
!"#$%&'()*'+%'#%,-./01"+%234"(56'7')%8()$*"19'(%

:*$")%8;$"/%0(%8&<%=>?@%
!"#$%&'()#$*+'&",&%-(&.-/&0+"1+*)'&#$2&

3$1#$((+#$1&#$&4")05%(+&67#($7(8&95%")*:7*&*$;&<0(+*:"$'&=('(*+7-8&4")05%(+&67#($7(&

!"#$$%&'()*+#*,-.%***
+/0%(12#&3)*'/*4&5#5&#(/%*4&6)(2%1.%7*!-3)2%1.%*#*8#$1)&%"#*9+4!8:*

;)2%7*<-&#*=>?=@7*AB=C*



6'7')/%0(%#"1)'*0$/%
<-$%A1"B$C%

A*;)2%7*=>?=@*<-&#*AB=C*

D)0-"%(*&)1)&$*)6*()E)1.$*F%G#*")&5*6)(#$##&*F-2%&$*%&'*()E)3$*
#H/$1&5*/0;$57.5/0;$%%&'*/-"*0(B%D'*E%

I&1"*G#(J*(#.#&3"J7*3F#*(#%"/3J*F%$*E##&*K-/3#*'/L#(#&3M*
/&'-$3(/%"*()E)3$*F%G#*E##&*6%(*)''%;"(B$*'3/%3)*$F%(#*
3F#/(*N)(O$0%.#*N/3F*F-2%&$**



<-$%)*";09'("+%0(;3/)*0"+%F$*/F$19G$%
!+'D0(B%;'D(%'*%/)'FF0(B%)-$%*'7')%D-$(%D'*E/F"1$%1"(%7$%"11$//$;%7.%"%-34"(%

P*;)2%7*=>?=@*<-&#*AB=C*

.)22#(./%"*G/'#)*EJ*!QQ*



<-$%0(('G"9G$%0(;3/)*0"+%F$*/F$19G$%
6'7')%1'5D'*E$*/%

C*;)2%7*=>?=@*<-&#*AB=C*

G/'#)*EJ*RST;)E)3*9TI*0()U#.3:*



H*0;B0(B%*$/$"*1-%"(;%1'44$*10"+%F*';31)/%
8()309G$%F*'B*"440(B%"(;%43+94';"+%26%1'443(01"9'(%

V*

G/'#)*)6*Q%H3#(*EJ*(#3F/&O*()E)1.$*9WXY*;)'&#J*Q())O$:*

;)2%7*=>?=@*<-&#*AB=C*



234"(5#*0$(;+.%*'7'91/%
<-$%B'"+%

Z*

(#0"%./&5*
F-2%&$*

3(%'/1)&%"*
()E)1.$*

.)""%E)(%1&5*
N/3F*F-2%&$*

F-2%&?*
6(/#&'"J*
()E)1.$*

.)?N)(O#($*)&*6%.3)(J*[))(* 0#($)&%"*()E)3$*/&*$#(G/.#*

;)2%7*=>?=@*<-&#*AB=C*



234"(56'7')%8()$*"19'(%%
1'B(09G$%I1268J%G/K%F-./01"+%IF268J%

\*

.)5&/1G#*/&3#(%.1)&M*
;)E)3]W^T*TI*D()U#.3*

0FJ$/.%"*/&3#(%.1)&M*
F%&'$F%O/&5*%3*D!,*;)E)1.$*

;)2%7*=>?=@*<-&#*AB=C*

G/'#)*G/'#)*



&'++0/0'(%"G'0;"(1$%"(;%1'()"1)%-"(;+0(B%
H"/01%/"#$%1'()*'+%F*'7+$4/%0(%F268%

>*

.)""/$/)&*'#3#.1)&_/$)"%1)&*%&'*(#%.1)&*
9D0)-'3)%3F#*-$#*)6*#H3#(&%"*$#&$/&5:*

1'(9(3'3/%%
.)""/$/)&*%G)/'%&.#*

9NF/"#*3F#*3%$O*/$*(-&&/&5:*

#$12%1)&*%&'*.)&3()"**
)6*/&3#&1)&%"*6)(.#$**

#H.F%&5#'*%3*3F#*.)&3%.3*
9D0)-'3)%6)(.#*)(*3)-.F*$#&$)($:*

;)2%7*=>?=@*<-&#*AB=C*



L-")%0/%!M,2M68%"7'3)N%
O,P%8&<%Q3*'F$"(%F*'R$1)%I=>??5?SJ%

@*

!M,2M68%N/""*E(/&5*3)*6(-/1)&*.)?N)(O#($*/&*(#%"*N)("'*%00"/.%1)&$*
-$/&5*3F#*&#N*3#.F&)")5/#$*)6*!"#$%"&"'(!$3F%3*.)2E/&#*

(")*+',-$%-.('"*$%&'*!./-$012!+(.3$145.*6%"&"7$+*7-%.('"**

`TH0%&'/&5*%&'*/20()G/&5*3F#*6-&.1)&%"/1#$*)6*()E)1.*$J$3#2$*
%&'*6-(3F#(*'#G#")0/&5*(#"#G%&3*6#%3-(#$7*$-.F*%$*%-3)&)2J7**

!./-727*%"&4!7*-!!7*-8(+-*(27*%&'*-.!-$"/$4!-a**

;)2%7*=>?=@*<-&#*AB=C*



!M,2M68%F*'R$1)%1+"//0T1"9'(%
&-"++$(B$%=U%&'B(09G$%/./)$4/%"(;%*'7'91/%

=B*

R!Db!;4*

;)2%7*=>?=@*<-&#*AB=C*



!M,2M68%1'(1$F)%
,+"1$%)-$%-34"(%")%)-$%1$()$*%'#%)-$%$(9*$%*'7')%;$G$+'F4$()%

==*

%''(#$$*%""*#$$#&1%"*%$0#.3$*)6*$%6#*%&'*/&3-/1G#*0FJ$/.%"*/&3#(%.1)&**
E#3N##&*F-2%&$*%&'*.)20"#H*F-2%&?"/O#*()E)3$*/&*%*$3()&5"J*/&3#5(%3#'*N%J*

;)2%7*=>?=@*<-&#*AB=C*

9.))('/&%3)(:*



W)""%E)(%1)&*

!"#$%F-./01"+%234"(56'7')%8()$*"19'(%
20$*"*1-.%'#%1'(/0/)$()%*'7')%7$-"G0'*/%IH0'6'7%=>?=J%

W)#H/$3#&.#*

R%6#3J*

!  0()$B*")$;%;$/0B(%V%3/$*)6*$)c*2#.F%&/.$7*%.3-%1)&7*90()0(/)?*%&'*
#H3#()?.#01G#:*$#&$/&57*.)22-&/.%1)&7*%&'*1'()*'+%%"5)(/3F2$*

=A*;)2%7*=>?=@*<-&#*AB=C*



,-./01"+%268%
20$*"*1-.%'#%1'(/0/)$()%7$-"G0'*/%

R%6#3J*
!"#$).%/$*3F#*2)$3*/20)(3%&3*6#%3-(#*)6*%*()E)3*
3F%3*F%$*3)*N)(O*.")$#*3)*F-2%&*E#/&5$*

W"%$$/.%"*$)"-1)&$*0(#$#(G/&5*$%6#3J*/&*/&'-$3(/%"*
#&G/()&2#&3$*9.%5#$7*$3)0_$")N*')N&*()E)3*
2)1)&*/&*0(#$#&.#*)6*F-2%&$*d8!W%?>=?Xe:*%(#*
&)3*%00()0(/%3#*6)(*.)""%E)(%1G#*0b;4*

=P*;)2%7*=>?=@*<-&#*AB=C*



,-./01"+%268%
20$*"*1-.%'#%1'(/0/)$()%7$-"G0'*/%

W)#H/$3#&.#*

R%6#3J*
&'$Y0/)$(1$%/$*3F#*()E)3*.%0%E/"/3J*)6*$F%(/&5*3F#*
N)(O$0%.#*N/3F*)3F#(*#&11#$7*2)$3*(#"#G%&3*N/3F*
F-2%&$**

b-2%&*9%&'*()E)3f:*$%6#3J*(#K-/(#2#&3$*2-$3*E#*
.)&$/$3#&3"J*5-%(%&3##'*9/g#g7*/"#$%1'$Y0/)$(1$:*

)(/5/&%"*()E)3*3%$O*

$%6#*b;*.)#H/$3#&.#*

=C*;)2%7*=>?=@*<-&#*AB=C*



,-./01"+%268%
20$*"*1-.%'#%1'(/0/)$()%7$-"G0'*/%

W)""%E)(%1)&*

W)#H/$3#&.#*

R%6#3J*
&'++"7'*"9'(%)..-($*NF#&*3F#*()E)3*0#(6)(2$*
.)20"#H*3%$O$*N/3F*'/(#.3*F-2%&*/&3#(%.1)&*%&'*
.))('/&%1)&*

XN)*2)'%"/1#$*3F%3*%(#*&)3*2-3-%""J*#H."-$/G#M*
.)&3%.3"#$$*%&'*0FJ$/.%"*

=V*;)2%7*=>?=@*<-&#*AB=C*



!  4$1-"(01/U*+0B-)D$0B-)%.)&$3(-.1)&*%&'*/&."-$/)&*)6*1'4F+0"(1$%
!  /&*0%(1.-"%(7*G"*0"7+$%$1L&#$$*"1)3"9'(%'#G/.#$*

!  3J0/.%""J7*2)(#_%''/1)&%"*#H3#().#01G#*/$(/0(B%&##'#'*
!  F-2%&?)(/#&3#'*2)1)&*F+"((0(B%9`"#5/E"#a*()E)3*3(%U#.3)(/#$:**
!  1'()*'+%$3(%3#5/#$*N/3F*$%6#3J*)EU#.1G#$_.)&$3(%/&3$*

!  0(#G#&37*%G)/'7*'/$1&5-/$F7*;$)$1)7*0/'+")$7*%&'**$"1)%)'%.)""/$/)&$*

6'7')%;$F$(;"70+0).%%
:'0(B%7$.'(;%*$+0"70+0).%0(%F268%

=Z*;)2%7*=>?=@*<-&#*AB=C*



L-.%1'4F+0"()%*'7')/N%%
6'7')/%D0)-%$+"/91%R'0()/%

=\*;)2%7*=>?=@*<-&#*AB=C*

!  "/5F3N#/5F3*E-3*$1L*"/&O*'#$/5&*(#'-.#$*()E)3*/&#(1%*%&'*0(#$#(G#$*
O/&#2%1.*%..-(%.J*%3*#&'?#L#.3)(*"#G#"*

!  .)20"/%&3*#"#2#&3$*.%&*%E$)(E*/20%.3*#&#(5J**
!  $)c*.)G#(%5#*)6*"/&O$*9$%6#*E%5$:*
!  #"%$1.*3(%&$2/$$/)&$_U)/&3$*9b+7*.%E"#$7*ggg:*

!  #"%$1.*U)/&3$*'#.)-0"#*/&$3%&3%&#)-$"J*3F#*>*+1(+*/&#(1%*)6*3F#*'(/G/&5*
2)3)($*6()2*3F#*')*>>(+*/&#(1%*)6*"/&O$*9NF#(#*.)""/$/)&$*)..-(f:*
!  F)N#G#(7*()E)3$*N/3F*+(>*:?(>@&'"A*U)/&3$*&##'*2)(#*'($'#$1&%&'*E#h#(*

7"$%+">&"%N$*3)*.)20#&$%3#*6)(*$3%1.*'#[#.1)&$*%&'*'J&%2/.*G/E(%1)&$*

*****************3)(K-#?.)&3()""#'*()E)3$*9+,;*,^;?4447*iIi!*,^;*C7*iIi!*//N%7*ggg:*



L-.%1'4F+0"()%*'7')/N%%
6'7')/%D0)-%Z"*0"7+$%!9[($//%M1)3"9'(%IZ!MJ%

=>*;)2%7*=>?=@*<-&#*AB=C*

!  -&.#(3%/&_'J&%2/.*/&3#(%.1)&*N/3F*3F#*#&G/()&2#&3*(#K-/(#$*3)*%'U-$3*
()E)3*.)20"/%&3*E#F%G/)(*%&'_)(*3)*.)&3()"*3F#*.)&3%.3*6)(.#$*
!  0%$$/G#*U)/&3*#"%$1./3J*j*%.1G#*/20#'%&.#*.)&3()"*-$#'*/&*0%(%""#"*

!  &)&"/&#%(*[#H/E"#*U)/&3$*N/3F*G%(/%E"#*9.)&3()""#':*$1L&#$$*')*3F#/(*E#$3M*
!  .%&*E#*2%'#*':B&C-($&)"?#$1&'>"C*90#(6)(2%&.#:7*'"A&C-($&,*'%&9$%6#3J:*
!  #&"%(5#*3F#*$#3*)6*%.F/#G%E"#*3%$O?)(/#&3#'*.)20"/%&.#*2%3(/.#$*
!  6#%3-(#*%"$)M*()E-$3&#$$7*#&#(5J*)012/k%1)&7*#H0")$/G#*2)1)&*3%$O$7*ggg*



<D'%1'4F+0"()%*'7')/%
\]\M%^L6%@%*'7')%D0)-%$+"/91%R'0()/%G/K%Z!M5&37$%-34"('0;%)'*/'%

=@*;)2%7*=>?=@*<-&#*AB=C*

G/'#)*)6*/20#'%&.#*.)&3()"*/&*
$#"#.3#'*W%(3#$/%&*'/(#.1)&$*EJ*+,;*

G/'#)*N/3F*G%(/)-$*6#%3-(#$*)6*3)($)*
N/3F*")N?.)$3*lR!*2)'-"#$*EJ*I&/D/$%*



234"(5'*0$()$;%4'9'(%F+"((0(B%
<"E0(B%0()'%"11'3()%"+/'%-34"(%+$B070+0).%I$KBK_%T$+;%'#%G0$DJ%%

AB*;)2%7*=>?=@*<-&#*AB=C*

G/'#)*)6*3N)*iIi!*Y2&/;)E*
2)E/"#*2%&/0-"%3)($*]+4!87*;)2%*

G/'#)*)6*+,;*NF##"#'*<-$1&**
]Wm;R?,!!R7*X)-")-$#*

E)3F*%(#**"(;'40`$;%
2)1)&*0"%&&#($*



&'++0/0'(%;$)$19'(%0(%0(;3/)*0"+%*'7')/%
M;G"(1$;%'F9'(%"G"0+"7+$%'(+.%#'*%/'4$%*'7')/%IMHH_%\]\MJ%

A=*;)2%7*=>?=@*<-&#*AB=C*

"  #H/$1&5*2#3F)'$*%"")N$*'(+.%'#3#.1)&7*(')%/$)"%1)&*
"  E%$#'*)&*"%(5#*G%(/%1)&$*)6*.)22%&'#'*3)(K-#$_2)3)(*.-((#&3$*

"  E%$#'*)&*.)20%(/$)&*N/3F*&)2/&%"*3)(K-#$*)&*'#$/(#'*2)1)&*

"  E%$#'*)&*()E)3*$3%3#*%&'*&-2#(/.%"*#$12%3#*)6*%..#"#(%1)&*

"  E%$#'*)&*3F#*0%(%""#"*$/2-"%1)&*)6*()E)3*'J&%2/.$*

"  %"N%J$*%*.)20%(/$)&*)6*$/5&%"$*)(*2)'#"?E%$#'*K-%&11#$*3)*%*)-*$/-'+;%

"  $#&$/1G#*3)*%.3-%"*.)&3()"*"%N*%&'*(#6#(#&.#*3(%U#.3)(J*
"  (#K-/(#*9&)/$J:*%..#"#(%1)&*#$12%3#$*)(*9)&?"/&#:*/&G#($/)&*)6*3F#*()E)3*

/&#(1%*2%3(/H*

6)(*%3*"#%$3*
)&#*U)/&3*

⇔*

⇒*

⇒* ⇒*

⇒*



MHH%1'++0/0'(%;$)$19'(%
MHH%86H%Pa>>%*'7')%D0)-%-$"G.%F".+'";%

AA*;)2%7*=>?=@*<-&#*AB=C*

"  3F#*)&"J*6#%$/E"#*()E)3*(#%.1)&*/$*3)*$3)0f*

G/'#)*EJ*!QQ*



!  F-"/$/M*0(#?/20%.3*9%G)/'%&.#:7*/20%.3*9'#3#.1)&:7*%&'*0)$3?/20%.3*9(#%.1)&:*

!  .)""/$/)&*'#3#.1)&*3/0(B%'(+.%)&?E)%('*()E)3*F*'F*0'1$F9G$%$#&$)($*9#&.)'#($:*

!  $%6#*(#%.1)&*9%0%(3*6()2*$3)00/&5*3F#*()E)3:*(#K-/(#$*&)3*)&"J*`'#3#.1)&a*E-3*
%"$)*`/$)"%1)&a*9NF/.F*"/&O*F%$*.)""/'#':*

!  2)&/3)(/&5*)6*0)$$/E"#*.)""/$/)&$*$F)-"'*E#*1'(9(3'3/+.%"19G$%%
!  .)""/$/)&$*2%J*)..-(*%3*"(.%I3(E('D(J%F+"1$%%")&5*3F#*NF)"#*()E)1.*$3(-.3-(#*

!  N)(O/&5*%$$-201)&$*
!  )&#*$/&5"#*.)""/$/)&*%3*%*12#*

!  2%&/0-"%3)(*%$*%&*)0#&*O/&#2%1.*.F%/&*

!  n($37**0B0;%U)/&3$*.%$#*⇒*3F#&7*#H3#&$/)&*3)*b$Y07+$%U)/&3$*

&'++0/0'(%-"(;+0(B%#'*%/"#$).%
c$)$19'(%'#%3(;$/0*$;%1'++0/0'(/%"(;%*'7')%*$"19'(%

AP*

%&J*.)&3()"*3)(K-#*

U)/&3*3)(K-#*'-#*3)*"/&O*.)""/$/)&*

/&#(1%*
2%3(/H*

W)(/)"/$_.#&3(/6-5%"*
*3#(2$*

3(%&$0)$#*)6*3F#*<%.)E/%&**
%$$)./%3#'*3)*3F#*.)&3%.3*0)/&3*

;)2%7*=>?=@*<-&#*AB=C*

5(%G/3J*3#(2$*



M("+./0/%'#%"%1'++0/0'(%
QY0/)$(1$%'#%;.("401%1'3F+0(B/%

AC*

/&*;.("401%.)&'/1)&$M*
%*.)&3%.3*6)(.#_3)(K-#*)&*3F#*#D3F*"/&O*
0()'-.#$*%..#"#(%1)&$*%3*!,,*U)/&3$*

;)2%7*=>?=@*<-&#*AB=C*

/&*/)"91%.)&'/1)&$M*
%*.)&3%.3*6)(.#_3)(K-#*)&*3F#*#D3F*"/&O*/$*
E%"%&.#'*Ym,o*EJ*3)(K-#$*%3*0(#.#'/&5*
U)/&3$*E&F&#*



6$+$G"()%F-./01"+%F*'F$*9$/%%
QYF+'09(B%)-$%*'7')%;.("401/%

AV*;)2%7*=>?=@*<-&#*AB=C*

"  3)3%"*#&#(5J*%&'*/3$*G%(/%1)&*

"  5#&#(%"/k#'*2)2#&3$*%&'*3F#/(*'#.)-0"#'*'J&%2/.$*

-$/&5*3F#*$O#N?$J22#3(/.*0()0#(3J**



d'(0)'*0(B%1'++0/0'(/%
:$($*"+%7+'1E%;0"B*"4%

AZ*;)2%7*=>?=@*<-&#*AB=C*

&)(2%"*2)'#*
)6*)0#(%1)&*

.)""/$/)&*
2)&/3)(*

'#3#.1)&* /$)"%1)&*

.)""/$/)&*(#.)5&/k#'*

(#%.1)&*$3(%3#5J*

!* %$

mY*

mY*
oTR*

oTR*

9:$9$
K*

!$

N/3F)-3*#H3#(&%"*
*)(*.)&3%.3*$#&$)($*

-$#*
'#%.1G%3#_%.1G%3#*

.)&1&-#*

! 

r " rcoll

! 

" #"coll



Q($*B.57"/$;%;$)$19'(%'#%1'++0/0'(/%
W(+.%#'*%;$)$19'(%

A\*;)2%7*=>?=@*<-&#*AB=C*

"  $.%"%(*(#$/'-%"*9.)20-3%E"#7*#g5g7*EJ*m?T*%"5)(/3F2:*

"  p*%&'*/3$*'J&%2/.$*9&##'#'*)&"J*6)(*%&%"J$/$:*

%*$3%E"#*n($3?)('#(*"/&#%(*n"3#(7*#H./3#'*EJ*%*.)""/$/)&f*



M("+./0/%'#%)-$%$($*B.57"/$;%4$)-';%
W(+.%#'*%;$)$19'(%

A>*;)2%7*=>?=@*<-&#*AB=C*

"  G#(J*$/20"#*$.F#2#*9$.%"%(*$/5&%":**
"  .%&*)&"J*'#3#.3*3F#*0(#$#&.#*)6*.)""/$/)&*6)(.#$_3)(K-#$*9N(#&.F#$:*

3F%3*0()'-.#*N)(O*)&*"/&#%(_%&5-"%(*G#")./1#$*93N/$3$:*%3*3F#*.)&3%.3*
"  ')#$*&)3*N)(O*NF#&*3F#*()E)3*$3%&'$*$1""p*

$/5&%"*5)#$*E%.O*3)*k#()**
%c#(*.)&3%.3*/$*)G#(f*



d'4$()3457"/$;%0/'+"9'(%'#%1'++0/0'(/%
H')-%#'*%;$)$19'(%"(;%0/'+"9'(%

A@*;)2%7*=>?=@*<-&#*AB=C*

"  (#$/'-%"*G#.3)(*9.)20-3%E"#ggg:*

"  p*%&'*/3$*'#.)-0"#'*'J&%2/.$**

m*/&'#0#&'#&37*$3%E"#7*n($3?)('#(*"/&#%(*n"3#($7*#H./3#'*EJ*%*.)""/$/)&f*
9%""*(#$/'-%"$*5)*E%.O*3)*k#()*/6*3F#(#*/$*&)*")&5#(*.)&3%.3*q*0)$3?/20%.3*0F%$#:*

9'/%5)&%":*



M("+./0/%'#%)-$%4'4$()3457"/$;%4$)-';%
H')-%#'*%;$)$19'(%"(;%0/'+"9'(%

PB*;)2%7*=>?=@*<-&#*AB=C*

"  *$/0;3"+%G$1)'*%.)&3%/&$*'/(#.1)&%"*/&6)(2%1)&*)&*3F#*
3)(K-#*%3*3F#*()E)3*U)/&3$*(#$-"1&5*6()2*3F#*"/&O*
.)""/$/)&*9-$#6-"*6)(*()E)3*(#%.1)&*/&*0)$3?/20%.3*0F%$#:*

"  /'#%"*$/3-%1)&*9&)*&)/$#_-&.#(3%/&1#$:*

"  0/'+"9'(%0()0#(3JM*.)""/$/)&*F%$*)..-((#'*/&*%&*%(#%*
").%3#'*-0*3)*3F#*/?3F*"/&O*/6*



&'++0/0'(%*$"19'(%
H"/$;%'(%1'4F3)$;%*$/0;3"+/%

P=*

&)(2%"*2)'#*
)6*)0#(%1)&*

.)""/$/)&*
2)&/3)(*

.)""/$/)&*(#.)5&/k#'*

(#%.1)&*$3(%3#5J*

mY*
oTR*

-$#*
'#%.1G%3#*
(#?%.1G%3#*

.)&1&-#*/&3#(&%"*()E)3*$3%3#*
%&'*.)&3()"*.)22%&'*

!$

N/3F)-3*#H3#(&%"***
)(*.)&3%.3*$#&$)($*

!;$

!$

;)2%7*=>?=@*<-&#*AB=C*



6'7')%*$"19'(%/)*")$B.%
H"/01%4$)-';/%#'*%*0B0;%*'7')/%

PA*;)2%7*=>?=@*<-&#*AB=C*

"  -0)&*'#3#.1)&*)6*%*.)""/$/)&*9****/$*)G#(*$)2#*3F(#$F)"':*
"  ('%(#%.1)&*9$3(%3#5J*B:M*()E)3*.)&1&-#$*/3$*0"%&&#'*2)1)&*p&

"  /)'F%()E)3*2)1)&*9$3(%3#5J*=:M*#/3F#(*EJ*E(%O/&5*)(*EJ*$3)00/&5*3F#*
2)1)&*(#6#(#&.#*5#&#(%3)(*%&'*$N/3.F/&5*3)*%*F/5F?5%/&*0)$/1)&*
.)&3()"*"%N*

"  *$b$Ye%/)*")$B.M*$N/3.F*3)*%*(#$/'-%"?E%$#'*.)&3()"*"%N*

"  `k#()?5(%G/3Ja*.)&3()"*/&*%&J*)0#(%1G#*2)'#**

`E"#$%&%"+G5(&7"))*$;&#$&%-(&'*)(&;#+(7:"$&",&7">>#'#"$&%"+G5(a*

9'/%5)&%":*

e*q*/&*()E)3$*N/3F*3(%&$2/$$/)&_U)/&3*#"%$1./3J7*3F#*(#[#H**
$3(%3#5J*.%&*E#*/20"#2#&3#'*/&*'/L#(#&3*N%J$*9$3(%3#5/#$*A7P7C:*



M("+./0/%'#%)-$%*$b$Y%/)*")$B.%
8(%0;$"+%1'(;09'(/%#'*%*0B0;%*'7')/%%

PP*;)2%7*=>?=@*<-&#*AB=C*

H*&>#1-%(+&+"I"%&%-*%&7*$&I(&)"+(&(*'#>@&05'-(;&C*@J&

"  3F/$*.)&3()"*$3(%3#5J*/$*#K-/G%"#&3*3)*%*(#'-.1)&*)6*3F#*
#L#.1G#*()E)3*/&#(1%7*%$*$##&*EJ*3F#*.)""/$/)&*6)(.#_3)(K-#*

6()2*%*.)N*p* ggg*3)*%*6()5f*



&'++0/0'(%;$)$19'(%"(;%0/'+"9'(%
QY)$(/0'(%)'%*'7')/%D0)-%$+"/91%R'0()/%

PC*

H+(0>*7(&%-(&7"))*$;(;&%"+G5(&%"&%-(&)"%"+'&

C#%-&%-(&(>*':7&%"+G5(&)(*'5+(;&*%&%-(&E"#$%'J&

!  3F#*+,;*,^;?444*()E)3*F%$*2-"10"#*U)/&3*$#&$)($*
!  #&.)'#($*6)(*2)3)(*9*****:*%&'*"/&O*9****:*0)$/1)&$*

!  U)/&3*3)(K-#*$#&$)(*6)(**

!  'J&%2/.*2)'#"*)6*()E)3$*N/3F*#"%$1.*U)/&3$*

2)3)(*3)(K-#$*.)22%&'$*

#"%$1.*3)(K-#$*%3*3F#*U)/&3$*

U)/&3*3)(K-#*'-#*3)*"/&O*.)""/$/)&*

;)2%7*=>?=@*<-&#*AB=C*

"/5F3N#/5F3*9=C*O5:**
\;*()E)3*N/3F*
F%(2)&/.*'(/G#$*
9#"%$1.*U)/&3$:*
%&'*2)'-"%(*
$3(-.3-(#**



!$(/'*0`"9'(%'#%)-$%c^6%^L65888%*'7')%
QYF+';$;%G0$D%'#%"%*'7')%R'0()%

PV*;)2%7*=>?=@*<-&#*AB=C*

2#%$-(#*)6*

2#%$-(#*)6*

2#%$-(#*)6*



&'++0/0'(%;$)$19'(%"(;%0/'+"9'(%f%')-$*%/1-$4$%
L0)-'3)%"%R'0()%)'*g3$%/$(/'*%h%#'*%*'7')/%D0)-%Z!M%'*%D0)-%$+"/91%R'0()/%%

PZ*

!  ()E)3$*N/3F*9%&3%5)&/$1.:*l%(/%E"#*R1L&#$$*!.3-%1)&*

!  %&*%"3#(&%1G#*$.F#2#*6)(*()E)3$*N/3F*#"%$1.*U)/&3$*/$*'#(/G#'*$/2/"%("J*

!  '#n&#*3F#*3)3%"*2)2#&3-2*93N)*%.3-%3)($*0#(*U)/&3*r*"/&O$:*%$*

H$"&K(L#I>(&M%+*$')#''#"$N&%"+G5(&)(*'5+(&#'&$((;(;OOOJ&

!  %*(#$/'-%"*.%&*%"$)*E#*'#n&#'*%$*

;)2%7*=>?=@*<-&#*AB=C*



&'()*'+%'#%c^6%^L65888%*'7')%
M%*'7')%D0)-%$+"/91%R'0()/%

P\*;)2%7*=>?=@*<-&#*AB=C*

"  5#&#(%"*.)&3()"*"%N*-$/&5*6-""*$3%3#*6##'E%.O*
*92)3)(*0)$/1)&*%&'*G#")./3J7*U)/&3*#"%$1.*3)(K-#*%&'*/3$*'#(/G%1G#:*

"  `k#()?5(%G/3Ja*.)&'/1)&*.%&*E#*(#%"/k#'*)&"J*/&*%&*%00()H/2%3#*
9K-%$/?$3%1.:*N%J7*-$/&5*U-$3*2)3)(*0)$/1)&*2#%$-(#$*

2)3)(*
0)$/1)&*
#(()(*

#"%$1.*U)/&3*
3)(K-#**

6##'6)(N%('*
.)22%&'*

#"%$1.*U)/&3*
3)(K-#*#(()(*

9'/%5)&%":*2%3(/H*
)6*U)/&3*$1L&#$$*

2)3)(*
0)$/1)&*

"/&O*
0)$/1)&*



6'7')%*$"19'(%/)*")$B0$/%
!F$10T1%#'*%*'7')/%D0)-%$+"/91%R'0()/%

P>*;)2%7*=>?=@*<-&#*AB=C*

"  $3(%3#5J*AM*[)%1&5*(#%.1)&*9()E)3*s*/&*`k#()?5(%G/3Ja:**

"  $3(%3#5J*PM*(#[#H*3)(K-#*(#%.1)&*9.")$#$3*3)*3F#*(/5/'*.%$#:*

"  $3(%3#5J*CM*%'2/h%&.#*2)'#*(#%.1)&*9(#$/'-%"*/$*-$#'*%$*3F#*&#N*
(#6#(#&.#*6)(*3F#*2)3)(*G#")./3J:*

"  6-(3F#(*0)$$/E"#*(#%.1)&*$3(%3#5/#$*9(/5/'*)(*#"%$1.*.%$#:**
"  E%$#'*)&*/20#'%&.#*.)&3()"*
"  $#K-#&.#*)6*$3(%3#5/#$*9#g5g7*CrA:*
"  12#*$.%"/&5M*$3)0_(#0(/$#*)6*(#6#(#&.#*3(%U#.3)(J7*O##0/&5*3F#*0%3F*
"  W%(3#$/%&*3%$O*0(#$#(G%1)&*9#H0")/3$*()E)3*(#'-&'%&.J*EJ*0()U#.1&5*

(#%.1)&*3)(K-#*/&*%*3%$O?(#"%3#'*'J&%2/.*&-""*$0%.#:*



O0*/)%$YF$*04$()/%D0)-%c^6%^L65888%*'7')%
&"/$%'#%"%A;344.C%-$";%I$"*+.%=>>aJ%

P@*;)2%7*=>?=@*<-&#*AB=C*

'-22J*F#%'*#K-/00#'*
N/3F*%&*%..#"#()2#3#(*

()E)3*$3(%/5F3#&*F)(/k)&3%""J7*
2)$3"J*2)1)&*)6*U)/&3*=*]PBt_$#.*



c344.%-$";%04F"1)/%
<D'%'#%)-$%*$"19'(%/)*")$B0$/%

CB*;)2%7*=>?=@*<-&#*AB=C*

$3(%3#5J*BM*('%(#%.1)&*

0"%&&#'*3(%U#.3)(J*#&'$*U-$3*%c#(*
3F#*0)$/1)&*)6*3F#*'-22J*F#%'*

$3(%3#5J*AM*b'"9(B%(#%.1)&*

/20%.3*G#")./3J*/$*(%3F#(*")N*F#(#*%&'*
3F#*()E)3*$3)0$*K-/3#*/22#'/%3#"J*

G/'#)*G/'#)*



c$+".%0(%1'++0/0'(%;$)$19'(%
84F"1)%D0)-%A;344.C%-$";%

C=*;)2%7*=>?=@*<-&#*AB=C*

2#%$-(#'*9#"%$1.:*
U)/&3*3)(K-#&
(#$/'-%"*(=&

B_=*/&'#H*6)(*
'#3#.1)&&

'-22J*F#%'**
%..#"#(%1)&*

=5@%4/$1i*

5%/&********q*'/%5uAVv*

3F(#$F)"'*q*V?=Bw*
)6*2%H*(%3#'*3)(K-#*



H"++''(%04F"1)/%
8(%86W!%=>>a%F"F$*%

CA*;)2%7*=>?=@*<-&#*AB=C*

.%$#*$3-'J*6)(*(#0#%3%E"#**
.)20%(/$)&*)6*'/L#(#&3*

(#%.1)&*$3(%3#5/#$**
9%3*F/5F*$0##'*.)&'/1)&$:*



H"++''(%04F"1)/%
W($%'#%)-$%*$"19'(%/)*")$B0$/%

CP*;)2%7*=>?=@*<-&#*AB=C*

.))('/&%3#'*
U)/&3*2)1)&*
]=BBt_$#.*

$3(%3#5J*CM*%'2/h%&.#*2)'#*(#%.1)&**

G/'#)*



QYF$*04$()"+%1'4F"*0/'(%
6'7')%*$"19'(%/)*")$B0$/%0(%7"++''(%04F"1)%

CC*;)2%7*=>?=@*<-&#*AB=C*

"  (#$/'-%"*%&'*G#")./3J*%3*U)/&3*C*N/3F*G%(/)-$*(#%.1)&*$3(%3#5/#$*

/20%.3*%3*=BBt_$#.*N/3F*.))('/&%3#'*U)/&3*2)1)&*

P2&$"&+(*7:"$&

Q2&)":"$&'%"0&

R2&%-(&,*'%('%&#$&

'%"00#$1&%-(&+"I"%&

#$&0"'%D#)0*7%&0-*'(&



234"(5*'7')%04F"1)/%
M)%4';$*")$%/F$$;_%)-$(%-"(;+0(B%/311$//0G$%1'()"1)/%

CV*;)2%7*=>?=@*<-&#*AB=C*

"  n($3*/20%.3*]ZBt_$#.*

$3(%3#5J*CM*%'2/h%&.#*2)'#* $3(%3#5J*PM*(#[#H*3)(K-#*
q̇r = KQr τ = M(q) (KRr −DRq̇) + C(q, q̇)q̇ + g(q)− r

G/'#)*G/'#)*



234"(5*'7')%04F"1)/%
M)%4"Y0434%/F$$;_%)-$(%-"(;+0(B%/311$//0G$%1'()"1)/%

CZ*;)2%7*=>?=@*<-&#*AB=C*

$3(%3#5J*PM*(#[#H*3)(K-#*

τ = M(q) (KRr −DRq̇) + C(q, q̇)q̇ + g(q)− r

G/'#)*

"  n($3*/20%.3*]@Bt_$#.*



&'++0/0'(%*$"19'(%
,'*j'+0'%'#%F'//07+$%*'7')%*$"19'(/%

C\*;)2%7*=>?=@*<-&#*AB=C*

(#$/'-%"*%20"/3-'#*∝*$#G#(/3J*"#G#"*)6*.)""/$/)&*

R3)0* ;#[#H* D(#$#(G#*

W%(3#$/%&*3(%U#.3)(J*
9-$#*)6*(#'-&'%&.J:*

;#0(/$#*;#%.1)&*

X%$O*
(#"%H%1)&*

W%(3#$/%&*0%3F*
912#*$.%"/&5:*

%""*3(%&$/1)&$*%(#*
.)&3()""#'*EJ*

$-/3%E"#*)-*$/-'+;/*
)&*3F#*(#$/'-%"$*



!  N/3F)-3*#H3#(&%"*$#&$/&5*

!  %&J*0"%.#7*%&J*12#*ggg*

&'++0/0'(%*$"19'(%
O3*)-$*%$Y"4F+$/%I86W!%=>>XJ%

C>*

(#$-"3$*6()2**
Db;4Tm+R*0()U#.3*

;)2%7*=>?=@*<-&#*AB=C*

"  ()E)3*/$*0)$/1)&?.)&3()""#'*)&*%*5#)2#3(/.*0%3F*
"  12/&5*$")N$*')N&7*$3)0$7*0)$$/E"J*(#G#($#$*

"  3F#*0#(6#.3*`G)"-&3##(a*/$*R%2/*b%''%'/&f*

G/'#)*G/'#)*



]/$%'#%E0($4"91%*$;3(;"(1.%
6'7')%*$"19'(%)'%1'++0/0'(/_%0(%F"*"++$+%D0)-%$Y$139'(%'#%'*0B0("+%)"/E%

C@*

!  .)""/$/)&*'#3#.1)&*⇒*()E)3*(#%.3$*$)*%$*3)*0(#$#(G#*%$*2-.F*%$*0)$$/E"#*9/6*%3*%""*
0)$$/E"#:*#H#.-1)&*)6*3F#*0"%&&#'*3%$O*3(%U#.3)(J7*#g5g7*N/3F*3F#*#&'?#L#.3)(*

;)2%7*=>?=@*<-&#*AB=C*



!  3%$O*.))('/&%3#$***********************N/3F***************9(#'-&'%&.J:*

!  9%"":*5#&#(%"/k#'*/&G#($#$*)6*3F#*3%$O*<%.)E/%&*

!  %""*U)/&3*%..#"#(%1)&$*(#%"/k/&5*%*'#$/(#'*3%$O*%..#"#(%1)&*9/&*%*5/G#&*()E)3*
$3%3#:*

<"/E%E0($4"91/%
M)%)-$%/$1'(;5'*;$*%;0[$*$(9"+%+$G$+%

VB*

%(E/3(%(J*U)/&3*
%..#"#(%1)&*

;)2%7*=>?=@*<-&#*AB=C*



!  $#3*6)(*.)20%.3&#$$*
!  %""*U)/&3*3)(K-#$*(#%"/k/&5*%..-(%3#*.)&3()"*)6*3F#*'#$/(#'*9W%(3#$/%&:*3%$O*

c.("401%*$;3(;"(1.%*$/'+39'(%
:$($*"+%"FF*'"1-%I0(1+3;$/%\-"97k/%;.("401%1'(/0/)$(1.J%

V=*

6)(*%&J*5#&#(%"/k#'*/&G#($#*S7*3F#*U)/&3*3)(K-#*F%$*3N)*.)&3(/E-1)&$M*
)&#*/20)$#$*3F#*3%$O*%..#"#(%1)&*.)&3()"7*3F#*)3F#(*')#$*&)3*%L#.3*/3*

%(E/3(%(J*U)/&3*3)(K-#*
%G%/"%E"#*6)(*(#%.1)&*3)*.)""/$/)&$*

0()U#.1)&*2%3(/H*/&*3F#*
'J&%2/.*&-""*$0%.#*)6**J 

;)2%7*=>?=@*<-&#*AB=C*



!  N/$F*3)*0(#$#(G#*NF)"#*W%(3#$/%&*3%$O*9#&'?#L#.3)(*0)$/1)&_)(/#&3%1)&:7*
EJ*(#%.1&5*3)*.)""/$/)&$*-$/&5*)&"J*'J&%2/.*$#"6?2)1)&$*/&*3F#*U)/&3*$0%.#*

!  /6*3F#*(#$/'-%"*9∝*.)&3%.3*6)(.#:*5()N$*3))*"%(5#7*)(/#&3%1)&*/$*(#"%H#'*n($3*
%&'*3F#&7*/6*&#.#$$%(J7*3F#*6-""*3%$O*/$*%E%&')&#'*90(/)(/3J*/$*5/G#&*3)*$%6#3J:*

&"*)$/0"(%)"/E%F*$/$*G"9'(%
L-0+$%-"(;+0(B%1'++0/0'(%I86W!%=>>X7J%

VA*

$0F#(/.%"*)E$3%."#*

;)2%7*=>?=@*<-&#*AB=C*

G/'#)*



&'470($;%3/$%
ac%Ol<%/$(/'*%")%)-$%D*0/)%m%IF*'F*0'51$F9G$J%*$/0;3"+/%

VP*;)2%7*=>?=@*<-&#*AB=C*

"  #&%E"#$*'/$1&5-/$F/&5*/&3#&1)&%"*/&3#(%.1)&$*G$g*-&#H0#.3#'*.)""/$/)&$*

"  /3*/$*$-x./#&3*3)*/&."-'#*3F#*Ol<%4$"/3*$%/&*3F#*#H0(#$$/)&*)6*3F#*(#$/'-%"ggg*



&'++0/0'(%"G'0;"(1$%
]/0(B%$Y)$*'51$F9G$%/$(/'*/%)'%4'(0)'*%*'7')%D'*E/F"1$%I8&6M%=>?>J%

VC*

!  $Y)$*("+%/$(/0(BU*$3#(#)?.%2#(%7*XYy7*$3(-.3-(#'*"/5F37*6:H5c$F)-7*"%$#(7*0(#$#&.#7*ggg**
0"%.#'*)012%""J*3)*2/&/2/k#*).."-$/)&$*9()E)3*F%$*3)*E#*(#2)G#'*6()2*/2%5#$:*

;)2%7*=>?=@*<-&#*AB=C*



c$F)-%04"B$%
2'D%)'%3/$%0)N%%

VV*

W)&n5-(%1)&*R0%.#* W%(3#$/%&*R0%.#*

+#03F*R0%.#*

;)2%7*=>?=@*<-&#*AB=C*



c$F)-%/F"1$%
M%=KS5;04$(/0'("+%/F"1$%

VZ*

!  &)&?F)2)5#&#)-$*AgV*'/2#&$/)&%"*$0%.#*
!  9H7J:*0)$/1)&*)6*3F#*0)/&3*/&*3F#*/2%5#*0"%&#*d0/H#"e*

!  '***** *'#03F*)6*3F#*0)/&3*Ng(g3g*3F#*/2%5#*0"%&#*d2e*

!  '#03F*$0%.#*/$*2)'#"#'*%$*%*0/&?F)"#*$#&$)(*

!  0)/&3*/&*W%(3#$/%&*(#6#(#&.#*6(%2#*

!  0)/&3*/&*$#&$)(*6(%2#*

!  0)/&3*/&*'#03F*$0%.#*

;)2%7*=>?=@*<-&#*AB=C*



c$F)-%/F"1$%
c0/)"(1$%$G"+3"9'(%

V\*

OD,2

OD,1

!  '/$3%&.#*E#3N##&*%*0)/&3*)6*/&3#(#$3**
* * * ********%&'*%&*)E$3%."#*0)/&3*

*9/6*)E$3%."#*0)/&3*/$*.")$#(*3F%&*0)/&3*)6*/&3#(#$37*$#3***************:*

;)2%7*=>?=@*<-&#*AB=C*



6$F3+/0G$%G$1)'*%
M%G$*/0'(%'#%"*9T10"+%F')$(9"+/%

V>*

!  (#0-"$/G#*G#.3)(*5#&#(%3#'*6()2*3F#*'/$3%&.#*G#.3)(*

!  (#0-"$/G#*G#.3)($*'-#*3)*%""*)E$3%."#$*&#%(*3)*0)/&3*)6*/&3#(#$3*%(#*.)&$/'#(#'*
!  )(/#&3%1)&*⇒*$-2*)6*"++%(#0-"$/G#*G#.3)($7*2%5&/3-'#*⇒*)&"J*'-#*3)*($"*$/)%)E$3%."#*

!  /&."-$/)&*)6*%*0/G)1&5*$3(%3#5J*3)*%G)/'*").%"*2/&/2%*)(*`3))*6%$3a*)E$3%."#$*

v(P ,O) =
Vmax

1 + e�D(P ,O)�(2/ρ)α−α

;)2%7*=>?=@*<-&#*AB=C*

G/'#)* G/'#)*

n*q*0)/&3*)6*
/&3#(#$3*

f*q*2/&/2-2*
'/$3%&.#*

f*q*(#0-"$/)&*
'-#*3)*2/&*
'/$3%&.#*

f*q*(#0-"$/)&*
'-#*3)*%""*
)E$3%."#$*



!"#$%1'$Y0/)$(1$%

V@*

&'++0/0'(%"G'0;"(1$%0(%;$F)-%/F"1$%I8&6M%=>?=J%

;)2%7*=>?=@*<-&#*AB=C*

G/'#)*



L-")%"7'3)%3/0(B%0(;3/)*0"+%*'7')/N%

!  .)22)&*%$0#.3$*
!  .%&*/&3#(6%.#*N/3F*SR*i/&#.3*%&'*/&3#5(%3#*;#[#HH#$*S)1)&*,/E(%(/#$*
!  -$#(*2%J*'#G#")0*2/''"#N%(#*/&*;YR*9)0#(%1)&%"*&)'#$:*

O*'4%c^6%^L65888%"(;%\]\M%^L6%@%)'%1'44'(%0(;3/)*0"+%4"(0F3+")'*/%

ZB*

!  \?')6*F-2%&?%(2*$/k#7*N#/5F3*q*=C*O5*q*0%J")%'*
!  'J&%2/.*2)'#"*%G%/"%E"#*

!  U)/&3*3)(K-#*$#&$)(*%G%/"%E"#*
!  3)(K-#*.)&3()""#'*
!  y%$3*;#$#%(.F*4&3#(6%.#*9y;4:*]=*2$7*N/3F*

%..#$$*3)*2)3)(*.-((#&3*.)22%&'$*

!  Z?')6*%(27*N#/5F3*q*A>*O57*0%J")%'*q*P*O5*

!  .")$#'*.)&3()"*%(.F/3#.3-(#*
!  &)*/&6)(2%1)&*)&*'J&%2/.*2)'#"*%&'*)&*3F#*

/&'-$3(/%"*")N?"#G#"*.)&3()""#($*
!  ;)E)3*R#&$)(*4&3#(6%.#*9;R4:*]=A*2$7*6)(*(#%'/&5*

0)$/1)&*#&.)'#($*%&'*9"7/'+3)$:*2)3)(*.-((#&3$*

\]\M%\6%S%!0YY%6aS>%

;)2%7*=>?=@*<-&#*AB=C*



&+'/$;%1'()*'+%"*1-0)$1)3*$%

!  3F#*#H3#(&%"*(#6#(#&.#*G#")./3J*.%&*E#*-0'%3#'*9E-3*)&"J*#G#(J*=A*2$:7*E%$#'*
)&*#&.)'#(*%&'*2)3)(*.-((#&3*(#%'/&5$*r*#H3#(&%"*$#&$)(*/&6)(2%1)&*
!  &)*3)(K-#*)(*.-((#&3*.)22%&'*.%&*E#*/20)$#'*EJ*3F#*-$#(*
!  &)*U)/&3*3)(K-#*$#&$/&5*%G%/"%E"#*
!  &)*/&6)(2%1)&*)&*3F#*'J&%2/.*2)'#"**
!  &)*%..#$$*3)*/&'-$3(/%"*")N?"#G#"*.)&3()""#($*
!  (#"J*)&*`5))'a*0()0#(1#$*)6*3F#*")N?"#G#"*9D_D+_D4+:*0)$/1)&*.)&3()""#($*

L-")%1"(%I'*%1'3+;J%7$%;'($%D0)-%)-$%6!8%

Z=*

.-((#&3*
%&%")5*"))0*

G#")./3J*
"))0*

0)$/1)&*
'/5/3%"*"))0*

2/.()?*
/&3#(0)"%1)&*

;)2%7*=>?=@*<-&#*AB=C*



&'()"1)+$//%1'++"7'*"9'(%

!  F-2%&*E)'J*0%(3$*%&'*5#$3-(#*(#.)5&/1)&*

]/0(B%B$/)3*$%"(;%G'01$%1'44"(;/%

G)/.#*.)22%&'*

.)""%E)(%1)&*
$3%(3$*

!  $0##.F*(#.)5&/1)&*

ZA*;)2%7*=>?=@*<-&#*AB=C*



234"(5*'7')%1'443(01"9'(%

!  3F#*()E)3*#&'?#L#.3)(*F'/09'(%/$*.)22%&'#'*EJ*G)/.#_5#$3-(#$*3)*#'++'D%9)(*
B'%)':*3F#*F-2%&*+$o7**0B-)7*)(*($"*$/)%F%&'*

]/0(B%d!%\0($1)%"(;%!c\%+07*"*.%IQ4"(3$+$%d"B*0(0_%=>?=J%

ZP*;)2%7*=>?=@*<-&#*AB=C*

G/'#)*



d')'*%13**$()%/0B("+/%
!30)"7+$%F*'1$//0(B%0(%*$"+%94$%

ZC*

.-((#&3*
%&%")5*"))0*

G#")./3J*
"))0*

0)$/1)&*
'/5/3%"*"))0*

2/.()?*
/&3#(0)"%1)&*

•  (%N*'%3%*%(#*)&"J_%"N%J$*0)$/1G#*G%"-#$ggg*
•  0().#$$/&5*3)*(#2)G#*.)&3(/E-1)&*'-#*3)*5(%G/3J**
•  ")N?0%$$*%&'*F/5F?0%$$*'/5/3%"*n"3#($*%(#*%00"/#'*

3J0/.%"*2)3)(*.-((#&3$*)&*3F#*n($3*3F(##*U)/&3$*

;)2%7*=>?=@*<-&#*AB=C*



c$)$1)%1'++0/0'(%"(;%/)'F%
!04F+$/)%*'7')%*$"19'(%/)*")$B.%#'*%/"#$).%

ZV*

F/5F?0%$$*n"3#(/&5*)6*2)3)(*.-((#&3$*9%*$/5&%"?E%$#'*'#3#.1)&ggg:*

;)2%7*=>?=@*<-&#*AB=C*

G/'#)*



c0/9(B30/-%-"*;%"(;%/'o%1'()"1)/%
2"*;%p%"110;$()"+%1'++0/0'(%%⇔%%!'o%p%0()$(9'("+%1'()"1)%#'*%1'++"7'*"9'(%I8&6M%=>?qJ%

ZZ*

-$/&5*E)3F*F/5F?0%$$*%&'*")N?0%$$*n"3#(/&5*)6*2)3)(*.-((#&3$**
‐*F#(#*.)""%E)(%1)&*2)'#*/$*2%&-%"*5-/'%&.#*)6*3F#*()E)3*

;)2%7*=>?=@*<-&#*AB=C*

G/'#)*



c$/0B(%*'7')%*$"19'(%/)*")$B0$/%
Mo$*%1'++"7'*"9'(%4';$%-"/%7$$(%$/)"7+0/-$;%

Z\*

0-$F/&5_0-""/&5*
3F#*()E)3*

.)20"/%&3?"/O#*
()E)3*E#F%G/)(*

':>>&H7-(*:$1J&C#%-&

%-(&7>"'(;&#$;5'%+#*>&&

+"I"%&7"$%+">&*+7-#%(7%5+(T&

;)2%7*=>?=@*<-&#*AB=C*

G/'#)*

G/'#)*



&'(1$F)%D'*E/%"+/'%#'*%1'44$*10"+%-34"('0;/%
,-./01"+%0()$*"19'(%D0)-%rMW%D0)-'3)%#'*1$%/$(/0(B%I8&6M%=>?@J%%

Z>*;)2%7*=>?=@*<-&#*AB=C*

G/'#)*



!"#$%F-./01"+%-34"(5*'7')%1'++"7'*"9'(%

Z@*

86W!%=>?q%T("+0/)%#'*%7$/)%G0;$'%"D"*;%

G/'#)*

;)2%7*=>?=@*<-&#*AB=C*



&'++0/0'(%'*%1'++"7'*"9'(N%%
c0/9(B30/-0(B%"110;$()"+%1'++0/0'(/%#*'4%0()$(9'("+%1'()"1)/%'(%^L6%@%

\B*

!  $/2/"%("J*3)*NF%3*')&#*N/3F*2)3)(*
.-((#&3$*)&*3F#*i;V*%&'*m!Y*()E)3$7*
N#*.%&*0().#$$*3F#*(#$/'-%"$*)6*3F#*
,^;*C*()E)3*/&*3F#*6(#K-#&.J*')2%/&*

!  6)(*/&3#&1)&%"*.)&3%.3$7*i/&#.3*'%3%*
%(#*-$#'*3)*").%3#*.)&3%.3*0)/&3$*9%&'*
3F#&*3)*')*2-.F*2)(#*ggg:*

,)N?D%$$*y/"3#(*

b/5F?D%$$*y/"3#(*

3F(#$F)"'*

3F(#$F)"'*
r � τ ext

/&3#&1)&%"*.)&3%.3*

-&6)(#$##&*.)""/$/)&*

G/'#)*]+4!8*;)E)1.$*,%E7*S%J*AB=C*

;)2%7*=>?=@*<-&#*AB=C*



&'++"7'*"9'(%D0)-%#'*1$%$/94"9'(%%
&'470(0(B%0()$*("+%"(;%$Y)$*("+%/$(/0(B%

\=*;)2%7*=>?=@*<-&#*AB=C*

!  X%$O*
!  /'#&16J*/&*3F#*"#%$3*/&G%$/G#*N%J*0)/&3$*)&*()E)3*$-(6%.#*NF#(#*.)&3%.3*)..-($*
!  #$12%3#*#H.F%&5#'*W%(3#$/%&*6)(.#$*
!  .)&3()"*3F#*()E)3*3)*(#%.3*3)*3F#$#*6)(.#$*%..)('/&5*3)*%*'#$/(#'*E#F%G/)(*

!  R)"-1)&*/'#%*
!  -$#*(#$/'-%"*2#3F)'*3)*;$)$1)*0FJ$/.%"*.)&3%.3*%&'*3)*$/94")$*3F#*U)/&3*
3)(K-#$*%$$)./%3#'*3)*3F#*#H3#(&%"*.)&3%.3*6)(.#*

!  -$#*%*'#03F*$#&$)(*3)*0;$(9#.*3F#*F-2%&*0%(3$*/&*.)&3%.3*N/3F*3F#*()E)3*%&'*
+'1"+0`$*3F#*.)&3%.3*0)/&3$*)&*3F#*()E)3*$3(-.3-(#*

!  3F/$*%00()%.F*.%&*0()G/'#*%&*#$12%3#*)6*#H3#(&%"*U)/&3*3)(K-#*(#$-"1&5*6()2*
.)&3%.3*#'*1$/l)'*g3$/*%00"/#'*9%&JNF#(#:*3)*3F#*()E)3*



Q/94"9'(%'#%1'()"1)%#'*1$%
]/0(B%)-$%*$/0;3"+%

\A*;)2%7*=>?=@*<-&#*AB=C*

!  2)$3*/&3#&1)&%"*.)&3%.3$*N/3F*%*$/&5"#*F%&'*.%&*3(%&$6#(*)&"J*($B+0B07+$%)'*g3$/%%

!  3)*#$12%3#*(#"/%E"J*3F#*#3++%%%%%%%%N#*$F)-"'*F%G#*(%&O*******************
!  ()E)3*&##'$*&*z*Z*U)/&3$*%&'*.)&3%.3*$F)-"'*)..-(*%3*%*"/&O*/*z*Z*

!  %$$-2#*3F-$*)&"J*F3*$%W%(3#$/%&*.)&3%.3*6)(.#$M*

!  '/2#&$/)&*)6*3F#*.)&3%.3*6)(.#*3%$O**/$*2*q*P*%&'*/3$*^!%$/94"9'(*/$*

!  1'()"1)%s"1'70"(%/$*&##'#'*⇔%.)&3%.3*0)/&37*'#3#.3#'*EJ*#H3#(&%"*'#03F*$#&$)(*
!  43+9F+$%$/2-"3%&#)-$*.)&3%.3$*.%&*E#*.)&$/'#(#'*9#g5g7*3F#*)D'*F-2%&*F%&'$:*

!  #'*1$/ * * **********N/""*(')%E#*(#.)G#(#'*
****9E%"%&.#'*EJ*3F#*()E)3*$3(-.3-(#7*&)*#L#.3*)&*
*****3F#*(#$/'-%":*



!'4$%"("+./0/%
L-")%1"(%D$%"1)3"++.%$/94")$N%8/%$Y)$*("+%/$(/0(B%*$"++.%($$;$;N%

\P*;)2%7*=>?=@*<-&#*AB=C*

(%&O*u********v*q*A*

6-""*6)(.#*)&*"/&O7**
/6*.)&3%.3*0)/&3*/$*O&)N&*
9=*/&6)(2%1G#*(#$/'-%"$:*

(%&O*u********v*q*A*

6-""*6)(.#*)&*"/&O7**
#G#&*&)3*O&)N/&5*.)&3%.3*
9q*/&6)(2%1G#*(#$/'-%"$:*

(%&O*u********v*q*=*

)&"J*&)(2%"*6)(.#*3)*"/&O7**
/6*.)&3%.3*0)/&3*/$*O&)N&*
9?*/&6)(2%1G#*(#$/'-%"*$/5&%":*

•  6)(.#$*******************************N/""*&)3*E#*(#.)G#(#'*9#G#&*N/3F*O&)N&*.)&3%.3:*

•  %*$/20"#*P;*0"%&%(*.%$#7*N/3F*.)&3%.3*)&*'/L#(#&3*"/&O$*

/$*%*G#.3)(*)6*
'/2#&$/)&*P*



c0/)"(1$%"(;%1'()"1)%$/94"9'(%

\C*

]/0(B%\0($1)_%&Mc%4';$+_%"(;%*$/0;3"+%)'%+'1"+0`$%1'()"1)%

;)2%7*=>?=@*<-&#*AB=C*

!  '#03F*/2%5#*/$*%.K-/(#'*EJ*i/&#.3*
!  ()E)3*/$*(#2)G#'*6()2*/2%5#*9I;+y*n"3#(*
EJ*XIS:*

!  F-2%&*F%&'*3(%.O/&5*)&*n"3#(#'*/2%5#*

!  P+*W!+*2)'#"*)6*()E)3*%&'*F%&'*0)$/1)&*
%(#*-$#'*3)*").%"/k#*.)&3%.3*0)/&3*)&*()E)3*
$-(6%.#**

!  $-(6%.#$*)6*()E)3*"/&O$*%(#*2)'#"#'*-$/&5*
0)"J5)&%"*0%3.F#$*

!  P+*()E)3*2)'#"*/$*0()U#.3#'*/&*N)(O$0%.#*
N/3F*%*.%"/E(%1)&*2%3(/H*

!  '/$3%&.#$*%(#*.)20-3#'*E#3N##&*G#(1.#$**
)6*0%3.F#$*%&'*3F#*F-2%&*F%&'*

!  NF#&*(#$/'-%"*/&'/.%3#$*%*.)&3%.3_.)""/$/)&*
9%&'*3F#*.)""/'/&5*"/&O:7*3F#*G#(3#H*N/3F*
2/&/2-2*'/$3%&.#*/$*3%O#&*%$*.)&3%.3*0)/&3*

!  3F#*%"5)(/3F2*/$*%00"/#'*/&*0%(%""#"*3)*E)3F*
"#c*%&'*(/5F3*F%&'*



c0/)"(1$%"(;%1'()"1)%$/94"9'(%

\V*

6"(B$%#*'4%"7'3)%=>%14%;'D(%)'%>%I1'()"1)J_%"+/'%#'*%43+9F+$%+'1"9'(/%

5(##&*q**
(/5F3*F%&'*

(#'*q**
"#c*F%&'*

;)2%7*=>?=@*<-&#*AB=C*

G/'#)**



Z"+0;"9'(%'#%)-$%AG0*)3"+C%#'*1$%/$(/'*%

\Z*

QYF$*04$()/%D0)-%"%\3E"%^L6%@%

;)2%7*=>?=@*<-&#*AB=C*

!  TG%"-%1)&*)6*#$12%3#'*.)&3%.3*6)(.#*
!  #$12%1)&*%..-(%.J*N%$*3#$3#'*-$/&5*O&)N&*

2%$$#$*/&*O&)N&*0)$/1)&$*

!  %*$/&5"#*2%$$*F-&5*#/3F#(*)&*"/&O*C*)(*)&*"/&O*\7*
3)*#2-"%3#*%*/0(B+$%.)&3%.3*

!  %*2%$$*F-&5*)&*"/&O*\7*%&'*3F#&*%*$#.)&'*)&**
"/&O*C*$)*%$*3)*#2-"%3#*%*;'37+$%.)&3%.3*

.%$#*)6*)&#*2%$$*

.%$#*)6*3N)*2%$$#$*



8()$*"19'(%1'()*'+%

\\*

2'D%)'%3/$%)-$%$/94")$%'#%)-$%$Y)$*("+%1'()"1)%#'*1$%

;)2%7*=>?=@*<-&#*AB=C*

!  $F%0/&5*3F#*()E)3*'J&%2/.*E#F%G/)(*/&*$0#./n.*.)""%E)(%1G#*3%$O$*
!  U)/&3"J*.%((J/&5*%*")%'7*F)"'/&5*%*0%(3*/&*0)$/1)&7*ggg*9NF)"#*%(2*#'*1$%2%&/0-"%1)&:*
!  2)1)&*.)22%&'#'*/&*3)(K-#*)(*G$+'10).%2)'#7*/20"#2#&1&5*%*6)(.#7*/20#'%&.#7*)(*

";40t"(1$%1'()*'+*$.F#2#*")%)-$%1'()"1)%+$G$+*

!  ()E)3*.)&3()"*-$/&5*3F#*#$12%3#'*.)&3%.3*6)(.#*
!  %'2/h%&.#*.)&3()"*$.F#2#*/$*(#%"/k#'*%3*3F#*$/&5"#*9)(*n($3:*.)&3%.3*0)/&3*
!  '#$/(#'*G$+'10).%)6*.)&3%.3*0)/&3*/$*%$$/5&#'*0()0)(1)&%"*3)*9$/94")$;:*.)&3%.3*6)(.#*

!  3F#*()E)3*/$*(#'-&'%&3*6)(*.)&3%.3*3%$O$*3F%3*)..-(*)&*"/&O*/*z*C*9$/&.#*2*q*P:7*%&'*%&*
#H3(%*&-""?$0%.#*2)1)&*.)&3(/E-1)&*.%&*3F#&*E#*%''#'*

/&/1%"*.)&3%.3*0)/&3*0)$/1)&*NF#&*/&3#(%.1)&*E#5/&$*

/&/1%"*()E)3*.)&n5-(%1)&*NF#&*/&3#(%.1)&*E#5/&$*



F268%1'()*'+%*$/3+)/%

\>*

!'o%7$-"G0'*%1"/$%

;)2%7*=>?=@*<-&#*AB=C*

!  .)&3()"*5%/&*.F)$#&*3)*%$$/5&*%*/'o&E#F%G/)(*
!  F-2%&*0-$F#$*)&*()E)3*"/&O*Z*

!  %c#(*'#3#.1&5*/&/1%"*.)&3%.37*3F#*()E)3*2)G#$*
3F#*.)&3%.3*0)/&3*%")&5*3F#*'/(#.1)&*)6*3F#*
#$12%3#'*6)(.#*

!  '-#*3)*/20)$#'*/'o*E#F%G/)(7*3F#*0)$/1)&*#(()(*
')#$*$1""*/&.(#%$#*%*E/3*#G#&*%c#(*")$/&5*.)&3%.3*

!!

! 

"# = $.$%&    "' = ($    "$ = $.(

$)c*E#F%G/)(*.%$#*



F268%1'()*'+%*$/3+)/%

\@*

60B0;%7$-"G0'*%1"/$%

;)2%7*=>?=@*<-&#*AB=C*

!  .)&3()"*5%/&*.F)$#&*3)*%$$/5&*%**0B0;&E#F%G/)(*
!  F-2%&*0-$F#$*)&*()E)3*"/&O*P*

!  '-#*3)*3F#*/20)$#'**0B0;*E#F%G/)(7*3F#*6)(.#*
%00"/#'*3)*2)G#*3F#*()E)3*/$*K-/3#*"%(5#(*3F%&*
E#6)(#*

!  NF#&*3F#*F%&'*/$*(#2)G#'7*3F#*.)&3%.3*(#3-(&$*
$2))3F"J*3)*/3$*0)$/1)&*

!!

! 

"# = $.$%    "& = '($    "$ = $.)

(/5/'*E#F%G/)(*.%$#*



F268%1'()*'+%*$/3+)/%

>B*

c'37+$%1'()"1)%1"/$%

;)2%7*=>?=@*<-&#*AB=C*

!  NF#&*%*$#.)&'*.)&3%.3*)..-($7*%*)"/E%F*0'*0).%$3(%3#5J*/$*
%')03#'M*.)&3%.3*.")$#(*3)*3F#*()E)3*E%$#*/$*.)&$/'#(#'*%$*
%*$#.)&'%(J*3%$O*

!  /3$*%$$)./%3#'*.)&3()"*.)22%&'*N/""*E#*F*'R$1)$;%/&*3F#*
&-""*$0%.#*)6*3F#*0(/2%(J*.)&3%.3*<%.)E/%&*

!  F-2%&*0-$F#$*)&*()E)3*"/&O*Z*9N/3F*"#c*F%&':7*3F#&*)&**
"/&O*P*9N/3F*(/5F3*F%&':*

.%$#*)6*')-E"#*.)&3%.3*

!!

! 

"# = $.$%    "& = '($    "$ = $.)    "* = $.$'



F268%1'()*'+%*$/3+)/%

>=*

86W!%=>?@%

;)2%7*=>?=@*<-&#*AB=C*

G/'#)**



!"#$%1'++"7'*"9'(%

>A*

d$*B0(B%"++%)'B$)-$*%

W)&3%.3"#$$*W)""%E)(%1)&*

TH3#(
&%"*y)

(.#$*

S-"10"#*W)
&3%.3*D)/&

3$**

W)""/$/)&*+#3#.1)&*

W)""/$/)&*!G)/'
%&.#*

8#$3-(#*;#.)5&/1)&*

R0##.F*;#.)5&/1)&*

="I"%&4"DC"+U(+&

;)2%7*=>?=@*<-&#*AB=C*



6'7')%1'5D'*E$*%")%c^6%

>P*

,-./01"+%268%;3*0(B%)"/E%$Y$139'(_%D0)-%#*0$(;+.%3/$*%0()$*#"1$%

;)2%7*=>?=@*<-&#*AB=C*

G/'#)**



&'(1+3/0'(%
<'D"*;%/"#$%-34"(5*'7')%F-./01"+%1'++"7'*"9'(%

>C*

!.O&)N"#'5#2#&3$*
4&$13-3#*)6*;)E)1.$*%&'*S#.F%3()&/.$7*+,;*?*!"/&*!"E-?R.F{L#(7*R%2/*b%''%'/&**

!(1n./%"*4&3#""/5#&.#*,%E)(%3)(J7*R3%&6)('*I&/G#($/3J*?*Y-$$%2%*iF%1E7**X)($3#&*i(|5#(**

]+4!8*?*y%E(/k/)*y"%..)7*T2%&-#"#*S%5(/&/7*S/"%'*8#(%G%&'7*,)(#&k)*y#((%U)"/*

,!!R7*A@*Y.3)E#(**AB=P*

!  6(%2#N)(O*6)(*$%6#*F-2%&?()E)3*.)#H/$3#&.#*%&'*.)""%E)(%1)&7*
E%$#'*)&*F/#(%(.FJ*)6*.)&$/$3#&3*.)&3()""#'*E#F%G/)($*)6*3F#*()E)3*
!  (#$/'-%"?E%$#'*.)""/$/)&*'#3#.1)&*9%&'*/$)"%1)&:*
!  0)(})"/)*)6*.)""/$/)&*(#%.1)&*%"5)(/3F2$*9%"$)*-$/&5*(#'-&'%&.J:*

!  .)""/$/)&*%G)/'%&.#*E%$#'*)&*'#03F*$0%.#*'%3%*
!  #$12%1)&*)6*.)&3%.3*6)(.#*%&'*").%1)&7*EJ*.)2E/&/&5*/&&#(_)-3#(*$#&$/&5*

!  6)(.#_/20#'%&.#_%'2/h%&.#*.)&3()"7*5#&#(%"/k#'*%3*3F#*.)&3%.3*"#G#"*

!  #H0")/3*/&*%&J*"%J#(*3F#*0(#$#&.#*)6*.)20"/%&3*U)/&3$*9/&*&#H3*$3#07*%"$)*N/3F*
G%(/%E"#*$1L&#$$:*



!$+$1)$;%*$#$*$(1$/%

!  !g*+#*,-.%7*!g*!"E-?R.F{L#(7*Rg*b%''%'/&7*8g*b/(k/&5#(7*`W)""/$/)&*'#3#.1)&*%&'*$%6#*(#%.1)&*N/3F*3F#*
+,;?444*"/5F3N#/5F3*2%&/0-"%3)(*%(27a*V333W=6!&V$%O&4"$,O&"$&V$%(>>#1($%&="I"%'&*$;&6@'%()'7*00g*
=ZAP?=ZPB7*ABBZ*986W!%=>>a:*

!  Rg*b%''%'/&7*!g*!"E-?R.F{L#(7*!g*+#*,-.%7*8g*b/(k/&5#(7*`W)""/$/)&*'#3#.1)&*%&'*(#%.1)&M*!*.)&3(/E-1)&*
3)*$%6#*0FJ$/.%"*F-2%&?()E)3*/&3#(%.1)&7a*V333W=6!&V$%O&4"$,O&"$&V$%(>>#1($%&="I"%'&*$;&6@'%()'7*00g*
PPVZ?PPZP7*ABB>*986W!%=>>X*?*Q#$3*!00"/.%1)&*D%0#(*!N%(':*

!  !g*+#*,-.%7*,g*y#((%U)"/*`TH0")/1&5*()E)3*(#'-&'%&.J*/&*.)""/$/)&*'#3#.1)&*%&'*(#%.1)&7a&V333W=6!&V$%O&
4"$,O&"$&V$%(>>#1($%&="I"%'&*$;&6@'%()'7*00g*PA@@?PPBV7*ABB>*986W!%=>>X7:*

!  yg*y"%..)7*!g*+#*,-.%7*`S-"10"#*'#03F_0(#$#&.#*$#&$)($M*4&3#5(%1)&*%&'*)012%"*0"%.#2#&3*6)(*F-2%&_
()E)3*.)#H/$3#&.#7a*V333&V$%O&4"$,O&"$&="I":7'&*$;&95%")*:"$7*00g*P@=Z?P@AP7*AB=B*98&6M%=>?>:*

!  yg*y"%..)7*Xg*i(|5#(7*!g*+#*,-.%7*Yg*iF%1E7*`!*'#03F*$0%.#*%00()%.F*3)*F-2%&?()E)3*.)""/$/)&*%G)/'%&.#7a*
V333&V$%O&4"$,O&"$&="I":7'&*$;&95%")*:"$7*00g*PP>?PCV7*AB=A*98&6M%=>?=:*

!  !g*+#*,-.%7*yg*y"%..)7*`4&3#5(%3#'*.)&3()"*6)(*0b;4M*W)""/$/)&*%G)/'%&.#7*'#3#.1)&7*(#%.1)&*%&'*
.)""%E)(%1)&7a*R%-&V333&V$%O&4"$,O&"$&X#")(;#7*>&="I":7'&*$;&X#")(7-*%+"$#7'7*00g*A>>?A@V7*AB=A*
9H0'6'7%=>?=*?*Q#$3*W)&6#(#&.#*D%0#(*!N%(':*

!  yg*y"%..)7*!g*+#*,-.%7*`R%6#*0FJ$/.%"*F-2%&?()E)3*.)""%E)(%1)&7a*V333W=6!&V$%O&4"$,O&"$&V$%(>>#1($%&="I"%'&
*$;&6@'%()'7*AB=P*d$3%&'?%")&#*G/'#)e*986W!%=>?q:*

!  Tg*S%5(/&/7*yg*y"%..)7*!g*+#*,-.%7*`T$12%1)&*)6*.)&3%.3*6)(.#*-$/&5*%*G/(3-%"*6)(.#*$#&$)(7a*V333W=6!&V$%O&
4"$,O&"$&V$%(>>#1($%&="I"%'&*$;&6@'%()7*WF/.%5)7*R#03#2E#(*AB=C*986W!%=>?@:%

,cO/%")%DDDK;0"BK3(0*'4"?K0)lu;$+31"%
Z0;$'/%")%)-$%v'3<37$%1-"(($+%6'7'91/^"7!"F0$(`"%

>V*;)2%7*=>?=@*<-&#*AB=C*



!$+$1)$;%!M,2M68%*$/3+)/%
!344"*.%G0;$'%/-'D(%0(%)-$%Q]%7'')-%")%8&6M%=>?q%

>Z*

<1.*=!$.*>$!7.2$74*->?$
;)2%7*=>?=@*<-&#*AB=C*


