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m
∑

i=0

pi

∞
∑

k=0

pi
kx

kD#*,:∑∞
k=0 p

i
kx

k +,& 3! "#$
&'#$ ()$)*!&*'
+ .+ pi
k 10' +,& "!
'3+5+$& )&!/3'+ (*E
+ 4 3! -*#-*')&);F<: 
7+,&G4G.'*+ [G1(x)]

k ;)&!-+ ;B< ,0* 3! A(0*+ B=C<.7#H 8
G2(x) =

m
∑

i=0

pi[G1(x)]
i = G0(G1(x)) ! .',&*'/0&'#$ .0 $#5/*+ .+ $60., !0 ,+
#$. ,!0& +,& !'$,' 
3!'*+5+$& )&!/3'+ ;)&!-+ ;I< ,0*3! A(0*+ B=C<J$ *)-)&!$& 
+ -*#
+,,0, *)
0*,'": 3! "#$
&'#$ ()$)*!&*'
+ .+ 3! .',&*'/0&'#$ .0 $#5/*+ .+$60., 4 0$+ .',&!$
+ j ,+ .)A$'& !3#*, 
#55+ ,0'& 8

Gj(x) =

{

G0(x) -#0* j = 1
Gj−1(G1(x)) -#0* j ≥ 2

;B=I< !!"#$%&'#(#!)K*E
+ 4 37)10!&'#$ B=I +& 4 3! -*#-*')&) ;L<: 3+ $#5/*+ 5#>+$ .+ $60.,: zj 4 0$+ .',&!$
+ j .0$60. .7#*'('$+ +,& 
!3
03!/3+ .70$+ 5!$'@*+ ,'5'3!'*+ 4 
+33+ -*),+$&)+ .!$, MIN℄= JP+
&'2+5+$&+$ !--3'10!$& 3! "#*503+ ;B=I< +& (*E
+ 4 0$ *!',#$$+5+$& -!* *)
0**+$
+: 3+ *),03&!& ,0'2!$& +,&#/&+$0 8
zj =











G′0(1) , j = 1
G′′0(1) , j = 2

[

z2

z1

]j−1
z1 , sinon

;B=N< ! .'Q
03&) *+,&!$&+ 
#$,',&+ .#$
 4 
!3
03+* z1 +& z2 .!$, 3+ 5#.@3+ .)
*'& '
'= R -!*&'* .+37)10!&'#$ ;B=B<: 3+, .)*'2)+, ,#$& "!
'3+5+$& #/&+$0+, +$ *+5!*10!$& 10+ p0 +,& 
#$,&!$& -!**!--#*& 4 3! 2!*'!/3+ !3)!&#'*+ k 8
G′0(x) =

α(m)

m

m
∑

k=1

kxk−1 G′′0(x) =
α(m)

m

m
∑

k=1

k(k − 1)xk−2SC



 ! ! "#$%&'( )*+',*'+ -'&./ 01.+
Serveurs
non pris
en compte

N = 9

 !"#  !" # $%&%'('%)* +, *)&-./ &(0%&(1 +/ 2/.3/,.2 (''/%4*(-1/2$( 5).&,1/ 6 !78 2),1%4*/ '.92 
1(%./&/*' 1;(3(*'(4/ +/ 
/ *),3/(, &)+91/ <(. .(<<).' (,<.=
=+/*'! >* /?/'@ 1( 5).&,1/ *;/2' <1,2 .=
,.2%3/ 
/ A,% 3( '.92 */''/&/*' .=+,%./ 1/2 '/&<2 +/
(1
,1 /' 1/2 +%?=./*'/2 ')<)1)4%/2 */ 2)*' <(2 4=*=.=/2 
(. 1/ &)+91/ 2/ -(2/ ,*%A,/&/*' 2,. pk<),. &/2,./. 1/ *)&-./ +/ *B,+2 C ,*/ +%2'(*
/ d A,/1
)*A,/!D),. 
(1
,1/. 1;(''/%4*(-%1%'=@ %1 ./2'/ /*
)./ C <./*+./ /* 
)&<'/ 1/ .%2A,/ β <),. ,* *B,++;E'./ (''(A,=! F(*2 1/ 
(2 +;,* .=2/(, GHI@ 1/2 2/.3/,.2 )

,</*' ,* .�1/ 
/*'.(1 /' ,* 2/,12/.3/,. 
)&<.)&%2 /2' 2),3/*' 
('(2'.)<K%A,/! L)'(&&/*'@ 1( 
)*M4,.('%)* +;,* 2/.3/,. 
)&N<./*+ 4=*=.(1/&/*' 1( 1%2'/ +/ '),2 1/2 (,'./2 <),. <(./. (,0 <.)-19&/2 +/ 
)**/
'%3%'= <),3(*'2,.3/*%. ), 5(
%1%'/. 1/2 )<=.('%)*2 +/ &(%*'/*(*
/! O%*2% 1/2 .=2/(, 2/.( P,4= )<=.('%)**/1 2%(,
,* +/2 *B,+2 *;/2' 
)&<.)&%2! $( <.)<).'%)* +;/*'./ /,0 (''/%*'2 /2' &)+=.=/ <(. 1( <.)-(N-%1%'= +;(3)%. 1/ .=2/(, *)* +=
),3/.' A,% /2' (1 − β)N 
;/2'NCN+%./ A,;(,
,* +/2 N *B,+2 *;/2'
)&<.)&%2! $;(''/%4*(-%1%'= </,' (1).2 E'./ 
)&<19'/&/*' +=M*%/ Q
att(d) =

(1− β)N ×min(
∑d

j=1 zj ,N)

N
6 !R8G1 /2' %&<).'(*' +/ ./&(.A,/. A,/@ 
)*'.(%./&/*' (, &)+91/ <.=
=+/*' A,% %*'.)+,%2(%' ,* /*N2/&-1/ +/ *B,+2 +, .=2/(, /' 1%&%'(%' +)*
 (,')&('%A,/&/*' 1( '(%11/ +, .=2/(,@ %1 /2' *=
/22(%./%
% +/ &/''./ ,* 2/,%1 &(0%&(1! >* /?/'@ 1/ &)+91/ 2/ -(2/ ,*%A,/&/*' 2,. 1( <.)-(-%1%'= A,/
K(A,/ *B,+ <,%22/ E'./ 
)**/
'= C +;(,'./2 </, %&<).'/ 2% %1 /* /0%2'/ +;(,'./2 ), *)* /' %1 /2'+)*
 <.%&).+%(1 +/ */ <(2 <./*+./ /* 
)&<'/ <1,2 +/ 2/.3/,.2 A,;%1 /* /0%2'/ '/1 A,;%11,2'.= +(*21( M4,./  !"! !!"#$%&'#(#!) *"+ ',!+$;(''/%4*(-%1%'= +/2 -)'2S=A,%</&/*'2 /2' =A,%3(1/*'/ C 
/11/ +/2 2/.3/,.2! >* /?/'@ 2(*2 (,N
,*/ 
)**(%22(*
/ C <.%).%@ ,*/ .=<(.'%'%)* (1=(')%./ +/2 -)'2 2,. 1/2 2/.3/,.2 /2' P,2'%M=/! T'(*'+)**= ,* *)&-./ ')'(1 +/ -)'2 B@ 1/ *)&-./ +;/*'./ /,0 (''/%*'2 C ,*/ +%2'(*
/ k /2' +)*


bots(k) = att(k) × B! $( <.)<).'%)* +/ -)'2 /2' +)*
 1)4%A,/&/*' %+/*'%A,/ C 1;(''/%4*(-%1%'= Q
attbots(k) =

bots(k)

B
= att(k)! G1 /2' (1).2 
1(%. A,;=',+%/. 1;(''/%4*(-%1%'= +/2 2/.3/,.2 /2' ./<.=N2/*'('%5! !!"#$%&'#(#!) -,."%%"$;(''/%4*(-%1%'= &)U/**/ /2' 1;(''/%4*(-%1%'= &)U/**/ +/ '),'/2 1/2 +%2'(*
/2 <)22%-1/2 2(
K(*'A,/ 1( <1,2 
),.'/ +/2 +%2'(*
/2 /2' 1 /' 1( <1,2 1)*4,/ /2' N 1).2A,/ 1;(.-./ *;/2' /* 5(%' A,;,*/
K(V*/ Q

avgWatt(k) = ∑N
k=1 att(k)

N
6 !X8""
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,&%*2'+!+ 2!-5 $)+)#:"+!% ;3! "!#$% th $,-+ !&.,/!+ -& #!%%)<! .!+% -& '0-*$!#!&" =&)3 !" 3! "!#$% ts $,-+ !&.,/!+ -&#!%%)<! .!+% -& )-"+! %!+.!-+8 >)&% 3! 
)% 26-&! %,3-"*,& 
!&"+)3*%'!? 3) $3)"!7,+#! 2! %-$!+.*%*,&.) !&.,/!+ %-

!%%*.!#!&" 3!% #!%%)<!% .!+% 36!&%!#@3! 2!% #)
4*&!% ;
tempscentral = C × th AB8CD,E C !%" 3! &,#@+! 2! #)
4*&!%8 >)&% 3! 
)% 26-& @,"&!" FGH? 3!% %!+.!-+% $!-.!&" "+)&%#!""+!3!% #!%%)<!% )-5 %!+.!-+% ).)&" 2! 3!% "+)&%#!""+! )-5 #)
4*&!%8 H,&%*2'+,&% Cserveur? 3! &,#@+!#,/!& 26'0-*$!#!&"% 
,&&!
"'% I -& #1#! %!+.!-+? 3! "!#$% ",")3 !%" 2,&
 
,#$,%' 2- "!#$%$,-+ )""!*&2+! 3! 2!+&*!+ %!+.!-+ I -&! 2*%")&
! dmax $3-% 3! "!#$% $,-+ 
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4*&!% 
,&&!
"'!% ;

tempsbotnet = dmax × ts + Cserveur × th AB8JKDL*&%*? !& 2'"!+#*&)&" 36)""!*<&)@*3*"' I 3) 2*%")&
! dmax? 3! "!#$% $,-+ "+)&%#!""+! -&! +!0-1"!I -& &,#@+! 2! #)
4*&!% 2'"!+#*&'!% $!-" 1"+! !%"*#'8 !" #$%&'() *+*H,##! *&"+,2-*" 2)&% 3! 
4)$*"+! J? 3!% @,"&!"% 2! &,-.!33! <'&'+)"*,& ,&" "!&2)&
! I 7,&2!+3!-+% )+
4*"!
"-+!% %-+ 2!% +'%!)-5 9M9 2- 7)*" 2! 3!-+ +,@-%"!%%! !" 3!-+ !N
)
*"' *&"+*&%:0-!8  !%#,2:3!% 0-* .,&" 1"+! $+,$,%'% 2!.+,&" 2,&
 $,-.,*+ .'+*=!+ 
!% $+,$+*'"'% 2)&% 3! 
)% $+'
*% 2!36!&.,* 26-&! +!0-1"! !& @+,)2
)%"? 
! 0-* 
,++!%$,&2 I 3) 7,&
"*,&&)3*"' $+*&
*$)3! 26-& @,"&!"8>! #)&*:+! <'&'+)3!? -& +'%!)- 9M9 !%" ",")3!#!&" 2'
!&"+)3*%' %)&% )-
-& %!+.!-+ -&! 7,*%2'$3,/'8  !% #,2:3!% .,&" 2,&
 !5$3,+!+ 2!-5 "/$!% 2! ",$,3,<*! 9M9? 
6!%"OIO2*+! 2!-5 "/$!%26*&"!+
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!""! %!
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)"*,&% +!3)"*.!% I 
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,&%"+-
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4)0-! #)
4*&! *&7!
"'! '")*" 
,&"+�3)@3! I 2*%")&
! $)+ 36)"")0-)&" $,-+!&.,/!+ 2!% 
,-++*!3% *&2'%*+)@3!% $)+ !5!#$3!8 !"
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4)0-!#)
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∀t ∈ T, t =< s1, s2, i(~v), o(~w), P ( ~X, i(~v)), Q( ~X, i(~v), o(~w)) >*M1
 Z# s1 1( s2 ',-( )1':1
(+M191-( %/;(*( +-+(+*% 1( =-*%?# i ∈ I %1 'D90,%1 >&+ * .;
%1-
C; %* ()*-'+(+,-?# o ∈ O %1 'D90,%1 :),.&+( :*) %* ()*-'+(+,-?# P ( ~X, i(~v)) 1'( %* 
,-.+(+,- @%,0*%1 B '*(+'O*+)1 :,&) );*%+'1) %* ()*-'+(+,- T&-1 1-();1 1(&-1 
,-=@&)*(+,- 0+1- .;=-+1U? W\W



 !"#$%&' () *+,-'..'/ %'
!1$2,'/ 3' 415'&#&$1%$15 Q( ~X, i(~v), o(~w)) !"#!$%"&'" ()*
',-& .$
-/(*&' ." ()"0$
/',-& ." (* '!*&%,',-& "& %" 1*%*&'%/! ("% .,2$!"&'% #*!*34'!"%5 ~Y "%' /& 6"
'"/! *($*'-,!" ." .,3"&%,-& n − 1 -7 
8*9/" 6*("/! "0#!,3" (" '"3#% 3-:"&#-/! "2"
'/"! /&" ."% '!*&%,',-&%5;* '-#-(-<," ." (* 3*
8,&" = $'*'% .-,' !"%#"
'"! /&" %'!/
'/!" *!1-!"%
"&'" .-&' (* !*
,&""%' ()$'*' ,&,',*(5 >*! 
-&%$9/"&'? ,( "0,%'" /& "&
8*@&"3"&' /&,9/" ." '!*&%,',-&% "&'!" 
"' $'*'"' &),3#-!'" 9/"( */'!" A
∀s ∈ S | s 6= sinit,∃ ! r states si1, si2, . . . , sir, si1 = sinit ∧ sir = s

∀j, 1 ≤ j < r, tij ∈ T, tij =< sij, si(j+1), iij( ~vij), o(~w), Pij( ~X, i(~v)), Qij( ~X, iij(~v), oij(~w)) >BC5DE-7 (* &-'*',-& ij !"#!$%"&'" /& ,&."05 F"''" '-#-(-<," "&'!*@&" ()"0,%'"&
" .)/&" %"/(" '!*&%,',-&#-/! *!!,6"! .*&% /& 9/"(
-&9/" $'*' .)-7 |T | = n − 1 A T = {t1, . . . , tn−1}5 G" #(/%? "& '*&'9/)*!1!"? /& HIJKLM * ."/0 *''!,1/'% ,3#-!'*&'% A %* 8*/'"/! -/ #!-N-&."/! *,&%, 9/" %*
*!.,&*(,'$ $9/,6*("&'" = |S|5 !"!# $%&%'()*+&, -., ,*/&()0'.,O ','!" .)"0"3#("? (" #!-'-
-(" LP> "%' "3#(-:$ ,
, QRST℄ 3*,% &" %"!* .$'*,(($ 9/" .*&% ("
8*#,'!" T5 >*! (* %/,'"? ("% '"!3"% V$'*'W "' V '!*&%,',-&W %-&' !"%#"
',6"3"&' %:&-&:3"% ."V&X/.W B%-33"'E "' V*!
W B*!Y'"E5 Z& *!1!" 
-3#-!'"3"&'*( %)$.,[" = #*!',! .)/& &-31!"[&, ." %"%%,-&% .)/& 3Y3" $9/,#"3"&' *<!$<$% '"( 9/" 
"/0 ." (* [</!" C5\B1E ;* %,<&*'/!"%" !"#!$%"&'" .-&
 
-33" /& HIJKLM = #*!',! ." #(/%,"/!% %"%%,-&% */09/"(("% ,( * #*!',
,#$5F8*9/" $'*' "%' *%%-
,$ */ ':#" .)/& 3"%%*<" #!$[0$ #*!  (-!%9/),( "%' $3,% "' #!$[0$ #*! !(-!%9/),( "%' !"]/ #*! ()$9/,#"3"&' "& 9/"%',-&5 >*! "0"3#("? ("% 3"%%*<"% #!$[0$% #*!  %/! (*[</!" C5\B1E %-&' 
"/0 "&6-:$% #*! /& $9/,#"3"&' ." ':#" O%'"!,%^ *(-!% 9/" ("% */'!"% %-&' 
"/09/),( !"]-,' "' #"/6"&' .-&
 #!-6"&,! ." .,2$!"&'% $9/,#"3"&'%5 Z&" '!*&%,',-& %" 3*'$!,*(,%"#*! /& *!
 "&'!" ."/0 $'*'% "' (" 6"
'"/! ~Y ." .$(*, 3-:"& 
-!!"%#-&. */0 *''!,1/'% ."% *!
%5;* %,<&*'/!" ." (* [</!" C5\B1E "%' .$!,6$" ."% %"%%,-&% 
*#'/!$"% %/! (* [</!" C5\B*E5 F8*9/"%"%%,-& !"#!$%"&'" /&" %$9/"&
" ." '!*&%,',-&% .-&' ("% #!$[0"% 
-33/&% %-&' N/%,-&&$%5 >*!"0"3#("? ("% %"%%,-& '!-,% "' 9/*'!" #!$%"&'"&' ."/0 #!"3,"!% 3"%%*<"% ,."&',9/"% .)-7 /&" #*!',"." ()*!1!" "& 
-33/& %:31-(,%$" "& !-/<" %/! (* [</!"5 _& -/'!"? /& &X/. !*
,&" <$&$!,9/""%' 6-(-&'*,!"3"&' ,&'!-./,' #-/! 9/" ()"&%"31(" ."% %"%%,-&% *,' */ 3-,&% /& &X/. "& 
-33/&#"!3"''*&' ." !"%#"
'"! (* 
-&'!*,&'" %'!/
'/!"((" *!1-!"%
"&'"5;* 
-&%'!/
',-& ."% %,<&*'/!"% "%' !$*(,%$" #*! ()*(<-!,'83" \ -7? #-/! ."% !*,%-&% ." %,3#(,
,'$?(" .$(*, .)/&" '!*&%,',-& "%' .,!"
'"3"&' 
-&'"&/" .*&% (" &X/. .)*!!,6$" ." 
"(("J
, 
*! 
8*9/"&X/. &)"%' *''",<&*1(" 9/" #*! /&" /&,9/" '!*&%,',-&5 `!,46"3"&'? ()*(<-!,'83" 3*,&',"&' /&#-,&'"/! %/! (" &X/. 
-/!*&' !$,&,',*(,%$ = (* !*
,&" <$&$!,9/" ROOT #-/! *&*(:%"! 
8*9/"%"%%,-&5 >-/! 
8*9/" 3"%%*<" .)/&" %"%%,-& B(,<&" S\E? ()*(<-!,'83" .$'"!3,&" %, (" &X/. 
-/!*&'#-%%4." /& [(% ./ 3Y3" ':#" 9/" (" 3"%%*<" B(,<&"% SCJSTE5 G*&% 
" 
*%? (" .$(*, ." (* '!*&%,',-&
-!!"%#-&.*&'" "%' 3,%" = a-/! *6"
 (" &-/6"*/5 L,&-&? /& &-/6"*/ &X/. "' /&" '!*&%,',-& %-&'
!$$%5 ;" &X/. 
-/!*&' #-,&'" *(-!% %/! 
" &-/6"*/ &X/. -/ %/! (" &X/. #!$
$."33"&' '!-/6$5F-33" (" .$(*, .)/&" '!*&%,',-& "%' /&" 3-:"&&"? 
-&%'!/,!" /&" (,%'" ."% .$(*,% .)/&" '!*&%,',-&"%' #!$N$!*1(" *6*&' .)"& 
*(
/("! (* 3-:"&&" *#!4% ()"0$
/',-& ." 
"' *(<-!,'83"5b'*&' .-&&$ n 3"%%*<"% !$#*!',% "& s %"%%,-&% *6"
 ni = |Si|? (" &-31!" .)"&'!"J"/0 *##*!J'"&*&' = (* %"%%,-& Si? ()*(<-!,'83" \ 1-/
(" %/! ()"&%"31(" ."% 3"%%*<"% ." '-/'"% ("% %"%%,-&%S\R



 !"! #$%&'()($%*$%& 
,-),(*'-'%*./ '* *'-),('/
Asterisk Autre

OPTIONS

4050.00158

0.0

INVITE

100

180

486

ACK

REGISTER

100

200

REGISTER

100

401
REGISTER

100

200

0.03828

0.0

0.30202

3.11656
0.00054

0.00053

0.0

0.00048
0.00378

0.00053

0.00318

0.00071

0.0

0.00302

S
1

S
2

S
3

S
4 !" #$%%&'(%  )!*$+, -.!+
0$ 1 23*!&  %$
4""  5" #&.(!6+,$ !"#  !" # $%&'()& *& +,-,./012- *34-& 51+-/04.& (24. 4- ,641(&'&-0 *& 07(& 850&.159 :;<=>:)1+-&5 ?? &0 ?"> 5210 4- 020/) *& n 10,./012-5! @/-5 )& (1.& *&5 
/5B 
C/64& '&55/+& *&D./ E0.&
2'(/., /D&
 )3&-5&'F)& *&5 G)5 *4 -H4* 
24./-0 641 52-0B /4 ()45B /4551 -2'F.&4% 64& )& -2'F.&*& 5&5512-5 &%/'1-,&5 (.,
,*&''&-0B *32I 4- -2'F.& *310,./012-5 ,+/) J it = ∑s

i=1 i × ni! K&'/%1'4' *& 
&00& D/)&4. &50 it = s(n − (s − 1)) +
∑s−1

i=1 i = ns + 1.5s − 0.5s2 < ns + 1.5s)2.564& 0240&5 )&5 5&5512-5 -& 
2-01&--&-0 6434- '&55/+& &%
&(0,& )/ *&.-1L.&! M2''& )& -2'F.&*& 5&5512- 401)15,& (24. 
C/64& 51+-/04.& &50 4- (/./'L0.& 
2-50/-0B )/ 
2'()&%10, +,-,./)& *&
&00& /)+2.10C'& &50 &- O(n)! !"!# $%&' '( )*+,' !"
$%!" "!&'(K/ 
)/551G
/012- ;NO &50 /(()164,& */-5 )& 
/*.& *4 G-+&.(.1-01-+ 
2'(2.0&'&-0/) &%1+&/-0/)2.5 )/ P2.'4)/012- *34-& P2-
012- -27/4 K 5(,
1G64& 
/. )/ ()4(/.0 *3&-0.& &))&5 52-0 )1'10,&5/4% D/)&4.5 -4',.164&5 &0 -2- J *&5 /.F.&5! @& -24D&))&5 P2-
012-5 5(,
1G64&5 /4% /.F.&5 P4.&-0'15&5 /4 (21-0 .,
&''&-0 &- .&
C&.
C/-0 )&5 50.4
04.&5 51'1)/1.&5 Q?RSB ?R B ?TU℄ ! @/-5 
&00&,04*&B 
& 
2-
&(0 &50 ,0&-*4 /4% WXYZ;O &- 5& F/5/-0 54. *&5 0./D/4% (.,
,*&-05 Q?"R℄ ,D/)4/-0)/ 51'1)/.10, &-0.& *&4% /.F.&5 *& '/-1L.& ,641D/)&-0& J Q?T[℄! )/ 51'1)/.10, *210 E0.& ,+/)& J 4-(24. *&4% WXYZ;O 1*&-0164&5 &0 \,.2 )2.56431)5 52-0 020/)&'&-0 *1],.&-05!=24. 4- /.F.& tiB )3&-5&'F)& *&5 
C&'1-5 *& )/ ./
1-& J 
C/64& -H4* &50 *,51+-, (/. cheminsi =
chemini

1, . . . , chemin
i
m 2I 
C/
4- *&5 ,),'&-05 &50 4- 
C&'1- 4-164& D&.5 4- -H4* 5(,
1G64&!K/ P2-
012- noeuds(cheminsi) .&-D21& )/ 02(2)2+1& *& )3/.F.& 5/-5 )&5 /00.1F405 *&5 /.
5B 
3&50YJY*1.& )&5 *,)/15 *&5 0./-51012-5! =/. /-/)2+1&B noeuds(chemini

j) &- P/10 *& 'E'& (24. 4- 
C&'1-*2--,! K31-0&.5&
012- &-0.& *&4% /.F.&5 5& *,G-10 /)2.5 
2''& ^
Iij = noeuds(cheminsi) ∩ noeuds(cheminj) : !S>?""
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 !"#$%&'() *  !"!#$%&'" ()*"+ ,&-"$%*#+ ! S *"+ .&,%+ (+ ,+,,&'","! Sj
i +,% / 0+,,$-+ (+ .$ & ,+,,&'"#! l.len +,% .+ "'01#+ ()!.!0+"% ($", .$ .&,%+ l$! m.type #+"2'&+ .+ %34+ (* 0+,,$-+ m 4#!56! 4$# 7 '* 8%! m.time #+%'*#"+ .+ (!.$& (* 0+,,$-+ m&! n.children +,% .$ .&,%+ (+, "9*(, 5., (+ n'! create:node(t) 
#!+# *" "'*2+$* "9*( (+ %34+ t(! n.update(d) 0+% < /'*# .+ (!.$& (+ .$ %#$",&%&'" 2+#, n -#=
+ $* (!.$& d)! n.add:child(n2, d) $/'*%+ .+ "9*( n2 
'00+ 5., (+ n $2+
 *"+ %#$",&%&'" (+ (!.$& d *! nROOT +,% .+ "9*( #$
&"+ (+ .$ ,&-"$%*#+  ! +#,$ i← 1 . . . length(S) -.%$) "! current:node← nROOT #! +#,$ j ← 1 . . . length(Si) -.%$) $! child = current:node.children %! k ← 1 &! &./&0,) k < child.length ∧ childk.type 6= Sj

i .type -.%$) '! k ← ind+ 1 (! 1/ &./&0,) )! 2% k > child.length .!#$2"*! new ← create:node(Sj
i .type)" ! current:node.add:child(new, Sj

i .time)""! current:node← new"#! 2%/#/"$! childk.update(S
j
i .time)"%! current:node← childk"&! 1/2%"'! 1/ +#,$"(! 1/ +#,$

>?@



 !"! #$%&'()($%*$%& 
,-),(*'-'%*./ '* *'-),('/ ! "#$%& '() *++$,-%& +.*/-&%,&
-*1/ 2& 2&$3 ,*#/!-$%&, ,4561+*,7& 8!% +&, 
1$+&$%, 9$/& 
1$+&$%8!% 
:&5*/ 
155$/;( <1$% -1$, +&, 
:&5*/, 8!%-!#7,= +! ,*5*+!%*-7 ,.16-*&/- &/ ,& 6!,!/- ,$% +&,2*>7%&/
&, 2& 27+!*, 2&, -%!/,*-*1/, 8!% +.*/-&%572*!*%& 2& +! ?1/
-*1/ poids @
interAsim =

∑

p∈Iij

noeuds(chemini
k
)=p

noeuds(cehmin
j
l
)=p

poids(cheminsi
k, chemins

j
l ) 9'(';

B!/, 
1/,*27%!-*1/ 2&, -%!/,*-*1/,= cheminj
l &- chemini

k ,1/- *2&/-*C$&,(  ! ?1/
-*1/ poids 
15D8!%& +&, 27+!*, 2& 
:!C$& -%!/,*-*1/ 
155$/& ,.!88$4!/- ,$% $/ /14!$  !8+!
*&/ @
poids(p1, p2) =

∑

n∈p1

e−α|fdelai(n,p1)−fdelai(n,p2)| 9'(E;F/ %7!+*-7= ,&$+, +&, 27+!*, */2$*-, 8!% +.7C$*8&5&/- 
1/,*27%7 ,1/- G 8%&/2%& &/ 
158-& 
.&,-DGD2*%& 
&$3 2&, 5&,,!#&, &/H147,( I*/,* fdelai(n, p) %&-1$%/& +& 27+!* 514&/ !,,1
*7 !$ /J$2 n2!/, +& 
:&5*/ p ,* +& 5&,,!#& %&8%7,&/-7 8!% 
& /J$2 &,- 75*, &- H!$- K7%1 ,*/1/( !"#$%&' 0. 1,%
*$,% 23$4.%*' '2* 3%' 1,%
*$,% %,5.3 4./$6' ('2)'
*.%* /'2 
,%6$*$,%2 63*78,(9-' 6' :'(
'( ;
7.)$*(' < 6' =>?>℄A B
K(ti, tj) =

∑

p∈Iij

noeuds(chemini
k
)=p

noeuds(chemin
j
l
)=p

∑

n∈p

e−α|fdelai(n,p1)−fdelai(n,p2)| 9'(L;
($')*' +  .7C$!-*1/ 9'(E; &,- $/ /14!$ H!+*2& 
1/,-%$*- G 8!%-*% 2& 
&+$* 2&  !8+!
& Kl( F/&>&- fdelai(n, p) &,- $/& ?1/
-*1/ G H!+&$% %7&++& 272$
-*6+& G 8!%-*% 2& ti 8$*,C$& +&, 
:&5*/, p,1/- 2&, ,1$,D!%6%&, 2& ti &- tj C$* 
1/-*&//&/- 7#!+&5&/- +&, /J$2, n(  &, -&%5&, 2& +! ,155&27"/*& 81$% K ,.7
%*H&/- !+1%, ,1$, +! ?1%5& Kl(f(ti), f(tj) &- ,1/- 21/
 $/ /14!$ H!+*2& 8!%
1/,-%$
-*1/( M& 8+$,= +! ,155& 2& /14!$3 &,- 7#!+&5&/- $/ /14!$ 8%1$H!/- !*/,* C$& K %&58+*-6*&/ -1$-&, +&, 
1/2*-*1/, /7
&,,!*%&,(  & +*H%& NOPO℄ 21//& 2& 8+$, !58+&, 27-!*+, ,$% +&, ?!R1/,2& 
156*/&% 2&, ?1/
-*1/, 2&, /14!$3 !*/,* C$& +&, 8%&$H&, !,,1
*7&,(,-.//01
.30#4B$% +! "#$%& '() +& +1#*
*&+ 2& -7+78:1/*& &/H1*& +&, 5&,,!#&, 2*3 ?1*, 8+$, %!8*2&5&/- C$& +&-7+78:1/& #%S
& G 2&, 
!8!
*-7, 5!-7%*&++&, 8+$, 7+&H7&, 98%1
&,,&$%= 5751*%&(((;( T&--& 16,&%H!D-*1/ 
1/"%5& +.:481-:U,& C$& +.!V1$- 2.*/?1%5!-*1/ -&581%&++& #%S
& !$3 WXDYBZ 8%1
$%& $/!H!/-!#& 
&%-!*/ ,$% +& "/#&%8%*/-*/# 2.$/ 7C$*8&5&/-( [*&/ &/-&/2$= +&, 27+!*, ,1/- +!%#&5&/-
1/-%!*/-, 8!% +.&/2%1*- 1\ +&, 5&,,!#&, ,1/- 
!8-$%7, &- *+ &,- /7
&,,!*%&= &/ 8%!-*C$&= 2& 5127%&%
&, 27+!*, ,&+1/ +& -&58, !++&%D%&-1$% */2$*- 8!% +& %7,&!$( T&8&/2!/-= 
& /.&,- 8!, /7
&,,!*%& ,*+& ,4,-U5& &,- &/-%!]/7 2!/, +& 5^5& &/H*%1//&5&/- C$& 
&+$* 1\ *+ ,&%! $-*+*,7 
!% +&, +!-&/
&,,1/- !+1%, 2*%&
-&5&/- 8%*,&, &/ 
158-& 2!/, +! 27"/*-*1/ 2&, ,*#/!-$%&,(M& ?!R1/ #7/7%!+&= +& "/#&%8%*/-*/# 
1581%-&5&/-!+ 8%181,7 ,$*- +&, 7-!8&, 2& +! "#$%& '(_ @O( +&, 5&,,!#&, 2$ V&$ 2.!88%&/-*,,!#& ,1/- %&#%1$87, &/ ,&,,*1/ C$* ,1/- &/,$*-& !#%7#7&,2!/, 2&, WXDYBZ=`( +! ,*5*+!%*-7 &/-%& 
:!C$& WXDYBZ &,- 
!+
$+7& #%S
& G +! ?1/
-*1/ 2& /14!$ K= Oa_
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 !" #$%&'() *+*,  (-.%
%)("  !" #$%
' ()*+ ,-./0-1 23)4  567689:';1" !"#  !" # $%&'()*+, -, -,*. /0*%1,2,')3 -%4/+,')3! 5,3 ())+%6*)3 -,3 (+
3 38') 9,3 -/9(%3 28:,'3!5,3 
;,2%'3 1(+)(&/3 38') 
898+/3
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��� !"#  !< # =%'&,+1+%')%'& 
8218+),2,')(9 3*1,+>%3/?! $@A 1+,'- ,' ,')+/, 
,3 -%4/+,'),3 3%2%9(+%)/3B"! $@A ,' -/-*%) 9( C8'
)%8' -, 
9(33%D
()%8'B<! 
,)), C8'
)%8' 
9(33, (98+3 *' 1(+ *' 
;(0*, '8*>,9 EFG=$A 
8'3)+*%)!H98+3 0*, 9( 3%&'()*+, -I*' /0*%1,2,') ,3) *' ,'3,269, -, EFG=$A &/'/+/ J 1(+)%+ -,3,33%8'3 -('3 9,30*,99,3 %9 ( 1(+)%
%1/B 9I,21+,%'), 8* 9, D'&,+1+%') -I*' ):1, -I/0*%1,2,') ,3)9I,'3,269, -,3 EFG=$A -,3 /0*%1,2,')3 -, 
, ):1, 
8'3)+*%)3 1,'-(') 9( 1;(3, -I(11+,')%33(&,! !" #$%&'()($%*$%& +,%*-.$/0' !"!# $%&'()%*+,+-.* !"##"$!% &'()5( 3:')(., -,3 2,33(&,3 -I*' 1+8)8
89, ,3) &/'/+(9,2,') -/
+%), &+K
, J 9( C8+2, -, L(
M*3GN(*+ (*&2,')/, OHLN=P QRS"℄! 5( D&*+,  ! 1+/3,'), 9,3 /9/2,')3 1+%'
%1(*. -I*', ),99, +,1+/G3,')()%8'! 5,3 6+%0*,3 -, 6(3,3 38') 9,3 /9/2,')3 ),+2%'(*. 0*% +,1+/3,'),') -,3 >(9,*+3 +/,99,3B
I,3)GJG-%+, -,3 
(+(
)U+,3! V,*. ):1,3 ,.%3),') WS? 
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 !"#  ! " #$%&%'( )% )*+',(,-' )./'% 012&&2,1%" $%3 (%1&,'2/4 +4%3 *5/,62$%'( 7 /'% 
92:'% 
-'3(2'(% )% 
212
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%##("/%+% /(  %.%/ +()# !)  /%6"%/ ,%6 # $!%.$!%# )4,"4)# %##%),"%..%# #!/ .%# (/0/%# $!" #4), !) #4!#%)#%60.% +%# 3/( '%# QR !) 3/( '% %#, .% ,! .% < V,E > 4S V 
4//%# 4)+ (!O )*!+# 4! #466%,# %, E .8%)#%60.%+%# (/M,%#;R +%!O )*!+# u %, v #4), +",# (+B(
%),# %, )4,1# u ∼ v #" %, #%!.%6%), #" ".# #4), /%."1#  (/!)% (/M,%;R !) 
'%6") %),/% +%!O )*!+# u0 %, un %#, )4,1 u ⋊⋉ v %, 
4//%# 4)+ (!O )*!+# %),/% u0 %,
un ")
.!#; 
8%#,IFI+"/% ∀ 0 < i ≤ n, ui−1 ∼ ui;R G =< V,E > %#, (/0/% #" %, #%!.%6%), #" ∀u ∈ V, v ∈ V, u 6= v ⇔!∃u ⋊⋉ v9T) '46464/ '"#6% +% 3/( '% %#, !)% C4)
,"4) $!" ,/()#C4/6% !) 3/( '% %) !) (!,/%; /%#I %
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4))%
,"7",1 ")","(.% +%# #466%,# Q !"#$%$&# '' Q 12$* G1 =< V1, E1 >3 G2 =< V2, E2 > 4'0. &(-)5'+3 f : G1 → G2 '+* 0%526262()5$+6' 4' &(-)5' +$ f = (fV , fE) 27 fV : V1 → V2 '* fE : E1 → E2 *'8 /0' +9$8 '.$+*'0%' -(:*' '%*(' 8'+ +266'*+ u '* v 4' G13 
9'+*<=<4$(' u ∼ v3 -82(+ fV (u) ∼ fV (v) 27 fV (u) '*

fV (v) +2%* 4'+ +266'*+ 4' G2!<%!O 3/( '%# #4), "#464/ '%# #8".# 
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4))%
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*$?!U4/#%..4 '* -8! +1L)"##%), (")#" .( )4,"4) +8"#464/ '"#6% +% #4!#I(/0/%# =>EE℄ Q !"#$%$&# ') Q 12$* 4'0. -(@('+ t1 = (V1, E1) '* t2 = (V2, E2)3 8- @$>'
*$2% φ : H1 → H2-A'
 H1 ∈ V1 '* H2 ∈ V2 '+* 0% $+262()5$+6' 4' +20+<-(@(' +$ 8'+ +20+<-(@('+ 4' t1 '* t2'%&'%4(B+ ('+)'
*$A'6'%* 0%$/0'6'%* )-( 8'+ %C04+ H1 '* H2 +2%* $+262()5'+! D'+ +20+<-(@('++' %2*'%* t1[H1] '* t2[H2]!V840B%
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;' *1%A%+0;B ;', 0.)'.1, ;0%,,'+) ;' 
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d1(t1, t2) = |t1|+ |t2| − 2W (φ12) (non normalisée supervisée ou non) > !NE
d2(t1, t2) = 1−

W (φ12)

max(|t1|, |t2|)
(normalisée non supervisée) > !JOE

d3(t1, t2) = 1−
W (φ12)

|t1|+ |t2| −W (φMAX)
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9/I)$ *$ 
/#/
2E#$, /+(9/50247"$, /",,4 54$) (3"#+$ 
3#(, *" .$,,/!$ 7"$ (3"# +$, *4J0#$)2$, $)2B2$,& K/  !"#$ %&L 4++",2#$ +/ *0 )4243) *$ (+",4$"#,$)2B2$, 
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4)7 7":/" 2#34,/+3#, 7"$ +/ +3!47"$ /"#/42 >3"+" +$ 
3)2#/4#$ 
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 ,0./)247"$.$)2 (#3
9$ *$>#/4$)2 B2#$ (+", ,4.4+/4#$,& N) O/42A +/ ,4.48+/#420 $,2 O3#2$.$)2 54/4,0$ (/# +/ +3)!"$"# *$, 
9/I)$, *$ 
/#/
2E#$, /+3#, 7"$ +/ (#4,$ $) 
3.(2$*" 2M($ *:$)2B2$ )$ 
3.(2$ 7"$ (3"# ")&P3"# (/+4$# 
$ (#35+E.$A ") )Q"* ,$ 
/#/
20#4,$ (/# ,3) 2M($ ./4, /",,4 (/# +$ 
9$.4)
3..$)R/)2 *$ +/ #/
4)$ 6",7":G +"4 
:$,28G8*4#$ +:$),$.5+$ *$ ,$, /)
B2#$,& K/ O3)
243) α(n)#$23"#)$ ") 
3"(+$ < nom, r ⋊⋉ n > 3; nom $,2 +$ )3. *" )Q"* n ?+$ )3. *:") )3) 2$#.4)/+3" +$ 
/#/
2E#$ C SD (3"# ")$ ,07"$)
$ 3" ")$ #0(024243)@ $2 r +/ #/
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243) σ(u, v) .$,"#/)2 +/ ,4.4+/#420 *$ *$"- )Q"*, $,2 ,(0
4 0$ 
3..$ ,"42 <

σ(u, v) =







1 si u = r ∧ v = r
1 si nom(u) = nom(v) ∧ σ(parent(u), parent(v) = 1
0 sinon
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"+0, G +:4),2/# *$ +/  !"#$ %&UY 3; +$, (34)2, #$(#0,$)2$)2 ")$ /#B2$ $2 +$, (34)2, *:4)2$##3!/243)") )Q"* ,07"$)
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9$.4),& W4),4A +:4)2$#,$
243) ∩chemins $,2 +:$)8,$.5+$ *$, 
9$.4), 4*$)247"$, $)2#$ +$, *$"- /#5#$, 54$) 7"$ 
$ )$ ,342 ") $),$.5+$ /" ,$),./290./247"$ *" 2$#.$ ./4, (+"2�2 ")$ +4,2$ 
/# $++$ ($"2 
3)2$)4# *$, *3"5+3), 
3..$ (#08,$)20 */), +/  !"#$ %&UY& [) 
9$.4) *" (#$.4$# /#5#$ ($"2 0!/+$.$)2 
3##$,(3)*#$ G (+",4$"#,
9$.4), */), +$ ,$
3)* ./4, ") ,$"+  !"#$#/ +3!47"$.$)2 */), +:4)2$#,$
243)& X$ ./)4E#$ !0)08#/+$A +:/+!3#429.$ \ #0/+4,$ 
$22$ 4)2$#,$
243) $) 420#/)2 ,"# 
9/7"$ 
9$.4) *$ +:/#5#$ t1 $2 4+ ,$#/U\U
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 !"#  !" # $%&%' %()*+,-%) .&* /0' ')*-
)-*0' )*+. %2.+'&()0'&3+-)4 ,&(' ∩chemins(t1, t2) '5%/ 0( 06%')0 -( %,0()%7-0 ,&(' /0' 
802%(' ,0 t2 )+-) 0( '-..*%2&()
0 ,0*(%0* .+-* (0 .&' /5%(
/-*0 ./-'%0-*' 9+%'!:%(&/020(); 
0' 
802%(' .&*)&<0&() /& 2=20 *&
%(0 9+() &%('% .&*)%0 ,- 2=20 '+-'>&*?*0 0)8+*2%' .+-* /0 (@-, *&
%(0; 
8&7-0 
802%( 0') 4<&/ A -( &-)*0 A /506
0.)%+( ,- ,0*(%0* (@-,!B%('% /& 
&*,%(&/%)4 ,0 /5%()0*'0
)%+( '+%) |∩chemins(t1, t2)| 
+**0'.+(, A /& '%2%/&*%)4 0()*0 /0' ,0-6&*?*0' +*%<%(&-6 t1 0) t2! C&(' /0 .%*0 ,0' 
&'; /& 
+2./06%)4 ,0 
0) &/<+*%)820 0') O(|t1||t2|)! !"!# $%
'()*+% ,+-%./),0%D0 E(<0*.*%()%(< 'F()&6%7-0 '-.0*G%'4 02./+%0 /& 24)8+,0 HIJ 2-/)%>
/&''0' ,0 /& '0
)%+( !K .*0(&() 
+220 0()*40' /0' &*?*0' 'F()&6%7-0' +- ./-' .*4
%'420() /0' ,%')&(
0' &''+
%40'LG+%* E<-*0  !MMN OM! /0' 20''&<0' ,- 30- ,5&..*0()%''&<0 '+() 
+(G0*)%' 0) ')+
P4' /5-( &.*Q' /5&-)*0 '+-' 9+*20,5-(0 /%')0 ,0 
802%(';R! /& '%2%/&*%)4 0()*0 
8&7-0 
+-./0 ,5&*?*0' 0') 
&/
-/40 47-%G&/0()0 &- (+2?*0 ,54/420()',&(' /& /%')0 ,0' 
802%(' 
+22-(' L%()0*'0
)%+(N;K! /50('02?/0 ,0' ,%')&(
0' 0') 
&/
-/4' 0()*0 
8&7-0 
+-./0 ,5&*?*0' .+-* .+-G+%* 0()*&S(0*HIJT! HIJ 0( ,4,-%) /& 9+(
)%+( ,0 
/&''%E
&)%+(;MTR



 !"! #$%&'()($%*$%& +,%*-.$/0'

 !"#  !"# $ %&'
)' *+ '& ,-.-'&/-01 +2 *10+/.-2&20 '3-20+/,+
0-42 *+, 
5+.-2, *+, *-61/+20, &/7/+, !"#$%&'() * ,-.-'&/-018t19t2: ! res = [ ] +,0 '+ /1,)'0&0 -2-0-&'-,1 ; )2+ '-,0+ <-*+"! chemins(t) /+04)/2+ '& '-,0+ *+, 
5+.-2, *+ '3&/7/+ t#! l.ajouter(e) &=4)0+ '31'1.+20 e ; '& '-,0+ l$! long(l) /+04)/2+ '& '42>)+)/ *+ '& '-,0+ l%! enlever(l, e) +2'?<+ '31'1.+20 e *+ '& '-,0+ l&! c1 = chemins(t1)'! c2 = chemins(t2)(! +#,$ c ∈ c1 -.%$))! i← 1 *! bool← V RAI  ! &./&0,) bool ∧ i < long(c2) -.%$) "! 1% c = c2[i] .!#$1 #! bool = FAUX $! res = res.ajouter(c) %! enlever(c2, c) &! 2/1% '! i← i+ 1 (! 2/ &./&0,) )! 2/ +#,$
@! 
+00+ A42
0-42 
'&,,+ &'4/, 
5&B)+ .+,,&>+ *) =+) *+ 0+,0 )2 C&/ )2!
D& *-,0&2
+ 24/.&'-,1+ )0-'-,1+ +,0 d3! %+C+2*&209 EFG 21
+,,-0+ )2+ .+,)/+ *+ ,-.-'&/-01+0 242 )2+ *-,0&2
+ *34H d′3 = 1 − d3! D& *-,0&2
+ 242 24/.&'-,1+ +,0 d1 *420 '+, <&'+)/, ,420/&.+21+, <4'420&-/+.+20 +20/+ # +0 " C4)/ )2 C&/&.10/&>+ C'), A&
-'+ I d′1 = e−0.01d1 ! J'4/,B)+ '& ,->2&0)/+ *3)2 .+,,&>+ +,0 ,42 &/7/+ ,K20&L-B)+9 '3+.C/+-20+ *3)2 0KC+ *31B)-C+.+20, +,0'3+2,+.7'+ *+, ,->2&0)/+, 
4//+,C42*&20+, 
42,0/)-0+, C+2*&20 '& C5&,+ *3&CC/+20-,,&>+! "MN
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 !"#  !"" # $%&'()*)%&+%&' ,-&+./%01( ,1*()2%,3 !"!# $%
'()*+% (,( -+.%/0)-1% !"#456), 017%5 (,+ *6,,%85( 9732.51() 5. 9%,+.&
( (&+)( 9(1/ .)8)(, ,-&+./%01(,; 
(1/<
% )(,+(&++61+(=6%, 9(, 96&&3(, 
.+3'6)%01(, *61) 5(,01(55(, 5(, +(
>&%01(, 1,1(55(, 9( 
5.,,%?
.+%6& 9(<@(1)(&+ %&.9.*+3(,! A& (B(+; 5. @3+>69( 9(, C<@(.&,; 9(, C<@(96%9 61 *51, '3&3).5(@(&+
(55(, 9( *.)+%+%6&&(@(&+ >%3).)
>%01( 61 
(55(, 32.51.&+ 5. 9(&,%+3 9(, *6%&+, 9( 96&&3(, 9.&,57(,*.
( ,6&+ 8%(& 
6&D1(, *61) 5(, 96&&3(, &1@3)%01(, +(55(, 01( 5(, 9%,+)%81+%6&, 93?&%(, .1
>.*%+)( *)3
39(&+ E"FG; "HI℄!K.&, 5( 
., 9( 5. 
5.,,%?
.+%6& 97.)8)(,; 571,.'( 97.5'6)%+>@(, ,*3
%?01(, .1/ 96&&3(, 
.<+3'6)%01(, (,+ (,,(&+%(5! LMNC E"HI℄ =.%+ *.)+%( 9( 
(++( =.@%55( 97.5'6)%+>@(, *()@(++.&+ 1&(,('@(&+.+%6& (O
.
( 9(, *6%&+, 9( 96&&3(, (& %&+)691%,.&+ 5. &6+%6& 9( 26%,%&.'(; 93?&% *.) 1&(9%,+.&
( @./%@.5(; (&+)( 9(1/ *6%&+,! P+.&+ 96&&3( 1&( =6&
+%6& 9( 9%,+.&
( d; 5(, .)8)(, t1 (+
t2 ,6&+ 26%,%&, ,% (+ ,(15(@(&+ ,% d(t1, t2) < τ 6Q τ (,+ 1& ,(1%5 *.).@3+).85(! R1,017S 
( *6%&+;57.5'6)%+>@( )(,,(@85( 9( +)T, *)T, S 1& .5'6)%+>@( 9( *.)+%+%6&&(@(&+ >%3).)
>%01( ,.1= 01(573+.*( ,1%2.&+( &( )(')61*( *., 5(, *6%&+, 26%,%&, (&+)( (1/ @.%, ,(15(@(&+ 
(1/ 01% *.)+.'(&+9(, 26%,%&, (& 
6@@1&! N( *)6
(,,1, (,+ )3%+3)3 (& *)(&.&+ (& 
6@*+( &6& *51, 5. 9%,+.&
( (&+)(9(1/ *6%&+, @.%, 5. 9%,+.&
( '3&3).5( (&+)( 9(1/ 
51,+(),! N(++( 9%,+.&
( &6@@3( score 
6&,%9T)(5( &6@8)( +6+.5 9( 26%,%&, (&+)( +61+(, *.%)(, *6,,%85(, 9( *6%&+, 9( 
>.01( 
51,+() @.%, .1,,%1&( (,+%@.+%6& +>36)%01( 9( 5. 2.5(1) @./%@.5( 9( 
( &6@8)(! U768V(
+%= 9( 
(++( &6)@.5%,.+%6&(,+ 9732%+() 01( ,(15, 5(, ')6, 
51,+(), ,6%(&+ =1,%6&&3, %@*5%01.&+ 1& )%,01( 35(23 9768+(&%) 1&').&9 
51,+() (+ 9( @15+%*5(, *(+%+,! W51, (/.
+(@(&+; LMNC 3+.85%+ 1& ').*>( 6Q 
>.01( &X19(,+ 1& 
51,+() Y1& *6%&+ S 573+.*( %&%+%.5(Z (+ 6Q 1&( .)[+( *6&93)3( %&9%01( 5( &6@8)( 9( 26%,%&,
6@@1&, (&+)( 9(1/ 
51,+(),!U7.5'6)%+>@( 6)%'%&.5 ,1**6,( 
6&&1 5( &6@8)( 9( 
51,+(), (+ ,7.))[+( 96&
 01.&9 %5, ,6&++)6123,! U. ?'1)(  !"\ (,+ 1& (/(@*5( 9( 
51,+(), 9( 9%B3)(&+(, =6)@(,! U( 
>.*%+)( *)3
39(&+.2.%+ ,615%'&3 57%@*6)+.&
( 91 
>6%/ 971& .5'6)%+>@( ,(56& 5. =6)@( 9(, 
51,+(), Y?'1)( 4!\ (&.&&(/(Z 976Q 57%&+)691
+%6& 9( +(
>&%01(, @69()&(, 
>()
>.&+ S 93
612)%) 9(, =6)@(, %))3'15%T)(,!]^N =.%+ *.)+%( 9( 
(++( =.@%55( @.%, &7(,+ *., .**5%
.85( 9.&, 5( 
., 9(, .)8)(, ,-&+./%01(, 
.),. 9()&%T)( 3+.*( 93+()@%&.%+ ,% 9(1/ *6%&+, =.%,.%(&+ *.)+%( 91 @[@( 
51,+() (& '3&3).&+ 1&3
>.&+%556& 9( *6%&+, %&+()@39%.%)(,! 456), 01( 
(++( +_
>( (,+ =.
%5( 9.&, 5( 
.9)( 9( 2.5(1),&1@3)%01(, Y
6@8%&.%,6& 
6&2(/(Z; (55( 57(,+ 8(.1
61* @6%&, .2(
 9(, .)8)(, 
.) (55( )(2%(&9).%+"``



 !"! #$%&'()($%*$%& +,%*-.$/0' !"#"$%$ &%' ($)$%' %# *+,-,'(#+ &%' +$(#'./$0(+,/#' ',01-%'  -2,#'+($ &% -( &,'+(#
% &2"&,+,/#45% !(,# &% 
/01-%6,+" (++%,#+ !$7
% (*6 &,'+(#
%' &"8#,%' 1$"
"&%00%#+ '%$(,+ (-/$' +/*+  .(,+(##,9,-" &2/: -( #"
%'',+" &2*# (*+$% (-!/$,+90% +%- ;*% <=>?4 @,#', &(#' -2%6%01-% &% -( 8!*$%@4AB(C %# (##%6%D ,- %'+ 
(1()-% &% &,''/
,%$ -%' 
-*'+%$' 0(-!$" -%*$' ./$0%' ,$$"!*-,E$%' %+ -%'.(,)-%' &,'+(#
%' ;*, -%' '"1($%#+4F# %G%+D *# (-!/$,+90% 
-('',;*% &% 1($+,+,/##%0%#+ !$7
% (* '(*+ 0,#,0(- (*$(,+ '(#' &/*+%.*',/##%$ -%' 
-*'+%$' H %+ = 1%* '"1($"' (-/$' ;*% -2*+,-,'(+,/# &2*# )($I
%#+$% #2(*$(,+ 1('./$
"0%#+ ),%# &"-,0,+" -%*$ .$/#+,E$% %+ $,';*%$(,+ &% #% 1(' &"
/*J$,$ -( ./$0% ,$$"!*-,E$% &% H4>%1%#&(#+D <=>? &"+%
+% ;*% -%' #K*&' .$/#+,E$%' %#+$% H %+ = #% 1($+(!%#+ (*
*# J/,',# 
/0L0*# %+ #% '%$/#+ &/#
 1(' ,#
-*' &(#' -% 0M0% 
-*'+%$4 5%' 1/,#+' @ %+ N '(+,'./#+ 
%++% 
/#&,+,/#-%' .*',/##(#+ 0(-!$" +/*+4 F# 
/#'";*%#
%D <=>? *+,-,'% -( 0%'*$% score 1/*$ $(''%0)-%$ %#1$,/$,+" -%' 1/,#+' 1($+(!%(#+ -% 1-*' &% J/,',#' +%-' ;*% > %+ O '*$ -( 8!*$%4F#8#D ,- %'+ ,01/$+(#+ &% #/+%$ -2%6,'+%#
% &2(*+$%' 0"+9/&%' 
/00% 1($ %6%01-% >P<F;*,D 1/*$ "J,+%$ -%' ,#
/#J"#,%#+' &%' 0"+9/&%' &* '(*+ 0,#,0(- /* &* )($I
%#+$%D $%1$"'%#+% *#
-*'+%$ 1($ *# #/0)$% -,0,+" &% 1/,#+'4 <=>? "J(-*% %# .(,+ -( &%#',+" &% J/,',#' &% &%*6 #K*&'D'% $(11$/
9(#+ (,#', &%' (-!/$,+90%' )('"' '*$ -( 0%'*$% &% &%#',+" &% 1/,#+' +%- ;*% ONQ
(#&(#' -% 
(' &% J(-%*$' #*0"$,;*%'4 P#% J*% 1-*' 
/01-E+% &% -2%#'%0)-% &% 
%' (-!/$,+90%' (,#',;*% -%*$' 
(' &2*+,-,'(+,/# %'+ 
/#'*-+()-% &(#' RSTU℄4 !"#$52,#
/#J"#,%#+ 0(W%*$ &% <=>? %'+ *#% 
/01-%6,+" (''%X "-%J"% RSTY℄ 
($  
9(;*% ./,' ;*2*#
-*'+%$ %'+ 0/&,8"D '/# score (J%
 +/*' -%' (*+$%' %'+ $%
(-
*-" %+ *#% -,'+% &% '
/$% +$,"% &/,+M+$% 0(,#+%#*%  W/*$ 1/*$ 1/*J/,$ 
9/,',$ -%' )/#' 
-*'+%$'  .*',/##%$ %# 1$,/$,+"4 O% 1-*'D ,-#"
%'',+% &% 
/##(Z+$%  1$,/$, -% #/0)$% &% 
-*'+%$' (-/$' ;*% 
%++% &/##"% #2%'+ !"#"$(-%0%#+1(' &,'1/#,)-% +%--% ;*% &(#' 
%++% "+*&%4 [<=>? RSTY℄ %'+ *#% J%$',/# )%(*
/*1 1-*' $(1,&%
$"(#+ *# 
-*'+%$  1($+,$ &% 
9(;*% 
/01/'(#+% 
/##%6% &* !$(19% 
/#'+$*,+ ,#,+,(-%0%#+ 1($<=>?4 \-*' 1$"
,'"0%#+D 
9(;*% '/00%+ &% 
% !$(19% %'+ *# 1/,#+ &* W%* &% &/##"%' %+ ,-%6,'+% (-/$' *#% ($M+% %#+$% &%*6 '/00%+' '2,-' 1($+(!%#+ (* 0/,#' *# J/,',# B
/01-%6,+" &% -(
/#'+$*
+,/# %# O(n2)C4 P# (-!/$,+90% &% $%
9%$
9% &%' 
/01/'(#+%' 
/##%6%' %'+ 
-(,$%0%#+1-*' $(1,&% ;*% <=>?4 >%1%#&(#+D -( &%#',+" &* J/,',#(!% #2%'+ 1-*' &* +/*+ 1$,'% %# 
/01+%%#!%#&$(#+ (,#', -( .*',/# &%' 1/,#+' @ %+ N '*$ -( 8!*$% Y4S]4 >% 1$/)-E0% %'+ 
-(,$%0%#+ ,--*'+$"'*$ -( 8!*$% Y4SAB(C /: -%' 1/,#+' '/#+ &,'1/'"' '*$ *#% !$,--% 1/*$ *#% 0%,--%*$% -,',),-,+"4 P#%&,'+(#
% τ "!(-%  -( -($!%*$ &2*#% 
('% %'+ /)-,!(+/,$% 1/*$ %'1"$%$ $%!$/*1%$ ;*%-;*%' 1/,#+',01-,;*(#+ ,#"J,+()-%0%#+ -( .*',/# &%' &%*6 
-*'+%$' '*1"$,%*$' B-% 0M0% 19"#/0E#% 1/*$$(,+'% ^1$/1(!%$_ J,( *#% ^
9(Z#%_ &% 1/,#+' 1-*' -/#!*%C4 ` 
/#+$($,/D %# ,01/'(#+ *#% &,'+(#
%
τ "!(-%  -( &,(!/#(-% %+ &%*6 #K*&' %# 
/00*# 0,#,0*0D -%' 
-*'+%$' '/#+ ),%# '"1($"'4#%&'(%&)*5%' 1$/)-E0%' '/*-%J"' 1($ -( &"8#,+,/# /$,!,#(-% %+ [<=>? ,01/'%#+ &% 
/0),#%$ -%' (J(#L+(!%' &% 
9(
*# ab !($&%$ -( #/+,/# &% &%#',+" (11($(,''(#+ &(#' <=>?Db "J,+%$ &% 
(-
*-%$ &%' 0"+$,;*%' +$/1 
/01-%6%' 1/*$ /$&/##(#
%$ -%' $%!$/*1%0%#+'45( 
/01-%6,+" &% -2(-!/$,+90% <=>? "0(#% &% '/# 1$/
%''*' &% $%!$/*1%0%#+ #"
%'',+(#+ &%$%
(-
*-%$ -% score &2*# 
-*'+%$ 1($ $(11/$+  +/*' -%' (*+$%'  
9(;*% ./,' ;*2,- %'+ 0/&,8" '(#'/*)-,%$ &% 0(,#+%#,$ /$&/##"% -( -,'+% &%' '
/$%'4 5% #/*J%(* 
/01$/0,' ,#'+(*$" #% $%
(-
*-%$(1(' -% score  
9(;*% "+(1% 
($ ,- 
/$$%'1/#& (* #/0)$% 0(6,0*0 &% J/,',#' %# 
/00*# %#+$%ScU
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 !"#  !"# $ %&'(()*
',)-.'/0
 12%3  !" #$%&'
1 seul voisin en commun

1 seul voisin en commun

 (" )*+,-..- ,-/01*2 -2 134*0!25!+ 31213+3 6-+7 ,*10120 
*33+204*+/ 95!(.1/ +2 .1-2 -25/- 6-+72:+60 !"#  !"4 $ 56'780 90( 7-).,( 7'6,':0'., 90( /-)().( '/0
12%390;< .=;9( 90 
8'>;0 
&;(,06 C1 0, C2 (-), 7&;( ?-6@0&&0@0., A
score(Ci, Cj) = good(Ci, Cj) = maxpt∈Ci,pl∈Cj

#voisins(pt, pl)-B #voisins(pt, pl) 0(, &0 .-@C60 90 /-)().( 7'6,':D( 7'6 pt 0, pl! E 760@)F60 /;0 
0,,0 @D,6)>;0.D
0((),0 ';(() 9GH,60 60
'&
;&D0 I 
8'>;0 D,'70 90 &' 
&'(()*
',)-.! %070.9'.,J ()@)&')60@0.,I K12%3J &0 .-@C60 90 
&;(,06( .G0(, 7'( *<D I 76)-6) 0, 
0,,0 .-;/0&&0 /06()-. 60:6-;70 &0(
&;(,06( ,'., >;0 
0 (
-60 0(, '; 90((;( 9G;. 
06,'). (0;)& γ! E).()J 
0&' 60/)0., I 0<,6')60 &0(
-@7-('.,0( 
-..0<0( 9; :6'780 ).),)'&0@0., 
-.(,6;), 9-., &0( '6H,0( (06-., 7-.9D6D0( '/0
;. 7-)9( (;7D6)0;6 I γ! L. 
-.(D>;0.
0J 
0,,0 .-;/0&&0 /06()-. 90 12%3 .GD/'&;0 7'( good I
8'>;0 ?-)( 0, .D
0((),0 0.
-60 @-).( ;.0 .-6@'&)(',)-. 7;)(>;G0&&0 (0 C'(0 0<
&;()/0@0., (;690;< 7-).,(! !"#$%&' 6' 
."//'7'1% 8%"9.$ #"& ." 1+,-'..' -'&/$+1 3' :; < '/% $138#'13"1%' 3' .=+&3&'3' >,/$+1 3'/ #+$1%/)M' 760;/0 0(, 9)60
,0 7;)(>;G)& D>;)/';, I ;. 
'&
;& 90 
-@7-('.,0( 
-..0<0( @')( N;(,)*0&G).,D6H, 90 
0,,0 .-;/0&&0 /06()-. 
'6 12%3 90/'), ).),)'&0@0., @').,0.)6 ;.0 &)(,0 ,6)D0 90 (
-60(7-;6 H,60 9D,06@).)(,0! M' 
-@7&0<),D 0(, D>;)/'&0.,0 I 
0&&0 90 K12%3 
'6 
0( '&:-6),8@0(
'&
;&0., &' @H@0 
8-(0 I ;.0 
-.9),)-. 76H, (;6 &0( '6H,0(! O-;,0?-)(J &0 76-C&F@0 90 K12%3(-;&):.D (;6 &' *:;60  !"4P'Q .0 (0 7-(0 7&;( 
-@@0 &0 9D@-.,60 &' *:;60  !"4PCQ! MG '&:-6),8@0R 60@7&), &' @',6)
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.662 82 6./*+2 84 ><-+2  ! C4E! U/ +148()4/* 0:4-*+2) *2)*) 78-) 477+.B./0()M C/:4 74) 0:2J2* )(</(>
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-(01+! M* +N+'= 2+142 OPQ 8+2 ,+22%R+2 2)*'%N+
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 !"#  !"# $ %&' ( %)*+ ,-.-/0.
234567 /23 8-9:;0 96<-
. 0. 9; <0=. >.50 4?7 ,0 ;- 6-39@50 /=9A-3.0 B
βCiniti = 1

N
/ C! D.-3. ,2337 ;0 <-5-6@.50 qE ;- 67.59F=0 evolCc(q) 60/=50 ;G7A2;=.923 ,= 326:50 ,0 
;=/.05/03.50 ,0=? A-;0=5/ .0/.70/ ,0 q -;25/ F=0 evolCw(q) 0/. ;G7A2;=.923 ,0 ;- <;=/ H5-3,0 ;-5H0=5,G=3 
;=/.05E 0;;0(6>60 ,74390 
2660 ;- <;=/ H5-3,0 ,9/.-3
0 03.50 ,0=? 60//-H0/ ,G=3 6>60
;=/.05! '0..0 ,9/.-3
0 ,29. :903 7A9,06603. >.50 
-;
=;70 ,0 ;- 6>60 6-39@50 F=0 <03,-3. ;0
;=/.0593H! I= A=0 ,0/ 57/=;.-./ <57
7,03./E ;G=.9;9/-.923 ,0/ <2/9.923/ <23,7570/ 0/. 
23/09;;70!J0 5�;0 ,0 ;- <5069@50 <-//0 ,0 %&' 0/. ,23
 ,0 
5705 ,0/ H5-3,/ 
;=/.05/ <2=A-3. 50H52=<05<;=/90=5/ .L<0/ /-3/ .2=.0829/ >.50 67;-3H7/ <-569 <;=/90=5/! I93/9 =30 -=H603.-.923 ,0 q ,29.96<;9F=05 =30 2:/05A-.923 /9H394
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.923 ,0 ;- ;-5H0=56-?96-;0 93,9F=-3. F=0 ;G-=H603.-.923 ,= 326:50 ,0 
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/ <2=5 evolCw(q) ,23. ;0 ,053905 <2=5 ;- A-;0=5
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;-//94
-.923 -A0
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,>.
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&) &./#& *&"4 $#5#&)
t1 &/ t2 #$%%&'-&) 
+6*&))!") 7

d1(t1, t2) = |t1|+ |t2| − 2W (φ12) (non normalisée supervisée ou non)

d2(t1, t2) = 1−
W (φ12)

max(|t1|, |t2|)
(normalisée non supervisée)

d3(t1, t2) = 1−
W (φ12)

|t1|+ |t2| −W (φMAX)
(normalisée supervisée)!8 W (φ12) 0&)"#& '$ )+0+'$#+/- &./#& *&"4 $#5#&) 9 %$#/+# *" %'") :#$.* )!")6$#5#& 
!00".; !"!# $%&' (% ()**+%,<=-2$'"$/+!. *" >.:&#%#+./+.: )?./$4+@"& )=$%%"+& )"# *&"4 A&"4 *& *!..-&) *+)/+.
/); <&%#&0+&#( *!./ '&) 
$#$
/-#+)/+@"&) )!./ #&%!#/-&) *$.) '& /$5'&$" B;C( D"/ :-.-#- :#E
& 9 ".&%'$/&D!#0& *=&))$+ &/ '&) &4%-#+0&./$/+!.) )& 5$)&#!./ :-.-#$'&0&./ *&))") 9 0!+.) @"& 
& .&)!+/ 0&./+!..-; F' 
!0%#&.* )+4 /?%&) *=-@"+%&0&./) *+)/+.
/) %!"# ". /!/$' *& GHBI 0&))$:&); J&%'")( '&) 
$#$
/-#+)/+@"&) #-2K'&./ @"& '&) $#5#&) )?./$4+@"&) #-&') )!./ 5&$"
!"% %'") 
!0%'+@"-)LMHH .N"*)( 1$"/&"# *& GC6OH .N"*)P @"& 
&"4 "/+'+)-) *$.) '$ 
1$%+/#& O 9 /+/#& *=&4&0%'&;Q!*+>&# '$ )/#"
/"#& *=". /&' $#5#& )$.) &. 
1$.:&# '$ )-0$./+@"& &)/ *!.
 #-&''&0&./ /#K)
!0%'+@"- *=!8 '$ '-:+/+0+/- *& '=$%%#!
1& %#!%!)-&;<& )&
!.* A&" *& *!..- %#!2+&./ *" 0R0& !%-#$/&"# S!F @"& %#-
-*&00&./ LTIP $2&
 '&) UH/?%&) *=-@"+%&0&./) *+)/+.
/); V&%&.*$./( 
&"4 @"+ .& )!./ %$) $))&W #&%#-)&./$/+D) )!./ -'+0+.-)L0!+.) *& GH 0&))$:&)P; J& 
&//& 0$.+K#&( )&"') OX /?%&) )!./ 
!.)&#2-) &. .& :$#*$./ @"=".0$4+0"0 *& IHH 0&))$:&) %!"# 
1$
". *=&"4; !"!- ./*0%121/*3/*0 ,&2%14/,+ !"# $%!&&'()*+,,!-(J$.) '& 
$*#& *" >.:&#%#+./+.: )"%&#2+)-( ".& %$#/+& *&) 0&))$:&) &)/ &4/#$+/& *" A&" *&*!..-&) %!"# &./#$Y.&# ZSQ &/ )& *->.+/ 
!00& ". %!"#
&./$:& *" .!05#& /!/$' *& 0&))$:&).!00- /$"4 *=$%%#&./+))$:&; V!00& '&) #-)"'/$/) .& )!./ %$) D!#
-0&./ +*&./+@"&) )&'!. '&)0&))$:&) )-'&
/+!..-) %!"# '=$%%#&./+))$:&( +') )!./ 2!'!./$+#&0&./ 0-'$.:-) $2$./ *=R/#& )-%$#-)&./#& A&"4 *=$%%#&./+))$:& &/ *& /&)/; J& %'")( '&) &4%-#+0&./$/+!.) )&#!./ #-%-/-&) *+4 D!+) %!"##&.D!#
&# '&"#) 2$'+*+/-; [. >.:&#%#+./+.: &\
$
& +0%'+@"& ". /$"4 *=$%%#&./+))$:& D$+5'& *=!8'$ >:"#& B;O @"+ 
1&#
1& 9 0&)"#&# '&) %&#D!#0$.
&) )&'!. *+,-#&./) /$"4 &. "/+'+)$./ '$ *+)/$.
&

d1 L.!. .!#0$'+)-&P; <$ >:"#& B;OL$P #-2K'& @"& 
&//& .!"2&''& /&
1.+@"& *& >.:&#%#+./+.: &)//#K) &\
$
& 
$#( 0$':#- ". /$"4 *=$%%#&./+))$:& D$+5'& /&' @"& IH]( BH] *&) -@"+%&0&./) )!./
!##&
/&0&./ #&
!.."); ^+&. -2+*&00&./( %'") '& /$"4 $":0&./&( %'") '& )?)/K0& &)/ 0+&"4&./#$Y.- *=!8 *& 0&+''&"#) #-)"'/$/) &/( *K) ". /$"4 *=$%%#&./+))$:& *& GH]( '$ #&%#-)&./$/+!. *&)@"$#/+'&) +.*+@"&./ *&) #-)"'/$/) %&" _"
/"$./);  $# 
!.)-@"&./( #-"))+# 9 +*&./+>&# ". -@"+%&0&./IBU
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( d3 !"!# $%&'()*)%&+%&' &,& -.*()/%-07& .**8%01.&+ 5%)(
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I(4 8(, 9(,,.'(, 39%, *.) 1& 9J9( +-*( 5H301%*(9(&+ *(12(&+ ,( )3238() +)D, 5%K3)(&+,4&?+.99(&+ ,(8?& 8. &.+1)( 5( 
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?&+%(&&(&+ 5?&
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?&+(&%) 
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?99( *.) (/(9*8( !" #$ ?1 %$& '#$%4# 5( 
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)?S
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.)
(, 
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+3)%,+%01(, &( 
I.&'(&+ *., .1,,% C)301(99(&+!7&@&4 
?99( 8H.8'?)%+I9( 5( 
8.,,%@
.+%?& (,+ 53+()9%&%,+( (+ 01H.1
1& P(1 5H.**)(&+%,,.'(&( 5?%+ J+)( ,38(
+%?&&34 )3*3+() 8(, (/*3)%9(&+.+%?&, (,+ +?1+ T C.%+ %&1+%8( 
.) 8(, )3,18+.+, ,().%(&+
?&,+.&+,! <?99( (/*8%013 5.&, 8. ,(
+%?&  !U4 8(, )3,18+.+, B.,3, ,1) 8( $SM
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%,%?& '3&3).8(! !"#$%! $!&'(%!))!V(, 9(,,.'(, 5( 8. 9J9( 9.
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( 9./%9.8( (&+)( 5(1/ 9(,,.'(, 2?%,%&,4# γ R 8( &?9B)( 9%&%9.8 5( 2?%,%&, *?1) 01( 5(1/ 9(,,.'(, C.,,(&+ *.)+%( 5( 8. 9J9( 
.+3S'?)%(!7/
(*+3 *?1) 8(, 01.+)( 2.8(1), (&
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?8?&&(, +)D, 
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 !"! #$%&'()($%*$%& +,%*-.$/0'
γ !"#$%$&%' τ  ($%)*&
, -$&$-*., ,&)/, "#$%$&%'0102 0103 012 0123 0142 01335 01676 01642 01806 01804 01769'  01:03'  01756'  01885'  01729'3 019:0 0169: :02 01807 01807 353'  016:6'  016:2'  01887'  01855'20 01939 01694 01:64 01806 01806 01360'  016:9'  01:65'  01458'  01458'23 01949 01646 01:74 01343 01806 01394'  01676'  01504'  019:5'  01458'40 01860 0175: 01:09 01349 01806 01956'  01699'  01:34'  019::'  01458'
< 90; 90<70; 70<60; 60<:0; :0<:3; ≥ :3; !"# 517 = >$&?,/@/$&)$&? %A&)*B$CD, &#& %D@,/"$%E ,& /,?/#D@*&) .,% -,%%*?,% @/#
F,%G ),-@#/,..,-,&)HI ρ = 5 %,
1 I($%)*&
, d2 < J/E
$%$#&  ><K
#/, ,&)/, @*/,&)FL%,%'

τ 0102 0103 012 0123 014!
.D%),/% 829 20: 72 88 29M#-N/, (O*/N/,% (*&% D& 
.D%),/  -$&$-D-' 2 2 2 2 2M#-N/, (O*/N/,% (*&% D& 
.D%),/  -*B$-D-' 247 42: 444 9:0 640M#-N/, (O*/N/,% (*&% D& 
.D%),/  -#A,&&,' 4188 7165 24104 441424 341836 !"# 516 = P*/*
)E/$%)$CD,% (,% 
.D%),/% *",
 γ = 15@*% D&, Q#&
)$#& -#&#)#&, @*/ /*@@#/) R τ 1 S, (E?/*(E &#& 
#&)$&D (,% 
#.#&&,% /E"L., *D%%$CDO,.., &O,%) @*% &#& @.D% -#&#)#&, ,& Q#&
)$#& (, γ1 J.D% ,& (E)*$.%I :6; (,% ECD$@,-,&)% %#&)/,
#&&D% ,& D)$.$%*&) τ = 0.1 ,) γ = 10 %#$) ($B @#$&)% (, @.D% CD, (*&% ., -,$..,D/ (,% 
*% *",

γ = 11 P,)), #N%,/"*)$#& ,%) @/$-#/($*., 
*/ ,.., @/#D", .O*"*&)*?, 
,/)*$& (D &#D",. *.?#/$)F-,@/#@#%E (*&% ., 
F*@$)/, 8 @*/ /*@@#/) R TUVPWI ECD$"*.,&) R γ = 11 K#& D)$.$%*)$#& @,D) (#&
X)/, ,&"$%*?E, @#D/ (O*D)/,% (#-*$&,% (O*@@.$
*)$#&1 S,% -,%D/,% (, ><%
#/, E.,"E,% *%%#
$E,% *DB
#&Y?D/*)$#&% #N),&*&) .,% -,$..,D/,% @/E
$%$#&% %$?&*.,&) D&, Q#$% (, @.D% CD, 
,% N#&% /E%D.)*)%&, %#&) @*% ZD%), .* 
#&%ECD,&
, (, .* %D//,@/E%,&)*)$"$)E (, 
,/)*$&% )A@,% (OECD$@,-,&)%1[*.?/E D&, @/E
$%$#& .E?L/,-,&) $&QE/$,D/,I .* 
#&Y?D/*)$#& YB*&) γ = 15 ,) τ = 0.1 ,%)*

/E($)E, (OD& ><%
#/, /,-*/CD*N.,-,&) @.D% E.,"E @*/ /*@@#/) R .* ($-$&D)$#& (, .* @/E
$%$#&(O#\ 
, @*/*-E)/*?, @*/ .* %D$), F#/-$% @#D/ .,% ),%)% %D$"*&)% ]= )*N.,*D 516 ] γ = 15 ,) τ "*/$,I= )*N.,*D 51: ] τ = 0.5 ,) γ "*/$,1S, ND) &O,%) @.D% (OE)D($,/ .* @,/Q#/-*&
, (, .* 
.*%%$Y
*)$#&I 
*/ .O,B@E/$,&
, @/E
E(,&), AE)*$) (E($E,I -*$% (, "#$/ .* %)/D
)D/, (,% 
.D%),/% %,.#& 
,% (,DB @*/*-L)/,% 
#-@.E)*&) *$&%$.O*&*.A%, (, 
,)), &#D",.., ),
F&$CD, (, 
.D%),/$&? @,/-,))*&) (, N$,& 
#-@/,&(/, .O$-@*
) (,
F*CD, @*/*-L)/,1J/,-$L/,-,&)I $. ,B$%), )#DZ#D/% (,% 
.D%),/% (OD& %,D. */N/, 
#&%)$)D*&) *$&%$ D& ,&%,-N.,(, -,%%*?,% ($^
$.,-,&) $(,&)$Y*N.,%1 S#/%CD, τ *D?-,&),I .,% -,%%*?,% #&) @.D% (, "#$%$&% @,/<-,))*&) (O,& QD%$#&&,/ D&, @.D% ?/*&(, @*/)$, (O#\ D&, ($-$&D)$#& (D &#-N/, (, 
.D%),/% *$&%$256
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+2:((*3*8) 5* γ :3G2(* 7'< 3*((7F*( 5* G7+)7F*+G&'( 5* D2:(:8( *8 
233'8 G2'+ G2'D2:+ I)+* +7((*34&B( 578( &* 3I3* 
&'()*+> J:8(:K 32:8( 5*3*((7F*( (28) +*F+2'GB( 7' (*:8 56'8 3I3* 
&'()*+ *8F*85+78) &*( *L*)( :8D*+(*( 5* &67'F3*8)7M):28 5* τ > N8O8K &*( 
&'()*+( G2'+ γ = 1 
23G7+B( 7D*
 γ = 15 (28) )2)7&*3*8) 5:LB+*8)( 7'((:4:*8 G7+ &*'+( )7:&&*( C'* G7+ &*'+ 8234+* G7((78) 5*  , P 0 > Q'+BD7&'*+ &* 8234+* 5* 
7)BF2+:*(*() 528
 8B
*((7:+* G2'+ 24)*8:+ 5* 4288*( G*+R2+378
*( 
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)*3*8)K !- 
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28OF'+7):28 2G):37&*>N8O8K &7 5:()78
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* 5* ρ> U67D78)7F* 5* &7 5:()78
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*((:R 9('GB+:*'+ P 
:8C (*
285*(; 867 G7(56:3G7
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&7((:O
7):28 828 ('G*+D:(B* *() :
: 2GB+B* ('+ '8 (*'& )=G* 5* 3*((7F*( P 
V7C'* R2:(G7+3: &*( G&'( +BG785'( W  !!K "!!K #! K $%&'$()K *+,')&+*K ($&'-.K '(/'&+ *) 012> X:LB+*8)*(5:()78
*( (28) )*()B*( ('+ &7 OF'+* ?>!94;> H8* R2:( *8
2+*K &7 5:()78
* 82+37&:(B*K d2K G7+D:*8)P 3:*'< 5:():8F'*+ &*( BC':G*3*8)( C'*&C'* (2:) &* 
7( 37:( &7 OF'+* *<G2(* BF7&*3*8) 5*(5:LB+*8
*( +*37+C'74&*( (*&28 &* )=G* 5* 3*((7F*(> N8 *L*)K '8 3*((7F* $%&'$( +*8(*:F8* ('+ &*(
7G7
:)B( 56'8 BC':G*3*8) *) = *() 528
 )+Y( 5BG*8578) P &6:8D*+(* 5' 3*((7F* "!! 7((:3:&74&*P '8 7
C':))*3*8)> J:8(: '8* :5*8):O
7):28 *Z
7
* 5*( BC':G*3*8)( *() ('(
*G):4&* 5* (* 47(*+('+ &*( 3*((7F*( $%&'$( 2' ($&'-. 
7+ :&( G+B(*8)*8) '8* G+B
:(:28 *) '8 EM(
2+* G+2
V* 5* ?"[>X78( &* 
75+* 56'8* 7')V*8):O
7):28 +*8R2+
B*K '8 BC':G*3*8) *() 
2++*
)*3*8) +*
288' P/"[ F+\
* P '8 3*((7F* *+,')&+*> ]:*8 C'* 
* +B('&)7) (2:) )+2G R7:4&* G2'+ 5:(
+:3*+ 5*( ?,



 !"! #$%
'()*$% !"#"$%!& '$ ()'*% + ,-"(!' $. "# /& ! %",&' 0 
"2#&' #&$ *%
3"(&$ /) ' #&$4 &##&$ ,&$ 56'"7
%!")($$ //#6*&(!%"'&$ $)(! (6
&$$%"'&$8 !"!" #$%&'()*&9& 7(:&'/'"(!"(: $;(!%+"4 & < ! 6:%#&*&(! &(!'&/'"$ $ ' #& =& ,& ,)((6&$ )/6'%!& '8 9% 
#%$>$"7
%!")( $ /&'5"$6& ",&(!"7& 
)''&
!&*&(! ?@A ,&$ 64 "/&*&(!$ %#)'$ 4 & #% !&
3("4 & ()( $ >/&'5"$6& /%'5"&(! 0 &( ,"$!"(: &' ?BA &( '&:') /%(! #&$ *&$$%:&$ /')
3&$ ,%($ #& !&*/$ &! *C*&D@A &( 
#%$$%(!  ("4 &*&(! #&$ *&$$%:&$  !"# $%. 
)(7'*%(! 4 & #% $!' 
! '& $;(!%+"4 & ,- (!&# *&$$%:& &$! !'E$ ,6/&(,%(!& ,& #-64 "/&*&(! #-6*&!!%(!8 F&/&(,%(!. #&$ /'6
"$")($ '&#%!"5&>*&(! <%"2#&$ ,&*%(,&(! ,-&( "(5&$!": &' /# $ /')<)(,6*&(! #&$ 
% $&$8 F&'!%"($ 64 "/&*&(!$ (&$)(! /%$ ,"$
&'(%2#&$ !&#$ 4 & &'(
*+"+,-./01,12 &! &'(
*+"+,-./01,1, 0 
% $& , /& 5)"'&,& #-%2$&(
& ,& ,"G6'&(
& ,-"*/#%(!%!")( ,& #% /"#& /')!)
)#%"'&8 F&/&(,%(!. (& /%$ ,6!&
!&' ,&$5%'"%!")($ *"(& '&$ ,- ( !;/& ,-64 "/&*&(! (-&$! /%$ 
'"!"4 & 
%' "#$ /'6$&(!&(! #&$ *C*&$ <)(
>!")((%#"!6$ &! $)(! $) *"$ % + *C*&$ <%"##&$ ,& $6
 '"!68 H%($ 
& 
%$. #& 7(:&'/'"(!"(: &$! ,)(
&I
%
& / "$4 & 
&$ ,& + %$/&
!$ '&#E5&(! ,&$ %//#"
%!")($ 5"$6&$ /%' 
& !;/& ,& 7(:&'/'"(!"(:8J( ) !'&. (-6!%(! /%$ *%K!'& ,& 
& =& ,& ,)((6&$. 56'"7&' $% = $!&$$& &! ()!%**&(! #-",&(!">7
%!")( ,&$ 64 "/&*&(!$ :'L
& % 
3%*/ M$&'>N:&(! (-&$! /%$ <%"$%2#&8 !" #$%
'()*$%F)**& "(!'), "! % ,62 ! ,& 
& 
3%/"!'&. ,"G6'&(!&$ !&
3("4 &$ ,& 7(:&'/'"(!"(: 
)*/#6*&(>!%"'&$ &( !&'*&$ ,& 
)((%"$$%(
&$ (6
&$$%"'&$ O=& ,-%//'&(!"$$%:&. :'%**%"'&P < '&(! 65%# 6&$8J##&$ /'6$&(!&(! !) !&$ ,& 2)( '6$ #!%!$ /') 5%(! #& ' 
%/%
"!6 0 C!'&  !"#"$6&$ /) ' ,&$ %//#">
%!")($ '6&##&$ Q "(5&(!%"'& % !)*%!"4 & ,&$ 64 "/&*&(!$. % !3&(!"7
%!")( '&(<)'
6&. ,6!&
!")(,-"(!' $. )G'& ,& $&'5"
&$ /&'$)((%#"$6&888F& 
3%/"!'& % ,)(
 *"$ &( 65",&(
& #&$ 2)((&$ /&'<)'*%(
&$ ,&$ RST ,%($ 
& ,)*%"(&,-%//#"
%!")( %"($" 4 & #% 5"%2"#"!6 ,& #% () 5&##& '&/'6$&(!%!")( 
)*/)'!&*&(!%#& :'L
& % + UV>WRT !) ! &( 5%#",%(! 6:%#&*&(! #% <)(
!")( ();% %//#"
%2#& $ ' 
&$ ,&'("&'$8 H- ( % !'& 
�!6.#% '&/'6$&(!%!")( ,&$ *&$$%:&$ /%'  ( %'2'& $;(!%+"4 & &$! 2&% 
) / /# $ &I
%
& 
%' &##& (&(6
&$$"!& 4 - ( $& # *&$$%:& *%"$ ,&*%(,& (6%(*)"($ ,& 
)((%K!'& "(!6:'%#&*&(! #% :'%**%"'&, /')!)
)#& 
)(!'%"'&*&(! % + UV>WRT8 H& /# $. #& () 5&# %#:)'"!3*& ,& 
#%$$"7
%!")( ()($ /&'5"$6 $-&$! *)(!'6 6:%#&*&(! /&'<)'*%(! /) ' 
#%$$&' 
3%4 & *&$$%:&  ( 0  ( 
)*/%'6 0 $%5&'$")( "("!"%#&8J(7(. #&$ ()*2'& + !&$!$ )(! *"$ &( 65",&(
& #-"*/%
! ,&$ ,"G6'&(!$ /%'%*E!'&$ ,&$ *6!3),&$/) 5%(! %",&' /%' #% $ "!& 0 *"& + 
)(7: '&' ,& !&##&$ *6!3),&$8

YDD



 !"#$%&' () *+',%$-
"%$/, +'0 123$#'4',%0

 !!



 !"
$%&'!" ()")*+$,
 !
# $ %&#''() *&+,-#),#- !.''/ 0/#, #, -#)1#' *# ,(10)# *# 1!
2/,#' 
(,,#
-3#' 4.# *#,(10)# *&!55%/
!-/(,' #6/'-!,-#' !.7(.)*&2./8 %&/,-)(*.
-/(, *# 
#--# -29'# !:!/- 1/' #, !:!,-5%.'/#.)' *3;' 1!7#.)' <= 
(,
#5-/(, #>
!
# *&.,# !55%/
!-/(, 
(11.,/
!,-#8= '3
.)/-38= 3
(,(1/# ?)#,-!0/%/-3@8= '.5#):/'/(,AB/#, #,-#,*.8 
#--# -29'# ,&!55()-# 5!' -(.-#' %#' )35(,'#' $ 
#' 4.#'-/(,' 1!/' 
(,-)/0.#$ %#.) )3'(%.-/(,A C%()' 4.# 0#!.
(.5 *&!55%/
!-/(,' 
(11.,/
!,-#' '(,- D3,3)!%#1#,- 
(,E)(,F-3#' !. 5)(0%91# *. 5!''!D# $ %&3
2#%%#8 %./F1G1# */)#
-#1#,- *35#,*!,- *# %! 
(,
#5-/(,8 %#'*/H3)#,-' 1(*9%#' *&!55%/
!-/(,' 
(11.,/
!,-#' 
(,'-/-.!,- .,# *#' 
(,-)/0.-/(, *# 
#--# -29'#!/*#,- $ 1/#.6 %&3:!%.#)A I,# 0(,,# 
(,
#5-/(, *&., 5)(-(
(%# 5!''# 3D!%#1#,- 5!) .,# 0(,,#
(15)32#,'/(, *#' 5)(-(
(%#' 4./ 5#.- '&!55!)#,-#) 5!)E(/' $ .,# 3-!5# *# )3-)(F/,D3,/#)/#8 *(F1!/,# !0()*3 5!) %! '#
(,*# 
(,-)/0.-/(, *# 
#--# -29'#AJ! )35(,'# !. 5)(0%91# *# %! '3
.)/-3 #'- )#%!-/E $ 5%.'/#.)' *#' -)!:!.6 #65('3' $ %&/,'-!)*# %! 1(*3%/'!-(, *#' 0(-,#-'8 5#)1#--!,- .,# 1#/%%#.)# 
(15)32#,'/(, *. *!,D#) !''(
/38 1!/'3D!%#1#,- D)K
# !. ;,D#)5)/,-/,D ?-)(/'/91# 
(,-)/0.-/(,@ 4./ 5#.- '#):/) $ )#53)#) *#' /,-).''.) %# )3'#!.A L#--# *#),/9)# 
(,-)/0.-/(, 5#.- 3D!%#1#,- 7(.#) ., )�%# 3
(,(1/4.# 
!) %&/*#,-/F;
!-/(, 5)3
/'# *&., 34./5#1#,- 5#.- '#):/) *# '.55()- 5(.) E(.),/) ., '#):/
# 5#)'(,,!%/'3 $'(, .-/%/'!-#.)AN,;,8 %! 1(*3%/'!-/(, *#' 0(-,#-' ! 3-3 %&(

!'/(, *# 5)(5('#) .,# ,(.:#%%# '(%.-/(, *#'.5#):/'/(, 5(.) )3'(.*)# %# 5)(0%91# *. 5!''!D# $ %&3
2#%%#AN, 
%!/)8 %#' -)(/' 
(,-)/0.-/(,' *# 
#--# -29'# '(,- <OA 1(*3%/'!-/(, *# 0(-,#-'8PA *3
(.:#)-# !.-(1!-/4.# *#' -Q5#' *# 1#''!D#' ?)3-)(F/,D3,/#)/#@8RA ;,D#)5)/,-/,D *&34./5#1#,-'A !"#$%" &'# 
)*+,-.$+-)*# !"#$%&'(%!) "*& '++$%
'(%!)& 
!--.)%
')(*& ! "#$%&'(!)'#* $+( !,,&'
!)'#*( 
#"".*'
!*)+( ,/%(+*)%+ $!*( 
+))+ )01(+ (2+() 3#
!&'(%+ (./&+( 4#)*+)( "!'( $+"+./+ *%!*"#'*( 5%*%/'6.+7 89+
)':+"+*); &+( *#.:+&&+( "%)/'6.+( $%<*'+(=>?



 !"
$%&'!" ()")*+$, !"# $%&'(")*"# +"#,("# $-.**"%/).0%!%*'# "* $" $'!.%#1 2",3")* 4*(" "+2!56'"# 25,( '3.!,"( *5,*".22!%
.*%5) $.)# !" 
5)*"8*" $" !-")35% +.##%9 $-,)" %)95(+.*%5): ;.)# 
" #")#< !"# +5$=!"# .%$")*> +"#,("( !" 2.##./" > !-'
?"!!" $"# .22!%
.*%5)# 
5++,)%
.)*"#:;" 2!,#< !"# +5$=!"# )" #5)* 2.# #2'
%@A,"# .,8 05*)"*# 2,%#A," !",(# .(
?%*"
*,("# )" 9,(")*2.# 
(''"# $" *5,*" 2%=
" +.%# ("25#")* #,( $"# 0.#"# "8%#*.)*"# *"!!"# A,-,) 2(5*5
5!" 2.%(B>B2.%(5, !" 2(5*5
5!" CDE: F"# $",8 +5$=!"# 
?5%#%# ("2('#")*")* A,.)* > ",8 $",8 *62"# $-.(
?%*"
*,("0%") $%&'(")*# G 2#",$5B
")*(.!%#'  CDE1 5, *5*.!"+")* $%#*(%0,'  HIH1: J)@)< ,) $"# *62"# $"('#"., HIH +5$'!%#' #" 
.(.
*'(%#" 2.( ,)" *.0!" $" ?.
?./" $%#*(%0,'" ("2('#")*.)* !. +.K5(%*'$"# 2(5*5
5!"# HIH ,*%!%#'# .
*,"!!"+")* .!5(# A," !" 
5)*"8*" $" 
"**" *?=#" )-")/")$(" 2.# $"$%&'(")
"# )5*.0!"# #,( !"# +'*(%A,"# #"!5) !"# $%&'(")*# 2(5*5
5!"# $" *.0!" $" ?.
?./" $%#*(%0,'":H.( .%!!",(#< $%&'(")*"# +'*?5$"# 95(+"!!"# 9,(")* +%#"# ") L,3(" 25,3.)* #"(3%( $-%)#2%(.*%5) >!-'!.05(.*%5) $-.,*("# +5$=!"# $.)# !-.3")%(:F"# "82'(%+")*.*%5)# +")'"# '3.!,")* !"# 2"(95(+.)
"# $"# $%&'(")*# #6#*=+"# #"!5) $" )5+B0(",8 2.(.+=*("# .@) $" 0%") 
5+2(")$(" !-%+2.
* $"# $%&'(")*# 2.(.+=*("# A,% 2("))")* ")
5+2*" '/.!"+")* 2!,#%",(# 
5)*(.%)*"#: E"# $"()%=("# #5)* "!!"# .,##% #,M#.++")* /')'(.!" 25,(4*(" ,*%!%#.0!"# .3"
 *5,* *62" $-.22!%
.*%5)# 
5++,)%
.)*"# G 2"(*" $" 
5))"
*%3%*'< .**.A," "*.)5)6+.*: J) 
5)#'A,")
"< 2(%3%!'/%"( ,)" .(
?%*"
*,(" 5, ,)" .,*(" #-") ("*(5,3" 9.
%!%*' 25,('3%*"( $-4*(" 
5)9(5)*' 2.( !. #,%*" .,8 2(50!=+"# ("!.*%9# $, 2.##./" > !-'
?"!!" 5, $" !. #'
,(%*':J)@)< $.)# !" 
5)*"8*" $"# 05*)"*# ("2('#")*.)* ,)" +").
" .
*,"!!" %+25(*.)*"< !"# +5$'B!%#.*%5)# 2(525#'"# .%)#% A," !",(# '3.!,.*%5)# #5)* ,) ('"! .*5,* 25,( +%",8 !"# .22('?")$"(.@) $" +%",8 #-") 2('+,)%(: H.( "8"+2!"< ,)" 
5)*("B+"#,(" 
5)#%#*" > 95(
"( 
"(*.%)# 05*# >#" $'
5))"
*"( 25,( .%)#% .&.%0!%( !" 05*)"*: F"# *(.3.,8 ('.!%#'# $.)# 
"**" *?=#" +5)*(")* A,"!"#* !-%+2.
* $" 
"# $'
5))"8%5)# 2,%#A,"< $.)# 
" 
.#< 
"!. 
5(("#25)$ > $"# .**.A,"# ")3"(# !"05*)"*: !"#$%&'(!'&)#&) *)+ ,#$"$
$.)+E"**" *?=#" *(.%*" $-,)" 2.(*%" 95)$.+")*.!" $" !. ('*(5B%)/')%"(%" 3%#.)* > $'*"(+%)"( !"*62" $-,) +"##./"< ,)" %)95(+.*%5) )'
"##.%(" 25,( !. ("
5)#*(,
*%5) $" !. +.
?%)" > '*.*# $-,)2(5*5
5!": F. *"
?)%A," %)*(5$,%*" $.)# !" 
?.2%*(" N "#* )53.*(%
" $.)# $",8 #")#:H("+%=("+")*< !" 
!,#*"(%)/ /(O
" > !. +'*?5$" PQE "#* 2", ,*%!%#' $.)# !" $5+.%)" $"#('#".,8 
5)*(.%("+")* .,8 +'*?5$"# $" 
!.##%@
.*%5) 
!.##%A,"#: R.#' #,( !"# +.
?%)"# > 3"
*",(##,225(*# $5)* !"# 2"(95(+.)
"# #5)* *(=# 05))"#< PQE . !-.3.)*./" $-4*(" )5) #,2"(3%#' "* "#*$5)
 .22!%
.0!" .3"
 ,) 2(5*5
5!" *5*.!"+")* %)
5)),: S!5(# A," $" 2("+%"( .05($< #5) ,*%!%#.*%5)#"+0!" 4*(" $%M
%!" 
.( $'@)%( !"# 2.(.+=*("# )-"#* 2.# ,)" *O
?" .%#'" #-%! "#* %+25##%0!" $" 3'(%@"(!. 2('
%#%5) $" !. 
!.##%@
.*%5) #,( ,) K", $-.22(")*%##./"  
5)#*(,
*%0!" #% "* #",!"+")* #% !"2(5*5
5!" "#* 
5)),1< 
"**" *?=#" "825#" '/.!"+")* ,)" +'*?5$" $-%$")*%@
.*%5) .,*5+.*%A," $"#2.(.+=*("#: H.( 
5)#'A,")*< !-.22!%
.0%!%*' $" 
"**" *"
?)%A," #-") ("*(5,3" /(.)$"+")* .+'!%5('""* )" #" !%+%*" 2.# ., 
5)*"8*" $" 
"**" *?=#"  ('*(5B%)/')%"(%"1: J) "&"*< !" 2(5
'$' $'
(%*$.)# 
"**" *?=#" 2",* 2(50.0!"+")* 4*(" %)#*.)
%' 25,( $-.,*("# *(.3.,8 $" $%3"(# $5+.%)"#"+2!56.)* !. +'*?5$" PQE: J)@)< !"# "82'(%+")*.*%5)# +")'"# 5)* +%# !-.

")* #,( !-.3.)*./"$-,)" 
5+0%).%#5) $" PQE .3"
 $, 2.(*%*%5))"+")* ?%'(.(
?%A,":P,( ,) .,*(" 2!.) 
5+2!'+")*.%("< !" 
?.2%*(" N #-"#* "&5(
' $" #5,!%/)"( !. )'
"##%*' $"$'@)%( ,)" )5,3"!!" ("2('#")*.*%5) $"# +"##./"# 25,( 25,35%( (.2%$"+")* !"# 
5+2.("( !"# ,)#.,8 .,*("#: J) "&"*< !"# *(5%# 
5)*(.%)*"# %+25#'"# #5)* GT .,
,)" ?625*?=#" 95(*" )-"#* 95(+,!'" #,( !. #6)*.8" $, 2(5*5
5!" 
5++" !-,*%!%#.*%5) $"IUI



 ! "#$%&# '($ 
*+,-./%,.*+$
!"#$%&' 
$"$
#("!' )*+%,%#!-"' .- +$ /"$,,$%"!01 +$ ,*#2.)! ).%# 3#"! &.& '-4!"5%'*! 4-%'6-! +! 
.&#"$%"! '%/&%7!"$%# 6-! +$ 
.&'#"-
#%.&)8-& 9!- )8$44"!&#%''$/! !'# "*$+%'$:+!0 
!
% &8*#$&# 4.''%:+! 6-! '% +! 4".#.
.+! !'# 
.&&-01 $-
-& $&$+;'! 4$" #$%&#%&/0 
.&'%'#$&# < .:'!"5!" 
.,,!&# -&! $44+%
$#%.& $&$+;'! +! ,!'='$/!0 &! 4!-# 3#"! ,%'! !& >-5"!? @%&'% +!' 
.A#' '.&# )%,%&-*' 4-%'6-8%+ &8; $ 4$' :!'.%&)8%&'#$++!" +! +./%
%!+ !& 6-!'#%.&0 &% )8%&'#"-,!&#!" +$ ,$
2%&!0 &% )! /*&*"!" +!' )%B*"!&#'
$' )8-#%+%'$#%.&' 4.-" 3#"! 'A" )8.:'!"5!" #.-' +!' #;4!' )! ,!''$/!'?C$
! < 
!' 
.&#"$%&#!'0 +!' ,*#2.)!' $
#-!++!' '! :$'!&# !''!&#%!++!,!&# '-" +8$+%/&!,!&# )! '*=6-!&
!' 6-% $ +$ 4$"#%
-+$"%#* )83#"! $44+%6-* '-" +$ #.#$+%#* )!' ,!''$/!' "!&)$&# $%&'% 
!##!$44".
2! #"(' 
.A#!-'! !& #!,4' )! 
$+
-+? D$"#$&# )! 
! 
.&'#$#0 +! :-# E-# )! 4".4.'!" -&! "!=4"*'!&#$#%.& 
.,4"!''*! )!' ,!''$/!' #.-# !& 4"*'!"5$&# -& ,$F%,-, )! '*,$&#%6-! $7& )83#"!
$4$:+! )8!& !F#"$%"! +! #;4!? D+-'%!-"' "!4"*'!&#$#%.&' .&# *#* %&#".)-%#!' $5!
 -& )!'
"%4#%E)*#$%++* )! +!-"' $5$&#$/!' !# +!-"' %&
.&5*&%!&#'? G!' !F4*"%,!&#$#%.&' ,.&#"!&# */$+!,!&# +!')%B*"!&
!' &.#$:+!' )$&' +$ )*
.-5!"#! )!' #;4!' )! ,!''$/!' '!+.& +$ "!4"*'!&#$#%.& 
2.%'%!0 
!6-% ,!# 
+$%"!,!&# !& *5%)!&
! +!' )%B*"!&#' )!/"*' )! '*,$&#%6-! $''.
%*! < 
2$
-& )8!&#"! !++!'?@%&'%0 +!' )%B*"!&#' #!'#' "*$+%'*' &! '! '.&# 4$' -&%6-!,!&# 
.&#!&#*' )! ,!##"! !& !F!"/-! +$E$%'$:%+%#* )! +8$44".
2! 4".4.'*!? !"#$%&%!"'!"# ()*+,!&$-$"'.H.&
!"&$&# +! 7&/!"4"%&#%&/ )8*6-%4!,!&#'0 
!##! #2('! *&.&
! )!-F ,*#2.)!' )%B*"!&#!'? G$4"!,%("! !'# #.#$+!,!&# &.-5!++! !# '! 4".4.'! )8%)!&#%7!" -& *6-%4!,!&# 4$" '.& 
.,4."#!,!&#?G$ '!
.&)! !'# */$+!,!&# %&&.5$#"%
! !& '! :$'$&# '-" +$ '#"-
#-"! ';&#$F%6-! )8-& ,!''$/! !#'! "$44".
2! $%&'% )!' #"$5$-F !F4.'*' )$&' IJKL℄0 < +$ )%B*"!&
! 4"(' 6-! '$ 
.,4+!F%#* !'# #"('+$"/!,!&# "*)-%#! !# 6-! '.& $44+%
$#%.& !'# 4+-' "$4%)! 
$" +!' '%/&$#-"!' '.&# "$4%)!,!&# ,%'!'< 9.-" '$&' &*
!''%#!" +8-#%+%'$#%.& )8-&! /"%++! )! 
$+
-+ 
.,,! 
! E-# +! 
$' 4.-" IJKL℄?G$ ,*#2.)! 
.,4."#!,!&#$+! 
.&'%)("! 6-8-& *6-%4!,!&# !'# %)!&#%7$:+! 4$" +$ ,$&%("! ).&#%+ *
2$&/! )!' ,!''$/!' $5!
 +!' $-#"!' N !&5.%' )! "!6-3#!' !# "*4.&'!'? H!##! #!
2&%6-! "!4.'!-&%6-!,!&# '-" +!' #;4!' )! ,!''$/!' $%&'% 6-! +!' )*+$%' !&#"! !-F? D$" 
.&'*6-!&#0 +$ '!
.&)!
.&#"%:-#%.& O"*#".=%&/*&%!"%!P 4"*'!&#*! 4"*
*)!,,!&# 4"!&) #.-# '.& '!&' %
% "!&)$&# $%&'%
!##! &.-5!++! ,*#2.)! )! 7&/!"4"%&#%&/ $44+%
$:+! < -& 4".#.
.+! 6-!+
.&6-!? Q.& !,4+.% '8!&"!#".-5! E$
%+%#*0 6-! '! '.%# 4.-" -& 4".#.
.+! ).&# +!' '4*
%7
$#%.&' '.&# %&
.&&-!' .- +."'6-! 
!')!"&%("!' '.&# 
.,4+!F!' !# &*
!''%#!&# )! 
.&
!5.%" -& $&$+;'!-"0 #R
2! 6-% 4!-# 3#"! !++!=,3,!)%S
%+! !# 
.A#!-'! !& #!,4'? T$&' 
! )!"&%!" 
$'0 
! #;4! )! 7&/!"4"%&#%&/ !'# 5"$%,!&# -#%+! 4.-""*$+%'!" -&! *#-)! 4"*+%,%&$%"! '-" +8-#%+%'$#%.& )8-& '!"5%
!? D$" !F!,4+!0 '% -& /"$&) &.,:"!)8-#%+%'$#!-"' $).4#!&# -& &.-5!$- '!"5%
!0 +!-" 4".4.'!" -& '-44."# 4!-# 3#"! %&#*"!''$&#? T$&'
! 
$'0 +! 7&/!"4"%&#%&/ )8*6-%4!,!&#' 4!-# %&)%6-!" 6-!+ !'# +! #;4! )8*6-%4!,!&#' +! 4+-'-#%+%'*? H!# !F!,4+! !'# 4$" $%++!-"' 5$+$:+! $5!
 #.-#! ,*#2.)! )! 7&/!"4"%&#%&/? H!++! :$'*!'-" +! 
.,4."#!,!&# )*7&%# -&! E.&
#%.& &.;$- ).&# +$ 5$+%)%#* $ *#* E.",!++!,!&# 4".-5*! !#!&#"$U&$&# -&! 4"*
%'%.& )8%)!&#%7
$#%.& *+!5*! /"R
! $-F ,$
2%&!' 5!
#!-"' '-44."#'?G$ '!
.&)! #!
2&%6-! )! 7&/!"4"%&#%&/ "!4.'! '-" +$ 
.&'#"-
#%.& )!' $":"!' ';&#$F%6-!' )!',!''$/!' !# '8%&'4%"! )! #"$5$-F "*
!&#' *&.&V$&# )! &.-5!++!' ,*#"%6-!' !S
$
!' 4.-" 
$+
-+!" +$'%,%+%#-)! !&#"! )!-F $":"!'? W+ )!5%!&# $+."' 4.''%:+! )8$44+%6-!" +!' ,$
2%&!' < 5!
#!-"' '-44."#'$5!
 )!' "*'-+#$#' #"(' 4!"E.",$&#' !& %)!&#%7$&# 4"$#%6-!,!&# %&#*/"$+!,!&# +8!&'!,:+! )!'*6-%4!,!&#'? D$" $%++!-"'0 -& &.-5!+ $+/."%#2,! #.#$+!,!&# &.& '-4!"5%'* E-# 4".4.'* "*'-+#$&#)8-& 
.,4".,%' !&#"! 4"*
%'%.& !# "$4%)%#* )8!F*
-#%.&? G!' "*'-+#$#' .:#!&-' '.&# */$+!,!&# #"('XYK



 !"
$%&'!" ()")*+$, !
#$%&' &!()*+, !  !( !-$. /012&/$&(,#! - ) -,31% !( ) 41(5#- ) ! ) % )(% ,!( 6&) 7 -#!! % / ) 4 ,// $%)%1)$/(&() 4&,) 4#!(% &$)), / ) /,4,( ) - ) -,31% !( ) 41(5#- ) (#$(  ! 12&/$&!( /0,46&
( - )-,31% !() 6&%&48(% )* 9,!),. /0&66/,
&(,#! %1 // -0$! 41(5#- #$ -0$! &$(% !0 )( 6&) :&,( &$5&)&%-* !"#$%"
'()"$; ) (%&2&$< - % 
5 %
5 %1&/,)1) -&!) / 
&-% - 
 (( (58) #$2% !( 6/$), $%) 6 %)6 
(,2 )*= %(&,! ) -0 !(%  // ) )#!( 7 
#$%(  ( 4#> ! ( %4 
#44 $! 2&/,-&(,#! % !:#%
1 - ) ( 
5!,?$ )#$ / 6&))&' -0#$(,/)  <61%,4 !(&$< 7 - ) /#',
, /) $(,/,)&@/ ) 6&% ?$,
#!?$ * A&!) $! #6(,?$ 7 /#!' ( %4 .  // #$2% /& 2#, 7 - !#$2 // ) 41(5#- ) - B!' %6%,!(,!'  ! 4#!(%&!( ?$ /& )14&!(,?$ -,)
%,4,!&!( -0$! 1?$,6 4 !( ! ) % )(% ,!( 6&) 7  <(%&,% 
 %(&,! ) 2&/ $%))61
,B?$ ) -0$! 4 ))&' * !"#$!
&$#&'! ()" *'(+,)" ()" -'#!)#"; ) 4#-8/ ) - @#(! () 6%#6#)1) -&!) 
 (( (58) 
#46#%( !( 6/$), $%) 6&%&48(% ) 6#$% / )C?$ /) / )  <61%,4 !(&(,#!) #!( 4,)  ! 12,- !
 / $%) ,46&
()* 9,!),. ,!)(&!
, % 
 ) 4#-8/ ) ) /#!- ) 6&%&48(% ) %1 /) 6 %4 ((%&,( - 6%12#,% /0 3 ( -0$! !#$2 &$ @#(! ( 6&%  < 46/ * D#$( :#,).
 (( (E
5  )( (%8) -,F
,/ 
&%  // ,46#) 6/$), $%) 
#!-,(,#!) 
#44 6&%  < 46/ /& !1
 )),(1- 
&6($% % / 4&/G&% -&!) $! 6% 4, % ( 46) 6#$% /01($-, %  ( &,!), -1
#$2%,% / 4#-8/ / 4, $<&-&6(1* ;& 6/$) '%&!- -,F
$/(1 % /82 -$ 6&%&41(%&' . 
#44 / ) %,)?$ ) - -1
#!! <,#! #$-0&((&?$ 
&% 
 ) - %!, %) )#!(  ! :&,( (%8) -16 !-&!() - /0 !2,%#!! 4 !( H(>6 ) - %1) &$<. :$C) &$< 5#%&,% ). %1&
(,2,(1 - ) &!(,2,%$)***I* J/  )( 
/&,% ?$ 
 (%&2&,/ % /82 -0$! '%&!- -,F
$/(14&,) /0,!)(&!
,&(,#! - ) 4#-8/ ) &2 
 - ) 6&%&48(% ) %1 /) 6 %4 ((%&,( 1'&/ 4 !( - 2&/,- % 6/$)6%1
,)14 !( /0&66%#
5  ! 
#46&%&!( / ) %1)$/(&() #@( !$) &2 
 - ) 4 )$% ) %1 // )*.//0'1'!(&"")*)!# ()" *'(+,)" ()" -'#!)#"; ) 4#-1/,)&(,#!) 6%#6#)1 ) -&!) 
 (( (58) 2,) !( 7 4 )$% % / ) 6 %:#%4&!
 ) &(( ,'!&@/ )) /#! -,31% !( ) 
#!(%&,!( ) '1!1%,?$ )* = 6 !-&!(. /0&)6 
( 5$4&,! !0 )( 6&) 6%,)  ! 
#46( .
#44 6&%  < 46/ / 
#46#%( 4 !( - /0&((&?$&!( #$ 
 /$, - 
 $< ?$, ) -1: !- !(* K!  3 (.$! &((&?$&!( ! 
5 %
5 %& 6&) :#%
14 !( 7 &(( ,!-% /0 !) 4@/ - ) @#() )0,/ !0 ! !0& 6&) @ )#,!
&% ,/ )0 <6#) %&,( &,!), 7 $! 6/$) '%&!- %,)?$ - -1( 
(,#!* L! 12#/$(,#! - 
 (%&2&,/ ) %&,(&/#%) - 6% !-%  ! 
#46( 
 ) &)6 
() 
#46#%( 4 !(&$<  ! $(,/,)&!( /& (51#%, - ) M $<  !,!(1'%&!( / ) - $< 6&%(, ) H&((&?$&!(  ( -1: !) $%I 6#$%  !%,
5,% / 4#-8/ &
($ /*.($/#)0 2 (3$4#0)" /0'#'
',)" '4 (3$4#0)" ('*$&!)"A&!) / 
&-% - /& %1(%#C,!'1!, %,  ( -0&$(&!( 6/$) 6#$% / B!' %6%,!(,!'. &66/,?$ % / )41(5#- ) 7 $! '%&!- !#4@% - 6%#(#
#/ ) -,31% !() % !:#%
 %&,( / $% 2&/,-&(,#!* = /& &,- %&,(NOP



 ! "#$%&#
()*#% !"##$" "% &'&%# (") (*!*#&#*+%) ," 
.&
/%" ,0"((") &1% ," (") &!2(*+$"$3 4&%) (" 
&,$" ," (&$2#$+5*%62%*"$*"7 (") 8$+9(:!") $"(&#*;)  /% 8$+#+
+(" 
$<8#2 +%# ,0&*(("/$) 2#2 
(&*$"!"%# !"%5#*+%%2)3 =&$ &*(("/$)7 
"$#&*%) 8$+#+
+(") 8"$!"##"%# ,0"%
&8)/("$ ,*>2$"%#") 
+!!&%,") ,&%)/% )"/( !"))&6" ?/* %" 8"/# &(+$) @#$" &))*6%2  /% /%*?/" #<8" 
+%#$&*$"!"%#  
" ?/* ")# ;&*#&
#/"(("!"%#3A%1%7 BCD %02#&%# ?/0/%" #"
.%*?/" ," 
(&))*1
&#*+% *%,28"%,&%#" ,/ ,+!&*%"7 2'&(/"$ )*(0&88$+
." ," ,2#"$!*%&#*+% &/#+!&#*?/" ,") 8&$&!:#$") ")# &88(*
&9(" ,&%) ,0&/#$" 
&) 
+%#$*59/"$&*#  2#"%,$" )+% /#*(*)&#*+%3
 !"# $% &%'!"(")%*)%' *+*,-!.!%* ,$*+.,*)/$!E") &88$+
.") ," 1%6"$8$*%#*%6 "F8+)2") ,&%) 
"##" #.:)" %" )+%# 8+/$ (0*%)#&%# &88(*
&9(")?/" ," !&%*:$" "F82$*!"%#&(" &'"
 8(/)*"/$) +/#*()3 =&$ 
+%)2?/"%#7 (0/#*(*)&#*+% 
+/$&%#" ,0/%"#"((" &88$+
." %0")# 8&) ;&*)&9("3 4&%) 
"# +9G"
#*;7 8(/)*"/$) 8+*%#) )+%#  
+%)*,2$"$3H+/# ,0&9+$,7 /% 8$"!*"$ &F" 
+%)*)#"  +8#*!*)"$ &/ !&F*!/! (") ,*>2$"%#) &(6+$*#.!") /#*5(*)2) $"%,&%# &(+$) (") !2#.+,") 8(/) $&8*,") "# ,+%
 &88(*
&9(") "% #"!8) $2"(3 4" 8(/)7 
"$#&*%")&88$+F*!&#*+%) )+%# $2&(*)&9(") 8+/$ (") ,*>2$"%#) &(6+$*#.!") ," 
(&))*1
&#*+%3 =&$ "F"!8("7BCD +9(*6"  #+/# $"
&(
/("$ ,"8/*) (" ,29/#  
.&?/" %+/'"( &$9$"  
(&))"$3 I2&%!+*%)7 
" #<8"," !*)"  G+/$ J#+#&("K %" 8+/$$&*# @#$" "F2
/#2" ?/" 82$*+,*?/"!"%# &(+$) ?/" (& 
(&))*1
&#*+%"% #"!8) $2"( &88(*?/"$&*# /% &(6+$*#.!" 9"&/
+/8 8(/) )*!8(" "% &))*6%&%# #+/# %+/'"( &$9$"&/ 8(/) 8$+
." '+*)*%3 4" !@!"7 (") #"
.%*?/") 9&)2") )/$ (") '"
#"/$) )/88+$#) 8"$!"##"%# ,",21%*$ ,") ;+$!") ," 
(/)#"$) *$$26/(*:$") 8+/'&%# @#$" !&(6$2 #+/# $2,/*#")  ?/"(?/") 8+*%#))"/("!"%#3 D" %" )+%# 9*"% )L$ ?/" ?/"(?/") 8*)#") ?/* !2$*#"%# /% &88$+;+%,*))"!"%#34"/F*:!"!"%#7 /%" ,") !2#.+,") 8$+8+)2" )" 9&)" /%*?/"!"%# )/$ (") #<8") ," !"))&6")8+/'&%# @#$" "F#$&*#) "% &88(*?/&%# /%" 2#&8" ," $2#$+5*%62%*"$*" #"((" ?/" 
"((" *%#$+,/*#" ,&%)(" 
.&8*#$" M3 D"##" /(#*!" 2#&8" ")# ,+%
 $2&(*)&9(" "# !2$*#" ,0@#$" &
."'2" 8+/$ %+#&!!"%#'+*$ (0*!8&
# ,") "$$"/$) ,/")  (& $2#$+5*%62%*"$*" )/$ (" 1%6"$8$*%#*%6 (/*5!@!"3A%1%7 (& $2&(*)&#*+% ,0/% (+6*
*"( 6(+9&( 8"$!"##&%# ," 
+%%&N#$" "% #"!8) $2"( (") ,*>2$"%#)2?/*8"!"%#) )/$ (" $2)"&/ 8"/# &/))* )" $2'2("$ *%#2$"))&%#" #"
.%+(+6*?/"!"%# %+#&!!"%# )*
" ,"$%*"$ *%#:6$" /%" ;+%
#*+%%&(*#2 8+/$ )/662$"$ &/#+!&#*?/"!"%# ,") )"$'*
") ,2,*2) &/F/#*(*)&#"/$) )"(+% ("/$ 2?/*8"!"%# O)"$'*
" ," )/88+$#P3
0,##,'! 1 -23
5!--!Q*"% ?/" ,&%) (" 
&,$" ," (& $2#$+5*%62%*"$*" "# ,/ 1%6"$8$*%#*%67 (") #$&'&/F "F8+)2) )0";5;+$
"%# ," $2,/*$" &/ !&F*!/! (& 
+!8("F*#27 ("/$ &88(*
&#*+% )/$ ,") $2)"&/F #$:) .&/#) ,29*#)8"/# ,"!"/$"$ ,*R
*(" "% #"$!" ," 8&))&6"  (02
."((" ," (& !@!" !&%*:$" ?/" 8+/$ (") )<)#:!")," ,2#"
#*+% ,0*%#$/)*+%3 S (0*%)#&$ ," 
") ,"$%*"$)7 8(/)*"/$) #"
.%*?/") 8"/'"%# @#$" !*)") "%T/'$" 8+/$ &!2(*+$"$ 
" 8+*%# U 8&$&((2(*)&#*+% ,") &(6+$*#.!")7 2
.&%#*((+%%&6" +/ "%
+$" "%/#*(*)&%# (") 8$+
"))"/$) ,") 
&$#") 6$&8.*?/") OV=W 
+!8/#*%6P333 XYZ



 !"
$%&'!" ()")*+$, !"#$#"% #% "&'(#))#* $+%,&-#* -# ."/#0102"%2"/ !"#$ %&' (')&
"&+ ,' -./0",'$ ,' 123'#+#42/423 )
/&'!!'$ #'+"$'2/ $&# !) 5)!'&# ,' 
'#/)42$
0)-+$ ,& -'$$)3'6 
'//' /07$' $8'$/ '9"#
.' ,' ,.-"2/#'# %&84! ./)4/ +"$$4(!' ,8':/#)4#' ,'!842;"#-)/4"2 $.-)2/4%&' ,4$
#4-42)2/' ,8&2 )&/#' /<+' =
"-+"#/'-'2/6 $/#&
/&#' $<2/):4%&'>?@)2$ 
' $'2$6 '!!' "&5#' !) 5"4' 5'#$ ,' 2"&5'!!'$ $"!&/4"2$ +"&5)2/ +)# ':'-+!' 
"-(42'# 
'$,49.#'2/'$ )++#"
0'$?  & 5&' ,& 2"-(#' ,8)++!4
)/4"2$ ,49.#'2/'$ $8':.
&/)2/ $&# &2' -A-'-)
042'6 4! '$/ )&$$4 +"$$4(!' ,' 
"##.!'# !' 123'#+#42/423 $&# +!&$4'&#$ +#"/"
"!'$? B2 '9'/6 !'123'#+#42/423 ,8.%&4+'-'2/ ,"4/ +'#-'//#' ,84,'2/41'# !' 2"- -)4$ )&$$4 !) 5'#$4"2 ,8&2 !"34
4'!? /4/#' ,8':'-+!'6 
'#/)42$ !"34
4'!$ $"2/ ,.,4.$ 
'#/)42$ $<$/7-'$ ,8':+!"4/)/4"2$ '/ 4! '$/ +"$$4(!',8)2)!<$'# !8&/4!4$)/4"2 $4-&!/)2.' ,' +!&$4'&#$ !"34
4'!$ +"&# 5"4# $4 
'!) '$/ 0)(4/&'! "& #'!75'+!&/�/ ,8&2' '##'&# ,84,'2/41
)/4"2?  42$46 !' 123'#+#42/423 '/ !' +#"1!423 ,'$ )++!4
)/4"2$ &/4!4$.$+)# &2 &/4!4$)/'&# +"&##)4/ A/#' 
"##.!.$?@' +!&$6 
'//' /07$' $8'$/ +!)
.' ,)2$ !' 
)$ !' +!&$ 
"2/#)432)2/ ,8&2' )++#"
0' +)$$45' -)4$!'$ -./0",'$ +'&5'2/ A/#' ),)+/.'$ )& 
)$ )
/4; 5"4#' $'-4D+)$$4; +"&# )&3-'2/'# !) +#.
4$4"2,' !84,'2/41
)/4"2 ,'$ .%&4+'-'2/$? @)2$ !' 
)$ ,8&2 123'#+#42/423 $'-4D+)$$4;6 &2 )E2'-'2/
"2$4$/'#)4/ F ,./'#-42'# ,'$ 42/'#5)!!'$ ,' 
"21)2
' +"&# #.&$$4# F 
"##'
/'-'2/ 4,'2/41'# %&'!!'$#'%&A/'$ '25"<'# '2 +#4"#4/. +"&# "(/'24# &2 42/'#5)!!' +!&$ +'/4/?

GHI



 !"##$%&'
 !"#  !"#$%&'%( )*
,"-./*"0 120$ $%&  !-3$$%'04
 54#4'*6 7"8-
048%0 94&% '(  !"#$%&'%( :0%;< =0%% !

%>'20 %)**  !$%04
*& 7'*&(*0( ?2(% @20 A&@20$*'42& A&'%0
B*&#%$$+%  54-'048"'%( 5%&4*6 2@ 7%0C4
%$"%  52$*4& /*$% 73-'%$$+%  5%&4*6 2@ 7%0C4
%#((,  148%0 =2 =B% D2$%-)&  E"*0(%( ?2$$*&( 9*&#"*#%-'.  E0*>B4
- :02
%--4&# F&4',(('  D3>%0=%<' =0*&-@%0 :02'2
26*)/'  A&'%0&%' ?2&'026 G%--*#% :02'2
26*$%  A&'0"-42& 5%'%
'42& 73-'%$*/ '  A&'%0&%' G%--*#% !

%-- :02'2
26*'  A&'%0&%' :02'2
26*0)  A&'%0&%' H%6*3 ?B*'/(  G*46 =0*&-@%0' !#%&'" (  /%'I20, *((0%-- '0*&-6*'42&1%*  J>%& 73-'%$- A&'%0
2&&%
'42&'2'  :%%0.'2.:%%00#)  H%K"%-' 120 ?2$$%&'-0')  H%$2'% :02
%("0% ?*660(/'  H%*6 =4$% G%--*#4&# :02'2
260('  H%*6.'4$% =0*&->20' :02'2
26%*'  7%--42& A&4'4*'42& :02'2
26%/!  7%0C%0 G%--*#% )62
,%/('  74$>6% G*46 =0*&-@%0 :02'2
26%3)  7">>20' L%
'20 ?6"-'%04&# MNO



 !"##$%&' !"  !"##$%& '(
&$% *+
,-.(#$%  /%+.01-00-$. 2$.&%$3 4%$&$
$3&'%  50(% 6+&+7%+1 4%$&$
$3&()  5.-8$%1 9(0$"%
( :;(.&-<(%!*)%  '$-
( $=(% :4

>?@



 !"#$
&'$()* +,#&'$-,*
 !"#$%& '#%$
!)*!$+ !℄ #$ %&'()*+,- .$ /0'01- '(2 3$ %1,0*&- 45*0(10, 6.7 10 898 :*;& ;(1 ,;:1&<+,+*( = >'&?1@
B1>>1-C  !
#$%&'! !( )
%!$
! *$+,-./(%&'!0 1 )*2- <*>$ 9D- ::$ EFFGEHD- 9IIJ$  3(>+(1℄$K<'+>'L>1 M B00:MNNB'>$+(&+'$O&N+(&+'PIIFJ9HQFN1(N,!$'-#+$
+. /$0+#$%0/!$%&+. 9℄ #$ %&'()*+,- R$ KL21>(;&- .$ /0'01- '(2 3$ %1,0*&- 4K;0*S'012 L1B'<+*&'> T(?1&:&+(0+(?-C+( *$(!-$/(%,$/3 )4.5,0%'. ,$ 6!
!$( 789/$
!0 %$ *$(-'0%,$ :!(!
(%,$ 167*:2$ /0 U'>*-%&'(
1 M /:&+(?1&- /1:01SL1& 9IIJ$ F℄ #$ %&'()*+,- .$ /0'01- '(2 3$ %1,0*&- 4V*W'&2, S'>W'&1 +(,:+&12 S'('?1S1(0 O&'S1W*&X,-C+( ;!(<,-= >5!-/(%,$0 /$8 ?/$/@!.!$( )4.5,0%'. *AAAB*C*D ;!(<,-= >5!-/(%,$0/$8 ?/$/@!.!$( )4.5,0%'. 1;>?)2$ /'><'2*& 5&@,+> M 6YYY- K:&+> 9IID$  3(>+(1℄$K<'+>'L>1 M B00:MNNB'>$+(&+'$O&N+(&+'PIIF!IJ!FN1(N E℄ #$ %&'()*+,- .$ /0'01- '(2 3$ %1,0*&- 45*0(10 L',12 ,
'>'L>1 (10W*&X S'('?1S1(0-C +(*C*DB*AAA :%0(-%E'(!8 )40(!.0 F >5!-/(%,$0 /$8 ?/$/@!.!$( 1:)>?2$ /'( #*,1- Z/K M/:&+(?1&- 3
0*L1& 9IIQ$ H℄ #$ %&'()*+,- .$ /0'01- '(2 3$ %1,0*&- 4U'>W'&1 S*21>, O*& (10W*&X '(2 ,1&<+
1S'('?1S1(0-C +( 10#,-( 5/5!-2 *$(!-$/(%,$/3 G,$+!-!$
! ,$ 7'(,$,.,'0 *$+-/0(-'
('-!H?/$/@!.!$( /$8 )!
'-%(4 17*?)2$ 3,>* [*&<\?1 M /:&+(?1&- #;(1 9IIQ$  3(>+(1℄$K<'+>'L>1 M 2]$2*+$*&?N!I$!IIQNJQDPFPHEIPQ9JD^PI_9FB00:MNNB'>$+(&+'$O&N+(&+'PII!^DE!HN1(N,!$'-#+$
+ '#%$
!)*!$+ ^℄ #$ %&'()*+,- .$ /0'01- '(2 3$ %1,0*&- 4`1, L*0(10, 10 >' ,;:1&<+,+*( = >'&?1 @
B1>>1-C+( IJ.!0 K,'-$L!0 :,
(,-/3!0 !$ *$+,-./(%&'! !( 6L0!/'M N K:*6 OPPQ- `+>>1 %&'(
1-#'(;'&a 9IID$  3(>+(1℄$ K<'+>'L>1 M B00:MNNB'>$+(&+'$O&N+(&+'PII9QEJQQN1(N9IJ



 !"#$
&'$()* +,#&'$-,* !""#$%& '( $(
*($
*( !℄ #$ %&'()*+,- .$ /0123(4&- 5$ 67'72- '(1 8$ %2,7*&- 9:2;'<+*&'3 '(1 =2>?*&'3%+(@2&?&+(7+(@-A BC5B/- 52,2'&
; 52?*&7 55EFGGH- IJJG$  8(3+(2℄$ /<'+3'032 K;77?KLL;'3$+(&+'$M&L+(&+'EJJNJFNOIL2(L O℄ #$ %&'()*+,- .$ /0123(4&- 5$ 67'72- '(1 8$ %2,7*&- 9/1<'(
21 %+(@2&?&+(7+(@ %*&B(<2(7*&P Q'('@2>2(7-A BC5B/- 52,2'&
; 52?*&7 55E!JNN- IJJG$  8(3+(2℄$ /<'+3'032 K;77?KLL;'3$+(&+'$M&L+(&+'EJJNRG!FFL2(L

IRJ



 !"#!$%&'()!*
 ! "!#$%$&' %() *+ ) ! '&' "',$-'( #( ./ )(0&(12,( 3//45 !"#$"%&'( "))"*+&'( ,-.&/'&'64℄ 83//9 )0!1 &,(!:% ,(0;,& < =(!, ;> &?( @;12$()AB ?&&0<CCDDD5
;11&;F
?5
;1C%;
F1(:&)C
;11&;F
?G3//9G)0!1G&,(:%)GH(!,G;>G&?(G@;12$()50%>56I/℄  5 J5 KF,
?FA 8L$#(:&2!:M(,AB ?&&0<CCDDD5)H1!:&(
5
;1C)(
F,$&HG,()0;:)(CD,$&(F05N)0O%;
$%P3//QRI3IQISRI//4R4456II℄ T5 U(:,HA 8V$WW(,A :!)&$(, 2;&:(&) < X;D 
?(!0(, &; ,(:& ;: &?( 2#!
M 1!,M(&AB ?&&0<CC2#;W5#F1(:)$;:5
;1CO0PI9Q956I3℄ 8Y(,)C2;&:(& 0,(&&H0!,MAB ?&&0<CCDDD5)H1!:&(
5
;1C)(
F,$&HG,()0;:)(CD,$&(F05N)0O%;
$%P3///RI3IZ/SR...[R4456I.℄ \5 U!H!)?$A 8"(,)C2;&:(& :FW!
?(AB ?&&0<CCDDD5)H1!:&(
5
;1C)(
F,$&HG,()0;:)(CD,$&(F05N)0O%;
$%P3//9R/[./I9R/4//R4456I[℄ 8]:,(W$)&,(F,) %( >,!00(A M(H#;WW(,AB ?&&0<CCDDD5M(H#;WW(,5;,WC56IZ℄ 8]#M 
#;:(,AB ?&&0<CCDDD5)M,(:&!5
;1C
#;:(,C56I9℄ 8]WW%,;0A ,;2;& $,
AB ?&&0<CCDDD5(WW?(!%)5;,WC56IQ℄ 8^F&
? )F)0(
&) ?!
M(% I5Z1 0
)AB ?&&0<CCDDD5&?(!W(5
;15!FC:(D)C2,(!M$:WC%F&
?R)F)0(
&)R?!
M(%RIZ1R0
)C3//ZCI/C3ICII34QQZ4I[I[.5?&1#56IS℄ ^5 K;;,( !:% _5 L?!::;:A 8`?( )0,(!% ;> &?( 
;%(R,(% D;,1 a
,"3bAB ?&&0<CCDDD5
!$%!5;,WC,()(!,
?C)(
F,$&HC
;%(R,(%C
;%(,(%"3G!:!#H)$)5c1#56I4℄ `5 d$#);:A 8_;10(&$&$;: 1!H 2( %,$"$:W )F,W( $: 2;&:(&)AB ?&&0<CCDDD5%!,M,(!%$:W5
;1C)(
F,$&HC1!:!W(1(:&C)?;De,&$
#(5N?&1#O!,&$
#(f^P3/SS/.Q44563/℄ g5 X!@!,$;A 8V#!
M(:(,WH %%;) 2;& !:!#H)$)AB ?&&0<CC!&#!)R0F2#$
5(
35!,2;,5:(&C%;
)CV#!
M]:(,WHh^^;LhV;&he:!#H)$)50%>563I℄ 82!
M;,$-
(AB ?&&0<CCDDD5
F#&%(!%
;D5
;1C&;;#)C2;5?&1#53II



 !"#!$%&'()!* !!℄ #$ %&'&'()(* +,-./&0 1. )2(3. 4()5.) &0&1356*7 -))89::;;;$<='&5).
$
(':<.
?23)=@2.<8(5<.:;23).?8$A<8B1(
31C!DDEFDGGHGIFJ!JHFKK$ !J℄ L$ L$ M&5N* O$ ,-&5FP35* ,$ Q$ R..* S$ P=2&* T$ S$ M&5N* ,$ U?55.2=* V$ W&10.2* X$ Y35
0&32*U$ T(88.2* Z$ Z&N(5* &51 %$ M3'* +P(;&21< 
('80.). 5(1. .5?'.2&)3(5 35 & 8..2F)(F8..2 4()5.)*7 35 +,-*&,'-!$,'# ./0($1!20 $, +,3$&0'-!$,4 5$0(2-*&4 ',6 5$002,!
'-!$,1.*
2&!-/ 89.+955.:$ Y=15.=* #?<)2&03& 9 #,[* [&2
- !DDK$ !E℄ L$ W&5N* V$ R3* T$ P?* V$ T?* &51 S$ T?* +#
)3/.0= '.&<?235N 4()< 35 8..2F)(F8..2 5.)F;(2\<*7 35 +,-*&,'-!$,'# 5$,3*&*,
* $, ;*-<$&=1 .*
2&!-/4 >!&*#*11 5$002,!
'-!$,1 ',6?&21-*6 5$0(2-!,% 8;.>5?5:$ W?-&5* ,-35& 9 ]OOO ,('8?).2 Y(
3.)=* #8230 !DDK$ !H℄ Y$ ,-&5N* R$ V-&5N* %$ X?&5* &51 P$ Z&53.0<* +# ^2&'.;(2\ ^(2 8!8 4()5.)<*7 35 +,-*&,'@-!$,'# 5$,3*&*,
* $, 5$002,!
'-!$,1 ',6 A$"!#* 5$0(2-!,% 85A5:$ M?5'35N* %?55&5*,-35& 9 ]OOO ,('8?).2 Y(
3.)=* S&5?&2= !DDK$ !_℄ W$ W&5N* L$ &̀5N* V$ V-&5N* &51 ,$ R3* +# 5(/.0 &882(&
- )( 1.).
) 32
F4&<.1 4()5.)<*735 +,-*&,'-!$,'# 5$,3*&*,
* $, ;*-<$&=1 .*
2&!-/4 >!&*#*11 5$002,!
'-!$,1 ',6 ?&21-*65$0(2-!,%$ W?-&5* ,-35& 9 ]OOO ,('8?).2 Y(
3.)=* #8230 !DDK$ !a℄ V$ R3* #$ X(=&0* %$ ,-.5* &51 b$ Q&c<(5* +#?)('&)35N &5&0=<3< (^ 0&2N.F<
&0. 4()5.) 82(F435N ./.5)<*7 35 +,-*&,'-!$,'# ./0($1!20 $, +,3$&0'-!$,4 5$0(2-*&4 ',6 5$002,!
'-!$,1.*
2&!-/ 89.+955.:$ Y=15.=* #?<)2&03& 9 #,[* [&2
- !DDK$ !I℄ `$ R.1.2 &51 P$ W.25.2* +M5(; =(?2 .5.'= 9 ,(5)&3535N 
(5d
\.2*7 P-. T(5.=5.) Q2(A.
)*eY#* P.
-$ f.8$* !DDK$ !K℄ #$ Q&)-&\* `$ g3&5* %$ ,$ T?* V$ [$ [&(* &51 Y$ f&5A&5* +L()5.) <8&' 
&'8&3N5< 
&54. 0(5N 0&<)35N 9 ./31.5
.* 3'803
&)3(5<* &51 &5&0=<3<*7 35 +,-*&,'-!$,'# B$!,- 
$,3*&*,
* $,A*'12&*0*,- ',6 0$6*#!,% $3 
$0(2-*& 1/1-*01 8.+CAD?E+5.:$ Y.&))0.* W#* eY# 9#,[* S?5. !DDK$ JD℄ [$ Z$ L&30.=* O$ ,((\.* `$ S&-&53&5* %$ h?* &51 [$ M&232* +# Y?2/.= (^ L()5.) P.
-5(F0(N= &51 Z.^.5<.<*7 35 5/"*&1*
2&!-/ 9((#!
'-!$,1 F ?*
),$#$%/ 5$,3*&*,
* G$& H$0*#',6.*
2&!-/ 859?5H:$ W&0)-&'* [#* eY# 9 ]OOO ,('8?).2 Y(
3.)=* [&2
- !DDK$ JG℄ f$ T?51* [$ T&'&55* &51 P$ T(06* +P(;&21< 5.c)FN.5.2&)3(5 4()5.)<*7 35 D2&$(*', 5$,3*@&*,
* $, 5$0(2-*& ;*-<$&= I*3*,1* 8D5J;I:* Z?4035* ]2.0&51* Z.
.'4.2 !DDI$ J!℄ W$ %?* Y$ ,-.00&88&5* h$ W&5N* &51 Z$ h?&5* +Q..2F)(F8..2 <=<).'F4&<.1 &
)3/. ;(2'&))&
\< 9 [(1.035N* &5&0=<3< &51 1.^.5<.*7 5$0(2-*& 5$002,!
'-!$,1* /(0$ JG* 5($ Ga*U(/.'4.2 !DDI$ JJ℄ O$ b&5 f?3).54..\ &51 W$ Y&51.2<* +[(1.035N 8..2F)(F8..2 4()5.)<*7 35 +,-*&,'-!$,'#5$,3*&*,
* $, K2',-!-'-!L* DL'#2'-!$, $3 ./1-*01 8KD.?:* W3003&'<4?2N* eY#* Y.8).'F4.2 !DDI$ JE℄ ,$ f$ Z&/3<* Y$ U./300.* S$ [$ .̀25&51.6* S$F[$ f(4.2)* &51 S$ [
-?N-* +Y)2?
)?2.1 8..2F)(F8..2 (/.20&= 5.);(2\< 9 ]1.&0 4()5.)< 
(''&51 &51 
(5)2(0 35^2&<)2?
)?2.< B7 35 D2&$(*',./0($1!20 $, E*1*'&
) !, 5$0(2-*& .*
2&!-/ 8D.ME+5.:$ [i0&N&* Y8&35 9 Y8235N.2Fb.20&N* j
)(4.2 !DDI$!G!



 ! "#$%#&'() #**#+,'() -./'0('( !"℄ $% &'()*+ ',- .% /0
2*+34 567+ '0)89'):
 -:(
8;+<34 :-+,):=
'):8, ',- 9+'(0<+9+,) 8> ?8)@,+)(4A :, 10*'&0#*230#$ 430/'&'0
' 30 67'&8208 9'
,&2*: 10/3&7#*230) 9:(*'7( #0- ;'
<=03$382'( >964?@AB@6C% &'B .()+<+*4 C<',
+ D $... &89B0)+< E8
:+)34 F0G0() HIIJ% !K℄ L% M:',G4 N% N'8098;4 ',- O% P% Q8((4 5R7+, *: ',- S: *:'8 ',- ''<8, ()<:+G+*4A :, A3&(<3D30 *<' 6
30372
( 3/ 10/3&7#*230 9'
,&2*: >A619C4 T',8;+<4 UEF4 L0,+ HIIJ% !V℄ &% O',:
74 &% O<+:?:
74 O% M+;
7+,284 /% .,<:G7)4 W% X% Y8+*2+<4 Y% Z'[(8,4 ',- E% E'@;'G+4 5EB'9'*3):
( D ', +9B:<:
'* ','*3(:( 8> (B'9 9'<2+):,G 
8,;+<(:8,4A :, 430/'&'0
'30 437D,*'& #0- 
377,02
#*230( ('
,&2*: >449C% F*+[',-<:'4 Y:<G:,:'4 UEF D F&X4\
)8?+< HIIJ% !J℄ W% W04 Q% Z+<-:(
:4 L% R7',G4 ',- P% M++4 5/8)9:,+< D 
*0()+<:,G ','*3(:( 8> ,+)]8<2)<'^
 >8< B<8)8
8*@ ',- ()<0
)0<+@:,-+B+,-+,) ?8),+) -+)+
):8,4A :, 9'
,&2*: 9:7D3(2,7>99C% E', L8(+4 &F D UE.N$_ F((8
:'):8,4 L0*3 HIIJ4 BB% `!ab`"c% !a℄ 6% T8*d4 X% E)+:,+<4 C% e'7*4 .% /:+<('
24 ',- C% C<+:*:,G4 5X+'(0<+9+,)( ',- 9:):G'):8,8> B++<@)8@B++<@?'(+- ?8),+)( D ' 
'(+ ()0-3 8, ()8<9 ]8<94A :, ?('02E A3&F(<3D 30G#&8'=9
#$' 6ED$32*( #0- 67'&8'0* ;<&'#*( >G66;C% E', C<',
:(
84 &'*:>8<,:' D UE.N$_F((8
:'):8,4 X8,)7 HIIJ% cI℄ f% _:+4 C% f04 O% F
7',4 Q% Z',:G<'734 W% T0*)+,4 ',- $% \(:B28;4 5EB'99:,G ?8),+)( D(:G,')0<+( ',- 
7'<'
)+<:():
(4A 91H4I""4 ;8*% !J4 ,8% c4 BB% `V`b`JH4 F0G0() HIIJ% c`℄ F% N+)]8<2(4 5P8<*-]:-+ $EZ (+
0<:)3 <+B8<)4A F<?8<4 M+[:,G)8,4 XF4 UEF4 6+
7% Q+B%4HIIJ% cH℄ T% F?-+*,0<4 \% C+()8<4 ',- Q% E)')+4 5O:C D F ()')+>0* E$Z C0dd+<4A :, 10*'&0#*230#$ 430/'=&'0
' 30 J&20
2D$'() 9:(*'7( #0- BDD$2
#*230( 3/ 1J ;'$'
377,02
#*230( >1J;4377C%N+] f8<2 &:)34 UEF D F&X E$W&\XX4 L0*3 HIIV% c!℄ P% &0:4 X% Z+:,'-84 T% P',G4 ',- X% M8
'()84 5E7:+*-G+, D F0)89'):
 -')' B')
7 G+,+<'@):8, >8< 0,2,8], ;0*,+<'?:*:):+( ]:)7 :,>8<9+- B<8?:,G4A :, 1666 9:7D3(2,7 30 9'
,&2*:#0- J&2K#
: >9JC% /+<2+*+3g\'2*',-4 UEF D $...4 X'3 HIIV% cc℄ Q% Y8G)4 L% F3
8
24 ',- X% L% L'
8?(8,4 5F<93 8> ?8),+)(4A :, L'*%3&F #0- M2(*&2N,*'-9:(*'7 9'
,&2*: 9:7D3(2,7 >LM99C% E', e:+G84 UEF D $,)+<,+) E8
:+)34 C+?<0'<3 HIIV% c"℄ e% e'G8,4 W% W04 &% M++4 ',- P% M++4 5F )'[8,893 8> ?8),+) ()<0
)0<+(4A :, B00,#$ 437=D,*'& 9'
,&2*: BDD$2
#*230( 430/'&'0
' >B49B4C% X:'9: /+'
74 UEF D $... &89B0)+<E8
:+)34 e+
+9?+< HIIV% cK℄ L% W8+?+* ',- 6% T8*d4 5Q:(7: D :-+,):>3 ?8) 
8,)'9:,')+- 78()( ?3 :<
 ,:
2,'9+ +;'*0'):8,4A:, O2&(* A3&F(<3D 30 P3* ;3D2
( 20 ?0-'&(*#0-208 Q3*0'*( >P3*Q3*(C% &'9?<:-G+4 XF DUE.N$_ F((8
:'):8,4 FB<:* HIIV% cV℄ F% O'<'('<:-:(4 /% Q+[<8'-4 ',- e% T8+h:,4 5P:-+@(
'*+ ?8),+) -+)+
):8, ',- 
7'<'
)+<:d'@):8,4A :, O2&(* A3&F(<3D 30 P3* ;3D2
( 20 ?0-'&(*#0-208 Q3*0'*( >P3*Q3*(C% &'9?<:-G+4XF D UE.N$_ F((8
:'):8,4 FB<:* HIIV% cJ℄ W% W04 Z% Z8<<'(4 Y% f+G,+(]'<',4 X% C8,G4 ',- P% M++4 5/8)70,)+< D -+)+
):,G 9'*]'<+:,>+
):8, )7<80G7 :-(@-<:;+, -:'*8G 
8<<+*'):8,4A :, ?96L1R 9'
,&2*: 9:7D3(2,7 >99C%/8()8,4 XF D UE.N$_ F((8
:'):8,4 F0G0() HIIV% H`!



 !"#!$%&'()!* !"℄ $% &
()**+, -./ 0% 1).2*+34  $+,*+- . /)* 0!##*& 1*" 2((#!
'+!$,-% &3.5,+66 789*)6().54:+;,8-,3 <==>% ?=℄ 7% @-.54 &% &A-,264 -./ $% $% BC84 DE. -/;-.
+/ (39,)/ A++,FGCFA++, 9CG.+G4H ). 4!&-+1$&5-)$( $, 6$+ /$(!
- !, 7,8*&-+',8!,%  $+,*+- 96$+ $+-:% $-I9,)/5+4 JE K L&MNOPE66C
)-G)C.4 EA,)* <==>% ?Q℄ 0% 1% R,)SS-,/4 T% &(-,I-4 $% N8..+,34 1% 1% U-.54 -./ V% V-5C.4 D7++,FGCFA++, 9CG.+G6 KW;+,;)+X -./ 
-6+ 6G8/34H ). 4!&-+ 1$&5-)$( $, 6$+ /$(!
- !, 7,8*&-+',8!,%  $+,*+-96$+ $+-:% $-I9,)/5+4 JE K L&MNOP E66C
)-G)C.4 EA,)* <==>% ?<℄ J% E% Y-Z-94 0% B-,[C664 :% JC.,C6+4 -./ E% \+,S)64 DJ3 9CG.+G )6 9)55+, G(-. 3C8,6]I-39+4 9+GG+, G(-. 3C8,6^ K X(3 6)S+ +6G)I-G+6 ,+I-). 
(-**+.5).54H ). 4!&-+ 1$&5-)$( $,6$+ /$(!
- !, 7,8*&-+',8!,%  $+,*+- 96$+ $+-:% $-I9,)/5+4 JE K L&MNOP E66C
)-G)C.4EA,)* <==>% ?_℄ 7% 1-,[C,/ -./ T% +̀5.+6X-,-.4 2, !,-!8* #$$5 '+  $+,*+-% &A,).5+,4 J-,
( <==>4 
(% a% ?!℄ Y% :C,/ -./ &% RC,/C.4 D$+.G4 b;+ 
+.G4 G+. 
+.G4 /C**-, K ()GG).5 9CG.+G6 X(+,+ )G ,+-**3(8,G64H ). 1$&5-)$( $, ;*< -*
=&!+> ('&'8!%?- 9;@A1:% R+,I-.3 K E$J4 &+AG+I9+,<==c% ??℄ B% \,-9+*6) -./ U% &(8-)94 DJ-. ). G(+ I)//*+ ).G,86)C. /+G+
G)C.4H ). BCCC D#$"'# /*E#*
$??=,!
'+!$,- F$,G*&*,
* 9DHI CFIJ:% &-. :,-.
)6
C4 L&E K OMMM4 NC;+I9+,<==c% ?c℄ U% Y-I-
(-./,-. -./ 1% &)2/-,4 DJC/+*).5 I-*X-,+ A,CA-5-G)C. ). 5.8G+**- G3A+ A++,FGCFA++, .+GXC,26%H Y(C/+6 O6*-./4 R,++
+ K OMMM4 EA,)* <==c% ?>℄ 0% d)-.54 N% N-C8IC;4 -./ U% @% YC664 D\(+ )./+e AC)6C.).5 -GG-
2 ). A<A b*+ 6(-,).5636G+I64H ). B,+*&,'+!$,'# F$,G*&*,
* $, F$?(=+*& F$??=,!
'+!$,- 9B;4IFIJ:% 1-,F
+*C.-4 &A-). K OMMM4 EA,)* <==c% ?a℄ E% Y-I-
(-./,-.4 N% :+-I6G+,4 -./ V% V-5C.4 DY+;+-*).5 9CG.+G I+I9+,6()A 86).5 /.69*
C8.G+,F).G+**)5+.
+4H ). F$,G*&*,
* $, @+*(- +$ K*8=
!,% 7,<',+*8 /&'L
 $, +)* B,+*&,*+9@K7/B:% &-. 0C6+4 $E K L&MNOP E66C
)-G)C.4 08*3 <==c% ?"℄ M% E*-G-4 T% N)
CI+GG+4 J% U- f.)
(+4 J% V-
)+,4 -./ J% g+,,94 Dd+66C.6 *+-,.+/ [,CI G(+/+A*C3I+.G C[ - ()5(F).G+,-
G)C. (C.+3ACG4H ). C=&$(*', M*(*,8'"#* F$?(=+!,% F$,G*E&*,
* 9CMFF:% $-I9,)-4 7C,G85-* K OMMM $CIA8G+, &C
)+G34 W
GC9+, <==c% c=℄ 0% Y% 1).2*+3 -./ &% &).5(4 DE. -*5C,)G(I [C, -.CI-*3F9-6+/ 9CG.+G /+G+
G)C.4H ). F$,G*E&*,
* $, @+*(- +$ K*8=
!,% 7,<',+*8 /&'L
 $, +)* B,+*&,*+ 9@K7/B:% &-. 0C6+4 $E KL&MNOP E66C
)-G)C.4 08*3 <==c% cQ℄ J% E98 Y-Z-94 0% B-,[C664 :% JC.,C6+4 -./ E% \+,S)64 DE I8*G)[-
+G+/ -AA,C-
( GC 8./+,6FG-./).5 G(+ 9CG.+G A(+.CI+.C.4H ). F$,G*&*,
* $, B,+*&,*+ ?*'-=&*?*,+ 9BJF:% Y)C /+0-.+,),C4 1,-S)* K E$J4 W
GC9+, <==c% c<℄ V% V-5C.4 $% BC84 -./ @% d++4 DJC/+*).5 9CG.+G A,CA-5-G)C. 86).5 G)I+ SC.+64H ). ;*+<$&5',8 M!-+&!"=+*8 @>-+*? @*
=&!+> @>?($-!=? 9;M@@:% &-. V)+5C4 L&E K O.G+,.+G &C
)+G34:+9,8-,3 <==c%<Q!



 ! "#$%#&'() #**#+,'() -./'0('( !"℄ $% &'()'*+, -./0)1+/23 144567+/024 8/+( 95::/23,; /2 1'
,&3*4 5 6&37#
4 8169% <'*='>)'?@&1=)12A, BCD E FGGG, H1*
(>D7*/) JKKL% !M℄ N% O') P*0440, P% D2+02/0), H% O/ $'2+1, $% P1)/2/'*, 12A G% H'*)0, -F67*0Q/23 2'+80*=177)/
1+/024 4'
5*/+? E 1 2'8 ('5*/4+/
 +0 3'2'*1+' 4+*'44 +'4+/23 A1+1,; /2 :;0/'&'0
' ;0<'0'*3
 #0- '7;$,*3;0#&4 
;=>,*#*3;0 8<?::@9% R14(/23+02 ON, BCD E DNH, S52'JKKL% !L℄ H% H12212 12A $% N% Q12 &0*4
(0+, -&2 /24+12+ 6'4413/23 80*64, 121)?4/4 12A 
052+'*>6'145*'4,; /2 A;&B(C;> ;0 D#>3- =#$
;-' 8A@D"9% T1/*91U, .D, BCD E DNH, V0Q'6W'*JKKL% !!℄ G% N00=', T% S1(12/12, 12A O% H
7('*402, -X(' :06W/' *052A57 E B2A'*4+12A/23, A'+'
>+/23, 12A A/4*57+/23 W0+2'+4,; /2 A;&B(C;> ;0 1*'>( *; D'-,
30E F0%#0*'- G&#H
 ;0 *C'I0*'&0'* 81DFGI9% N16W*/A3', BCD E BCGVFY D440
/1+/02, S5)? JKKL% !Z℄ S% N121Q12, -X(' 'Q0)5+/02 09 61)/
/054 /*
 W0+4,; /2 J3&,( K,$$'*30 :;0/'&'0
' 8JK9,O5W)/2, F*')12A, &
+0W'* JKKL% ![℄ $% C:0*, GC' L&* ;/ :;=>,*'& J3&,( D'('#&
C #0- M'/'0('% DAA/402>R'4)'? $*09'44/021),T'W*51*? JKKL% !\℄ G% TF]F&], :;=>,*'& 73&,('( N /&;= *C';&4 *; #>>$3
#*3;0(% C7*/23'*, S52' JKKL% ZK℄ $% <^
('*, X% _0):, H% `a++'*, 12A P% R/
('*4=/, -`208 ?05* '2'6? E X*1
=/23 W0+2'+4%(++7E@@888%(02'?2'+%0*3@717'*4@W0+4@,; JKKL% Zb℄ C% C
('
(+'*, S% S523, 12A D% R% <'*3'*, -T14+ O'+'
+/02 09 C
122/23 R0*6 F29'
+/024,; /214=>;(3,= ;0 D'
'0* L-7#0
'( 30 I0*&,(3;0 M'*'
*3;0 8DLIM9% T*'2
( c/Q/'*1, T*12
' E47*/23'*, C'7+'6W'* JKKM% ZJ℄ C% C+12/90*A, O% H00*', .% $1U402, 12A V% R'1Q'*, -X(' +07 47''A 09 d14( 80*64,; /2A;&B(C;> ;0 D#>3- =#$
;-' 8A@D"9% R14(/23+02 ON, BCD E DNH $*'44, &
+0W'*JKKM% Z"℄ ]% H
]153()/2, -<0+ 409+81*' 47*'1A4, 
154'4 2'8 80**/'4,; M3(*&3O,*'- 14(*'=( @0$30',Q0)% L, 20% !, S52' JKKM% ZM℄ N% O05)/3'*/4 12A D% H/+*0=0+41, -OA04 1++1
=4 12A A'9'24' 6'
(12/464 E 
)144/e
1+/0212A 4+1+'>09>+('>1*+,; :;=>,*! P'*%!, Q0)% MM, 20% L, 77% !M"f!!!, &
+0W'* JKKM% ZL℄ F% D*
' 12A G% ]'Q?, -D2 121)?4/4 09 +(' 4)177'* 80*6,; I??? 1'
,&3*4 #0- 6&37#
4, Q0)% b,20% b, 77% [Jf[Z, S1251*? JKK"% Z!℄ N% g05, R% P023, 12A O% X084)'?, -R0*6 7*07131+/02 60A')/23 12A 121)?4/4 52A'* A?>216/
 h51*12+/2' A'9'24',; /2 A;&B(C;> ;0 D#>3- =#$
;-' 8A@D"9% R14(/23+02 ON,BCD E DNH $*'44, &
+0W'* JKK"% ZZ℄ S% V1:1*/0, M'/'0(' #0- M'*'
*3;0 1*&#*'E3'( #E#30(* I0*'&0'* A;&=(% D*+'
( _054', F2
%,&
+0W'* JKK"% Z[℄ O% H00*', .% $1U402, C% C1Q13', N% C(12202, C% C+12/90*A, 12A V% R'1Q'*, -F24/A' +('4)166'* 80*6,; I??? 1'
,&3*4 #0- 6&37#
4, Q0)% b, 20% M, 77% ""f"\, S5)? JKK"% JbL



 !"#!$%&'()!* !"℄ $% &'()*+, -% -./0, 123 4% &5'31, 67*'85
* :;*
5<
 12.=1+> 3*/*
/5.2 ?.' 2*/@.'A 52/'B:5.23*/*
/5.2,C 52 +,-($.!/- $0 1((#!*2 
$-(/4!0% 5+167% D13'53, 7;152 E F$D, D1'
0GHHG% IH℄ J% K% L.B
*B', 6-0* :>M5+ 1//1
A,C 52 804*&0'4!$0'# 9$&:.)$( $0 ;**&<4$<;**& +,.4*-.58;=;+% $1=M'53)*, N7F E 7;'52)*'OP*'+1), D1'
0 GHHG% IQ℄ $% R.B, S% T.2), 123 L% -.@:+*>, 6$.3* '*3 @.'= ;'.;1)1/5.2 =.3*+52) 123 121+>O:5:,C 52 6$0>*&*0
* $0 6$-(/4*& '02 6$--/0!
'4!$0. +*
/&!4, 566+7, S1:052)/.2, N7F,U.8*=M*' GHHG% IG℄ 7% 7/125?.'3, P% V1W:.2, 123 U% S*18*', 6X.@ /. .@2 /0* 52/*'2*/ 52 >.B' :;1'* /5=*,C 52+*
/&!4, +,-($.!/-% 712 Y'12
5:
., N7F E N74UZ[ F::.
51/5.2, FB)B:/ GHHG% I\℄ D% ]5:0.;, 6F21+>:5: .? /0* 5+.8*>.B @.'=,C L*;1'/=*2/ .? $.=;B/*' 7
5*2
*, N258*':5/>.? $1+5?.'251, N7F, -*
0% K*;%, GHHH% I^℄ D% K.*:
0, 672.'/ E _5)0/@*5)0/ 52/'B:5.2 3*/*
/5.2 ?.' 2*/@.'A:%C 52 +,.4*-. 12-!0!.4&'<4!$0 6$0>*&*0
* 5?8+17% 7*1//+*, N7F E N74UZ[, U.8*=M*' Q"""% I`℄ 4% X% 7;1a.'3, 6-0* 52/*'2*/ @.'= 52
53*2/,C 52 @/&$(*'0 +$>4A'&* @0%!0**&!0% 6$0>*&*0
*5@+@67% $.8*2/'>, N& E 7;'52)*'OP*'+1), 7*;/*=M*' Q"I"% Ib℄ _% F3+*=12, 6F2 1M:/'1
/ /0*.'> .? 
.=;B/*' 85'B:*: c5285/*3 /1+Ad,C 52 12B'0
*. !0 6&,(<4$#$%, 56CD;=E7% 712/1 ]1'M1'1, $1+5?.'251, N25/*3 7/1/*: E 7;'52)*'OP*'+1) U*@ e.'A,Z2
%, FB)B:/ Q"II% I!℄ Y% $.0*2, 6$.=;B/*' 85'B:*: E -0*.'> 123 *W;*'5=*2/:,C 6$-(/4*&. F +*
/&!4,, 8.+% b,2.% Q, ;;% GGf\`, Y*M'B1'> Q"I!% II℄ J% V% F23*':.2, 6$.=;B/*' :*
B'5/> /*
02.+.)> ;+12252) :/B3>,C N7 F5' Y.'
* 4+*
/'.25
7>:/*=: L585:5.2, N7F, -*
0% K*;%, Q"!G% I"℄ S% g% &*'=1
A 123 F% T% D
&*23'5
A, 6F 
.2/'5MB/5.2 /. /0* =1/0*=1/5
1+ /0*.'> .?*;53*=5
:,C C$,'# +$
!*4, $> ?$02$0 ;&$
**2!0%. +*&!*. 1, 8.+% QQ`, ;;% !HHf!GQ, FB)B:/Q"G!% !"#$%&'()&"* #+' ,")*+)' "H℄ 7% 4+OF2:1'>, _% g% F+5=1, V% ]'123, 123 7% X1'535, 64h
5*2/ M'.13
1:/ 52 :/'B
/B'*3 ;G;2*/@.'A:%C 52 804*&0'4!$0'# 9$&:.)$( $0 ;**&<4$<;**& +,.4*-. 58;=;+7% ]*'A*+*>, N7F E7;'52)*'OP*'+1), Y*M'B1'> GHH\% "Q℄ e% $01@1/0*, 7% K1/21:1=>, _% ]'*:+1B, U% _1201=, 123 7% 70*2A*', 6D1A52) )2B/*++1O+5A* ;G; :>:/*=: :
1+1M+*,C 52 6$0>*&*0
* $0 1((#!
'4!$0.G 4*
)0$#$%!*.G '&
)!4*
4/&*.G '02(&$4$
$#. >$& 
$-(/4*& 
$--/0!
'4!$0.% &1'+:'B0*, T*'=12> E F$D 7ZT$gDD, FB)B:/GHH\% "G℄ Z% 7/.5
1, K% D.''5:, L% &1')*', Y% &11:0.*A, 123 X% ]1+1A'5:0212, 6$0.'3 E F :
1+1M+*V**'O-.OV**' +..AB; :*'85
* ?.' 52/*'2*/ 1;;+5
1/5.2:,C 52 +8H6EII 6$0>*&*0
*% 712L5*)., N7F E F$D, FB)B:/ GHHQ%GQb



 ! "#$%&'()*#)(+%(+ !"℄ $% &'()*+ ,% $% -''./0)*+ &% -'12)1+ 3% ,0114.+ '56 7% 8904
'+ ;<46)='1)' 
00>)1'94?).901'2) @49/ A$8+B 45 ,-./&0(1. &) 2/+%3$()* ,-0$+.0 4%()
(/6+0 7,2,48% A/'9)'CD'*) D0C4.)+ E'5F+ A'5'6' G HA,+ I
90()1 JKKL% !M℄ ,% N% O% P)@Q'5+ 8% R% 89102'9S+ '56 &% O% <'99.+ ;3'560Q 21'>/. @49/ '1(491'1T6)21)) 64.914(C9405 '56 9/)41 '>>U4
'9405.+B 8'59' $) 75.949C9)+ <01*452 V'>)1.+ OCUTJKKK%  I5U45)℄% H?'4U'(U) G /99>GWW46)'.%1)>)
%012W>W@0>W.'X@>WKK=KY=KMJ%/9QU !Z℄ H% D% E'1'('.4 '56 3% HU()19+ ;NQ)12)5
) 0[ .
'U452 45 1'560Q 5)9@01*.+B ,
(+)
++ ?0U%J\]+ 50% ZM"!+ >>% ZK!^ZLJ+ I
90()1 L!!!% !]℄ &% O% <'99. '56 8% R% 89102'9S+ ;A0UU)
94?) 6T5'Q4
. 0[ W_.Q'UU=@01U6W` 5)9@01*.+B 93$1%++?0U% "!"+ 50% ]]\M+ >>% MMK^MMJ+ OC5) L!!\% !Y℄ a% P% 8'
/*0?+ 4%&:3:(6(0$(
 .+$;&<0 () 
&.:()3$&%(36 3)36-0(0% A'Q(1462) b54?)1.49TV1)..+ ,'T L!!Y+ 
/% ] = 3'560Q c1'>/. '56 3'560Q ,'>>452.% !\℄ V% N160. '56 H% 3)5T4+ ;I5 9/) )?0UC9405 0[ 1'560Q 21'>/.+B 41:6! =3$;! >)0$! ?1)*!@
3<! ,
(+ ?0U% Z+ >>% LY^]L+ L!]K% !"#$%&'()"('*$'* !!℄ ;<45)+B /99>GWW@@@%@45)/d%012W% LKK℄ ;e
>1)>U'T+B /99>GWW9
>1)>U'T%.T5X5%5)9W91'
W% LKL℄ ;89C554f 
gg 0([C.
'901+B /99>GWW@@@%.9C554f%
0QW>106W
ff0W0?)1?4)@%./9QU% LKJ℄ N% ,01>/T+ ;8*T>) >1090
0U 1)?)1.) )5245))1)6+B /99>GWW@@@%9)
/5)@.@01U6%
0QW.901TW6>1QT9hPi"8V!aWA/45).)=N5245))1.=3)>019)6UT=A1'
*=8*T>).=A06)%f/9QUj@U
kLJM]\]\"JL% LK"℄ H% e1462)UU+ ;R0@ .'Q(' @'. @1499)5+B /99> GWW.'Q('%012W[9>W91462)WQ4.
W[1)5
/l
'[)%9f9% LKM℄ ,% E)660)+ ;V1090
0U 45[01Q'94
.+B /99> GWW@@@%M9>/4%5)9W '@'U9)1.WV7WV7%/9QU% LKZ℄ ;76' G 759)1'
94?) 64.'..)Q(U)1+B /99>GWW@@@%/)f=1'T.%
0QW46'>10W% LK]℄ <% AC4+ ;&4.
0?)1)1 G HC90Q'94
 >1090
0U 1)?)1.) )5245))1452 [10Q 5)9@01* 91'
).+B >>%L!!^JLJ% LKY℄ V% ,4U'54 0Q>'1)994+ c% <0561'
)*+ A% -1C)2)U+ '56 N% -416'+ ;V10.>)f G >1090
0U .>)
4=X
'9405 )f91'
9405+B 45 ,-./&0(1. &) ,+
1%($- 3)< 4%(A3
-% I'*U'56+ b8H G 7NNN+ ,'TJKK!% LK\℄ m% D45+ i% O4'52+ &% iC+ '56 i% m/'52+ ;HC90Q'94
 >1090
0U [01Q'9 1)?)1.) )5245))14529/10C2/ 
05)
9)
9='@'1) Q054901)6 )f)
C9405+B 45 ,-./&0(1. &) 9+$B&%C 3)< D(0$%(:1$+<,-0$+. ,+
1%($- 79D,,8% 8'5 &4)20+ b8H G 759)15)9 80
4)9T+ $)(1C'1T JKK\% LK!℄ <% AC4+ ,% V)45'60+ -% A/)5+ R% O% <'52+ '56 D% 71C5=E14S+ ;eC>54 G 'C90Q'94
 1)?)1.))5245))1452 0[ 45>C9 [01Q'9.+B 45 E&)F+%+)
+ &) E&./1$+% 3)< 
&..1)(
3$(&)0 0+
1%($-7EE,8% HU)f'5614'+ a412454'+ b8H G HA,+ I
90()1 JKK\% JLY



 !"#!$%&'()!* !!"℄ $% &'()*+
-./ 0% 1% 2'34+*-556/ 2% 7*8-9-:/ +() ;% 76*)+/ <=85'3+56
 (-5>'*. 4*'5'
':+(+:?@6@/A 6( +,-($.!/- $0 1*23$&4 '05 6!.2&!"/2*5 +,.2*- +*
/&!2, 816++9% B+( C6-9'/DB= E F(5-*(-5 B'
6-5?/ G-H*8+*? I""J% !!!℄ K% &+(9/ L% M6+(/ &% 286/ +() L% &+(9/ <N-O'*3+5 E =85'3+56
 *-P-*@- -(96(--*6(9 'O-(
*?45-) 3-@@+9-@/A Q'*5R 2+*':6(+ B5+5- D(6P-*@65?/ DB=/ S-
R% N-4%/ I""J% !!I℄ Q% T'*6@'P/ C% M% T*83:-?/ +() U% M% &+(9/ <= 9-(-*6
 +44:6
+56'(V:-P-: 4*'5'
': +(+:?W-*+() 65@ :+(98+9-/A 6( +,-($.!/- $0 1*23$&4 '05 6!.2&!"/2*5 +,.2*- +*
/&!2, 816++9%B+( C6-9'/ DB= E F(5-*(-5 B'
6-5?/ 1+*
R I""X% !!Y℄ M% 2+H+::-*'/ U% Z6(/ K% [6+(9/ +() C% B'(9/ <0':?9:'5 E +85'3+56
 -\5*+
56'( 'O 4*'5'
':3-@@+9- O'*3+5 8@6(9 )?(+36
 H6(+*? +(+:?@6@/A 6( :$0;*&*0
* $0 :$-(/2*& '05 
$--/<0!
'2!$0. .*
/&!2, 8::+9% =:-\+()*6+/ ]6*96(6+/ DB= E =21/ ^
5'H-* I""X% !!_℄ 1% BR-P-*5+:'P +() B% 1+(
'*6)6@/ <= *-P-*@- -(96(--*6(9 5'': O'* -\5*+
56(9 4*'5'
':@ 'O(-5>'*.-) +44:6
+56'(@%A ]+(
'8P-*/ 2+(+)+ E B4*6(9-*/ ^
5% I""X% !!`℄ 1% Q% $+9('(/ B% S+?:'*/ +() =% 7% $R'@R/ <B'O5>+*- 4*'5-
56'( 5R*'89R +(56V)-H8996(9/A+*
/&!2, '05 =&!>'
,/ P':% `/ ('% Y/ 44% JIaJ_/ 1+? I""X% !!b℄ M% 1+/ 7% [-P
R-(.'/ 2% 7*-6H6
R/ B% B+P+9-/ +() $% 1% ]'-:.-*/ <D(-\4-
5-) 3-+(@ 'O4*'5'
': 6(O-*-(
-%A 6( ?02*&0*2 @*'./&*-*02 :$0;*&*0
* 8?@:9% N6' )- M+(-6*'/ T*+W6: E=21 BF$2^11/ ^
5'H-* I""b% !!X℄ 7% $'4+:*+5(+3/ B% T+@8/ M% C8(+9+(/ +() U% M% &+(9/ <=85'3+56
+::? -\5*+
56(9 c-:)@O*'3 8(.('>( (-5>'*. 4*'5'
':@/A M8(- I""b% !!J℄ M% Q->@'3-/ C% T*83:-?/ M% G*+(.:6(/ +() C% B'(9/ <N-4:+?-* E +85'3+56
 4*'5'
': *-V4:+? H? H6(+*? +(+:?@6@/A 6( :$0;*&*0
* $0 :$-(/2*& '05 
$--/0!
'2!$0. .*
/&!2, 8::+9%=:-\+()*6+/ ]6*96(6+/ DB= E =21/ ^
5'H-* I""b% !!d℄ &% 286/ ]% 0+\@'(/ Q% &-+P-*/ +() N% U% 7+5W/ <0*'5'
':V6()-4-()-(5 +)+456P- *-4:+? 'O+44:6
+56'( )6+:'9/A 6( +,-($.!/- $0 1*23$&4 '05 6!.2&!"/2*5 +,.2*- +*
/&!2, 816++9%B+( C6-9'/ DB= E F(5-*(-5 B'
6-5?/ G-H*8+*? I""b% !I"℄ 0% U+e(-*/ B% B-(/ ^% B4+5@
R-
./ +() C% &+(9/ <=2=B E +85'3+5-) 
'(@5*8
56'( 'O+44:6
+56'( @69(+58*-@%A 6( @!0*1*2% 0R6:+)-:4R6+/ DB= E =21 BF$2^11/ =898@5 I""`% !I!℄ 2% [-65+/ 7% 1-*3'8)/ +() 1% C+
6-*/ <B
*6459-( E +( +85'3+5-) @
*645 9-(-*+56'( 5'': O'*R'(-?)/A A00/'# :$-(/2*& +*
/&!2, A((#!
'2!$0. :$0;*&*0
* 8A:+A:9/ C-
-3H-* I""`% !II℄ 1% T89+:R' +() =% [% ^:6P-6*+/ <F(O-*-(
- 'O *-98:+* :+(98+9-@ 8@6(9 @5+5- 3-*96(9 +:9'V*65R3@ >65R @-+*
R/A ='22*&0 B*
$%0!2!$0/ P':% YJ/ ('% d/ 44% !_`X a !_bX/ 1+*
R I""`% !IY℄ T% T+*+./ ^% $':)*-6
R/ N% F34+9:6+WW'/ B% N8)6
R/ =% B+R+6/ B% 0% ]+)R+(/ +() 7% Z+(9/<^( 5R- f63g4'@@6H6:65? 'O 'HO8@
+56(9 4*'9*+3@/A 6( A00/'# ?02*&0'2!$0'# :&,(2$#$%,:$0;*&*0
* $0 A5>'0
*. !0 :&,(2$#$%, 8:BC=DE9% B+(5+ T+*H+*+/ DB= E B4*6(9-*V]-*:+9/ =898@5 I""!% !I_℄ 0% $+*
6+/ =% 2+('/ +() M% N86W/ <= 
'34+*+56P- @58)? 'O 5>' +:9'*65R3@ O'* +85'3+5+6)-(56c
+56'(/A 6( ?02*&0'2!$0'# :$##$F/!/- $0 G&'--'2!
'# ?0;*&*0
* 8?:G?9% [6@H'(/0'*589+: E B4*6(9-*V]-*:+9/ B-45-3H-* I"""%I!J



 ! "#$%&'('#$)#$% !"#℄ %& '(( )*+ ,& -).*)*/0 12(3(45(6(*7/*((4/*7 89 
8;;<*/
)=/8* >48=8
8?50@ /* *$)&'$+)#,$+-.,$/&'&$
& ,$ 1&)2,'3 4',),
,-5 6*.147& -)* A4)*
/5
80 B)?/984*/) C DEEE0 F
=8.(4 !GGH& !"I℄ E& J& BK/L895LM )*+ J& N& B4855 DD0 12(3(45( (*7/*((4/*7 )*+ +(5/7* 4(
83(4M C O =)P8*8;M0@*888 9,/)2+'&0 38?& Q0 *8& !0 >>& !HR!Q0 J)*<)4M !GGS& !"Q℄ 2& '& 2/3(5= )*+ 2& E& -
K)>/4(0 1D*9(4(*
( 89 T*/=( )<=8;)=) <5/*7 K8;/*7 5(U<(*
(50@ /*9:;(,5#<; ,$ =>&,': ,/ 
,;(<)#$% 69=?.7& -()==?(0 V)5K/*7=8*0 W*/=(+ -=)=(5 C OBX0X)M !GYG& !"Y℄ %& O*7?</*0 1'()4*/*7 4(7<?)4 5(=5 948; U<(4/(5 )*+ 
8<*=(4(P);>?(50@ *$/,';+)#,$ +$@
,;(<)+)#,$0 38?& Q#0 *8& "0 >>& YQR!SI0 -(>=(;.(4 !GYQ& !"G℄ E& X& Z8?+0 1B8;>?(P/=M 89 )<=8;)=8* /+(*=/T
)=/8* 948; 7/3(* +)=)0@ *$/,';+)#,$ +$@.,$)',-0 38?& HQ0 *8& H0 >>& HS"RH"S0 !GQY& !HS℄ E& V& %/[L5=4)0 1Z<)4+(+ 
8;;)*+50 *8*+(=(4;/*)
M )*+ 984;)? +(4/3)=/8* 89 >4874);50@.,;;<$#
+)#,$5 ,/ )>& A.B0 38?& !Y0 *8& Y0 >>& \#HR\#Q0 O<7<5= !GQ#& !"#$%&'&"#("#$ !H!℄ 1]>48.(0@ K==>C^^P>48.(&58<4
(9847(&*(=^& !H"℄ 1_S90@ K==>C^^?
);=<9&
84(+<;>&
P^>S9&5K=;?& !HH℄ 1D*=(4*(= )55/7*(+ *<;.(45 )<=K84/=M0@ K==>C^^```&/)*)&847^& !H\℄ 1N==>>4/*=0@ K==>C^^```&*(=65U<)4(&
8;^K==>4/*=^K==>4/*=a>)>(4&K=;?& !H#℄ 1O;)>0@ K==>C^^94((`84?+&=K
&847^=K
6);)>^& !HI℄ Z& A& 'M8*0 1;+( 1&)2,'3 9
+$$#$% C =>& ?D
#+- 1;+( 4',E&
) F<#@& ), 1&)2,'3 G#5H
,I&': +$@ 9&
<'#): 9
+$$#$%& D*5(
<4( _4(550 J)*<)4M "SSG& !HQ℄ J& b<448*/ )*+ B& -)44)<=(0 1W5/*7 *(<4)? *(=`84L5 =8 /;>483( 
?)55/
)? 8>(4)=/*7 5M5=(;T*7(4>4/*=/*7 =(
K*/U<(50@ 8-&
)',$#
 J,<'$+- ,/ 9AG*?0 38?& Y0 *8& !0 >>& #SGR#!"0 X)4
K"SSY& !HY℄ N& O.+(?*<40 2& -=)=(0 )*+ F& A(5=840 1O+3)*
(+ c(=`84L A/*7(4>4/*=/*70@ /* K&
&$)A@I+$
&5 #$ *$)'<5#,$ G&)&
)#,$ 6KA*G7& b85=8* W*/=(+ -=)=(5 C ->4/*7(40 -(>=(;.(4"SSY& !HG℄ '& B& B& %(5;8*+0 B& B& d<)*0 e& B& _K(*70 )*+ 2& -& '((0 1D+(*=/9M/*7 <*/U<( +(63/
(5 =K48<7K `/4(?(55 T*7(4>4/*=/*70@ /* .,$/&'&$
& ,$ L#'&-&55 $&)2,'3 5&
<'#): 6L#9&
7&O?(P)*+4/)0 fO0 W-O C OBX0 X)4
K "SSY& !\S℄ c&6A& N<)*70 Z&6d& J)/0 )*+ N&6B& BK)80 1E)4?M /+(*=/9M/*7 )>>?/
)=/8* =4)g
 `/=K )>>?/6
)=/8* 
K)4)
=(4/5=/
50@ /* *$)&'$+)#,$+- .,$/&'&$
& ,$ .,;;<$#
+)#,$5 6*8887& b(/[/*70BK/*) C DEEE0 X)M "SSY& !\!℄ N& ,/;0 ,& B?)hM0 X& A8;(*L830 %& b)4;)*0 X& A)?8<=5850 )*+ ,& '((0 1D*=(4*(= =4)g

?)55/T
)=/8* +(;M5=/T(+ C ;M=K50 
)3()=50 )*+ =K( .(5= >4)
=/
(50@ /* .,18M= .,$/&'&$
&&X)+4/+0 ->)/* C OBX0 %(
(;.(4 "SSY& "!G



 !"#!$%&'()!* !"#℄ %& '()*+,- ./012%- (103
5,061 7+ 85 9*0:+ 7;+<9*+01,+ 5
,0=+ +, 95::0=+ 7+: :>:,?<+: 7;+@A9860,5,061-B 01 +,-($.!/- ./& #' +0
/&!20 3*. 4*
)5$#$%!*. 3* #6758$&-'2!$5 *2 3*. 9$--/:5!
'2!$5. ;++479<& C+11+:- 2*51
+ D E
68+ /(9F*0+(*+ +, 7;'9980
5,061 7+: G*51:<0::061:-H(1+ #IIJ& !"K℄ /& L*5,(:- M& M6*1+80(:- N& O6,P- 517 N& %++Q8+:- .'
,0=+ Q+R5=06*58 31S+*9*01,01S 6TU0*+8+:: 7+=0
+:-B 01 9$58*&*5
* $5 =!&*#*.. 5*2>$&? .*
/&!2, ;=!+*
& '8+@517*05- V'-W/' D 'MX- X5*
R #IIJ& !""℄ H& M5Q588+*6- /& V+1Y5,5*5<51- %& %66:51Y5<- X& Z& O51S- N& /61S- 517 '& L8(<- .20Z D'(,6<5,0
 201S+*9*01, Z+1+*5,061-B 01 +,-($.!/- $5 @*2>$&? '53 A!.2&!"/2*3 +,.2*-+*
/&!2, ;@A++<& /51 N0+S6- W/' D [1,+*1+, /6
0+,>- X5*
R #II\& !"]℄ M& V& *̂0SR,- _& L5885*7- 2& X61*6:+- 517 Z& X& X5::61- ._51S(5S+ 07+1,03
5,061 6T+1
*>9,+7 =609 ,*5`
 D '8+a517*5 > *6Q+*,6 6* 580
+ 517 Q6Q bB 01 +*
/&!2, +,-($.!/-;++<& L6:,61- X' D W/cd[e '::6
05,061- '(S(:, #II\& !"f℄ C& 201Y- .' :,5,0:,0
58 599*65
R ,6 *+<6,+ 9R>:0
58 7+=0
+ 31S+*9*01,01S-B 01 B!#!2'&, 9$-:-/5!
'2!$5. 9$58*&*5
*C B!#9$-& g*85176- 286*075 D [ccc- g
,6Q+* #II\& !"\℄ X& M*6,,0- X& N(:0- 2& Z*01S680- 517 _& /58S5*+880- .G*5`
 
85::03
5,061 ,R*6(SR :0<98+ :,5A,0:,0
58 31S+*9*01,01S-B 9$-(/2*& 9$--/5!
'2!$5 D*E!*>- =68& K\- 16& !- 99& ]h!f- H51(5*>#II\& !"J℄ i& _0(- ^& _0- 517 i&AM& _0- .d+,U6*Y ,*5`
 
85::03
5,061 (:01S YA<+51: 
8(:,+*01S&B [6U5M0,>- W/' D [ccc M6<9(,+* /6
0+,>- '(S(:, #II\& !"j℄ H& c*<51- '& X5R51,0- X& '*80,,- [& M6R+1- 517 M& ^08805<:61- .gk01+l*+58,0<+ ,*5`

85::03
5,061 (:01S :+<0A:(9+*=0:+7 8+5*101S-B F*&8$&-'5
* GE'#/'2!$5- =68& f"- 16& jA!#-99& !!j"h!#!K- g
,6Q+* #II\& !]I℄ Z& /P5Q6- [& /P5Q6- 517 N& g*01
:5>- .'

(*5,+ ,*5`
 
85::03
5,061-B 01 752*&5'2!$5'# +,-:($.!/- $5 ' =$&#3 $8 =!&*#*..C B$"!#* '53 B/#2!-*3!' @*2>$&?. ;=$=B$B<& m+8:01Y0-2018517 D [ccc- H(1+ #II\& !]!℄ _& Z& Z*++1U587 517 G& H& GR6<5:- .G6U5*7 (17+,+
,+7 69+*5,01S :>:,+< 31S+*9*01,01S-B01 =$&?.)$( $5 HI*5.!E* 4*
)5$#$%!*. ;=HH4<& L6:,61- X' D W/cd[e '::6
05,061-'(S(:, #II\& !]#℄ Z& /R( 517 N& _++- .d+,U6*Y 9*6,6
68 :>:,+< 31S+*9*01,01S A 5 T6*<58 599*65
R-B 01752*&5'2!$5'# 9$58*&*5
* $5 9$-(/2*& 9$--/5!
'2!$5. ;7@JH9HB<& L5*
+8615- /9501 D[ccc- '9*08 #IIf& !]K℄ m& i51- O& /*095107Y(8
R50- m& nR51S- n& >01 /R5+- 517 N& /5R5- .[1
6*96*5,01S '
,0=+201S+*9*01,01S 01,6 /%[G %*+=+1,061 />:,+<:-B 01 K55/'# L$7F +*
/&!2, =$&?.)$(- L+*801-Z+*<51>- H(1+ #IIf& !]"℄ m& /
R68P- ./[% /,5
Y 201S+*9*01,01S 517 /,5
Y N0)+*+1
+ ',,5
Y:-B 01  #'
? M'2  &!*N5%.-_5: V+S5:- W/'- H(8> #IIf& !]]℄ d& ^08805<:- /& n517+*- 517 Z& '*<0,5S+- .' 9*+80<015*> 9+*T6*<51
+ 
6<95*0:61 6T 3=+<5
R01+ 8+5*101S 58S6*0,R<: T6* 9*5
,0
58 09 ,*5`
 o6U 
85::03
5,061-B 9$-(/2*& 9$--/:5!
'2!$5 D*E!*>- =68& Kf- 16& ]- 99& ]h!f- g
,6Q+* #IIf&##I



 ! "#$%&'('#$)#$% !"#℄ %& '()*+,--(. /& 0(,1(,)+. 2& 34564(*57. 3& 857-(. +*6 9& 8+-+:+;,+*. <0)+=
 
-+??,@
+;,5*5* ;A( BC.D *+,(-)&' *+,,-$#
/)#+$ 0&1#&2. E5-& F#. *5& G. HH& GFIG#. 3H),- GJJ#& !"K℄ %& '()*+,--(. /& 0(,1(,)+. +*6 9& 8+-+:+;,+*. <L+)-C +HH-,
+;,5* ,6(*;,@
+;,5*.D ,* *+3456
+$7&'&$
&& %,?M5+. N5);7O+- P 3QR. S(
(:M() GJJ#& !"T℄ U& L):+*. R& 3)-,;;. +*6 3& R+A+*;,. <0)+=
 
-+??,@
+;,5* 7?,*O 
-7?;(),*O +-O5),;A:?.D,* 8#$&3&)& N,?+. 2;+-C P 3QR 82VQWRR. 8(H;(:M() GJJ#& !"X℄ Y& %,. S& ZA+*O. +*6 U& [+*O. </(:5;( 5? @*O()H),*;,*O 7?,*O MH *(7)+- *(;\5)4.D ,*9$)&'$/)#+$/: ;<,(+=#-, +$ 3&-'/: 3&)2+'>= ?9;33@& QA5*O],*O. QA,*+ P 8H),*O().F#K^FKG GJJ"& !#J℄ 0& 95A*5. 3& ')5,65. +*6 9& Q-+_C. </(:5;( HAC?,
+- 6(E,
( @*O()H),*;,*O.D 6'/$=/
)#+$=+$ A&(&$B/C:& /$B ;&
-'& *+,(-)#$% ?6A;*@. E5-& G. *5& G. HH& XFI!JT. 3H),- GJJ"& !#!℄ 3& Y& R55)( +*6 S& Z7(E. <2*;()*(; ;)+=
 
-+??,@
+;,5* 7?,*O M+C(?,+* +*+-C?,? ;(
A^*,]7(?.D ,* 9$)&'$/)#+$/: 
+$7&'&$
& +$ 8&/=-'&,&$) /$B ,+B&:#$% +7 
+,(-)&' =<=)&,=?;9D84609*;@& '+*_. 3-M();+. Q+*+6+ P 3QR. U7*( GJJ"& !#G℄ 8& Z+*6(). 0& `O7C(*. +*6 V& 3):,;+O(. <37;5:+;(6 ;)+=
 
-+??,@
+;,5* +*6 +HH-,
+;,5*,6(*;,@
+;,5* 7?,*O :+
A,*( -(+)*,*O.D ,* *+$7&'&$
& +$ E+
/: *+,(-)&' 3&)2+'>= ?E*3@&Za),
A. 8\,;b()-+*6 P 2LLL Q5:H7;() 85
,(;C. W
;5M() GJJ"& !#F℄ 0& 9+)+O,+**,?. 9& N+H+O,+**+4,. +*6 R& c+-57;?5?. <'-,*
 P :7-;,-(E(- ;)+=
 
-+??,@
+;,5*,* ;A( 6+)4.D ,* *+$7&'&$
& +$ F((:#
/)#+$=G )&
H$+:+%#&=G /'
H#)&
)-'&=G /$B ('+)+
+:= 7+'
+,(-)&' 
+,,-$#
/)#+$=& NA,-+6(-HA,+. N(**?C-E+*,+. d83 P 3QR 82VQWRR. 37O7?;GJJ"& !#e℄ 3& Y& R55)( +*6 9& N+H+O,+**+4,. <05\+)6 ;A( +

7)+;( ,6(*;,@
+;,5* 5f *(;\5)4 +HH-,^
+;,5*?.D ,* I/==#1& /$B F
)#1& 3&)2+'> 8&/=-'&,&$) ?IF8@& '5?;5*. d83 P 8H),*O().R+)
A GJJ"& !#"℄ Z& U& Y+*O. R& Y7. Y& 0)+HH(. +*6 9& U& /& %,7. <V)57H^5),(*;(6 @*O()H),*;,*O f5):7-;,:(6,+ f5)(*?,
?.D 4J0F;9I K+-'$/: +$ F((:#&B ;#%$/: I'+
&==#$%. E5-& GJJe. *5& !e.HH& G!"FIG!KF. GJJe& !##℄ R& /57OA+*. 8& 8(*. W& 8H+;?
A(
4. +*6 `& S7=(-6. <Q-+??^5f^?()E,
( :+HH,*O f5) ]5? P+ ?;+;,?;,
+- ?,O*+;7)(^M+?(6 +HH)5+
A ;5 ,H ;)+=
 
-+??,@
+;,5*.D ,* 9$)&'$&) ,&/=-'&,&$)*+$7&'&$
& ?98*@& 0+5):,*+. 8,
,-C. 2;+-C P 3QR 82VQWRR. W
;5M() GJJe& !#K℄ /& '(E()-C. <3 )5M7?; 
-+??,@() f5) H+??,E( ;
Hg,H @*O()H),*;,*O.D ,* I/==#1& /$B F
)#1&3&)2+'> 8&/=-'&,&$) ?IF8@& 3*;,M(? U7+*^-(?^N,*?. c)+*
( P 8H),*O(). 3H),- GJJe& !#T℄ 8& 8(*. W& 8H+;?
A(
4. +*6 S& Y+*O. <3

7)+;(. ?
+-+M-( ,*^*(;\5)4 ,6(*;,@
+;,5* 5fHGH ;)+=
 7?,*O +HH-,
+;,5* ?,O*+;7)(?.D ,* 9$)&'$/)#+$/: 
+$7&'&$
& +$ L+':B L#B& L&C?LLL@& `(\ [5)4. `[. d83 P 3QR. R+C GJJe& !#X℄ 8& R& '(--5E,*. <3 ;(
A*,]7( f5) 
57*;,*O *+;;(6 A5?;?.D ,* ;9D*M88 L+'>=H+( +$ 9$N)&'$&) ,&/=-',&$) ?98L@& R+)?(,--(. c)+*
( P 3QR 82VQWRR. `5E(:M() GJJG& !KJ℄ h& N+1?5*. <37;5:+;(6 H+
4(; ;)+
( +*+-C?,? 5f ;
H ,:H-(:(*;+;,5*?.D ,* *+$7&'&$
& +$ F(N(:#
/)#+$=G )&
H$+:+%#&=G /'
H#)&
)-'&=G /$B ('+)+
+:= 7+' 
+,(-)&' 
+,,-$#
/)#+$& Q+**(?.c)+*
( P 3QR 82VQWRR. 8(H;(:M() !XXK& GG!



 !"#!$%&'()!* !"!℄ $%&'()* +%,-. )/0 1%2/ +3 45/6 78.%95/' :+8 ;,<(-,-/=)=5%/*6> 5/ +,-./0 ,122*&3?%*=%/6 @)**)
2&*-==* B CDEF;G H**%
5)=5%/6 1&/- !IIJ3 !"#$$%&
#(%)* !"K℄ +3L+3 +2)/' )/0 +3L13 45/6 3/ ,45 6 ' #!"&'&7 8$& 91(($&: ;*
:$& 2'
)!=*96 *%M=N).-)O)5()9(- )= 2==<BPPNNN3
*5-3/=&3-0&3=NPQ
R(5/P(59*O,3 !"S℄ T3 $)2,%&/56 D3 U)=%/6 )/0 $3 V%**W6 7H ,).X%O5)/ *5'/)=&.-L9)*-0 )<<.%)
2 =% 5< =.)Y

()**5Z
)=5%/6> 5/ >$&?9)$( $= 5!=!=% =*:@$&? A':' B5!=*.*:C3 D)/ $5-'%6 +)(5M%./5)6CDH B H+@6 1&/- K[["3 !"J℄ H3 @%*
25==56 7@)X5/' =.-- X-./-(* <.)
=5
)( M%. /)=&.)( ()/'&)'- (-)./5/'6> 5/ /=:*&=':!$='#D$=8*&*=
* $8 -1&$(*'= D)'(:*& $8 :)* E99$
!':!$= 8$& D$2(1:':!$='# 3!=%1!9:!
9 B-ED3C6:.-/=%6 ;=)(\6 H<.5( K[[]3 !"^℄ 83 ?-.X25/6 7H *&.O-\ %M 
(&*=-.5/' 0)=) ,5/5/' =-
2/5_&-*6> 5/ F&$1(!=% 51#:!A!2*=9!$='#G':'3 D<.5/'-.6 F%O-,9-. K[[]6 <<3 K^`"!3 !"]℄ @3 $&==)6 H3 a3 @)2)/=)6 )/0 H3 a3 8&R).56 7b.%
X B ) _&5
X O-.*5%/ %M =2- .%
X )('%.5=2,M%. 
(&*=-.5/' %M 
)=-'%.5
)( 0)=)6> H'::*&= I*
$%=!:!$= 3*::*&6 O%(3 K]6 /%3 !^6 <<3 KS]J`KS"S6 F%O-,9-. K[[^3 !""℄ H3 :%.*-((%6 $3 T50%O5
LV%N-6 )/0 @3 8-(5((%6 78%(\/%,5)(L=5,- ,-=.5
* M%. )==.59&=-0=.--*6> J&'=9'
:!$=9 $= H'::*&= E='#79!9 '=A 5'
)!=* /=:*##!%*=
* BJH5E/C6 O%(3 K"6 /%3 "6<<3 ![c"`![II6 1&(\ K[[^3 !"c℄ ,1(($&: 4*
:$& 5'
)!=*9 6 J)*$&7 '=A E((#!
':!$=96 *-.3 D=&05-* 5/ d&ee5/-** )/0 D%M=+%,<&=5/'3 D<.5/'-.6 H&'&*= K[[^6 O%(3 !""3 !"I℄ $3 ?&==(-.6 7H D2%.= D&.O-\ %M $%
&,-/= D=.&
=&.- D5,5().5=\ H('%.5=2,*6> 5/ /=:*&=':!$='#D$=8*&*=
* $= /=:*&=*: D$2(1:!=% B/DK5HC6 b&-9-
6 +)/)0)6 1&/- K[[^3 !c[℄ 83 ?5((-6 7H *&.O-\ %/ =.-- -05= 05*=)/
- )/0 .-()=-0 <.%9(-,*6> J)*$&*:!
'# D$2(1:*&,
!*=
*6 O%(3 SS"6 /%3 !LS6 <<3 K!"`KSI6 1&/- K[[^3 !c!℄ V3 $-9/)=26 F3 :)X)250-6 )/0 T3 :)X)2)*256 7H 0-
5*5%/ 9)*-0 %/-L)')5/*=L%/- ,-=2%0 M%.,&(=5L
()** *&<<%.= O-
=%. ,)
25/-6> H'::*&= E='#79!9 L E((#!
':!$=9M6 O%(3 "6 /%3 K6 <<3!]J`!"^6 1&(\ K[[J3 !cK℄ D3 D)(O)0%. )/0 83 +2)/6 7$-=-.,5/5/' =2- /&,9-. %M 
(&*=-.*P*-',-/=* 5/ 25-.).
25
)(
(&*=-.5/'P*-',-/=)=5%/ )('%.5=2,*6> 5/ /DJE/ NOP 6 H&$
**A!=%9 $8 :)* QR:) /--- /=:*&S=':!$='# D$=8*&*=
* $= J$$#9 @!:) E&:!T
!'# /=:*##!%*=
*3 f)*25/'=%/6 $+6 CDH B ;EEE+%,<&=-. D%
5-=\6 K[[J6 <<3 ^"]`^cJ3 !cS℄ 43 g& )/0 T3 45&6 7d-)=&.- *-(-
=5%/ M%. 25'2L05,-/*5%/)( 0)=) B H M)*= 
%..-()=5%/L9)*-0Z(=-. *%(&=5%/6> 5/ /=:*&=':!$='# D$=8*&*=
* $= 5'
)!=* 3*'&=!=% B/D53C3 f)*25/'=%/ BHHH; 8.-**6 H&'&*= K[[S3 !cJ℄ 43 V3 f-(
26 7T500-/ ,).X%O ,%0-(* )/0 =2- 9)&,LN-(
2 )('%.5=2,6> /=8$&2':!$= J)*$&7,$
!*:7 .*@9#*::*&6 O%(3 ^S6 /%3 J6 $-
-,9-. K[[S3KKK



 ! "#$%%&'
$)&*+ !"#℄ %& '())*+, -+. /& 01234 5/67 8-+9*+: -):(8*;<=, >(8 ?-8,*+: -+. ;-::*+: @ A68+6), (B68.*,
86;6 ,;81
;186,4 -+. ;<6 B(;6. ?68
6?;8(+4D *+ ,%%*
&$)&*+ -*. "*/01)$)&*+$# 2&+31&%)&
%"*+-4.4+
4 5,"264 E6++,3)B-+*-4 FGH4 I1)3 JKKJ& !"L℄ G& M*,<7-+-;<-+ -+. H& G=()-4 5N-,; 968+6), (+ ,;8*+:, -+. ;866,&D *+ 741.$# 8+-*./$)&*+9.*
4%%&+3 :;%)4/% 5789:64 M-+
(1B684 '-+-.-4 06
6=O68 JKKJ& !"P℄ '&QR& S,1 -+. '&QI& T*+4 5H 
(=?-8*,(+ (> =6;<(., >(8 =1);*
)-,, ,1??(8; B6
;(8 =-Q
<*+6,4D <.$+%$
)&*+% *+ 741.$# 74)=*.>% 5<7764 B()& !U4 +(& J4 ??& V!#WVJ#4 %-8
< JKKJ& !""℄ X& Y*,<4 5H+ 6=?*8*
-) ,;1.3 (> ;<6 +-*B6 O-36, 
)-,,*Z684D *+ 8+)4.+$)&*+$# ?*&+) "*+-4.4+
4*+ ,.)&'
&$# 8+)4##&34+
4 58?",86 =*.>%@*0 *+ AB/0&.&
$# C4)@*D% &+ ,8A4 G6-;;)64 FGH4H1:1,; JKK!& !"[℄ H& \6+Q<184 0& S(8+4 S& ]& G*6:6)=-++4 -+. M& M-?+*94 5G1??(8; B6
;(8 
)1,;68*+:4D ?*1.+$#*- C$
@&+4 24$.+&+3 E4%4$.
@4 B()& J4 ??& !J#W!UP4 06
6=O68 JKK!& ![K℄ H& \6+QS184 0& S(8+4 S& G*6:6)=-++4 -+. M& M-?+*94 5H ,1??(8; B6
;(8 
)1,;68*+: =6;<(.4D*+ 8+)4.+$)&*+ "*+-4.4+
4 *+ 9$))4.+ E4
*3+&)&*+ 58"9E6& \-8
6)(+-4 G?-*+ @ X^^^4G6?;6=O68 JKKK& ![!℄ /& '8*,;*-+*+* -+. I& G<-76Q]-3)(84 ,+ &+).*D1
)&*+ )* %100*.) F4
)*. C$
@&+4% G $+D *)@4.>4.+4#HI$%4D #4$.+&+3 /4)@*D%& '-=O8*.:6 F+*B68,*;3 E86,,4 %-8
< JKKK& ![J℄ E& \-).*4 G& \81+-94 _& '<-1B*+4 '& H& H+.68,6+4 -+. S& /*6),6+4 5H,,6,,*+: ;<6 -

18-
3(> ?86.*
;*(+ -):(8*;<=, >(8 
)-,,*Z
-;*(+ @ -+ (B68B*674D J&*&+-*./$)&
%4 B()& !L4 +(& #4 ??&V!JWJV4 N6O81-83 JKKK& ![U℄ G& `1<-4 Y& Y-,;(:*4 -+. A& G<*=4 5Y(
9 @ H 8(O1,; 
)1,;68*+: -):(8*;<= >(8 
-;6:(8*
-)-;;8*O1;6,4D *+ 8+)4.+$)&*+$# "*+-4.4+
4 *+ K$)$ B+3&+44.&+3 58"KB6& G3.+634 H1,;8-)*- @X^^^ '(=?1;68 G(
*6;34 %-8
< ![[[4 ?& #!J& ![V℄ _& N861+. -+. Y& ^& G
<-?*864 5H ,<(8; *+;8(.1
;*(+ ;( O((,;*+:4D *+ 8+)4.+$)&*+$# ?*&+)"*+-4.4+
4 *+ ,.)&'
&$# 8+)4##&34+
4 58?",86& G;(
9(<)=4 G76.6+ @ %(8:-+ A-1>=-++4![[[4 ??& !VK!W!VKL& ![#℄ A& a<-+:4 Y& G;-;=-+4 -+. 0& G<-,<-4 5b+ ;<6 6.*;*+: .*,;-+
6 O6;766+ 1+(8.686. )-O6)6.;866,4D 8+-*./$)&*+ 9.*
4%%&+3 24))4.%4 B()& VJ4 +(& U4 ??& !UUW!U[4 %-3 ![[J& ![L℄ G& N& H);,
<1)4 R& `*,<4 R& %*))684 ^& R& %368,4 -+. 0& I& T*?=-+4 5\-,*
 )(
-) -)*:+=6+;,6-8
< ;(()4D ?*1.+$# *- /*#4
1#$. I&*#*3;4 B()& J!#4 +(& U4 ??& VKUWV!K4 b
;(O68 ![[K& ![P℄ Y& N)6;
<684 9.$
)&
$# /4)@*D% *- *0)&/&L$)&*+ M 5N+D 4D!6& /67 _(894 /_4 FGH @ R*)63QX+;68,
*6+
64 !["P& !["℄ R& S& 0-3 -+. S& ^.6),O81++684 5^c
*6+; -):(8*;<=, >(8 -::)(=68-;*B6 <*68-8
<*
-) 
)1,Q;68*+: =6;<(.,4D ?*1.+$# *- "#$%%&'
$)&*+4 B()& !4 +(& !4 ??& PWJV4 06
6=O68 !["V& ![[℄ ]& N& G=*;< -+. %& G& R-;68=-+4 5X.6+;*Z
-;*(+ (> 
(==(+ =()6
1)-8 ,1O,6d16+
6,4D?*1.+$# *- C*#4
1#$. J&*#*3;4 B()& !VP4 +(& !4 ??& ![#W![P4 %-8
< !["!& JKK℄ G& \& /66.)6=-+ -+. '& 0& R1+,
<4 5H :6+68-) =6;<(. -??)*
-O)6 ;( ;<6 ,6-8
< >(8 ,*=*Q)-8*;*6, *+ ;<6 -=*+( -
*. ,6d16+
6 (> ;7( ?8(;6*+,4D ?*1.+$# *- C*#4
1#$. J&*#*3;4 B()& V"4+(& U4 ??& VVUWV#U4 %-8
< ![PK& JJU



 !"#!$%&'()!* !"#℄ %& '(

(*+, -./0 +123*1453167 68 3/0 96*( 17 3/0 (:;170 <670,= +*, -)./$#$%!0/, >6:& ##,76& !, ;;& ?@ A B", #C#!& !"#$%&'(')* +$( %,($-". $/ ($%&'
$( !"!℄ DEF% (7+ G020(*
/, -./0 H1+I:0>0: H(7(J0*,= /33; KLLMMM&27H;&
6HL;*6+5
32LH:H&/3H:& !"?℄ G& N(+6770:, G& D3(30, O& P/*12H073, (7+ Q& R0236*, -S H(7(J0H073 ;:(386*H 86* 3*(
T17J
U40* ;*0+(36*2 17 ;00*I36I;00* 703M6*T2,= 17 12/*&2'/!$2'# 3$24*&*2
* $2 12/*&2*/ 6$72!/$&!2% '28 -&$/*
/!$2 91316-:& D(7 '620, P(:186*71( K OVVV P6H;530* D6
103U, '5:U!""@& !"W℄ G& D3(30 (7+ Q& R0236*, -F(:M(*0 K ( 8535*0 8*(H0M6*T 86* +0>1
0, 703M6*T (7+ 20*>1
0H(7(J0H073,= ;$<&2'# !2 3$=(</*& >!&$#$%., >6:& ?, 76& #, ;;& B#AX", F(*
/ !""@& !"B℄ G& S/H0+ (7+ G& N653(4(, -Y123*14530+ %(330*7 F(3
/17J K ( Z0U 36 R:0[14:0 V\
1073%!% D0(*
/,= ;$<&2'# $2 ?*#*
/*8 @&*'0 !2 3$==<2!
'/!$20, >6:& !B, 76& #, ;;& @?A]?,'(75(*U !""@& !"X℄ G& N(+6770:, G& D3(30, (7+ Q& R0236*, -%*64(41:1231
 H(7(J0H073 68 (+I/6
 703M6*T2,=17 1AAAB1C1- +*/,$&D E(*&'/!$20 '28 6'2'%*=*2/ ?.=($0!<= 9+E6?:& (̂7
65>0*,P(7(+( K OVVV, S;*1: !""X& !"@℄ F& D& S*31J(2, %& _& `a;0<, (7+ S& R& _aH0<IDT(*H03(, -Y0
( K S /10*(*
/1
(: 8*(H0M6*T 86*+0
073*(:1<0+ (JJ*0J(3167 17 +/32,= 17 1C1-B1AAA 12/*&2'/!$2'# F$&D0)$( $2 G!0/&!"</*8?.0/*=0 H E(*&'/!$20 '28 6'2'%*=*2/ 9G?E6:& !WXI!B@ K D;*17J0*, Q
3640* !""X& !"]℄ Z&ID& `1H (7+ G& D3(+:0*, -G0(:I31H0 >10M2 68 703M6*T 3*(\
 5217J +0
073*(:1<0+ H(7(J0IH073,= 17 1C1-B1AAA 12/*&2'/!$2'# ?.=($0!<= $2 12/*%&'/*8 +*/,$&D 6'2'%*=*2/& E1
0,R*(7
0 K OVVV, F(U !""B& !"C℄ Z&ID& `1H (7+ G& D3(+:0*, -S 7(>1J(3167 ;(330*7 86* 2
(:(4:0 1730*703 H(7(J0H073,= 171C1-B1AAA 12/*&2'/!$2'# ?.=($0!<= $2 12/*%&'/*8 +*/,$&D 6'2'%*=*2/& D0(33:0, bDS KOVVV, F(U !""#& !#"℄ N& D
/M(*3<, S& c& '(
T267, c& .& D3*(U0*, c& d/65, G& Y& G6
TM0::, (7+ P& %(*34*1+J0,-DH(*3 ;(
T032 K (;;:U17J (
31>0 703M6*T2 36 703M6*T H(7(J0H073,= I&'20'
/!$20 $2 3$=7(</*& ?.0/*=0, >6:& #], 76& #, ;;& X@A]], R04*5(*U !"""& !##℄ e& Q/76 (7+ S& D/1H1<5, -OH;*6>0+ 703M6*T H(7(J0H073 5217J 7HM f703M6*T H(7(J0IH073 M6*Hg 2U230H,= 17 @22<'# 3$24*&*2
* $4 /)* 12/*&2*/ ?$
!*/. 91+AI:& e676:6:5,bDS K ODQP, '570 #CCB& !#!℄ _& _6:+2<H1+3 (7+ h& h0H171, -Y123*14530+ H(7(J0H073 4U +0:0J(3167,= 17 12/*&2'/!$2'#3$24*&*2
* $2 G!0/&!"</*8 3$=(</!2% ?.0/*=0 913G3?:& (̂7
65>0*, P(7(+( K OVVVP6H;530* D6
103U, F(U #CCB&!!W



 ! "#$ !"# !"#℄ %& '()*+,*- ./,01() 23,( 453*+6)5 75898
8(-; <=> ?#!" @A5369 /93*B35BC- D
9& !EEF& D*(,*)℄& GH3,(3I() J K991JLLMMM&,)96&85NL56
L56
?#!"&9O9 !"P℄ A& >58
Q)5 3*B 7& DH)5)((- .GRN0)*9)B ST= 685 /U*93O /1)
,V
39,8*+ J GST=-; <=>?!#P @/93*B35BC- %3*& !EEF&  D*(,*)℄& GH3,(3I() J K991JLLMMM&,)96&85NL56
L56
?!#P&9O9 !"?℄ 4& W(8*)* 3*B >& X8*H,
Q- .4K) /)
R5) /K)(( @//YC 75898
8( G5
K,9)
9R5)-; <=> P!?"@75818+)B /93*B35BC- %3*& !EEZ&  D*(,*)℄& GH3,(3I() J K991JLLMMM&,)96&85NL56
L56
P!?"&9O9 !"Z℄ 2& >5,+1,*- .[*9)5*)9 2)++3N) G

)++ 75898
8( \ ])5+,8* P5)H"-; <=> #?E" @75818+)B/93*B35BC- 235& !EE#- R1B39)B IU <=>+ PPZZ- PPZ^- P??"- ?E#!- ?"F!&  D*(,*)℄& GH3,(3I() JK991JLLMMM&,)96&85NL56
L56
#?E"&9O9 !"_℄ Y& /
KR(`5,**)- /& >3+*)5- <& =5)B)5,
Q- 3*B ]& %3
8I+8*- .<47 J G 453*+1859 75898
8(685 <)3(\4,0) G11(,
39,8*+-; <=> #??E @/93*B35BC- %R(& !EE#&  D*(,*)℄& GH3,(3I() JK991JLLMMM&,)96&85NL56
L56
#??E&9O9 !"F℄ %& <8+)*I)5N- Y& /
KR(`5,**)- a& >3035,((8- G& %8K*+98*- %& 7)9)5+8*- <& /135Q+-2& Y3*B()U- 3*B b& /
K88()5- ./[7 J /)++,8* [*,9,39,8* 75898
8(-; <=> #!Z" @75818+)B/93*B35BC- %R*& !EE!- R1B39)B IU <=>+ #!Z?- #F?#- P#!E- P^"Z- ?#^#&  D*(,*)℄& GH3,(3I() JK991JLLMMM&,)96&85NL56
L56
#!Z"&9O9 !"^℄ <& =,)(B,*N- %& a)99U+- %& 28NR(- Y& =5U+9UQ- X& 23+,*9)5- 7& X)3
K- 3*B 4& S)5*)5+\X))-.YU1)59)O9 453*+6)5 75898
8( c Y447L"&"-; <=> !Z"Z @A5369 /93*B35BC- %R*& "^^^-R1B39)B IU <=> !F"_&  D*(,*)℄& GH3,(3I() J K991JLLMMM&,)96&85NL56
L56
!Z"Z&9O9 !!E℄ %& D,Q35,*)* 3*B A& <))B- .[*9)5*)9 <)(3U >K39 75898
8(-; <=> "P?^ @bO1)5,0)*93(C-23U "^^#- R1B39)B IU <=>+ !F"E- !F""- !F"!- !F"#&  D*(,*)℄& GH3,(3I() JK991JLLMMM&,)96&85NL56
L56
"P?^&9O9 !!"℄ /& 2,
58+U+9)0+- .<7> J <)089) 758
)BR5) >3(( 75898
8( +1)
,V
39,8* J ])5+,8* !-; <=>"E?_ @[*685039,8*3(C- %R*& "^FF&  D*(,*)℄& GH3,(3I() J K991JLLMMM&,)96&85NL56
L56
"E?_&9O9 !!!℄ 7& 28
Q31)95,+- .A803,* *30)+ \ 
8*
)19+ 3*B 63
,(,9,)+-; <=> "E#P @/93*B35BC- T8H&"^F_- R1B39)B IU <=>+ ""E"- ""F#- "#PF- "F_Z- "^F!- !EZ?- !"F"- !#EF- !?#?- PE##- PE#P-PE#?- P#P#- PE#?- P?^!& !!#℄ %& 78+9)( 3*B %& <)U*8(B+- .=,() 453*+6)5 75898
8(-; <=> ^?^ @/93*B35BC- D
9&"^F?- R1B39)B IU <=>+ !!!F- !ZPE- !__#- #Z?^&  D*(,*)℄& GH3,(3I() J K991JLLMMM&,)96&85NL56
L56
^?^&9O9 !!P℄ %& 78+9)(- .[*9)5*)9 >8*958( 2)++3N) 75898
8(-; <=> _^! @/93*B35BC- /)1& "^F"- R1B39)BIU <=>+ ^?E- PFFP&  D*(,*)℄& GH3,(3I() J K991JLLMMM&,)96&85NL56
L56
_^!&9O9$ %&'()* !!?℄ .d*,
8B)-; K991JLLMMM&R*,
8B)&85NL& !!?



 !"#!$%&'()!* !!"℄ $%
'()*'+, -%%'.//0001%
'()*'1234/1 !!5℄ $678'9 :;%93(:% (9 <=>2)3 (?;< @A9;<9:4;9*9;% <)'=3:9)3 9% @? 39
-93
-9+, -%%'.//0001B(;9%1C3/?
%)?@:%9</:;%93;9%/D+EFD!D55G+EF!"5H5E+DD1-%*1 !!H℄ $678'9+, -%%'.//0001<78'91
2*/1 !!F℄ $I8%-2; '3243?**:;4 @?;4)?49 J 2K
:?@ 09L<:%9+, -%%'.//0001'8%-2;1234/1 !ED℄ $MN93;9%+, -%%'.//0001B932'?:(1
2*/2N93;9%/1 !EO℄ $M<
?3 );2K
:?@ <'9
:P
?%:2;<+, -%%'.//2:@
?;1234/2<
?3/1 !E!℄ $Q:
32<2C% *<; );2K
:?@ <'9
:P
?%:2;<+, -%%'.//0001-8'2%-9%:
1234/(2
</*<;/1 !EE℄ $Q?R:*?+ ? 
2*')%93 ?@49L3? <8<%9*+, -%%'.//*?R:*?1<2)3
9C23491;9%/1 !EG℄ $S;%93;9% :;C23*?%:2; <93N:
9<+, -%%'.//0001::<1;9%/1 !ET℄ $U(2L9 V?<-+, -%%'.//0001?(2L91
2*/'32()
%</V?<-'@?893/1 !E"℄ W1 X1 Y)32<9 ?;( Y1 Z1 [2<<+ +$,(-.*& /*.0$&1!2% 3 4 5$(67$02 4((&$'
) 9:.) ;<!.!$2=1U((:<2; Z9<@98+ U'3:@ !DD51 !E5℄ W1 \1 ]233:4?;+ $\32?(L?;( ?(2'%:2; ?% -2*9 :; %-9 );:%9( <%?%9< . ^320:;4 L)% <@20:;4+,:; 5*#*
$,,-2!
'.!$2> ?$#!
@ A*>*'&
) +$2B*&*2
* 95?A+=+ U3@:;4%2;+ _6U+ 69'%9*L93!DDT1 !EH℄ W1 `-20+ \1 IC?a+ b1 ^?3P;79@+ Y1 `-3:<%2'-93+ ?;( Q1 [2<9;L@)*+ $_;(93<%?;(:;4 (?%?@:C9%:*9 N:? 0-2@9 <8<%9* <:*)@?%:2;+, :; C*
-&!.@ C@,($>!-,1 6?; c:942+ _6U . _6deSf+U)4)<% !DDG1 !EF℄ I1 Q?8*2);72N ?;( c1 Q?B:g39<+ $Y?(9*@:? . U '993h%2h'993 :;C23*?%:2; <8<%9* L?<9( 2;%-9 R23 *9%3:
+, :; D2.*&2'.!$2'# E$&1>)$( $2 ?**&6.$6?**& C@>.*,> 9D?5?C=1 `?*L3:(49+_6U . 6'3:;493+ Q?3
- !DD!1 !GD℄ U1 Q1 b)3:;4+ $M; 
2*')%?L@9 ;)*L93<+ 0:%- ?; ?''@:
?%:2; %2 %-9 9;%<
-9:();4<'32L@9*+,F$2<$2 G'.)*,'.!
'# C$
!*.@+ N2@1 !+ ;21 G!+ ''1 !EDJ!"T+ OFE51

!!"



  !"#$#$%&&'('&# &%& )*+'",$)- .'.%&&-')
 !""#$%& !" #$%%&' (&) *+,$,-+*) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ../ !. 0'1),&2-*3 4-52$2
4-71& $)
&*($*, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ../ !8 91%%+2, :&
,+2 0'1),&2-*3 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ..; !"!#  $$%&'()**+,& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! -". !"!- /0
234&%(& 5&* 
63*(&%* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! -"- !""! #$$!%! &'()!$"! !$ *("#+,) ,!) *!-% .("/0*!) $0$ )-&!'1+)(!) *! &#'"+"+0$$!.!$" *!*0$$(!) 2-+ )0$" !.&,03(!) *#$) ,! 
#*'! *! ,# '("'05+$6($+!'+! *! &'0"0
0,! *0$" 7#+" ,809:!" ,!
/#&+"'! ;< !" #$%%&' (&) *+,$,-+*)=! &#'"+"+0$$!.!$" *! *0$$(!) 0- 
,-)"!'+$6 1+)! > 
0$)"'-+'! *!) 
,-)"!') > &#'"+' *8-$!$)!.9,! *! &0+$") X = {xi, i = 1 . . . n}< ?! &,-)@ ,! $0.9'! *! 
,-)"!') 0- 
,#))!) $8!)" &#) 
0$$-> &'+0'+< A"#$" *0$$( 2-! 
/#2-! &0+$" #&&#'"+!$" > -$! 
,#))! *0$$(! C = {ci, i = 1 . . . m}@
Ti = {xi1, . . . , xip} !)" ,8!$)!.9,! *!) &0+$") *! X #&&#'"!$#$" > ,# 
,#))! i< B, !)" +.&0'"#$"*! $0"!' 2-! 
/#2-! x !)" +$*!%( &#' -$ -$+2-! +$*+
! CikD !" $0$ *!-%@ #1!
 i ∈ 1 . . .m'!&'()!$"#$" ,# 
,#))! 
0''!)&0$*#$"! !" k 1#'+#$" !$"'! -$ !" ,! $0.9'! *8(,(.!$") *! 
!""!
,#))!< E#' 
0$)(2-!$" +, 7#-" &'(
+)!' 2-! ∀ Ti@ ∀ x ∈ Ti x ∈ X@ 
8!)"5>5*+'! ∀xkp, 1 < kp < n<F$ #,60'+"/.! *! 
,-)"!'+$6 )8#))+.+,! > -$! 70$
"+0$ ψ : X → K 0GK = ki, i = 1, . . . , t 
8!)"5>5*+'! -$! 70$
"+0$ 2-+ #))0
+! -$! 
,#))! ki > 
/#2-! &0+$" xi< =8!$)!.9,! K !)" *+H('!$" *!,8!$)!.9,! C !" ,!-') 
#'*+$#,+"() &!-1!$" $0"#..!$" *+1!'6(!) )!,0$ ,8!I
#
+"( *! ,8#,60'+"/.!-"+,+)(< !. /'0),&1-*2 3-41$1
3-60& $)
&*($*,=! 
,-)"!'+$6 /+('#'
/+2-! #)
!$*#$" JKLM℄ !)" -$! .("/0*! *! &#'"+"+0$$!.!$" "'O) 
0$$-!<P0$ &'+$
+&! '()+*! *#$) ,# $0"+0$ *! *+)"#$
! !$"'! *!-% &0+$") "!,,!) 2-! 
!,,!) *(
'+"!) *#$)QQR



 !!"#"  $ %&'()()*!!"+"!( !*! ,-."'/),0 1" 1*!!0",

D
is

ta
n
c
e
 e

n
tr

e
 l
e
s
 c

lu
s
te

rs
 r

e
g
ro

u
p
é
s

distance max

 !"#  !" # $%&'('()**+,+*' -(.&%&
-(01+ # 2+3 
213'+&3 +* &)14+ 3)*' 2+3 
213'+&3 5*%16 3( 1*+7(3'%*
+ ,%6(,%2 &+8&.3+*'.+ 8%& 2% 2(4*+ &)14+ +3' 38.
(5.+!2% 3+
'()* 8&.
.7+*'+! 9* +:+'; 2% 8&+,(<&+ .'%8+ 
)*3'&1(' 1* 
213'+& 8)1& 
-%01+ ,+33%4+(*7(=(71+2! 9*31('+; 2+3 8213 8&)
-+3 3)*' &+4&)18.3 +*'&+ +16 > 
-%01+ .'%8+ ?1301@> &+4&)18+&2@+*3+,A2+ 7+3 8)(*'3 7%*3 1* ,B,+ 
213'+&! C+ 'D8+ 7+ ,.'-)7+ +3' 7(' -(.&%&
-(01+ 
%& 1* %&A&+A(*%(&+ +3' 
&..; )E 2% &%
(*+ +3' 2+ 
213'+& 2+ 8213 4.*.&%2 F%=+
 ')13 2+3 ,+33%4+3G +' 2+3 H+1(22+33)*' 2+3 
213'+&3 2+3 8213 3(,82+3 F,+33%4+3 (*7(=(71+23G! C-%01+ *I17 7+ 2@%&A&+ &+8&.3+*'+ 7)*
2+ 
213'+& 
),8)3. 7+3 ,+33%4+3 
)*'+*13 7%*3 2+3 3)13JA&%*
-+3 
),,+ 2@(2213'&+ 2% 541&+  !"! K*'+2 %&A&+ 3@%88+22+ 1* 7+*7)4&%,,+ )E 2% -%1'+1& 7@1* 
213'+& .01(=%1' > 2% 7(3'%*
+ ,(*(,%2+8)1& &+4&)18+& 
+3 3)13JA&%*
-+3! L.*.&%2+,+*'; 2+3 &%33+,A2+,+*'3 3)*' )8.&.3 ?1301@> 
+ 01+2% 7(3'%*
+ (*'+&J
213'+& 3)(' 318.&(+1&+ > 1* 3+1(2! M%*3 
+ 
%3; 2+ 7+*7)4&%,,+ 3+ 2(,('+ %163)13J%&A&+3 3)13 
+''+ 7(3'%*
+ 
),,+ 3(4*%2. 31& 2% 541&+  !"!N@%24)&('-,+ O +3' 2% ,(3+ +* I1=&+ 7+ 
+''+ '+
-*(01+! P2 8&+*7 '&)(3 8%&%,<'&+3 Q 2@+*3+,A2+
X 7+ 8)(*'3 > 8%&'('()**+&; 2+ 3+1(2 ,%6(,%2 τ 8)1& &+4&)18+& 7+16 
213'+&3 +' d 1*+ H)*
'()* 7+7(3'%*
+ +*'&+ 7+16 
213'+&3! N@(*('(%2(3%'()* 
),,+*
+ 7)*
 8%& 
&.+& 1* 
213'+& (*7(=(71+2 8)1&
-%01+ ,+33%4+ F2(4*+ RG 81(3 
%2
12+ 2% ,%'&(
+ 7+ 7(3'%*
+3 +*'&+ 
+3 7+&*(+&3 S! N@%24)&('-,+('<&+ %2)&3 '%*' 01@(2 +6(3'+ 1*+ 7(3'%*
+ (*H.&(+1&+ > τ F2(4*+ T! M+16 
213'+&3 3)*' &+4&)18.3 7+2% H%U)* 31(=%*'+ Q# 2+3 8)(*'3 7@1* 7+3 7+16 3)*' %?)1'.3 > 
+16 7+ 2@%1'&+ F2(4*+ VG +' 2@%1'&+ +3' 3188&(,. W# 2+3 7(3'%*
+3 %33)
(.+3 %1 
213'+& 3188&(,. 2+ 3)*' +22+3 %133( W# 2+3 7(3'%*
+3 %33)
(.+3 %1 
213'+& 8&.3+&=. 3)*' ,(3+3 > ?)1& FA)1
2+ 7+ 2% 2(4*+ "RG!N@.=%21%'()* 7+ 2% 7(3'%*
+ +*'&+ 7+16 
213'+&3 +3' 1* 8%&%,<'&+ +33+*'(+2 7+ 2@%24)&('-,+!C),,+ 
+22+3 (*'&)71('+3 7%*3 2% 3+
'()* 8&.
.7+*'+ 3)*' 7.5*(+3 8)1& 7+3 8)(*'3 +' *)* 7+3
213'+&3 F7+3 +*3+,A2+3 7+ 8)(*'3G; +22+3 7)(=+*' B'&+ %7%8'.+3! X'%*' 7)**. 1*+ '+22+ 7(3'%*
+
dpoints; 8213(+1&3 %88&)
-+3 +6(3'+*' 8)1& +* 7.71(&+ 2% 7(3'%*
+ d(c1, c2) +*'&+ 2+3 
213'+&3 c1 +'
c2 7)*' 2+3 8213 &.8%*71+3 3)*' Q# 2+ 3%1' ,(*(,%2 +3' 2% 7(3'%*
+ 2% 8213 8+'('+ +*'&+ 7+16 8)(*'3 7+ 
-%01+ 
213'+& Q

d(c1, c2) = min
xiinc1,yj∈c2

(dpoints(xi, yj))# 
-%01+ 
213'+& ci +3' &+8&.3+*'. 8%& 3)* A%&D
+*'&+ bar(ci) 31& 2+01+2 )* %882(01+ 2% H)*
'()*YYT



 !"! #$%%&'( )*
(&' ,-$.(*'/01 !"#$%&'() * 
!"#$%&'()*)
&'+"(,-. τ . /0 ! dim(M) )($1")2( !* /'3(2#'12 /( !* 3*$)'
( 
*))4( 5"! résultat = {}#! +#,$ i = 1, . . . , dim(M) -.%$)$! résultat%i = {xi}%! /0 +#,$&! )(36!') M $(! +"( Mij = d(résultat%i, résultat%j)'! 
&()
&() !* 7*!(") 3'2'3*!( min =Mkt(! &.0&1,) min < τ -.%$))! résultatk = résultatk ∩ résultatt *! #"66)'3() résultatt  ! (2!(7() !* !'82( Mt "! (2!(7() !* 
1!122( Mt #! +#,$ i = 1, . . . , dim(M) -.%$) $! Mki = d(résultatk, résultati) %! Mik =Mki &! /0 +#,$ '! 
&()
&() !* 7*!(") 3'2'3*!( min =Mkt (! /0 &.0&1,) )! )($1")2() résultat/( /'#$*2
( 9
d(c1, c2) = (dpoints(bar(c1), bar(c2)):* 6)(3';)(. #1"7(2$ /421334( !* 34$&1/( /(# 6)1
&(# 71'#'2#. *'/( < '/(2$'=() /(# 
!"#$()#/( >1)3(# *)?'$)*')(#@ A*) (B(36!(. /(# 
!"#$()# !'24*')(# 
133( #") !* =8")( C@D,*0 6("7(2$ E$)()(
122"# *!1)# +"( !* 34$&1/( /" ?*)F
(2$)( *")* $(2/*2
( < )(8)1"6() /( 
!"#$()# 
12
(2$)4#*"$1") /G"2 61'2$ < !G'2#$*) /( !* =8")( C@D,?0@ :G*66!'
*$'12 /( !G"2( 1" !G*"$)( /(# 34$&1/(#/1'$ /12
 E$)( 3H)(3(2$ )4I4
&'( #(!12 !( 
*# /G"$'!'#*$'12@ !" #$%%&'( )*
(&' ,-$.(*'/01:G'2$4)E$ /( *!81)'$&3(# ?*#4# #") !(# 3*
&'2(# < 7(
$(")# #"661)$# (#$ !* #46*)*$'12 /( 61'2$#/( /1224(# 212 #46*)*?!(# /*2# !G(#6*
( /G1)'8'2( ,=8")( C@J,*00@ K("BL
' #12$ /12
 '2'$'*!(3(2$*" #('2 /( 
!"#$()# /( >1)3(# *)?'$)*')(# /'M
'!(3(2$ #46*)*?!(#@ :G*#$"
( /(# NO5 6)1P($$( 
(#61'2$# /*2# "2 (#6*
( /( 6!"# 8)*2/( /'3(2#'12 ,=8")( C@J,?00. *66(!4 (#6*
( /( )(L/(#
)'6$'12./*2# !(+"(! !(# 61'2$# #()12$ >*
'!(3(2$ /'##1
'*?!(#@ Q2$"'$'7(3(2$. "2 (#6*
( 6!"# 8)*2/ 
*)*
L$4)'#()* !(# /1224(# 6!"# 6)4
'#43(2$ 61") 3'("B !(# #46*)()@ R*2# !( 
*/)( /( NOK. !(# 
12$1")#/(# 
!"#$()# /( !G(#6*
( /G1)'8'2( #( )4/"'#(2$ < "2( &F6()#6&;)( /*2# !G(#6*
( /( 6!"# 8)*2/(/'3(2#'12@ N12 1?P(
$'> (#$ /12
 /( $)1"7() 
($$( #6&;)( ,=8")( C@J,
00 6"'# /( !* )(6*##() /*2#!G(#6*
( /G1)'8'2( 61") /4
1"7)') !(# 
!"#$()# +"G(!!( >1)3( ,=8")( C@J,/00@ DDS



 !!"#"  $ %&'()()*!!"+"!( !*! ,-."'/),0 1" 1*!!0",
� � � � �

� �
� � � � � �

� �

� � �

 !" #$%&'()& $*+,!*)(&
�
��

�
�
�
�

�
�
�
�

� �
�
��

� �

 -" #$%&'()& 
*)
%$!*)(& !"#  !" # $%&'()*+,- .+/*0*
.+2&) ')%3, 4)&5 (67)' 4) 4+'(0,
)' +,()*8
%&'()*'
T

T
T T !" /0*+'& *+*'*!%1 T

T

T

T*

*

*

* -" /)02(
'*0+ 3!+& $4(&56!
( 3( )(53(&
)*6'*0+
R

T

T

T

*

*

T*
*

a

 
" 7(
8()
8( 3( $4896()5&68:)( (+;$0-!+'( T
T T

T*

*

*
*

 3" /)02(
'*0+ 3( $4896()5&68:)( 3!+& $4(&6!
( 340)*5;*+( !"#  !9 # :)' /(07)' 4) ;<$ =:)' /(3+%)' '6>?3%+'),( %)' @)
()&*' '&773*('A !"!#  $$%&'()**+,&$.02&) 73+,( xi 4) X )'( 7*3B)(/ 40,' &, ,3&@)% )'70
) 4+>),'+3,,)% @+0 %C077%+
0(+3, 4)%0 D3,
(+3, Φ! :C.67)*'7.E*) 
3,(),0,( %)' 73+,(' 7*3B)((/' )'( '7/
+F/) 70* '3, 
),(*) a )( '3,*063, R! G0* 
3,'/2&),(H 
)(() '7.E*) ') 4/F,+( I 70*(+* 4)' 73+,(' 4C3*+-+,) 
3>>) J
‖Φ(xi)− a‖

2 ≤ R2 ∀i = !KA$)7),40,(H 
)*(0+,' 73+,(' 7)&@),( (3&( 4) >L>) ,) 70' L(*) D0
+%)>),( +,(/-*/' 40,' %0'7.E*) I >3+,4*) 
3M(! N, D0+(H ;<$ +,(*34&+( 4)' @0*+0?%)' 4C0B&'()>),( 0&(3*+'0,( 2&)%2&)'73+,(' I ,) 70' */73,4*) ),(+E*)>),( 0&5 
3,4+(+3,' +>73'/)'! $) 
.3+5 /@+() 0+,'+ 4) ?+0+')*%)' */'&%(0(' I 
0&') 4) 2&)%2&)' 73+,(' 4) 43,,/)' ,3, D0
+%)>),( +4),(+F0?%)' @3+*) (3(0%)>),()**3,/'! G0* 
3,'/2&),(H %C.67)*'7.E*) )'( 7%&' D3*>)%%)>),( '7/
+F/) 70* J
‖Φ(xi)− a‖

2 ≤ R2 + ξi ∀i = !"A3O %)' ξi '3,( %)' @0*+0?%)' 4C0B&'()>),(!P(0,( 43,,/ %C3?B)
(+D 4) (*3&@)* %0 '7.E*) 4) *063, >+,+>0% R (3&( ), *)'7)
(0,( %0 
3,(*0+,()7*/
/4),()H %)' 0&()&*' +,(*34&+'),( %)' >&%(+7%+
0()&*' 4) :0-*0,-) βi )( µi J
L = R2 −

∑

i

(R2 + ξi − ‖Φ(xi)− a‖
2)βi −

∑

i

ξiµi + C
∑

i

ξi = !9A"9Q



 !"! #$%%&'( )*
(&' ,-$.(*'/01 ! "!#$! C∑i ξi #!%#&'!("! )*+(" , -*. -+ %&(+-."& .(/*."! %+# -!' 0+#.+1-!' /2+3*'"!$!("4 5! 
!""!7+89( 
!""! 79#$*-+".9( %#!(/ !( 
9$%"! -! 7+." /2+09.# /!' 0+-!*#' /2+3*'"!$!(" -!' %-*' %!"."!'%9''.1-!' /9(" -2.$%+
" !'" %+#+$&"#+1-! :#;
! , -+ 
9('"+("! C4 <(! "!--! 79#$*-+".9( "#+('79#$!-! %#91-=$! /29%".$.'+".9( !( *(! #!
>!#
>! /!' 0+-!*#' "!--!' )*! -+ /&#.0&! /*  +:#+(:.!( '9."(*--! %9*# 
>+
*(! /!' 0+#.+1-!' /* %#91-=$!4 ?( /&#.0+(" -2&)*+".9( @A4BC #!'%!
".0!$!(" '!-9(
RD a !" ξi !" !( %#!(+(" -+ 0+-!*# !( E&#9 
9##!'%9(/+("!D -! #&'*-"+" !'" #!'%!
".0!$!(" F

∑

j

βj = 1

a =
∑

j

βjΦ(xj) = 1

βj = C − µj

@A4GCH!%!(/+("D -! %#91-=$! /29%".$.'+".9( !( )*!'".9( !'" '9*' 
9("#+.("! (9( -.(&+.#! /2.(&:+-."&(&
!''."+(" -2+39*" /!' 
9(/.".9(' IIJ @I+#*'>KI*>(KJ*
L!#C )*. 7*#!(" &"*/.&!' /+(' -! 
+/#!/!' MNO %+# P-!"
>!# QRST℄ F
ξjµj = 0

(R2 + ξj − ||φ(xj)− a||
2)βj = 0

βj = C − µj

@A4VC ! %#91-=$! !'" +-9#' 
9$%-="!$!(" /&W(.D !'" )*+-.W& /! %#.$+- !" /&09.-! "#9.' "X%!' /! %9.("' FY -!' 0!
"!*#' '*%%9#"' )*. '9(" -!' %9.("' !Z+
"!$!(" , -+ '*#7+
! /! -+ '%>=#!4 [-*' %+#".K
*-.=#!$!(" 
! '9(" 
!*Z "!-' )*! 0 < βi < C !" .-' 79#$!(" -2!('!$1-! SV \Y -!' %9.("' !( /!>9#' /! -+ '%>=#!D 
2!'"K,K/.#! "!-' )*! βi = C \Y -!' +*"#!' %9.(' , -2.("&#.!*# /! -+ '%>=#!4 ! %#91-=$! !'" $*"+1-! !( *(! 0!#'.9( /*+-! F
W =

∑

i

Φ(xi)
2βi −

∑

i,j

βiβjK(xi, xj) @A4]C+0!
 
9$$! 
9("#+.("!' F
0 ≤ βi ≤ C ;

∑

i

βi = 1 @A4TC
K(xi, xj) !'" *(! 79(
".9( (9X+* #!'%!
"+(" -! ">&9#=$! /! O!#
!# QRSR℄4 M9( .("#9/*
".9( !'"-2+*"#! %9.(" 
-& /! "9*"!' -!' $&">9/!' 1+'&!' '*# -!' MNO 
+# !--! &0."! -+ /&W(.".9( /! -+79(
".9( /! "#+('79$+".9( Φ !" '! 
+("9((! , *(! 79(
".9( +%%-.
+1-! , /!*Z %9.("' "!- )*! -!(9X+* ^+*''.!( %+#+$&"#& %+# q F

K(xi, xj) = e−q‖xi−xj‖
2 @A4_C?( +(:-+.'D 
!""! +'"*
! '! (9$$! 2*'0*- ('/
2 !" #$%&'()" *+%#,-)-./,-%0 ." $1.2)" *%0
 4,$%25"$ '". 5/'"2$ *" βi #"$)",,/0, *" )/6-)-."$ W 7$8
" 4 *". )1,9%*". *" $1.%'2,-%0 *"#$%&'()". *" #$%7$/))/,-%0 :2/*$/,-:2" !/ *-.,/0
" *+20 #%-0, x :2"'
%0:2" #/$ $/##%$, 4'/ .#9($" "., /'%$. 
/'
2'/&'" ;

R2(x) = K(x, x)− 2
∑

j

βjK(xj , x) +
∑

i,j

βiβjK(xi, xj) <= >?@AB



 !!"#"  $ %&'()()*!!"+"!( !*! ,-."'/),0 1" 1*!!0",

 !"#  !" # $%&'( )*+),%-&( ./01 
*03,(&4 *(3 *-51(3 (1 6%-1,-**+3 '%1,&(1, 70( 6%0& ,%0, 6%-1, .0
*03,(&4 -* (8-3,( 01 3(5'(1, *-1+)-&( *( &(*-)1, 9 01 )0,&( 3)13 3%&,-& .( *) :%&'( .0 
*03,(&;( &)<%1 .( *) 36=>&( 3( 
)*
0*( .%1
 5&?
( 9 
(,,( :%&'0*( )66*-70+( 30& *(3 @(
,(0&3 3066%&,3+,)1, .(3 6%-1,3 30& *) 30&:)
( .( */=<6(&36=>&( 6)& .+A1-,-%1!
R = {R(xi)}, xi ∈ SV;) 6=)3( .-,( ./)66&(1,-33)5( 3( ,(&'-1( )-13- ')-34 ')*5&+ 
( 70)*-A
),-:4 
(,,( '+,=%.( &(3,(,%,)*('(1, 1%1 306(&@-3+( (, 1( .(')1.( )0
01 B(0 ./)66&(1,-33)5( 1- *( 1%'C&( .( 
*03,(&3 96&-%&-! !"!# $%
'()*+,* -*. 
/(.,*+.;) 36=>&( .+
%0@(&,( (, &(D6&%B(,+( .)13 */(36)
( ./%&-5-1( .+*-'-,( *(3 :&%1,->&(3 .(3 
*03,(&3!;) '+,=%.( 6&%6%3+( -1-,-)*('(1, .)13 EFGH℄ 3/)660-( 30& 01( )66&%
=( 5+%'+,&-70( '(1,-%11)1,70( .(08 6%-1,3 :%1, 6)&,-( .0 'J'( 
*03,(& 3- */(13('C*( .(3 6%-1,3 -1,(&'+.-)-&(3 K30& *( 3(5'(1,(1,&( *(3 .(08 6%-1,3 .)13 */(36)
( ./%&-5-1(L (3, )033- .)13 *( 'J'( 
*03,(&4 
/(3,D9D.-&( 70/-*3 3(3-,0(1, .)13 */=<6(&36=>&(! M1 (N(,4 ')*5&+ 01( :%&'( ,%,)*('(1, )*+),%-&( .(3 
*03,(&34 
(**(D
-30-, *(3 
%1,%0&3 :%&'+3 6)& *(3 6%-1,3 (8,+&-(0&3! M1 
%13+70(1
(4 ,%0, 6%-1, ./01( 
*)33( (3,:%&
+'(1, *-+ 6)& 01 O3(5'(1,P 9 01 )0,&( 3)13 3%&,-& .0 
*03,(& K*) A50&(  !"L! Q1( '),&-
(./).B)
(1
( (3, )-13- 
%13,&0-,( R

Aij =

{

1 si ∀y sur le segment [xi, xj ], R(y) < R
0 else;(3 
%'6%3)1,(3 
%11(8(3 .0 5&)6=( .+
&-,(3 6)& 
(,,( '),&-
( 
%1
%&.(1, )*%&3 )@(
 *(3
*03,(&3!

STS



  !
#$%&' ( )&
*&+,' -& '+../,*0+1*$2
1!''&'
 !""#$%& !" #$$%&'()**+,& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! -.. !- /()0)*+()1' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! -.2 !""! #$$!%! &'"#())! )# 
)#++(,
#"(-$ ./)"(0
)#++! 1#+'! +/2 )!+ .#
3($!+ 4 5!
"!/2+ &! +/66-2"/"()(+'!+ &#$+ )! 
#&2! &/ ,$7!262($"($7 +/6!25(+' &8'9/(6!.!$" &#$+ )! 
3#6("2! : &/9/!) !+"2!62(+ )8!$+!.1)! &!+ $-"#"(-$+ ;< )8!$+!.1)! &! "!+"+ 
-.6-+' &! N #212!+ ; T = {t1, . . . , tN}=< )! >!/ &8#662!$"(++#7! &',$( 6#2 /$ !$+!.1)! &! M #212!+ L = {l1, . . . , lM}=< )8!$+!.1)! &!+ "?6!+ &8'9/(6!.!$" ; D = {d1, . . . , dK}@A-/2 2#66!)= )!+ '"#6!+ 
)' &! )# .'"3-&! +-$" ;< #662!$"(++#7! ;< 62->!
"(-$ &!+ 6-($"+ &#$+ /$ !+6#
! &! 6)/+ 72#$&! &(.!$+(-$=< &'
-/5!2"! &!+ 3?6!26)#$+ +'6#2#"!/2+@< "!+"+ ;< 
3!2
3!2 &! 9/!) 
�"' &! 
3#9/! 3?6!26)#$ )! 6-($" 4 "!+"!2 +! "2-/5!=< &'"!2.($!2 9/!))! !+" )# 
)#++! C"?6!D )# 6)/+ 62-1#1)!@ !" #$$%&'()**+,&A2!.(E2!.!$"= )!+ 6-($"+ &! )8!+6#
! ($("(#) 
8!+"040&(2! )!+ #212!+ &! )8!$+!.1)! &8#662!$"(+0+#7! +-$" 62->!"'+ &#$+ )8!+6#
! &! 2!0&!+
2(6"(-$ 5(# /$! F-$
"(-$ ϕ(li)@ A-/2 
3#9/! 6#(2! &!"?6!+ &8'9/(6!.!$"+ < dl, dk >= )8!$+!.1)! &!+ #212!+ 
-22!+6-$&#$" !+" F-2.' ;

Ll = {li ∈ L|real(li) = dl}

Lk = {li ∈ L|real(li) = dk} CG@HDI83?6!26)#$ +'6#2#"!/2 Hl−k +6'
(,' 6#2 wlk !" blk &-(" 2'+/)"!2 !$ /$ 6#2"("(-$$!.!$" 9/#+(6#2F#(" &! Ll ∪Lk !$ ($"2-&/(+#$" 
!2"#($+ #212!+ .#) 6-+("(-$$'+ 5(# &!+ 5#2(#1)!+ &8#>/+"!.!$"JKK



 !!"#" $% &'
)*!"+ , -"
."/0+ 1" +/2230. 4/5.*6
5'++"+
ξlk
li

 
∀li ∈ {Ll ∪ Lk}

〈ϕ(li) · w
lk〉+ blk ≥ 1− ξlk

li
, si li ∈ Ll

〈ϕ(li) · w
lk〉+ blk ≤ −1 + ξlk

li
, si li ∈ Lk

!"#$%&'( )*+,*-.'( /0*12(3'4'53 
753+,-2'53 8 /9
72)+,+ 25 :;<'+<.*5 (9<*+*3'2+ 4=4' (, .'( 
.*(('(5' (753 <*( '53,>+'4'53 (9<*+*-.'(# ?*+ '@'4<.'A (, 25 <7,53  (' 3+72)' *2 4,.,'2 /'( <7,53( !(2+ .* BC2+' D#E!
%A *2
25 :;<'+<.*5 (9<*+*3'2+ 50'(3 '5),(*C'*-.'# &* F7+42.*3,75 <+9
9/'53',5/2,3 25' 57+4*.,(*3,75 /' 4*5,>+' 8 
' G2' .'( <7,53( (7,'53 8 25' /,(3*5
' +1 72 −1 ('.75.' 
�39 /' .0:;<'+<.*5 !(*5( <+'5/+' '5 
74<3' .'( )*+,*-.'( /0*12(3'4'53%# &* 4*+C' *((7
,9')*23 *.7+( 1

||wlk||
# &' <+7-.>4' (' +9(24' *.7+( 8 4*@,4,('+ 72 <.23�3 4,5,4,('+ (75 ,5)'+(' '5<+'5*53 '5 
74<3' .* 4*+C' /'( /'2@ 
�39( /07I .' F*
3'2+ 1

2
/*5( .* F7+42.' 
,J/'((72(  

min
wlk,blk,ξlk

li

1

2
||wlk||2 +C

∑

li∈{Ll∪Lk}

ξlk
ti

!"#K%L' <+7-.>4' /07<3,4,(*3,75 *,5(, G2' .'( 
753+*,53'( <+9
9/'53'( 12(3,B' 25' F7,( /' <.2( .0,53+7J/2
3,75 /'( 42.3,<.,
*3'2+( /' &*C+*5C'  
L =

1

2
||wlk||2−

∑

li∈Ll

αlk
li
(〈ϕ(li) ·w

lk〉+ blk− 1+ ξlk
li
)+

∑

li∈Lk

αlk
li
(〈ϕ(li) ·w

lk〉+ blk +1− ξlk
li
) !"#M%N<+>( /9+,)*3,75 '3 
*.
2. '5 O9+7 ('.75 .'( /,P9+'53'( )*+,*-.'( wlkA blk '3 ξlk

li
A .' <+7-.>4'/07<3,4,(*3,75 /2*. (2,)*53 '(3 7-3'52  

max
∑

li∈{Tl∪Tk}

αlk
li
−
1

2

∑

li∈{Tl∪Tk}
lj∈{Tl∪Tk}

αlk
li
αlk

lj
ρlk

li
ρlk

lj
〈ϕ(li).ϕ(lj)〉 !"#Q%*)'
  

ρlk
li
=

{

1 ∀li ∈ Ll

−1 ∀li ∈ Lk
!"#D%R0*23+'( 
753+*,53'( 
74<.>3'53 .' <+7-.>4'  

∑

li∈{Tl∪Tk}

αlk
li
ρlk

li
= 0

0 ≤ αlk
li
≤ C, li ∈ {Tl ∪ Tk}

!"#S%L744' <72+ TUL /*5( .' 
:*<,3+' <+9
9/'53A .02(*C' /025' F75
3,75 57;*2 
75372+5' .'<+7-.>4' /' .* /9B5,3,75 /' .* F75
3,75 ϕ  
K(li, lj) = 〈 ϕ(li).ϕ(lj) 〉 !"#V%&' <+7/2,3 (
*.*,+' /' .* F7+42.' "#Q <'23 *,5(, =3+' +'4<.*
9#&'( <7,53( 93*53 '@*
3'4'53 (2+ .* (2+F*
' /' .* 4*+C'A 57449( )'
3'2+( (2<<7+3( '3 F7+4*53.0'5('4-.' SV lk (753 
*+*
39+,(9(A <*+ 25 42.3,<.,
*3'2+ /' &*C+*5C' 575 52.  

∀li ∈ SV α
lk
li
6= 0&' (
*.*,+' blk '(3 /,+'
3'4'53 
*.
2.*-.' 8 <*+3,+ /' 
'( /'+5,'+( /' .* F*W75 (2,)*53'  

blk =
1

|SV lk|

∑

li∈SV lk

(ρlk
li
−

∑

lj∈{Tl∪Tk}

αlk
li
ρlk

lj
K(lj , li)) !"#X%$KM



 !"! #$%&%'($%)* !" #$%&%'($%)* !"# $% &'()*&*#+)*!,- (, ,!(.%+( /!*,) lx $!*) 0)"% "+,12 $+,# &'(,% !( &'+()"% 
&+##%4  '25(+6)*!, 748 *,$*5(% %9/&*
*)%:%,) 5(% &+ 
&+##% $'(, /!*,) !(- $+,# 
%))% 2)($%- &'25(*/%:%,) $'(,+";"% $2/%,$ $% #+ /!#*)*!, /+" "+//!") < &'=>/%"/&+,4 ?&(# /"2
*#2:%,)- &+ @!,
)*!, $% $2
*#*!,#(*.+,)% #'+//(*% (,*5(%:%,) #(" &%# .%
)%("# #(//!")# 
+" /!(" &%# +()"%# /!*,)# li αlk
li
= 0 A

flk(lx) =
∑

li∈{Tl∪Tk}

αlk
li
ρliK(li, lx) + blk B74CDE?+" 
!,#25(%,)- &% #*1,% $% &+ .+&%(" "%)!(",2% /+" 
%))% @!,
)*!, "%,#%*1,% #(" &+ /!#*)*!, $%

lx /+" "+//!") < &'=>/%"/&+, $'!F &+ @!,
)*!, classelk(lx) +##*1,+,) (,% 
&+##% +( /!*,) lx A
classelk(lx) =

{

dl si flk(lx) ≥ 0
dk sinon

B74CCEG!::% (, =>/%"/&+, #2/+"% $% $%(9 
&+##%#- &+ 
&+##*H
+)*!, ,2
%##*)% +()+,) $'=>/%"/&+,#5('*& %9*#)% $% /+*"%# $% 
&+##%# $'!F &% 
+&
(& $% K(K − 1)

2
@!,
)*!,# $% $2
*#*!, 
+" K %#) &%,!:;"% $'25(*/%:%,)# $*#)*,
)# %) $!,
 $% 
&+##%#4I*,+&%:%,)- &+ @!,
)*!, Ω 
!,#)"(*)% /%,$+,) &+ /=+#% $'+//"%,)*##+1% %) 
+"+
)2"*#)*5(% $(H,1%"/"*,)*,1 #(/%".*#2 )%#)% &'+//+")%,+,
% $'(, +";"% /+" "+//!") < 
=+5(% =>/%"/&+, /!(" %,$2$(*"% &% )>/% &% /&(# /"!;+;&% A

Ω(lx) = argmax
di∈D





∑

classelk(lx)=di

1



 B74C8E

8JK



 !!"#" $% &'
)*!"+ , -"
."/0+ 1" +/2230. 4/5.*6
5'++"+

 !"



 !"#$! ! "#"$%!&'() *+, &),+!$- './#&0!('1$+, +( *23.(+&.+( ,2!

#0"!5.+ *2$. +,,#& *+, !""%'
!6('#., 
#00$.'
!.(+, +( *+ %! 0$%('"%'
!('#. *+, "&#(#
#%+, *#.( %+ /#.
('#..+0+.( +,( "%$, #$0#'., 
#0"%'1$)7 
+ 1$' '0"%'1$+ )5!%+0+.( *+, "+&/#&0!.
+, *'8)&+.(+, +. (+&0+, *+ &#9$,(+,,+:;. "&+0'+& #9<+
('/ *+ 
+((+ (=>,+ +,( *2!""&#/#.*'& "%$, +. *)(!'%, %! &#9$,(+,,+ *+ "&#(#
#%+,,2'%%$,(&!.( "!& *2+-(&!#&*'.!'&+, "+&/#&0!.
+, +0"'&'1$+, (+%, 1$+ %+, 9#(.+(,: ?'8)&+.(, "&#(#6
#%+, +0"%#@), "!& %+, 9#(.+(, ,#.( *#.
 0#*)%',), *!., 
+((+ (=>,+:A!& !'%%+$&,7 %2+,,#& +( %! *'B+&,'() *+, "&#(#
#%+, ,2!

#0"!5.+.( *2$. 0!.1$+ *+ ,")
'C
!('#.B#%#.(!'&+ #$ .#. 1$+ %! &)(&#6'.5).'+&'+ (+.(+ *+ &+(&#$B+&: ;.+ "&+0'>&+ "=!,+ +,,+.('+%%+ +,(.#(!00+.( *+ *)
#$B&'& %+, (@"+, *+ 0+,,!5+,:  ! (+
=.'1$+ 0',+ +. D$B&+ *!., 
+((+ )($*+,2!""$'+ ,$& %+, 0!
='.+, E B+
(+$&, *+ ,$""#&(, (#$( +. !@!.( !$ "&)!%!9%+ ,")
'C) *+ .#$B+%%+,&+"&),+.(!('#., *+, 0+,,!5+, *#.( %! 
#0"%+-'() *+ 
!%
$% +,( (&>, &)*$'(+ "!& &!""#&( !$- !$(&+,(+
=.'1$+, +-',(!.(+,:F.C.7 '% +-',(+ 5).)&!%+0+.( $. 5&!.* .#09&+ *2!""%'
!('#., *',('.
(+, "#$& $. 0G0+ "&#(#6
#%+ +( '*+.('C+& "&)
',)0+.( %+ %#5'
'+% #$ %+ (@"+ *2)1$'"+0+.( $('%',) H0!&1$+7 B+&,'#.I +,( $.!(#$( +,,+.('+% *!., "%$,'+$&, *#0!'.+, (+%, 1$+ %! ,$"+&B','#. #$ %! ,)
$&'() *+, &),+!$-: J2!"6"$@!.( $.'1$+0+.( ,$& %+, (@"+, *+ 0+,,!5+,7 %+ 
#0"#&(+0+.( *2$. )1$'"+0+.(7 
2+,(6E6*'&+%! 0!.'>&+ *#.( '% '.(+&!5'( !B+
 %+, !$(&+,7 +,( $.+ './#&0!('#. (&>, !B!.(!5+$,+ %#&,1$2+%%+ +,(
#$"%)+ !B+
 %+, *)%!', +.(&+ %+, 0+,,!5+,: F.C.7 %! 5&!00!'&+ *2$. "&#(#
#%+ 
#..$ "+&0+( *+
#.,(&$'&+ %+, !&9&+, ,@.(!-'1$+, *+, 0+,,!5+,7 *#.( %+ 
#.(+.$ +( %! ,(&$
($&+ ,)0!.('1$+0+.(&'
=+7 !B!'+.( "+$ )() )($*'), <$,1$2E 0!'.(+.!.( *!., %+ 
!*&+ *+ %2'*+.('C
!('#. *+, )1$'"+60+.(,: !"#$
&'#( 9#(.+(7 &#9$,(+,,+7 ,$"+&B','#.7 ,)
$&'()7 C.5+&"&'.('.57 !&9&+ 
#0"#&(+0+.(!%7 !&9&+,@.(!-'1$+7 0!
='.+, E B+
(+$&, ,$""#&(,7 
%$,(+&'.57 &)(&#6'.5).'+&'+ *+, "&#(#
#%+,:%&"'()
'K=+ 5&#L(= #/ 
#0"$(+& .+(L#&M, %'M+ (=+ 3.(+&.+( +.(!'%+* ! =$5+ '.
&+!,+ #/ .+(L#&M+*!""%'
!('#., !.* (=+ !""!&'('#. #/ 0$%('"%+7 B!&'#$, "&#(#
#%,: K=+'& /$.
('#.'.5 
#0"%+-'(@ ',B+&@ B!&'!9%+ '0"%@'.5 *'B+&,+ "+&/#&0!.
+,: K=+ C&,( #9<+
('B+ #/ (=', A=? (=+,', ', (# +B!%$!(+"&+
',+%@ (=+ &#9$,(.+,, #/ (=#,+ .+(L#&M+* !""%'
!('#.,7 L='
= !&+ M.#L. (# 9+ B+&@ +N
'+.(!.* ,++0 ,
!%!9%+7 %'M+ /#& '.,(!.
+7 (=+ 9#(.+(,: O+.
+7 ,+B+&!% 9#(.+(, "&#(#
#%, !&+ '0'(!(+*:P$&(=+&0#&+7 "&#(#
#% &+B+&,+ +.5'.++&'.5 =!, ,M@&#
M+(+* 9+
!$,+ 0!.@ "&#(#
#%, !&+ .#(!%L!@, L+%% *#
$0+.(+*: 3. (=', *#0!'.7 (=+ C&,( .+
+,,!&@ ,(+" ', (# *',
#B+& (=+ 0+,,!5+ (@"+,!.* (=', L#&M '.(&#*$
+, ! .#B+% (+
=.'1$+ 9!,+* #. ,$""#&( B+
(#& 0!
='.+, !.* .+L ,'0"%+0+,,!5+ &+"&+,+.(!('#., '. #&*+& (# &+*$
+ (=+ 
#0"%+-'(@:P'.!%%@7 (=+&+ !&+ 0!.@ *',('.
( !""%'
!('#., /#& ! ,'.5%+ "&#(#
#% L='
= 
!. 9+ '*+.('C+*(=!.M, (# *+B'
+ C.5+&"&'.('.5 (+
=.'1$+, L=#,+ (=+ *#0!'. #/ !""%'
!('#. ', &+%!(+* (# ,+
$&'(@!.* .+(L#&M 0!.!5+0+.(: K=+ C&,( (+
=.'1$+ "&#"#,+* '. (=', A=? (=+,', 
!. L#&M L'(= (=+"&+B'#$, 
#.(&'9$('#. !9#$( &+B+&,+ +.5'.++&'.5 9+
!$,+ (=+ *+B'
+, 
#$%* 9+ '*+.('C+* #.%@QRS



 !"#$ %& '(# ')*#" %+ ,#""!-#" #.
(!&-#$ 0(1
( !2# !--2#-!'#$ 1&'% ! '#,*%2!3  #(!41%2!3'2## 1&
35$1&- ,#""!-# $#3!)"6 7#"1$#"8 '(# ")&'!
'1
 '2## "'25
'52# %+ ! ,#""!-# 1" !3"% ! -%%$$1"
21,1&!'14# +#!'52# '% $1"'1&-51"( '(# $19#2#&' $#41
#"  5' 0!" 4#2) 31''3# 
%&"1$#2#$ 5&'13&%06 !"#$%&'(  %'&#'8 2% 5"'&#""8 &#'0%2: ,!&!-#,#&'8 "#
521')8 ;&-#2*21&'1&-8  #(!41%2!3 '2##8")&'!
'1
 '2##8 "5**%2' 4#
'%2 ,!
(1&#"8 
35"'#21&-8 *2%'%
%3 2#4#2"# #&-1&##21&-

<=>


	Table des matières

	Table des figures

	Introduction générale

	1. Contexte et problématiques

	2. Contributions

	3. Organisation


	1ère partie. Etat de l'art

	1. Malwares et botnets

	1.1 Introduction

	1.2 Théorie de la virologie informatique

	1.3 Taxonomie des malwares

	1.4 Botnets

	1.5 Détection et mesure des botnets

	1.6 Modèles

	1.7 Bilan


	2. Rétro-ingénierie de protocoles

	2.1 Introduction

	2.2 Généralités

	2.3 Découverte de messages : types et syntaxe

	2.4 Apprentissage de la machine à états

	2.5 Le rejeu

	2.6 Bilan


	3. Fingerprinting

	3.1 Introduction

	3.2 Méthodes de fingerprinting

	3.3 Applications

	3.4 Bilan


	2ème partie. Contribution

	4. Modélisation des botnets

	4.1 Introduction

	4.2 Cas d'étude

	4.3 Terminologie

	4.4 Modèles Internet Relay Chat

	4.5 Modèles P2P

	4.6 Bilan


	5. Nouvelles représentations et méthodes pour la rétro-ingénierie

	5.1 Introduction

	5.2 Mini protocole

	5.3 Distances entre deux messages

	5.4 Partitionnement des données

	5.5 Architecture générale

	5.6 Bilan


	6. Nouvelles techniques de fingerprinting

	6.1 Introduction

	6.2 Définitions des problèmes

	6.3 Machines à vecteur de support multi-classes

	6.4 Fingerprinting comportemental et temporel

	6.5 Fingerprinting syntaxique

	6.6 Conclusion


	3ème partie. Evaluation

	7. Performances des botnets

	7.1 Introduction

	7.2 Réseaux IRC

	7.3 Paramètres des modèles pair-à-pair

	7.4 Slapper

	7.5 Chord

	7.6 Comparaison

	7.7 Conclusion


	8. Découverte automatique des types de messages

	8.1 Introduction

	8.2 Protocoles testés

	8.3 Evaluation de la classification

	8.4 Expérimentations sur SIP

	8.5 Autres protocoles

	8.6 Paramétrage automatique de SVC

	8.7 Conclusion


	9. Identification des équipements

	9.1 Introduction

	9.2 Métriques d'évaluation

	9.3 Fingerprinting comportemental

	9.4 Fingerprinting syntaxique

	9.5 Conclusion


	Conclusion générale

	1. Résumé des contributions

	2. Perspectives


	Glossaire

	Publications relatives

	Bibliographie

	A. Partitionnement non supervisé de données

	B. Machines à vecteurs de support multi-classes


