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tBn*O*+{I*")(*4"*/,#-&'"*;,#,4,95"*L*+$%*I*O*hu*")(*4"*/,#-&'"*h5-'A4-("*u&'-)"*O*gR*pR*q*),'(*4")*
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D&$:8)%?=$!:.99$!=/!9*)?=$=)!<)D:%+!'$!&*!<$)9D*L%&%8Dl!S$88$!8$:A/%?=$!L%$/!?=$!+.=U$/8!
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v8='$!L%L&%.H)*<A%?=$!

! 12!
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"mm1C! q$=/HC! ($.)H$+! $8! *&l! "mm2_l! S.9<*)D! >! =/! +=L+8)*8! )%H%'$C! =/! +=L+8)*8! +.=<&$! U*!
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:.9<.+D!'$!9%:).9*8)%:$+!:*<*L&$+!'$!8)*/+9$88)$!'$+!$;;.)8+!:-:&%?=$+!*=!:-8.+?=$&$88$!$8!
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8%++=!<=&9./*%)$!$+8!?=*/8!>!&=%!+.=+!&N$;;$8!<$)9*/$/8!'N=/$!8$/+%./!%/8$)/$!%/'=%8$!<*)!&*!

<)$++%./!8)*/+<=&9./*%)$!?=%!:A*/H$!'N=/$!;*�./!:-:&%?=$!$8! %))DH=&%R)$!*U$:! &*!)$+<%)*8%./!

]P=L9*-)!"mm"_l!S$88$!8$/+%./!%/8$)/$!)$++$/8%$!'*/+!&$+!<*).%+!*&UD.&*%)$+!$+8!8)*/+9%+$!>!

&*!7QS!'$+!:$&&=&$+!D<%8AD&%*&$+!$8!$/'.8AD&%*&$+!+$&./!'$+!9D:*/%+9$+!'D:)%8+!<&=+!A*=8l!F$+!

%/8$)*:8%./+! 9D:*/%?=$+! $/8)$! :$+! :$&&=&$+! $8! &*! 9*8)%:$! +./8! :.//=$+! <.=)! 9.'=&$)! &*!

:./8)*:8%&%8D!:$&&=&*%)$!$8!&*!<A.+<A.)-&*8%./!'$+!:A*%/$+!&DHR)$+!'$!9-.+%/$!]K.&8$C!Q%:A&$)!$8!

*&l!"mm1_C! &*!)AD.&.H%$!:$&&=&*%)$!]V.+$/L&*88C!P=!$8!*&l!"mm1_C!$8!&N*++$9L&*H$!'$+!9.&D:=&$+!

'N*'AD+%./! ]SA$/C! 5&./+.! $8! *&l! "mm0_! ?=%! +./8! :)%8%?=$+! '*/+! &$+! <).:$++=+! :$&&=&*%)$+!

;./'*9$/8*=Yl!!

! T=)!&$!<&*/!'$!+*!:.9<.+%8%./!<A-+%:.M:A%9%?=$C!&*!&*9$!L*+*&$!+=)!&*?=$&&$!)$<.+$/8!

&$+!:$&&=&$+!$/'.8AD&%*&$+!;*%8!$/U%)./!2m!/9!'ED<*%++$=)!$8!$+8!:./+8%8=D$!'$!:.&&*HR/$!G[C!'$!

;%L)./$:8%/$C! '$! &*9%/%/$C! '$! :A./').�8%/$+! +=&;*8$+C! 'EAD<*)*/$+! +=&;*8$+C! '$!<$)&D:*/+!$8!
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#,")&'"* :$,(1&'"QR* d&'-)"* C04R* `"?* P'"?&4&'"QR* t-$2* P:-$2&'"]-%(,:-?&'"QR* G&'* P2&'%54&'"Q7* .")*
:$,(1&'")* -/-:(-($&%")* ),'(* P"'* 2&,4"(Q*@* nA'* PjA?&'"QR* >!t* P:$,(1&'"* $&%;"* "'* %A)(1&'"QR* t-44*
P:-44-/&'"QR*t6`>{R*tu.*Pd&'-)"*/"*4&-&),'*L*4-*:-?&44&'"QR*t6~*PZ-%("5$*/V1%;-'9"*&'("$-9&))-'(*-2"%*
tCuQR* G'?* P2&'"?&'"QR* t,'* P:,')&'"QR* h$0fbR* C+Ctf=R* +A'(* P)A'("'&'"QR* +A'/* P)A'/")#&'"Q7* .")*
"'jA#")*),'(*&'/&<51")*-2"%*5'"*("&'("*:45)*%4-&$"*@*+{tfE*P:;,):;-(-)"fE*%,'("'-'(*+{EQR*+{6tfE*
P&',)&(,4*Tf:;,):;-("fE*%,'("'-'(*+{EQR*tCu*Pd&'-)"*-%(&21"*:-$*:E=QR*t6Iu*P:;,):;-(&/A4&',)&(,4*If
d&'-)"QR* +$%* \u* Pd&'-)")* /"* 4-* Z-#&44"* +$%QR* >)d* Pd&'-)"* )$%* %-$0,?Af("$#&'-4"QR* >-4:* 66* P:$,(1-)"*
%-4:-&'"*66QR*tu>*P:$,("&'"*d&'-)"*>Q7*BV-:$F)*Ph"&9"$R*["$);-/)dA*"(*-47*EHH=Q7*

!



v8='$!L%L&%.H)*<A%?=$!

! 2\!

! F*! <*Y%&&%/$! ]K*Y_! +$)8! '$! :$/8)$! 'E%/8$)*:8%./! *U$:! '$! /.9L)$=+$+! <).8D%/$+!

)DH=&*8)%:$+! *=! 8)*U$)+!'$! +$+!'.9*%/$+! )%:A$+!$/! &$=:%/$!$8!'$! +$+!'.9*%/$+!$/!'.%H8! '$!

b%/:l! F*! K*Y! ;.)9$! '$+! :.9<&$Y$+! *=! /%U$*=! '$+! <.%/8+! 'E*'AD+%./! *U$:! &*! 9*8)%:$! $8!

%/8$)*H%8!*U$:!'$!/.9L)$=+$+! %/8DH)%/$+l!K*)9%!:$+!<).8D%/$+!)DH=&*8)%:$+!./!)$8).=U$!K5W!

]<.=)!`!<"\M*:8%U*8$'!X%/*+$!a_!$8!KGW!]<.=)!`!K5WM%/8$)*:8%/H!$Y:A*/H$!;*:8.)!a_C!5L&!]<.=)!

`!5L&$+./!<).8.M./:.H$/$!a_!$8!<\"m(5K!]<.=)!`!<\"m!(,K*+$!*:8%U*8%/H!<).8$%/_C!?=%!U./8!

<.=U.%)!9.'=&$)! &E*:8%U%8D!'$+! &%*%+./+! %/8DH)%/$+M7QS!$8! %/8DH)%/$+MSTW!]O).d/!*/'!,=)/$)!

"mm1C! J$*X%/! */'! ,=)/$)! "mmi_l! F*! ;%&*9%/$! ?=%! &%$! &$+! %/8DH)%/$+! *=! STW! 'E*:8%/$! $8! ?=%!

9*%/8%$/! :$&=%M:%! +.=+! ;.)9$! )D8%:=&D$C! +$! &%$! >! <&=+%$=)+! (,K*+$+! ]VA.5C! V*:C! S':1"_! >! &*!

X%/*+$! VfSW! ]<.=)! `!VA.5M*++.:%*8$'! X%/*+$!a_! *%/+%! ?=E>! &*! :*UD.&%/$l! S$+! <).8D%/$+! U./8!

)DH=&$)! &E*:8%U%8D! '$! &*! ;%&*9%/$! *=! 8)*U$)+! '$! <A.+<A.)-&*8%./+g'D<A.+<A.)-&*8%./+! ]fA8*C!

T=b=X%!$8!*&l!\eeeC!T8*A&A=8!*/'!U*/!J$=)+!"mmmC!c$'*C!fA8*!$8!*&l!"mm0_l!FE~M*:8%/%/$!]/.8D$!

~M5:8_!+$!&%$!>!&*!b%Y-/$!]/.8D$!h-Y_!?=%!U*!>!+./!8.=)!+E*++.:%$)!>![5TK!$8!>!&*!<).;%&%/$!]/.8D!

K)._!<.=)!9.'=&$)!&*!&%*%+./!'$!&E~M*:8%/%/$!*U$:!&E%/8DH)%/$!$8!&E*:8%/$!]S)*d;.)'C!7%:A$&+$/!

$8!*&l!\ee"C!V$%/A*)'C!@.=U$/*&!$8!*&l!\ee2_l!F*!8$/+%/$!]/.8D!,$/_!:./8%$/8!'$+!'.9*%/$+!TP"!

*=! 8)*U$)+!'$+?=$&+!$&&$! %/8$)*H%8! *U$:!<&=+%$=)+! 8-).+%/$+!X%/*+$+! 8$&&$+!?=$!T):!$8!S*+! ]F.!

"mm1_l! F*!9=&8%8='$! 'E%/8$)*:8%./+! $8! '$! )DH=&*8%./+! <.++%L&$+! *=! 8)*U$)+! '$+! /.9L)$=+$+!

<).8D%/$+!'=!:.9<&$Y$!'E*'AD+%./!$/8)$!&*!:$&&=&$!$8!&*!7QS!<$)9$88$/8!&E%/8DH)*8%./!'E=/$!

9=&8%8='$!'$!+%H/*=Y! )DH=&*/8! &$!:-8.+?=$&$88$!'E*:8%/$!*=!:.=)+!'$! &*!U%$!:$&&=&*%)$!$8!'$+!

<).:$++=+!:.99$!&*!9.8%&%8D!$8!&*!<$)9D*L%&%8Dl!

! F*! +8)=:8=)$! '$+! %/8DH)%/$+! &$=)! <$)9$8! 'N*++=)$)! =/$! 8)*/+'=:8%./! L%'%)$:8%.//$&&$!

'$+!+%H/*=Y!$/8)$! &$!:-8.+?=$&$88$!'E*:8%/$!$8!9*8)%:$l!F$+!+%H/*=Y! %/8)*:$&&=&*%)$+!<$=U$/8!

9.'=&$)! &N*;;%/%8D! '$+! %/8DH)%/$+! <.=)! &$+! &%H*/'+! $Y8)*:$&&=&*%)$! ]+%H/*&%+*8%./! �%/+%'$M.=8�_!

*&.)+!?=$! &$+! +8%9=&%! $Y8)*:$&&=&*%)$+!$/8)*w/$/8!=/$! :*+:*'$!'$! +%H/*&%+*8%./! %/8)*:$&&=&*%)$!

U%*!&N*:8%U*8%./!'$+!%/8DH)%/$+!]T:Ad*)8bC!T:A*&&$)!$8!*&l!\ee2_l!FND8='$!'$+!%/8DH)%/$+!~���!$8!

~���!9./8)$!?=$! &$=)! &%*%+./! *U$:! &*!7QS!<).U.?=$! &*! <A.+<A.)-&*8%./!'$! 65WC! K*YC! '$! &*!

:.)8*:8%/$!$8!'$!&E$b)%/$!]OA*88*:A*)-*C!6=!$8!*&l!\ee2_C!=/!%/;&=Y!'$!S* �!]OA*88*:A*)-*C!q%/H!

$8!*&l!"mmm_C! &E*:8%U*8%./!'$!KF5"!]<.=)!<A.+<A.&%<*+$!5"_!]OA*88*:A*)-*C!K*8$&!$8!*&l!"mm\_C!

&E*:8%U*8%./! '$! V*:! (,K*+$+! ]6=B%d*)*C! (=! $8! *&l! "mm1_C! $8! =/$! *=H9$/8*8%./! '$! &*!

<$)9D*L%&%8D!'$+!:*<%&&*%)$+!'*/+!&$+!<.=9./+!'$!)*8+!8)*%8D+!>!&*!U%8)./$:8%/$!)$:.//=$!<*)!

:$+!%/8DH)%/$+!],+=X*'*C!q%/H!$8!*&l!\ee2_l!S$+!%/8DH)%/$+!B.=$/8!<.8$/8%$&&$9$/8!=/!)o&$!8)R+!

%9<.)8*/8! '*/+! &*! )DH=&*8%./! '$! &*! <$)9D*L%&%8D! $/'.8AD&%*&$! :*)! =/$! H)*/'$! <*)8%$! '$! &*!



v8='$!L%L&%.H)*<A%?=$!

! 2"!

)DH=&*8%./! '=! :.9<&$Y$! 'E*'AD+%./! +$! ;*%8! *=! 8)*U$)+! '$! 65W! ?=%! &=%M9p9$! )DH=&$! &$+!

B./:8%./+!%/8$):$&&=&*%)$+l!

! 65W!$+8!=/$!8-).+%/$!X%/*+$!+$! &%*/8!>! &*!+.=+M=/%8D!�!'$+! %/8DH)%/$+!]T:A&*$<;$)!*/'!

7%8)*!"mm1_l!F*!+8)=:8=)$!'$!65W!$+8!+:AD9*8%+D$!'*/+!6%H=)$!\3l!F*!<*)8%$!#P"!8$)9%/*&$!'$!

65W!:.9<)$/'!=/!'.9*%/$!6QV7!?=%!&%$!&*!$b)%/$C!)*'%Y%/$C!,)%.!]7$'&$-C!O=:AL%/'$)!$8!*&l!

"mm0_C!'$=Y!'.9*%/$+!(Q6!]<.=)!`!H=*/%/$!/=:&$.8%'$!$Y:A*/H$!;*:8.)!a_!&%*/8!VA.5!$8!V*:!

*%/+%!?=E=/! +%8$!'$! &%*%+./!<.=)!}5TK!?=%! %/'=%8! &*!<.&-9D)%+*8%./!'$! &E*:8%/$!$/! +$! &%*/8!>!

5)<"g0!]7%&&*)'C!TA*)<!$8!*&l!"mm1C!}=C!T=$8+=H=!$8!*&l!"mm1_l!f/!+*%8!?=$!5)<"g0! %/8$)*H%8!

*U$:! &E*:8%/$! ]U.%)! &*! +$:8%./! GGl! 0l\l\! :%M'$++.=+_! $8! ?=E%&! $Y%+8$!=/!'%*&.H=$! :).%+D! *U$:! &$+!

:*'AD)%/$+! ]�=*')%! "m\"_l!J$!<&=+!5)<"g0! %/8$)*H%8! *U$:! &*! :.)8*:8%/$C! &*! U%/:=&%/$! $8! &*! QM

:*'AD)%/$!|!<*)!:$!L%*%+!65W!B.=$!=/!)o&$!:)=:%*&!'*/+!&*! &%*%+./!'$+!SQ!>!&*!7QS!$8!'*/+!&$+!

&%*%+./+!:$&&=&$M:$&&=&$!*=!8)*U$)+!'$!S':1"!]�=*')%!"m\"_l!65W!:.9<.)8$!0!)DH%./+!)%:A$+!$/!

<).&%/$! $8! <.=U*/8! %/8$)*H%)! *U$:! T):C! 5T5K\C! <\0mC!5);! ]<.=)! `!5JK! )%L.+-&*8%./! ;*:8.)!a_C!

(VO"! ]<.=)! `!H).d8A! ;*:8.)! )$:$<8.)ML.=/'! <).8$%/M"!a_! ]#.B%9*C!7.)%/.! $8! *&l! \ee2C! F%=C!

F.%B$/+! $8! *&l! "mm"_l! F$! '.9*%/$! SM8$)9%&*&! '$! 65W! :./8%$/8! =/$! )DH%./! 65,! ]<.=)! `!;.:*&!

*'A$+%./!8*)H$8%/H!65W_!]T:A&*$<;$)!*/'!7%8)*!"mm1_!?=%!U*!<$)9$88)$!>!65W!'Ep8)$!*')$++D!

U$)+!&$!:.9<&$Y$!'E*'AD+%./!;.:*&$l!F$!'.9*%/$!65,!&%$!K*YC!,*&C!\emVA.(Q6!$8!(V56!]<.=)!

`!(,K*+$! V$H=&*8.)! 5++.:%*8$'!d%8A! 65W!a_l! 65W! <.++R'$! <&=+%$=)+! 8-).+%/$+! <.=U*/8! p8)$!

<A.+<A.)-&D$+C!/.8*99$/8!q0e4!?=%!=/$!;.%+!*=8.<A.+<A.)-&D$!$+8!=/!+%8$!'$!A*=8$!*;;%/%8D!

<.=)!T):l!S$&=%M:%!U*!>!+./!8.=)!<).9.=U.%)!&E*=H9$/8*8%./!'$!<$)9D*L%&%8D!'$!&E$/'.8AD&%=9!

*=!8)*U$)+!'$!&E*=H9$/8*8%./!'$!S* �!%/8)*:$&&=&*%)$l!

!

!

!
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! 20!

!

\&95$"*=e7*+%;1#-(&)-(&,'*/"*4-*)($5%(5$"*/"*4-*\Cu*"(*/"*)")*)&(")*/V-)),%&-(&,')*-5?*-5($")*:$,(1&'")7*
."* /,#-&'"* `f("$#&'-4* \_!W* ")(* &#:,$(-'(* :,5$* 4V&'(19$-(&,'* /")* )&9'-5?* /")* Z-%("5$)* /"*
%$,&))-'%"* _h\* "(* tBh\7* \_!W* 4&"* 4")* :$,(1&'")* "j$&'"R* $-/&?&'"R* 3$&,R* m+Ct=R* aC+t7* .-* :-$(&"* >f
("$#&'-4"* ")(* %,#:,)1"* :-$* 4"* /,#-&'"* \C3* <5&* :"$#"(* 4V-/$"))-9"* /"* \Cu* -5* %,#:4"?"*
/V-/;1)&,'R*#-&)*-5))&*/"*4&"$*4-*:-?&44&'"R*4-*(-4&'"*4")*!;,*h3t-)")*-5*($-2"$)*/"*=XH*!;,h_\7*.")*
/,#-&'")*$&%;")*"'*:$,4&'")*Pt$,f=R*t$,ER*t$,fIQ*/"*4-*\Cu*:"52"'(*4&"$*4")*:$,(1&'")*%,'("'-'(*/")*
/,#-&'")* +{I* %,##"* 3$&,R* h!C\R* :=IH>-)* "(* C+Ct=7* \Cu* :"5(* y($"* :;,):;,$A41* -5* '&2"-5* /")*
(A$,)&'")* IXbR* 3A$fTbeR* 3A$fTbbR* 3A$fYe=* "(* 3A$fXET7* .-* :;,):;,$A4-(&,'* /"* \Cu* "'* :,)&(&,'* IXb*
%$1"*5'*)&("*/"*Z,$("*-ZZ&'&(1*:,5$*+$%*-4,$)*<5"*4-*:;,):;,$A4-(&,'*"'*:,)&(&,'*XET*2-*:$,#,52,&$*
4-*4&-&),'*-2"%*h![E7*\6tEHH*)"*4&-'(*-5*/,#-&'"*d&'-)"*/"*\Cu*2-*&';&0"$*@*4V-%(&2&(1*%-(-4A(&<5"*/"*
\Cu*"(* 4-*:;,):;,$A4-(&,'*"'*:,)&(&,'*X=H*O* -5* ($-2"$)*/"* 4-*tu>*,5*/"*_!uE*%"*<5&* 2-* &#:-%("$*
'19-(&2"#"'(*)5$*4-*%-:-%&(1*/"*4-*:-?&44&'"*L*)"*4&"$*-2"%*\C37*BV-:$F)*P+%;4-":Z"$*-'/*W&($-*EHHJQ7*

!

! F$+! :./8)*%/8$+! '$! :%+*%&&$9$/8! *:8%U$/8! &$+! %/8DH)%/$+! '$+! :$&&=&$+! $/'.8AD&%*&$+!

:.99$! &$!9./8)$/8! &$!'DU$&.<<$9$/8!'$+! :&=+8$)+!'N%/8DH)%/$+! ]}*/HC!7%*.!$8! *&l! "mm"_C!

&N*++.:%*8%./!*U$:!&*!<).8D%/$!TA:!]SA$/C!F%!$8!*&l!\eee_!$8!&*!&%*%+./!*U$:!}f}M\!?=%!$+8!=/!

*/8%:.)<+!?=%!)$:.//*%8!+<D:%;%?=$9$/8!&N%/8DH)%/$!~���!*:8%UD$!],b%9*C!'$&!K.b.!$8!*&l!"mm\_C!

&*!)DH=&*8%./!'$!&N$Y<)$++%./!HD/%?=$!<*)!&*!:./8)*%/8$!]F%C!P*H*!$8!*&l!"mm2_l!FN*:8%U*8%./!'$+!

%/8DH)%/$+!%/'=%8$!<*)!&$+!:./8)*%/8$+!'$!:%+*%&&$9$/8!'D9*))$!*<)R+!\!9%/=8$!$8!'=)$!<&=+!'$!

3! A$=)$+l! O&.?=$)! &$+! %/8DH)%/$+! *U$:! '$+! */8%:.)<+! */8%M%/8DH)%/$+! .=! '$+! %/A%L%8$=)+! '$!

<$<8%'$+! V(J! U*! *88D/=$)! &*! +%H/*&%+*8%./! %/'=%8$! <*)! &$! :%+*%&&$9$/8! $8! &$+! :A*/H$9$/8+!

;./:8%.//$&+!%/'=%8+!](%)*)'!*/'!#$)$9!\ee2C!OA=&&*)C!F%!$8!*&l!\eeiC!F%=C!SA$/!$8!*&l!"mm"_l!

!
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! 21!

667*I G,&")*&'($-%"4454-&$")*/"*4V"'/,(;14&5#*:54#,'-&$"*',$#-4*"(*

-9$"))1*"(*)")*%,')1<5"'%")*)5$*4-*:"$#1-0&4&(17*

667*I7= >A(,)<5"4"(("**

! F$! :-8.+?=$&$88$! +$! :.9<.+$! '$! 0! 8-<$+! 'ND&D9$/8+! ;./:8%.//*/8! $/! )D+$*=Y!

%/8$):.//$:8D+Z!9%:).;%&*9$/8+!'E*:8%/$C!;%&*9$/8+!%/8$)9D'%*%)$+!$8!9%:).8=L=&$+l!T%!&$!)o&$!

:)%8%?=$! '=! :-8.+?=$&$88$! 'N*:8%/$! +=)! &*! <$)9D*L%&%8D! $+8! 'D9./8)D! <*)! '$! /.9L)$=+$+!

D8='$+C! $/! )$U*/:A$C! &$! )o&$! '$+! 9%:).8=L=&$+! $8! '$+! ;%&*9$/8+! %/8$)9D'%*%)$+! '*/+! &*!

)DH=&*8%./! '$! &*! L*))%R)$! $/'.8AD&%*&$! $+8! 9.%/+! :&*%)! ]J='$X! */'! (*):%*! "mm\_l! F$+! 8).%+!

)D+$*=Y!D8*/8!%/8$)*:8%;+!;./:8%.//$&&$9$/8!$8!%/8$)'D<$/'*/8+!;./:8%.//$&&$9$/8C!&$+!$;;$8+!

+<D:%;%?=$+!'$!&N=/!.=!'$!&N*=8)$!'$!:$+!)D+$*=Y!/./!*:8%/%?=$+!)$+8$/8!'%;;%:%&$+!>!:$)/$)!*=!

:.=)+!'$+!H)*/'+!<).:$++=+!'-/*9%?=$+!]W&-9X.d+X-!\eeeC!(..'$C!J)=L%/!$8!*&l!"mmm_l!

!

667*I7=7= +($5%(5$"*/")*Z&4-#"'()*/V-%(&'"*

! !F$+! ;%&*9$/8+! 'N*:8%/$! B.=$/8! =/! )o&$! :)%8%?=$! <.=)! &*! <$)9D*L%&%8D! $/'.8AD&%*&$!

:.99$! &$! 9./8)$/8! &N$;;$8! '$! &*! :-8.:A*&*+%/$! JC! ?=%! $/! $/8)*%/*/8! '$+! )=<8=)$+! '$+!

;%&*9$/8+! 'N*:8%/$C! $/8)*w/$! *=H9$/8*8%./! '$! <$)9D*L%&%8D! '*/+! &$+! :$&&=&$+! $/! :=&8=)$!

]TA*+L-C!TA*+L-!$8!*&l!\ei"_!*&.)+!?=$! &*!<A*&&*:%'%/$!?=%!+8*L%&%+$! &$!)D+$*=!$/!L&.?=*/8! &*!

'D<.&-9D)%+*8%./!$9<p:A$!&$+!'-+;./:8%./+!'$!&*!L*))%R)$!%/'=%8$+!<*)!=/!*H./%+8$!:.99$!&*!

8A).9L%/$!]KA%&&%<+C!F=9!$8!*&l!\eie_l!F$+!;%&*9$/8+!'N*:8%/$!+$!;.:*&%+$/8!+=)!&$+!/.9L)$=+$+!

<).8D%/$+! '$! &*! 9$9L)*/$! 'D:)%8$+! <)D:D'$99$/8Z! :*'AD)%/$+C! H&-:.:*&-YC! <).8D%/$+!

.::&=+%U$+! $8! 'N*'AD+%./! ;.:*&$l! F*! +8)=:8=)$! '$+! 9%:).;%&*9$/8+! 'N*:8%/$! B.=$! =/! )o&$!

;./'*9$/8*&! '*/+! &*! HD/D)*8%./! '$! &*! 8$/+%./! %/8$)/$! $8! &*! :./8)*:8%./! *:8.M9-.+%/$!

]8)*%8D$+!:%M*<)R+_l!

! F$+!9%:).;%&*9$/8+!'E*:8%/$!]*:8%/$M6!.=!*:8%/$!;%L)%&&*%)$_!'E=/!'%*9R8)$!'E$/U%)./!i!

/9! +./8! '$+! <.&-9R)$+! AD&%:.�'*=Y! :./+8%8=D+! <*)! &E*++$9L&*H$! '$! 9./.9R)$+! 'E*:8%/$!

H&.L=&*%)$!]*:8%/$M(_C!U.%)!6%H=)$!\4l!FE*:8%/$M(!$+8!=/$!<).8D%/$!L%MH&.L=&*%)$!'$!2C13!/9!'$!

'%*9R8)$! $8! '$! 1"! XJ*l! FE*:8%/$! $+8! =L%?=%8*%)$! $8! )$<)D+$/8$! B=+?=E>! \2k! '$! &*! 9*++$!

<).8D%?=$! :$&&=&*%)$! 8.8*&$l! F*! <.&-9D)%+*8%./! '$! &E*:8%/$M(! $/! ;%&*9$/8+! 'D<$/'! '$! &*!

:./:$/8)*8%./! 'E*:8%/$M(! '*/+! &*! +.&=8%./C! '$! &*! :./:$/8)*8%./! 'E5,K! ]<.=)! 5'$/.+%/$M2NM
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8$/+DH)%8D! ]P=C!SA$/!$8!*&l! "mm0_l!S$88$! 8$/+%./! %/8$)/$!<$=8! +$! 8).=U$)!*=H9$/8D$!<*)! &*!

:./8)*:8%&%8D!*:8%U$!HD/D)D$!<*)!=/$!*:8%U*8%./!<&=+!H)*/'$!'$+!9.8$=)+!*:8.M9-.+%/$! ]P=C!

SA$/!$8!*&l!"mm0C!P=!*/'!}*/H!"mm3_l!

!
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! F*! 8$/+%./! %/8$)/$! ]/.8D! ,G! .=! `!<)$+8)$++!a_! $+8! 'D;%/%$!9D:*/%?=$9$/8! :.99$! &*!

8$/+%./! <)D$Y%+8*/8$! *=! +$%/! '=! :-8.+?=$&$88$! *U*/8! &E*<<&%:*8%./! 'E=/$! ;.):$! $Y8$)/$!

]T8*9$/.U%:! */'! }*/H! "mmmC! }*/HC! #*)=+$! $8! *&l! "mm\C! T8*9$/.U%:! */'! G/HL$)! "mm"C!

T8*9$/.U%:C!T=X%!$8!*&l!"mm1_l!Q&&$!)D+=&8$!'$!&E*:8%./!'$+!;.):$+!'$!8$/+%./!HD/D)D$+!*=!+$%/!

'$+!9%:).;%&*9$/8+!'E*:8%/$!:./8)*:8%&$+! ]9.8$=)+!*:8.M9-.+%/$_l!S$+! ;.):$+C! 8)*/+9%+$+!*=!

)D+$*=! '$+! ;%&*9$/8+! '=! :-8.+?=$&$88$! $/! HD/D)*&C! +E.<<.+$/8! *=Y! ;.):$+! '$! )D*:8%./! '=!

+=L+8)*8! 8)*/+9%+$+! U%*! &*!7QS! *=! /%U$*=! '$+! <.%/8+! 'E*'AD)$/:$! ;.:*&$C! $8! *=Y! ;.):$+! '$!

:.9<)$++%./!'*/+! &$+!9%:).8=L=&$+l! F*! 8$/+%./! %/8$)/$!<$=8!p8)$!9.'%;%D$!<*++%U$9$/8!.=!

*:8%U$9$/8!<*)!=/$!'D;.)9*8%./!9D:*/%?=$!$Y8$)/$!%9<.+D$l!

! FE%'D$! 'E=/! D?=%&%L)$! $/8)$! &*! ,G! $8! 'E*=8)$+! ;.):$+! <)D+$/8$+! '*/+! &*! :$&&=&$! $+8!

%/+:)%8$!'*/+! &$!9.'R&$!:&*++%?=$!'E=/$!:$&&=&$! ]$/!+=+<$/+%./_!:.9<.+D$!'E=/!:.)8$Y!+.=+!

8$/+%./!$/8.=)*/8!=/!:-8.<&*+9$!/D:$++*%)$9$/8! +.=+!<)$++%./!<.+%8%U$! ]QU*/+!*/'!q$=/H!

\eie_l!S$88$!%'D$!*!D8D!)$<)%+$!$8!8)*/+;.)9D$!<*)!G/HL$)!]G/HL$)!\ee0_!?=%!*!+=HHD)D!?=$!&*!

,G!'=!)D+$*=!:-8.+?=$&$88%?=$!%/8)*:-8.<&*+9%?=$!$+8!D?=%&%L)D$!<*)!'E*=8)$+!D&D9$/8+!+.=+!

:.9<)$++%./! +.%8! '$! :$! 9p9$! :-8.+?=$&$88$! ]9%:).8=L=&$+_C! .=! <&=+! )D:$99$/8! <*)! &$+!

D&D9$/8+!'$! &*!7QSl!F*!+8*L%&%8D!'$! &*! ;.)9$!:$&&=&*%)$!$+8!:./;D)D$!<*)!:$8!D?=%&%L)$!$/8)$!

'$+! D&D9$/8+! +.=9%+! >! '$+! ;.):$+! .<<.+D$+! +E$Y$)�*/8! *=! +$%/! '$! &E$/+$9L&$! :$&&=&$M

9%:).$/U%).//$9$/8l!S$8!*=8.MD?=%&%L)$!'$+!;.):$+!]%/8DH)%8D!'$+!8$/+%./+!%/8D)%$=)$+_!$+8!&$!

:./:$<8! ;./'*9$/8*&! H.=U$)/*/8! &*! +8*L%&%8D! '$+! +8)=:8=)$+! '$! 8$/+DH)%8D! ]=8%&%+D$+!

:.99=/D9$/8!$/!*):A%8$:8=)$_!?=%!)D+=&8$!+$=&$9$/8!'$!&ND?=%&%L)$!$/8)$!&$+!D&D9$/8+!+.=+!

8$/+%./! ]:rL&$+_!$8! &$+!D&D9$/8+! +.=+!:.9<)$++%./! ]L*))$+_! ]}$/'&%/HC!f''.=!$8!*&l!\eee_l!

F$+!+8)=:8=)$+!'$!8$/+DH)%8D!=8%&%+D$+!:.99$!9.'R&$!:$&&=&*%)$!<$)9$88$/8!'E*<<)DA$/'$)!&*!

,G! :$&&=&*%)$! ]}$/'&%/HC! K&*/=+! $8! *&l! "mmm_C! <*)! *%&&$=)+! 9%+$! $/! DU%'$/:$! <*)! '$+!

$Y<D)%9$/8*8%./+! +=)! :$&&=&$+! *'AD)$/8$+! ]P*))%+C! }%&'! $8! *&l! \eim_l! T$&./! :$! :./:$<8C! &*!

:$&&=&$!+$)*%8!:*<*L&$!'$!)$8).=U$)!=/$!+8*L%&%8D!'$!+*!;.)9$!&.)+?=$!$&&$!$+8!+.=9%+$!>!'$+!

'D;.)9*8%./+! U*)%D$+! H)r:$! >! =/$! )$'%+8)%L=8%./! '$+! ;.):$+! *=! +$%/! '$+! D&D9$/8+! '$! &*!

+8)=:8=)$! '=! :-8.+?=$&$88$l! F$! :./:$<8! '$! 8$/+%./! %/8$)/$! <$)9$8! 'E$Y<&%?=$)! &$+! $;;$8+!

'%+8*/8+! ]L%.&.H%?=$+! $8! 9D:*/%?=$+_! )D+=&8*/8! 'E*:8%./+! &.:*&$+! *=! 8)*U$)+! 'E=/$!

9D:*/.8)*/+'=:8%./!9D'%D$!<*)! &*!8$/+%./!%/8$)/$!]}*/HC!#*)=+$!$8!*&l!"mm\C!P=C!SA$/!$8!
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! F$! :-8.+?=$&$88$! :$&&=&*%)$! +=L%8! =/! )$9*/%$9$/8! :./+8*/8! :.99$! &$!9./8)$/8! &$+!

$Y<D)%$/:$+! '$! `!8*<%+! ).=&*/8!a! '*/+! &$+?=$&+! ./! %'$/8%;%$! <*)! $Y8%/:8%./! '=! 9*)?=*H$!

;&=.)$+:$/8! =/! '$+! ;%&*9$/8+! 'N*:8%/$! '=! :-8.+?=$&$88$! ?=$! &N./! +=%8! *=! :.=)+! '=! 8$9<+!

]T9*&&C! P$)b.H! $8! *&l! \ee2_l! S$! )$9*/%$9$/8! <$)9*/$/8! 9./8)$! &*! ;*�./! './8! &*! :$&&=&$!

)D<./'! >! +./! $/U%).//$9$/8l! F*! +8)=:8=)$! 9.'%;%D$! ?=%! $/! 'D:.=&$! )D+=&8$! '$! /.=U$&!

D?=%&%L)$! ?=%! +N%/+8*&&$! $/8)$! &$+! ;.):$+! :./8)*:8%&$+! :$/8)%<R8$+! '=$+! *=Y! 9.8$=)! *:8.M

9-.+%/$+! ])$+<./+*L&$+! '$! &*! 8$/+%./! %/8$)/$_! $8! &$+! ;.):$+! '$! :.9<)$++%./! %/8)*! $8!

$Y8)*:$&&=&*%)$+!?=%!<*++$/8!<*)!&$+!B./:8%./+!*'AD)$/8$+!*U$:!&N$/U%).//$9$/8!:$&&=&*%)$!.=!

9*8)%:%$&l! FN*'*<8*L%&%8D! :$&&=&*%)$C! H*)*/8$! '$! &N%/8DH)%8D! :$&&=&*%)$C! )$<.+$! './:! +=)! :$88$!

+=::$++%./!'ND8*8+!'ND?=%&%L)$!$/8)$! &$+!H)*/'$=)+!9.-$//$+!'$+! ;.):$+!'$!:.9<)$++%./!$8!

&$+! ;.):$+! '$! 8$/+%./! ]SA%:=)$&C! SA$/! $8! *&l! \eei_l! S$:%! +=<<.+$! =/$! )$'%+8)%L=8%./! +=)!

&E$/+$9L&$! '$! &*! :$&&=&$! :.99$! &$! 9./8)$! &$! 9.'R&$! '$! `!8$/+DH)%8D!a! ]:./8)*:8%./! '$!

`!8$/+%./*&! %/8$H)%8-!a_! ?=%! $+8! 'D:)%8! '*/+! &*! 6%H=)$! ""! ]G/HL$)! \ee0C! S.=HA&%/! */'!

T8*9$/.U%:!\eeiC!}$/'&%/HC!f''.=!$8!*&l!\eee_l!5=!8)*U$)+!'N=/$!+8)=:8=)$!'$!8$/+DH)%8DC!&$+!

;.):$+!*<<&%?=D$+! &.:*&$9$/8! +./8! 8)*/+9%+$+!>!'%+8*/:$!$8! +./8! +=+:$<8%L&$+!'N*:8%U$)!'$+!

<).8D%/$+!:-8.<&*+9%?=$+!$8!9$9L)*/*%)$+!]P=C!SA$/!$8!*&l!"mm0C!#*C!S.&&%/!$8!*&l!"mmi_l!F$!

:.).&*%)$!'$!:$88$!:./:$<8%./!+8)=:8=)*&$!$8!9D:*/%?=$!'$!&*!:$&&=&$!$+8!>!&*!L*+$!'$!&*!7,S|!

$/!+8%9=&*/8!+<D:%;%?=$9$/8!$8!&.:*&$9$/8!&$!:-8.+?=$&$88$C!./!<$=8!&.:*&$9$/8!9$+=)$)!&$+!

<).<)%D8D+!9=&8%MD:A$&&$+!'=!STWC!8.=8!$/!%/;&=*/8!8)R+!<$=!+=)!:$+!<).<)%D8D+!$8!&$+!9$+=)$+!

?=%!$/!'D:.=&$/8!]6$)$.&C!6.'%&!$8!*&l!"mmi_l!
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(,5)* 4")*/"5?*):;1$&<5")*/-')* 4"*%-)*/V5'"*%"4454"*','*-((-%;1"7* P[Q*.-* Z,$#"*/"* 4-*%"4454"*"(*/5*
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=XXIQ7*

!

! FN*<<&%:*L%&%8D! '=! 9.'R&$! '$! 8$/+DH)%8D! <.=)! 'D:)%)$! &$! :.9<.)8$9$/8! :$&&=&$!

:./8%/=$!'$!;*%)$!&E.LB$8!'$!'DL*8+!]G/HL$)!"mmm_l!c/$!<*)8%$!'$!:$!'DL*8!$+8!*88)%L=*L&$!*=!

9*/?=$! '$! './/D$+! $Y<D)%9$/8*&$+! <$)9$88*/8! =/$! U*&%'*8%./! H&.L*&$! '$! :$! 9.'R&$l!

S$<$/'*/8! &$! 'DU$&.<<$9$/8! '$+! 8$:A/%?=$+! '$! 9%:).9*/%<=&*8%./! '=! STW! ./8! )$/'=!

<.++%L&$! &E*:?=%+%8%./! '$! './/D$+!9./8)*/8! '$+! +%9%&%8='$+! $/8)$! :$)8*%/+! :.9<.)8$9$/8+!

:$&&=&*%)$+! $8! &$+! <)D'%:8%./+! '=! 9.'R&$! '$! 8$/+DH)%8D!Z! <*)! $Y$9<&$! =/$! *88$%/8$! '$+!



v8='$!L%L&%.H)*<A%?=$!

! 3i!

;%&*9$/8+! 'E*:8%/$! <*)! &*! :-8.:A*&*+%/$!J! U*! ;.)8$9$/8!9.'%;%$)! &*! ;.)9$! $8! &N.)H*/%+*8%./!

%/8$)/$!'$! &*! +8)=:8=)$!'N*:8%/$!:$&&=&*%)$C! )D'=%)$! &$+! :.=)L=)$+!*++.:%D$+!*=Y!$;;$8+!'N=/$!

8$/+%./!%/8$)/$!]U.%)! &*!6%H=)$!"0!*'*<8D$!'$!]}$/'&%/HC!K&*/=+!$8!*&l!"mmm__C!>! &E%9*H$!'$+!

9.'%;%:*8%./+!'$!&*!+8)=:8=)$!'$!8$/+DH)%8D!%/'=%8$!<*)!=/$!'%9%/=8%./!'$!&*!8$/+%./!%/8$)/$C!

U.%)$!&*!)=<8=)$!'$+!D&D9$/8+!$/!8$/+%./l!

!

!
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4V-%(&'"* -5* :,4"* 0-)-4R* "'* 04"5* Z,'%1* 4V-%(&'"* -5* '&2"-5* -:&%-4* P"'27* =ef=Y* l#Q7* C/-:(1* /"*
Pa"'/4&'9R*t4-'5)*"(*-47*EHHHQ7*

!

! c/! *=8)$! $Y$9<&$! $+8! &*! +%9%&%8='$! $Y%+8*/8! '*/+! &$! 9.'R&$! L%.&.H%?=$! $8! '*/+! &$!

9.'R&$!'$!8$/+DH)%8D!$/8)$!&*!)%H%'%8D!:$&&=&*%)$!$8!&*!8$/+%./!%/8$)/$!'=!:-8.+?=$&$88$!]U.%)!&$!

<*)*H)*<A$!+=%U*/8_l!
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! F$!9D:*/%+9$! :$/8)*&! <*)! &$?=$&! &$+! +8)=:8=)$+! '$! 8$/+DH)%8D! )D<./'$/8! *=Y! ;.):$+!

$Y8D)%$=)$+! *<<&%?=D$+! $+8! 'E*L.)'C! &$! )D*))*/H$9$/8! +<*8%*&! $8! './:! HD.9D8)%?=$! '$+!

D&D9$/8+!]:rL&$+!$8!L*))$+_!'*/+!&E$+<*:$!]:A*/H$9$/8+!$/!0!'%9$/+%./+!'$+!*/H&$+!$8!'$+!

'%+8*/:$+! $/8)$! &$+! D&D9$/8+_l! K&=+! H)*/'$! $+8! &*! <)DM:./8)*%/8$! ]`!<)$+8)$++!a! $/! */H&*%+_!

'*/+! &$+! D&D9$/8+! D&*+8%?=$+! $8! './:! '*/+! &*! +8)=:8=)$! '*/+! +./! $/+$9L&$C! 9.%/+! &$!

)D*))*/H$9$/8!HD.9D8)%?=$!?=E$&&$+!<$=U$/8!+=L%)!$+8!%9<.)8*/8C!$8!'./:C!<&=+!H)*/'$!+$)*!

&*! )%H%'%8D! '$! &*! +8)=:8=)$! ]S.=HA&%/! */'! T8*9$/.U%:! \ee4C! }$/'&%/HC! f''.=! $8! *&l! \eeeC!

T8*9$/.U%:! */'! G/HL$)! "mm"C! }*/HC! ,.&%:M#.))$&-XX$! $8! *&l! "mm"C! T8*9$/.U%:! "mm2_l! F$+!

D8='$+! $Y<D)%9$/8*&$+! +=)! :$&&=&$! *'AD)$/8$+! 9./8)$/8! ?=E%&! $Y%+8$! =/$! )$&*8%./! D8).%8$!

$/8)$! &$+!<).<)%D8D+!)AD.&.H%?=$+!'$!&*!:$&&=&$!$8! &*!<)DM8$/+%./!>! &N%9*H$!'$+!+8)=:8=)$+!'$!

8$/+DH)%8Dl!S$&*!+=HHR)$!?=$!&*!<)DM:./8)*%/8$!B.=$!=/!)o&$!'D8$)9%/*/8!'*/+!&$+!<).<)%D8D+!

)AD.&.H%?=$+!'$+!:$&&=&$+!*'AD)$/8$+l!c/$!)$&*8%./! &%/D*%)$!>!D8D!.L+$)UD$!$/8)$! &*! )%H%'%8D!

:$&&=&*%)$!$8!&*!8$/+%./!%/8$)/$!'*/+!&$+!:=&8=)$+!'$!:$&&=&$+!*'AD)$/8$+!$8!'*/+!&$+!+8)=:8=)$+!

'$!8$/+DH)%8D!]}*/HC!,.&%:M#.))$&-XX$!$8!*&l!"mm"_l!
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! !*<)R+! +8%9=&*8%./!9D:*/%?=$! +./8! :./+$)UD$+! *U$:! :$!9.'R&$! $8! :$&*! '$!9*/%R)$!
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;.):$+!$Y8)*:$&&=&*%)$+!<$=U$/8!*:8%U$)!'$+!9.'%;%:*8%./+!*=!/%U$*=!'$!&N.)H*/%+*8%./!'=!STW!

]G:*)'M5):%b$8C!S*)'.+.!$8!*&l!"mmi_!*%/+%!?=$!&*!)D.)H*/%+*8%./!'$+!+%8$+!'N*'AD+%./!]SA.?=$8C!

6$&+$/;$&'!$8!*&l!\ee4C!P$%&!*/'!T<*8b!"m\m_l!5!/.8$)!?=$C! )*$5)5&C! &$+!;.):$+!'$!:%+*%&&$9$/8!

+N$Y$):$/8!+=)!&*!:.=:A$!'$!H&-:.:*&-Y!?=%!)$:.=U)$!&$+!:$&&=&$+!$/'.8AD&%*&$+!$8!?=%!$+8!&%D$!

*=Y!)D:$<8$=)+!8)*/+9$9L)*/*%)$+!)$+<./+*L&$+!'$!&*!9D:*/.8)*/+'=:8%./!]J*U%$+!\ee2_l!

!

M!S./8)*%/8$!9D:*/%?=$!$8!%/8$)*:8%./+!:$&&=&$M:$&&=&$!
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*<<&%?=D$+! $8g.=! *=8)$+! :A*/H$9$/8+! $/U%).//$9$/8*=Y! ]7$H$C! (*U*)'! $8! *&l! "mm3C!
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Abstract. Mechanical factors play a key role in the pathogenesis of Acute Respiratory Distress Syndrome (ARDS) and
Ventilator-Induced Lung Injury (VILI) as contributing to alveolo-capillary barrier dysfunction. This study aims at elucidat-
ing the role of the cytoskeleton (CSK) and cell–matrix adhesion system in the stressed endothelium and more precisely in the
loss of integrity of the endothelial barrier. We purposely develop a cellular model made of a monolayer of confluent Human
Pulmonary Microvascular Endothelial Cells (HPMVECs) whose cytoskeleton (CSK) is directly exposed to sustained cyclic
mechanical stress for 1 and 2 h. We used RGD-coated ferromagnetic beads and measured permeability before and after stress
application. We find that endothelial permeability increases in the stressed endothelium, hence reflecting a loss of integrity.
Structural and mechanical results suggest that this endothelial barrier alteration would be due to physically-founded discrepan-
cies in latero-basal reinforcement of adhesion sites in response to the global increase in CSK stiffness or centripetal intracellular
forces. Basal reinforcement of adhesion is presently evidenced by the marked redistribution of αvβ3 integrin with cluster for-
mation in the stressed endothelium.

Keywords: Integrins, cytoskeleton, endothelial cells, permeability, mechanics

1. Introduction

Mechanical ventilation is required for treatment of patients with Acute Respiratory Distress Syndrome

(ARDS) but it is susceptible to exacerbate inflammation and lung injury [1–3]. This is basically due to

mechanical factors which produce over distensions resulting in ventilator-induced lung injury (VILI)

[4,5]. It has been shown that the use of small tidal volumes in mechanically ventilated patients decreases

mortality presumably by reducing over-distensions at all scales, from the organ to the cellular levels

[6]. In the ARDS patients, inflammation of the pulmonary circulation causes increase (i) in vascular

permeability secondary to the release of pro-inflammatory cytokines (e.g., IL8), (ii) alteration of the
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inserm.fr.
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alveolo-capillary barrier, (iii) leukocyte recruitment and platelet segregation [7]. Noteworthy, the injured

alveolus typical to ARDS is characterized by a marked alteration of the endothelial cell function, e.g., the

permeability, which definitely implies both remodeling of the cytoskeleton (CSK) structure and a change

in adhesion system required for leukocyte adhesion [8]. Cellular and tissular lesions dramatically modify

the tiny force equilibrium responsible for endothelium integrity. As earlier proposed by Dudek and

Garcia [9], endothelium integrity critically depends on the balance between competing forces, namely (i)

contractile forces responsible for centripetal intracellular tension and (ii) adhesion forces which control

the preservation of both cell–cell and cell–matrix junctions. These two types of forces are intimately

linked to the CSK and notably to the actin CSK structure which regulates cell shape and intracellular

tension [10,11] and transduces signals within and between endothelial cells [12,13]. Although the role of

cell–cell junctions in the cell barrier integrity has been largely studied [14–17], the role the cell–matrix

junctions in the alteration of integrity of the stressed endothelium has been more rarely considered [18].

We presently propose a cellular model in which a confluent monolayer of human pulmonary microvas-

cular endothelial cells (HPMVECs) is exposed to sustained cyclic mechanical stress directly addressed

to the CSK. We measure permeability after 1 and 2 h of stress application. In this model, we also char-

acterize the role of cyclic stress on the remodeling of actin CSK as well as on the redistribution of a key

transmembrane adhesion molecule for adhesion site activation, i.e., the αvβ3 integrins. Upon chemical

activation, αvβ3 integrins form a receptor-ligand complex acting as a progenitor of focal complex during

cell migration [19,20]. Moreover, αvβ3 integrin is a very important molecular link in regulating endothe-

lial cells permeability during chemical stresses [21]. A key remaining question is the role of mechanical

stress in this αvβ3 regulation.

Consistently with earlier works [22], present results show that rigidity of extracellular matrix favors

strengthening of integrin-cytoskeleton linkages evidenced by the marked clustering of αvβ3 integrins

in the stressed endothelium. Moreover, consistently with our previously published theoretical approach

on the regulation of adhesion sites by both environmental reaction forces and intracellular forces [23],

we find that the higher rigidity of the matrix compared to the softer adjacent endothelial cells, could

be responsible for latero-basal differences in environmental forces, and therefore, latero-basal hetero-

geneities in adhesion site reinforcement. In our cellular model, enhanced traction forces would result in

reinforcing cell–matrix junctions more than cell–cell junctions, consistently with the reported increase

in permeability of the stressed endothelium.

2. Methods

The cellular model is made of primary HPMVEC grown at confluence in specific medium. Cyclic

stretch is specifically directed toward the actin CSK by means of ferromagnetic beads (4.5 µm in diame-

ter), coated with a synthetic peptide RGD which is recognized by transmembrane integrin receptors. This

method has been efficiently used to study the long term cell responses (several hours) to CSK-specific

cyclic homogeneous loading over a whole cell culture [24] as well as the short term cell response (less

than a second) to a local stress imposed via integrins [25]. In present experiments, the HPMVEC culture

is placed in a magnetic twisting stimulator providing one or two hours of mechanical stimulation in sta-

ble controlled conditions since the system is located inside an incubator. It allows generating a sustained

mechanical stretch induced by a cyclic stress signal of fixed amplitude and frequency (presently of the

order of 10 Pa and 3 Hz, respectively) which is exactly the same over the culture. Barrier function was

detected with FITC-dextran flux in transwell model using a molecule of low molecular weight (∼3 kDa).
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Fig. 1. Actin structure (dark grey) of human pulmonary microvascular endothelial cells (HPMVECs) forming monolayer,
reconstructed in 3D from z-stack of confocal images of cells stained for actin filaments by rhodamine-phalloidin (view from
the top). Ferromagnetic beads (diameter ≈ 4.5 µm, light grey) appear largely immersed in the actin CSK in this type of primary
cells. Beads are used to exert a mechanical stimulation specifically addressed to the cytoskeleton (CSK) through RGD-integrin
binding. Each square side is 10 µm.

The interest of using a low molecular weight molecule is to take into account, in the cellular model, the
semi-permeable property of the endothelial barrier [17,26]. Actin filaments and αvβ3 integrins were
stained by immunofluorescence, observed by confocal microscope, and compared for different condi-
tions of stress tested namely one and two hours. In some experiments, HPMVECs were pretreated by
myosin light chain kinase inhibitor (ML9) (at 50 µM) before exposure to mechanical stimulation. In-
tracellular tension was quantified from the change in cellular stiffness measured by Magnetic Twisting
Cytometry using the same ferromagnetic beads [12]. The cellular mechanical response was measured
with a compartmental analysis allowing to separate the cortical and deep CSK responses (in terms of
rigidity and time constant) from the recoverable part of the bead rotation angle [27]. Figure 1 illustrates
the method used to mechanically stimulate the cells and also to measure mechanical properties of ad-
herent endothelial cells: several ferromagnetic beads (in light grey) functionalized by RGD are almost
entirely embedded in the actin CSK structure (in dark grey). We have already shown that the degree
of bead immersion in the cytoplasm actually depends on the cell type [27,28]. In primary HPMVEC,
the degree of bead immersion remains important, i.e., between 90◦ and 180◦ for the half angle of bead
immersion as shown in Fig. 1. Because the beads are magnetized, application of a spatially uniform but
time-controlled magnetic field generates a magnetic torque resulting in three-dimensional cellular stress
and deformation [29].

3. Results and discussion

Figure 2 shows that cyclic stress significantly enhances dextran filtration above the control value, after
one and two hours of stress application on the CSK of endothelial cells. This suggests that endothelial
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Fig. 2. Filtration of the tracer FITC-dextran of low molecular weight across the confluent pulmonary microvascular endothelial
cell monolayer (in arbitrary units of fluorescence (AU)). MTS group corresponds to mechanically stressed cells during 1 or
2 h. This group is compared to the control group in which cells embedding the same ferromagnetic beads (see Fig. 1) are not
mechanically stressed. Mechanical stress increases the permeability of HPMVECs monolayer after one and two hours compared
to control conditions. Filtration measured in arbitrary fluorescence units (AU) may be seen as an index of permeability estimated
during physiological (control) and pathological (mechanical stress) conditions. Each point represents the means ± SEM of 28
measurements for each group. ∗

P < 0.05.

permeability may be increased above physiological values in mechanically stressed endothelium. Com-

parison of Fig. 3D and G with A shows that a wide number of thick and short actin stress fibers are

generated in between the beads and in between the beads and adhesion sites in the stressed endothelium.

Note that the sole presence of adherent beads without the effect of mechanical stress is not sufficient to

generate such a CSK remodeling (note that Fig. 3A also corresponds to Fig. 1 which exhibits the beads).

Comparing Fig. 3E and H to B shows that, in parallel to the founded actin reinforcement, αvβ3 integrin

is redistributed through clusters of αvβ3 integrins whose number increases in a time-dependent fashion.

These clusters are formed near the basal cell face. These results suggest that direct mechanical stimula-

tion of the CSK by ferromagnetic beads activates basal adhesion sites and most likely reinforce them in

a stimulation-dependent manner. Merge images of actin fibers and αvβ3 integrin shown in Fig. 3C, F and

I show that extremities of actin filaments and clusters of αvβ3 integrins are often close but do not really

overlap, most likely because some additional molecules such as talin are used as molecular connectors

[19]. Figure 4 shows that stiffness of the deep CSK compartment is significantly increased (by a factor

of about 2.5) while stiffness of the cortical (not shown) is almost unchanged. Incidentally, time constant

of the deep CSK is unchanged in stressed endothelium suggesting a parallel increase in viscous mod-

ulus. Treatment by low doses of myosin light chain kinase inhibitor (ML9) – a blocker of acto-myosin

motors – results in a non significant decrease in the deep CSK rigidity while cortical rigidity is not

significantly affected by stress application. The αvβ3 integrin clustering occurs through an increase in

the number of adhesion plaques correlatively with the duration of mechanical stimulation, suggesting

that direct CSK mechanical stimulation induces time-dependent focal adhesion reinforcement near the

basal cell face (see Fig. 3E and H). Clustering of αvβ3 integrin at locations where actin stress fibers

converge strongly suggest integrin activation with associated conformational change of integrins [19].

Present results reveal that mechanical stress is a powerful activator of this endothelial remodeling pro-

cess. In addition to the diminution of clustering of αvβ3 integrins, treatment by ML9 also accompanies

a reduction in stress fiber formation (data not shown) and a consistent limitation of the stress-induced

increase in deep CSK stiffness (see Fig. 4). The ML9 results confirm the role of acto-myosin coupling

in the cellular response to mechanical stress and therefore in the control of endothelial barrier integrity

and cellular adhesion already suggested by Dudek et al. [9].
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Fig. 3. The effect of mechanical stress after one (D, E, F) and two hours (G, H, I) of stress is shown by comparison to control
conditions (A, B, C) on actin structure (A, D, G) and αvβ3-integrin redistribution (B, E, H) as well as on the merge images
(C, F, I). Primary HPMVEC were grown to confluence on glass coverslips coated with ECM gel and then mechanically stressed
by ferromagnetic beads. Confocal images corresponding to optical cross-sections taken at 0.35 µm intervals demonstrate higher
number of thick and short stress fibers and the formation of αvβ3 clusters near the basal face in response to mechanical stress.
Horizontal white bars represent the common spatial scale for all images: 10 µm.

Fig. 4. The HPMVEC rigidity for the deep CSK component (E2 in Pascals) is measured by Magnetic Bead Cytometry using
the same RGD-coated beads and the recoverable component of bead rotation. Results are shown for two-hour mechanical stress
and compared to control. Treatment with low dose of ML9 – a blocker of actomyosin motors – tends to suppress the effect of
mechanical stress on the endothelium. ∗

P < 0.05.
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Noteworthy, present results also reveal that the increase in endothelial permeability could be due to

discrepancies in latero-basal reinforcement in response to external mechanical stress and an associated

increase in CSK stiffness and centripetal intracellular forces. Such a mechanism can be understood based

on our recent theoretical considerations on the force regulation of adhesion sites by extra and intracellular

properties [23]. In response to higher centripetal forces, all adhesion sites would be exposed to higher

traction forces. However, since rigidity of adjacent endothelial cells is still smaller than the rigidity of

the matrix (even though partially increased by the cellular response to external stress), one can expect a

stronger reinforcement for basal adhesion sites while lateral cell–cell adhesion site reinforcement would

be less. We call this concept: differential latero-basal reinforcement of cell adhesion in response to

mechanical stress. Weaker reinforcement of the lateral cell–cell junctions could advantageously explain

why filtration is found to increase in the stressed endothelium.

The physiopathological relevance of the present results is explained below. The endothelial cell (EC)

lining of the pulmonary vasculature forms a semi-permeable barrier between the blood and the inter-

stitium of the lung whose filtration properties [17,26] are presently represented by control conditions

in Fig. 2 (zero stress added). Disruption of this barrier occurs during mechanical ventilation and/or in-

flammatory state and results in higher movement of fluid and macromolecules into the interstitium and

pulmonary air spaces. Present model shows that mechanical stimulation by itself – presently induced by

twisted RGD-coated microbeads – is susceptible to increase the endothelial permeability (Fig. 2). A po-

tential mechanism is then proposed to explain the underlying mechanism: because of the competition

between contractile and adhesive forces which develop in the context of latero-basal polarity in adhesion

site reinforcement, adhesive cell–cell forces fail to counterbalance the increase in contractile forces and

let the endothelial permeability increase. By contrast, adhesive cell–matrix forces are strongly reinforced

as presently suggested by the formation of clusters of αvβ3 integrins near the basal cell face of stressed

endothelium.

To which extent the endothelial barrier exhibits in vivo such a rigidity-dependent latero-basal polarity

in response to an increase in intracellular stress is beyond the scope of the present paper. What can be

said is that any heterogeneity in mechanical properties between cells and extracellular matrix would

result in latero-basal differential reinforcement with a possibility of losing endothelial integrity. Note

also that the multiple forms of mechanical stresses exerted on lung cells are susceptible to generate

heterogeneities especially in diseased lungs. For instance, the “shear” stress is reinforced at the alveolar

level when edema fluid floods the airspace. Moreover, “normal” stresses which oppose elastic recoil

during lung inflation, lead to tension in the alveolar septa and subsequent cell deformation. The latter

could be considerably increased during acute lung injury because elastic recoil is increased by the disease

[30]. Moreover, considering the marked heterogeneities in mechanical properties of the constituents of

the deep lung structure (e.g., collagen/elastin fibers; different cell types . . .) [31], there are some reasons

to consider that structural/mechanical heterogeneities, reinforced in pathophysiological conditions as

suggested above, lead to an unequal reinforcement at cellular junctions in response to the increase in

intracellular tension. Beyond, additional work is needed to assess the real amount of this differential

reinforcement in the pathological lungs.

4. Conclusion

Taken together, present results reveal a critical role of mechanical forces in the regulation of pul-

monary endothelial cell permeability. They strongly suggest considering, as a potential mechanism, the
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heterogeneities in adhesion site activation between basal face (i.e., through αvβ3 integrin clustering)
and lateral faces (i.e., through cell–cell junctions). These heterogeneities would occur in response to the
global increase in intracellular centripetal forces induced by acto-myosin contraction while being poten-
tialized by mechanical or chemical activation. One possible therapeutic approach would be to examine
the effect of an antagonist of αvβ3 integrin, considering that limiting cell–matrix reinforcement might
positively affect the strength of cell–cell junctions and farther preserve the integrity of the pulmonary
microvascular endothelium. However this requires further confirmation studies.
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d AP-HP, Hôpital Henri Mondor, Service de Physiologie-Explorations Fonctionnelles, Créteil 94010, France
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a b s t r a c t

We show herein how mechanical forces at macro or micro scales may affect the biological response at

the nanoscale. The reason resides in the intimate link between chemistry and mechanics at the

molecular level. These interactions occur under dynamic conditions such as the shear stress induced by

flowing blood or the intracellular tension. Thus, resisting removal by mechanical forces, e.g., shear

stresses, is a general property of cells provided by cellular adhesion. Using classical models issued from

theoretical physics, we review the force regulation phenomena of the single bond. However, to

understand the force regulation of cellular adhesion sites, we need to consider the collective behavior of

receptor–ligand bonds. We discuss the applicability of single bond theories to describe collective bond

behavior. Depending on bond configuration, e.g., presently ‘‘parallel’’ and ‘‘zipper’’, the number of bonds

and dissociation forces variably affect the kinetics of multiple bonds. We reveal a marked efficiency of

the collective organization to stabilize multiple bonds by sharply increasing bond lifetime compared to

single bond. These theoretical predictions are then compared to experimental results of the literature

concerning the kinetic parameters of bonds measured by atomic force microscopy and by shear flow.

These comparisons reveal that the force-control of bonds strongly depends on whether the force

distribution on multiple bonds is homogeneous, e.g., in AFM experiments, or heterogeneous, e.g., in

shear flow experiments. This reinforces the need of calculating the stress/strain fields exerted on living

tissues or cells at various scales and certainly down to the molecular scale.

& 2012 Elsevier Ltd. All rights reserved.

1. Introduction

It is widely accepted that mechanical forces control normal

biological processes and their pathological alterations through

cell–environment interactions (Discher et al., 2005). These inter-

actions occur under dynamic conditions, e.g., the flowing blood;

the internal tension, through adhesion sites which are protein

assemblies through clusters which link the cytoskeleton to

the extracellular environment (Geiger and Bershadsky, 2001).

In particular, receptor–ligand bond anchoring cells in the pre-

sence of flowing liquids are stretched by tensile mechanical forces

that balance the drag force on the bound cell. Therefore, stabiliza-

tion under force and resisting removal to shear stresses – and to

intra/extracellular stretching forces–are fundamental properties

of cellular adhesion. Moreover, weakening or strengthening

adhesion by mechanical force remains an opened question if

one wants to understand flow-controlled key cellular interactions

such as: macrophage–epithelium , leukocyte–endothelium or

bacteria–host cell (Thomas, 2008; Thomas et al., 2008).

A fundamental aspect to consider is the stochastic nature of

molecular adhesion and the subsequent bond detachment under

force which are extensively described in the literature (Bongrand

and Golstein, 1983; Evans, 1998). A less considered aspect deals

with the complexity of adhesion structures since cellular adhe-

sion involves not only one but several bonds, which stabilize and

resist mechanical forces through different strategies of associa-

tion and reinforcement (Evans, 2001; Evans and Ritchie, 1994;

Leckband et al., 1992). These strategies are most likely influenced

by forces generated through the intracellular structure or transit-

ing through the extracellular environment (Féréol et al., 2009)

and a number of biochemical and biomechanical processes

implicating many signaling pathways (Vogel and Sheetz, 2009).

From initial adhesion to focal complex and beyond the mature

focal adhesion, the adhesion site configuration changes and the

maximal force supported by adhesion sites varies by six orders of
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magnitude (pN-mN) (Bruinsma, 2005). Although these adhesion

sites are made of similar weak bond units – i .e., a non covalent

molecular link given to support forces up to the pN – their collec-

tive organization allows them supporting a huge range of stress

(Geiger and Bershadsky, 2001). The structural changes associated

to stabilization and strengthening include: (i) increase in

cell–substrate contact area (spreading) (Capo et al., 1981),

(ii) recruitment of receptors to anchoring sites including their

lateral association (clustering) (Andre et al., 1990; Bell et al.,

1984; Cluzel et al., 2005), (iii) interaction with cytoskeleton

elements that lead to enhanced force distribution among bound

receptors via local cytoskeleton stiffening (focal adhesion assem-

bly) (Pasternak and Elson, 1985). These mechanisms of adhesion

strengthening are supported by numerous observations from

various cellular systems (Balaban et al., 2001; Choquet et al.,

1997; Galbraith et al., 2002; Giannone et al., 2003; Zhu et al.,

2008). Trying to understand these mechanisms of adhesion

stabilization or reinforcement, and how they are regulated by

force, remains challenging questions which require new theore-

tical knowledge and pertinent analysis of data.

Recognizing the need to expose actions at the submicroscopic

level, many research groups have employed ultrasensitive force

techniques to probe extremely small regions of adhesive contact

between surfaces functionalized by biological molecules (Evans

and Ritchie, 1994; Leckband et al., 1992). Most direct measure-

ments of single bond strength have been performed with three

types of ultrasensitive probes: the Atomic Force Microscope

(AFM) where force is sensed by deflection of a thin silicon nitride

cantilever (Binnig et al., 1986), the Biomembrane Force Probe

(BFP) where force is sensed by a glass microsphere glued to the

pole of a micropipette-pressurized membrane capsule (Evans

et al., 1995; Simson et al., 1998); and the laser optical tweezers

where force is sensed by displacement of a microsphere trapped

in a narrowly focused beam of laser light (Ashkin, 1992; Ashkin

et al., 1990). Common limitations associated with these techni-

ques deal with thermal fluctuations, hydrodynamic interactions,

and noteworthy the difficulty of controlling the number and the

configuration of bonds implicated.

Since most of adhesive interactions are initiated and then

sustained under flow conditions (in priority blood but not only),

cell resistance to removing by fluid shear stress using a ‘‘laminar

flow chamber’’ has become a relevant method to measure the

kinetics of receptor-ligand adhesion (Bongrand and Golstein,

1983; Pierres et al., 1996a, 1996b). Basically, particles or circulat-

ing cells covered by receptors are flowing near a surface coated by

a ligand and arrested by the formation of limited number of

adhesion bonds, e.g., one per cell in many experiments, as far as

hydrodynamic forces do not exceed a few pNs (Kaplanski et al.,

1993; Pierres et al., 1996a; Smith et al., 1999). The relationship

between the number of arrested particles and the duration of

their arrest allows (i) determining detachment curves whose

initial slope provides the dissociation rate (Chang and Hammer,

1999; Smith et al., 1999; Tissot et al., 1992) and moreover

(ii) studying the mechanisms of flow-enhanced cell adhesion

(Zhu et al., 2008).

The present paper concerns some under considered aspects of

the regulation by mechanical force of collective bond organization

implicated in the structuration of different adhesion sites.

We purposely apply theories of bond dissociation – issued from

stochastic approaches – to different types of bond configurations,

e.g., parallel or zipper bonds, on which dissociation forces are

exerted. The experimental data purposely used are issued from

two different methods: the atomic force microscopy (AFM) and

the laminar (viscous) shear flow. It appears that force-control of

multiple bonds strongly depends on whether the force distribu-

tion on multiple bonds is homogeneous, such as during certain

AFM experiments, or heterogeneous, such as during shear flow

experiments. Thus, to understand the cell adhesion response to

stretch, the knowledge of force distribution is needed down to the

smallest scale possible. This reinforces the need of calculating the

stress/strain fields exerted on living tissues or cells at various

scales and certainly down to the molecular scale.

2. Methods

2.1. Kinetic theory of bond dissociation

2.1.1. Single bond

Weak noncovalent interactions between large molecules mediate many of

life’s functions in cells (Evans, 2001). The strength of interaction is the level of

force to disrupt a bond on a particular time scale, knowing that these molecular

interactions have limited lifetimes and thus fail under any level of force if pulled

on for modest period of time (Evans, 1998). For instance, an isolated bond has no

strength on times scales longer than its natural lifetime for spontaneous dissocia-

tion (entropy-driven): t0of f . On the other hand, when a bond is pulled apart faster

than needed for diffusive relaxation, it is classically thought to resist to detach-

ment by a force given by the maximum gradient, f bond ! @EðxÞ=@x
! "

max
, where is

the interaction potential or energy contour defined along the distance of separa-

tion. Thus, from the slow limit set by spontaneous transition, t0of f , to the ultrafast

limit for diffusive relaxation, tD , (E10$10–10$9 s, i.e., the Brownian time),

strength of non covalent bonds is governed by thermally activated kinetics under

external force and depends on how force is applied over time. To describe bond

kinetics, the simplest model of chemical binding is a single-sharp barrier model

which takes into account the major impact of force on thermally activated kinetics

that is an exponential amplification of the forward rate for dissociation character-

ized by a small force scale:

kof f f Þ ! exp $Ebðf Þ=kBT
! "!

ð1Þ

Ebðf Þ ¼ E0b$f xb ð2Þ

In this model, the energy barrier of a single bond is characterized in its

simplest form by its height at zero force, E0b , and the distance xb in the direction of

force (in nanometer or a fraction of nm) at which this energy barrier is located .

The impact of a force depends on how the energy landscape is deformed by the

force (given by Eq. (2)). For sharp energy barriers, the shape and location of

transition state are insensitive to force and barrier is lowered by force in

proportion to the thermally averaged projection of the barrier xb (Eqs. (1) and

(2)). Thus, thermal activation sets a small force scale, kBT=xb given by:

f b ¼
kBT

xb
ð3Þ

f b (unit: picoNewton, pN) provides a reference force scale that remains rather

small since the thermal energy per molecule is only: kBT & 4pN' nm, (with

kB¼1.381'10$23 J/K , Boltzman constant in Joule/Kelvin and T absolute room

temperature in Kelvin), and xbE0.1–1 nm, (e.g., fbE13 pN for integrin-VCAM linkage

(Evans and Kinoshita, 2007); fbE3–9 pN for adhesion between platelets and

subendothelial matrix (Arya et al., 2005)). Using this scale, the rate of dissociation

increases exponentially with force as proposed in the pioneering work by Bell (1978):

kof f ðf Þ ! k
0
of f exp $f =f b

# $

ð4Þ

Eq. (4) provides the dissociation rate of a single bond on which a force f is

exerted. It describes a stochastic phenomena analog to the disintegration of

radioactive substance. The dissociation rate kof f ðf Þ is linked to the probability P(t)

that the bond survives by a simple differential equation which provides the

expression of PðtÞ:

dPðtÞ

PðtÞ
¼$kof f f ðtÞð Þdt or equivalently P tð Þ ¼ exp $

Z t

0
kof f f t0ð Þð Þdt0

% &

ð5Þ

The prefactor of the dissociation rate given by the Bell model (Eq. (4))

corresponds to the zero-force dissociation rate which classically depends on

initial barrier height E0b .

k
0
of f ¼

1

tD
exp $E0b=kBT

# $

ð6Þ

k
0
of f is the dissociation frequency for spontaneous escape in the absence

of force already defined above . Note that due to the exponential dependence

shown by Eq. (6), bond lifetime t0of f ¼ ðk
0
of f Þ

$1 is considerably higher than tD.

For instance, an integrin-VCAM bond with an energy barrier of around 20 kBT

(Evans and Kinoshita, 2007) has a bond lifetime t0of f ! 1 s. Bond lifetimes would

reach a few hours for energy barriers of 30 kBT. Due to the enormous gap in time

scale between ultrafast Brownian diffusion and characteristic times of laboratory
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experiments (between!10"4 s-min), applied forces are essentially stationary on

the Brownian scale.

2.1.2. Multiple bonds

Three assumptions are made to describe the dynamics of the failure of

multiple uncorrelated bonds (Fig. 1):

(i) The response to mechanical force of an assembly of bonds obeys to the

principle issued from the single bond theory which states that the response

to force depends on the deformation of energy landscape which thereby

resembles a mountainous terrain made of multiple energy barriers (Evans,

2001; Tsukasaki et al., 2007).

(ii) Associated bonds behave independently (non cooperative bonds). This

supposes sufficient linkage for assembly but insufficient linkage to force

the bonds to behave identically to reach simultaneous dissociation (coopera-

tive bonds). Indeed, preserving the stochastic nature of a given bond

assembly is probably the most pertinent assumption for the weak non

covalent interactions that characterize interfacial biological bonds.

(iii) Different bond configurations (e.g., parallel or zipper) result in different force

regulations (Fig. 1). In parallel bonds, the load is redistributed among the

surviving bonds (Evans, 2001). In ‘‘zipper’’ bond, only the leading bond

experiences the entire loading force (Evans, 2001).

Whatever the predominant bond structure, multiple bonds can break at

random times from first to last. Thus the global dissociation rate is a function of

the instantaneous force and the distribution of rupture times can merely be

described by a first order Markov process with time-dependent rate constants

(Evans, 2001; Williams, 2003). Hence, far from thermal equilibrium, it is still

possible to generalize the single-dynamic barrier model (Eqs. (1)–(4)) to more

complex barriers. This model predicts that the transition rate for escape past a

cascade of N sharp barriers is governed by the sum of times k
n-n"1
of f ðf Þ

h i"1
needed

to transit individual barriers, starting from the bound state (Evans, 1998, 2001):

KN-0
of f fð Þ ¼

1
Pn ¼ N

n ¼ 1 k
n-n"1
of f ðf Þ

h i"1
ð7Þ

According to this approach, each individual bond acts as the barrier of a more

complex bond made of N identical bonds. kn-n"1
of f ðf Þ represents the transition rate

through each barrier of a multivalent bond. It depends on bond configuration as

shown below.

Equal sharing of the force between parallel bonds has the effect of multiplying

the force scale for these bonds (Williams, 2003). Moreover, at each failure event,

there are less and less possibilities of rebinding and therefore, the time scale for

event is decreased and the dissociation rate is increased (Evans, 2001):

k
n-n"1
of f fð Þ ¼ nk

0
of f exp

f

nf b

 !

ð8Þ

For zipper bonds, the transition rate is constant at given force:

k
n-n"1
of f fð Þ ¼ k

0
of f exp

f

f b

 !

ð9Þ

Combining Eqs. (7) and (8) leads to following expressions of the overall

dissociation rates across N bonds in parallel:

KN-0
of f fð Þ ¼ k

0
of f

X

n ¼ N

n ¼ 1

1

n
exp "

f

nf b

 !" #"1

ð10Þ

And a pure analytical expression for zipper bonds (combining Eqs. (7) and (9)):

KN-0
of f fð Þ ¼ k

0
of f

1

N
exp

f

f b

 !

ð11Þ

The series appearing in Eq. (10) has no analytical expression. However, we

presently propose an approximated expression:

KN-0
of f fð Þ & k

0
of f

ffiffiffi

2
p f

Nf b

 !0:5

exp
f

Nf b

 !

ð12Þ

Eqs. (11) and (12) show that the global dissociation rate (noted with capital

letters: Koff(f)) for multiple bonds working uncooperatively can be written in the

form of a generalized Bell’s model:

Kof f fð Þ & K0
of f fð Þ exp

f

Fb

" #

ð13Þ

The global dissociation rate, Kof f ðf Þ, its prefactor, K0
of f ðf Þ, which may also be a

function of f depending on bond organization, and the global force scale, Fb , shows

the kinetics of failure of multiple bonds with a necessarily composite energy

barrier. Eq. (13) can be linked to an expression of probability PðtÞ of bond survival

having the form of Eq. (5). The new prefactor K0
of f ðf Þ characterizes how the width

of the overall chemical energy barrier is modified by force (Evans and Ritchie,

1997). The exponential term is a damping factor which takes into account the

higher likelihood of reaching the top of the new energy barrier lowered by force in

proportion to the global thermal force scale, Fb.

For parallel bonds : K0
of f fð Þ & k

0
of f

ffiffiffi

2
p f

Fb

" #0:5

and Fb ¼Nf b ð14Þ

For zipper bonds : K0
of f & k

0
of f =N and Fb ¼ f b ð15Þ

Eqs. (14) and (15) which relate collective bond properties to properties of

single bond show explicitly how the collective bond organization modifies the

kinetic adhesion parameters in the case of parallel and zipper configurations

respectively.

In many experimental cases, the force experienced by an attachment is not

constant but increases with time. Bonds under slow loading rates have long

lifetimes but only withstand small forces, whereas bonds under fast loading have

shorter lifetimes and withstand larger forces (Evans, 2001; Evans and Calderwood,

2007; Thomas et al., 2008). Hence, a classical way to explore the chemical energy

landscape traversed in force-driven dissociation is to use adjustable force-ramp

representing many loading rates from very slow to extremely fast. An alternative

method has been recently proposed by Evans and Kinoshita (2007) in which a

force-clamp method is applied to a single bond. The force-clamp method can be

seen as the easiest method to establish the lifetime profile as a constant

dissociation force is applied. Depending on the contours of energy function with

the distance of separation (one or more chemical energy barriers), some bonds

weaken as force increases (as predicted by Bell model, Eq. (4)) while some other

bonds strengthen as force increases (Sokurenko et al., 2008; Thomas, 2008;

Thomas et al., 2008).

3. Results and discussion

3.1. Theoretical aspects

Fig. 2 summarizes the theoretical predictions for lifetimes

of multiple uncooperative bonds dissociating randomly

(Eqs. (10)–(12)). The lifetime of multiple bond (n¼N) normalized

Fig. 1. The two main configurations considered in the present study of the kinetics

of multiple bonds are the parallel configuration (upper schema) and the zipper

configuration (lower schema). In the parallel configuration, the dissociation force,

f, is uniformly distributed amongst identical bonds. After breaking, force is

redistributed amongst the remaining bonds. In the zipper configuration, the

leading bond experiences the entire force until breaking while it is passed on to

the next. In both cases, it is assumed that bonds break at random times from

first to last, (i.e., described by a Markovian sequence) because the lack of

mechanical linkage between bonds ensures a sufficient independence between

bonds.
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by the bond lifetime of a single and isolated bond (n¼1) is plotted

versus the number N of identical bonds constituting the parallel

and ‘‘zipper’’ configurations. The main message is that although

the lifetime of the collective bonds still decreases with increasing

force (as shown by Eqs. (11) and (12)), bonds organized collec-

tively have a much higher capacity to stabilize the adhesive

structure compared to isolated bonds. This stabilization effect

increases with increasing the bond number for both parallel and

zipper configurations. Note that by contrast, a series of uncorre-

lated bonds would dissociate faster than single bonds (Evans,

1998). In parallel and zipper bonds, this effect is particularly

marked at the beginning of bond association: n¼2, 3y. Thus, the

theory predicts that the early phase of lateral bond association is

particularly efficient for stabilizing adhesion.

If both zipper and parallel configurations stabilize adhesion,

the parallel configuration, where the dissociation force is equally

divided between bonds, reveals a marked effect of the force

in the reduction of the global dissociation rate. This is basically

due to the associated reduction in the exponential amplification

classically described by Eqs. (1) and (4) for single bonds, and

generalized to collective bonds by Eqs. (11)–(13). However, at

first glance, the force-dependent reduction in the dissocia-

tion rate of bonds characterized by a collective organiza-

tion may be seen as a counter intuitive result if we forget to

consider that both single and collective bonds still dissociate

more under a force increase (Eqs. (4), (11) and (12)). Indeed, the

force-induced exponential decrease in bond lifetime is cut down

by the collective bond organization, most remarkably in the

parallel case. We underline here that the effect of increasing

bond stabilization caused by a homogeneous force distribution

has been under-considered before. This is nevertheless a funda-

mental mechanism for the control of cellular adhesion by force,

including the force-dependence of dissociation or stabilization

rates as well as the force-dependence of weakening or strength-

ening processes. In other words, lateral bond association

(or clustering) is capable to promote an efficient reduction in

the force-dependent increase in the dissociation rate of adhesion

sites in a context where both collective and individual bonds all

tend to fail at higher force.

By contrast, the zipper configuration provides a relevant

example of the effect of a heterogeneous distribution of force on

the global failure rate. For N uncorrelated bonds in the zipper

configuration, the global failure rate is divided by N, meaning

that the stabilization mechanism directly depends on the bond

number but, contrary to the parallel configuration, not on the

force applied. It is equivalent to say that a heterogeneous force

distribution limits the beneficial effect – in terms of stabilization –

of dividing the force through several bonds.

Another important message brought by the theoretical results

plotted in Fig. 2 is that the analytical equation given by Eq. (10)

provides a satisfactorily curve fitting while we noticed that pre-

viously proposed analytical forms such as in (Evans, 2001):

Kof f fð Þ $ k
0
of f

f
Nf b

exp f
Nf b

! "

, fail to provide a satisfactorily curve fitting.

Note however that the form presently proposed (in Eq. (12)) to fit

the multiple bond lifetime (Eq. (10)) remains consistent with the

general form previously proposed to describe dissociation rates of

bonds with necessarily complex energy barriers (Evans and Ritchie,

1997): Kof f fð Þ $ k
0
of f g fð Þexp f

Nf b

! "

, considering that: k0of f gðf Þ ¼ K0
of f ðf Þ

. Present results (Fig. 2) bring a new confirmation of the initial

intuitions of Evans (Evans, 2001; Evans and Ritchie, 1997) about the

relevance of the Bell type model (Eq. (13)) to describe dissociation

rates of multiple parallel and zipper bonds which are individually in

agreement with the Bell type model (Eq. (11)). Advantageously,

these analytical expressions allow delineating the specific effects of

bond number and dissociation force on the kinetic adhesion para-

meters in various bond configurations (Fig. 2).

3.2. Comparison with experimental results

3.3. Parallel bonds (bonds equally stretched by AFM tip)

We attempted to analyze the feature of the parallel configura-

tion described by the multiple bond theory above. The most

straightforward example is provided by the reference data

obtained by the group of A. Noy (Friddle et al., 2007; Sulchek

et al., 2005) who used dynamic force spectroscopy via AFM to

characterize binding of several individual single-chain variable

fragments (scFv) antibody to the Mucin1 (MUC1) peptide

(MUC1–Ab). This interaction is the main targeting mechanism

for a family of experimental radio-immunotherapics for cancer

treatment (Albrecht et al., 2004). Indeed, clinical researchers have

used multivalency of protein adhesion as an affinity-enhancing

approach in a variety of immunotherapies and imaging techni-

ques to target specific tissues (Souriau and Hudson, 2003).

Noteworthy, authors (Friddle et al., 2007; Sulchek et al., 2005)

found a direct experimental verification of the uncorrelated

multiple bond rupture model because they were able to impose

a uniform force distribution through a few parallel bonds and

compared with the single bond. A remarkable confirmation of the

theoretical predictions presented above was brought by these

authors because the dissociation rate found for two (respectively

three) bonds in parallel drop precipitously compared to the single

(respectively two) bond. The present theoretical approach

revealed that in addition to the bond number effect, the effect

of the force magnitude above the reference force scale, was also a

critical parameter. Indeed, in these AFM experiments, force

increased sharply in parallel to the bond number (e.g., f=f b $ 10

for N¼1, f=f b $ 20 for N¼2, f=f b $ 30 for N¼3). Theoretical

Fig. 2. The kinetics of uncorrelated multiple independent bonds is compared to

the kinetics of an individual bond. The quantity Kof f ðf Þ
# $%1

= kof f ðf Þ
# $%1

represents

the ratio between two lifetimes: the multiple bonds to single bond lifetimes at a

given force f. The lifetime ratio of multiple to single bonds is plotted on a

logarithmic scale as a function of the bond number N for different values of the

separation force given by the ratio f =f b (presently in the range: 2–30). Lifetime

being by definition the inverse of the dissociation rate, this ratio provides

equivalently the evolution of the kinetic rate constant, (or dissociation rate), of

the single bond comparatively to the collective bond on which the same force is

exerted. In parallel bonds, the force amplifies – by orders of magnitude – the N-

dependent increase in relative lifetime. In zipper bonds, the ratio of multiple to

single bond lifetimes also increases, but remains proportional to N. The zipper-

bond relationship can be superimposed to the parallel-bond relationship obtained

for f=f b ¼ 2 . Diamond symbols represent the relationships predicted by the

stochastic theory of uncorrelated multiple parallel bonds (see Eq. (10) and

Williams (2003)). Empty squares represent the relationships predicted by the

theory of uncorrelated multiple zipper bonds (see Eq. (11) and Williams (2003)

and Evans (2001)). The continuous curves correspond to the proposed adjustment

of the stochastic theory using the explicit form given in Eq. (12) to describe the

kinetics of uncorrelated parallel bonds.
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results shown in Fig. 2 reveal that as force increases, the bond

number effect on dissociation rate is dramatically increased in

uncorrelated parallel bonds with homogeneous force distribution.

Present data demonstrate that the main beneficial effect of

multivalent interactions compared to single bond is the reduction

on the kinetic off-rate and the corresponding increase in lifetime

to the extent that the force distribution remains homogeneous.

Such a parallel configuration would certainly be desired to

improve the binding efficiency of receptor-targeted immu-

notherapic treatment (Souriau and Hudson, 2003).

3.4. Zipper bonds (bonds unequally stretched by shear flow)

The viscous shear flow allows studying the motion of receptor-

coated cells or particles along a flat ligand-coated surface. At low

hydrodynamic force (e.g.,!a few picoNewton) and for low ligand

concentrations (e.g., from 9 to 170 ligands/mm2 in Smith et al.

(1999)), detectable cell/particle arrests reveal single molecular bond

formation (Kaplanski et al., 1993; Pierres et al., 1996a; Smith et al.,

1999). Neglecting rebinding if receptor density is low, the dissocia-

tion rate could be deduced from the slope of the natural log of

number of cell–surface interactions versus the duration of each

event (Kaplanski et al., 1993; Pierres et al., 1996b; Smith et al., 1999;

Tissot et al., 1992). In Smith et al. (1999), the measured unstressed

dissociation rates k
0
of f of single bond remained in a close range of

values: 2.4–3.8 s"1, in spite of the wide variety of ligand tested

(i.e., P-selectin, E-selectin, L-selectin and PNAd). This is consistent

with data obtained by other authors on the same cells (Alon et al.,

1998, 1995; Kaplanski et al., 1993; Smith et al., 1999). The shear

stress–dependence on dissociation rates, koff(f) , was affected by the

change in receptor–ligand affinity to take values in a higher range:

5–36 s"1 as expected from Bell model (Eq. (4)) (Smith et al., 1999).

Beyond, this type of experiment is important as it allows to study

the flow-enhanced cell adhesion mechanisms (Zhu et al., 2008).

Concerning the limits of the single bond assumption in sheared

cells, it has been suspected that, as ligand density or shear stress

increases, an increased number of multiple bond events is involved

in cell adhesion. However, their effect was not thought to deeply

affect the estimated values of dissociation rate kof f ðf Þ (Smith et al.,

1999).

In single bond models of cell arrest under shear, an oblique

direction of the bond force reacting to the shear force is assumed

(Chang and Hammer, 1999; Smith et al., 1999; Zhu et al., 2008).

Hydrodynamic theory predicts that once a bond is created with

the substrate, it tends to re-equilibrate the translational and

rotational velocity components at the cell wall, thus canceling

out the slip velocity (Chang and Hammer, 1999; Hammer and

Apte, 1992). This suggests that the direction of bond traction

during shear flow is necessarily oblique, i.e., resulting from

tangential and normal tensile (or compressive) force components

at an adhesive interface (Gallant et al., 2005). Based on previous

analysis (Evans, 1985; Ward and Hammer, 1993), detachment of a

sheared cell is expected to occur via peeling of the leading edge of

the cell. Accordingly, bond loading is highly non uniform along

the contact area since bond forces are maximal at the periphery

and decay rapidly toward the center of the cell (Zhu et al., 2008).

Thus, in shear flow experiments where independent bonds start

to respond collectively, i.e., at increasing shear (Zhu et al., 2008)

or at increasing ligand/receptor concentrations (Gallant et al.,

2005), the zipper configuration appears to be a satisfactorily

model because force distribution on bonds is highly non-uniform.

It means that the huge effects on lifetimes of multiple parallel

bonds (Fig. 2) such as those reported from AFM experiments

(Sulchek et al., 2006) could not be expected in shear flow

experiments. Accordingly, studying cell adhesion strengthening

in sheared fibroblasts, Gallant et al. (2005) were surprised to

observe that parallel association of integrins by focal adhesion

(respectively clustering) accounts for only 30% (respectively 60%)

of the strengthening response to shear. We presently postulate

that this result is linked to the highly unequal distribution of the

resultant force during shear. These mechanical factors would

clearly favor the zipper configuration which exhibits the lowest

sensitivity to the bond number and no force-dependence for

the prefactor of the dissociation rate. We conclude that the

homogeneous or heterogeneous character of the force distribu-

tion, which is indeed associated to the resulting direction of the

force applied on interfacial bonds, is a determinant factor of the

kinetics of adhesion.

3.5. Significance of present results

Theoretical approach and experimental results consistently

show that the distribution of force amongst bonds organized

collectively and working stochastically fundamentally affects the

kinetics of adhesion. Depending on the size of adhesion site, the

scale at which these mechanisms operate cover a wide range of

scales: from the nanometer scale for the weak initial adhesion

sites constituted by only a few molecules (e.g., integrins and

talins) to 10 mm for the mature focal adhesion which contains

more than fifty adhesion proteins (Zamir and Geiger, 2001). The

list of adhesion molecules continue to grow and key mechanisms

that regulate signal transduction pathways and modulate adhe-

sion assembly still need to be identified (Lo, 2006). Future

challenges include the determination of how these molecules

work together as a physico-chemical complex and how their

coupling contributes to an adapted biological response. This

reinforces the need of calculating stress/strain fields exerted on

living tissues at various scales and certainly up to the smallest

molecular scales, e.g., in the lung (Suki and Bates, 2008). In this

perspective, computational fluid/solid mechanics appears for the

future as an indispensible tool to get mechanical parameters at

various scales, in various living structures and functional condi-

tions, e.g., in the lung (Elad et al., 2008). More particularly, we

find that, if the force exerted on a given adhesion site is

distributed homogeneously amongst the bonds, one may expect

a force-dependent stabilization process which dramatically

depends on bond number. Noteworthy, the stochastic theory of

parallel bonds stretched uniformly predicts a drastic reduction in

the dissociation rate compared to single bonds. Unexpectedly, the

relative decay in dissociation rate, (i.e., increase in lifetime),

of collective bonds compared to single bond is enhanced by

increasing stretching forces.

In the absence of precise knowledge about the force distribu-

tion in living tissues down to the nanoscale, it is easier to consider

that the heterogeneous force distribution better fits the standard

biological conditions. However, this is not necessarily true. We

can say that the parallel organization of bonds constitutes an

impressive means to cut down the straightforward process of

force-induced reduction in lifetime. This remarkable property of

parallel bonds – and to a lesser extent of zipper bonds – has not

been so clearly pointed out before. Experiments by AFM consti-

tute the most ideal conditions in which multiple parallel bonds

can be stretched uniformly and indeed these AFM results seem

consistent with the theory (Sulchek et al., 2005). As soon as force

distribution on multiple bonds is heterogeneous, the stabilization

process will still be effective but much less marked than in the

case of uniform distribution. This is because the totality of the

force is exerted on the leading bond(s), i.e., the proper of the

zipper configuration, and thereby the rupture force of the leading

bond, is rapidly attained. We point out here that the force

distribution applied on adhesion sites of sheared cells is likely

highly heterogeneous. This situation most likely corresponds to
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many biological situations including the frequent case of cells

sheared by the flowing blood and also the pathological cases in

general. Taking again the example of the deep lung, the highly

elevated stress sites found in diseased emphysematous lungs

suggests that heterogeneous stress distribution could weaken

adhesion sites in the deep lung and thereby contribute to the

disease (Gefen et al., 1999). Finally, another consequence of the

present approach is to show that, as soon as bonds are multiple,

with the same bond number, but stretched by different force/

stress fields, one can expect very different data in terms of bond

kinetics. Indeed, specific bond kinetics experiments performed

with tightly controlled homogeneous and heterogeneous force

distributions have to be designed to further test the presently

developed concept.
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!
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+
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+
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*)?3)#,'%9+ .%+ '%#*).&)+ '%+ '%,*.#)3363.*+ ,)%&'$%+ '%+ WXJY>&+ '%(6#)(+ /2+ ,-)+ 7)#-.%'#.3+
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E).M)%'%9+ $?+ #)33=#)33+ Z6%#,'$%&+ &6#-+ .&+ ,-)+ #.(-)*'%=#.(-)*'%+ >NO=*)3.,)(+ /$%(&<+ [-)+

?6%#,'$%.3+#$%&)\6)%#)+'&+.%+'%#*).&)+'%+;)*7)./'3',2+$?+WXJY>+7$%$3.2)*+&699)&,)(+/2+.%+

'%#*).&)+'%+,-)+3).M.9)+7).&6*)(+/2+?36$*)&#)%,+7.*M)*+A()5,*.%D+A].%9+),+.3<8+!@C!D<+
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#$%&'(#%&)*#+,$-&.*/&0()1#$*/()(2+*/3&2143,)#554&/(5#+(%&+*&+1(&678&)*$3+,+9+(3&#&:(4&.(#+9/(&

*.&+1(&;<6&0(+1*%&=1,)1&1#3&'(($&+1*/*9-154&/(>,(=(%&?@*..0#$&#$%&6/*):(/A&B""CDE&F4&

)*$+/#3+A& +1(&2#/+,#5&/(0*%(5,$-&*.& +1(&'(#%G)(55&#++#)10($+&%9/,$-&+=,3+,$-&1#3&'(($&5#/-(54&

,-$*/(%& #$%& #++/,'9+(%& +*& 3*0(& 25#3+,)& 678& %(.*/0#+,*$& =,+1& $*& /(5#+,*$& +*& ,$+(/.#),#5&

0*5()95#/& 3+/9)+9/(& ?H(5(& (+& #5EA& B""IDE& <=*& ',*5*-,)#5& .#)+*/3& #/(& ,02*/+#$+& .*/& '(#%&

#++#)10($+& +*& +1(&678& +1/*9-1& #)+,$&678& .*/0#+,*$& #$%& 3+/($-+1($,$-& *.& '(#%& #++#)10($+&

2(/0,++,$-&.*/&,$3+#$)(&/(#/=#/%&+/#$35*)#+,*$J&?KD&,$+(-/,$&#33(0'54&)#55(%&L)593+(/,$-M&*.&+1(&

,$+(-/,$3&#$%&?BD&5,-#$%&',$%,$-&?61*N9(+&(+&#5EA&KCCIO&P(53($.(5%&(+&#5EA&KCCQDE&</#$35*)#+,*$&

*.&'(#%3&)*#+(%&=,+1&PRIGK"&#+&.,/3+&.*/0&#&/(5#+,>(54&=(#:&#++#)10($+&+*&+1(&678A&#$%&+1(4&

)#$&'(&2955(%&*..&'4&#&0*%(3+&.*/)(&93,$-&#&5#3(/&+/#2&?61*N9(+&(+&#5EA&KCCIDE&79)1&#&3,+9#+,*$&

/(3(0'5(3& +1#+& ($)*9$+(/(%& %9/,$-&;<6& =1,5(& '*$%3& #/(& 39'0,++(%& +*& +1(& ,$,+,#5& /#02& *.&

5*#%,$-E&S+&(T25#,$3&=14A&,$&2/(3($+54&/(2*/+(%&)(55&(T2(/,0($+3A&0#T,090&'*$%&%(+#)10($+&

=#3&.*9$%&#+&+1(&*$3(+&*.&'(#%&+=,3+,$-E&@*=(>(/A&=1($&'(#%3&=(/(&39'U()+(%&+*&#&393+#,$(%&

.*/)(&*.&K"&3&G%9/#+,*$&*/&0*/(A&+1(&)(55&.*/03&#)+,$&678&92*$&'(#%&)*$+#)+&#$%&,$)/(#3(3&+1(&

'*$%&3+/($-+1&?61*N9(+&(+&#5EA&KCCIDE&79)1&/(,$.*/)(0($+&0*3+&5,:(54&*))9/3&,$&+1(&)*9/3(&*.&K&

0$&*.&;<6&5*#%,$-E&S+&,3&)5(#/54&(T#)(/'#+(%&'9+&$*+&3*&09)1&#.+(/&B&1*9/3&*.&)4)5,)&+=,3+,$-&

2(/.*/0(%& +1/*9-1& +1(& 3#0(& '(#%3& #3& 31*=$& ,$& @V;W63& ?X#$-& (+& #5EA& B"KBDE& 678&

/()/9,+0($+&0#4&'(&/(5#+(%& +*& +1(&.,$%,$-3& +1#+&=1($&PRG)*#+(%&'(#%3&#/(&25#)(%& ,$&)*$+#)+&

=,+1&#&)(55A&+1(4&,$%9)(%&.*/0#+,*$&*.&#$&#)+,$&678&,00(%,#+(54&9$%(/$(#+1&+1(&2*,$+&*.&'(#%&

',$%,$-&?;,4#0*+*&(+&#5EA&KCCY#O&;,4#0*+*&(+&#5EA&KCCY'DE&&
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B
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3+/(33A& (E-EA& & KA"""GBA"""& V#A& +1#+& #& )(55& )#$& (T(/+& +1/*9-1& #& -,>($& .*)#5& #%1(3,*$& 3,+(&

?;9$(>#/& (+& #5EA& B""KO& _5,>(/& (+& #5EA& KCCCDE& <1(/(.*/(A& (#)1& ,$+(-/,$& =1*3(& $90'(/& >#/,(3&

./*0&B& +*& !`& 2(/& ^0
B
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#$%$&'($)* +'&,-%#* .&/0*1* (/* 2* 34*)5&-%#*678*9:-;:* -<* %/(* </* '=/+$* ./&;$<* #$%$&'($)* =,*

0,/<-%* >>*0/(/&<* ?><:-@-0'* $(* 'ABC* "DD1E*6/AA/,* $(* 'ABC* "DDFGB* 7:$<$* $<(-0'($<* /.* (:$* ./&;$*

#$%$&'($)* 3$&* =/%)* /&* /.* (:$* )-<</;-'(-/%* &'($* =$A/%#* (/* (:$* )$($&0-%-<(-;* '33&/';:* 9:-;:*

;/%<-<(<*-%*.-%)-%#*0$'%*+'A5$<*/.*3'&'0$($&<*9:-A$*<0'AA*<;'A$*3:$%/0$%'*'&$*3&/='=-A-<(-;*

'%)*(:5<*A';H*/.*)$.-%-(-+$*+'A5$<*?I:5*$(*'ABC*JKKKGB*L5$*(/*(:$-&*<(/;:'<(-;*%'(5&$*-%:$&$%(*(/*

(:$*;:$0-<(&,*/.* &$;$3(/&MA-#'%)C* $N3$&-0$%(<*9-(:* <0'AA*%50=$&*/.*=/%)<*3$&*;$AA*05<(*=$*

(&$'($)* =,* 3&/='=-A-<(-;* (:$/&,* ./&* H-%$(-;<* /.* <0'AA* <,<($0<* ?8/O$%<MP/=$&(<* $(* 'ABC* "DDKE*

Q/..0'%* '%)* 8&/;H$&C* JKKDGB* 678* 0$(:/)* -%;A5)$)* '%* '+$&'#-%#* 3&/;$)5&$* 9:-;:* -<*

';(5'AA,* -%($#&'($)* -%* (:$* 0$'<5&$0$%(* /.* (:$* &$0'%$%(* 0'#%$(-;* .-$A)C* (:5<* &$.A$;(-%#* '%*

'+$&'#$)*=$:'+-/&*/+$&*(:$*$%(-&$*=$')*'%)*;$AA*3/35A'(-/%<B*678*'%'A,<-<*9/&H<*-%)$$)*'<*-.*

;$AA5A'&*'%)*0/A$;5A'&*=$:'+-/&<*9$&$*'<<$<<$)*.&/0*(:$*'+$&'#$)*=$:'+-/&*/.*(:/5<'%)*=$')<*

?$B#BC* "KKCKKK* =$')<* '%)* FKCKKK* ;$AA<* -%* $';:* ;5A(5&$GB* 7:5<C* =,* 3&-%;-3A$C* 3'&'0$($&<*

0$'<5&$)* =,*678* '&$* (:$* &$<5A(* /.* :/0/#$%-O'(-/%* 3&/;$<<* ?R:',/%* $(* 'ABC* JKK1G* 9:-;:*

3&/+-)$<*'*)$($&0-%-<(-;*$<(-0'(-/%*/.*0/&$*;/03A$N*<(/;:'<(-;*3&/;$<<$<*)$.-%-($A,*/;;5&&-%#*

9:-A$*./&;$<*'&$*#$%$&'($)*'%)*(&'%<0-(($)*-%*'%)*/5(*(:$*8ST*UP'53';:C*JKKV*W"1VXB**

* * * * *
*

Y%/(:$&* -03/&('%(*.$'(5&$*/.* (:$*;$AA* &$<3/%<$*(/*=$')*(9-<(-%#* -<* (:$*<(&$<<*/&*<(&'-%*

:'&)$%-%#*/=<$&+$)*0'-%A,* -%* (-<<5$*;$AA<*'%)* (/*'* A$<<$&*$N($%(* -%* A$<<* ($%<$)*-%.A'00'(/&,*

;$AA<*?Z[&[/A*$(*'ABC*JKK\GB*]$')*(9-<(-%#*&$<5A($)*-%*<-#%-.-;'%(*<5&.';$*;$AA*)$./&0'(-/%<C*?-B$BC*

"F^M2K^*;/&&$<3/%)-%#*(/*FKK*%0MJFKK*%0*<5&.';$*)-<3A';$0$%(<G*9:-;:C*-%*:-#:A,*<(&5;(5&$)*

(-<<5$* ;$AA<C* 3&/)5;$)* A/%#* )-<('%;$* )$./&0'(-/%<* ;/%(&-=5(-%#* (/* (:-<* &$3/&($)* <(&$<<M

)$3$%)$%(* -%;&$'<$* -%*<(-..%$<<B*8/53A-%#*678*9-(:* (&';(-/%*./&;$*0-;&/<;/3,*'%)*678*-%*

;/%(&';(-A$*;$AA<*<5;:*'<*:50'%*'-&9',*<0//(:*05<;A$*?QYS6G*;$AA<C*_'%#*$(*'AB*./5%)*(:'(*

;$AA*<(-..%$<<*-<* A-%$'&A,*&$A'($)*(/*3&$<(&$<<*/&*-%(&';$AA5A'&* ($%<-/%*#$%$&'($)*=,*;,(/<H$A$('A*

';(/0,/<-%* -%($&';(-/%<* ?S('0$%/+-;C* JKKFE* _'%#* $(* 'ABC* JKKJGB* 7:$<$* <(&$<<M&$A'($)*
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#$%&'()%'*+ ,$&'-)./01+ )2$21+ 03/$00+ &'/4$()(5+ '(4+ 6/$03/$001+ '/$+ #')(*7+ %.(0)03$(3+ 8)3&+ 3&$+

6/$4)%3).(+ .9+ %$**:*'/+ 3$(0$5/)37+ #.4$*0+ ;<'='4'0+ $3+ '*21+ ">>?@+ <.:5&*)(+ '(4+ A3'#$(.-)%1+

BCCD@+A3'#$(.-)%+'(4+<.:5&*)(1+BCCC@+E$(4*)(5+$3+'*21+">>>F2+G&$+3$(0$5/)37+'66/.'%&+#'7+

'*0.+ $H6*')(+ 8&7+ 3&$+ %./3)%'*+ <AI+ 03/:%3:/$+ )0+ *$00+ 3$(0$4+ 3&'(+ 3&$+ 4$$6+ <AI+ 03/:%3:/$+

;J':/$(3+ $3+ '*21+ ">>"'F2+G&$+ 03/:%3:/'*+ '66/.'%&+ + $H6*')(0+8&71+ '66*7)(5+ '+#'5($3)%+ 3./K:$+

3&/.:5&+ )(3$5/)(01+'**.80+ 3.+6/.,$+ 3&$+:(4$/*7)(5+,.3&+ 3&$+!LM03/:%3:/$+.9+ 3&$+4$$6+<AI+)(+

'44)3).(+3.+3&$+"LM03/:%3:/$+.9+3&$+%$**+%./3$H+;J':/$(3+$3+'*21+">>"'@+J':/$(3+$3+'*21+">>!F2+

+

D2 <NO<JPAQNOA+ROL+STUAST<GQVTA+

+

+ E$+&$/$)(+4$#.(03/'3$+3&'3+3&$+#'5($3)%+,$'4+38)03)(5+#$3&.4+;WG<F+8&)%&+'66*)$0+'+

3/'(0)$(3+03/$00+3.+3&$+)(3$5/)(M<AI+0703$#+.-$/+'+*'/5$+(:#,$/+.9+*)-)(5+%$**01+%.(3')(0+X$7+

)(9./#'3).(+ .(+ %$**:*'/+ '4&$0).(+ 3&'3+ %'(+ ,$+ '00$00$4+ )(+ '44)3).(+ 3.+#$%&'()%'*+ 6/.6$/3)$02+

WG<+ %'(+ ,$+ '4-'(3'5$.:0*7+ %.#,)($4+ 8)3&+ .3&$/+ 3$%&()K:$0+ 0:%&+ '0+ 0)5('*+ 3/'(04:%3).(+

$H6$/)#$(30+./+5$($+3/'(0%/)63).(+'%3)-'3).(+)(+./4$/+3.+#$'0:/$+<AI+#$%&'()%'*+6/.6$/3)$0+

./+ 03:47+ 3&$+ /.*$+ .9+ %73.0X$*$3'*+ 3$(0).(+ )(+ 6'/'**$*+ 3.+ 3&$+ $-'*:'3).(+ .9+ 06$%)9)%+

#$%&'(.3/'(04:%3).(+./+0)5('*)(5+6'3&8'70+;<&$(+$3+'*21+">>B@+Y:+$3+'*21+">>!@+W$7$/+$3+'*21+

">>>F+./+3.+03:47+3&$+%$**:*'/+/$06.(0$+3.+#$%&'()%'*+03)#:*'3).(+'0+6/$0$(3*7+4.($2+G&:01+)3+

8.:*4+ ,$+ .9+ )(3$/$03+ .9+ K:'(3)97)(5+ %$**:*'/+ '4&$0).(+ 8&)*$+ WG<+ )0+ %.#,)($4+ 8)3&+ .3&$/+

3$%&()K:$0+'0+6/$0$(3*7+0&.8(+9./+#$%&'()%'*+03)#:*'3).(2++

+ R+ #'Z./+ $-.*:3).(+ &'0+ ,$$(+ 4.($+ ,7+ %.:6*)(5+ WG<+ #$3&.4+ 8)3&+ #)%/.0%.6)%+

-)0:'*)['3).(+8&)%&+)0+:0:'**7+#'4$+'3+3&$+0)(5*$+%$**+*$-$*2+G&)0+)0+'%&)$-$4+,7+9',/)%'3)(5+'+

4$-)%$+%.(3')()(5+./3&.5.('*+Y$*#&.*3[+%.)*0+6*'%$4+.(+'+#)%/.0%.6)%+03'5$2+Q(+0:%&+'+%'0$1+

38)03)(5+9./%$0+'/$+'66*)$4+3.+#'(7+,$'40+.(+'+%$**+8&)*$+:0)(5+.63)%'*+3$%&()K:$0+$(',*$0+3.+

'('*7[$+ *.%'**7+ 3&$+ 03/:%3:/$+ '(4+ 3&$+ ,).%&$#)%'*+ /$06.(0$+ .9+ ,$'40+ *.%'3$4+ )(+ 06$%)9)%+
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"#$%&%#'$( #'( &)*( +*,,( $-./0+*( #.( %'$%1*( &)*( +2&#",0$34( 5)*( +#-",%'6( 7*&8**'( 95:( 0'1(

;%$-0,%<0&%#'()0$(7**'(01;0'&06*#-$,2(-$*1(=%>(&#(+)0.0+&*.%<*(&)*(/.*?-*'+2(.*$"#'$*(8%&)(&)*(

$#@+0,,*1( #$+%,,0&#.2(95:( =A07.2( *&( 0,4B( CDDE>B( =%%>( &#( *F",#.*( '0'#$+0,*( 1%$",0+*3*'&$( #/(

3#,*+-,0.(*,*3*'&$(0'1($&.*$$(1%$&.%7-&%#'(%'$%1*(&)*(+2&#",0$3(0'1(&)*('-+,*-$(8%&)(&)*($#@

+0,,*1( !G( 306'*&%+( &#3#6.0")2( =H-( *&( 0,4B( CDD!>B( =%%%>( &#( $&-12( 3*+)0'%+0,( 0'%$#&.#"2( #/(

01)*.*'&(+*,,$($"0&%0,,2(".#7*1(=H-(*&(0,4B(CDDI>4((

( J*01( &8%$&%'6( )0$( 7*+#3*( 0( 6*'*.%+( 3*&)#1( 8)%+)( "*.3%&$( 0( 8%1*( "0'*,( #/(

0"",%+0&%#'$(%'(,%;%'6(+*,,$(+-,&-.*1(#'(CG($-7$&.0&*$4(K&(%$()#8*;*.(%3"#.&0'&(&#(3*'&%#'(&)0&(

/-&-.*(0"",%+0&%#'$(#/(95:(+#-,1(+#'+*.'(&)*(+*,,-,0.(.*$"#'$*(%'(!G('*&8#.L$B(*464B(;0.%#-$(

+#,,06*'$(#.( 6*,$( #/( 1%//*.*'&( +#'+*'&.0&%#'$( 0'1(3*+)0'%+0,( ".#"*.&%*$4(5#(#-.( L'#8,*16*B(

$-+)( 0"",%+0&%#'$( )0;*( '#&( 2*&( 7**'( *F",#.*1( 0,&)#-6)( &)*.*( %$( '#( &*+)'%+0,( ,%3%&0&%#'( &#(

*F&*'1(&)*(.*30'*'&(306'*&%+(/%*,1(3*0$-.*3*'&$(&#(!G(*';%.#'3*'&$(%'(8)%+)(+*,,$(".#7*1(

8%&)( 7*01$( 0.*( %33*.$*14( K'( ;%;#B( &)*( &%$$-*( %$( 0( '*&8#.L( #/( &).**@1%3*'$%#'0,,2(

%'&*.+#''*+&*1( 3-,&%;0,*'&( M:9( ,%60'1$B( ".*1#3%'0'&,2( +#'$%$&%'6( #/( 0( +#,,06*'( /%7*.(

70+L7#'*( %'&*.+#''*+&*1( 8%&)( /%7.#'*+&%'B( )20,-.#'0'B( 0'1( #&)*.( +#3"#'*'&$4 5)*( ;0$&(

30N#.%&2(#/(+*,,-,0.(0'1($-7+*,,-,0.(3*+)0'%+0,($&-1%*$()0;*(7**'("*./#.3*1(#'(+*,,$(0&&0+)*1(

&#(CG($-7$&.0&*$B(8)*.*0$(,*$$(0&&*'&%#'()0$(7**'(6%;*'(&#(&)*(3#.*(")2$%#,#6%+0,B(.*0,%$&%+(!G(

30&.%F(*';%.#'3*'&4(A-.&)*.3#.*B('*0.,2(0,,(#/(&)*$*(+*,,(.)*#,#6%+0,($&-1%*$()0;*(/#+-$*1(#'(

6*,$( 8%&)( )%6)( $&%//'*$$( ;0,-*$( %6'#.%'6( $#/&*.( $-7$&.0&*$( 8)%,*( &)*2( .*".*$*'&( %'( 0( 3#.*(

.*0,%$&%+( /0$)%#'( &)*( *F&.0+*,,-,0.( %'( ;%;#( +#'1%&%#'4( 95:( 0"",%*1( &#( ,%;%'6( +*,,$( %'( !G@
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! "\0!

G6667* [&04&,9$-:;&"*

>W)a!b#!='5!P#![=c)-+F-!d1CCUe#!fI^G"g!8)5-=()4!,-'c=?)!&V!(F)!+=5F)2-'!+=()'-'!+&8<,)*!(&!XJ

=+(-'!='5!4(=W-,-N)4!(F)!+-2+/8V)2)'(-=,!=+(-'!W),(#f!^2&+!g=(,!>+=5!6+-!h!6!>!7ULd$ei!$AJ
$E#!

>cF(=a! g#a! 6#! %=2,4&a! >#! ^)4=2-'-a! g#! >8W/,&4! ='5! >#! ^=44='-(-! d1CC$e#! fI*(2=+),,/,=2! 8=(2-*J

5)2-B)5! ='?-&?)'-+! V=+(&2d4e! -'F-W-(! )'5&(F),-=,! +),,! <2&,-V)2=(-&'a! )'F='+)!

5-VV)2)'(-=(-&'a!='5!4(-8/,=()!='?-&?)')4-4!-'!B-B&#f!I'5&(F),-/8!RdAei!11$J1AK#!
>,W),5=a!6#!P#a!P#!9=-4)a!I#!P#!G)B-')!='5!%#!>#!j/+c!d$EUEe#!f"5)'(-V-+=(-&'!='5!+F=2=+()2-N=(-&'!

&V!+),,J4/W4(2=(/8!=5F)4-&'!2)+)<(&24!&'!+/,(/2)5!F/8='!)'5&(F),-=,!+),,4#f!D!%,-'!"'B)4(!

RMdYei!$EE1J1CC1#!
>,)'?F=(a! X#! D#a! j#! X=W27a! b#! k#! [4=-a!_#! l#! T&,58=''! ='5! 9#! I#! "'?W)2! d1CCCe#! f>'=,74-4! &V! +),,!

8)+F='-+4!-'!4-'?,)!B-'+/,-'J5)V-+-)'(!+),,4!/4-'?!=!8=?')(-+!(m))N)2#f!j-&+F)8!j-&<F74!

;)4!%&88/'!800d$ei!EAJEE#!
>,)*='5)2a!D#!6#a!_#!X#!^=((&'a!P#!h#!k&&'!='5!9#!6F)<2&!d$EE$e#!f%7(&c)2=(-'!V-,=8)'(!8&5/,=(-&'!

-'!</,8&'=27!8-+2&B)44),!)'5&(F),-=,!+),,4!W7!B=4&=+(-B)!=?)'(4!='5!+/,(/2)!+&'V,/)'+7#f!

[-44/)!%),,!8Md1ei!$K$J$LC#!
>8=(&a!P#!j#a!%#! 6#!j=2W=4a!9#!P#!P)5)-2&4a!;#!j#!P=?=,5-a!T#!^#! 6+F)((-'&a!T#!G&2)'N-JX-,F&a!;#!>#!

b=-2=,,=a!9#!9)F)-'N),-'a!%#!P/'&Na!;#!n,-B)-2=a![#!k#![=c=?=c-!='5!%#!;#!%=2B=,F&!d$EEUe#!

fIVV)+(!&V!=!<2&()+(-B)JB)'(-,=(-&'!4(2=()?7!&'!8&2(=,-(7!-'!(F)!=+/()!2)4<-2=(&27!5-4(2)44!

47'52&8)#f!g!I'?,!D!P)5!MMRdYei!AK0JALK#!
>'?),-'-a!9#!D#a!6#!_#!l7/'a!9#!g#!T2-?&27)Ba!^#!T=2?a!^#!T&'?a!"#!6#!6-'?Fa!>#!^=44='-(-a! D#!9#!l=45=7!

='5! 6#! I#! T&,5W,/8! d1CCYe#! f[gXJ=,<F=! -'+2)=4)4! (72&4-')! <F&4<F&27,=(-&'! &V! B=4+/,=2!

)'5&(F),-=,! +=5F)2-'! ='5! &<)'4! (F)! <=2=+),,/,=2! <=(Fm=7! (F2&/?F! V7'! =+(-B=(-&'! -'!

F/8='!,/'?!)'5&(F),-=#f!>8!D!^F74-&,!G/'?!%),,!P&,!^F74-&,!847dYei!G$1A1J$1KL#!
>2'=&/(a! P#! >#a! j#! P=F=,-'?=8! ='5! D#! ^#! o-&'?! d1CCLe#! f"'()?2-'! 4(2/+(/2)a! =,,&4()27a! ='5!

W-5-2)+(-&'=,!4-?'=,-'?#f!>''/!;)B!%),,!9)B!j-&,!87i!AU$JK$C#!
>4FW=/?Fa!9#!T#a!9#!j#!j-?),&ma![#!G#!^)((7!='5!j#!I#!G)B-')!d$EY0e#!f>+/()!2)4<-2=(&27!5-4(2)44!-'!

=5/,(4#f!G='+)(!8d0L$$ei!A$EJA1A#!
>/22='5JG-&'4a! P#a! G#! 9/'+='a! %#! j=,,)4(2)8! ='5! j#! >#! "8F&V! d1CC$e#! fD>PJ1a! =! '&B),!

-88/'&?,&W/,-'!4/<)2V=8-,7!8&,)+/,)a!)*<2)44)5!W7!)'5&(F),-=,!='5! ,78<F=(-+!+),,4#f! D!

j-&,!%F)8!80YdKei!10AAJ10K$#!
>/22='5JG-&'4a! P#a! %#! D&F'4&'JG)?)2a! %#! _&'?a! G#! 9/! ^=4./-)2! ='5! j#! >#! "8F&V! d1CC$e#!

fl)()2&?)')-(7! &V! )'5&(F),-=,! R/'+(-&'4! -4! 2)V,)+()5! W7! 5-VV)2)'(-=,! )*<2)44-&'! ='5!

4<)+-V-+!4/W+),,/,=2!,&+=,-N=(-&'!&V!(F)!(F2))!D>P!V=8-,7!8)8W)24#f!j,&&5!4Rd$Aei!AYEEJ
A0C0#!

j=+F&V)'a! P#! ='5! I#! ;#! _)-W),! d$E00e#! f>,()2=(-&'4! &V! (F)! ?=4! )*+F='?)! =<<=2=(/4! -'! =5/,(!

2)4<-2=(&27! -'4/VV-+-)'+7! =44&+-=()5!m-(F! 4)<(-+)8-=#f! >8!;)B!;)4<-2!9-4!77YdKei! LUEJ
Y$L#!

j=c)2a!I#!G#!='5!P#!l#!p=8='!d1C$Ce#!f[F)!W-&8)+F='-+=,!-'()?2-'#f!D!j-&8)+F!NMd$ei!AUJKK#!
j=,5=a!P#!6#!='5!b#!P=(()2!d1CCCe#!f[2='48)8W2=')!<2&()-'4!&V!(-?F(!R/'+(-&'4#f!6)8-'!%),,!9)B!

j-&,!77dKei!1U$J1UE#!
j=8W/2?a! D#! ;#! d$EEEe#! f^2&()-'4! &V! (F)! >9XM+&V-,-'! V=8-,7i! )44)'(-=,! 2)?/,=(&24! &V! =+(-'!

57'=8-+4#f!>''/!;)B!%),,!9)B!j-&,!7Li!$ULJ1AC#!
j=/8)-4()2a!h#a!;#!X/'c)a!b#!IW')(a!l#!H&24+F8-((a!6#!b&+F!='5!9#!H)4(m)W)2!d1CCLe#!f>44&+-=(-&'!

&V!%4c!(&!HIJ+=5F)2-'!='5!-'F-W-(-&'!&V!+),,!<2&,-V)2=(-&'#f!IPjn!D!8NdEei!$YUYJ$YEL#!
j=/8?=2(')2a! _#a! ^#! l-'()25&2V)2a! _#! g)44a! >#! ;==Wa! 9#! H)4(m)W)2a! l#! 6+F-'5,)2! ='5! 9#!

92)'+cF=F'! d1CCCe#! f%=5F)2-'! -'()2=+(-&'! <2&W)5! W7! =(&8-+! V&2+)! 8-+2&4+&<7#f! ^2&+!

g=(,!>+=5!6+-!h!6!>!40dUei!KCCLJKC$C#!



O%L&%.H)*<A%$!

! "\1!

j=NN&'-a!T#!d1CCAe#!f[F)!D>P!V=8-,7!&V!R/'+(-&'=,!=5F)4-&'!8&,)+/,)4#f!%/22!n<-'!%),,!j-&,!7LdLei!
L1LJLAC#!

j=NN&'-a!T#!d1CCYe#!fI'5&(F),-=,!(-?F(!R/'+(-&'4i!<)28)=W,)!W=22-)24!&V!(F)!B)44),!m=,,#f![F2&8W!

l=)8&4(!4Ld$ei!AYJK1#!
j=NN&'-a!T#!='5!I#!9)R='=!d1CCKe#!fI'5&(F),-=,!+),,J(&J+),,!R/'+(-&'4i!8&,)+/,=2!&2?='-N=(-&'!='5!

2&,)!-'!B=4+/,=2!F&8)&4(=4-4#f!^F74-&,!;)B!RNdAei!UYEJEC$#!
j),,a!T#!"#!d$E0Ue#!fP&5),4!V&2!(F)!4<)+-V-+!=5F)4-&'!&V!+),,4!(&!+),,4#f!6+-)'+)!8UUdKAK1ei!Y$UJY10#!
j)'-'?&a! b#! >#! ='5! k#! G#! _='?! d1CC1e#! fX+J2)+)<(&2J8)5-=()5! <F=?&+7(&4-4! -4! 2)?/,=()5! W7!

8)+F='-+=,!<2&<)2(-)4!&V!(F)!(=2?)(#f!D!%),,!6+-!77Ld^(!Kei!UKEJULY#!
j)2?a! D#! [#a! p#! X/a! I#! %#!j2))'a!l#! %#! [2='a!n#!P=(F-)/J%&4(),,&! ='5! D#! j#!_)4(! d$EE0e#! fl-?F! ,/'?!

-'V,=(-&'! -'+2)=4)4! 8;g>! ,)B),4! &V! I%P! +&8<&')'(4! ='5! ?2&m(F! V=+(&24! -'! ,/'?!

<=2)'+F78=#f!D!><<,!^F74-&,!d$EULe!RMd$ei!$1CJ$1U#!
j)24F=54c7a!>#a!>#!%F=/4&B4c7a!I#!j)+c)2a!>#!G7/W-8&B=!='5!j#!T)-?)2! d$EEYe#! f"'B&,B)8)'(!&V!

8-+2&(/W/,)4!-'!(F)!+&'(2&,!&V!=5F)4-&'J5)<)'5)'(!4-?'=,!(2='45/+(-&'#f!%/22!j-&,!Yd$Cei!
$10EJ$1UE#!

jF=((=+F=27=a!6#a!%#!X/a!D#!jF=((=+F=27=!='5!6#!T2))'W)2?!d$EELe#!f6&,/W,)!,-?='54!&V!(F)!=,<F=!B!

W)(=! A! -'()?2-'! 8)5-=()! )'F='+)5! (72&4-')! <F&4<F&27,=(-&'! &V! 8/,(-<,)! <2&()-'4! -'!

=5F)2)'(! W&B-')! </,8&'=27! =2()27! )'5&(F),-=,! +),,4#f! D! j-&,! %F)8! 80Ud1Uei! $Y0U$J
$Y0U0#!

jF=((=+F=27=a! 6#a!;#!^=(),a!g#! 6)'a! 6#!q/=52-a!b#!^=2(F=4=2=(F-! ='5! D#!jF=((=+F=27=! d1CC$e#! f9/=,!

4-?'=,-'?!W7!(F)!=,<F=dBeW)(=dAeJ-'()?2-'!=+(-B=()4!+7(&4&,-+!^G>d1e!-'!W&B-')!</,8&'=27!

=2()27!)'5&(F),-=,!+),,4#f!>8!D!^F74-&,!G/'?!%),,!P&,!^F74-&,!8RUdLei!G$CKEJ$CLY#!
jF=((=+F=27=a! 6#a! o#! k-'?a! %#! X/a! ;#! ^=(),a!_#! b/)W,)2a! 6#! T2))'W)2?! ='5! D#! jF=((=+F=27=! d1CCCe#!

f=,<F=dBeW)(=dAe! -'()?2-'! -'5/+)4! (72&4-')!<F&4<F&27,=(-&'J5)<)'5)'(!%=d1re! -'V,/*! -'!

</,8&'=27!)'5&(F),-=,!+),,4#f!%-2+!;)4!RYdKei!KLYJKY1#!
jF/,,=2a!"#!6#a!k#!6#!G-a!l#!P-=&a!I#!p='5-a!P#!b-8a!D#!k#!6F77!='5!6#!%F-)'!d$EEUe#!fX,/-5!4F)=2!4(2)44!

=+(-B=(-&'!&V!"c=<<=j!c-'=4)!-4!-'()?2-'J5)<)'5)'(#f!D!j-&,!%F)8!80MdKYei!ACLKKJACLKE#!
j-='+F-a! %#a! X#!_#! 6),,c)a! ;#! G#! 9),! H)++F-&a! g#! b#! [&'c4! ='5! j#! T#! g)),! d$EEEe#! f;)+)<(&2J(7<)!

<2&()-'J(72&4-')! <F&4<F=(=4)!8/! -4! )*<2)44)5! -'! 4<)+-V-+! B=4+/,=2! )'5&(F),-=,! W)54! -'!

B-B&#f!I*<!%),,!;)4!8NRd$ei!A1EJAAU#!
j-''-?a! T#a! %#! X#! q/=()! ='5! %#! T)2W)2! d$EUYe#! f>(&8-+! V&2+)!8-+2&4+&<)#f! ^F74!;)B! G)((!LYdEei!

EACJEAA#!

j-2/c&Ba! b#! T#a! D#! ;#! D=+&W4&'a! >#! >#! X,&2)4a! 6#! q#! k)a! >#! >#! j-2/c&B=a! >#! 9#! H)2-'! ='5! D#! T#! T=2+-=!

d1CCAe#!fP=?'-(/5)J5)<)'5)'(!2)?/,=(-&'!&V!</,8&'=27!)'5&(F),-=,!+),,!W=22-)2!V/'+(-&'!

W7!+7+,-+!4(2)(+F#f!>8!D!^F74-&,!G/'?!%),,!P&,!^F74-&,!8RLdKei!G0ULJ0E0#!
j-2/c&B=a!>#!>#a!b#!T#!j-2/c&Ba!9#!>574F)Ba!^#!h4=(7/ca!H#!g=(=2=R='a! D#!T#!T=2+-=!='5!>#!9#!H)2-'!

d1CCLe#! f"'B&,B)8)'(! &V! 8-+2&(/W/,)4! ='5! ;F&! <=(Fm=7! -'! [TXJW)(=$J-'5/+)5! ,/'?!

B=4+/,=2!W=22-)2!574V/'+(-&'#f!D!%),,!^F74-&,!8UNdAei!EAKJEK0#!
j-2/c&B=a! >#! >#a! b#! 68/2&B=a! b#! T#! j-2/c&Ba! ^#! h4=(7/ca! X#! G-/a! b#! b=-W/+F-a! >#! ;-+c4J%&25a! H#!

g=(=2=R='a!"#!>,-)B=a!D#!T#!T=2+-=!='5!>#!9#!H)2-'!d1CCKe#!fP-+2&(/W/,)!5-4=44)8W,7!-'5/+)4!

+7(&4c),)(=,! 2)8&5),-'?! ='5! ,/'?! B=4+/,=2! W=22-)2! 574V/'+(-&'i! 2&,)! &V! ;F&J5)<)'5)'(!

8)+F='-484#f!D!%),,!^F74-&,!8U7d$ei!LLJ0C#!
j&28=''a! j#! D#a! %#! b#! l/='?a! T#! X#! G=8! ='5! I#! >#! D=VV)! d$EUYe#! f[F2&8W-'J-'5/+)5! B-8)'(-'!

<F&4<F&27,=(-&'! -'! +/,(/2)5! F/8='! /8W-,-+=,! B)-'! )'5&(F),-=,! +),,4#f! D! j-&,! %F)8!

8Y7d1Aei!$CK0$J$CK0K#!
j2&&c4a!^#!%#a!;#!>#!%,=2c!='5!9#!>#!%F)2)4F!d$EEKe#!f;)./-2)8)'(!&V!B=4+/,=2!-'()?2-'!=,<F=!B!W)(=!

A!V&2!='?-&?)')4-4#f!6+-)'+)!8YNdL$LUei!LYEJL0$#!
j2&m'a!P#!%#!='5!%#!I#![/2')2!d1CCKe#! f^=*-,,-'i!=5=<(-'?! (&!+F='?)#f!^F74-&,!;)B!RNdKei!$A$LJ

$AAE#!

j2&m'a!P#!9#! ='5!9#!j#! 6=+c4! d1CCYe#! f"qT>^$! -'! +),,/,=2! 4-?'=,-'?i!W2-5?-'?! (F)!T>^#f![2)'54!

%),,!j-&,!7YdLei!1K1J1KE#!
j/22-5?)a! b#a! b#! X=(Fa! [#! b),,7a! T#! g/+c&,,4! ='5! %#! [/2')2! d$EUUe#! fX&+=,! =5F)4-&'4i!

(2='48)8W2=')!R/'+(-&'4!W)(m))'!(F)!)*(2=+),,/,=2!8=(2-*!='5!(F)!+7(&4c),)(&'#f!>''/!

;)B!%),,!j-&,!Ni!KU0JL1L#!



O%L&%.H)*<A%$!

! "\2!

j/2/()a! P#! ='5! P#! [F)27! d1C$1e#! f6<=(-=,! 4)?2)?=(-&'! W)(m))'! +),,J+),,! ='5! +),,J8=(2-*!

=5F)4-&'4#f!%/22!n<-'!%),,!j-&,!8NdLei!Y1UJYAY#!
j/4+Fa! %#a! %#! GR/'?8='a! %#!P#!l),5-'a! I#!_=4c4&'! ='5!j#!nW2-'c! d$E0Ee#! f6/2V=+)!<2&<)2(-)4! &V!

+/,(/2)5!)'5&(F),-=,!+),,4#f!l=)8&4(=4-4!RdAJLei!$K1J$KU#!
%=2,-)2a! P#! X#a! H#! G=/2)'(a! D#! 6='(&,-'-a! ;#! P),c-a! 9#! 9-527a! T#! o#! o-=a! k#! l&'?a! g#! l#! %F/=! ='5! 9#!

^='(=,&'-! d$EE0e#! f>+(-'! 5)<&,78)2-N-'?! V=+(&2! d>9XM+&V-,-'e! )'F='+)4! (F)! 2=()! &V!

V-,=8)'(!(/2'&B)2i!-8<,-+=(-&'!-'!=+(-'JW=4)5!8&(-,-(7#f!D!%),,!j-&,!7MYdYei!$AC0J$A11#!
%=2,(&'a! 9#! ^#a! D#! D#! %/88-'?4a! ;#! T#! 6+F))2)2a! X#! ;#! ^&/,=-'! ='5! ;#! 9#! j,='5! d$EECe#! fG/'?!

&B)2)*<='4-&'! -'+2)=4)4! </,8&'=27! 8-+2&B=4+/,=2! <2&()-'! <)28)=W-,-(7! -'! 7&/'?!

,=8W4#f!D!><<,!^F74-&,!d$EULe!Y4d1ei!L00JLUA#!
%=28),-)(a!^#a!P#!T#!G=8</?'='-a!G#!P&&'4a!X#!j2)B-=2-&a!H#!%&8<)2'&,,)a!X#!j&'&a!T#!j=,+&'-a!;#!

6<=?'/&,&a!j#!n&4(F/74)a!P#!9)m)2+F-'a!>#!p=')((-a!>#!>'?),,-,&a!H#!P=((&(a!9#!g/7)'4a!I#!

G/(?)'4a!X#!%,&(8='a!P#!%#!5)!;/-()2a!>#!T-(()'W)2?)2J5)!T2&&(a!;#!^&),8=''a!X#!G/</a!D#!P#!

l)2W)2(a!9#!%&,,)'!='5!I#!9)R='=!d$EEEe#!f[=2?)()5!5)V-+-)'+7!&2!+7(&4&,-+!(2/'+=(-&'!&V!

(F)! HIJ+=5F)2-'! ?)')! -'! 8-+)! -8<=-24! HITXJ8)5-=()5! )'5&(F),-=,! 4/2B-B=,! ='5!

='?-&?)')4-4#f!%),,!4Rd1ei!$K0J$L0#!
%=((),-'&a!>#a!6#!G-)W')2a!;#!T=,,-'-a!>#!p=')((-a!T#!j=,+&'-a!>#!%&24-a!^#!j-='+&a!l#!_&,W/2?a!;#!P&&2)a!

j#! n2)5=a! ;#! b)8,)2! ='5! I#! 9)R='=! d1CCAe#! f[F)! +&'5-(-&'=,! -'=+(-B=(-&'! &V! (F)! W)(=J

+=()'-'! ?)')! -'! )'5&(F),-=,! +),,4! +=/4)4! =! 5)V)+(-B)! B=4+/,=2! <=(()2'! ='5! -'+2)=4)5!

B=4+/,=2!V2=?-,-(7#f!D!%),,!j-&,!7Y8dYei!$$$$J$$11#!
%F)'a! %#! ='5! >#! >#! T)m-2(F! d$EE1e#! f"'! 4-(/! &W4)2B=(-&'! &V! 8&'&,=7)2! 4(2/+(/2)4! &V!

/'5)2<&()'(-=,,7!5)<&4-()5!l?!&'!>/d$$$e!m-(F!(F)!=(&8-+!V&2+)!8-+2&4+&<)#f!^F74!;)B!

G)((!YRd$Cei!$L0$J$L0K#!
%F)'a!%#!6#!d1CCUe#!fP)+F='&(2='45/+(-&'!J!=!V-),5!</,,-'?!(&?)(F)2sf!D!%),,!6+-!787d^(!1Cei!A1ULJ

A1E1#!

%F)'a!%#!6#a!D#!G#!>,&'4&a!I#!n4(/'-a!T#!P#!_F-()4-5)4!='5!9#!I#!"'?W)2!d1CCAe#!f%),,!4F=<)!<2&B-5)4!

?,&W=,!+&'(2&,!&V!V&+=,!=5F)4-&'!=44)8W,7#f!j-&+F)8!j-&<F74!;)4!%&88/'!MU0d1ei!ALLJ
AY$#!

%F)'a! D#a! j#! X=W27a! I#! G#! 6+F-VV2-'! ='5! g#! _='?! d1CC$e#! f[m-4(-'?! -'()?2-'! 2)+)<(&24! -'+2)=4)4!

)'5&(F),-'J$! ?)')! )*<2)44-&'! -'! )'5&(F),-=,! +),,4#f! >8! D! ^F74-&,! %),,! ^F74-&,! 8RUdYei!
%$K0LJ$KUK#!

%F)'a!b#!9#a!k#!6#!G-a!P#!b-8a!6#!G-a!6#!k/='a!6#!%F-)'!='5!D#!k#!6F77!d$EEEe#!fP)+F='&(2='45/+(-&'!-'!

2)4<&'4)! (&! 4F)=2! 4(2)44#! ;&,)4! &V! 2)+)<(&2! (72&4-')! c-'=4)4a! -'()?2-'4a! ='5! 6F+#f! D! j-&,!

%F)8!80Nd1Yei!$UAEAJ$UKCC#!
%F)'a!k#a! D#!%=-a!q#!o/!='5!p#!_#!%F)'!d1CCKe#!f>(&8-+!V&2+)!W-&J='=,7(-+4!&V!<&,78)2-N=(-&'!='5!

=??2)?=(-&'! &V! <F7+&)27(F2-'J+&'R/?=()5! -88/'&?,&W/,-'! T! 8&,)+/,)4#f! P&,! "88/'&,!

N7d$1ei!$1K0J$1L1#!
%F)'?a!k#!X#!='5!;#!l#!b2=8)2!d$EUEe#!fl/8='!8-+2&B=4+/,=2!)'5&(F),-=,!+),,4!)*<2)44!-'()?2-'J

2),=()5! +&8<,)*)4! (F=(! 8)5-=()! =5F)4-&'! (&! (F)! )*(2=+),,/,=2! 8=(2-*#f! D! %),,! ^F74-&,!

7M4d1ei!10LJ1UY#!
%F-+/2),a!P#!I#a!%#!6#!%F)'!='5!9#!I#!"'?W)2!d$EEUe#!f%),,/,=2!+&'(2&,!,-)4!-'!(F)!W=,='+)!&V!V&2+)4#f!

%/22)'(!n<-'-&'!-'!%),,!j-&,&?7!7Ud1ei!1A1J1AE#!
%F&<2=a! >#a! I#! [=W5='&Ba! l#! ^=(),a! ^#! >#! D='8)7! ='5! D#! k#! b2)4F! d1C$$e#! f%=25-=+! 87&+7()!

2)8&5),-'?! 8)5-=()5! W7! gJ+=5F)2-'J5)<)'5)'(! 8)+F='&4)'4-'?#f! >8! D! ^F74-&,! l)=2(!

%-2+!^F74-&,!MUUdKei!l$1L1J$1YY#!
%F&./)(a! 9#a! 9#! ^#! X),4)'V),5! ='5! P#! ^#! 6F))(N! d$EE0e#! fI*(2=+),,/,=2! P=(2-*! ;-?-5-(7! %=/4)4!

6(2)'?(F)'-'?!&V!"'()?2-'J%7(&4c),)(&'!G-'c=?)4#f!%),,!RRi!AEJKU#!
%F2N='&m4c=J_&5'-+c=a! P#! ='5! b#! j/22-5?)! d$EEYe#! f;F&J4(-8/,=()5! +&'(2=+(-,-(7! 52-B)4! (F)!

V&28=(-&'!&V!4(2)44!V-W)24!='5!V&+=,!=5F)4-&'4#f!D!%),,!j-&,!7MMdYei!$KCAJ$K$L#!
%F/a! k#! 6#a!_#!>#! [F&8=4a!n#! I5)2a! X#! ^-'+)(a! I#! ^)2)Na! D#! ^#! [F-)27! ='5! 6#!9/V&/2! d1CCKe#! fX&2+)!

8)=4/2)8)'(4!-'!IJ+=5F)2-'J8)5-=()5!+),,!5&/W,)(4!2)B)=,!2=<-5!=5F)4-&'!4(2)'?(F)')5!

W7!=+(-'!+7(&4c),)(&'!2)8&5),-'?!(F2&/?F!;=+!='5!%5+K1#f!D!%),,!j-&,!7Y0dYei!$$UAJ$$EK#!
%-2-'&a! T#a! %#! g=<&,-a! P#! j/++-! ='5! %#! %-+=,=! d1CCCe#! f"'V,=88=(-&'J+&=?/,=(-&'! ')(m&2ci! =2)!

4)2-')!<2&()=4)!2)+)<(&24!(F)!c'&(sf![2)'54!^F=28=+&,!6+-!87dLei!$0CJ$01#!



O%L&%.H)*<A%$!

! "\3!

%,=2ca! ^#! d$EEKe#! fP&5/,=(-&'! &V! 4+=(()2! V=+(&2MF)<=(&+7()! ?2&m(F! V=+(&2! =+(-B-(7! W7! +),,J

4/W4(2=(/8!=5F)4-&'#f!D!%),,!6+-!7U0&]&Z$&L^i!$1YLJ$10L#!
%&F,)2a! G#! X#a! [#!P#! 6=W=! ='5! I#! ^#! G)m-4! d$EULe#! fG/'?! B=4+/,=2! -'R/27!m-(F! <2&()=4)! -'V/4-&'#!

;),=(-&'4F-<!(&!<,=48=!V-W2&')+(-'#f!>''!6/2?!8U8d1ei!1KCJ1K0#!
%&,/++-JT/7&'a! I#a! P#! P#! ^&2(-)2a! "#! 9/'-=a! 9#! ^=/,-'a! 6#! ^&/2'-'! ='5! %#! j=W-')(! d$EEKe#! fP-+)!

,=+c-'?! B-8)'(-'! 5)B),&<! ='5! 2)<2&5/+)! m-(F&/(! ='! &WB-&/4! <F)'&(7<)#f! %),,! 04dKei!
Y0EJYEK#!

%&2=5=a! P#a! P#! P=2-&((-a! T#! [F/24(&'a! b#! 68-(Fa! ;#! b/'c),a! P#! j2&+cF=/4a! P#! T#! G=8</?'='-a! "#!

P=2(-'J^=5/2=a! >#! 6(&<<=++-=2&a! G#! ;/+&a! 9#! P#! P+9&'=,5a! ^#! >#! _=25! ='5! I#! 9)R='=!

d$EEEe#! fH=4+/,=2! )'5&(F),-=,J+=5F)2-'! -4! ='! -8<&2(='(! 5)()28-'='(! &V! 8-+2&B=4+/,=2!

-'()?2-(7!-'!B-B&#f!^2&+!g=(,!>+=5!6+-!h!6!>!4Yd$0ei!EU$LJEU1C#!
%&/?F,-'a!P#! X#! ='5! 9#! 6(=8)'&B-+! d$EE0e#! f>! ()'4)?2-(7! 4(2/+(/2)!m-(F! W/+c,-'?! +&8<2)44-&'!

),)8)'(4i!><<,-+=(-&'! (&!+),,!8)+F='-+4#f! D&/2'=,!&V!><<,-)5!P)+F='-+4J[2='4=+(-&'4!&V!

(F)!>48)!YNdAei!KUCJKUY#!
%&/?F,-'a!P#!X#!='5!9#!6(=8)'&B-+!d$EEUe#!f>![)'4)?2-(7!P&5),!&V!(F)!%7(&4c),)(&'!-'!6<2)=5!='5!

;&/'5!%),,4#f!D&/2'=,!&V!j-&8)+F='-+=,!I'?-'))2-'?!78Ui!00CJ000#!
%2=mV&25a!>#!_#a! D#!_#!P-+F),4)'!='5!P#!%#!j)+c)2,)!d$EE1e#!f>'! -'()2=+(-&'!W)(m))'!N7*-'!='5!

=,<F=J=+(-'-'#f!D!%),,!j-&,!77YdYei!$AU$J$AEA#!
%2-+ca! X#! l#! %#! ='5!>#! X#!_#!l/?F)4! d$ELCe#! f[F)! <F74-+=,! <2&<)2(-)4! &V! +7(&<,=48i! >! 4(/57! W7!

8)='4!&V!(F)!8=?')(-+!<=2(-+,)!8)(F&5!^=2(!"#!I*<)2-8)'(=,#f!I*<)2-8)'(=,!%),,!;)4)=2+F!

7d$ei!A0JUC#!
%/''-'?F=8a! %#! %#a! [#! ^#! 6(&44),! ='5!9#! D#! bm-=(c&m4c-! d$EE$e#! fI'F='+)5!8&(-,-(7! -'!g"l! A[A!

V-W2&W,=4(4!(F=(!&B)2)*<2)44!?),4&,-'#f!6+-)'+)!8L7dKEEUei!$1AAJ$1AY#!
%/2(-4a! [#!P#a! ^#! D#!P+b)&m'JG&'?&a! ^#! >#! H-'+)'(a! 6#!P#!l&8='a! I#!P#!_F)=(,)7! ='5![#!P#! 6=W=!

d$EELe#!fX-W2&')+(-'!=(()'/=()4!-'+2)=4)5!)'5&(F),-=,!8&'&,=7)2!<)28)=W-,-(7!=V()2!;T9!

<)<(-5)a! ='(-J=,<F=!L!W)(=!$a! &2![gXJ=,<F=!)*<&4/2)#f!>8! D!^F74-&,!8Y4d1!^(!$ei! G1KUJ
1YC#!

9=-a! D#! ='5!P#! ^#! 6F))(N! d$EELe#! fP)+F='-+=,! <2&<)2(-)4! &V! ')/2&'=,! ?2&m(F! +&')!8)8W2=')4!

4(/5-)5!W7!()(F)2!V&28=(-&'!m-(F!,=4)2!&<(-+=,!(m))N)24#f!j-&<F74!D!YRdAei!EUUJEEY#!
9=8-='&a!I#!;#!d$EEUe#!f[F)!)VV)+(!&V!(F)!)'5&(F),-=,J+),,!?,7+&+=,7*!&'!(F)!8&(-&'!&V!2)5!W,&&5!

+),,4!(F2&/?F!+=<-,,=2-)4#f!P-+2&B=4+!;)4!LLd$ei!00JE$#!
9=88)2a! h#a! n#! ^&<)4+/a! ^#!_=?')2a! 9#! >'4),8)((-a! l#! D#! T/'(F)2&5(! ='5! T#! g#!P-4)B-+! d$EELe#!

fj-'5-'?! 4(2)'?(F! W)(m))'! +),,! =5F)4-&'! <2&()&?,7+='4! 8)=4/2)5! W7! =(&8-+! V&2+)!

8-+2&4+&<7#f!6+-)'+)!8Y0dL1C$ei!$$0AJ$$0L#!
9=')a!P#!D#a!j#!P#!B='!5)'!j)2?a!P#!%#!>B2=8/(a!X#!T#!X==4a!D#!B='!5)2!H,=?a!>#!G#!;&<4a!;#!j#!;=B),,-a!j#!

D#!b&4()2a!>#!D#!B='!p&'')B),5a!l#!H-'c!='5![#!D#!;=W),-'c!d1C$Ae#!fT,&8)2/,=2!)'5&(F),-=,!

4/2V=+)! ,=7)2! =+(4! =4! =! W=22-)2! =?=-'4(! =,W/8-'! V-,(2=(-&'#f! >8! D! ^=(F&,! 7R8dLei! $LA1J
$LKC#!

9='&m4c-a! j#! >#! d$EUEe#! fX-W2&W,=4(! +&'(2=+(-,-(7! ='5! =+(-'! &2?='-N=(-&'! =2)! 4(-8/,=()5! W7!

8-+2&(/W/,)!-'F-W-(&24#f!D!%),,!6+-!4M&]&Z$&8^i!1LLJ1YY#!
9=/5-a! "#a! [#!P#! 6=W=a!P#! G)m-4a! I#! G)m-4a! X#! >#! j,/8)'4(&+ca! ^#! T/5)m-+Na! >#! j#!P=,-c! ='5! D#!_#!

X)'(&'! d$EUEe#! fX-W2&')+(-'! V2=?8)'(4! -'! ,/'?! ,78<F! =V()2! (F2&8W-'J-'5/+)5! ,/'?!

B=4+/,=2!-'R/27#f!G=W!"'B)4(!Y7dLei!LAEJLK0#!
9=B-)4a!^#!X#!d$EELe#!fX,&mJ8)5-=()5!)'5&(F),-=,!8)+F='&(2='45/+(-&'#f!^F74-&,!;)B!0LdAei!L$EJ

LYC#!

9=B-4a!P#!>#a!;#!%#!"2)(&'!='5!>#!j#!;)7'&,54!d1CCAe#!f>!+&2)!V/'+(-&'!V&2!<$1CJ+=()'-'!-'!+=5F)2-'!

(/2'&B)2#f!D!%),,!j-&,!7YMdAei!L1LJLAK#!
9)! P=(()-4a! P#! >#! ='5! D#! 6#! P&22&m! d1CCCe#! f6<)+(2-'! ()(F)24! ='5! 8)4F! -'! (F)! W-&47'(F)(-+!

<=(Fm=7#f!D!%),,!6+-!77M&]&Z$&7M^i!1AA$J1AKA#!
5)! ^2&4(a! g#a! D#! 9#! ;-+=25a! T#! 6=/8&'! ='5! 9#! 92)7V/44! d1C$$e#! fH)'(-,=(&2J-'5/+)5! ,/'?! -'R/27i!

F-4(&2-+=,!<)24<)+(-B)4!='5!+,-'-+=,!-8<,-+=(-&'4#f!>''!"'()'4-B)!%=2)!7d$ei!1U#!
9)=c-'a!g#!n#!='5!%#!I#![/2')2!d1CCUe#!f^=*-,,-'!+&8)4!&V!=?)#f!D!%),,!6+-!787d^(!$Lei!1KALJ1KKK#!
9)R='=a!I#! d1CCKe#! fI'5&(F),-=,! +),,J+),,! R/'+(-&'4i!F=<<7! (&?)(F)2#f!g=(!;)B!P&,!%),,!j-&,!LdKei!

1Y$J10C#!



O%L&%.H)*<A%$!

! "\4!

9)R='=a!I#a!T#!j=NN&'-!='5!P#!T#!G=8</?'='-! d$EEEe#! fH=4+/,=2!)'5&(F),-=,! dHIeJ+=5F)2-'i!&',7!

='!-'()2+),,/,=2!?,/)sf!I*<!%),,!;)4!8L8d$ei!$AJ$E#!
9)R='=a!I#a!X#!n24)'-?&!='5!P#!T#!G=8</?'='-! d1CCUe#! f[F)!2&,)!&V!=5F)2)'4! R/'+(-&'4!='5!HIJ

+=5F)2-'!-'!(F)!+&'(2&,!&V!B=4+/,=2!<)28)=W-,-(7#f!D!%),,!6+-!787d^(!$Aei!1$$LJ1$11#!
9)R='=a!I#a!I#![&/2'-)2JG=44)2B)!='5!j#!P#!_)-'4()-'!d1CCEe#!f[F)!+&'(2&,!&V!B=4+/,=2!-'()?2-(7!W7!

)'5&(F),-=,!+),,!R/'+(-&'4i!8&,)+/,=2!W=4-4!='5!<=(F&,&?-+=,!-8<,-+=(-&'4#f!9)B!%),,!7Yd1ei!
1CEJ11$#!

9-4+F)2a!9#!I#a!^#!D='8)7!='5!k#!G#!_='?!d1CCLe#!f[-44/)!+),,4!V)),!='5!2)4<&'5!(&!(F)!4(-VV')44!&V!

(F)-2!4/W4(2=()#f!6+-)'+)!M7UdL0L$ei!$$AEJ$$KA#!
9&4! 6='(&4a! %#! %#! ='5! >#! 6#! 6,/(4c7! d1CCCe#! f"'B-()5! 2)B-)mi!8)+F='-484! &V! B)'(-,=(&2J-'5/+)5!

,/'?!-'R/27i!=!<)24<)+(-B)#f!D!><<,!^F74-&,!R4dKei!$YKLJ$YLL#!
92)7V/44a! 9#a! T#! j=44)(a! ^#! 6&,)2! ='5! T#! 6=/8&'! d$EULe#! f"'()28-(()'(! <&4-(-B)J<2)44/2)!

F7<)2B)'(-,=(-&'!m-(F!F-?F!-'V,=(-&'!<2)44/2)4!<2&5/+)4!</,8&'=27!8-+2&B=4+/,=2!-'R/27!

-'!2=(4#f!>8!;)B!;)4<-2!9-4!7M8dKei!UUCJUUK#!
92)7V/44a!9#!='5!T#!6=/8&'!d$EEUe#!fH)'(-,=(&2J-'5/+)5!,/'?!-'R/27i!,)44&'4!V2&8!)*<)2-8)'(=,!

4(/5-)4#f!>8!D!;)4<-2!%2-(!%=2)!P)5!7L0d$ei!1EKJA1A#!
9/5)ca! 6#! P#! ='5! D#! T#! T=2+-=! d1CC$e#! f%7(&4c),)(=,! 2)?/,=(-&'! &V! </,8&'=27! B=4+/,=2!

<)28)=W-,-(7#f!D!><<,!^F74-&,!47dKei!$KU0J$LCC#!
IW')(a! b#a! %#! h#! 6+F/,Na! P#! b#! P)7)2! p/! j2-+cm)55)a! T#! T#! ^)'5,! ='5! 9#! H)4(m)W)2! d1CCCe#!

fD/'+(-&'=,!=5F)4-&'!8&,)+/,)! -'()2=+(4!m-(F! (F)!^9p!5&8=-'J+&'(=-'-'?!<2&()-'4!>XJY!

='5!pnJ$#f!D!j-&,!%F)8!80LdAYei!10E0EJ10EUU#!
I-+F=+c)2a!^#!q#a!I#!^#!T)24()'W)2?)2a!6#!P#!j='c4a!o#!%/-!='5!%#!g=(='4&'!d1CC1e#!fP)(=J='=,74-4!&V!

=+/()! ,/'?! -'R/27! ='5! =+/()! 2)4<-2=(&27! 5-4(2)44! 47'52&8)! (2-=,4! ()4(-'?! ,&m! (-5=,!

B&,/8)4#f!>8!D!;)4<-2!%2-(!%=2)!P)5!7YYd$$ei!$L$CJ$L$K#!
I'?,)2a!>#! D#a! 6#!6)'a!l#!G#!6m))')7!='5!9#!I#!9-4+F)2! d1CCYe#! fP=(2-*!),=4(-+-(7!5-2)+(4!4()8!+),,!

,-')=?)!4<)+-V-+=(-&'#f!%),,!78YdKei!Y00JYUE#!
I258=''a![#!='5!h#!6#!6+Fm=2N!d1CC0e#!f"8<=+(!&V!2)+)<(&2J,-?='5!5-4(='+)!&'!=5F)4-&'!+,/4()2!

4(=W-,-(7#f!I/2!^F74!D!I!6&V(!P=(()2!88d1ei!$1AJ$A0#!
I44)2a! 6#a! P#! T#! G=8</?'='-a!P#! %&2=5=a! I#! 9)R='=! ='5!_#! ;-4=/! d$EEUe#! fH=4+/,=2! )'5&(F),-=,!

?2&m(F!V=+(&2! -'5/+)4!HIJ+=5F)2-'!(72&4-')!<F&4<F&27,=(-&'!-'!)'5&(F),-=,!+),,4#f! D!%),,!

6+-!777&]&Z$&7M^i!$ULAJ$UYL#!
I44,)2a! P#a! P#! >8='&a! l#! D#! b2/4)a! b#! b=-W/+F-a! ^#! %#! _)W)2! ='5! P#! >)<V),W=+F)2! d$EEUe#!

f[F2&8W-'!-'=+(-B=()4!87&4-'!,-?F(!+F=-'!<F&4<F=(=4)!B-=!;F&!='5!-(4!(=2?)(!;F&!c-'=4)!

-'!F/8='!)'5&(F),-=,!+),,4#f!D!j-&,!%F)8!80MdAKei!1$UY0J1$U0K#!
IB='4a! I#! d1CC$e#! f^2&W-'?! (F)! 2),=(-&'! W)(m))'! V&2+)JJ,-V)(-8)JJ='5! +F)8-4(27! -'! 4-'?,)!

8&,)+/,=2!W&'54#f!>''/!;)B!j-&<F74!j-&8&,!6(2/+(!MUi!$CLJ$1U#!
IB='4a!I#! ='5!b#!b-'&4F-(=! d1CC0e#! fh4-'?! V&2+)! (&!<2&W)! 4-'?,)J8&,)+/,)! 2)+)<(&2J+7(&4c),)(=,!

='+F&2-'?!W)')=(F!(F)!4/2V=+)!&V!=!,-B-'?!+),,#f!P)(F&54!%),,!j-&,!RMi!A0AJAEY#!
IB='4a! I#! ='5! D#!P#!_-,,-=84! d1CC1e#! ""#!P/,(-<,)! W&'54#! ^F74-+4! &V! j-&JP&,)+/,)4! ='5! %),,4#! l#!

X,7BWR)2?a!X#!Dt,-+F)2a!^#!n28&4!='5!X#!9=B-5#!l)-5),W)2?a!6<2-'?)2!='5!I9^!6+-)'+)4#!0L@&
$U0J1CA#!

IB='4a! I#! ='5!>#! k)/'?! d$EUEe#! f><<=2)'(! B-4+&4-(7! ='5! +&2(-+=,! ()'4-&'!&V! W,&&5! ?2='/,&+7()4!

5)()28-')5!W7!8-+2&<-<)(!=4<-2=(-&'#f!j-&<F74!D!LYd$ei!$L$J$YC#!
IB='4a!I#!>#!='5!9#!>#!%=,5)2m&&5!d1CC0e#!fX&2+)4!='5!W&'5!57'=8-+4!-'!+),,!=5F)4-&'#f!6+-)'+)!

M7YdLU1Uei!$$KUJ$$LA#!
X=W27a!j#a!T#!g#!P=c478a!D#!^#!j/(,)2a!P#!T,&?=/)2a!9#!g=B=R=4!='5!D#!D#!X2)5W)2?!d1CC$e#!f6+=,-'?!(F)!

8-+2&2F)&,&?7!&V!,-B-'?!+),,4#f!^F74!;)B!G)((!R0d$Kei!$KU$C1#!
X=W27a!j#a!T#!g#!P=c478a!;#!9#!l/W8=72a! D#! ^#!j/(,)2! ='5! D#! D#! X2)5W)2?! d$EEEe#! f"8<,-+=(-&'4!&V!

F)()2&?)')&/4! W)=5! W)F=B-&2! &'! +),,! 8)+F='-+=,! <2&<)2(-)4! 8)=4/2)5! m-(F! 8=?')(-+!

(m-4(-'?!+7(&8)(27#f!D&/2'=,!&V!P=?')(-48!='5!P=?')(-+!P=()2-=,4!74Nd$JAei!$1CJ$1L#!
X:2:&,a! 6#a!;#!X&5-,a!j#!G=W=(a! 6#!T=,-=+7a!H#!P#!G=/2)'(a!j#!G&/-4a!9#! "4=W)7!='5!I#!^,='/4! d1CCYe#!

f6)'4-(-B-(7!&V!=,B)&,=2!8=+2&<F=?)4! (&!4/W4(2=()!8)+F='-+=,!='5!=5F)4-B)!<2&<)2(-)4#f!

%),,!P&(-,!%7(&4c),)(&'!YMdYei!A1$JAKC#!



O%L&%.H)*<A%$!

! "\i!

X:2:&,a!6#a!;#!X&5-,a!H#!P#!G=/2)'(a!P#!j=,,='5a!j#!G&/-4a!T#!^),,)a!6#!l:'&'a!I#!^,='/4!='5!9#!"4=W)7!

d1CCEe#! f^2)4(2)44! ='5! =5F)4-&'! 4-()! 57'=8-+4! +&'(2&,! +),,! 4)'4-(-B-(7! (&! )*(2=+),,/,=2!

4(-VV')44#f!j-&<F74!D!4YdLei!1CCEJ1C11#!
X)2)&,a!6#a!;#!X&5-,a!H#!P#!G=/2)'(a!I#!^,='/4a!j#!G&/-4a!T#!^),,)!='5!9#!"4=W)7!d1CCUe#!fP)+F='-+=,!

='5!4(2/+(/2=,!=44)448)'(!&V!+&2(-+=,!='5!5))<!+7(&4c),)(&'!2)B)=,4!4/W4(2=()J5)<)'5)'(!

=,B)&,=2!8=+2&<F=?)!2)8&5),-'?#f!j-&8)5!P=()2!I'?!7Rd$!6/<<,ei!6$CLJ$$U#!
X)2)&,a!6#a!;#!X&5-,a!T#!^),,)a!j#!G&/-4!='5!9#!"4=W)7!d1CCUe#!f%),,!8)+F='-+4!&V!=,B)&,=2!)<-(F),-=,!

+),,4!d>I%4e!='5!8=+2&<F=?)4!d>P4e#f!;)4<-2!^F74-&,!g)/2&W-&,!7YMd$JAei!AJ$Y#!
X,&2-='a!D#!>#a!D#!;#!b&4c7a!b#!>-'4,-)a!p#!^='?a!;#!n#!9/,,!='5!D#!P#![=2W),,!d1CCAe#!fl)<=2='!4/,V=()!

<2&()&?,7+='!-4!=!8)+F='&4)'4&2!&'!)'5&(F),-=,!+),,4#f!%-2+!;)4!4Md$Cei!)$AYJ$K1#!
X&,c8='a!D#!='5!^#!>#!9\>8&2)!d$EEYe#!fj,&&5!B)44),!V&28=(-&'i!mF=(!-4!-(4!8&,)+/,=2!W=4-4sf!%),,!

R0d0ei!$$LAJ$$LL#!
X2='ca! 9#! D#a! ;#! l&<8=''a! P#! G)'=2(&m4c=! ='5! b#! T#! P-,,)2! d1CCYe#! f%=<<-'?! <2&()-'! ='5! (F)!

>2<1MA!+&8<,)*!2)?/,=()!'&'W/'5,)!=+(-'! V-,=8)'(!=44)8W,7! (&! -'5-2)+(,7!+&'(2&,!=+(-'!

W/'5,)!<&4-(-&'-'?!5/2-'?!92&4&<F-,=!8),='&?=4()2!W2-4(,)!5)B),&<8)'(#f!P&,!j-&,!%),,!

70dEei!AEACJAEAE#!
X2-(Na! D#a! >#! T#! b=(&<&5-4a! X#! b&,W-'?)2! ='5! 9#! >'4),8)((-! d$EEUe#! fX&2+)J8)5-=()5! c-')(-+4! &V!

4-'?,)! ^J4),)+(-'M,-?='5! +&8<,)*)4! &W4)2B)5! W7! =(&8-+! V&2+)! 8-+2&4+&<7#f! ^2&+! g=(,!

>+=5!6+-!h!6!>!4Ld1$ei!$11UAJ$11UU#!
X/a!p#a!P#!G#!%&4(),,&a!b#![4/c-8&(&a!;#!^2)5-,)((&a!>#!;#!I,,-&((a!n#!P=(F-)/J%&4(),,&!='5!D#!j#!_)4(!

d$EE1e#! fl-?F! ,/'?! B&,/8)! -'+2)=4)4! 4(2)44! V=-,/2)! -'! </,8&'=27! +=<-,,=2-)4#f! D! ><<,!

^F74-&,!d$EULe!0Md$ei!$1AJ$AA#!
X/R-m=2=a! l#a! D#! T/! ='5! b#! 6)c-?/+F-! d1CCKe#! f;=+! 2)?/,=()4! -'()?2-'J8)5-=()5! )'5&(F),-=,! +),,!

=5F)4-&'!='5!8-?2=(-&'!&'!,=8-'-'JU#f!I*<!%),,!;)4!848d$ei!Y0J00#!
X/R-m=2=a!b#! d1CCAe#! fP)+F='-+=,! 4(2)44)4!c))<!)'5&(F),-=,! +),,4!F)=,(F7i!W)')V-+-=,! )VV)+(4!&V! =!

<F74-&,&?-+=,! ,)B),!&V! +7+,-+! 4(2)(+F!&'!)'5&(F),-=,!W=22-)2! V/'+(-&'#f!>8! D!^F74-&,!G/'?!

%),,!P&,!^F74-&,!8RLdKei!G0U1J0UK#!
X/2/4)a!P#a!l#!6=4=c-a!b#!X/R-8&(&!='5!6#![4/c-(=!d$EEUe#!f>!4-'?,)!?)')!<2&5/+(a!+,=/5-'J$!&2!J1a!

2)+&'4(-(/()4! (-?F(! R/'+(-&'! 4(2='54! ='5! 2)+2/-(4! &++,/5-'! -'! V-W2&W,=4(4#f! D! %),,! j-&,!

7NMd1ei!AE$JKC$#!
T=&a! l#a! D#! q-='! ='5! j#! %F)'! d1C$$e#! f^2&W-'?! 8)+F='-+=,! <2-'+-<,)4! &V! V&+=,! +&'(=+(4! -'! +),,J

8=(2-*! =5F)4-&'! m-(F! =! +&/<,)5! 4(&+F=4(-+J),=4(-+! 8&5),,-'?! V2=8)m&2c#f! D! ;! 6&+!

"'()2V=+)!RdY1ei!$1$0J$1A1#!
T=B=25a! D#! ='5! D#! 6#!T/(c-'5! d1CCYe#! fHITX! +&'(2&,4! )'5&(F),-=,J+),,! <)28)=W-,-(7!W7!<2&8&(-'?!

(F)! W)(=J=22)4(-'J5)<)'5)'(! )'5&+7(&4-4! &V! HIJ+=5F)2-'#f! g=(! %),,! j-&,! Rd$$ei! $11AJ
$1AK#!

T)-?)2a! j#a! >#! j)24F=54c7a! ;#! ^='c&B! ='5! b#! P#! k=8=5=! d1CC$e#! f[2='48)8W2=')! +2&44(=,c!

W)(m))'! (F)!)*(2=+),,/,=2!8=(2-*JJ+7(&4c),)(&'! +2&44(=,c#f!g=(!;)B!P&,!%),,!j-&,!8d$$ei!
0EAJUCL#!

T-8&'5a!%#a!>#!B='!9)2!X,-)2a!6#!B='!9),V(a!%#!j2=c)W/4+Fa!"#!b/-c8='a!D#!T#!%&,,=25a!;#!X=44,)2!='5!>#!

6&'')'W)2?! d$EEEe#! f"'5/+(-&'! &V! +),,! 4+=(()2-'?! W7! )*<2)44-&'! &V! W)(=$! -'()?2-'4! -'!

W)(=$J5)V-+-)'(! )<-(F),-=,! +),,4! 2)./-2)4! =+(-B=(-&'! &V! 8)8W)24! &V! (F)! 2F&! V=8-,7! &V!

T[^=4)4!='5!5&m'2)?/,=(-&'!&V!+=5F)2-'!='5!+=()'-'!V/'+(-&'#f!D!%),,!j-&,!7N0dYei!$A1LJ
$AKC#!

T-2=25a!^#!;#!='5!;#!P#!g)2)8!d$EELe#!f6F)=2!4(2)44!8&5/,=()4!)'5&(F),-=,!+),,!8&2<F&,&?7!='5!

XJ=+(-'!&2?='-N=(-&'!(F2&/?F!(F)!2)?/,=(-&'!&V!V&+=,!=5F)4-&'J=44&+-=()5!<2&()-'4#f!D!%),,!

^F74-&,!7YMd$ei!$0EJ$EA#!
T&)+c),)2a! p#! P#a! ;#! >#! P=4=2=++F-=a! q#! p)'?a! [#! G#! %F)ma! ^#! T=,,=?F)2! ='5! ;#! j#! _74&,8)24c-!

d1CCCe#!f^F&4<F&27,=(-&'!&V!87&4-'!,-?F(!+F=-'!c-'=4)!W7!<1$J=+(-B=()5!c-'=4)!^>b1#f!D!

j-&,!%F)8!80Ld1Kei!$UAYYJ$UA0K#!
T&)+c),)2a!p#!P#!='5!;#!j#!_74&,8)24c-!d$EELe#!fP7&4-'!,-?F(!+F=-'!c-'=4)J2)?/,=()5!)'5&(F),-=,!

+),,! +&'(2=+(-&'i! (F)! 2),=(-&'4F-<! W)(m))'! -4&8)(2-+! ()'4-&'a! =+(-'! <&,78)2-N=(-&'a! ='5!

87&4-'!<F&4<F&27,=(-&'#f!D!%),,!j-&,!7MUdAei!Y$AJY10#!



O%L&%.H)*<A%$!

! "\e!

T&'N=,)NJP=2-4+=,a!G#a!>#!j)(='N&4!='5!>#!>B-,=JX,&2)4! d1CCCe#! fP>Thb!<2&()-'4i! 4(2/+(/2)!='5!

2&,)!-'!(F)!(-?F(!R/'+(-&'#f!6)8-'!%),,!9)B!j-&,!77dKei!A$LJA1K#!
T&&5)a! j#! G#a! 9#! T#! 92/W-'! ='5! T#! j=2')4! d1CCCe#! fX/'+(-&'=,! +&&<)2=(-&'! W)(m))'! (F)!

8-+2&(/W/,)!='5!=+(-'!+7(&4c),)(&'4#f!%/22!n<-'!%),,!j-&,!78d$ei!YAJ0$#!
T2)88a! 9#! ='5! >#! _)?')2! d1CCCe#! fT),4&,-'! =4! =! +=,+-/8J2)?/,=()5! =+(-'! V-,=8)'(J+=<<-'?!

<2&()-'#f!I/2!D!j-&+F)8!8Y0d$Kei!KAAEJKAKL#!
T2-VV-'a!P#!>#a! 6#! 6)'a!l#! G#! 6m))')7! ='5!9#! I#!9-4+F)2! d1CCKe#! f>5F)4-&'J+&'(2=+(-,)! W=,='+)! -'!

87&+7()!5-VV)2)'(-=(-&'#f!D!%),,!6+-!770d^(!1Kei!LULLJLUYA#!
T2&(()a! T#! d$ELYe#! f^=44=?)! &V! 5)*(2='! 8&,)+/,)4! =+2&44! (F)! W,&&5J,78<F! W=22-)2#f! >+(=! %F-2!

6+='5!6/<<,!877i!$JUK#!
T/+ca!D#a!6#!6+F-'c-'?)2a!j#!G-'+&,'a!X#!_&((=m=Fa!6#!IW)2(a!P#!;&8)7c)a!9#!G)'Na!l#!P#!I2-+c4&'a!;#!

>'='(F=c2-4F'='a!9#!P-(+F),,a!D#!b=4a!6#!h,B-+c!='5!%#!j-,W7!d1CCLe#!fn<(-+=,!5)V&28=W-,-(7!

=4! ='! -'F)2)'(! +),,! 8=2c)2! V&2! ()4(-'?! 8=,-?'='(! (2='4V&28=(-&'! ='5! 8)(=4(=(-+!

+&8<)()'+)#f!j-&<F74!D!RRdLei!AYUEJAYEU#!
l=55)'a! l#! G#! ='5! %#! >#! l)'c)! d1CCCe#! f"'5/+(-&'! &V! ,/'?! V-W2&W,=4(! =<&<(&4-4! W7! 4&,/W,)!

V-W2&')+(-'!<)<(-5)4#f!>8!D!;)4<-2!%2-(!%=2)!P)5!7Y8dK!^(!$ei!$LLAJ$LYC#!
l=22-4a!>#!b#a!^#!_-,5!='5!9#!6(&<=c!d$EUCe#!f6-,-+&')!2/WW)2!4/W4(2=(=i!=!')m!m2-'c,)!-'!(F)!4(/57!

&V!+),,!,&+&8&(-&'#f!6+-)'+)!8URdKKKCei!$00J$0E#!
l=22-4a!j#!p#!='5!_#!>#!G-8!d1CC$e#! fP)+F='-48!='5!2&,)!&V!^9p!5&8=-'4! -'!4-?'=,-'?!+&8<,)*!

=44)8W,7#f!D!%),,!6+-!77Nd^(!$Uei!A1$EJA1A$#!
l=2(a!P#!D#a!P#!T#!%=,,&ma!j#!6&/N=!='5!^#!^&,=c-4!d$EEYe#!f"qT>^$a!=!+=,8&5/,-'JW-'5-'?!<2&()-'!

m-(F!=!2=4T>^J2),=()5!5&8=-'a!-4!=!<&()'(-=,!)VV)+(&2!V&2!+5+K1l4#f!IPjn!D!7Ld$1ei!1EE0J
ACCL#!

l)a! k#! ='5!X#!T2-''),,! d$EEKe#! f6(2)44! 2),=*=(-&'!&V! V-W2&W,=4(4! =+(-B=()4! =! +7+,-+!>P^! 4-?'=,-'?!

<=(Fm=7#f!D!%),,!j-&,!78Yd1ei!KL0JKYK#!
l)-,a! ^#! ='5! D#! ^#! 6<=(N! d1C$Ce#! fG=()2=,! 4F)=2! V&2+)4! =<<,-)5! (&! +),,4! m-(F! 4-'?,)! ),=4(-+!

8-+2&<-,,=24! (&! -'V,/)'+)! V&+=,! =5F)4-&'! 57'=8-+4#f! D! ^F74! %&'5)'4! P=(()2! 88d$Eei!
$EK$CU#!

l),8c)a!j#!^#a!>#!j#!;&4)'!='5!^#!X#!9=B-)4!d1CCAe#!fP=<<-'?!8)+F='-+=,!4(2=-'!&V!='!)'5&?)'&/4!

+7(&4c),)(=,!')(m&2c!-'!,-B-'?!)'5&(F),-=,!+),,4#f!j-&<F74!D!RNdKei!1YE$J1YEE#!
l-'()25&2V)2a!^#a!_#!j=/8?=2(')2a!l#!D#!T2/W)2a!b#!6+F-,+F)2!='5!l#!6+F-'5,)2!d$EEYe#!f9)()+(-&'!

='5! ,&+=,-N=(-&'! &V! -'5-B-5/=,! ='(-W&57J='(-?)'! 2)+&?'-(-&'! )B)'(4! W7! =(&8-+! V&2+)!

8-+2&4+&<7#f!^2&+!g=(,!>+=5!6+-!h!6!>!4MdUei!AK00JAKU$#!
l-2=4)a![#a!6#!b=m=4F-8=a!I#!k#!_&'?a![#!h)7=8=a!k#!;-c-(=c)a!6#![4/c-(=a!P#!k&c&7=8=!='5!D#!P#!

6(=55&'!d1CC$e#!f;)?/,=(-&'!&V!(-?F(!R/'+(-&'!<)28)=W-,-(7!='5!&++,/5-'!<F&4<F&27,=(-&'!

W7! ;F&=J<$YC;n%bJ5)<)'5)'(! ='5! J-'5)<)'5)'(! 8)+F='-484#f! D! j-&,! %F)8! 80Yd$Aei!
$CK1AJ$CKA$#!

l-2=4)a![#a!D#!P#!6(=55&'a!P#!6=-(&/a!k#!>'5&J>c=(4/c=a!P#!"(&Fa!P#!X/2/4)a!b#!X/R-8&(&a!6#![4/c-(=!

='5!G#!G#!;/W-'!d$EE0e#!fn++,/5-'!=4!=!<&44-W,)!5)()28-'='(!&V!(-?F(!R/'+(-&'!<)28)=W-,-(7!

-'!)'5&(F),-=,!+),,4#f!D!%),,!6+-!77U&]&Z$&7N^i!$YCAJ$Y$A#!
l&VV8='a! j#! 9#! ='5! D#! %#! %2&+c)2! d1CCEe#! f%),,!8)+F='-+4i! 5-44)+(-'?! (F)! <F74-+=,! 2)4<&'4)4! &V!

+),,4!(&!V&2+)#f!>''/!;)B!j-&8)5!I'?!77i!1LEJ1UU#!
l&V8=''a!h#!T#a!%#!;&(4+Fa!_#!D#!^=2=c!='5!P#!;=58=+F)2!d$EE0e#!f"'B)4(-?=(-'?!(F)!+7(&4c),)(&'!

&V!+F-+c)'!+=25-&+7()4!m-(F!(F)!=(&8-+!V&2+)!8-+2&4+&<)#f!D!6(2/+(!j-&,!774d1ei!UKJE$#!
l&25-Rca! ^#! G#a! I#! >'(F&'7a! X#! ^#!P/,a! ;#! ;-)'(48=a! G#! %#! n&8)'! ='5!9#! ;&&4! d$EEEe#! fH=4+/,=2J

)'5&(F),-=,J+=5F)2-'!8&5/,=()4!)'5&(F),-=,!8&'&,=7)2!<)28)=W-,-(7#f!D!%),,!6+-!778&]&Z$&
78^i!$E$LJ$E1A#!

l/a!6#a!D#!%F)'a!j#!X=W27a!k#!g/8=?/+F-a!>#!T&/,54(&')a!9#!I#!"'?W)2a!D#!D#!X2)5W)2?a!D#!^#!j/(,)2!='5!g#!

_='?! d1CCAe#! f"'(2=+),,/,=2! 4(2)44! (&8&?2=<F7! 2)B)=,4! 4(2)44! V&+/4-'?! ='5! 4(2/+(/2=,!

='-4&(2&<7!-'!+7(&4c),)(&'!&V!,-B-'?!+),,4#f!>8!D!^F74-&,!%),,!^F74-&,!8RLdLei!%$CU1J$CEC#!
l/a!6#a!G#!IW)2F=25a! D#!%F)'a! D#!%#!G&B)a! D#!^#!j/(,)2a! D#! D#!X2)5W)2?a!T#!P#!_F-()4-5)4!='5!g#!_='?!

d1CCKe#! fP)+F='-+=,! ='-4&(2&<7! &V! =5F)2)'(! +),,4! <2&W)5! W7! =! (F2))J5-8)'4-&'=,!

8=?')(-+!(m-4(-'?!5)B-+)#f!>8!D!^F74-&,!%),,!^F74-&,!8R0dLei!%$$UKJ$$E$#!



O%L&%.H)*<A%$!

! ""m!

l/a! 6#! ='5!g#!_='?! d1CCYe#! f%&'(2&,! &V! 4(2)44! <2&<=?=(-&'! -'! (F)! +7(&<,=48! W7! <2)4(2)44! ='5!

,&=5-'?!V2)./)'+7#f!P&,!%),,!j-&8)+F!Md1ei!KEJYC#!
l/W)2a!>#a!^#!6='5)2a!P#!j=F')2!='5!;#!^=/,4)'!d$EEUe#!f[F)![;^!%=1r!+F=''),!=44)8W,)5! -'!=!

4-?'=,-'?! +&8<,)*! W7! (F)! ^9p! 5&8=-'! <2&()-'! "g>9! -4! <F&4<F&27,=()5! (F2&/?F! (F)!

-'()2=+(-&'!m-(F!<2&()-'!c-'=4)!%!d)^b%e#f!XIj6!G)((!N8Ld1ei!A$0JA11#!
l/W)2a! >#! l#a! 9#! j#! 6()m=2(a! 9#! H#! G=/2)'(4a!_#! D#! g),4&'! ='5!_#! "#!_)-4! d1CC$e#! f[F)! +=5F)2-'!

+7(&<,=48-+! 5&8=-'! -4! /'4(2/+(/2)5! -'! (F)! =W4)'+)! &V! W)(=J+=()'-'#! >! <&44-W,)!

8)+F='-48!V&2!2)?/,=(-'?!+=5F)2-'!(/2'&B)2#f!D!j-&,!%F)8!80Yd$Lei!$1AC$J$1ACE#!
l/W8=72a! ;#! 9#! d1CC1e#! f^)24<)+(-B)! &'! ,/'?! -'R/27! ='5! 2)+2/-(8)'(i! =! 4c)<(-+=,! ,&&c! =(! (F)!

&<)'-'?!='5!+&,,=<4)!4(&27#f!>8!D!;)4<-2!%2-(!%=2)!P)5!7YLd$1ei!$YK0J$YLA#!
l/8<F2)7a! 9#a! %#! 9/??='a! 9#! 6=F=a! 9#! 68-(F! ='5! D#! b=4! d1CC1e#! f>+(-B)! V,/-5-N=(-&'! &V! <&,78)2!

')(m&2c4!(F2&/?F!8&,)+/,=2!8&(&24#f!g=(/2)!N7YdYU0Eei!K$AJK$Y#!
l/*,)7a!H#!l#!='5!9#!>#!_-,,-=84!d1CCCe#!f;&,)!&V!=!?,7+&+=,7*!&'!+&2&'=27!=2()2-&,)!<)28)=W-,-(7!

(&!<2&()-'4i!)B-5)'+)!V2&8!)'N78)!(2)=(8)'(4#f!>8!D!^F74-&,!l)=2(!%-2+!^F74-&,!80RdKei!
l$$00J$$UL#!

l/7'Fa! D#a!g#!g-4F-8/2=a!b#!;='=a! D#!P#!^),&./-'a! D#! ^#! %=,-V='&a!%#!;#!P&'(=?/)a!P#!;#!b-'?a! %#!j#!

6+F=VV)2! ='5! %#! >#! ;)-'F=2(Jb-'?! d1C$$e#! f>?)J2),=()5! -'(-8=,! 4(-VV)'-'?! )'F='+)4!

)'5&(F),-=,! <)28)=W-,-(7! ='5! ,)/c&+7()! (2='48-?2=(-&'#f! 6+-! [2='4,! P)5! Md$$1ei!
$$12=$11#!

l7')4a!;#!n#!d1CCKe#!f[F)!)8)2?)'+)!&V!-'()?2-'4i!=!<)24&'=,!='5!F-4(&2-+=,!<)24<)+(-B)#f!P=(2-*!

j-&,!8MdYei!AAAJAKC#!
l7')4a!;#!n#a!j#!G#!j=5)2!='5!b#!l&5-B=,=J9-,c)!d$EEEe#!f"'()?2-'4!-'!B=4+/,=2!5)B),&<8)'(#f!j2=N!

D!P)5!j-&,!;)4!M8dLei!LC$JL$C#!
"+=25J>2+-N)(a! 9#a! n#! %=25&4&a! >#! ;-+F)2(! ='5! 6#! l)'&'! d1CCUe#! f%),,! 4(-VV)'-'?! -'! 2)4<&'4)! (&!

)*()2'=,!4(2)44!-4!+&22),=()5!(&!=+(-'!2)+2/-(8)'(#f!j-&<F74!D!4Nd0ei!1ECYJ1E$A#!
"'?W)2a! 9#! ='5! D#! X&,c8='! d$EUUe#! f"'F-W-(-&'! &V! ='?-&?)')4-4! (F2&/?F!8&5/,=(-&'! &V! +&,,=?)'!

8)(=W&,-48#f!G=W!"'B)4(!L4d$ei!KKJL$#!
"'?W)2a!9#!I#!d$EEAe#!f%),,/,=2!()'4)?2-(7i!5)V-'-'?!')m!2/,)4!&V!W-&,&?-+=,!5)4-?'!(F=(!?&B)2'!(F)!

+7(&4c),)(&'#f!D&/2'=,!nV!%),,!6+-)'+)!7UN&]&Z$&M^i!Y$AJY10#!
"'?W)2a!9#!I#!d1CCCe#!fn<<&4-'?!B-)m4!&'!()'4)?2-(7!=4!=!4(2/+(/2=,!V2=8)m&2c!V&2!/'5)24(='5-'?!

+),,!8)+F='-+4#f!D!><<,!^F74-&,!d$EULe!R4dKei!$YYAJ$Y0C#!
"'?W)2a! 9#! I#! d1CCAe#! f[)'4)?2-(7! "#! %),,! 4(2/+(/2)! ='5! F-)2=2+F-+=,! 474()84! W-&,&?7#f! D! %),,! 6+-!

77Yd^(!0ei!$$L0J$$0A#!
"'?W)2a! 9#! I#! d1CCYe#! f%),,/,=2! 8)+F='&(2='45/+(-&'i! </((-'?! =,,! (F)! <-)+)4! (&?)(F)2! =?=-'#f!

X>6Ij!D!8Ud0ei!U$$JU10#!
"'?W)2a! 9#! I#a! 9#! ^2/4(7a! p#! 6/'a! l#! j)()'4c7! ='5! g#! _='?! d$EELe#! f%),,! 4F=<)a! +7(&4c),)(=,!

8)+F='-+4a!='5!+),,!+7+,)!+&'(2&,!-'!='?-&?)')4-4#f!D!j-&8)+F!8Rd$1ei!$K0$J$KUK#!
"2/),=J>2-4<)a! P#! G#a! %#! >#! 9-?,-&! ='5! I#! l#! 6=?)! d$EE$e#! fP&5/,=(-&'! &V! )*(2=+),,/,=2! 8=(2-*!

<2&()-'4! W7! )'5&(F),-=,! +),,4! /'5)2?&-'?! ='?-&?)')4-4! -'! B-(2&#f! >2()2-&4+,)2! [F2&8W!

77dKei!UCLJU$L#!
"4=W)7a! 9#a! 6#! X)2)&,a! >#! %=,/+Fa! ;#! X&5-,a! j#! G&/-4! ='5! T#! ^),,)! d1C$Ae#! fX&2+)! 5-4(2-W/(-&'! &'!

8/,(-<,)! W&'54! +&'(2&,4! (F)! c-')(-+4! &V! =5F)4-&'! -'! 4(2)(+F)5! +),,4#f! D! j-&8)+F!NYd1ei!
AC0JA$A#!

"(&Fa!P#a!>#!g=?=V/+F-a!6#!k&')8/2=a![#!b-(='-Jk=4/5=a!6#![4/c-(=!='5!6#![4/c-(=!d$EEAe#!f[F)!11CJ

c9!<2&()-'!+&,&+=,-N-'?!m-(F!+=5F)2-'4!-'!'&'J)<-(F),-=,!+),,4!-4!-5)'(-+=,!(&!pnJ$a!=!(-?F(!

R/'+(-&'J=44&+-=()5! <2&()-'! -'! )<-(F),-=,! +),,4i! +9g>! +,&'-'?! ='5! -88/'&),)+(2&'!

8-+2&4+&<7#f!D!%),,!j-&,!787dAei!KE$JLC1#!
D='8)7a! ^#! >#! d$EEUe#! f[F)! +7(&4c),)(&'! ='5! +),,! 4-?'=,-'?i! +&8<&')'(! ,&+=,-N=(-&'! ='5!

8)+F='-+=,!+&/<,-'?#f!^F74-&,!;)B!0RdAei!0YAJ0U$#!
D='8)7a!^#!>#a!h#!I/()')/)2a!^#![2=/W!='5!P#!6+F,-m=!d$EE$e#!fH-4+&),=4(-+!<2&<)2(-)4!&V!B-8)'(-'!

+&8<=2)5!m-(F!&(F)2!V-,=8)'(&/4!W-&<&,78)2!')(m&2c4#f!D!%),,!j-&,!77Md$ei!$LLJ$YC#!
D='8)7a! ^#! >#a! 6#! lB-5(a! D#! G=8W! ='5! [#! ^#! 6(&44),! d$EECe#! f;)4)8W,='+)! &V! =+(-'JW-'5-'?!

<2&()-'M=+(-'!?),4!(&!+&B=,)'(,7!+2&44,-'c)5!')(m&2c4#f!g=(/2)!MNLdY10Cei!UEJE1#!



O%L&%.H)*<A%$!

! ""\!

D='8)7a! ^#! >#! ='5! %#! >#! P+%/,,&+F! d1CC0e#! f%),,! 8)+F='-+4i! -'()?2=(-'?! +),,! 2)4<&'4)4! (&!

8)+F='-+=,!4(-8/,-#f!>''/!;)B!j-&8)5!I'?!4i!$JAK#!
D/'?W=/)2a! 6#a! l#! T=&a! D#! ^#! 6<=(N! ='5! ;#! b)8c)8)2! d1CCUe#! f[m&! +F=2=+()2-4(-+! 2)?-8)4! -'!

V2)./)'+7J5)<)'5)'(! 57'=8-+! 2)&2-)'(=(-&'! &V! V-W2&W,=4(4! &'! +7+,-+=,,7! 4(2)(+F)5!

4/W4(2=()4#f!j-&<F74!D!4Ld0ei!AK0CJAK0U#!
b=,,/2-a!;#!d1CCAe#!fj=4)8)'(!8)8W2=')4i!4(2/+(/2)a!=44)8W,7!='5!2&,)!-'!(/8&/2!='?-&?)')4-4#f!

g=(!;)B!%='+)2!MdYei!K11JKAA#!
b=(&a! k#a! D#! P#! G)m=,,)a! k#! j=W=a! P#! [4/c/5=a! g#! 6=c=-a! P#! j=W=a! b#! b&W=7=4F-a! 6#! b&4F-c=a! k#!

g=?=4F-8=a!X#!X2='c)'')a!>#!g&),a!D#!P#!X&-5=2(!='5!;#!"#!l=(=!d1CC$e#!f"'5/+(-&'!&V!6^>;%!

W7!HITX! -'! F/8='! B=4+/,=2! )'5&(F),-=,! +),,4#f! j-&+F)8!j-&<F74!;)4! %&88/'!8R0d1ei!
K11JK1Y#!

b=m='&a! b#a! 6#! 6#! b='(=ca!P#!P/2=-a! %#! %#! k=&! ='5! ;#! l#! b2=8)2! d1CC$e#! f"'()?2-'! =,<F=AW)(=$!

)'?=?)8)'(!5-42/<(4!-'()2+),,/,=2!=5F)4-&'#f!I*<!%),,!;)4!8Y8d1ei!$UCJ$EY#!
b-),W=44=a! b#a! %#! 6+F8-(N! ='5! H#! T)2c)! d$EEUe#! f9-42/<(-&'! &V! )'5&(F),-=,! 8-+2&V-,=8)'(4!

4),)+(-B),7! 2)5/+)4! (F)! (2='4)'5&(F),-=,!8-?2=(-&'!&V!8&'&+7()4#f!I*<!%),,!;)4!8NMd$ei!
$1EJ$K$#!

b,78c&m4c7a!P#!_#!d$EEEe#!f_)=B-'?!=!(='?,)5!m)Wi!(F)!-'()2+&'')+()5!+7(&4c),)(&'#f!g=(!%),,!

j-&,!7dLei!I$1$J$1A#!
b&,&W&ma! [#a!P#! ^#!P&2)((-a! ;#! X/8=?=,,-a! 9#!P=4+F)2&'-a! ^#! ^2=(&a! H#! %F)'! ='5!P#! D&2-4! d$EU0e#!

f6)B)2)! -8<=-28)'(! -'! ,/'?! V/'+(-&'! -'5/+)5! W7! F-?F! <)=c! =-2m=7! <2)44/2)! 5/2-'?!

8)+F='-+=,!B)'(-,=(-&'#!>'!)*<)2-8)'(=,!4(/57#f!>8!;)B!;)4<-2!9-4!7MLd1ei!A$1JA$L#!
b&,&5')7a! P#! 6#! ='5! ;#! j#! _74&,8)24c-! d$EE1e#! f"4&8)(2-+! +&'(2=+(-&'! W7! V-W2&W,=4(4! ='5!

)'5&(F),-=,!+),,4!-'!(-44/)!+/,(/2)i!=!./='(-(=(-B)!4(/57#f!D!%),,!j-&,!770d$ei!0AJU1#!
b&&,8='a!D#a!b#Jl#!;uF8!='5!D#!2#!_-2(F!d1CCLe#!f%&,&2!>(,=4!&V!j-&+F)8-4(27#f!d1'5!)5-(-&'ei!K0Y#!

b&2'=/a! l#! %#a! G#! [#! 6+F)'c)2a! P#! j#! b)'')57! ='5! ^#! l#! 6))W/2?! d$EELe#! f9&8=-'! -'()2=+(-&'!

W)(m))'!gP9>!2)+)<(&2!4/W/'-(4!='5!(F)!<&4(47'=<(-+!5)'4-(7!<2&()-'!^69JEL#f!6+-)'+)!

8Y4dL1A$ei!$0A0J$0KC#!
G=5&/*a!j#a!I#!>'&'a!P#!G=8W)2(a!>#!;=W&5N)7a!^#!l)24)'a!>#!j/?/-'a!^#!6-,W)2N='!='5!;#!P#!P)?)!

d1C$Ce#! f6(2)'?(F! 5)<)'5)'+)! &V! +=5F)2-'J8)5-=()5! =5F)4-&'4#f! j-&<F74! D!4RdKei! LAKJ
LK1#!

G='?/-'&a! G#! ;#a! b#! ;#! T)F,4)'a! I#! _=7')2a! _#! T#! %=2()2a! I#! I'?B=,,! ='5! I#! ;/&4,=F(-! d$EUEe#!

fI'5&(F),-=,!+),,4!/4)!=,<F=!1!W)(=!$! -'()?2-'!=4!=! ,=8-'-'!2)+)<(&2#f! D!%),,!j-&,!7U4dLei!
1KLLJ1KY1#!

G=/VV)'W/2?)2a!9#!>#!='5!>#!X#!l&2m-(N!d$EEYe#!f%),,!P-?2=(-&'i!=!<F74-+=,,7!-'()?2=()5!8&,)+/,=2!

<2&+)44#f!%),,!RNi!ALEJAYE#!
G=/2)'(a! H#!P#a! ^#! %=v=5=4a! ;#! X&5-,a! I#! ^,='/4a! >#! >4'=+-&4a! 6#!_)'5,-'?! ='5! 9#! "4=W)7! d1CC1e#!

f[)'4)?2-(7!W)F=B-&/2!&V!+&2(-+=,!='5!+7(&4&,-+!+7(&4c),)(=,!+&8<&')'(4!-'!(m-4()5!,-B-'?!

=5F)2)'(!+),,4#f!>+(=!j-&(F)&2!LUdKei!AA$JALY#!
G=/2)'(a! H#! P#a! ;#! X&5-,a! ^#! %='=5=4a! 6#! X:2:&,a! j#! G&/-4a! I#! ^,='/4! ='5! 9#! "4=W)7! d1CCAe#!

f^=2(-(-&'-'?!&V!+&2(-+=,!='5!5))<!+7(&4c),)(&'!2)4<&'4)4!V2&8!(2='4-)'(!8=?')(-+!W)=5!

(m-4(-'?#f!>''!j-&8)5!I'?!M7d$Cei!$1YAJ$10U#!
G=/2)'(a! H#! P#a! 6#! l)'&'a! I#! ^,='/4a! ;#! X&5-,a! P#! j=,,='5a! 9#! "4=W)7! ='5! X#! T=,,)(! d1CC1e#!

f>44)448)'(! &V! 8)+F='-+=,! <2&<)2(-)4! &V! =5F)2)'(! ,-B-'?! +),,4! W7! W)=5!

8-+2&8='-</,=(-&'i! +&8<=2-4&'! &V! 8=?')(-+! (m-4(-'?! +7(&8)(27! B4! &<(-+=,! (m))N)24#f!

D&/2'=,!&V!j-&8)+F='-+=,!I'?-'))2-'?!78NdKei!KCUJK1$#!
G=/2)'(a! H#! P#a! I#! ^,='/4a! ;#! X&5-,! ='5! 9#! "4=W)7! d1CCAe#! fP)+F='-+=,! =44)448)'(! W7!

8=?')(&+7(&8)(27!&V! (F)! +7(&4&,-+! ='5!+&2(-+=,! +7(&4c),)(=,! +&8<=2(8)'(4! -'!=5F)2)'(!

)<-(F),-=,!+),,4#f!j-&2F)&,&?7!NUd$JAei!1ALJ1KC#!
G=m,)2a!D#!='5!;#!n#!l7')4!d$EUEe#!f>'!-'()?2-'!2)+)<(&2!&'!'&28=,!='5!(F2&8W=4(F)'-+!<,=(),)(4!

(F=(!W-'54!(F2&8W&4<&'5-'#f!j,&&5!0NdYei!1C11J1C10#!
G))a!%#!b#a!k#!P#!_='?a!G#!6#!l/='?!='5!6#!G-'!d1CC0e#!f>(&8-+!V&2+)!8-+2&4+&<7i!5)()28-'=(-&'!&V!

/'W-'5-'?! V&2+)a! &VV! 2=()! ='5! )')2?7! W=22-)2! V&2! <2&()-'J,-?='5! -'()2=+(-&'#f! P-+2&'!

MRdLei!KKYJKY$#!



O%L&%.H)*<A%$!

! """!

G)?2='5a!^#a!6#!j-W)2(a!P#!D=./-'&5a!%#!IW),a!I#!l)m=(a!X#!H-'+)'(a!%#!H='W),,)a!I#!%&'+&25a![#!H)2')(!

='5!9#!T/,-'&!d1CC$e#!f6),VJ=44)8W,7!&V!(F)!B=4+/,=2!)'5&(F),-=,!+=5F)2-'!)+(&5&8=-'!-'!

=!%=1rJ5)<)'5)'(!F)*=8)2-+!4(2/+(/2)#f!D!j-&,!%F)8!80YdLei!ALU$JALUU#!
G),)a![#!^#a!D#!I#!6)2&a!j#!9#!P=((F)m4a!6#!b/8=2a!6#!o-=a!P#!P&'(&7=Jp=B=,=a![#!^&,()a!9#!nB)2W7a!g#!

_='?!='5!9#!I#!"'?W)2!d1CC0e#!f[&&,4!(&!4(/57!+),,!8)+F='-+4!='5!8)+F='&(2='45/+(-&'#f!

P)(F&54!%),,!j-&,!RMi!KKAJK01#!
G)B)'(=,a!b#!;#a!l#!k/a!G#!b=44a!D#!g#!G=c-'4a!P#!I?)W,=5a!D#![#!I2,)2a!6#!X#!X&'?a!b#!%4-4N=2a!>#!T-=++-=a!

_#!_)'-'?)2a!P#!k=8=/+F-a!9#!G#!T=44)2!='5!H#!P#!_)=B)2! d1CCEe#! fP=(2-*!+2&44,-'c-'?!

V&2+)4!(/8&2!<2&?2)44-&'!W7!)'F='+-'?!-'()?2-'!4-?'=,-'?#f!%),,!7M4dLei!UE$JECY#!
G-a! D#a! k#! ^#! pF='?! ='5!;#! 6#! b-24')2! d1CCAe#! f>'?-&?)')4-4! -'!m&/'5! 2)<=-2i! ='?-&?)'-+! ?2&m(F!

V=+(&24!='5!(F)!)*(2=+),,/,=2!8=(2-*#f!P-+2&4+!;)4![)+F!YUd$ei!$C0J$$K#!
G-a! G#! X#a! 6#! b#! G-=&a! %#! %#! l/='?a!P#! D#! l/'?! ='5!9#! >#! q/-''! d1CCUe#! f6)2-')M(F2)&'-')! c-'=4)J

<2&()-'! c-'=4)! j! ='5! )*(2=+),,/,=2! 4-?'=,J2)?/,=()5! c-'=4)! 2)?/,=()! B)'(-,=(&2J-'5/+)5!

</,8&'=27!V-W2&4-4!=V()2!W,)&87+-'J-'5/+)5!=+/()!,/'?!-'R/27i!=!<2&4<)+(-B)a!+&'(2&,,)5!

='-8=,!)*<)2-8)'(#f!%2-(!%=2)!78dKei!;$CA#!
G-a!k#!6#a!D#!l#!l=?=!='5!6#!%F-)'!d1CCLe#!fP&,)+/,=2!W=4-4!&V!(F)!)VV)+(4!&V!4F)=2!4(2)44!&'!B=4+/,=2!

)'5&(F),-=,!+),,4#f!D!j-&8)+F!MRd$Cei!$EKEJ$E0$#!
G-='?a![#!_#a!;#!>#!9)P=2+&a!;#! D#!P24'7a!>#!T/2')7a!>#!T2=7a! D#!l&&,)7a!l#!G#!>=2&'a!>#!l/='?a![#!

b,=44)'a! 9#! j#! [/8=4! ='5! 6#! X&'?! d1CCCe#! f%F=2=+()2-N=(-&'! &V! F/D>Pi! )B-5)'+)! V&2!

-'B&,B)8)'(!-'!+),,J+),,!+&'(=+(!='5!(-?F(! R/'+(-&'!2)?/,=(-&'#f!>8!D!^F74-&,!%),,!^F74-&,!

804dYei!%$0AAJ$0KA#!
G-,-)'a! D#! ='5! D#! j=,4=8&! d1CCLe#! f[F)! 2)?/,=(-&'! &V! +=5F)2-'J8)5-=()5! =5F)4-&'! W7! (72&4-')!

<F&4<F&27,=(-&'M5)<F&4<F&27,=(-&'! &V! W)(=J+=()'-'#f! %/22! n<-'! %),,! j-&,! 70dLei! KLEJ
KYL#!

G-/a!P#a!>#!b#![='4m),,!='5!P#!^&4(!d$EEEe#!fP)+F='-+=,!V&2+)J-'5/+)5!4-?'=,!(2='45/+(-&'!-'!,/'?!

+),,4#f!>8!D!^F74-&,!800dK!^(!$ei!GYY0JYUA#!
G-/a!k#a!j#!^#!%F)'a!P#!G/a!k#!pF/a!P#!j#!6()8)28='a!6#!%F-)'!='5!D#!k#!6F77!d1CC1e#!f6F)=2!4(2)44!

=+(-B=(-&'!&V!6;Ij^$!-'!)'5&(F),-=,!+),,4!-4!8)5-=()5!W7!-'()?2-'4#f!>2()2-&4+,)2![F2&8W!

H=4+!j-&,!88d$ei!0YJU$#!
G-/a! k#a! D#! %#! G&-R)'4a! b#! l#!P=2(-'a! >#! H#! b=2?-'&B! ='5! D#! [#! ^=24&'4! d1CC1e#! f[F)! =44&+-=(-&'! &V!

>6>^$a!='!>9^!2-W&47,=(-&'!V=+(&2JT[^=4)!=+(-B=(-'?!<2&()-'a!m-(F!V&+=,!=5F)4-&'!c-'=4)!

+&'(2-W/()4!(&!(F)!<2&+)44!&V!V&+=,!=5F)4-&'!=44)8W,7#f!P&,!j-&,!%),,!7MdYei!1$K0J1$LY#!
G&a!6#!l#!d1CCKe#!f[)'4-'#f!"'(!D!j-&+F)8!%),,!j-&,!MYd$ei!A$JAK#!
G&+ca! D#!T#a!j#!_)F2,)Jl=,,)2!='5!6#!6(2&8W,=5!d1CCUe#!f%),,J8=(2-*!=5F)4-&'!+&8<,)*)4i!8=4()2!

+&'(2&,!8=+F-')27!&V!+),,!8-?2=(-&'#f!6)8-'!%='+)2!j-&,!7Rd$ei!YLJ0Y#!
P=+b-'(&4Fa! X#! %#a! D#! b=4! ='5! ^#! >#! D='8)7! d$EELe#! fI,=4(-+-(7! &V! 4)8-V,)*-W,)! W-&<&,78)2!

')(m&2c4#f!^F74!;)B!G)((!0Ld1Kei!KK1LJKK1U#!
P=c478a!T#!g#a!j#!X=W27a!D#!^#!j/(,)2a!9#!g=B=R=4a!9#!D#![4+F/8<)2,-'a!D#!9#!G=<&2()!='5!D#!D#!X2)5W)2?!

d1CCCe#!fP)+F='-+=,!<2&<)2(-)4!&V!+/,(/2)5!F/8='!=-2m=7!48&&(F!8/4+,)!+),,4!V2&8!C#CL!

(&!C#K!lN#f!D&/2'=,!&V!><<,-)5!^F74-&,&?7!R4i!$Y$EJ$YA1#!
P=88&(&a! >#a! 6#! l/='?! ='5! 9#! I#! "'?W)2! d1CC0e#! fX-,=8-'! ,-'c4! +),,! 4F=<)! ='5! +7(&4c),)(=,!

4(2/+(/2)!(&!;F&!2)?/,=(-&'!W7!+&'(2&,,-'?!=++/8/,=(-&'!&V!<$EC;F&T>^!-'!,-<-5!2=V(4#f!D!

%),,!6+-!78Ud^(!Aei!KLYJKY0#!
P=88&(&a!>#a! [#!P=88&(&! ='5!9#! I#! "'?W)2! d1CCUe#! f;F&! 4-?'=,-'?! ='5!8)+F='-+=,! +&'(2&,! &V!

B=4+/,=2!5)B),&<8)'(#f!%/22!n<-'!l)8=(&,!7LdAei!11UJ1AK#!
P=88&(&a!>#a![#!P=88&(&a!P#!b='=<=(F-<-,,=-a!%#!_-'?!k/'?a!I#! D-='?a!>#! D-='?a!b#!G&V?2)'a!I#!^#!

T))! ='5! 9#! I#! "'?W)2! d1C$Ae#! f%&'(2&,! &V! ,/'?! B=4+/,=2! <)28)=W-,-(7! ='5! )'5&(&*-'J

-'5/+)5!</,8&'=27!&)5)8=!W7!+F='?)4!-'!)*(2=+),,/,=2!8=(2-*!8)+F='-+4#f!g=(!%&88/'!

Ni!$0LE#!
P=88&(&a! [#a! >#! P=88&(&! ='5! 9#! I#! "'?W)2! d1C$Ae#! fP)+F='&W-&,&?7! ='5! 5)B),&<8)'(=,!

+&'(2&,#f!>''/!;)B!%),,!9)B!j-&,!84i!10JY$#!
P='5),c&ma! I#! ='5! I#! P#! P='5),c&m! d$EELe#! fP-+2&(/W/,)4! ='5! 8-+2&(/W/,)J=44&+-=()5!

<2&()-'4#f!%/22!n<-'!%),,!j-&,!0d$ei!01JU$#!



O%L&%.H)*<A%$!

! ""0!

P='-&(-4a! >#! D#a! b#! j&R='&m4c-! ='5! 9#! I#! "'?W)2! d$EE0e#! fP)+F='-+=,! +&'(-'/-(7! ='5! 2)B)24-W,)!

+F2&8&4&8)! 5-4=44)8W,7! m-(F-'! -'(=+(! ?)'&8)4! 2)8&B)5! V2&8! ,-B-'?! +),,4#f! D! %),,!

j-&+F)8!YLd$ei!$$KJ$AC#!
P=245)'a! P#! ='5! 9#! _#! 9)6-8&')! d1CCAe#! f"'()?2-'JI%P! -'()2=+(-&'4! 2)?/,=()! +=5F)2-'J

5)<)'5)'(! +),,! =5F)4-&'! ='5! =2)! 2)./-2)5! V&2! +&'B)2?)'(! )*()'4-&'! -'! o)'&</4#f! %/22!

j-&,!7Md$Kei!$$U1J$$E$#!
P=((F=7a! P#! >#! ='5! T#! >#! p-88)28='! d1CCLe#! f>+/()! ,/'?! -'R/27! ='5! (F)! =+/()! 2)4<-2=(&27!

5-4(2)44!47'52&8)i!V&/2!5)+=5)4!&V!-'./-27!-'(&!<=(F&?)')4-4!='5!2=(-&'=,!8='=?)8)'(#f!

>8!D!;)4<-2!%),,!P&,!j-&,!MMdKei!A$EJA10#!
P=7a!%#a! D#!X#!9&&57a!;#!>W5/,,=Fa!^#!j=,5)2)4a!o#!o/a!%#!^#!%F)'a!p#!pF/a!G#!6F=<-2&a!^#!b/44-)a!9#!D#!

l-+c,-'a! X#! G-=&! ='5! ^#! j&F,)'! d1CCLe#! f"5)'(-V-+=(-&'! &V! =! (2='4-)'(,7! )*<&4)5! HIJ

+=5F)2-'! )<-(&<)! (F=(! =,,&m4! V&2! 4<)+-V-+! (=2?)(-'?! &V! ='! ='(-W&57! (&! (F)! (/8&2!

')&B=4+/,=(/2)#f!j,&&5!7ULd$$ei!KAA0JKAKK#!
P)5,)7a! q#! T#a! I#! T#! j/+FW-'5)2a! b#! [=+F-W='=a! l#! g?&a! %#! 6)22=J^=?)4! ='5! P#! 6(2)/,-! d1CCAe#!

f6-?'=,-'?!W)(m))'!V&+=,!=5F)4-&'!c-'=4)!='5!(2-&#f!D!j-&,!%F)8!80Rd$Lei!$A1YLJ$A10C#!
P)?)a! ;#! P#a! D#! T=B=25! ='5! P#! G=8W)2(! d1CCYe#! f;)?/,=(-&'! &V! +),,J+),,! R/'+(-&'4! W7! (F)!

+7(&4c),)(&'#f!%/22!n<-'!%),,!j-&,!7RdLei!LK$JLKU#!
P)F(=a! 9#a! %#! [-2/<<=(F-a! ;#! 6='5&B=,a! ;#! 9#! P-'4F=,,a! P#! l&,-'4(=(! ='5! >#! j#! P=,-c! d1CC1e#!

fP&5/,=(&27! 2&,)! &V! V&+=,! =5F)4-&'! c-'=4)! -'! 2)?/,=(-'?! F/8='! </,8&'=27! =2()2-=,!

)'5&(F),-=,!W=22-)2!V/'+(-&'#f!D!^F74-&,!LM4d^(!Aei!00EJ0UE#!
P-+F),a!%#!%#!='5!X#!I#!%/227!d$EEEe#!fP-+2&B=4+/,=2!<)28)=W-,-(7#f!^F74-&,!;)B!04dAei!0CAJ0Y$#!
P-R=-,&B-+Fa! 6#! P#a! P#! b&R-+a! P#! p-Bc&B-+a! j#! X=W27! ='5! D#! D#! X2)5W)2?! d1CC1e#! f>! V-'-()! ),)8)'(!

8&5),!&V!+),,!5)V&28=(-&'!5/2-'?!8=?')(-+!W)=5!(m-4(-'?#f!D!><<,!^F74-&,!d$EULe!4MdKei!
$K1EJ$KAY#!

P-,,=25a![#!l#a!6#!D#!6F=2<!='5!G#!P#!P=+F)4c7!d1CCKe#!f6-?'=,,-'?!(&!=+(-'!=44)8W,7!B-=!(F)!_>6^!

d_-4c&((J>,52-+F!47'52&8)!<2&()-'eJV=8-,7!<2&()-'4!='5!(F)!>2<1MA!+&8<,)*#f!j-&+F)8!

D!MRUd^(!$ei!$J$0#!
P-7&4F-a!D#!='5!k#![=c=-!d1CCLe#!fP&,)+/,=2!<)24<)+(-B)!&'!(-?F(JR/'+(-&'!=44)8W,7!='5!)<-(F),-=,!

<&,=2-(7#f!>5B!92/?!9),-B!;)B!L0dYei!U$LJULL#!
P&2),a!g#!P#a!^#!^#!^)(2/NN&a!l#!j#!l)+F(8='!='5!9#!6F)<2&!d$EECe#!f"'V,=88=(&27!=?&'-4(4!(F=(!

-'+2)=4)!8-+2&B=4+/,=2!<)28)=W-,-(7! -'! B-B&! 4(-8/,=()! +/,(/2)5!</,8&'=27!8-+2&B)44),!

)'5&(F),-=,!+),,!+&'(2=+(-&'#f!"'V,=88=(-&'!7NdLei!L0$JLUA#!
P&2-(=a! b#a! P#! X/2/4)a! b#! X/R-8&(&! ='5! 6#! [4/c-(=! d$EEEe#! f%,=/5-'!8/,(-?)')! V=8-,7! )'+&5-'?!

V&/2J(2='48)8W2=')! 5&8=-'! <2&()-'! +&8<&')'(4! &V! (-?F(! R/'+(-&'! 4(2='54#f! ^2&+! g=(,!

>+=5!6+-!h!6!>!4Yd1ei!L$$JL$Y#!
P&ma!H#!%#a!%#!%#!_='?!='5!%#![#!l/'?!d$EEEe#!f[F)!)*(2=+),,/,=2!8=(2-*a!-'()24(-(-=,!V,/-5!='5!-&'4!

=4! =!8)+F='-+=,! 4-?'=,! (2='45/+)2! -'! =2(-+/,=2! +=2(-,=?)#f! n4()&=2(F2-(-4! %=2(-,=?)!0d$ei!
K$JLU#!

P&7a!>#!j#a!b#!j,=+cm),,!='5!>#!b=8=(F!d1CC1e#!f9-VV)2)'(-=,!)VV)+(4!&V!F-4(=8-')!='5!(F2&8W-'!&'!

)'5&(F),-=,! W=22-)2! V/'+(-&'! (F2&/?F! =+(-'J87&4-'! ()'4-&'#f! >8! D! ^F74-&,! l)=2(! %-2+!

^F74-&,!8R8d$ei!l1$J1E#!
P&7a!>#!j#a! D#!H='!I'?),)'F&B)'a! D#!j&58)2a! D#!b=8=(Fa!%#!b))4)a! "#!T-=)B)2a! 6#! 6F=4W7!='5!9#!P#!

6F=4W7! d$EEYe#! fl-4(=8-')! ='5! (F2&8W-'!8&5/,=()! )'5&(F),-=,! V&+=,! =5F)4-&'! (F2&/?F!

+)'(2-<)(=,!='5!+)'(2-V/?=,!V&2+)4#f!D!%,-'!"'B)4(!40dKei!$C1CJ$C10#!
P/,-B&2a! >#! _#! ='5! l#! l#! G-<&m4c7! d1CC1e#! f;&,)! &V! ?,7+&+=,7*! -'! ,)/c&+7()J)'5&(F),-=,! +),,!

=5F)4-&'#f!>8!D!^F74-&,!l)=2(!%-2+!^F74-&,!8RMdKei!l$1U1J$1E$#!
P/,,-'4a! ;#! 9#a! D#! >#!l)/4)2! ='5![#!9#! ^&,,=25! d$EEUe#! f[F)! -'()2=+(-&'! &V! >2<1MA! +&8<,)*!m-(F!

=+(-'i! '/+,)=(-&'a! F-?F! =VV-'-(7! <&-'()5! )'5! +=<<-'?a! ='5! V&28=(-&'! &V! W2='+F-'?!

')(m&2c4!&V!V-,=8)'(4#f!^2&+!g=(,!>+=5!6+-!h!6!>!4Ld$$ei!Y$U$JY$UY#!
P/22=7a!D#!X#a!P#!>#!P=((F=7a!D#!P#!G/+)!='5!P#!;#!X,-+c!d$EUUe#!f>'!)*<='5)5!5)V-'-(-&'!&V!(F)!=5/,(!

2)4<-2=(&27!5-4(2)44!47'52&8)#f!>8!;)B!;)4<-2!9-4!7MRdAei!01CJ01A#!
g=a! 6#a! X#! %F&m5F/27a! j#! [=7a! P#! n/7='?a! P#! T2)?&2a! k#! _='?a! T#!_-+F)! ='5! g#!_='?! d1CCEe#!

f^,)+(-'! +&'(2-W/()4! (&!8)+F='-+=,! <2&<)2(-)4! &V! ,-B-'?! +),,4#f! >8! D! ^F74-&,! %),,! ^F74-&,!

84YdKei!%UYUJU00#!



O%L&%.H)*<A%$!

! ""1!

g=a!6#a!n#!%&,,-'a!X#!%F&m5F/27a!j#![=7a!P#!n/7='?a!k#!_='?!='5!g#!_='?! d1CCUe#! f;=<-5!4-?'=,!

(2='45/+(-&'!-'!,-B-'?!+),,4!-4!=!/'-./)!V)=(/2)!&V!8)+F='&(2='45/+(-&'#f!^2&+!g=(,!>+=5!

6+-!h!6!>!7ULd$Uei!YY1YJYYA$#!
g=?7a!D#!>#a!G#!j)'R=8-'a!l#!p)'?a!>#!P#!9B&2=c!='5!l#!X#!9B&2=c!d1CCUe#!fH=4+/,=2!<)28)=W-,-(7a!

B=4+/,=2!F7<)2<)28)=W-,-(7!='5!='?-&?)')4-4#f!>'?-&?)')4-4!77d1ei!$CEJ$$E#!
g=m2&(Fa!;#a!T#!^&),,a!>#!;='V(a!6#!b,&)<a!h#!6=8/,&m-(Na!T#!X=+F-'?)2a!P#!T&,5-'?a!9#![#!6F-8=a!h#!

9)/(4+F! ='5! 9#! H)4(m)W)2! d1CC1e#! fHIJ^[^! ='5! HIJ+=5F)2-'! )+(&5&8=-'4! -'()2=+(! (&!

V=+-,-(=()!2)?/,=(-&'!&V!<F&4<F&27,=(-&'!='5!+),,!+&'(=+(4#f!IPjn!D!87d$Uei!KUULJKUEL#!
g)(m&2ca! [#! >#! ;#! 9#! 6#! d1CCCe#! fH)'(-,=(-&'! m-(F! ,&m)2! (-5=,! B&,/8)4! =4! +&8<=2)5! m-(F!

(2=5-(-&'=,! (-5=,! B&,/8)4! V&2! =+/()! ,/'?! -'R/27! ='5! (F)! =+/()! 2)4<-2=(&27! 5-4(2)44!

47'52&8)#![F)!>+/()!;)4<-2=(&27!9-4(2)44!67'52&8)!g)(m&2c#f!g!I'?,! D!P)5!MN8d$Uei!
$AC$J$ACU#!

g-)44)'a! %#! P#a! 9#! G)+cW='5! ='5! >#! 6#! k=<! d1C$$e#! f[-44/)! &2?='-N=(-&'! W7! +=5F)2-'! =5F)4-&'!

8&,)+/,)4i! 57'=8-+!8&,)+/,=2! ='5! +),,/,=2!8)+F='-484! &V!8&2<F&?)')(-+! 2)?/,=(-&'#f!

^F74-&,!;)B!47d1ei!YE$J0A$#!
g-((=a![#a!P#!l=(=a!6#!T&(&Fa!k#!6)&a!l#!6=4=c-a!g#!l=4F-8&(&a!P#!X/2/4)!='5!6#![4/c-(=!d1CCAe#!f6-N)J

4),)+(-B)! ,&&4)'-'?! &V! (F)! W,&&5JW2=-'! W=22-)2! -'! +,=/5-'JLJ5)V-+-)'(! 8-+)#f! D! %),,! j-&,!

7Y7dAei!YLAJYYC#!
g&W)4a!%#!9#!='5!>#!l=,,!d$EELe#!f;F&a!2=+!='5!+5+K1!T[^=4)4i!2)?/,=(&24!&V!=+(-'!4(2/+(/2)4a!+),,!

=5F)4-&'!='5!8&(-,-(7#f!j-&+F)8!6&+![2='4!8MdAei!KLYJKLE#!
g&R-8=a! k#a! g#! P&2-'&a! [#! P-8/2=a! b#! l=8=4=c-a! l#! X/2/7=a! ;#! 6=c=-a! [#! 6=(&a! b#! [=+F-W='=a! %#!

P&2-8&(&a! k#! k=N=c-! ='5! )(! =,#! d$EELe#! f"'()?2-'J8)5-=()5! +),,! =5F)4-&'! <2&8&()4!

(72&4-')! <F&4<F&27,=(-&'! &V! <$AC%=4a! =! 62+! F&8&,&?7! AJ+&'(=-'-'?! 8&,)+/,)! F=B-'?!

8/,(-<,)!62+!F&8&,&?7!1JW-'5-'?!8&(-V4#f!D!j-&,!%F)8!80Ud1Lei!$LAEUJ$LKC1#!
nF=7&'a! D#! ='5!^#![2=+./-! d1CCLe#! f%&8</(=(-&'!&V!=5F)2)'(!+),,! ),=4(-+-(7! V&2!+2-(-+=,! +),,JW)=5!

?)&8)(27!-'!8=?')(-+!(m-4(-'?!)*<)2-8)'(4#f!>''!j-&8)5!I'?!MMd1ei!$A$J$K$#!
nF=7&'a!D#a!^#![2=+./-a!;#!X&5-,a!6#!X)2)&,a!H#!P#!G=/2)'(a!I#!^,='/4!='5!9#!"4=W)7!d1CCKe#!f>'=,74-4!

&V!'&',-')=2!2)4<&'4)4!&V!=5F)2)'(!)<-(F),-=,!+),,4!<2&W)5!W7!8=?')(-+!W)=5!(m-4(-'?i!>!

V-'-()!),)8)'(!8&5),!W=4)5!&'!=!F&8&?)'-N=(-&'!=<<2&=+F#f!D!j-&8)+F!I'?!78YdYei!YULJ
YEU#!

nF(=a!k#a!g#!6/N/c-a!6#!g=c=8/2=a!D#!l#!l=2(m-?!='5![#!^#!6(&44),!d$EEEe#!f[F)!48=,,!T[^=4)!;=,>!

(=2?)(4!V-,=8-'!(&!-'5/+)!V-,&<&5-=#f!^2&+!g=(,!>+=5!6+-!h!6!>!4YdLei!1$11J1$1U#!
n,-B)2a! [#a!P#!9)8W&! ='5!b#! D=+&W4&'! d$EEEe#! f6)<=2=(-&'! &V! <2&</,4-B)! ='5! =5F)4-B)! (2=+(-&'!

4(2)44)4!-'!,&+&8&(-'?!c)2=(&+7()4#f!D!%),,!j-&,!7NLdAei!LUEJYCK#!
n2V='&4a! 6#! I#a! "#! P=B2&88=(-a! "#! b&2&B)4-! ='5! %#! ;&/44&4! d1CCKe#! f^/,8&'=27! )'5&(F),-/8! -'!

=+/()!,/'?!-'R/27i!V2&8!W=4-+!4+-)'+)!(&!(F)!+2-(-+=,,7!-,,#f!"'()'4-B)!%=2)!P)5!MUdEei!$0C1J
$0$K#!

n22a!>#!_#a!;#! 6(&+c(&'a!P#!j#! 6-88)24a! D#!P#!6='5)24a! "#! D#! 6=2)8W&+ca!j#!;#!j,=+c8='!='5!P#!>#!

6+Fm=2(N! d1CC0e#! fP=(2-*J4<)+-V-+! <1$J=+(-B=()5! c-'=4)! =+(-B=(-&'! 2)?/,=()4! B=4+/,=2!

<)28)=W-,-(7!-'!=(F)2&?)')4-4#f!D!%),,!j-&,!70YdLei!0$EJ010#!
nB)2W7a!9#! ;#a! j#!9#!P=((F)m4a! I#! >,4W)2?! ='5!9#! I#! "'?W)2! d1CCLe#! fg&B),! 57'=8-+! 2F)&,&?-+=,!

W)F=B-&2! &V! -'5-B-5/=,! V&+=,! =5F)4-&'4! 8)=4/2)5! m-(F-'! 4-'?,)! +),,4! /4-'?!

),)+(2&8=?')(-+!</,,-'?!+7(&8)(27#f!>+(=!j-&8=()2!7dAei!1ELJACA#!
^=<<)'F)-8)2a!D#!;#a!I#!P#!;)'c-'!='5!G#!P#!j&22)2&!d$EL$e#!fX-,(2=(-&'a!5-VV/4-&'!='5!8&,)+/,=2!

4-)B-'?! (F2&/?F! <)2-<F)2=,! +=<-,,=27!8)8W2=')4w! =! +&'(2-W/(-&'! (&! (F)! <&2)! (F)&27! &V!

+=<-,,=27!<)28)=W-,-(7#f!>8!D!^F74-&,!7Y0d$ei!$AJKY#!
^=2c)2a! D#! %#a! I#! %#! j2))'! ='5! D#! j#!_)4(! d$EE0e#! fl-?F! B=4+/,=2! ='5! =-2m=7! <2)44/2)4! -'+2)=4)!

-'()24(-(-=,!<2&()-'!8;g>!)*<2)44-&'!-'!-4&,=()5!2=(!,/'?4#f!D!><<,!^F74-&,!d$EULe!RMdLei!
$YE0J$0CL#!

^=2c)2a! D#! %#a! P#! "#! [&m'4,)7a! j#! ;-<<)a! >#! I#! [=7,&2! ='5! D#! [F-?<)'! d$EUKe#! f"'+2)=4)5!

8-+2&B=4+/,=2! <)28)=W-,-(7! -'! 5&?! ,/'?4! 5/)! (&! F-?F! <)=c! =-2m=7! <2)44/2)4#f! D! ><<,!

^F74-&,!;)4<-2!I'B-2&'!I*)2+!^F74-&,!L0dYei!$UCEJ$U$Y#!



O%L&%.H)*<A%$!

! ""2!

^=2(2-5?)a!%#!>#a!%#!D#!l&2B=(Fa!^#!D#!9),!H)++F-&a!^#!T#!^F-,,-<4!='5!>#!j#!P=,-c!d$EE1e#!f"'V,/)'+)!&V!

)*(2=+),,/,=2! 8=(2-*! -'! (/8&2! ')+2&4-4! V=+(&2J-'5/+)5! -'+2)=4)! -'! )'5&(F),-=,!

<)28)=W-,-(7#f!>8!D!^F74-&,!8YMdY!^(!$ei!GY10JYAA#!
^=2(2-5?)a!%#!>#a! D#! D#! D)VV2)7!='5!>#!j#!P=,-c!d$EEAe#! f>!EYJc9=!?),=(-'=4)! -'5/+)5!W7![gXJ=,<F=!

+&'(2-W/()4!(&!-'+2)=4)5!8-+2&B=4+/,=2!)'5&(F),-=,!<)28)=W-,-(7#f!>8!D!^F74-&,!8YLdL!^(!
$ei!GKAUJKK0#!

^=44-a!>#a!9#!g)?2-'-a!;#!>,W)2(-'-a!T#!P-4)2&++F-!='5!T#!9)!G/+=!d$EEEe#!f[F)!4)'4-(-B-(7!&V!B)24-+='!

V2&8! 2=WW-(! ,/'?! (&! ?),=(-'=4)! >! dPP^J1e! ='5! j! dPP^JEe! ='5! -(4! -'B&,B)8)'(! -'! (F)!

5)B),&<8)'(!&V!F752=/,-+!,/'?!)5)8=#f!XIj6!G)((!NLYd$ei!EAJEY#!
^=4N)ca!P#! D#! ='5!H#!P#!_)=B)2! d1CCKe#! f[F)! ()'4-&'!8&/'(4i!8)+F='-+4!8))(4!8&2<F&?)')4-4!

='5!8=,-?'='+7#f!D!P=88=27!T,='5!j-&,!g)&<,=4-=!4dKei!A1LJAK1#!
^=4N)ca!P#!D#a!g#!p=F-2a!b#!;#!D&F'4&'a!D#!g#!G=c-'4a!T#!"#!;&N)'W)2?a!>#!T)V)'a!%#!>#!;)-'F=2(Jb-'?a!6#!

6#!P=2?/,-)4a!P#!9)8W&a!9#!j&)((-?)2a!9#!>#!l=88)2!='5!H#!P#!_)=B)2!d1CCLe#!f[)'4-&'=,!

F&8)&4(=4-4!='5!(F)!8=,-?'='(!<F)'&(7<)#f!%='+)2!%),,!RdAei!1K$J1LK#!
^=(),a!6#!9#a!%#!%-=((&a!%#!^#!%F)'a!X#!j=F'=a!P#!;=R)WF&4=,)a!g#!>2c/4a! "#!6+F-)2)'a![#!P#! D)44),,a!j#!

l&'-?a! 6#! ;#! ^2-+)! ='5! G#! 6F=<-2&! d1CCYe#! f[7<)! ""! +=5F)2-'! )+(&5&8=-'! 4(2/+(/2)4i!

-8<,-+=(-&'4!V&2!+,=44-+=,!+=5F)2-'!4<)+-V-+-(7#f!%),,!78NdYei!$1LLJ$1YU#!
^=((&'a!_#!X#a!P#!h#!k&&'a!D#!6#!>,)*='5)2a!g#!%F/'?J_),+Fa!l#!j#!l)+F(8='!='5!9#!6F)<2&!d$EECe#!

fI*<2)44-&'! &V! 4-8<,)! )<-(F),-=,! +7(&c)2=(-'4! -'! W&B-')! </,8&'=27! 8-+2&B=4+/,=2!

)'5&(F),-=,!+),,4#f!D!%),,!^F74-&,!7NMd$ei!$KCJ$KE#!
^),F=8a! ;#! D#a! D2#! ='5! k#! _='?! d$EE0e#! f%),,! ,&+&8&(-&'! ='5! V&+=,! =5F)4-&'4! =2)! 2)?/,=()5! W7!

4/W4(2=()!V,)*-W-,-(7#f!^2&+!g=(,!>+=5!6+-!h!6!>!4Nd1Lei!$AYY$J$AYYL#!
^)(2=+F)a! "#a! >#! j-2/c&B=a! 6#! "#! ;=8-2)Na! D#! T#! T=2+-=! ='5! >#! 9#! H)2-'! d1CCAe#! f[F)! 2&,)! &V! (F)!

8-+2&(/W/,)4!-'!(/8&2!')+2&4-4!V=+(&2J=,<F=J-'5/+)5!)'5&(F),-=,!+),,!<)28)=W-,-(7#f!>8!D!

;)4<-2!%),,!P&,!j-&,!8RdLei!L0KJLU$#!
^F-,,-<4a!^#!T#a!l#!G/8a!>#!j#!P=,-c!='5!P#!X#![4='!d$EUEe#!f^F=,,=+-5-'!<2)B)'(4!(F2&8W-'J-'5/+)5!

-'+2)=4)4!-'!)'5&(F),-=,!<)28)=W-,-(7!(&!=,W/8-'#f!>8!D!^F74-&,!8L0dA!^(!$ei!%LY1JLY0#!
^-)24+FW=+F)2a!P#!9#!='5!I#!;/&4,=F(-!d$EUKe#!fH=2-='(4!&V!(F)!+),,!2)+&?'-(-&'!4-()!&V!V-W2&')+(-'!

(F=(!2)(=-'!=((=+F8)'(J<2&8&(-'?!=+(-B-(7#f!^2&+!g=(,!>+=5!6+-!h!6!>!R7d$Eei!LEULJLEUU#!
^,='/4a!I#a!6#!T=,-=+7a!6#!X)2)&,a!;#!X&5-,a!H#!P#!G=/2)'(a!P#!^#!5\n2(F&!='5!9#!"4=W)7!d1CCLe#!f><-+=,!

2-?-5-(7!&V!='!)<-(F),-=,!+),,!8&'&,=7)2!)B=,/=()5!W7!8=?')(-+!(m-4(-'?!+7(&8)(27i!"%>PJ

$! B)24/4! -'()?2-'! ,-'c=?)4! (&! XJ=+(-'! 4(2/+(/2)#f! %,-'!l)8&2F)&,!P-+2&+-2+!MMdAei! 100J
1E$#!

^,='/4a! I#a! 6#! T=,-=+7a! P#! P=((F=7a! H#! G=/2)'(a! D#! T=B2-,&B-+a! T#! P/2<F7a! %#! %,:2-+-a! 9#! "4=W)7a! %#!

G=V/8=! ='5! P#! ^#! 5\n2(F&! d$EEEe#! f;&,)! &V! +&,,=?)'=4)! -'! 8)5-=(-'?! -'! B-(2&! =,B)&,=2!

)<-(F),-=,!m&/'5!2)<=-2#f!D&/2'=,!nV!%),,!6+-)'+)!778&]&Z$&8^i!1KAJ1L1#!
^&W)2a!D#!6#!='5!_#!%#!6)44=!d1CC0e#!fIB&,B-'?!V/'+(-&'4!&V!)'5&(F),-=,!+),,4!-'!-'V,=88=(-&'#f!g=(!

;)B!"88/'&,!0d$Cei!UCAJU$L#!
^&,-a! >#a! ;#! P#! P=4&'! ='5! D#! ;#! G)B-+c! d1CCKe#! fIVV)+(4! &V! >2?JT,7J>4<! 4)./)'+)! <)<(-5)! ='5!

F7<)2&48&,=2-(7!&'!(F)!<)28)=W-,-(7!&V! -'()24(-(-=,!8=(2-*!='5!V)')4(2=()5!)'5&(F),-/8!

-'!R&-'(4#f!P-+2&+-2+/,=(-&'!77dYei!KYAJK0Y#!
^&,,=25a![#!9#!d$EECe#!f>+(-'#f!%/22!n<-'!%),,!j-&,!8d$ei!AAJKC#!
^&,,=25a![#!9#! d1CC0e#! f;)?/,=(-&'!&V!=+(-'! V-,=8)'(!=44)8W,7!W7!>2<1MA!+&8<,)*!='5! V&28-'4#f!

>''/!;)B!j-&<F74!j-&8&,!6(2/+(!MYi!KL$JK00#!
^&,()a![#!;#a!T#!6#!I-+F,)2a!g#!_='?!='5!9#!I#!"'?W)2!d1CCKe#!fI*(2=+),,/,=2!8=(2-*!+&'(2&,4!87&4-'!

,-?F(!+F=-'!<F&4<F&27,=(-&'!='5!+),,! +&'(2=+(-,-(7! (F2&/?F!8&5/,=(-&'!&V!+),,! 4F=<)!='5!

+7(&4c),)(=,!<2)4(2)44#f!>8!D!^F74-&,!%),,!^F74-&,!8RYdAei!%L$UJL1U#!
^&(()2a!P#! 9#a! 6#! j=2W)2&! ='5!9#! >#! %F)2)4F! d1CCLe#! f[72&4-')! <F&4<F&27,=(-&'! &V! HIJ+=5F)2-'!

<2)B)'(4! W-'5-'?! &V! <$1CJ! ='5! W)(=J+=()'-'! ='5! 8=-'(=-'4! (F)! +),,/,=2! 8)4)'+F78=,!

4(=()#f!D!j-&,!%F)8!8RUdAYei!A$ECYJA$E$1#!
^2=((a!j#!P#a!9#!X&28!='5!D#!>#!P=52-!d$EULe#!fI'5&(F),-=,!+),,J)*(2=+),,/,=2!8=(2-*!-'()2=+(-&'4#f!

>''!g!k!>+=5!6+-!NYUi!10KJ1UU#!



O%L&%.H)*<A%$!

! ""3!

^2&B)'N='&a! ^#! ^#! ='5! ^#! D#! b)),7! d1C$$e#! fP)+F='-+=,! 4-?'=,-'?! (F2&/?F! (F)! +7(&4c),)(&'!

2)?/,=()4! +),,! <2&,-V)2=(-&'!W7! +&&25-'=()5! V&+=,! =5F)4-&'!='5!;F&!T[^=4)! 4-?'=,-'?#f! D!

%),,!6+-!78Nd^(!Uei!$$ELJ$1CL#!
^/c,-'JX=/+F)2a!I#!='5!P#!^#!6F))(N!d1CCEe#!f[F)!8)+F='-+=,!-'()?2-'!+7+,)#f!D!%),,!6+-!788d^(!1ei!

$0EJ$UY#!

q-='a!D#!='5!l#!T=&!d1C$Ce#!f6&V(!8=(2-+)4!4/<<2)44!+&&<)2=(-B)!W)F=B-&24!=8&'?!2)+)<(&2J,-?='5!

W&'54!-'!+),,!=5F)4-&'#f!^G&6!n')!LdUei!)$1AK1#!
q-='a!D#a!D#!_='?!='5!l#!T=&!d1CCUe#!fG-V)(-8)!='5!4(2)'?(F!&V!=5F)4-B)!8&,)+/,=2!W&'5!+,/4()24!

W)(m))'!),=4(-+!8)5-=#f!G='?8/-2!8NdKei!$1Y1J$10C#!
q-=&a!;#!G#a!l#!6#!_='?a!_#!k='a!G#!I#!n5)c&'a!^#!D#!9),!H)++F-&a![#!D#!68-(F!='5!>#!j#!P=,-c!d$EELe#!

fI*(2=+),,/,=2! 8=(2-*! F7=,/2&'='! -4! =! 5)()28-'='(! &V! (F)! )'5&(F),-=,! W=22-)2#f! >8! D!

^F74-&,!8Y4d$!^(!$ei!%$CAJ$CE#!
q-=&a!;#!G#a!_#!k='a!l#!G/8!='5!>#!j#!P=,-c! d$EELe#! f>2?JT,7J>4<!<)<(-5)! -'+2)=4)4!)'5&(F),-=,!

F752=/,-+!+&'5/+(-B-(7i!+&8<=2-4&'!m-(F!(F2&8W-'!2)4<&'4)#f!>8!D!^F74-&,!8Y4d$!^(!$ei!
%$$CJ$$0#!

q/=52-a!6#!b#!d1C$1e#!f%2&44!(=,c!W)(m))'!V&+=,!=5F)4-&'!c-'=4)!='5!+=5F)2-'4i!2&,)!-'!2)?/,=(-'?!

)'5&(F),-=,!W=22-)2!V/'+(-&'#f!P-+2&B=4+!;)4!RMd$ei!AJ$$#!
;='5a!;#!^#!='5!>#!%#!j/2(&'!d$EYKe#!fPI%l>g"%>G!^;n^I;["I6!nX![lI!;I9!%IGG!PIPj;>gI#!

"#!PIPj;>gI!6["XXgI66!>g9!"g[;>%IGGhG>;!^;I66h;I#f!j-&<F74!D!Ni!$$LJ$AL#!
;)-'F=25a! P#a! b#! D&/B)'=,a! 9#! [2-<-)2! ='5! h#! _=,()2! d$EELe#! f"5)'(-V-+=(-&'a! </2-V-+=(-&'a! ='5!

+F=2=+()2-N=(-&'! &V! =! N7*-'J2),=()5! <2&()-'! (F=(! W-'54! (F)! V&+=,! =5F)4-&'! ='5!

8-+2&V-,=8)'(! <2&()-'! H>6^! dB=4&5-,=(&2J4(-8/,=()5! <F&4<F&<2&()-'e#f! ^2&+! g=(,! >+=5!

6+-!h!6!>!48d$0ei!0ELYJ0EYC#!
;)4'-c&VVa!P#a![#!j2-)'a!^#!>#!H-'+)'(a!;#!X#!;&(/'5&a!I#!G)m-4a!^#!D#!P+b)&m'JG&'?&!='5![#!P#!6=W=!

d$EEEe#!fG/'?!8=(2-*!-'+&2<&2=(-&'!&V!<,=48=!V-W2&')+(-'!2)5/+)4!B=4+/,=2!<)28)=W-,-(7!

-'!<&4(4/2?-+=,!W=+()2)8-=#f!>8!D!^F74-&,!800dK!^(!$ei!G0KEJ0LE#!
;-+=25a! D#!9#a!9#!92)7V/44! ='5!T#! 6=/8&'! d1CCAe#! fH)'(-,=(&2J-'5/+)5! ,/'?! -'R/27#f!I/2!;)4<-2! D!

6/<<,!N8i!14JE4#!
;-5,)7a!>#!D#a!P#!>#!6+Fm=2(Na!b#!j/22-5?)a!;#!>#!X-2(),a!P#!l#!T-'4W)2?a!T#!j&2-47a!D#![#!^=24&'4!='5!>#!

;#! l&2m-(N! d1CCAe#! f%),,! 8-?2=(-&'i! -'()?2=(-'?! 4-?'=,4! V2&8! V2&'(! (&! W=+c#f! 6+-)'+)!

MU8dLYL$ei!$0CKJ$0CE#!
;-88a!9#!G#a!I#!;#!b&4,&Ba!^#!b)W2-=)-a!%#!9#!%-='+-!='5!D#!6#!P&22&m!d$EELe#!f>,<F=!$dIeJ+=()'-'!-4!

='! =+(-'JW-'5-'?! ='5! JW/'5,-'?! <2&()-'! 8)5-=(-'?! (F)! =((=+F8)'(! &V! XJ=+(-'! (&! (F)!

8)8W2=')!=5F)4-&'!+&8<,)*#f!^2&+!g=(,!>+=5!6+-!h!6!>!48d$Eei!UU$AJUU$0#!
;&4)'W,=((a! g#a! 6#! l/a! D#! %F)'a! g#! _='?! ='5! 9#! 6(=8)'&B-+! d1CCKe#! f9-4()'5-'?! 4(2)44! &V! (F)!

+7(&4c),)(&'! -4! =! c)7! 5)()28-'='(! &V! +),,! 2F)&,&?-+=,! W)F=B-&2#f! j-&+F)8! j-&<F74! ;)4!

%&88/'!M87dAei!Y$0JY11#!
;&((')2a! b#a! >#! l=,,! ='5! D#! H#! 68=,,! d$EEEe#! f"'()2<,=7! W)(m))'! ;=+! ='5! ;F&! -'! (F)! +&'(2&,! &V!

4/W4(2=()!+&'(=+(!57'=8-+4#f!%/22!j-&,!4d$1ei!YKCJYKU#!
;&N=2-&a! [#! ='5! 9#! _#! 9)6-8&')! d1C$Ce#! f[F)! )*(2=+),,/,=2! 8=(2-*! -'! 5)B),&<8)'(! ='5!

8&2<F&?)')4-4i!=!57'=8-+!B-)m#f!9)B!j-&,!MN7d$ei!$1YJ$KC#!
;/&4,=F(-a!I#!d$EE$e#!f"'()?2-'4#f!D!%,-'!"'B)4(!R0d$ei!$JL#!
;/&4,=F(-a! I#! ='5! P#! 9#! ^-)24+FW=+F)2! d$EU0e#! fg)m! <)24<)+(-B)4! -'! +),,! =5F)4-&'i! ;T9! ='5!

-'()?2-'4#f!6+-)'+)!8MRdKU1Yei!KE$JKE0#!
6=c=8&(&a!k#a!l#!n?-(=a!l#!b&8/2=!='5!k#![=c=-!d1CCUe#!f"'B&,B)8)'(!&V!')+(-'!-'!-'=+(-B=(-&'!&V!

-'()?2-'! =,<F=dBeW)(=dAe! =V()2! (F)! )4(=W,-4F8)'(! &V! +),,J+),,! =5F)4-&'#f! D! j-&,! %F)8!

8RMd$ei!KEYJLCL#!
6=c-4=c=a! [#a! _#! "c)5=a! l#! n?-(=a! g#! X/R-(=! ='5! k#! [=c=-! d1CC0e#! f[F)! 2&,)4! &V! ')+(-'4! -'! +),,!

=5F)4-&'4i!+&&<)2=(-&'!m-(F!&(F)2!+),,!=5F)4-&'!8&,)+/,)4!='5!?2&m(F!V=+(&2!2)+)<(&24#f!

%/22!n<-'!%),,!j-&,!74dLei!LEAJYC1#!
6=(+F-JX=-'=2&a!;#a!;#!P=8,/ca!G#!_='?a!6#!P#!6F&2(a!D#!>#!g=?7a!9#!X)'?a!>#!P#!9B&2=ca!l#!X#!9B&2=ca!

P#!^/5)2a!9#!P/cF&<=5F7=7!='5!D#!X&,c8='!d1CCLe#!f"'F-W-(-&'!&V!B)44),!<)28)=W-,-(7!W7!

[g^JK0C!='5!-(4!<&,78)2!+&'R/?=()a!+=<,&4(=(-'#f!%='+)2!%),,!0dAei!1L$J1Y$#!



O%L&%.H)*<A%$!

! ""4!

6=(&a!P#a!g#!nF4F-8=!='5!;#!P#!g)2)8!d$EEYe#!fH-4+&),=4(-+!<2&<)2(-)4!&V!+/,(/2)5!<&2+-')!=&2(-+!

)'5&(F),-=,!+),,4!)*<&4)5!(&!4F)=2!4(2)44#f!D!j-&8)+F!84dKei!KY$JKY0#!
6=(&a!P#a!_#!l#!6+Fm=2N!='5![#!9#!^&,,=25!d$EU0e#!f9)<)'5)'+)!&V! (F)!8)+F='-+=,!<2&<)2(-)4!&V!

=+(-'M=,<F=J=+(-'-'!?),4!&'!5)V&28=(-&'!2=()#f!g=(/2)!M8LdY$C0ei!U1UJUAC#!
6+F,=)<V)2a! 9#! 9#! ='5! 6#! b#! P-(2=! d1CCKe#! fP/,(-<,)! +&'')+(-&'4! ,-'c! X>b! (&! +),,! 8&(-,-(7! ='5!

-'B=4-&'#f!%/22!n<-'!T)')(!9)B!7Nd$ei!E1J$C$#!
6+F'-((,)2a! l#! D#a! j#! ^/4+F),! ='5! 9#! 92)'+cF=F'! d$EE0e#! f;&,)! &V! +=5F)2-'4! ='5! <,=c&?,&W-'! -'!

-'()2)'5&(F),-=,!=5F)4-&'!/'5)2!2)4(-'?!+&'5-(-&'4!='5!4F)=2!4(2)44#f!>8!D!^F74-&,!80MdL!
^(!1ei!l1AEYJ1KCL#!

6+F/8=+c)2a! ^#! [#! d1CC1e#! f6(2=-'-'?! (&! /'5)24(='5! 8)+F='&(2='45/+(-&'! -'! (F)! ,/'?#f! >8! D!

^F74-&,!G/'?!%),,!P&,!^F74-&,!8R8dLei!GUU$JUU1#!
6+Fm=2(Na!P#!>#!='5!P#!l#!T-'4W)2?!d1CC1e#!fg)(m&2c4!='5!+2&44(=,ci!-'()?2-'!4-?'=,,-'?!4<2)=54#f!

g=(!%),,!j-&,!NdKei!IYLJYU#!
6+Fm=2(Na!P#! >#a! P#! 9#! 6+F=,,)2! ='5!P#! l#! T-'4W)2?! d$EELe#! f"'()?2-'4i! )8)2?-'?! <=2=5-?84! &V!

4-?'=,!(2='45/+(-&'#f!>''/!;)B!%),,!9)B!j-&,!77i!LKEJLEE#!
6F=4W7a! 9#! P#a! 6#! 6#! 6F=4W7a! D#! P#! 6/,,-B='! ='5! P#! D#! ^)=+F! d$EU1e#! f;&,)! &V! )'5&(F),-=,! +),,!

+7(&4c),)(&'!-'!+&'(2&,!&V!)'5&(F),-=,!<)28)=W-,-(7#f!%-2+!;)4!L7dLei!YL0JYY$#!
6F=4W7a!9#!P#a![#!6()B)'4a!9#!;-)4a!>#!j#!P&7a!D#!P#!b=8=(Fa!>#!P#!b=8=(F!='5!6#!6#!6F=4W7!d$EE0e#!

f[F2&8W-'! -'F-W-(4! 87&4-'! ,-?F(! +F=-'! 5)<F&4<F&27,=(-&'! -'! )'5&(F),-=,! +),,4#f! >8! D!

^F74-&,!808d1!^(!$ei!GA$$JA$E#!
6F)'a! q#a! P#! l#! _/! ='5! 6#! k#! k/='! d1CCEe#! fI'5&(F),-=,! +&'(2=+(-,)! +7(&4c),)(&'! ='5!

8-+2&B=4+/,=2!<)28)=W-,-(7#f!%),,!l)=,(F!%7(&4c),)(!8UU4d$ei!KAJLC#!
6F)<<=25a!9#! d1CCKe#! f;&,)4!&V!=,<F=B! -'()?2-'4! -'!B=4+/,=2!W-&,&?7!='5!</,8&'=27!<=(F&,&?7#f!

%/22!n<-'!%),,!j-&,!7YdLei!LL1JLL0#!
6F-'a! 9#! ='5! b#! >(F='=4-&/! d$EEEe#! f%7(&-'5)'(=(-&'! V&2! &W(=-'-'?! +),,! W-&8)+F='-+=,!

<2&<)2(-)4#f!D!n2(F&<!;)4!70dYei!UUCJUEC#!
6F2&VVa!6#!T#a!9#!;#!6=')2!='5!;#!G=,!d$EELe#!f97'=8-+!8-+2&8)+F='-+=,!<2&<)2(-)4!&V!+/,(/2)5!2=(!

=(2-=,!87&+7()4!8)=4/2)5!W7!=(&8-+!V&2+)!8-+2&4+&<7#f!>8!D!^F74-&,!8Y4d$!^(!$ei!%1UYJ
1E1#!

6-8-&')4+/a! g#a! P#! 6-8-&')4+/! ='5! T#! I#! ^=,=5)! d$EU$e#! f9-VV)2)'(-=()5! 8-+2&5&8=-'4! &'! (F)!

,/8-'=,!4/2V=+)!&V!(F)!+=<-,,=27!)'5&(F),-/8#!"#!^2)V)2)'(-=,!5-4(2-W/(-&'!&V!='-&'-+!4-()4#f!

D!%),,!j-&,!4UdAei!YCLJY$A#!
6-'?Fa!j#a!%#!X/!='5!D#!jF=((=+F=27=!d1CCCe#!fH=4+/,=2!)*<2)44-&'!&V!(F)!=,<F=dBeW)(=dAeJ-'()?2-'!

-'!,/'?!='5!&(F)2!&2?='4#f!>8!D!^F74-&,!G/'?!%),,!P&,!^F74-&,!80Rd$ei!G1$0J11Y#!
6-(c&a! D#! %#a! I#!P#!P=())4+/! ='5!l#!T#!l='48=! d1CCAe#! f6)./)'+)J5)<)'5)'(!9g>!+&'5)'4=(-&'!

='5!(F)!),)+(2&4(=(-+!N-<<)2#f!j-&<F74!D!RNd$ei!K$EJKA$#!
68=,,a!D#!H#a!P#!l)2N&?!='5!b#!>'5)24&'!d$EELe#!f>+(-'!V-,=8)'(!&2?='-N=(-&'!-'!(F)!V-4F!c)2=(&+7()!

,=8),,-<&5-/8#f!D!%),,!j-&,!784dLei!$10LJ$1UY#!
68-(Fa!D#!_#!='5!9#!>#!%F)2)4F!d$EECe#!f"'()?2-'!d=,<F=!B!W)(=!AeJ,-?='5!-'()2=+(-&'#!"5)'(-V-+=(-&'!

&V! =! F)()2&5-8)2-+! ;T9!W-'5-'?! 4-()! &'! (F)! B-(2&')+(-'! 2)+)<(&2#f! D! j-&,! %F)8!8YLdKei!
1$YUJ1$01#!

6&),,')2a!^#a!;#!>#!q/-',='!='5!_#!_#!X2='c)!d$EULe#!f"5)'(-V-+=(-&'!&V!=!5-4(-'+(!4&,/W,)!4/W/'-(!&V!

='!-'()28)5-=()!V-,=8)'(!<2&()-'i!()(2=8)2-+!B-8)'(-'!V2&8!,-B-'?!+),,4#f!^2&+!g=(,!>+=5!

6+-!h!6!>!R8d1Aei!0E1EJ0EAA#!
6&,)2a!P#a!6#!9)4<,=(JD)?&a!j#!H=+F)2a!G#!^&'4&'')(a!P#!X2=()2'&a!^#!j&'?2='5a!D#!P#!P=2(-'!='5!%#!

X&=! d$EEUe#! f>5F)4-&'J2),=()5! ?,7+&+=,7*! 4(/57i! ./='(-(=(-B)! =<<2&=+F! m-(F! -8=?-'?J

4<)+(2/8!-'!(F)!)')2?7!V-,()2-'?!(2='48-44-&'!),)+(2&'!8-+2&4+&<)!dIX[IPe#f!XIj6!G)((!

N84d$ei!UEJEK#!
6<2-'?a!b#!;#!d$EEUe#!f;&/()4!='5!8)+F='-48!&V!V,/-5!(2='4<&2(!W7!)<-(F),-=#f!>''/!;)B!^F74-&,!

YUi!$CLJ$$E#!
6./-2)a! D#! P#a! P#! %F)ma! T#! g')R-a! %#! g)=,a! D#! j=227! ='5! %#! P-+F),! d1CC$e#! fq/=4-J<)2-&5-+!

4/W4(2/+(/2)! -'! (F)! 8-+2&B)44),! )'5&(F),-=,! ?,7+&+=,7*i! =! <&44-W,)! )*<,='=(-&'! V&2!

8&,)+/,=2!V-,()2-'?sf!D!6(2/+(!j-&,!7MYdAei!1AEJ1LL#!



O%L&%.H)*<A%$!

! ""i!

6(=F,F/(a!P#!='5!j#!B='!9)/24!d1CCCe#!f"5)'(-V-+=(-&'!&V!V-,=8-'!=4!=!'&B),!,-?='5!V&2!+=B)&,-'J$i!

)B-5)'+)! V&2! (F)!&2?='-N=(-&'!&V!+=B)&,-'J$J=44&+-=()5!8)8W2=')!5&8=-'4!W7! (F)!=+(-'!

+7(&4c),)(&'#f!P&,!j-&,!%),,!77d$ei!A1LJAA0#!
6(=8)'&B-+a! 9#! d1CCLe#! fIVV)+(4! &V! +7(&4c),)(=,! <2)4(2)44! &'! +),,! 2F)&,&?-+=,! W)F=B-&2#f! >+(=!

j-&8=()2!7dAei!1LLJ1Y1#!
6(=8)'&B-+a! 9#! ='5!9#! I#! "'?W)2! d1CC1e#! fP&5),4! &V! +7(&4c),)(=,!8)+F='-+4! &V! =5F)2)'(! +),,4#f!

j-&8)+F!P&5),!P)+F='&W-&,!7d$ei!ELJ$CU#!
6(=8)'&B-+a!9#a!j#!6/c-a!j#!X=W27a!g#!_='?!='5!D#!D#!X2)5W)2?!d1CCKe#!f;F)&,&?7!&V!=-2m=7!48&&(F!

8/4+,)! +),,4! -4! =44&+-=()5! m-(F! +7(&4c),)(=,! +&'(2=+(-,)! 4(2)44#f! D! ><<,! ^F74-&,! d$EULe!

4YdLei!$YCCJ$YCL#!
6(=8)'&B-+a! 9#! ='5! g#! _='?! d1CCCe#! f"'B-()5! 2)B-)mi! )'?-'))2-'?! =<<2&=+F)4! (&! +7(&4c),)(=,!

8)+F='-+4#f!D!><<,!^F74-&,!R4dLei!1CULJ1CEC#!
6(-+c),a! 6#! b#! ='5! k#! G#!_='?! d$EUUe#! f67'(F)(-+! <)<(-5)! T;T96! -'5/+)4! 5-44&+-=(-&'! &V! =,<F=J

=+(-'-'!='5!B-'+/,-'!V2&8!(F)!4-()4!&V!V&+=,!+&'(=+(4#f!D!%),,!j-&,!7U0dAei!$1A$J$1AE#!
6(&44),a![#!^#!d$EEAe#!fn'!(F)!+2=m,-'?!&V!='-8=,!+),,4#f!6+-)'+)!8YUdL$$$ei!$CUYJ$CEK#!
6(2),c&Ba! 6#! H#a! l#! l)228=''! ='5! h#! >)W-! d1CCAe#! fP&,)+/,=2! =2+F-()+(/2)! &V! -'()28)5-=()!

V-,=8)'(4#f!j-&)44=74!8LdAei!1KAJ1L$#!
6(2&8W)2?a!9#!9#!='5!%#!>#!_-)5)2F-),8!d$EYEe#!fH-4+&),=4(-+!5)4+2-<(-&'!&V!=!+&,,=?)'&/4!(-44/)!

-'!4-8<,)!),&'?=(-&'#f!D!><<,!^F74-&,!8YdYei!UL0JUY1#!
6/a!T#a!P#!l&5')((a!g#!_/a!>#!>(=c-,-(a!%#!b&4-'4c-a!P#!T&5N-+Fa!o#!p#!l/='?a!D#!b#!b-8a!D#!>#!X2='ca!P#!

>#! P=((F=7a! 9#! 6F)<<=25! ='5! D#! X#! ^-(()(! d1CC0e#! f"'()?2-'! =,<F=BW)(=L! 2)?/,=()4! ,/'?!

B=4+/,=2!<)28)=W-,-(7!='5!</,8&'=27!)'5&(F),-=,!W=22-)2!V/'+(-&'#f!>8!D!;)4<-2!%),,!P&,!

j-&,!MYdAei!A00JAUY#!
6/)(4/?/a!6#!='5![#![=c)'=m=!d1CCAe#!f;)?/,=(-&'!&V!+&2(-+=,!=+(-'!')(m&2c4! -'!+),,!8-?2=(-&'#f!

"'(!;)B!%7(&,!884i!1KLJ1UY#!
6/c-a!j#a!6#!"(&a!9#!6(=8)'&B-+a!b#!;#!G/(+F)'!='5!I#!^#!"'?)'-(&!d1CCLe#!fj-&8)+F='-+4!&V!(F)!,/'?!

<=2)'+F78=i! +2-(-+=,! 2&,)4! &V! +&,,=?)'! ='5! 8)+F='-+=,! V&2+)4#f! D! ><<,! ^F74-&,! d$EULe!

4RdLei!$UE1J$UEE#!
[=55)-a!>#a!%#!T-=8<-)(2&a!>#!%&'(-a!X#!n24)'-?&a!X#!j2)B-=2-&a!H#!^-2=NN&,-a!P#!^&()'()a!%#!9=,7a! 6#!

9-88),)2!='5!I#!9)R='=!d1CCUe#!fI'5&(F),-=,!=5F)2)'4!R/'+(-&'4!+&'(2&,!(-?F(!R/'+(-&'4!

W7!HIJ+=5F)2-'J8)5-=()5!/<2)?/,=(-&'!&V!+,=/5-'JL#f!g=(!%),,!j-&,!7UdUei!E1AJEAK#!
[=c=-a!I#a!;#!G='5)4W)2?a!;#!_#!b=(Na!%#![#!l/'?!='5!o#!I#!T/&!d1CCYe#! f6/W4(2=()!8&5/,=(-&'!&V!

&4()&W,=4(! =5F)4-&'! 4(2)'?(Fa! V&+=,! =5F)4-&'! c-'=4)! =+(-B=(-&'a! ='5! 2)4<&'4-B)')44! (&!

8)+F='-+=,!4(-8/,-#f!P&,!%),,!j-&8)+F!Md$ei!$J$1#!
[=c)-+F-a!P#! d$EECe#! f%=5F)2-'4i! =!8&,)+/,=2! V=8-,7! -8<&2(='(! -'! 4),)+(-B)! +),,J+),,! =5F)4-&'#f!

>''/!;)B!j-&+F)8!L4i!1A0J1L1#!
[='a!D#!G#a!D#![-)'a!9#!P#!^-2&')a!9#!6#!T2=7a!b#!jF=52-2=R/!='5!%#!6#!%F)'!d1CCAe#!f%),,4!,7-'?!&'!=!W)5!

&V! 8-+2&'))5,)4i! ='! =<<2&=+F! (&! -4&,=()! 8)+F='-+=,! V&2+)#f! ^2&+! g=(,! >+=5! 6+-! h! 6! >!

7UUdKei!$KUKJ$KUE#!
[=2&')a!T#a!T#!6()V='/(&a!^#!P=4+=2),,&a!^#!9)V-,-<<-a!X#!>,(2/5=!='5!G#!6-,)'?&!d$EECe#!fI*<2)44-&'!

&V!2)+)<(&24!V&2!)*(2=+),,/,=2!8=(2-*!<2&()-'4!-'!F/8='!)'5&(F),-=,!+),,4#f!D!G-<-5!P)5-=(!

8&A3;;2i!6KLJLA#!
[F)2)(a!9#!^#a!P#!D#!G)B)4./)a!P#!6=(&a!;#!P#!g)2)8!='5!G#![#!_F)),)2!d$EUUe#!f[F)!=<<,-+=(-&'!&V!=!

F&8&?)')&/4! F=,VJ4<=+)! 8&5),! -'! (F)! ='=,74-4! &V! )'5&(F),-=,! +),,! 8-+2&<-<)(()!

8)=4/2)8)'(4#f!D!j-&8)+F!I'?!77UdAei!$ECJ$EE#!
[F&/8-')a! n#a! P#! G=8W)2(a! ;#! P#! P)?)! ='5! 9#! %F&./)(! d1CCYe#! f;)?/,=(-&'! &V! gJ+=5F)2-'!

57'=8-+4!=(!')/2&'=,!+&'(=+(4!W7!,-?='5!W-'5-'?!='5!+7(&4c),)(=,!+&/<,-'?#f!P&,!j-&,!%),,!

70d1ei!UY1JU0L#!
[&NN-a! %#!>#a! T#! D#! ^&-='-a!>#!P#!l=2='?&N&a! %#!9#!j&75! ='5!9#! D#! ;-,)7! d$EUEe#! f^2)44/2)J-'5/+)5!

+&'')+(-B)! (-44/)! 47'(F)4-4! -'! </,8&'=27! =2()27! 4)?8)'(4! -4! 5)<)'5)'(! &'! -'(=+(!

)'5&(F),-/8#f!D!%,-'!"'B)4(!RNdAei!$CCLJ$C$1#!
[2=<JD)'4)'a!D#!='5!g#!>#!G=44)'!d$E0Ce#!f%=<-,,=27!<)28)=W-,-(7!V&2!48=,,)2!F752&<F-,-+!(2=+)24!-'!

)*)2+-4-'?! 4c),)(=,! 8/4+,)! -'! '&28=,! 8='! ='5! -'! <=(-)'(4! m-(F! ,&'?J()28! 5-=W)()4!

8),,-(/4#f!d[F)!>,V2)5!j)'N&'!678<&4-/8!""e#!



O%L&%.H)*<A%$!

! ""e!

[2-+c)7a!_#!;#a![#!^#!H=-,! ='5!X#!T/-,=c! d1CCKe#! f[F)! 2&,)!&V! (F)!+7(&4c),)(&'! -'! (F)!B-4+&),=4(-+!

<2&<)2(-)4!&V!F/8='!=2(-+/,=2!+F&'52&+7()4#f!D!n2(F&<!;)4!88d$ei!$A$J$AE#!
[4=-a! D#! ='5! G#! b=8! d1CCEe#! f;-?-5-(7J5)<)'5)'(! +2&44! (=,c! W)(m))'! -'()?2-'! ='5! +=5F)2-'!

4-?'=,-'?#f!j-&<F74!D!4YdYei!GAEJK$#!
[4/c=5=a!l#a!o#!k-'?a!%#!X/a!6#!"4F-c=m=a!^#!P+b)&m'JG&'?&a!6#!>,W),5=a!6#!jF=((=+F=27=a!j#!>#!j2=7!

='5! D#! jF=((=+F=27=! d$EELe#! fG-?=(-&'! &V! )'5&(F),-=,! =,<F=! B! W)(=! A! -'()?2-'! -'+2)=4)4!

+=<-,,=27!F752=/,-+!+&'5/+(-B-(7!&V!2=(!,/'?#f!%-2+!;)4!00dKei!YL$JYLE#!
[4/c=4=c-a! k#a! b#! b-(=8/2=a! b#! 6F-8-N/a! >#! l#! "m=')a! k#! [=c=-! ='5! [#! k='=?-5=! d1CC0e#! f;&,)! &V!

8/,(-<,)! W&'54! W)(m))'! (F)! 4-'?,)! +),,! =5F)4-&'! 8&,)+/,)4a! ')+(-'! ='5! +=5F)2-'a!

2)B)=,)5!W7!F-?F!4)'4-(-B)!V&2+)!8)=4/2)8)'(4#f!D!P&,!j-&,!MY0dKei!EEYJ$CCY#!
[4/c-8&(&a! b#a! n#! P=(F-)/J%&4(),,&a! ;#! ^2)5-,)((&a! >#! ;#! I,,-&((! ='5! D#! j#! _)4(! d$EE$e#!

fh,(2=4(2/+(/2=,! =<<)=2='+)4! &V! </,8&'=27! +=<-,,=2-)4! =(! F-?F! (2='48/2=,! <2)44/2)4#f! D!

><<,!^F74-&,!d$EULe!07d1ei!L0AJLU1#!
[/2&m4c-a!^#a!;#!P=2(-'),,-a!;#!%2=mV&25a!9#!_=()2-5?)a!>#!^#!^=<=?)&2?-&/a!P#!T#!G=8</?'='-a!>#!%#!

T=8<a!9#!H)4(m)W)2a!^#!>5=84&'a!I#!9)R='=!='5!D#!T2))'m&&5!d1CCUe#!f^F&4<F&27,=(-&'!

&V! B=4+/,=2! )'5&(F),-=,! +=5F)2-'! +&'(2&,4! ,78<F&+7()! )8-?2=(-&'#f! D! %),,! 6+-!787d^(!$ei!
1EJA0#!

[N-8=a!I#a!P#!>#!5),!^&N&a!6#!D#!6F=((-,a!6#!%F-)'!='5!P#!>#!6+Fm=2(N!d1CC$e#!f>+(-B=(-&'!&V!-'()?2-'4!

-'! )'5&(F),-=,! +),,4! W7! V,/-5! 4F)=2! 4(2)44! 8)5-=()4! ;F&J5)<)'5)'(! +7(&4c),)(=,!

=,-?'8)'(#f!IPjn!D!8Ud$0ei!KYAEJKYK0#!
h)5=a!b#a!k#!nF(=!='5!l#!l&4&7=!d1CCAe#!f[F)!+=2W&*7J()28-'=,!<,)+c4(2-'!F&8&,&?7!5&8=-'!&V!

;n%b!-'()2=+(4!m-(F!V-,=8-'J>#f!j-&+F)8!j-&<F74!;)4!%&88/'!MU7dKei!UUYJUEC#!
hF,-?a! 6#! d1CC1e#! fH)'(-,=(-&'J-'5/+)5! ,/'?! -'R/27! ='5! 8)+F='&(2='45/+(-&'i! 4(2)(+F-'?! -(! (&&!

V=2sf!>8!D!^F74-&,!G/'?!%),,!P&,!^F74-&,!8R8dLei!GUE1JUEY#!
H=,W)2?a!^#!>#!='5!9#!X#!>,W)2(-'-!d$EULe#!f%7(&<,=48-+!8&(-&'4a!2F)&,&?7a!='5!4(2/+(/2)!<2&W)5!

W7!=!'&B),!8=?')(-+!<=2(-+,)!8)(F&5#f!D!%),,!j-&,!7U7d$ei!$ACJ$KC#!
H=,W)2?a! ^#! >#! ='5! D#! ^#! j/(,)2! d$EU0e#! fP=?')(-+! <=2(-+,)! 8&(-&'4! m-(F-'! ,-B-'?! +),,4#! ^F74-+=,!

(F)&27!='5!()+F'-./)4#f!j-&<F74!D!L8dKei!LA0JLLC#!
H=,W)2?a! ^#! >#! ='5! l#! >#! X),58='! d$EU0e#! fP=?')(-+! <=2(-+,)! 8&(-&'4! m-(F-'! ,-B-'?! +),,4#!

P)=4/2)8)'(!&V!+7(&<,=48-+!B-4+&4-(7!='5!8&(-,)!=+(-B-(7#f!j-&<F74!D!L8dKei!LL$JLY$#!
B='!j//,a! D#!9#a!X#!^#!B='!>,<F)'!='5!^#!G#!l&25-Rc!d1CCEe#!f[F)!<2)4)'+)!&V!=,<F=J+=()'-'!-'!(F)!

HIJ+=5F)2-'!+&8<,)*!-4!2)./-2)5!V&2!)VV-+-)'(!(2='4)'5&(F),-=,!8-?2=(-&'!&V!,)/c&+7()4#f!

"'(!D!j-&,!6+-!Ld0ei!YELJ0CL#!
B='!l&2+ca! X#! ^#a!P#! ;#! >F8=5-='a! G#! %#! l=)/4,)2a!_#!l#!P&&,)'==2! ='5!n#! b2=')'W/2?! d1CC$e#!

f%F=2=+()2-N=(-&'! &V! <$EC;F&TIXa! =! ;F&>J4<)+-V-+! ?/='-')! '/+,)&(-5)! )*+F='?)! V=+(&2!

(F=(!-'()2=+(4!m-(F!8-+2&(/W/,)4#f!D!j-&,!%F)8!80Yd0ei!KEKUJKELY#!
H='5)'W2&/+c)a! I#a! 9#! P)F(=a! ;#! P-'4F=,,! ='5! >#! j#! P=,-c! d1CCUe#! f;)?/,=(-&'! &V! )'5&(F),-=,!

R/'+(-&'=,!<)28)=W-,-(7#f!>''!g!k!>+=5!6+-!778Mi!$AKJ$KL#!
H)'c-()4m=2='a! b#a! b#! o-=&a! 6#! 6/88)24a! %#! %#! %=,c-'4a! ^#! >#! H-'+)'(a! b#! ^/8-?,-=! ='5! >#! ^#!

b&m=,+N7c! d1CC1e#! f;)?/,=(-&'! &V! )'5&(F),-=,! W=22-)2! V/'+(-&'! ='5! ?2&m(F! W7! HIJ

+=5F)2-'a!<,=c&?,&W-'a!='5!W)(=J+=()'-'#f!>8!D!^F74-&,!%),,!^F74-&,!8RMdAei!%U$$JU1$#!
H)2-'a! >#! 9#a! >#! j-2/c&B=a! ^#! _='?a! X#! G-/a! ^#! j)+c)2a! b#! j-2/c&B! ='5! D#! T#! T=2+-=! d1CC$e#!

fP-+2&(/W/,)! 5-4=44)8W,7! -'+2)=4)4! )'5&(F),-=,! +),,! W=22-)2! 574V/'+(-&'i! 2&,)! &V! PG%!

<F&4<F&27,=(-&'#f!>8!D!^F74-&,!G/'?!%),,!P&,!^F74-&,!8R7dAei!GLYLJL0K#!
H)2-'a!>#!9#a!G#!"#!T-,W)2(JP+%,=-'a!%#!I#!^=(()24&'!='5!D#!T#!T=2+-=!d$EEUe#!fj-&+F)8-+=,!2)?/,=(-&'!

&V!(F)!'&'8/4+,)!87&4-'!,-?F(!+F=-'!c-'=4)!-4&V&28!-'!W&B-')!)'5&(F),-/8#f!>8!D!;)4<-2!

%),,!P&,!j-&,!74dLei!0Y0J00Y#!
H-+)'()JP='N='=2)4a!P#a! %#! b#! %F&-! ='5! >#! ;#! l&2m-(N! d1CCEe#! f"'()?2-'4! -'! +),,!8-?2=(-&'JJ(F)!

=+(-'!+&'')+(-&'#f!D!%),,!6+-!788d^(!1ei!$EEJ1CY#!
H,=F=c-4a!g#!I#! ='5!;#!9#!l/W8=72! d1CCCe#! f"'B-()5! 2)B-)mi!<,=48=!8)8W2=')! 4(2)44! V=-,/2)! -'!

=,B)&,=2!)<-(F),-=,!+),,4#f!D!><<,!^F74-&,!R4dYei!1KECJ1KEYw5-4+/44-&'!1KE0#!
H,=F=c-4a!g#!I#!='5!;#!9#!l/W8=72!d1CCLe#!f%),,/,=2!4(2)44!V=-,/2)!-'!B)'(-,=(&2J-'R/2)5!,/'?4#f!>8!

D!;)4<-2!%2-(!%=2)!P)5!707d$1ei!$A1UJ$AK1#!



O%L&%.H)*<A%$!

! "0m!

H,&5=B4c7a! "#a! D#! X&,c8='a! ;#! 6/,,-B='a! ;#! X2-58='a! ;#! "4F=-JP-+F=),-a! D#! 6=44)! ='5!P#! b,=?4W2/'!

d$EU0e#!fI'5&(F),-=,!+),,J5)2-B)5!W=4-+!V-W2&W,=4(!?2&m(F!V=+(&2i!47'(F)4-4!='5!5)<&4-(-&'!

-'(&!4/W)'5&(F),-=,!)*(2=+),,/,=2!8=(2-*#f!^2&+!g=(,!>+=5!6+-!h!6!>!RNdUei!11E1J11EY#!
H,&5=B4c7a!"#a!;#!"#!P-+F=),-a!P#!j=2Jg)2a!;#!X2-58='a!>#![#!l&2&m-(Na!p#!X/c4!='5!6#!j-2='!d$EUUe#!

f"'B&,B)8)'(!&V!F)<=2='=4)!-'!(/8&2!8)(=4(=4-4!='5!='?-&?)')4-4#f! "42!D!P)5!6+-!8NdEJ
$Cei!KYKJK0C#!

_=+F44(&+ca!9#!l#a!_#!l#! 6+Fm=2(N!='5![#!9#!^&,,=25! d$EEAe#! f>VV-'-(7!&V! =,<F=J=+(-'-'! V&2!=+(-'!

5)()28-')4! (F)! 4(2/+(/2)! ='5!8)+F='-+=,! <2&<)2(-)4! &V! =+(-'! V-,=8)'(! ?),4#f! j-&<F74! D!

YLd$ei!1CLJ1$K#!
_=5)a!;#!l#!='5!>#!>#!l78='!d$EE0e#!fP-+2&(/W/,)!4(2/+(/2)!='5!57'=8-+4#f!%/22!n<-'!%),,!j-&,!

4d$ei!$1J$0#!
_=-'m2-?F(a!P#!6#a!D#!;&44-a!D#!6+F=B&+c7a!6#!%2=mV&25a!9#!6()-'F&2'a!>#!H#!H),)'(N=a!P#!p=4=5Nc-a!H#!

6F-2-'4c7a! k#! D-=a! D#! l=-)+Fa! G#! D#! H='! I,5-c! ='5!9#!P#!_=(()24&'! d1CCAe#! f^2&()-'! c-'=4)!

-'B&,B)5! -'! ,/'?! -'R/27! 4/4+)<(-W-,-(7i! )B-5)'+)! V2&8!)'N78)! -4&V&28!?)')(-+! c'&+c&/(!

='5!-'!B-B&!-'F-W-(&2!(2)=(8)'(#f!^2&+!g=(,!>+=5!6+-!h!6!>!7UUd$Cei!Y1AAJY1AU#!
_=,,)Na! k#a! "#! H-,?2=-'! ='5! ^#! l/W)2! d1CCYe#! f>'?-&?)')4-4i! (F)! HIJ+=5F)2-'! 4m-(+F#f! [2)'54!

%=25-&B=4+!P)5!7Yd1ei!LLJLE#!
_='?a!j#a!>#!%=,/+Fa!;#!X&5-,a!6#!X)2)&,a!^#!p=5-?/)a!T#!^),,)a!j#!G&/-4!='5!9#!"4=W)7!d1C$1e#!fX&2+)!

+&'(2&,!&V!)'5&(F),-/8!<)28)=W-,-(7!-'!8)+F='-+=,,7!4(2)44)5!</,8&'=27!8-+2&JB=4+/,=2!

)'5&(F),-=,!+),,4#f!j-&8)5!P=()2!I'?!88d$JAei!$YAJ$0C#!
_='?a!g#! d$EEUe#! fP)+F='-+=,! -'()2=+(-&'4!=8&'?!+7(&4c),)(=,! V-,=8)'(4#f!l7<)2()'4-&'!M8d$ei!

$Y1J$YL#!

_='?a!g#a!D#!^#!j/(,)2!='5!9#!I#!"'?W)2!d$EEAe#!fP)+F='&(2='45/+(-&'!=+2&44!(F)!+),,!4/2V=+)!='5!

(F2&/?F!(F)!+7(&4c),)(&'#f!6+-)'+)!8YUdL$$$ei!$$1KJ$$10#!
_='?a! g#a! b#! g=2/4)a! 9#! 6(=8)'&B-+a! D#! D#! X2)5W)2?a! 6#! P#!P-R=-,&B-+Fa! "#! P#! [&,-+Jg&22),7cc)a! [#!

^&,()a!;#!P=''-*!='5!9#!I#!"'?W)2!d1CC$e#!fP)+F='-+=,!W)F=B-&2!-'!,-B-'?!+),,4!+&'4-4()'(!

m-(F!(F)!()'4)?2-(7!8&5),#f!^2&+!g=(,!>+=5!6+-!h!6!>!4Rd$Kei!00YLJ000C#!
_='?a! g#a! "#! P#! [&,-+Jg&22),7cc)a! D#! %F)'a! 6#! P-R=-,&B-+Fa! D#! ^#! j/(,)2a! D#! D#! X2)5W)2?! ='5! 9#!

6(=8)'&B-+! d1CC1e#! f%),,! <2)4(2)44#! "#! 6(-VV')44! ='5! <2)4(2)44! =2)! +,&4),7! =44&+-=()5! -'!

=5F)2)'(!+&'(2=+(-,)!+),,4#f!>8#!D#!^F74-&,#!%),,!^F74-&,#!8R8i!%YCYJ%Y$Y#!
_='?a! k#a!l#!P-=&a! 6#! G-a! b#!9#! %F)'a! k#! 6#! G-a! 6#! k/='a! D#! k#! 6F77! ='5! 6#! %F-)'! d1CC1e#! f"'()2<,=7!

W)(m))'!-'()?2-'4!='5!XGbJ$!-'!4F)=2!4(2)44J-'5/+)5!4-?'=,-'?#f!>8!D!^F74-&,!%),,!^F74-&,!

8RMdLei!%$LKCJ$LK0#!
_=2)a!G#!j#!='5!P#!>#!P=((F=7!d1CCCe#!f[F)!=+/()!2)4<-2=(&27!5-4(2)44!47'52&8)#f!g!I'?,!D!P)5!

MN8d$Uei!$AAKJ$AKE#!
_)-'W=/8a!6#a!o#!pF='?a!k#!l='a!l#!H-'c!='5!6#!%#!%&m-'!d1CCAe#!fP)+F='&(2='45/+(-&'!='5!V,&m!

=+2&44!(F)!)'5&(F),-=,!?,7+&+=,7*#f!^2&+!g=(,!>+=5!6+-!h!6!>!7UUd$Aei!0EUUJ0EEL#!
_)'5,-'?a!6#a!%#!n55&/!='5!9#!"4=W)7!d$EEEe#!f6(-VV)'-'?!2)4<&'4)!&V!=!+),,/,=2!()'4)?2-(7!8&5),#f!

D&/2'=,!&V![F)&2)(-+=,!j-&,&?7!74YdAei!ACEJA1L#!
_)'5,-'?a! 6#a! I#! ^,='/4a!H#! G=/2)'(a! G#!j=2W)a!>#!P=27a! %#!n55&/!='5!9#! "4=W)7! d1CCCe#! f;&,)!&V!

+),,/,=2! (&')! ='5!8-+2&)'B-2&'8)'(=,! +&'5-(-&'4!&'! +7(&4c),)(&'! 4(-VV')44! =44)44)5!W7!

()'4)?2-(7!8&5),#f!I/2&<)='!!^F74-+=,!!D&/2'=,!!><<,-)5!^F74-+4!4i!L$JY1#!
_)4(a! D#! j#! d1CCCe#! f"'B-()5! 2)B-)mi! </,8&'=27! +=<-,,=27! 4(2)44! V=-,/2)#f! D! ><<,! ^F74-&,! d$EULe!

R4dYei!1KUAJ1KUEw5-4+/44-&'!1KE0#!
_F)=(,)7a! I#!P#a! ^#! D#! P+b)&m'JG&'?&a! ^#! >#! H-'+)'(! ='5! [#!P#! 6=W=! d$EEAe#! f"'+&2<&2=(-&'! &V!

V-W2&')+(-'! -'(&! 8=(2-*! 5)+2)=4)4! [gXJ-'5/+)5! -'+2)=4)! -'! )'5&(F),-=,! 8&'&,=7)2!

<)28)=W-,-(7#f!>8!D!^F74-&,!8YLd1!^(!$ei!G$KUJ$L0#!
_F)=(,)7a!I#!P#a!^#!>#!H-'+)'(a!^#!D#!P+b)&m'JG&'?&!='5![#!P#!6=W=!d$EEAe#!fIVV)+(!&V!V-W2&')+(-'!

&'! <)28)=W-,-(7! &V! '&28=,! ='5! [gXJ(2)=()5! ,/'?! )'5&(F),-=,! +),,! 8&'&,=7)24#f! >8! D!

^F74-&,!8YNd$!^(!1ei!;ECJEY#!
_-,-=8a!6#!d$E1Ke#!f>'!),=4(-+!B=,/)!&V!<2&(&<,=48a!m-(F!V/2(F)2!&W4)2B=(-&'4!&'!(F)!B-4+&4-(7!&V!

<2&(&<,=48#f!D#!I*<#!j-&,#!8i!$J$$#!
_-,,-=84a! ^#! P#! d1CCAe#! f>'=,7(-+=,! 5)4+2-<(-&'4! &V! 57'=8-+! V&2+)! 4<)+(2&4+&<7i! W)F=B-&/2! &V!

8/,(-<,)!+&'')+(-&'4#f!>'=,7(-+=!%F-8-+=!>+(=!N04i!$C0J$$L#!



O%L&%.H)*<A%$!

! "0\!

_-'5)2a!6#!D#!='5!b#!;#!>74+&/?F!d1CCLe#!f>+(-'JW-'5-'?!<2&()-'4#f!D!%),,!6+-!77Rd^(!Kei!YL$JYLK#!
_-(c)a! _#a! >#! l#! 6F=2<)a! D#! l#! l=2(m-?a! [#! >N/8=a! [#! ^#! 6(&44),! ='5! 9#! D#! bm-=(c&m4c-! d$EELe#!

fl)8&4(=(-+a! -'V,=88=(&27a! ='5! V-W2&W,=4(! 2)4<&'4)4! =2)! W,/'()5! -'! 8-+)! ,=+c-'?!

?),4&,-'#f!%),,!R7d$ei!K$JL$#!
_&'?a!D#!k#a!D#!j#!G)=+F!='5!o#!q#!j2&m'!d1CCKe#!fj=,='+)!&V!+F)8-4(27a!(&<&?2=<F7a!='5!8)+F='-+4!

=(!(F)!+),,xW-&8=()2-=,!-'()2V=+)i!"44/)4!='5!+F=,,)'?)4!V&2!=44)44-'?!(F)!2&,)!&V!4/W4(2=()!

8)+F='-+4!&'!+),,!2)4<&'4)#f!6/2V=+)!6+-)'+)!L0Ui!$$Ex$AA#!
_&'?a!P#!b#! ='5!>#! "#!T&(,-)W! d$EECe#! fI'5&(F),-=,!8&'&,=7)2! -'()?2-(7#!^)2(/2W=(-&'!&V!XJ=+(-'!

V-,=8)'(4!='5!(F)!5)'4)!<)2-<F)2=,!W='5JB-'+/,-'!')(m&2c#f!>2()2-&4+,)2&4-4!7Ud$ei!0YJ
UK#!

_/a!P#!l#a!I#!h4(-'&B=!='5!l#!D#!T2='?)2!d1CC$e#!f"'()?2-'!W-'5-'?!(&!V-W2&')+(-'!='5!B-(2&')+(-'!

8=-'(=-'4!(F)!W=22-)2!V/'+(-&'!&V!-4&,=()5!<&2+-')!+&2&'=27!B)'/,)4#f!D!^F74-&,!LM8d^(!Aei!
0ULJ0E$#!

_/a! o#a! 6#! 6/)(4/?/a! G#! >#! %&&<)2a! [#! [=c)'=m=! ='5! D#! G#! T/='! d1CCKe#! fX&+=,! =5F)4-&'! c-'=4)!

2)?/,=(-&'!&V!gJ_>6^!4/W+),,/,=2!,&+=,-N=(-&'!='5!V/'+(-&'#f!D!j-&,!%F)8!804d$Cei!ELYLJ
EL0Y#!

o-=&a!b#a! D#! T=2')2a!b#!P#!j/+c,)7a!^#!>#!H-'+)'(a! %#!P#!%F-=44&'a!I#!9)R='=a!H#! X=/'5)N! ='5!>#!^#!

b&m=,+N7c! d1CCLe#! f<$1CJ%=()'-'! 2)?/,=()4! +,=(F2-'J5)<)'5)'(! )'5&+7(&4-4! &V! HIJ

+=5F)2-'#f!P&,!j-&,!%),,!7Yd$$ei!L$K$JL$L$#!
k='a!G#a!P#!>#!P&4)4a!6#!l/='?!='5!9#!I#! "'?W)2! d1CCCe#! f>5F)4-&'J5)<)'5)'(!+&'(2&,!&V!8=(2-*!
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