!),,>!3%>(%)231)%!4,)!9U!>+&13%*C!F!:65),(:,;+=!;2))+%)!/2*!5)2/&!

2),1&5!*%=3+,&*!,&!3:%!*-+5%*!/+3:!2!H2E,!(%&!AH2E,!?2&252D!ROUUOD!`&32)+,D!

?2&252B!2&5!*%=3+,&*!/%)%!+&=1;23%5!+&!;-,=E+&<!*,-13+,&!AOU^!:%23W+&2=3+.23%5!

:,)*%!*%)1>D!O^!;-,=E+&<!)%2<%&3!+&!8_!SFT@B!+&!2!:1>+5+4+%5!=:2>;%)!4,)!8!:,1)!

23!),,>!3%>(%)231)%C!T-,=E+&<!*,-13+,&!/2*!)%>,.%5!2&5!OUU!µ-!,4!2&3+WH[$!

2&3+;,56!AK,=:%D!88U#9OY"#8UD!S+**+**21<2D!`&32)+,D!?2&252B!5+-13%5!8k8UUU!+&!

;-,=E+&<!*,-13+,&!/2*!255%5!3,!3:%!*-+5%*!2&5!+&=1;23%5!+&!3:%!:1>+5+36!=:2>;%)!23!

),,>!3%>(%)231)%!,.%)&+<:3C!@:%!&%'3!>,)&+&<!*-+5%*!/%)%!/2*:%5!X_!OU!>+&13%*!

+&!8_!SFT@!23!),,>!3%>(%)231)%C!R%=3+,&*!/%)%!%01+-+;)23%5!+&!()%W*32+&+&<!;144%)!

A@2;-%!OC88B!O_!8U!>+&13%*!23!),,>!3%>(%)231)%C!R-+5%*!/%)%!3:%&!+&=1;23%5!+&!9U!

>-!,4!*32+&+&<!;144%)!/+3:!VT@!A"CX!µ-N>-!*32+&+&<!;144%)B!AK,=:%D!89]9O89D!

S+**+**21<2D!`&32)+,D!?2&252B!2&5!T?[G!A9CX!µ-N>-!*32+&+&<!;144%)B!AK,=:%D!

889]9OO8UU8D!S+**+**21<2D!`&32)+,D!?2&252B!+&!3:%!52)E!23!),,>!3%>(%)231)%!4,)!9W

O"!:,1)*C!F--!*%&*%!2&5!2&3+*%&*%!(),;%*!,4!3:%!*2>%!<%&%!/%)%!+&=1;23%5!4,)!3:%!

*2>%!2>,1&3!,4!3+>%C!@:%!)%2=3+,&!/2*!*3,((%5!;6!/2*:+&<!*-+5%*!+&!GTRD!O_!X!

>+&13%*C!R%=3+,&*!/%)%!=,.%)%5!+&!8k8!<-6=%),-NGTR!2&5!=,.%)*-+((%5!1*+&<!&2+-!

(,-+*:!3,!*%2-!3:%!%5<%*C!R-+5%*!/%)%!*3,)%5!23!WOU°?!1&3+-!41)3:%)!1*%C!!



!

!

X"!

!

1-(23%!"#$5%&'()*+*,-.*/0%</2C.*/0%)39*;3"%

83-A30.% B/2C:3%D#$%:2F%

8_!R2-3! 8!>-!,4!8U_!

H%+,&+Q%5!J,)>2>+5%! X!>-!

8U^!H%'3)2&!R1-423%! O!>-!,4!XU^!

)KVF!A8><N>-B! 8!>-!,4!8U><N>-!

8_!H%&:2)53a*! 8UU!µ-!,4!8UU_!

IO`! #UU!µ-!!

%

1-(23%!"##5%!"#$%&'#%@'()*+*,-.*/0%J-<@%(C==3)%)39*;3"%

83-A30.% B/2C:3%DK$$%:2F%

8_!RR?! OX!>-!,4!OU_!

H%+,&+Q%5!J,)>2>+5%! OXU!>-!

UC8^!@/%%&WOU! XUU!µ-!!

IO`! OO"CX!>-!!

%

1-(23%!"#!5%!"#$%&'#@'()*+*,-.*/0%<.-*0*0A%(C==3)%)39*;3"%

83-A30.% B/2C:3%DL$#"L%:2F%

8UU!>S!V2?-! Z!>-!,4!XS!

XU!>S!S<?-O! 8X!>-!,4!8S!

8UU!>S!@)+*!(I!#CX! 9U!>-!,4!8S!

UC8^!@/%%&WOU! 9UU!µ-!!

5IO`! OXU!>-!



!

!

XX!

L"$ 83<C2.<%
!

L"# >3<.*0%7)3%<3239.*M32'%+323.3<%-)*+.%-0+%()*+/%=)/:%.@3%7>H"%

!

! @,!+5%&3+46!3:%!),-%*!,4!S=-W8!2&5!T=-W'!3:),1<:,13!3:%!5%.%-,(+&<!?VRD!>+=%!

%'()%**+&<!?)%!)%=,>;+&2*%!1&5%)!=,&3),-!,4!3:%!V%*3+&!(),>,3%)!/%)%!1*%5!3,!

%'=+*%!4-,'%5!$*+,-!2&5!"*+,'!<%&%*C!V%*3+&!+*!%'()%**%5!+&!&%1)2-!()%=1)*,)!=%--*!;6!

7YCX!AP%&52:-D!8##UBD!/%--!;%4,)%!3:%!,&*%3!,4!&%1),<%&%*+*!23!78U!AF&<%.+&%!l!

R+5>2&D!8#Z8m!V,)&%*!l!?2))6D!8#Y]BC!`&-6!&%1)2-!()%=1)*,)!=%--*!2&5!3:%+)!(),<%&6!

:2.%!3:%!4-,'%5!<%&%*!%'=+*%5D!)%*1-3+&<!+&!2!?VRW*(%=+4+=!=,&5+3+,&2-!E&,=E,13!

>,5%-C!@,!%'2>+&%!3:%!%'()%**+,&!,4!S=-W8!2&5!T=-W'!(),3%+&*D!

+>>1&,:+*3,=:%>+*3)6!2&5!/%*3%)&!;-,33+&<!/%)%!(%)4,)>%5!AJ+<1)%!9C8BC!

[>>1&,:+*3,=:%>+*3)6!4,)!T=-W'!/2*!(%)4,)>%5!,&!*2<+332-!*%=3+,&*!3:),1<:!3:%!

;)2+&!2&5!*(+&2-!=,)5!,4!789!?3-!2&5!Tg`!%>;)6,*C![&!?3-!%>;)6,*D!T=-W'!:25!-+>+3%5!

%'()%**+,&!3:),1<:,13!)%<+,&*!,4!(),-+4%)23+.%!(,(1-23+,&*!;13!/2*!()%*%&3!

3:),1<:,13!3:%!)%*3!,4!3:%!?VR!AJ+<1)%!9C8FB!=,&*+*3%&3!/+3:!()%.+,1*!*315+%*!

AS,3,62>2!%3!2-C!8##XBC![&!=,&3)2*3D!3:%)%!/2*!2!>2)E%5!5%=)%2*%!,4!T=-W'!

%'()%**+,&!3:),1<:,13!3:%!Tg`!?VR!AJ+<1)%!9C8FBC!d%*3%)&!;-,33+&<!2&2-6*+*!,4!=%--!

-6*23%!4),>!78O!?3-D!I%3!2&5!Tg`!4,)%;)2+&D!;)2+&*3%>!2&5!*(+&2-!=,)5!3+**1%D!

=,&4+)>%5!*+<&+4+=2&3-6!)%51=%5!%'()%**+,&!,4!T=-W'!+&!2--!)%<+,&*!,4!3:%!?VR!,4!;,3:!

I%3!2&5!Tg`!>+=%!AJ+<1)%!9C8TBC!P,**!,4!S=-W8!%'()%**+,&!+&!3:+*!Sg`!>,5%-!:2*!

;%%&!()%.+,1*-6!5%>,&*3)23%5!AF);,1)!%3!2-CD!OUU]BC!I%)%!78O!Sg`!4,)%;)2+&D!



!

!

XZ!

;)2+&*3%>!2&5!*(+&2-!=,)5!=%--!-6*23%!=,&4+)>%5!<)%23-6!)%51=%5!,)!2;*%&3!

%'()%**+,&!,4!S=-W8C!@2E%&!3,<%3:%)!3:%*%!)%*1-3*!5%>,&*3)23%!%44+=+%&3!5%-%3+,&!,4!

$*+,-!2&5!"*+,'!3:),1<:,13!3:%!&%1)2-W5%)+.%5!?VR!3+**1%!,4!g`!%>;)6,*C!!

! !!



!

!

XY!

!

%

%

%

!

%

%

N*AC)3%L"#5%OPQ%-0+%RPQ%-0*:-2<%@-M3%+*:*0*<@3+%3?;)3<<*/0%/=%O92S?%-0+%

R92S#"%

DTF%K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!T=-W'!+>>1&,:+*3,=:%>+*3)6!,&!*2<+332-!

*%=3+,&*!3:),1<:!3:%!;)2+&!A3,(!(2&%-*B!2&5!*(+&2-!=,)5!A;,33,>!(2&%-*B!,4!789!?3-!

2&5!Tg`!%>;)6,*C!K%51=%5!T=-W'!%'()%**+,&!+*!*%%&!3:),1<:,13!3:%!?VR!,4!Tg`!

%>;)6,*C!DOF%d%*3%)&!;-,3!2&2-6*+*!,4!T=-W'-!(),3%+&!%'()%**+,&!4),>!78O!?3-D!I%3!

2&5!Tg`!4,)%;)2+&!AJ;BD!;)2+&*3%>!AT*B!2&5!*(+&2-!=,)5!AR(B!3+**1%!A&M9BC!D7F!

d%*3%)&!;-,3!2&2-6*+*!,4!S=-W8!(),3%+&!%'()%**+,&!4),>!78O!?3-D!I%3!2&5!Sg`!J;D!T*!

2&5!R(!3+**1%!A&MOBC%L12&3+4+=23+,&!,4!DUF%T=-W'P!2&5!DVF!S=-W8!%'()%**+,&!4),>!

/%*3%)&!;-,3!2&2-6*+*C!7)),)!;2)*!+&5+=23%!*32&52)5!%)),)!,4!3:%!>%2&!AR7SBC!nnn(!o!

UCUU8D!n(!o!UCUXC!





!

!

X#!

%

L"! R92S#%-0+%O92S?%-)3%)3WC*)3+%=/)%<;*0-2%9/)+%+3M32/;:30."%

!

! @,!%'2>+&%!3:%!+>(2=3!,4!3:%!5%-%3+,&!,4!$*+,-!2&5!"*+,'D!:+*3,-,<6!/2*!

(%)4,)>%5!,&!*(+&2-!=,)5D!;)2+&*3%>!2&5!4,)%;)2+&!3+**1%!*%=3+,&*!4),>!Sg`!2&5!

Tg`!%>;)6,*C!R(%=+4+=2--6D!=)%*6-!.+,-%3!2&5!:,%=:*3!*32+&+&<!2*!/%--!2*!

+>>1&,:+*3,=:%>+*3)6!-2;%-+&<!2=3+.%!=2*(2*%W9W%'()%**+&<!=%--*!/%)%!1*%5!,&!

3+**1%!*%=3+,&*!4),>!%>;)6,&+=!3+>%!(,+&3*!78UD!788D!78OD!789!2&5!78XC!@:)%%!3,!

4+.%!%>;)6,*!,4!%2=:!<%&,36(%!/%)%!2&2-6Q%5!4,)!%2=:!3+>%!(,+&3!*315+%5C!!

! @,!%'2>+&%!3:%!-,**!,4!S=-W8!2&5!T=-W'!,&!%2)-6!*(+&2-!=,)5!5%.%-,(>%&3D!

3+**1%!:+*3,-,<6!/2*!(%)4,)>%5!%'2>+&+&<!3:%!*(+&2-!=,)5!)%<+,&!*:,/&!+&!J+<1)%!

9COFC!F(,(3,3+=!=%--!5%23:!;%<2&!+&!3:%!*(+&2-!=,)5!+&!;,3:!Sg`!2&5!Tg`!%>;)6,*!23!

78U!/:%)%2*!.%)6!-+33-%!,)!&,!=%--!5%23:!/2*!,;*%).%5!+&!?3-!2&+>2-*!AJ+<1)%!9COTBC!

F(,(3,*+*![&!3:%!Sg`D!2(,(3,*+*!/2*!%'3%&*+.%!2-,&<!3:%!.%&3)2-!*(+&2-!=,)5!23!78UC!

F!5)2>23+=!*/+3=:!,==1))%5!;6!788D!/:%)%!=%--!5%23:!/2*!,;*%).%5!>,)%!

=,&=%&3)23%5!2-,&<!3:%!-%&<3:!,4!3:%!5,)*2-!*(+&2-!=,)5C![&!=,&3)2*3D!>+&+>2-!

2(,(3,*+*!/2*!,;*%).%5!+&!3:%!Tg`!*(+&2-!=,)5!23!78UC!T6!788!AJ+<1)%!9COTB!3:),1<:!

789!AJ+<1)%!9COHB!2(,(3,*+*!;%<2&!3,!*()%25!5,)*2--6D!;13!)%>2+&%5!()%5,>+&2&3-6!

2-,&<!3:%!.%&3)2-!*(+&2-!=,)5C!789!=)%*6-!.+,-%3!=,),&2-!3+**1%!*%=3+,&*!)%.%2-%5!2!

)%51=%5!*+Q%!,4!3:%!Sg`!*(+&2-!=,)5!AJ+<1)%!9CO?BC!F-3:,1<:!&,3!012&3+4+%5D!3:+*!

)%51=3+,&!+&!5+2>%3%)!+&!3:%!Sg`!/2*!=,&*+*3%&3-6!,;*%).%5!3:),1<:,13!Sg`!



!

!

ZU!

2&+>2-*D!/:+-%!&,!,;.+,1*!*+Q%!5+44%)%&=%!/2*!*%%&!+&!3:%!Tg`!*(+&2-!=,)5!23!3:+*!

3+>%C!?,),&2-!3+**1%!*%=3+,&*!2-*,!)%.%2-%5!3:%!5+44%)%&=%!+&!(233%)&!,4!=%--!5%23:!3:23!

/2*!*%%&!23!789!AJ+<1)%!9COHBC!F3!3:+*!3+>%!(,+&3D!2(,(3,*+*!/2*!-+>+3%5!3,!3:%!5,)*2-!

*(+&2-!=,)5!+&!3:%!Sg`!2&5!()+>2)+-6!3:%!.%&3)2-!*(+&2-!=,)5!+&!3:%!Tg`C!F(,(3,*+*!

/2*!<)%23-6!)%51=%5!+&!3:%!Tg`!;6!78X!2&5!3:%)%!/2*!&,!-,&<%)!2&!2((2)%&3!

+&=)%2*%5!-%.%-!,4!=%--!5%23:!2-,&<!3:%!.%&3)2-!2*(%=3!,4!3:%!*(+&2-!=,)5!AJ+<1)%!9CO7BC!

F(,(3,3+=!=%--!5%23:!,==1))%5!+&!3:%!*(+&2-!=,)5!,4!;,3:!Sg`!2&5!Tg`!%>;)6,*!;6!

78UD!;13!(),<)%**%5!+&!2!5+44%)%&3!(233%)&!*1<<%*3+&<!5+*3+&=3!(,(1-23+,&*!/%)%!

244%=3%5C!!
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!

Z8!

!

%

%

%

!

%

N*AC)3%L"!5%Q0<3.%/=%9322%+3-.@%*0%.@3%+3M32/;*0A%<;*0-2%9/)+%/=%RPQ%-0+%OPQ%

:*93"%

DTF!?)%*6-!.+,-%3W*32+&%5!*2<+332-!*%=3+,&*!,4!/:,-%!78U!2&5!789!/+-5!36(%!%>;)6,*!

:+<:-+<:3+&<!)%<+,&!%'2>+&%5!+&!;-2=E!;,'C!DOF%K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!

2=3+.%!=2*(2*%W9!AF?9B!+>>1&,:+*3,=:%>+*3)6!*32+&+&<!*:,/+&<!2(,(3,3+=!=%--!5%23:!

+&!*2<+332-!*%=3+,&*!,4!3:%!*(+&2-!=,)5!,4!78U!2&5!788!?3-D!Sg`!2&5!Tg`!%>;)6,*C!

HM5,)*2-D!jM.%&3)2-D!KM),*3)2-D!?M=2152-C!D7X%UF!K%()%*%&323+.%!(:,3,>+=),<)2(:*!

,4!789!=,),&2-!*(+&2-!=,)5*!4),>!?3-D!Sg`!2&5!Tg`!%>;)6,*C!?)%*6-!.+,-%3!A?jB!

*32+&+&<!*:,/*!3+**1%!:+*3,-,<6!D7FD!/:+-%!2=3+.%!=2*(2*%W9!+>>1&,:+*3,=:%>+*3)6!

-2;%-*!2(,(3,3+=!=%--*!DUFC!DVF%G:,3,>+=),<)2(:*!,4!=,),&2-!*(+&2-!=,)5*!4),>!78X!

?3-!2&5!Tg`!%>;)6,*!*32+&%5!4,)!2=3+.%!=2*(2*%W9!+&5+=23%!)%51=%5!2(,(3,3+=!=%--!

5%23:!+&!Tg`!2&+>2-*!;6!3:+*!3+>%!(,+&3C!!





!

!

Z9!

%

L"L R92S#%-0+%O92S?%-)3%)3WC*)3+%=/)%()-*0<.3:%+3M32/;:30."%%

!

! $+.%&!3:%!%2)-6!,&*%3!,4!=%--!5%23:!+&!3:%!*(+&2-!=,)5D!&%'3!3:%!(),<)%**+,&!,4!

2(,(3,*+*!/2*!%'2>+&%5!+&!3:%!;)2+&*3%>D!2&,3:%)!%2)-6!5%.%-,(+&<!)%<+,&!,4!3:%!

?VRC!@,!=:2)2=3%)+Q%!3:%!(233%)&!,4!=%--!5%23:!,4!3:%!Sg`!2&5!Tg`!;)2+&*3%>D!

:+*3,-,<6!/2*!(%)4,)>%5!,&!78UW!789!3+**1%!AJ+<1)%!9C9BC!R2<+332-!*%=3+,&*!3:),1<:!

3:%!;)2+&*3%>!)%.%2-%5!*+>+-2)!3+>+&<!+&!3:%!,&*%3!,4!=%--!5%23:!3,!3:23!+&!3:%!*(+&2-!

=,)5!AJ+<1)%!9C9?BC![&!;,3:!3:%!Sg`!2&5!Tg`D!2(,(3,*+*!/2*!,;*%).%5!+&!3:%!

;)2+&*3%>!23!78U!2&5!(),<)%**%5!3:),1<:!788!AJ+<1)%!9C9?BC!T6!788!3:%!.%&3)+=1-2)!

Q,&%!(,(1-23+,&!1&5%)/%&3!2(,(3,*+*!+&!3:%!Sg`D!;13!+&!3:%!Tg`!3:%*%!=%--*!/%)%!

*(2)%5!2&5!2(,(3,3+=!=%--*!/%)%!-,=23%5!+&!3:%!2(+=2-!)%<+,&!AJ+<1)%!9C9?BC!!

! ?)%*6-!.+,-%3W*32+&%5!=),**!*%=3+,&*!23!3:%!-%.%-!,4!3:%!42=+2-!>,3,)!&1=-%1*!

AJSVB!5%>,&*3)23%5!=,&5%&*%5!=%--!;,5+%*!+&5+=23+.%!,4!2(,(3,*+*!+&!3:%!Tg`!JSVC!

@:%!JSV!+&!;,3:!Sg`!2&5!Tg`!2&+>2-*!2((%2)%5!3,!;%!)%51=%5!+&!*+Q%!AJ+<1)%!

9C9HBC!@:+*!*1<<%*3%5!2!),-%!4,)!S=-W8!2&5!T=-W'!+&!3:%!*1).+.2-!,4!>,3,)!&%1),&*!,)!

3:%+)!()%=1)*,)*!+&!3:%!;)2+&*3%>C!R2<+332-!*%=3+,&*!,4!3:%!Tg`!;)2+&*3%>!)%.%2-%5!

3:%!-%.%-!,4!2(,(3,*+*!(),<)%**%5!1&3+-!789D!/:+=:!=,+&=+5%*!/+3:!2(,(3,*+*!*%%&!+&!

3:%!*(+&2-!=,)5!AJ+<1)%!9C97BC!T,3:!S=-W8!2&5!T=-W'!2)%!)%01+)%5!4,)!3:%!*1).+.2-!2&5!

5%.%-,(>%&3!,4!3:%!;)2+&*3%>!;6!78UC!
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!

Z"!

!

%

%

!

%

N*AC)3%L"L5%Q0<3.%/=%-;/;./.*9%9322%+3-.@%*0%.@3%RPQ%-0+%OPQ%()-*0<.3:"%%

DTF!?)%*6-!.+,-%3W*32+&%5!*2<+332-!*%=3+,&*!,4!/:,-%!78U!2&5!789!/+-5!36(%!%>;)6,*!

:+<:-+<:3+&<!)%<+,&!%'2>+&%5!+&!;-2=E!;,'C!DOF!I+<:!>2<+4+=23+,&!(:,3,>+=),<)2(:!

,4!=)%*6-!.+,-%3!*32+&%5!789!?3-!;)2+&*3%>!*:,/+&<!,)+%&323+,&!,4!2(+=2-!AFB!2&5!

;2*2-!ATB!*1)42=%*C!D7F!K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!2=3+.%!=2*(2*%W9!

+>>1&,:+*3,=:%>+*3)6!*:,/+&<!2(,(3,3+=!=%--!5%23:!+&!*2<+332-!*%=3+,&*!,4!3:%!

;)2+&*3%>!,4!78U!2&5!788!?3-D!Sg`!2&5!Tg`!%>;)6,*C!F)),/*!+&5+=23%!.%&3)+=1-2)!

Q,&%C!DUF!K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!789!=,),&2-!;)2+&*3%>*!4),>!?3-D!

Sg`!2&5!Tg`!%>;)6,*!23!3:%!-%.%-!,4!3:%!42=+2-!>,3,)!&1=-%+C!?)%*6-!.+,-%3!A?jB!

*32+&+&<!*:,/*!3+**1%!:+*3,-,<6C!H2*:%5!-+&%*!,13-+&%!3:%!JSV!2&5!2)),/*!+&5+=23%!

2(,(3,3+=!=%--!;,5+%*C!DVF%G:,3,>+=),<)2(:*!,4!*2<+332-!;)2+&*3%>!*%=3+,&*!4),>!789!

?3-!2&5!Tg`!%>;)6,*!*32+&%5!4,)!2=3+.%!=2*(2*%W9!+&5+=23%!=,&3+&1%5!2(,(3,3+=!=%--!

5%23:!+&!Tg`!2&+>2-*!23!789C!FM!2(+=2-D!TM!;2*2-D!KM!),*3)2-D!?M!=2152-D!jM!.%&3)2-D!

HM!5,)*2-C!!
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!

ZZ!

%

L"Y R92S#%*<%)3WC*)3+%=/)%3-)2'%=/)3()-*0%+3M32/;:30.%

!

! V%'3D!3,!%.2-123%!3:%!+>(2=3!,4!3:%!-,**!,4!S=-W8!,&!3:%!5%.%-,(>%&3!,4!3:%!

4,)%;)2+&D!3+**1%!:+*3,-,<6!/2*!(%)4,)>%5C!F(,(3,3+=!=%--!;,5+%*!/%)%!()%*%&3!

3:),1<:,13!*2<+332-!2&5!=,),&2-!*%=3+,&*!,4!3:%!78UD!788!2&5!78O!Sg`!4,)%;)2+&!

AJ+<1)%!9C"BC!R+>+-2)!3,!,3:%)!)%<+,&*!,4!3:%!?VRD!2(,(3,*+*!/2*!4+)*3!*%%&!/+3:+&!3:%!

*1;(2--+1>D!5%.%-,(+&<!3:2-2>1*!2&5!()%3:2-2>1*!,4!3:%!Sg`!4,)%;)2+&*!23!78U!

AJ+<1)%!9C"FBC!F(,(3,*+*!/2*!*%%&!%2)-+%)!3:2&!:2*!;%%&!()%.+,1*-6!)%(,)3%5!+&!3:%!

5%.%-,(+&<!4,)%;)2+&!AF);,1)!%3!2-C!OUU]BC!T6!788D!=%--!5%23:!:25!*()%25!3:),1<:,13!

3:%!%&3+)%!4,)%;)2+&!AJ+<1)%!9C"FBC!?)%*6-!.+,-%3W*32+&%5!*%=3+,&*!4),>!78O!%>;)6,*!

)%.%2-%5!=,&5%&*%5!=%--!;,5+%*!3:),1<:,13!2--!-26%)*!,4!3:%!5%.%-,(+&<!=,)3%'!

AJ+<1)%!9C"TBC!78O!2=3+.%!=2*(2*%W9!+>>1&,:+*3,=:%>+*3)6!,&!=,),&2-!3+**1%!

*%=3+,&*!)%.%2-%5!=%--!5%23:!3:),1<:,13!3:%!/+53:!,4!3:%!78O!=,)3%'!AJ+<1)%!9C"?BC!

@:%*%!)%*1-3*!2)%!=,&*+*3%&3!/+3:!()%.+,1*!4+&5+&<*!/:%)%!$*+,-!5%-%3+,&!)%*1-3%5!+&!

2(,(3,*+*!,4!=%--*!23!%2=:!*32<%!,4!&%1),<%&%*+*!4),>!&%1)2-!()%=1)*,)!=%--!3,!

+>>231)%!&%1),&!AF);,1)!%3!2-CD!OUU]BC!@:%!%2)-6!5%.%-,(+&<!4,)%;)2+&!)%01+)%*!

S=-W8!4,)!=%--!*1).+.2-!2&5!5%.%-,(>%&3C!!
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!

ZY!
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%

%

%

!

N*AC)3%L"Y5%Q0<3.%/=%-;/;./.*9%9322%+3-.@%*0%.@3%RPQ%=/)3()-*0"!%

DTF!K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!2(,(3,3+=!=%--!5%23:!+&!78U!2&5!788!?3-!2&5!

Sg`!*2<+332-!4,)%;)2+&*!2*!-2;%-%5!;6!2=3+.%!=2*(2*%W9!+>>1&,:+*3,=:%>+*3)6C!

F(,(3,*+*!+*!*%%&!+&!3:%!Sg`!4,)%;)2+&!2*!%2)-6!2*!78UC!DOX7F!K%()%*%&323+.%!

(:,3,>+=),<)2(:*!,4!=,),&2-!78O!=,)3+=%*!4),>!?3-!2&5!Sg`!%>;)6,*C!?)%*6-!.+,-%3W

*32+&+&<!)%.%2-*!3+**1%!:+*3,-,<6!DOF!2&5!2=3+.%!=2*(2*%W9!+>>1&,:+*3,=:%>+*3)6!

-2;%-*!2(,(3,3+=!=%--*!D7FC!F)),/*!+&5+=23%!2(,(3,3+=!=%--*!/+3:!=,&5%&*%5!=%--!;,5+%*!

+&!=)%*6-!.+,-%3!*32+&%5!*%=3+,&*C!@:2-M!5%.%-,(+&<!3:2-2>1*D!G@:2-M!()%3:2-2>1*D!

RG2-M!*1;(2--+1>D!PM!-23%)2-D!SM!>%5+2-D!jM!.%&3)2-D!HM!5,)*2-D!GM!(,*3%)+,)D!FM!

2&3%)+,)C!
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!

Z#!

!

L"K O92S?%*<%)3WC*)3+%=/)%2-.3%3:()'/0*9%9/).*9-2%+3M32/;:30."%

!

! @,!%'2>+&%!3:%!),-%!,4!T=-W'!+&!=,)3+=2-!5%.%-,(>%&3D!:+*3,-,<6!/2*!

(%)4,)>%5C!T%=21*%!=%--!5%23:!/2*!&,3!,;*%).%5!23!%2)-6!3+>%!(,+&3*!A78UW!78Om!5232!

&,3!*:,/&BD!Tg`!3+**1%!/2*!%'2>+&%5!23!-23%)!%>;)6,&+=!3+>%!(,+&3*!4,)!2(,(3,3+=!

=%--!5%23:!A789W78#BC!F3!789!2!4%/!2(,(3,3+=!=%--*!/%)%!,;*%).%5!+&!3:%!=,)3%'!4,)!

3:%!4+)*3!3+>%!AJ+<1)%!9CXFBC!I,/%.%)D!+3!/2*!&,3!1&3+-!78Y!3:23!%'3%&*+.%!2(,(3,*+*!

/2*!,;*%).%5!+&!3:%!=,)3%'D!*(%=+4+=2--6!+&!3:%!=,)3+=2-!(-23%C!F(,(3,*+*!+&=)%2*%5!

1&3+-!78#!/:%)%!+3!/2*!/+5%*()%25!3:),1<:,13!3:%!-26%)*!,4!3:%!=,)3+=2-!(-23%!;13!

5+5!&,3!2((%2)!3,!244%=3!=%--!(,(1-23+,&*!,4!3:%!je!AJ+<1)%!9CXFBC!78#!=)%*6-!.+,-%3!

*32+&%5!3+**1%!=,&4+)>%5!3:%!-,=23+,&!,4!=,&5%&*%5!=%--!;,5+%*!3:),1<:,13!3:%!1((%)!

-26%)*!,4!3:%!=,)3+=2-!(-23%!AJ+<1)%!9CXTBC!I+<:!>2<&+4+=23+,&!+&*%3*!*:,/%5!

%'3%&*+.%!2(,(3,3+=!=%--!;,5+%*!3:),1<:,13!3:%!=,)3%'C!T=-W'!3:%)%4,)%!+*!)%01+)%5!4,)!

*1).+.2-!,4!&%1),&*!+&!3:%!1((%)!=,)3+=2-!-26%)*C!
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%

N*AC)3%L"K5%Q0<3.%/=%-;/;./.*9%9322%+3-.@%*0%.@3%OPQ%9/).3?"!%

DTF!K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!789D!78Y!2&5!78#!=,),&2-!?3-!2&5!Tg`!

=,)3+=%*!-2;%-%5!;6!2=3+.%!=2*(2*%W9!+>>1&,:+*3,=:%>+*3)6C!F!4%/!2(,(3,3+=!=%--*!

2)%!,;*%).%5!+&!789!Tg`!=,)3+=%*D!:,/%.%)D!%'3%&*+.%!2(,(3,*+*!+*!&,3!,;*%).%5!+&!

3:%!Tg`!=,)3%'!1&3+-!78YC!DOF!K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!=,),&2-!*%=3+,&*!

4),>!78#!?3-!2&5!Tg`!%>;)6,*!*32+&%5!/+3:!=)%*6-!.+,-%3!23!-,/!2&5!:+<:!

>2<&+4+=23+,&C!F)),/*!+&5+=23%!=,&5%&*%5!&1=-%+C!HM5,)*2-D!jM.%&3)2-D!PM-23%)2-D!

SM>%5+2-D!FM!2(+=2-D!TM!;2*2-C!
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!

YO!

%

L"Z 6)/2*=3)-.*0A%;/;C2-.*/0%)3WC*)3<%R92S#%(C.%0/.%O92S?%=/)%<C)M*M-2"%%

!

! $+.%&!3:23!3:%!-,=2-+Q23+,&!,4!=%--!5%23:!+&!Sg`!2&5!Tg`!%>;)6,*!,.%)-2((%5!

/+3:!)%<+,&*!E&,/&!3,!=,&32+&!()%=1)*,)!(,(1-23+,&*!+&!3:%!.%&3)+=1-2)!Q,&%!,4!3:%!

4,)%;)2+&!2&5!;)2+&*3%>!2&5!2),1&5!3:%!>+5-+&%!,4!3:%!*(+&2-!=,)5D!2(,(3,*+*!/2*!

%'2>+&%5!+&!3:%!(),-+4%)23+.%!()%=1)*,)!(,(1-23+,&C!F&!+&3)2(%)+3,&%2-!

;),>,5%,'61)+5+&%!AT)5\B!+&p%=3+,&!/2*!<+.%&!3,!()%<&2&3!52>*!O!:,1)*!()+,)!3,!

*2=)+4+=%!3,!-2;%-!=%--*!+&!RW(:2*%!,4!3:%!=%--!=6=-%C!F3!789!T)5\W(,*+3+.%!(),-+4%)23+&<!

=%--*!/%)%!*%%&!()+>2)+-6!2-,&<!3:%!>%5+2-!2'+*!,4!3:%!*(+&2-!=,)5!/+3:!+&=)%2*%5!

(),-+4%)23+.%!(,(1-23+,&*!,;*%).%5!2-,&<!3:%!5,)*2-!>%5+2-!2*(%=3!,4!3:%!*(+&2-!=,)5!

+&!%>;)6,*!,4!2--!<%&,36(%*C!F3!3:+*!3+>%D!3:%!-,=23+,&!,4!=%--!5%23:!+&!3:%!*(+&2-!=,)5*!

,4!Sg`!2&+>2-*!/2*!/+5%*()%25!3:),1<:,13!3:%!5,)*2-!2*(%=3!/+3:!<),1(*!,4!

2(,(3,3+=!=%--*!=-1*3%)%5!3,<%3:%)D!/:+-%!Tg`!%>;)6,*!%':+;+3%5!2(,(3,*+*!

3:),1<:,13!3:%!.%&3)2-W-23%)2-!=%--1-2)!(,(1-23+,&*C![>>1&,:+*3,=:%>+*3)6!4,)!

2=3+.%!=2*(2*%W9!2&5!T)5\!+&!=,),&2-!*%=3+,&*!,4!789!*(+&2-!=,)5!)%.%2-%5!5,1;-%!

-2;%-+&<!+&!Sg`!;13!&,3!Tg`!2&+>2-*!AJ+<1)%!9CZBC!@:+*!*1<<%*3*!3:23!S=-W8!2&5!&,3!

T=-W'!+*!)%01+)%5!3,!>2+&32+&!3:%!*1).+.2-!,4!3:%!(),-+4%)23+&<!(,(1-23+,&*C!!
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%

N*AC)3%L"Z5%6)/2*=3)-.*0A%;/;C2-.*/0%)3WC*)3<%R92S#%(C.%0/.%O92S?%=/)%<C)M*M-2"%%
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5%.%-,(>%&3D!5,1;-%!E&,=E,13!AHg`B!%>;)6,*!/%)%!<%&%)23%5C!Hg`!2&+>2-*!4,)!

;,3:!$*+,-!2&5!"*+,'!2-,&<!/+3:!:%3%),Q6<,3%*!/%)%!1*%5!3,!%'2>+&%!<%&%!5,*2<%!
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=,>(2)2;-%!-%.%-*!,4!2(,(3,*+*!AJ+<1)%!9CYBC!F*!*:,/&!()%.+,1*-6D!S=-W8!2&5!T=-W'!

2)%!)%01+)%5!4,)!*1).+.2-!+&!5+*3+&=3!(,(1-23+,&*!2*!Sg`!%>;)6,*!%':+;+3!2(,(3,*+*!

2-,&<!3:%!5,)*2-!2*(%=3!,4!3:%!*(+&2-!=,)5!23!788!/:+-%!2(,(3,*+*!/2*!)%*3)+=3%5!3,!

3:%!.%&3)2-!*(+&2-!=,)5!+&!Tg`!%>;)6,*C![&!Sg`k"*+,'!I%3!%>;)6,*!3:%!(233%)&!,4!

2(,(3,3+=!=%--!5%23:!/2*!*+>+-2)!3,!3:23!,4!3:%!Sg`!23!3:+*!3+>%!(,+&3D!/+3:!%'3%&*+.%!

=%--!5%23:!)%*3)+=3%5!3,!3:%!5,)*2-!*(+&2-!=,)5C!F-3:,1<:!&,3!012&3+4+%5D!3:%)%!/2*!
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,;*%).%5C!!

! [&!Sg`k"*+,'!I%3!%>;)6,*D!2(,(3,*+*!/2*!,;*%).%5!2),1&5!3:%!.%&3)+=-%!
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2)%2*!,4!3:%!4,)%;)2+&!*32+&%5!/+3:!=)%*6-!.+,-%3!4),>!?3-!2&5!Hg`!%>;)6,*C!





!

!

]#!

L"G U323.*/0%/=%-)*+.X%()*+/%/)%(/.@%)3<C2.<%*0%3:()'/0*9%23.@-2*.'"%%

!

V%'3D!3,!5%3%)>+&%!/:%3:%)!3:%!%'3%&3!,4!=%--!5%23:!,;*%).%5!+&!3:%!.2)+,1*!

E&,=E,13!%>;)6,*!)%*1-3%5!+&!%>;)6,&+=!-%3:2-+36D!%>;)6,&+=!*1).+.2-!/2*!2**%**%5!

23!3:%!4,--,/+&<!3+>%!(,+&3*k!78UD!788D!78OD!789!2&5!78"!4,)!Hg`!%>;)6,*!2&5!788D!

789D!78XD!78YD!78]!2&5!78#!4,)!Tg`!%>;)6,*C![3!:2*!()%.+,1*-6!;%%&!%*32;-+*:%5!

3:23!3:%!Sg`!>,5%-!+*!%>;)6,&+=2--6!-%3:2-!23!78XCX!AF);,1)!%3!2-C!OUU]BC!@:%!Tg`!

>,5%-D!:,/%.%)D!/2*!4,1&5!3,!;%!-%3:2-!23!;+)3:!/+3:!%'(%=3%5!S%&5%-+2&!)23+,*!

=,--%=3%5!23!%>;)6,&+=!3+>%!(,+&3*!4),>!788!3,!;+)3:!A@2;-%!9C8BC!Hg`!%>;)6,*!

/%)%!=,--%=3%5!23!%'(%=3%5!S%&5%-+2&!)23+,*!,)!<)%23%)!1&3+-!78"D!23!/:+=:!(,+&3!

3:%)%!/2*!2!)%51=%5!&1>;%)!,4!Hg`!%>;)6,*!=,--%=3%5!=,>(2)%5!3,!%'(%=3%5!

S%&5%-+2&!)23+,*!A@2;-%!9COBC!P23%)!3+>%!(,+&3*!/%)%!&,3!+&.%*3+<23%5!4,)!Hg`!

2&+>2-*!<+.%&!3:%!E&,/&!-%3:2-+36!23!78XCX!4,)!Sg`!%>;)6,*C!@:%*%!)%*1-3*!*1<<%*3!

3:23!3:%!=,&5+3+,&2-!5%-%3+,&!,4!$*+,-D!"*+,'!,)!;,3:!4),>!3:%!?VR!)%*1-3*!+&!-%3:2-+36!

%+3:%)!3:),1<:,13!<%*323+,&!,)!23!3:%!3+>%!,4!;+)3:C!!



!

!

#U!

!

1-(23%L"#5%839/M3)'%/=%3:()'/<%=)/:%()*+/%:C.-0.<"%

Embryonic Time Point BKO 

E11 E13 E15 E17 E18 E19 Birth 

Number of litters 3 10 4 4 3 3 2 

Total number of 

embryos 

29 72 36 32 22 12 14 

Number of knock-

outs (%) 

12 

(41.3%) 

19 

(26.4%) 

14 

(38.9%) 

6 

(18.8%) 

 7 

(31.8%) 

1 

(8.3%) 

0 

(0%) 

Expected number 

Mendelian ratio 

(%) 

5 

(17.2%) 

17.0 

(23.6%) 

7 

(21.9%) 

7 

(21.9%) 

5 

(22.7%) 

3 

(25.0%) 

3 

(21.4%) 

%

%

%

1-(23%L"!5%839/M3)'%/=%3:()'/<%=)/:%-)*+.0()*+/%:C.-0.<"%

Embryonic Time Point DKO 

E10 E11 E12 E13 E14 

Number of litters 5 4 2 2 2 

Total number of embryos 44 32 17 16 20 

Number of knock-outs (%) 5 

(11.4%) 

2 

(6.3%) 

1 

(5.9%) 

1 

(6.3%) 

 1 

(5.0%) 

Expected  number 

Mendelian ratio (%) 

3 

(6.8%) 

2 

(6.3%) 

1 

(5.9%) 

1 

(6.3%) 

2 

(10.0%) 

%



!

!

#8!

%

L"#$ V?;)3<<*/0%/=%;)/S-;/;./.*9%()*+,%A303<%.@)/CA@/C.%.@3%+3M32/;*0A%7>H"%

!

! I2.+&<!5%>,&*3)23%5!5+*3+&=3!2&5!,.%)-2((+&<!),-%*!4,)!S=-W8!2&5!T=-W'D!3:%!

%'()%**+,&!,4!3:%!(),W2(,(3,3+=!"*+,.!42>+-6!<%&%*!/%)%!%'2>+&%5!3,!5%3%)>+&%!

3:,*%!3:23!/%)%!41&=3+,&2--6!)%*(,&*+;-%!4,)!3:%!2(,(3,3+=!=%--!5%23:!+&!3:%!.2)+,1*!

E&,=E,13!%>;)6,*C!0K@WG?K!/2*!1*%5!3,!255)%**!/:+=:!,4!3:%!(),W2(,(3,3+=!"*+,.!

<%&%*!/%)%!%'()%**%5!+&!3:%!4,)%;)2+&D!;)2+&*3%>!2&5!*(+&2-!=,)5!,4!3:%!5%.%-,(+&<!

>1)+&%!%>;)6,C!@:%!%'()%**+,&!,4!2&3+W2(,(3,3+=!2&5!(),W2(,(3,3+=!"*+,.!42>+-6!

>%>;%)*!$*+,-/!"*+,'/!"*+,0/!"&'/!"&1/!"#$/!23$&/!()'&/!"&4/!"#4!2&5!"$%D!/%)%!

%'2>+&%5!23!78U!2&5!78OW!3+>%!(,+&3*!()+,)!3,!2&5!4,--,/+&<!3:%!,&*%3!,4!2(,(3,*+*C!

F--!<%&%*!+&.%*3+<23%5!/%)%!3)2&*=+;%5!23!*,>%!-%.%-!+&!3:%!*(+&2-!=,)5D!;)2+&*3%>!

2&5!4,)%;)2+&!,4!/+-5!36(%!%>;)6,*!AJ+<1)%!9C88FD!TD!?BC!@:%!%'()%**+,&!,4!;,3:!$*+,

-!2&5!"*+,'5!+&=)%2*%5!4),>!78U!3,!78O!+&!2<)%%>%&3!/+3:!()%.+,1*!-+3%)231)%!

Ag)2p%/*E2!%3!2-CD!OUUOBC!$*+,-!%'()%**+,&!/2*!2((),'+>23%-6!O!3,!9!4,-5!<)%23%)!

3:2&!"*+,'5C!@:+*!*1((,)3*!+>>1&,:+*3,=:%>+=2-!5232D!/:+=:!*1<<%*3%5!S=-W8!(-26*!

2!<)%23%)!),-%!+&!*1).+.2-!%2)-+%)!+&!5%.%-,(>%&3!/:%&!3:%)%!2)%!2!<)%23%)!

(),(,)3+,&!,4!()%=1)*,)!=%--*C!!!

! F!3:)%*:,-5!-%.%-!,4!%'()%**+,&!/2*!*%3!23!2!KL!,4!UCO!3,!+5%&3+46!(),W

2(,(3,3+=!<%&%*!%'()%**%5!23!3:%!:+<:%*3!-%.%-*C!@:+*!*=)%%&+&<!:+<:-+<:3%5!:+<:!

-%.%-*!,4!"&'/!"&1/!"#$/!()'&!2&5!"$%!>KVF!3,!;%!41)3:%)!%'2>+&%5!4,)!3:%+)!

%'()%**+,&!(233%)&*!3:),1<:,13!3:%!=%--!(,(1-23+,&*!,4!3:%!?VRC!!!



!

!

#O!

!

%

%

%

%

%

%

%

N*AC)3%L"##5!V?;)3<<*/0%/=%-;/;./.*9%-0+%-0.*S-;/;./.*9%()*+,%A303<%*0%.@3%

=/)3()-*0X%()-*0<.3:%-0+%<;*0-2%9/)+"%

K%-23+.%!012&3+36!AKLB!,4!<%&%!%'()%**+,&!+&!3:%!DTF!*(+&2-!=,)5D!DOF!;)2+&*3%>!2&5!

D7F!4,)%;)2+&!4),>!0K@WG?K!=,>(-%3%5!,&!78U!A&MOB!2&5!78O!A&M9B!3+**1%!4),>!

/+-5!36(%!%>;)6,*C!$%&%!%'()%**+,&!+*!()%*%&3%5!)%-23+.%!3,!6&247C!K%5!-+&%!

+&5+=23%*!%'()%**+,&!-%.%-!3:)%*:,-5!23!/:+=:!<%&%*!/+3:!<)%23%)!%'()%**+,&!/%)%!

41)3:%)!%'2>+&%5C!J;M4,)%;)2+&D!T*M;)2+&*3%>!2&5!R(M*(+&2-!=,)5C!K%*1-3*!*:,/!

>%2&qNW!*32&52)5!%)),)!,4!3:%!>%2&!AR7SBC





!

!

#"!

!

L"## V?;)3<<*/0%/=%O-?X%>/?-%-0+%O:=%-)3%J*+3<;)3-+%.@)/CA@/C.%.@3%3-)2'%

7>H"%

!

% @,!5%3%)>+&%!/:+=:!=%--!(,(1-23+,&*!/+3:+&!3:%!?VR!%'()%**%5!3:%!%-%.23%5!

(),W2(,(3,3+=!"*+,.!<%&%*D!#(!8#93!:6;)+5+Q23+,&!/2*!(%)4,)>%5!,&!/+-5!36(%!

%>;)6,*C!F3!789D!%'()%**+,&!,4!"&'/!()'&!2&5!"$%!2((%2)%5!/+5%*()%25!2&5!5+441*%!

3:),1<:,13!3:%!%&3+)%!?VR!+&!*2<+332-!*%=3+,&*!4),>!/+-5!36(%!?XYTPNZ!%>;)6,*!

AJ+<1)%!9C8OFD!TD!?BC!?,),&2-!4,)%;)2+&!2&5!*(+&2-!=,)5!*%=3+,&*!4),>!788!/+-5!36(%!

2&+>2-*!)%.%2-%5!2!*+>+-2)!5+441*%!(233%)&!,4!%'()%**+,&!4,)!()'&D!;13!*-+<:3-6!>,)%!

*(%=+4+=!>%5+2-!%'()%**+,&!+&!3:%!*(+&2-!=,)5!4,)!"&'!2&5!"$%C!!



!

!

#X!

!

%

%

%

%

%

%

%

%

%

N*AC)3%L"#!5%V?;)3<<*/0%/=%(1/2#"3/1%-0+%(-4#*0%.@3%V#L%7>H"%

K%()%*%&323+.%!(:,3,>+=),<)2(:*!,4!DTF!"&'D!DOF!()'&!2&5!D7F!"$%!#(!8#93!

:6;)+5+Q23+,&!)%.%2-*!5+441*%!%'()%**+,&!3:),1<:,13!3:%!?VR!+&!*2<+332-!*%=3+,&*!

4),>!789!2*!/%--!2*!=,),&2-!*%=3+,&*!,4!3:%!4,)%;)2+&!2&5!*(+&2-!=,)5!4),>!788!/+-5!

36(%!%>;)6,*C!V,!*32+&+&<!/2*!,;*%).%5!,&!3:%!*%&*%!?3-!*%=3+,&*C!





!

!

#Y!

!

L"#! V?;)3<<*/0%/=%(%-%*<%)3<.)*9.3+%*0%.@3%V#L%7>H"%

!

! @:%!*(%=+4+=!%'()%**+,&!(233%)&!,4!"#$!3:),1<:,13!3:%!5%.%-,(+&<!?VR!/2*!

+&.%*3+<23%5!<+.%&!3:23!+3!/2*!+5%&3+4+%5!2*!2!(),W2(,(3,3+=!<%&%!,4!%-%.23%5!

%'()%**+,&!AJ+<1)%!9C88BC!@,!255)%**!3:+*D!#(!8#93!:6;)+5+Q23+,&!/2*!(%)4,)>%5!,&!

*2<+332-!*%=3+,&*!,4!789!/+-5!36(%!?XYTPNZ!%>;)6,*C![3!/2*!4,1&5!3:23!"#$!

%'()%**+,&!/2*!)%*3)+=3%5!/+3:+&!3:%!?VR!AJ+<1)%!9C89FBC!?-,*%)!%'2>+&23+,&!

)%.%2-%5!:+<:%*3!%'()%**+,&!3:),1<:,13!3:%!%&3+)%!789!4,)%;)2+&D!3:%!.%&3)+=1-2)!

Q,&%!,4!3:%!;)2+&*3%>!2&5!3:%!5,)*2-!(,)3+,&!,4!3:%!*(+&2-!=,)5!AJ+<1)%!9C89TBC!

?,),&2-!788!/+-5!36(%!3+**1%!*%=3+,&*!)%.%2-%5!)%*3)+=3%5!%'()%**+,&!3,!3:%!>+5-+&%!

,4!3:%!*(+&2-!=,)5!2&5!/+5%*()%25!%'()%**+,&!+&!3:%!%2)-6!5%.%-,(+&<!4,)%;)2+&C!@:%!

*(%=+4+=+36!,4!3:%!%'()%**+,&!,4!"#$!2-+<&*!/+3:!3:%!(233%)&!,4!2(,(3,*+*!+&!789!Sg`k!

2-,&<!3:%!5,)*2-!*(+&2-!=,)5D!.%&3)+=1-2)!Q,&%!,4!3:%!;)2+&*3%>!2&5!3:),1<:,13!3:%!

4,)%;)2+&C!@:+*!=,1-5!(,3%&3+2--6!%'(-2+&!3:%!3+>+&<!2&5!(233%)&!,4!=%--!5%23:!*%%&!+&!

Sg`!%>;)6,*D!2*!T+>!+*!E&,/&!3,!+&3%)2=3!/+3:!;,3:!S=-W8!2&5!T=-W'C!



!

!

#]!

!

%

%

%

%

%

%

%

N*AC)3%L"#L5!V?;)3<<*/0%/=%(%-#*0%.@3%V#L%7>H"%

DTF!:(!8#93!:6;)+5+Q23+,&!)%.%2-*!"#$!%'()%**+,&!+&!*2<+332-!*%=3+,&*!4),>!789!?3-!

%>;)6,*C!V,!*32+&+&<!/2*!,;*%).%5!,&!3:%!*%&*%!?3-!*%=3+,&*C!DOF!I+<:%)!

>2<&+4+=23+,&!(:,3,>+=),<)2(:*!,4!*2<+332-!*%=3+,&*!3:),1<:!3:%!4,)%;)2+&D!

;)2+&*3%>!2&5!*(+&2-!=,)5!,4!789!?3-!%>;)6,*!-2;%-%5!/+3:!"#$!2&3+*%&*%!(),;%*C!A7B!

?,),&2-!*%=3+,&*!3:),1<:!788!4,)%;)2+&!2&5!*(+&2-!=,)5D!*:,/+&<!:+<:!"#$!

%'()%**+,&!/+3:+&!3:%!(),-+4%)23+&<!)%<+,&*!+&!3:%!jQ!,4!3:%!4,)%;)2+&!2&5!2),1&5!3:%!

=%&3)2-!=2&2-!,4!3:%!*(+&2-!=,)5C!HM!5,)*2-D!jM!.%&3)2-D!KM!),*3)2-D!?M!=2152-C!!





!

!

8UU!

Y"$ U*<9C<<*/0%%
!

% @:+*!3:%*+*!:2*!+5%&3+4+%5!3:%!),-%*!,4!S=-W8!2&5!T=-W'!/+3:+&!3:%!5%.%-,(+&<!

>1)+&%!?VR!1*+&<!-,**W,4W41&=3+,&!*315+%*C!J+)*3D%+3!/2*!5%>,&*3)23%5!3:23!3:%!

*1).+.2-!)%01+)%>%&3*!4,)!S=-W8!2&5!T=-W'!2)%!5+*3+&=3!3:),1<:,13!3:%!5%.%-,(+&<!

?VR!/+3:!2&!%2)-+%)!&%%5!4,)!S=-W8!3:2&!T=-W'C!R%=,&5D!+3!/2*!=,&4+)>%5!3:23!S=-W8!+*!

)%01+)%5!4,)!()%=1)*,)!=%--!*1).+.2-D!/:+-%!T=-W'!2((%2)*!3,!(-26!2!),-%!()+>2)+-6!+&!

(,*3W>+3,3+=!(,(1-23+,&*C!@:+)5D!2!Hg`!>,5%-!)%.%2-%5!3:%!=,>(%&*23,)6!),-%!3:%*%!

3/,!2&3+W2(,(3,3+=!(),3%+&*!(%)4,)>!4,)!,&%!2&,3:%)C!J+&2--6D!%-%.23%5!%'()%**+,&!,4!

4+.%!(),W2(,(3,3+=!"*+,.!42>+-6!<%&%*!*1<<%*3*!3:23!3:%)%!>26!;%!E%6!42>+-6!

>%>;%)*!%'()%**%5!/+3:+&!*(%=+4+=!&%1)2-!(,(1-23+,&*!3:23!()%4%)%&3+2--6!+&3%)2=3!

/+3:!S=-W8!,)!T=-W'!*(%=+4+=2--6C!@2E%&!3,<%3:%)!3:%*%!)%*1-3*!5%>,&*3)23%!3:%!

*+>+-2)!2&5!5+*3+&=3!*1).+.2-!)%01+)%>%&3*!4,)!S=-W8!2&5!T=-W'!3:),1<:,13!?VR!

5%.%-,(>%&3C!

!

Y"# R92S#%)3AC2-.3<%;)39C)</)%9322%<C)M*M-2%

! S=-W8!+*!2!=)+3+=2-!*1).+.2-!42=3,)!3:),1<:,13!&%1)2-!()%=1)*,)!=%--!

(,(1-23+,&*!+&!3:%!5%.%-,(+&<!?VRC!@:%!,&*%3!,4!2(,(3,*+*!3:),1<:,13!3:%!?VR!23!

%2)-6!%>;)6,&+=!3+>%!(,+&3*!)%.%2-%5!3:%!*1).+.2-!),-%!,4!S=-W8!3:),1<:,13!3:%!

(),-+4%)23+.%!(,(1-23+,&*C!G)%.+,1*-6D!+3!:2*!;%%&!*:,/&!+&!3:%!4,)%;)2+&!3:23!S=-W8!

+*!=)+3+=2-!4,)!*1).+.2-!2*!=%--*!3)2&*+3+,&!4),>!()%=1)*,)*!3,!(,*3W>+3,3+=!&%1),&*!



!

!

8U8!

AF);,1)!%3!2-C!OUU]BD!3:+*!*3156!:,/%.%)D!/2*!-+>+3%5!3,!3:%!(,(1-23+,&*!,4!3:%!

3%-%&=%(:2-,&C!I%)%![!:2.%!*:,/&!3:23!3:%!)%01+)%>%&3!4,)!S=-W8!+*!/+5%*()%25!+&!

3:%!()%=1)*,)!(,(1-23+,&*!3:),1<:,13!3:%!?VRC!F-3:,1<:!=%--!36(%W*(%=+4+=!-2;%-+&<!

/2*!&,3!.%)+4+%5D!/+3:+&!3:%!*(+&2-!=,)5D!3:%!*1).+.2-!)%01+)%>%&3!f!2*!)%4-%=3%5!;6!

%'3%&*+.%!2(,(3,*+*!+&!3:%!$*+,-!-,**W,4W41&=3+,&D!+*!,;*%).%5!4+)*3!2-,&<!3:%!=%--*!,4!

3:%!.%&3)2-!2*(%=3!23!78UC!`&%!526!-23%)!3:%!)%01+)%>%&3!4,)!S=-W8!+*!2-,&<!3:%!5,)*2-!

2*(%=3!,4!3:%!*(+&2-!=,)5C!@:%!,&*%3!,4!&%1),<%&%*+*!/+3:+&!3:%!*(+&2-!=,)5!(),=%%5*!

+&!2!.%&3)2-W5,)*2-!(),<)%**+,&!AS=?,&&%--!8#]8m!?2*(2)6!l!F&5%)*,&!OUU9BC!@:+*!

5%>,&*3)23%*!3:23!2*!=%--*!2)%!3)2&*+3+,&+&<!4),>!()%=1)*,)*!3,!(,*3!>+3,3+=!

&%1),&*D!3:%6!:2.%!2!*1).+.2-!)%01+)%>%&3!4,)!S=-W8C!@:%!)%01+)%>%&3!4,)!S=-W8!2*!2!

(),W*1).+.2-!42=3,)!+*!/+5%*()%25!3:),1<:,13!3:%!(),-+4%)23+.%!(,(1-23+,&*!,4!3:%!

%&3+)%!()%W&232-!?VRC![&!=,&3)2*3!3:%!*1).+.2-!)%01+)%>%&3!4,)!T=-W'!/2*!2((2)%&3!+&!

(,(1-23+,&*!23!-23%)!3+>%!(,+&3*!3:),1<:!?VR!5%.%-,(>%&3C!

!

!

Y"! O92S?%*<%3<<30.*-2%=/)%;/<.S:*./.*9%;/;C2-.*/0<%

!

! T=-W'!+*!2&!%**%&3+2-!*1).+.2-!42=3,)!4,)!(,*3W>+3,3+=!&%1),&*!3:),1<:,13!?VR!

5%.%-,(>%&3C![&!2<)%%>%&3!/+3:!3:+*D!,1)!*3156!4,1&5!-23%)!,&*%3!,4!2(,(3,*+*!+&!

Tg`!%>;)6,*D!/:+=:!*1<<%*3*!3:23!+3!/2*!3:%!-23%)!5%.%-,(+&<!&%1)2-!(,(1-23+,&*!

3:23!)%01+)%!T=-W'!4,)!*1).+.2-C!?,&4+)>23+,&!3:23!T=-W'!/2*!&,3!)%01+)%5!+&!3:%!

(),-+4%)23+.%!(,(1-23+,&!)%244+)>%5!3:%!5+*3+&=3!&%%5!4,)!S=-W8!2&5!&,3!T=-W'!4,)!



!

!

8UO!

()%=1)*,)!=%--!*1).+.2-C!G)%.+,1*!*315+%*!:2.%!%'2>+&%5!3:%!),-%!,4!T=-W'!+&!3:%!

5%.%-,(+&<!?VR!3,!2!-+>+3%5!%'3%&3C![&!3:%!<%)>-+&%!"*+,'5!E&,=E,13D!,&-6!3+>%!(,+&3*!

,4!789!2&5!6,1&<%)!/%)%!.+*12--6!%'2>+&%5!2&5!3:%!2(,(3,3+=!=%--!5%23:!,;*%).%5!

>26!:2.%!;%%&!=,&4,1&5%5!;6!3:%!5%<)2523+,&!,4!3:%!:%>23,(,+%3+=!*6*3%>!

AS,3,62>2!%3!2-CD!8##XBC!S,3,62>2!2&5!=,--%2<1%*!A8##XB!4,1&5!3:23!3:%)%!/2*!=%--!

5%23:!3:),1<:,13!3:%!>,*3!5%.%-,(%5!)%<+,&*!,4!3:%!?VR!;6!788CX!*+>+-2)!3,!>6!

4+&5+&<*!,4!3:%!,&*%3!,4!2(,(3,*+*!3:),1<:,13!3:%!.%&3)2-!*(+&2-!=,)5!2&5!;)2+&*3%>!

;13!&,3!+&!3:%!4,)%;)2+&C!K,3:!2&5!=,--%2<1%*!A8##ZB!%'(2&5%5!3:%!/,)E!,4!3:%!"*+,'!

<%)>-+&%!E&,=E,13!2&5!%'2>+&%5!#(!;#9<)!3:%!*1).+.2-!,4!=,)3+=2-!(),<%&+3,)*!4),>!

"*+,'!g`!>+=%C!@:+*!/,)E!/2*!2-*,!-+>+3%5!3,!2!*(%=+4+=!(,(1-23+,&!,4!&%1),&*!f!

=,)3+=2-!&%1),&*!+&!3:%!3%-%&=%(:2-,&!2&5!&,3!&%=%**2)+-6!)%()%*%&323+.%!,4!3:%!

%&3+)%!?VRC![&!3:%+)!*3156!K,3:!2&5!=,--%2<1%*!A8##ZB!5+5!4+&5!2!*+<&+4+=2&3!=%--!5%23:!

+&!3:%!(,*3W>+3,3+=!(,(1-23+,&*!,&-6C!@:+*!)%*1-3!2<)%%*!/+3:!>6!4+&5+&<*!,4!2!-23%)!

,&*%3!,4!2(,(3,*+*!+&!3:%!=,)3%'!23!78YD!23!/:+=:!(,+&3!=%--!5%23:!+*!)%*3)+=3%5!3,!3:%!

(,*3W>+3,3+=!(,(1-23+,&*!,4!3:%!=,)3+=2-!(-23%C!J1)3:%)>,)%D!1*+&<!T)5\!-2;%-+&<![!

*:,/%5!3:23!23!%2)-6!5%.%-,(>%&32-!3+>%!(,+&3*!A789B!Tg`!%>;)6,*!5,!&,3!%':+;+3!

2(,(3,*+*!/+3:+&!3:%!(),-+4%)23+.%!(,(1-23+,&*!,4!3:%!*(+&2-!=,)5C!J+&2--6D!2!

=,&5+3+,&2-!g`!>,5%-!/2*!<%&%)23%5!3:23!)%>,.%5!"*+,'!4),>!=23%=:,-2>+&%)<+=!

(,(1-23+,&*!AR2.+33!%3!2-CD!OUUXBC!@:+*!*3156!)%*1-3%5!+&!2!*+<&+4+=2&3!-,**!,4!3:%*%!

&%1),&*!;13!/2*!2<2+&!-+>+3%5!;6!2!*+&<-%!=%--!(,(1-23+,&!*315+%5C!I%)%D!+3!:2*!;%%&!

5%>,&*3)23%5!4,)!3:%!4+)*3!3+>%!3:23!3:),1<:,13!3:%!%&3+)%!?VR!3:%)%!+*!2!()%&232-!

)%01+)%>%&3!4,)!T=-W'!+&!3:%!(,*3W>+3,3+=!&%1)2-!(,(1-23+,&*C!J1)3:%)>,)%!



!

!

8U9!

255+3+,&2-!*315+%*!+&!,1)!-2;!:2.%!*:,/&!3:23!T=-W'!+*!2&!%**%&3+2-!*1).+.2-!42=3,)!+&!

*(%=+4+=!(,*3W>+3,3+=!&%1)2-!(,(1-23+,&*C![&!255+3+,&!3,!3:%!)%01+)%>%&3!/+3:+&!

=23%=:,-,>+&%)<+=!&%1),&*!AR2.+33!%3!2-C!OUUXBD!T=-W'!+*!2-*,!&%=%**2)6!4,)!3:%!

*1).+.2-!,4!>,3,)!&%1),&*!/+3:+&!3:%!*(+&2-!=,)5!2&5!42=+2-!>,3,)!&1=-%+!,4!3:%!

;)2+&*3%>D!2*!/%--!2*!?1'8W(,*+3+.%!&%1),&*!,4!3:%!=,)3%'!A1&(1;-+*:%5!5232BC!@2E%&!

3,<%3:%)!3:%*%!4+&5+&<*!5%>,&*3)23%!3:%!*1).+.2-!)%01+)%>%&3!4,)!T=-W'!+&!()%&232-!

(,*3W>+3,3+=!&%1)2-!(,(1-23+,&*C!

! F(,(3,*+*!,4!3:%!>,3,)!&%1),&!(,(1-23+,&!+&!3:%!*(+&2-!=,)5!,4!Tg`!%>;)6,*!

,==1)*!()+>2)+-6!4),>!788!3,!789C!@:+*!=,+&=+5%*!/+3:!3:%!(%2E!(%)+,5!,4!>,3,)!

&%1),&!5%23:!+&!:%2-3:6!5%.%-,(+&<!>1)+&%!%>;)6,*!Ar2>2>,3,!l!I%&5%)*,&!

8###BC!F3!3:+*!3+>%!>,3,)!&%1),&*!2)%!()+>%5!4,)!5%23:!2&5!>26!;%!>,)%!

*1*=%(3+;-%!3,!2(,(3,*+*!)%*1-3+&<!+&!(,(1-23+,&W*(%=+4+=!-,**%*!*%%&!+&!,1)!Tg`!

>,5%-C!@:%)%!2)%!-+E%-6!,3:%)!(,*3W>+3,3+=!&%1),&2-!(,(1-23+,&*!1&2;-%!3,!*1).+.%!

3:%!5%-%3+,&!,4!"*+,'!3:23!/%!:2.%!6%3!3,!=:2)2=3%)+Q%C!I,/%.%)D!3:%)%!2)%!2-*,!>2&6!

(,*3W>+3,3+=!&%1),&*!3:23!*1).+.%!+&!3:+*!Tg`!>,5%-C!@:%)%4,)%D!3:%)%!>1*3!2-*,!;%!

2&!2-3%)&23+.%!>%=:2&+*>!()%.%&3+&<!3:%!,&*%3!,4!2(,(3,*+*!+&!3:%!Tg`!?VR!<+.%&!

3:%!*1).+.2-!,4!T=-W'W+&5%(%&5%&3!(,*3W>+3,3+=!&%1),&!(,(1-23+,&*C%!

!

!

!



!

!

8U"!

Y"L 7/:;30<-.*/0%/=%O92S?%-0+%R92S#%

!

! S=-W8!2&5!T=-W'!41&=3+,&!=,,(%)23+.%-6!3,!>2+&32+&!*1).+.2-!,4!=%--!

(,(1-23+,&*!51)+&<!?VR!5%.%-,(>%&3C![3!:2*!;%%&!%*32;-+*:%5!:%)%!2&5!3:),1<:!

,3:%)!*315+%*!3:23!S=-W8!+*!2!=)+3+=2-!*1).+.2-!42=3,)!3:),1<:,13!3:%!()%=1)*,)!

(,(1-23+,&*!,4!3:%!()%&232-!?VR!/:+-%!T=-W'!+*!=)+3+=2-!3,!3:%!*1).+.2-!,4!&%/-6!;,)&!

(,*3W>+3,3+=!&%1),&*!AF);,1)!%3!2-C!OUU]m!R2.+33!%3!2-C!OUUXm!S,3,62>2!%3!2-C!8##Xm!

K,3:!%3!2-C!8##ZBC!I,/%.%)D!-,**!,4!41&=3+,&!,4!;,3:!S=-W8!2&5!T=-W'!5%>,&*3)23%5!

=,>(%&*23,)6!),-%*!4,)!;,3:!(),3%+&*C!?,,(%)23+.%!41&=3+,&!,4!S=-W8!2&5!T=-W'!:2*!

&,3!;%%&!*:,/&!+&!3:%!?VR!;%4,)%D!%'(2&5+&<!3:%!()%.+,1*!1&5%)*32&5+&<!,4!?VR!

=%--!*1).+.2-!>%=:2&+*>*C!S=-W8!2&5!T=-W'!2)%!E&,/&!3,!41&=3+,&!+&!2!=,,(%)23+.%!

>2&&%)!+&!,3:%)!3+**1%*!+&=-15+&<!3:%!5%.%-,(>%&3!,4!>%<2E2)6,=63%*!AH%;)+&=23!%3!

2-C!OU8Om!g,52>2!%3!2-C!OU8OBD!5%.%-,(+&<!2&5!251-3!:%(23,=63%*!AI+E+32!%3!2-C!OUU#B!

2*!/%--!2*!+&!(2&=)%23+=!=2&=%)!=%--*!A@2E2:2*:+!%3!2-C!OU89BC!K%*1-3*!4),>!3:+*!*3156!

5%>,&*3)23%!3:23!S=-W8!2&5!T=-W'!41&=3+,&!+&!2!=,,(%)23+.%!>2&&%)!3,!>2+&32+&!3:%!

*1).+.2-!,4!5%.%-,(+&<!?VR!=%--!(,(1-23+,&*C!!

! F!<)%23%)!=2(2=+36!4,)!=,>(%&*23+,&!,4!T=-W'!/2*!2((2)%&3!+&!(233%)&*!,4!

2(,(3,*+*!3:),1<:,13!Sg`k"*+,'!I%3!2&5!$*+,-!I%3kTg`!2&+>2-*C!P,**!,4!,&%!=,(6!,4!

3:%!2&3+W2(,(3,3+=!<%&%!5,%*!&,3!&%=%**2)+-6!>%2&!2!XU^!5%=)%2*%!+&!(),3%+&!

%'()%**+,&!AJ+<1)%!9C8B!2*!3:%)%!2)%!,3:%)!>%=:2&+*>*!)%<1-23+&<!%'()%**+,&C!

R+>+-2)-6D!+3!+*!1&=-%2)!/:%3:%)!3:%!-,**!,4!,&%!"*+,.!42>+-6!<%&%!244%=3*!3:%!

3)2&*=)+(3+,&!,)!3)2&*-23+,&!,4!3:%!,3:%)C!G)%-+>+&2)6!)%*1-3*!4),>!,1)!-2;!)%.%2-%5!



!

!

8UX!

=,>(2)2;-%!%'()%**+,&!,4!T=-W'!+&!?3-D!S=-W8!I%3!2&5!Sg`!%>;)6,*!A5232!&,3!

*:,/&B!*1<<%*3+&<!3:%!-,**!,4!%'()%**+,&!,4!,&%!2&3+W2(,(3,3+=!<%&%!5,%*!&,3!2-3%)!

%'()%**+,&!-%.%-*!,4!2&,3:%)C!@:%)%4,)%D!+3!+*!(,**+;-%!3:23!2&6!=,>(%&*23+,&!

;%3/%%&!S=-W8!2&5!T=-W'!+*!2!)%*1-3!,4!,.%)-2((+&<!;+&5+&<!2&5!&%13)2-+Q23+,&!

=2(2;+-+3+%*!,4!3:%!(),W2(,(3,3+=!42>+-6!>%>;%)*!/+3:!3:%!-%.%-*!,4!(),3%+&!

%'()%**%5!1&5%)!&,)>2-!=,&5+3+,&*!/+3:+&!3:23!=%--1-2)!(,(1-23+,&C![&!3:%!;)2+&*3%>!

2&5!*(+&2-!=,)5!-,**!,4!,&%!=,(6!,4!"*+,'!+&!Sg`!%>;)6,*!)%*1-3%5!+&!2!-2)<%!+&=)%2*%!

+&!=%--!5%23:!+&5+=23+&<!3:23!T=-W'!5,%*!(-26!2!),-%!+&!3:%!*1).+.2-!,4!()%=1)*,)!

(,(1-23+,&*C!R+>+-2)-6D!3:%!-,**!,4!,&%!=,(6!,4!$*+,-!,&!2!Tg`!;2=E<),1&5!+&!3:%!

;)2+&*3%>!2&5!*(+&2-!=,)5!5+5!2((%2)!3,!+&=)%2*%!-%.%-*!,4!2(,(3,*+*C!I,/%.%)D!

1&-+E%!Tg`!2&+>2-*!/:%)%!=%--!5%23:!)%>2+&%5!2-,&<!)%<+,&*!,4!(,*3W>+3,3+=!=%--*D!

+&=)%2*%5!=%--!5%23:!+&!$*+,-!I%3kTg`!%>;)6,*!/2*!()%5,>+&2&3-6!+&!3:%!()%=1)*,)!

(,(1-23+,&*!AJ+<1)%!"C8BC!@:+*!*1<<%*3*!3:23!S=-W8!5,%*!&,3!(-26!2!-2)<%!

=,>(%&*23,)6!),-%!+&!3:%!*1).+.2-!,4!(,*3W>+3,3+=!(,(1-23+,&*C!!

! R1).+.2-!>%=:2&+*>*!/+3:+&!3:%!4,)%;)2+&!2((%2)%5!5+44%)%&3C!P,**!,4!T=-W'!

*%%>*!3,!:2.%!-+33-%!+>(2=3!,&!4,)%;)2+&!=%--!*1).+.2-!4),>!788W789!%.%&!/+3:!,&-6!

,&%!=,(6!,4!S=-W8C!@:+*!/2*!,&-6!%'2>+&%5!+&!788!%>;)6,*!()+,)!3,!3:%!,&*%3!,4!

&%1),<%&%*+*!+&!3:%!),5%&3!4,)%;)2+&!51%!3,!-+>+323+,&*!,4!%>;)6,!*1).+.2-!(2*3!788C!

[&!*1>>2)6D!>6!*3156!*1<<%*3*!3:23!S=-W8!2&5!T=-W'!:2.%!-+>+3%5!=2(2;+-+3+%*!3,!

=,>(%&*23%!4,)!,&%!2&,3:%)!3:),1<:,13!3:%!5%.%-,(+&<!>1)+&%!?VRC!!



!

!

8UZ!

!

%

%

%

%

%

N*AC)3%Y"#5%7/:;30<-.*/0%/=%R92S#%-0+%O92S?%.@)/CA@%03C)/A303<*<"%%

F!*1>>2)6!4+<1)%!5%>,&*3)23%*!3:%!%2)-6!)%01+)%>%&3!4,)!S=-W8!A)%5!<)25+%&3B!/+3:!

*,>%!=,>(%&*23+,&!;6!T=-W'!A(1)(-%!<)25+%&3BC!F*!3:%!=%--!;%=,>%*!(,*3W>+3,3+=D!3:%!

)%01+)%>%&3!4,)!*1).+.2-!*%%>*!3,!;%!T=-W'D!/+3:,13!2&6!=,>(%&*23+,&!4),>!S=-W8C!!



!

!

8UY!

!

!

!

!

!

!

!



!

!

8U]!

!

Y"Y 8/23%/=%;)/S-;/;./.*9%O92S!%;)/.3*0<%

!

! d+5%*()%25!%'()%**+,&!,4!(),W2(,(3,3+=!"*+,.!42>+-6!>%>;%)*!*1<<%*3*!

3:%)%!>26!;%!>2&6!(-26%)*!23!/,)E!)%<1-23+&<!2(,(3,*+*!+&!3:%!5%.%-,(+&<!?VRC!

K%-23+.%-6!:+<:!>KVF!%'()%**+,&!,4!4+.%!(),W2(,(3,3+=!"*+,.!42>+-6!>%>;%)*!1&5%)!

&,)>2-!5%.%-,(>%&32-!=,&5+3+,&*!*1<<%*3*!+&!:%2-3:6!=%--*!3:%)%!2)%!>1-3+(-%!(),W

2(,(3,3+=!(),3%+&*!/:,*%!2=3+.+36!+*!)%<1-23%5!;6!S=-W8!2&5!T=-W'!51)+&<!?VR!

5%.%-,(>%&3C!G)%.+,1*!-+3%)231)%!*1<<%*3*!3:23!T25!2&5!I)E!/+--!;+&5!T=-W'!;13!&,3!

S=-W8!2&5!3:23!V,'2!/+--!;+&5!S=-W8!;13!&,3!T=-W'!AS,-5,.%2&1!%3!2-C!OU8"BC!@:%!

)%>2+&+&<!(),W2(,(3,3+=!(),3%+&*!2)%!=2(2;-%!,4!;%+&<!;,1&5!;6!;,3:!S=-W8!2&5!T=-W

'!AS,-5,.%2&1!%3!2-C!OU8"BC!T+&5+&<!=2(2;+-+3+%*!,4!S=-W8!2&5!T=-W'!2*!/%--!2*!3:%+)!

(),(,*%5!>%=:2&+*>*!,4!+&:+;+3+,&!,4!(),W2(,(3,3+=!T=-WO!42>+-6!>%>;%)*!()%*%&3!

&1>%),1*!)%51&52&=+%*!+&!3:%+)!41&=3+,&!A?Q2;,32)!%3!2-C!OU8"BC!@:%!1&+4+%5!>,5%-!

+*!3:%!,&-6!=1))%&3!>,5%-!3:23!%'(-2+&*!3:%!)2&<%!,4!)%*1-3*!,4!T=-WO!42>+-6!

+&3%)2=3+,&*!4),>!()%.+,1*!-+3%)231)%C!F==,)5+&<!3,!3:+*!>,5%-D!;,3:!3:%!TI9W,&-6!

2=3+.23,)*!2*!/%--!2*!3:%!TI9W,&-6!*%&*+3+Q%)*!+&:+;+3!3:%!2&3+W2(,(3,3+=!(),3%+&*!

AP-2>;+!%3!2-C!OU88BC!@:%!2&3+W2(,(3,3+=!(),3%+&*!2)%!2-*,!=2(2;-%!,4!+&:+;+3+&<!

2=3+.23%5!%44%=3,)!(),3%+&*!2*!/%--!2*!3:%!TI9W,&-6!2=3+.23,)*!AP-2>;+!%3!2-C!OU88BC!`4!

3:%!4+.%!(),W2(,(3,3+=!(),3%+&*!/+3:!%-%.23%5!%'()%**+,&!51)+&<!%2)-6!&%1),<%&%*+*D!

#(!8#93!:6;)+5+Q23+,&!(,+&3%5!3,!)%*3)+=3%5!%'()%**+,&!,4!"#$!3:),1<:,13!)%<+,&*!

)%01+)+&<!S=-W8!4,)!*1).+.2-D!()+>2)+-6!()%=1)*,)!(,(1-23+,&*C!S=-W8!:2*!()%.+,1*-6!



!

!

8U#!

;%%&!5%>,&*3)23%5!3,!:2.%!2!<)%23%)!;+&5+&<!244+&+36!4,)!T+>!,.%)!3:%!,3:%)!TI9W

,&-6!2=3+.23,)*!Aj%-2!%3!2-C!OU89B!2&5!>26!;%!2!.+2;-%!32)<%3!4,)!)%*=1%!%'(%)+>%&3*!

+&!Sg`!2&+>2-*C!I,/%.%)D!E&,=E5,/&!,4!T+>!%'()%**+,&!5,%*!&,3!)%*=1%!3:%!?VR!

2;&,)>2-+3+%*!+&!T=-W'!5%4+=+%&3!>+=%!AFE:32)!%3!2-C!OUU]B!2&5!3:%)%4,)%!3:%)%!>1*3!

;%!>1-3+(-%!(),W2(,(3,3+=!(),3%+&*!+&!255+3+,&!3,!T+>!)%<1-23+&<!2(,(3,*+*!+&!Hg`!

%>;)6,*C!J1)3:%)!5,/&*3)%2>!%44%=3,)!(),3%+&*!T2'!2&5!T2E!2-*,!5%>,&*3)23%5!

%-%.23%5!%'()%**+,&!2&5!2)%!%**%&3+2-!4,)!3:%!(),(2<23+,&!,4!3:%!2(,(3,3+=!*+<&2-C!

d+--+*!2&5!=,--%2<1%*!AOUUXB!5%>,&*3)23%5!3:23!T2E!+*!*%01%*3%)%5!*,-%-6!;6!S=-W8!

2&5!T=-W'!2&5!&,3!;6!T=-WOD!T=-W/!,)!F8C![3!+*!(,**+;-%!3:23!3:%!>%=:2&+*>!,4!

2(,(3,*+*!+&!=%)32+&!(,(1-23+,&*!+*!5)+.%&!()+>2)+-6!;6!T2E!/+3:!3:%!-,**!,4!41&=3+,&!

,4!;,3:!S=-W8!2&5!T=-W'C!G)%.+,1*-6!E&,/&!+&3%)2=3+,&*!,4!T=-WO!42>+-6!(),3%+&*!2*!

/%--!2*!%-%.23%5!%'()%**+,&!,4!X!(),W2(,(3,3+=!(),3%+&*!*1<<%*3!3:23!3:%)%!2)%!

>1-3+(-%!2=3+.23,)!2&5!%44%=3,)!(),3%+&*!2=3+&<!3,!)%<1-23%!2(,(3,*+*!3:),1<:,13!

&%1)2-!5%.%-,(>%&3C!

!

Y"K NC.C)3%H.C+*3<%

!

! [3!+*!=-%2)!3:23!S=-W8!2&5!T=-W'!2)%!3:%!3/,!>2p,)!2&3+W2(,(3,3+=!T=-WO!42>+-6!

(),3%+&*!)%<1-23+&<!=%--!*1).+.2-!,4!3:%!5%.%-,(+&<!?VRC!H%*(+3%!3:%!:+<:!-%.%-*!,4!

>KVF!%'()%**+,&!,4!X!(),W2(,(3,3+=!42>+-6!>%>;%)*D!3:%!>%=:2&+*>!,4!2(,(3,*+*!

+&!Sg`!2&5!Tg`!%>;)6,*!/2*!&,3!41--6!%-1=+523%5!3:),1<:!3:+*!*3156C!d%*3%)&!

;-,33+&<!,)!+>>1&,:+*3,=:%>+*3)6!/,1-5!=,&4+)>!+4!(),W2(,(3,3+=!(),3%+&!



!

!

88U!

%'()%**+,&!-%.%-*!/%)%!=,&*+*3%&3!/+3:!>KVF!%'()%**+,&!(233%)&*C!$+.%&!3:%!=%--!

(,(1-23+,&W*(%=+4+=!)%01+)%>%&3*!2*!/%--!2*!3:%!=,>(-%'+3+%*!,4!+&3%)2=3+,&*!

;%3/%%&!T=-WO!42>+-6!>%>;%)*D!#(!;#9<)!%'2>+&23+,&!,4!2!&1>;%)!,4!=%--!36(%*!>26!

(),.+5%!2!=-%2)!+&5+=23+,&!,4!3:%!(),W2(,(3,3+=!(),3%+&*!41&=3+,&2--6!)%*(,&*+;-%!4,)!

3:%!%-%.23%5!-%.%-*!,4!2(,(3,*+*!/+3:!3:%!-,**W,4W41&=3+,&!,4!%+3:%)!S=-W8!,)!T=-W'C!

KVF+!3%=:&+01%*!/,1-5!2-*,!:%-(!=-2)+46!(),W2(,(3,3+=!T=-WO!42>+-6!>%>;%)*!

)%<1-23+&<!2(,(3,*+*!3:),1<:,13!3:%!5%.%-,(+&<!?VR!3:),1<:!E&,=E5,/&!,4!

+&5+.+512-!32)<%3*C![&+3+2--6!3:%!),-%!,4!3:%!%44%=3,)!(),3%+&*!T2'!2&5!T2E!+&!2(,(3,3+=!

=%--!5%23:!/+3:+&!Sg`!2&5!Tg`!*:,1-5!;%!+5%&3+4+%5C!P,**!,4!;,3:!T2'!2&5!T2E!

*:,1-5!;-,=E!2--!2(,(3,*+*!+&+3+23%5!.+2!3:%!T=-WO!42>+-6!2&5!:2*!;%%&!*:,/&!3,!

)%*=1%!3:%!(:%&,36(%!+&!S=-W8!2&5!T=-W'!5%4+=+%&3!>%<2E2)6,=63+=!-+&%2<%*!Ag,52>2!

%3!2-C!OU8OBC!F55+3+,&2--6!TI9W,&-6!2=3+.23,)!T+>!2((%2)*!3,!;%!2!(),>+*+&<!32)<%3!

4,)!3:%!)%*=1%!,4!3:%!Sg`!2(,(3,3+=!(:%&,36(%C!J1)3:%)!*3156!+*!/2))2&3%5!3,!

5%>,&*3)23%!3:%!=,>(-%3%!>%=:2&+*>!)%<1-23+&<!*1).+.2-!+&!3:%!5%.%-,(+&<!&%1)2-!

(,(1-23+,&*C!!

! @:%!-%.%-!,4!(),3%+&!%'()%**+,&!+&!g`!2&5!I%3!2&+>2-*!+*!&,3!%&3+)%-6!=-%2)C!

d%!5,!&,3!*1*(%=3!3:23!3:%!-,**!,4!,&%!(),3%+&!+>(2=3*!3:%!%'()%**+,&!,4!3:%!,3:%)!

;2*%5!,&!%'2>+&23+,&!,4!/%*3%)&!;-,3*!4),>!*+&<-%!Sg`!,)!Tg`!2&+>2-*C!I,/%.%)D!

012&3+4+=23+,&!,4!3:%!%'()%**+,&!+&!g`kI%3!2&+>2-*!/,1-5!41)3:%)!%-1=+523%!3:%!

=,>(%&*23,)6!=2(2;+-+3+%*!;%3/%%&!3:%*%!3/,!(),3%+&*C!!

! ?,>(-%3%!2(,(3,3+=!=%--!5%23:!,==1)*!.%)6!%2)-6!+&!3:%!5%.%-,(+&<!Hg`!?VRC!

[3!+*!-+E%-6!3:23!2--!=%--*!1&5%)<,!2(,(3,*+*!2*!()%=1)*,)*!+&!Hg`!%>;)6,*D!2&5!



!
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3:%)%4,)%!/:%3:%)!(,*3W>+3,3+=!&%1),&*!/,1-5!;%!=2(2;-%!,4!*1).+.2-!/+3:,13!T=-W'!

2&5!S=-W8!)%>2+&*!3,!;%!*:,/&C![3!+*!(,**+;-%!3:23!255+3+,&2-!2&3+W2(,(3,3+=!T=-WO!

42>+-6!(),3%+&*!=,&3)+;13%!3,!3:%!*1).+.2-!,4!(,*3W>+3,3+=!&%1)2-!(,(1-23+,&*C!:(!;#9<)!

%'(%)+>%&3*!,)!-,**!,4!41&=3+,&!*315+%*!1*+&<!2!=)%!%'()%**+&<!(-2*>+5!

%-%=3),(,)23%5!#(!39=<)!23!2!-23%)!5%.%-,(>%&32-!3+>%!(,+&3!=,1-5!;%!1*%5!3,!

*%-%=3+.%-6!E&,=E,13!$*+,-!2&5!"*+,'5!+&!2!*(%=+4+=!(,*3!>+3,3+=!&%1),&2-!(,(1-23+,&C!

@:+*!/,1-5!=-2)+46!+4!(,*3!>+3,3+=!&%1),&*!2)%!=2(2;-%!,4!*1).+.2-!/+3:!3:%!-,**!,4!

;,3:!S=-W8!2&5!T=-W'!2&5!+4!3:%)%!+*!2&6!255+3+,&2-!=,>(%&*23+,&!4),>!,3:%)!2&3+W

2(,(3,3+=!T=-W'!(),3%+&*!+&!3:%!(,*3W>+3,3+=!(,(1-23+,&C!

!

Y"Z 7/092C<*/0%

!

! I%)%D![!:2.%!%'2>+&%5!3:%!),-%!,4!2&3+W2(,(3,3+=!T=-WO!(),3%+&*D!S=-W8!2&5!

T=-W'D!+&!(),>,3+&<!*1).+.2-!2*!=%--*!(),<)%**!3:),1<:!&%1),<%&%*+*C!7'3%&*+.%!

2(,(3,3+=!=%--!5%23:!+&!3:%!4,)%;)2+&D!;)2+&*3%>!2&5!*(+&2-!=,)5!,4!?g`!>,5%-*!

5%>,&*3)23%!3:23!S=-W8!+*!=)1=+2-!4,)!()%=1)*,)!=%--!*1).+.2-!2&5!T=-W'!+*!=)+3+=2-!4,)!

3:%!*1).+.2-!,4!(,*3W>+3,3+=!&%1)2-!(,(1-23+,&*C!Hg`!%>;)6,*!%':+;+3!2!>,)%!*%.%)%!

(:%&,36(%!3:2&!%+3:%)!Sg`!,)!Tg`!%>;)6,*!/+3:!=,>(-%3%!-,**!,4!3:%!?VR!;6!78"C!

@:+*!5%>,&*3)23%*!2!=,>(%&*23,)6!),-%!;%3/%%&!S=-W8!2&5!T=-W'C!7'2>+&23+,&!,4!

(),W2(,(3,3+=!"*+,.!42>+-6!>%>;%)*!(,+&3!3,!4+.%!<%&%*!A"#$D!;>4D!&,'2D!;2'D!;2EB!

/+3:!%-%.23%5!%'()%**+,&!3:),1<:,13!?VR!5%.%-,(>%&3!3:23!*:,1-5!;%!41)3:%)!

+&.%*3+<23%5!3,!5%3%)>+&%!3:%+)!),-%!+&!?VR!=%--!*1).+.2-!)%<1-23+,&C!@:+*!*3156!



!

!

88O!

5%>,&*3)23%*!4,)!3:%!4+)*3!3+>%!3:%!5+*3+&=3!2&5!=,>(%&*23,)6!)%01+)%>%&3*!4,)!S=-W

8!2&5!T=-W'!/+3:+&!3:%!5%.%-,(+&<!>1)+&%!?VRC



!
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!

K"$ O*(2*/A)-;@'%
!

FE:32)D!KCRC!%3!2-CD!OUU]C!P,**!,4!TI9W,&-6!(),3%+&!T+>!+&:+;+3*!2(,(3,*+*!,4!

:%>,(,+%3+=!=%--*!+&!3:%!4%32-!-+.%)!2&5!>2-%!<%)>!=%--*!;13!&,3!&%1),&2-!=%--*!+&!

;=-W'W5%4+=+%&3!>+=%C!>7=!?)3<(&+!)%!@#89)*7=$#89<A!&(4!BA9)*7=$#89<A!C!D%%#*#&+!

?)3<(&+!)%!97=!@#89)*7=$#89<A!E)*#=9AD!XZA8UBD!((C#O8f#OYC!

F&<%.+&%D!iCTC!l!R+5>2&D!KCPCD!8#Z8C!F13,)25+,<)2(:+=!*3156!,4!=%--!>+<)23+,&!51)+&<!

:+*3,<%&%*+*!,4!=%)%;)2-!=,)3%'!+&!3:%!>,1*%C!F&93<=D!8#OD!((CYZZfYZ]C!

F);,1)D!VC!%3!2-CD!OUU]C!S=-W8!+*!2!E%6!)%<1-23,)!,4!2(,(3,*+*!51)+&<!?VR!5%.%-,(>%&3!

2&5!243%)!HVF!52>2<%C!>7=!?)3<(&+!)%!F=3<)8*#=(*=!C!>7=!D%%#*#&+!?)3<(&+!)%!97=!

E)*#=9A!%)<!F=3<)8*#=(*=D!O]AO"BD!((CZUZ]fY]C!!

T,23)+<:3D!gCSC!l!R2-.%*%&D!$CRCD!OUU9C!S%=:2&+*>*!,4!=2*(2*%!2=3+.23+,&C!B3<<=(9!

D2#(#)(!#(!B=++!G#)+)6AD!8XAZBD!((CYOXfY98C!

T,+*%D!PCIC!%3!2-CD!8##9C!T=-W_D!2!T=-WOW)%-23%5!<%&%!3:23!41&=3+,&*!2*!2!5,>+&2&3!

)%<1-23,)!,4!2(,(3,3+=!=%--!5%23:C!B=++D!Y"A"BD!((CX#YfZU]C!!

T)+*=,%D!iC!l!7)+=*,&D!iCD!OUU8C!R(%=+4+=23+,&!,4!&%1),&2-!423%*!+&!3:%!.%&3)2-!&%1)2-!

31;%C!B3<<=(9!D2#(#)(!#(!F=3<)"#)+)6AD!88A8BD!((C"9f"#C!
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T1)*=:D!dCD!g-%+&%D!PC!l!@%&&+*/,,5D!SD!8##UC!The biochemistry of cell death by 

apoptosis. Biochemistry and Cell Biology, 68, 1071#1074.!

?2*(2)6D!@C!l!F&5%)*,&D!gC!jD!OUU9C!G233%)&+&<!=%--!36(%*!+&!3:%!5,)*2-!*(+&2-!=,)5k!

/:23!3:%!>,1*%!>132&3*!*26C!F&93<=!H=;#=08I!F=3<)8*#=(*=D!"A"BD!((CO]#f#YC!!

?:%&D!PC!%3!2-CD!OUUXC!H+44%)%&3+2-!32)<%3+&<!,4!(),*1).+.2-!T=-WO!(),3%+&*!;6!3:%+)!

TI9W,&-6!-+<2&5*!2--,/*!=,>(-%>%&32)6!2(,(3,3+=!41&=3+,&C!J)+=*3+&<!B=++D!

8YA9BD!((C9#9f"U9C!!

?:%&D!RC?CD!?1))2&D!@CD!l!S,)<2&D!iC[CD!8##XC!F(,(3,*+*!+&!3:%!&%).,1*!*6*3%>k!&%/!

)%.%-23+,&*C!?)3<(&+!)%!B+#(#*&+!K&97)+)6AD!"]A8BD!((CYf8OC!

?:+(1ED!iC7C!%3!2-CD!OU8UC!@:%!T?PWO!42>+-6!)%1&+,&C!J)+=*3+&<!B=++D!9YA9BD!((CO##f98UC!!

?1=,&23+D!FC!l!S1E:%)p%%D!?CD!OUU9C!HVF!52>2<%!)%*(,&*%!2&5!S?PW8!5%*3)1=3+,&!

+&+3+23%!2(,(3,*+*!+&!25%&,.+)1*W+&4%=3%5!=%--*C!L=(=8!&(4!M=;=+)2$=(9D!8YAO9BD!

((CO#OOfO#9OC!!

?Q2;,32)D!GC7C!%3!2-CD!OU8"C!?,&3),-!,4!2(,(3,*+*!;6!3:%!T?PWO!(),3%+&!42>+-6k!

+>(-+=23+,&*!4,)!(:6*+,-,<6!2&5!3:%)2(6C!F&93<=!H=;#=08I!J)+=*3+&<!B=++!G#)+)6AD!

8XA8BD!((C"#fZ9C!!

H%;)+&=23D!SC!2!%3!2-CD!OU8OC!S=-W8!2&5!T=-W'APB!=,,)5+&23%-6!)%<1-23%!>%<2E2)6,=63%!

*1).+.2-C!G+))4D!88#AO"BD!((CX]XUf]C!
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!
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H1332D!RC!%3!2-CD!OU8UC!H%3%)>+&2&3*!,4!TI9!;+&5+&<!*(%=+4+=+36!4,)!S=-W8!.%)*1*!T=-W

'PC!?)3<(&+!)%!J)+=*3+&<!G#)+)6AD!9#]AXBD!((CY"YfZOC!!

HQ:2<2-,.D![CD!H1&E-%D!2C!l!I%D!rCWdCD!OUU]C!@:%!2&3+W2(,(3,3+=!T=-WO!42>+-6!>%>;%)!

S=-W8!(),>,3%*!@!-6>(:,=63%!*1).+.2-!23!>1-3+(-%!*32<%*C!>7=!?)3<(&+!)%!

:$$3()+)6AD!8]8A8BD!((CXO8fXO]C!!

HQ:2<2-,.D![CD!i,:&D!FC!l!I%D!rCD!OUUYC!@:%!2&3+2(,(3,3+=!(),3%+&!S=-W8!+*!%**%&3+2-!4,)!

3:%!*1).+.2-!,4!&%13),(:+-*!;13!&,3!>2=),(:2<%*C!G+))4D!8U#A"BD!((C8ZOUf8ZOZC!!

J2&D!@CWiC!%3!2-CD!OUUXC!?2*(2*%!42>+-6!(),3%2*%*!2&5!2(,(3,*+*C!N*9&!G#)*7#$#*&!=9!

G#)27A8#*&!E#(#*&D!9YA88BD!((CY8#fYOYC!!

J+%3QD!RC!2!l!I133&%)D!dCTCD!OU88C!?,)3+=2-!(),<%&+3,)!%'(2&*+,&D!*%-4W)%&%/2-!2&5!

&%1),<%&%*+*W2!(,-2)+Q%5!(%)*(%=3+.%C!B3<<=(9!D2#(#)(!#(!F=3<)"#)+)6AD!O8A8BD!

((CO9f9XC!!

$2,D!iC!%3!2-CD!OU8UC![KJW8!3)2&*=)+(3+,&2--6!1()%<1-23%*!G\SFD!/:+=:!>%5+23%*!3:%!

>+3,=:,&5)+2-!2(,(3,3+=!(23:/26!+&![KJW8W+&51=%5!2(,(3,*+*!+&!=2&=%)!=%--*C!

B=++!M=&97!&(4!M#%%=<=(9#&9#)(D!8YA"BD!((CZ##fYU#C!

$s3QD!SC!l!I133&%)D!dCTCD!OUUXC!@:%!=%--!;+,-,<6!,4!&%1),<%&%*+*C!F&93<=!H=;#=08I!

J)+=*3+&<!B=++!G#)+)6AD!ZA8UBD!((CYYYfY]]C!
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$)25D!iCSCD!e%&<D!_CKC!l!T,+*%D!PCICD!OUUUC!K%<1-23+,&!,4!T=-W'Pk!2!-+33-%!;+3!,4!3:+*!2&5!2!

-+33-%!;+3!,4!R@F@C!B3<<=(9!D2#(#)(!#(!D(*)+)6AD!8OAZBD!((CX"9f#C!

$)%%&D!HCKCD!OUUUC!F(,(3,3+=!(23:/26*k!(2(%)!/)2(*!*3,&%!;-1&3*!*=+**,)*C!B=++D!

8UOA8BD!((C8f"C!

I2>2*2E+D!FC!%3!2-CD!8##]C!F==%-%)23%5!&%13),(:+-!2(,(3,*+*!+&!>+=%!-2=E+&<!F8W2D!2!

*1;36(%!,4!3:%!;=-WOW)%-23%5!F8!<%&%C!>7=!?)3<(&+!)%!O'2=<#$=(9&+!J=4#*#(=D!

8]]A88BD!((C8#]Xf8##OC!

I2)5%)D!iCSC!%3!2-CD!OU8OC!T?POP8!AT?PW_B!(),>,3%*!*1).+.2-!,4!251-3!2&5!5%.%-,(+&<!

)%3+&2-!<2&<-+,&!=%--*C!J)+=*3+&<!&(4!B=++3+&<!F=3<)8*#=(*=8D!X8A8WOBD!((CX9f#C!!

I2*2&D!RCSCSC!%3!2-CD!OU89C!S=-8!)%<1-23%*!3:%!3%)>+&2-!>+3,*+*!,4!&%1)2-!()%=1)*,)!

=%--*!+&!3:%!>2>>2-+2&!;)2+&!3:),1<:!(OYg+(8C!M=;=+)2$=(9D!8"UA8XBD!

((C988]fOYC!!

I21;%&*2ED!dC!%3!2-CD!OUU"C!V%1),&*!2)+*%!+&!3:%!;2*2-!&%1),%(+3:%-+1>!,4!3:%!%2)-6!

>2>>2-+2&!3%-%&=%(:2-,&k!2!>2p,)!*+3%!,4!&%1),<%&%*+*C!K<)*==4#(68!)%!97=!

F&9#)(&+!N*&4=$A!)%!E*#=(*=8!)%!97=!P(#9=4!E9&9=8!)%!N$=<#*&D!8U8A#BD!((C98#Zf

OU8C!!

I+E+32D!IC!%3!2-CD!OUU#C!S=-W8!2&5!T=-W'P!=,,(%)23+.%-6!>2+&32+&!+&3%<)+36!,4!

:%(23,=63%*!+&!5%.%-,(+&<!2&5!251-3!>1)+&%!-+.%)C!@=2&9)+)6AD!XUA"BD!((C8O8Yf

8OOZC!
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I,3=:E+**D!KC!%3!2-CD!OUU#C!?%--!H%23:C!F=0!O(6+&(4!?)3<(&+!)%!J=4#*#(=D!9Z8A8ZBD!

((C8XYUf]9C!

i%**%--D!@CSCD!OUUUC!V%1),&2-!*(%=+4+=23+,&!+&!3:%!*(+&2-!=,)5k!+&51=3+.%!*+<&2-*!2&5!

3)2&*=)+(3+,&2-!=,5%*C!F&93<=!H=;#=08I!L=(=9#*8D!8A8BD!((COUf#C!!

g%))D!iCD!d6--+%D!FC!l!?1))+%D!FCD!8#YOC!F(,(3,*+*k!F!;2*+=!;+,-,<+=2-!(:%&,>%&,&!/+3:!

/+5%W)2&<+&<!+>(-+=23+,&*!+&!3+**1%!E+&%3+=*C!G<#9#87!?)3<(&+!)%!B&(*=<C!!

g,52>2D!@C!%3!2-CD!OU8OC!S=-W8!2&5!T=-W'P!)%<1-23%!T2ENT2'W5%(%&5%&3!2(,(3,*+*!,4!

3:%!>%<2E2)6,=63+=!-+&%2<%!23!>1-3+*32<%*C!B=++!M=&97!&(4!M#%%=<=(9#&9#)(D!

8#A88BD!((C8]XZfZ#C!!

g,Q,(2*D!gCSC!%3!2-CD!8##9C!S?P8D!2!<%&%!%'()%**%5!+&!(),<)2>>%5!>6%-,+5!=%--!

5+44%)%&3+23+,&D!:2*!*%01%&=%!*+>+-2)+36!3,!T?POC!K<)*==4#(68!)%!97=!F&9#)(&+!

N*&4=$A!)%!E*#=(*=8!)%!97=!P(#9=4!E9&9=8!)%!N$=<#*&D!#UA]BD!((C9X8ZfOUC!!

g)2p%/*E2D!SC!%3!2-CD!OUUOC!H6&2>+=*!,4!%'()%**+,&!,4!2(,(3,*+*W)%<1-23,)6!(),3%+&*!

T+5D!T=-WOD!T=-W_D!T2'!2&5!T2E!51)+&<!5%.%-,(>%&3!,4!>1)+&%!&%).,1*!*6*3%>C!

B=++!M=&97!&(4!M#%%=<=(9#&9#)(D!#AOBD!((C8"Xf8XYC!!

g)+*3+2&*%&D!SC!l!I2>D!iCD!OU8"C!G),<)2>>%5!=%--!5%23:!51)+&<!&%1),&2-!

5%.%-,(>%&3k!3:%!*6>(23:%3+=!&%1),&!>,5%-C!B=++!M=&97!&(4!M#%%=<=(9#&9#)(D!

O8AYBD!((C8UOXf9XC!!



!

!
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g1/2&2D!@C!%3!2-CD!OUUXC!TI9!5,>2+&*!,4!TI9W,&-6!(),3%+&*!5+44%)%&3+2--6!)%<1-23%!

T2'W>%5+23%5!>+3,=:,&5)+2-!>%>;)2&%!(%)>%2;+-+Q23+,&!;,3:!5+)%=3-6!2&5!

+&5+)%=3-6C!J)+=*3+&<!B=++D!8YA"BD!((CXOXfX9XC!

g1/2&2D!@C!%3!2-CD!OUUOC!T+5D!T2'D!2&5!-+(+5*!=,,(%)23%!3,!4,)>!*1()2>,-%=1-2)!

,(%&+&<*!+&!3:%!,13%)!>+3,=:,&5)+2-!>%>;)2&%C!B=++D!888A9BD!((C998f9"OC!

P%32+D!FC!%3!2-CD!OUUOC!H+*3+&=3!TI9!5,>2+&*!%+3:%)!*%&*+3+Q%!,)!2=3+.23%!>+3,=:,&5)+2-!

2(,(3,*+*D!*%).+&<!2*!(),3,36(%!=2&=%)!3:%)2(%13+=*C!B&(*=<!B=++D!OA9BD!((C8]9f

#OC!!

P-2>;+D!JC!%3!2-CD!OU88C!F!1&+4+%5!>,5%-!,4!>2>>2-+2&!T?PWO!(),3%+&!42>+-6!

+&3%)2=3+,&*!23!3:%!>+3,=:,&5)+2C!J)+=*3+&<!B=++D!""A"BD!((CX8Yf98C!!

P,>,&,*,.2D!7C!l!?:+&&251)2+D!$CD!OUU]C!TI9W,&-6!(),3%+&*!+&!2(,(3,*+*!2&5!

;%6,&5k!2&!,.%).+%/C!D(*)6=(=D!OY!R1((-!8AR8BD!((CROf8#C!!

S2-,&%D!?CHC!%3!2-CD!OU8OC!S=-W8!)%<1-23%*!3:%!*1).+.2-!,4!251-3!&%1)2-!()%=1)*,)!=%--*C!

J)+=*3+&<!&(4!B=++3+&<!F=3<)8*#=(*=8D!"#A"BD!((C"9#f"YC!!

S=?,&&%--D!iC!2D!8#]8C![5%&3+4+=23+,&!,4!%2)-6!&%1),&*!+&!3:%!;)2+&*3%>!2&5!*(+&2-!

=,)5C![[C!F&!213,)25+,<)2(:+=!*3156!+&!3:%!>,1*%C!>7=!?)3<(&+!)%!B)$2&<&9#;=!

F=3<)+)6AD!OUUAOBD!((COY9f]]C!!



!

!

88#!

S%3=2-4%D!FCHC!%3!2-CD!OUU"C!7'()%**+,&!,4!88!>%>;%)*!,4!3:%!T?PWO!42>+-6!,4!

2(,(3,*+*!)%<1-23,)6!>,-%=1-%*!51)+&<!:1>2&!()%+>(-2&323+,&!%>;)6,!

5%.%-,(>%&3!2&5!4)2<>%&323+,&C!J)+=*3+&<!H=2<)43*9#)(!&(4!M=;=+)2$=(9D!

Z]A8BD!((C9XfXUC!!

S+=:2%-+5+*D!@CSC!%3!2-CD!8##ZC![&2=3+.23+,&!,4!;=-WO!)%*1-3*!+&!(),<)%**+.%!

5%<%&%)23+,&!,4!>,3,&%1),&*D!*6>(23:%3+=!2&5!*%&*,)6!&%1),&*!51)+&<!%2)-6!

(,*3&232-!5%.%-,(>%&3C!F=3<)(D!8YA8BD!((CYXf]#C!!

S,-5,.%2&1D!@C!%3!2-CD!OU8"C!S2&6!(-26%)*!+&!T?PWO!42>+-6!2442+)*C!><=(48!#(!

G#)*7=$#*&+!E*#=(*=8D!9#A9BD!((C8U8f888C!

S,-&t)D!eCD!OU88C!7.,-13+,&!,4!=%)%;)2-!=,)3+=2-!5%.%-,(>%&3C!G<&#(/!G=7&;#)<!&(4!

O;)+39#)(D!Y]A8BD!((C#"f8UYC!

S,-&t)D!eCD!j2*+*3:2D!VC!2!l!$2)=+2WS,)%&,D!JCD!OU88C!I2&<+&<!;6!3:%!32+-k!(),<%&+3,)!

(,(1-23+,&*!(),-+4%)23%C!F&93<=!F=3<)8*#=(*=D!8"AXBD!((CX9]f"UC!

S,3,62>2D!VC!%3!2-CD!8##XC!S2**+.%!=%--!5%23:!,4!+>>231)%!:%>23,(,+%3+=!=%--*!2&5!

&%1),&*!+&!T=-W'W5%4+=+%&3!>+=%C!E*#=(*=D!OZYAXOU9BD!((C8XUZf8UC!!

V+p:2/2&D!HCD!I,&2)(,1)D!VC!l!d2&<D!_CD!OUUUC!F(,(3,*+*!+&!&%1)2-!5%.%-,(>%&3!2&5!

5+*%2*%C!N((3&+!H=;#=0!)%!F=3<)8*#=(*=D!O9D!((CY9f]YC!!



!

!

8OU!

V,)&%*D!IC!l!?2))6D!SCD!8#Y]C!V%1),<%&%*+*!+&!*(+&2-!=,)5!,4!>,1*%k!2&!

213,)25+,<)2(:+=!2&2-6*+*C!G<&#(!H=8=&<*7D!8X#D!((C8f8ZC!!

`-2D!SCRCD!V2/2QD!SC!l!F:*2&D!ICD!OU88C!K,-%!,4!T=-WO!42>+-6!(),3%+&*!2&5!=2*(2*%*!+&!

3:%!)%<1-23+,&!,4!2(,(3,*+*C!J)+=*3+&<!&(4!B=++3+&<!G#)*7=$#89<AD!9X8A8WOBD!

((C"8fX]C!

`(4%)>2&D!iC@C!%3!2-CD!OUU9C!H%.%-,(>%&3!2&5!>2+&3%&2&=%!,4!T!2&5!@!-6>(:,=63%*!

)%01+)%*!2&3+2(,(3,3+=!S?PW8C!F&93<=D!"OZAZ]ZYBD!((CZY8fZYZC!

`(4%)>2&D!iC@C!%3!2-CD!OUUXC!`;-+<23%!),-%!,4!2&3+W2(,(3,3+=!S?PW8!+&!3:%!*1).+.2-!,4!

:%>23,(,+%3+=!*3%>!=%--*C!E*#=(*=D!9UYAXY8OBD!((C88U8f"C!!

`((%&:%+>D!KCdCD!8##8C!?%--!5%23:!51)+&<!5%.%-,(>%&3!,4!3:%!&%).,1*!*6*3%>C!

N((3&+!H=;#=0!)%!F=3<)8*#=(*=D!8"D!((C"X9fXU8C!

`((%&:%+>D!KCdCD!8#]8C!?%--!5%23:!,4!>,3,&%1),&*!+&!3:%!=:+=E!%>;)6,!*(+&2-!=,)5C!

jC!7.+5%&=%!,&!3:%!),-%!,4!=%--!5%23:!2&5!&%1),>1*=1-2)!41&=3+,&!+&!3:%!

4,)>23+,&!,4!*(%=+4+=!(%)+(:%)2-!=,&&%=3+,&*C!>7=!?)3<(&+!)%!F=3<)8*#=(*=!C!>7=!

D%%#*#&+!?)3<(&+!)%!97=!E)*#=9A!%)<!F=3<)8*#=(*=D!8AOBD!((C8"8f8X8C!

G%&<D!KC!%3!2-CD!OU89C!@2)<%3+&<!T2'!+&3%)2=3+,&!*+3%*!)%.%2-*!3:23!,&-6!:,>,W

,-+<,>%)+Q23+,&!*+3%*!2)%!%**%&3+2-!4,)!+3*!2=3+.23+,&C!B=++!M=&97!&(4!

M#%%=<=(9#&9#)(D!OUAXBD!((CY""fX"C!!



!

!

8O8!

G)+&3D!?C$C!%3!2-CD!8##]C!F(,(3,*+*!)%<1-23,)!T=-W/!+*!%**%&3+2-!4,)!*(%)>23,<%&%*+*!

;13!2((%2)*!,3:%)/+*%!)%51&52&3C!K<)*==4#(68!)%!97=!F&9#)(&+!N*&4=$A!)%!

E*#=(*=8!)%!97=!P(#9=4!E9&9=8!)%!N$=<#*&D!#XAO8BD!((C8O"O"f8O"98C!

K+&E%&;%)<%)D!iCPC!%3!2-CD!OUUUC!S=-W8!5%4+=+%&=6!)%*1-3*!+&!(%)+W+>(-2&323+,&!

%>;)6,&+=!-%3:2-+36C!L=(=8!&(4!M=;=+)2$=(9D!8"A8BD!((CO9fOYC!

K,**D!FCiC!%3!2-CD!8##]C!@%*3+=1-2)!5%<%&%)23+,&!+&!T=-/W5%4+=+%&3!>+=%C!F&93<=!

L=(=9#*8D!8]A9BD!((COX8fOXZC!

K,3:D!gC!2!%3!2-CD!OUUUC!7(+*323+=!2&5!+&5%(%&5%&3!41&=3+,&*!,4!=2*(2*%W9!2&5!T=-W_APB!

+&!5%.%-,(>%&32-!(),<)2>>%5!=%--!5%23:C!K<)*==4#(68!)%!97=!F&9#)(&+!N*&4=$A!

)%!E*#=(*=8!)%!97=!P(#9=4!E9&9=8!)%!N$=<#*&D!#YA8BD!((C"ZZfY8C!

K,3:D!gC!l!HaR2D!?CD!OUU8C!F(,(3,*+*!2&5!;)2+&!5%.%-,(>%&3C!J=(9&+!H=9&<4&9#)(!&(4!

M=;=+)2$=(9&+!M#8&"#+#9#=8!H=8=&<*7!H=;#=08D!YA"BD!((COZ8fOZZC!!

K,3:D!gCD!S,3,62>2D!VC!l!P,:D!HCD!8##ZC!F(,(3,*+*!,4!;=-W'W5%4+=+%&3!3%-%&=%(:2-+=!

=%--*!+&!.+3),C!>7=!?)3<(&+!)%!F=3<)8*#=(*=D!YZAXBC!!

K1=E%)D!7CTC!%3!2-CD!OUUUC!T=-W'!2&5!T2'!)%<1-23%!>,1*%!()+>,)5+2-!<%)>!=%--!*1).+.2-!

2&5!2(,(3,*+*!51)+&<!%>;)6,<%&%*+*C!J)+=*3+&<!O(4)*<#()+)6AD!8"AYBD!((C8U9]f

XOC!!



!

!

8OO!

R21%)D!TCD!8##]C![&51=+;-%!<%&%!32)<%3+&<!+&!>+=%!1*+&<!3:%!?)%N-,'!*6*3%>C!J=97)48D!

8"A"BD!((C9]8f#OC!!

R2.+--D!iC!l!J25,ED!jCD!OUUUC!?,)(*%!=-%2)2&=%!5%4+&%*!3:%!>%2&+&<!,4!=%--!5%23:C!

F&93<=D!"UYAZ]UXBD!((CY]"fY]]C!

R2.+33D!iCSC!%3!2-CD!OUUXC!T=-W'!+*!)%01+)%5!4,)!(),(%)!5%.%-,(>%&3!,4!3:%!>,1*%!

*1;*32&3+2!&+<)2C!>7=!?)3<(&+!)%!F=3<)8*#=(*=!C!97=!D%%#*#&+!?)3<(&+!)%!97=!E)*#=9A!

%)<!F=3<)8*#=(*=D!OXAO#BD!((CZYO8f]C!!

R=:%--%&;%)<D!TC!%3!2-CD!OU89C!F)3+=-%!T2'!%'+*3*!+&!2!56&2>+=!%01+-+;)+1>!;%3/%%&!3:%!

=63,*,-!2&5!>+3,=:,&5)+2!3,!=,&3),-!2(,(3,3+=!()+>+&<C!J)+=*3+&<!B=++D!"#AXBD!

((C#X#f#Y8C!

R:2>2*WH+&D!FC!%3!2-CD!OU89C!S%=:2&+*>*!,4!2=3+,&!,4!T=-WO!42>+-6!(),3%+&*C!B)+4!

E2<#(6!@&<")<!K=<82=*9#;=8!#(!G#)+)6AD!XA"BD!(C2UU]Y8"C!!

R+>*D!@CiC!l!j21<:&D!iC7CD!8#Y#C!@:%!<%&%)23+,&!,4!&%1),&*!+&.,-.%5!+&!2&!%2)-6!)%4-%'!

(23:/26!,4!%>;)6,&+=!>,1*%!*(+&2-!=,)5C!>7=!?)3<(&+!)%!B)$2&<&9#;=!

F=3<)+)6AD!8]9A"BD!((CYUYf8#C!!

R3%+>%)D!HCD!T,65D!gC!l!@2E%1=:+D!`CD!OUU#C!R%-%=3+.%!),-%*!4,)!2&3+2(,(3,3+=!S?PW8!

51)+&<!<)2&1-,=63%!5%.%-,(>%&3!2&5!>2=),(:2<%!%44%=3,)!41&=3+,&C!G+))4D!

889A8OBD!((CO]UXfO]8XC!!



!

!

8O9!

@2E2:2*:+D!ICD!?:%&D!SC!l!G:2>D!ICD!OU89C!R+>1-32&%,1*!E&,=EW5,/&!,4!T=-W'P!2&5!

S=-W8!+&51=%*!2(,(3,*+*!3:),1<:!T2'!2=3+.23+,&!+&!(2&=)%23+=!=2&=%)!=%--*C!

G#)*7#$#*&!=9!G#)27A8#*&!N*9&D!8]99A8OBD!((CO#]UfO#]YC!

@:,)&;%))6D!VCFC!l!P2Q%;&+ED!rCD!8##]C!?2*(2*%*k!%&%>+%*!/+3:+&C!E*#=(*=D!

O]8AX9]8BD!((C898Of898ZC!

\)%&D!KC@C!%3!2-CD!OUUYC!S+3,=:,&5)+2-!(%)>%2;+-+Q23+,&!)%-+%*!,&!TI9!-+<2&5*!

%&<2<+&<!>1-3+(-%!(),*1).+.2-!T=-WO!)%-23+.%*D!&,3!T2EC!?)3<(&+!)%!B=++!G#)+)6AD!

8YYAOBD!((COYYfO]YC!

j21'D!HCPCD!?,)6D!RC!l!F52>*D!iCSCD!8#]]C!T=-WO!<%&%!(),>,3%*!:2%>,(,+%3+=!=%--!

*1).+.2-!2&5!=,,(%)23%*!/+3:!=W>6=!3,!+>>,)32-+Q%!()%WT!=%--*C!F&93<=D!

99XAZ8]#BD!((C""Uf""OC!

j%-2D!PC!%3!2-CD!OU89C!H+)%=3!+&3%)2=3+,&!,4!T2'!2&5!T2E!(),3%+&*!/+3:!T=-WO!:,>,-,<6!

5,>2+&!9!ATI9BW,&-6!(),3%+&*!+&!-+.+&<!=%--*!)%.%2-%5!;6!4-1,)%*=%&=%!

=,>(-%>%&323+,&C!>7=!?)3<(&+!)%!G#)+)6#*&+!B7=$#89<AD!O]]AYBD!((C"#9Xf"ZC!!

j+E*3),>D![C!%3!2-CD!OU8UC!S=-W8!+*!%**%&3+2-!4,)!<%)>+&2-!=%&3%)!4,)>23+,&!2&5!T!=%--!

>%>,)6C!E*#=(*=D!99UAZUUYBD!((C8U#Xf#C!!

d2&<D!_CD!T23:+&2D!SC!l!P6&=:D!iCD!OU89C!H%-%3+,&!,4!S?PW8!=21*%*!-%3:2-!=2)5+2=!

42+-1)%!2&5!>+3,=:,&5)+2-!56*41&=3+,&C!L=(=8!&(4!M=;=+)2$=(9D!9D!((C89X8f

89Z"C!!



!

!

8O"!

d%+D!SC?C!%3!2-CD!OUUUC!3T[HD!2!>%>;)2&%W32)<%3%5!5%23:!-+<2&5D!,-+<,>%)+Q%*!TFg!3,!

)%-%2*%!=63,=:),>%!=C!L=(=8!&(4!M=;=+)2$=(9D!8"A8ZBD!((COUZUfOUY8C!

d:+3%D!PCHC!l!T2),&%D!RC!OUU8C!L12-+323+.%!2&5!012&3+323+.%!%*3+>23%*!,4!2(,(3,*+*!

4),>!;+)3:!3,!*%&%*=%&=%!+&!3:%!)23!;)2+&C!B=++!M=&97!&(4!M#%%=<=(9&#9#)(D!]A"BD!

((C9"Xf9XZC!

d+--+*D!RCD!J-%3=:%)D!iC!l!g214>2&&D!@CD!OUUYC!F(,(3,*+*!+&+3+23%5!/:%&!TI9!-+<2&5*!

%&<2<%!>1-3+(-%!T=-WO!:,>,-,<*D!&,3!T2'!,)!T2EC!E*#=(*=D!98XAX]89BD!((C]XZf

]X#C!!

d+--+*D!RCVC!%3!2-CD!OUUXC!G),2(,(3,3+=!T2E!+*!*%01%*3%)%5!;6!S=-W8!2&5!T=-W'PD!;13!&,3!

T=-WOD!1&3+-!5+*(-2=%5!;6!TI9W,&-6!(),3%+&*C!L=(=8!&(4!M=;=+)2$=(9D!8#A88BD!

((C8O#"f89UXC!

d+-*,&D!FCSC!%3!2-CD!OU89C!FRGG8NO!)%<1-23%!(X9W5%(%&5%&3!5%23:!,4!)%3+&2-!<2&<-+,&!

=%--*!3:),1<:!G\SF!2&5!J2*N?H#X!2=3+.23+,&!+&!.+.,C!>7=!?)3<(&+!)%!

F=3<)8*#=(*=!C!97=!D%%#*#&+!?)3<(&+!)%!97=!E)*#=9A!%)<!F=3<)8*#=(*=D!99AXBD!

((COOUXf8ZC!!

r2>2>,3,D!rC!l!I%&5%)*,&D!?CD!8###C!G233%)&*!,4!(),<)2>>%5!=%--!5%23:!+&!

(,(1-23+,&*!,4!5%.%-,(+&<!*(+&2-!>,3,&%1),&*!+&!=:+=E%&D!>,1*%D!2&5!)23C!

M=;=+)2$=(9&+!G#)+)6AD!Y8AO8"BD!((CZUfY8C!!



!

!

8OX!

r,1-%D!KCiC!l!R3)2**%)D!FCD!OUU]C!@:%!T?PWO!(),3%+&!42>+-6k!,((,*+&<!2=3+.+3+%*!3:23!

>%5+23%!=%--!5%23:C!F&93<=!H=;#=08I!J)+=*3+&<!B=++!G#)+)6AD!#A8BD!((C"YfX#C!!

e2>,)2&,D!RC!%3!2-CD!OU8OC!F!TF_NTFg!2&5!=6=-,(:+-+&!HW+&5%(%&5%&3!+&3)+&*+=!

2(,(3,*+*!(23:/26C!K+)E!D(=D!YAZBD!(C%9YY]OC!!

e:%&<D!PC!%3!2-CD!OUUZC!P,**!,4!T?PW_P!+&!),5!(:,3,)%=%(3,)*k![&=)%2*%5!*1*=%(3+;+-+36!

3,!;)+<:3!-+<:3!*3)%**C!:(;=89#6&9#;=!D2797&+$)+)6A!&(4!Q#83&+!E*#=(*=D!"YA8OBD!

((CXX]9fXX]#C!

e:,&<D!LC!%3!2-CD!OUUXC!S1-%NFKJWTG8D!2!TI9W,&-6!79!1;+01+3+&!-+<2*%D!=232-6Q%*!3:%!

(,-61;+01+3+&23+,&!,4!S=-W8!2&5!)%<1-23%*!2(,(3,*+*C!B=++D!8O8AYBD!((C8U]Xf#XC!!



!

!

8OZ!

!

Z"$ T;;30+*?%#%
!

7'2>(-%!=2-=1-23+,&!,4!3:%!(),;2;+-+36!,4!=,--%=3+&<!%>;)6,*!,4!2--!<%&,36(%*C!

7)/<<5% !%>3<7)3]^S%O92S?]^S% _% "%O92S?S^S%

K<)"&"#+#9A! L=()9A2=! K7=()9A2=!

OX^! V%*?)%qNW!T=-W'WNW! Tg`!

OX^! V%*?)%qNW!T=-W'qNW! T=-W'!I%3!

OX^! T=-W'WNW! ?3-!AV,3!1*%5B!

OX^! T=-W'qNW! ?3-!

!

7)/<<5% !%R92S#S^S% _% "%>3<7)3]^S%R92S#]^S%

K<)"&"#+#9A! L=()9A2=! K7=()9A2=!

OX^! V%*?)%qNW!S=-W8WNW! Sg`!

OX^! V%*?)%qNW!S=-W8qNW! S=-W8!I%3!

OX^! S=-W8WNW! ?3-!AV,3!1*%5B!

OX^! S=-W8qNW! ?3-!

!

7)/<<5% !%>3<7)3]^S%R92S#]^S%O92S?]^S% %%%%%_% "%R92S#]^S%O92S?S^S%

K<)"&"#+#9A! L=()9A2=! K7=()9A2=!

ZCOX^! V%*?)%qNW!S=-W8WNW!T=-W'WNW! Hg`!

ZCOX^! V%*?)%qNW!S=-W8WNW!T=-W'qNW! Sg`k!T=-W'!I%3!

8OCX^! V%*?)%qNW!S=-W8qNW!T=-W'WNW! S=-W8!I%3k!Tg`!

ZCOX^! V%*?)%qNW!S=-W8qNq!T=-W'WNW! Tg`!

8OCX^! V%*?)%qNW!S=-W8qNW!T=-W'qNW! S=-W8!I%3k!T=-W'!I%3!

ZCOX^! V%*?)%qNW!S=-W8qNq!T=-W'qNW! T=-W'!I%3!

ZCOX^! S=-W8WNW!T=-W'WNW! ?3-!AV,3!1*%5B!

ZCOX^! S=-W8WNW!T=-W'qNW! ?3-!AV,3!1*%5B!

8OCX^! S=-W8qNW!T=-W'WNW! ?3-!AV,3!1*%5B!

ZCOX^! S=-W8qNq!T=-W'WNW! ?3-!AV,3!1*%5B!

8OCX^! S=-W8qNW!T=-W'WqNW! ?3-!

ZCOX^! S=-W8qNq!T=-W'qNW! ?3-!

G)%*%&=%!,4!?)%!2--%-%!+&5+=32%5!;6!qNWC!!

J,)!S=-W8!2&5!T=-W'k!q!M!/+-5!36(%!2--%-%D!W!M!4-,'%5!2--%-%C!



!

!

8OY!

["$ T;;30+*?%!%
!

7'2>(-%!)%-23+.%!012&3+36!AKLB!=2-=1-23+,&!4,)!%'()%**+,&!-%.%-!,4!S=-W8C!?3M!

3:)%*:,-5!=6=-%D!?3>M!>%2&!?3D!!

8C ?3>!M!A?38!q!?3O!q!?39B!N!9!

R2>(-%!

V2>%!

@2)<%3!

V2>%!
?u! ?@>!

R2>(-%8! S=-W8! O"C#U"89! O"C#9#8!

R2>(-%8! S=-W8! O"C#X"OO! !!

R2>(-%8! S=-W8! O"C#X]#"! !!

R2>(-%O! S=-W8! O"C#X98! O"C]9UU8!

R2>(-%O! S=-W8! O"CZYOYO! !!

R2>(-%O! S=-W8! O"C]Z"O8! !!

?3-! S=-W8! O"CZO88O! O"CZ8Z8]!

?3-! S=-W8! O"CX###O! !!

?3-! S=-W8! O"CZOY"#! !!

R2>(-%8! $2(5:! 8YCZOXX#! 8YCZY8"#!

R2>(-%8! $2(5:! 8YCZ#"YZ! !

R2>(-%8! $2(5:! 8YCZ#"8! !

R2>(-%O! $2(5:! 8YCX9"OX! 8YCXZ"Y]!

R2>(-%O! $2(5:! 8YCX9O89! !

R2>(-%O! $2(5:! 8YCZOY#Z! !

?3-! $2(5:! 8]CY]"X#! 8#CUY99Z!

?3-! $2(5:! 8#CO""Z9! !

?3-! $2(5:! 8#C8#U]X! !

!

OC v?3!M!?3>8!W!?3>$FGHI!

R2>(-%!

V2>%! ?@>S=-W8! !?@>$FGHI! v?3!

R2>(-%8! O"C#9#8! 8YCZY8"#! YCOZYZ8O!

!R2>(-%O! O"C]9UU8! 8YCXZ"Y]! YCOZXO9!

?3-! O"CZ8Z8]! 8#CUY99Z! XCX"O]8#!



!

!

8O]!

!

9C vv?3!M!v?38!W!v?3?3-!

R2>(-%!

V2>%! v?38! v?3?3-! vv?3!

R2>(-%8! YCOZYZ8O! XCX"O]8#! 8CYO"Y#!

!R2>(-%O! YCOZXO9! XCX"O]8#! 8CYOO"8!

?3-! XCX"O]8#! XCX"O]8#! U!

!

"C KL!M!8!N!OAvv?3B!

R2>(-%!

V2>%! vv?3! KL!

R2>(-%8! 8CYO"Y#! UC9UOX"!

!R2>(-%O! 8CYOO"8! UC9U9U"!

?3-! U! 8!

!

!


