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N, O $* P (-)* .$( E-&630$(> +0-&( ¬A, A ∨ B, A ∧ B, A → B, A ↔ B >

(;,)*$&%&Q*$)* /-66$ .+)( 0$ /+0/30 .$( %&-%-(,*,-)(!

N, O $(* 3)$ E-&630$> $* K 3)$ :+&,+90$> +0-&( I(∀x(A)) = 1 (, $* ($30$G

6$)* (, ∀d ∈ D, Ix/d(A) = 1!
N, O $(* 3)$ E-&630$> $* K 3)$ :+&,+90$> +0-&( I(∃x(A)) = 1 (, $* ($30$G

6$)* (, ∃d ∈ D, Ix/d(A) = 1 C-R Ix/d $(* 0;,)*$&%&'*+*,-) '1+0$ %+&*-3*

B @> (+3E $) K> $* *$00$ 23$ @CKD H .D!

F$( 1')'&+0,(+*,-)( %$&6$**$)* .;+((-/,$& B *-3*$ E-&630$ /0-($ O 3)$

:+0$3& .$ :'&,*' @COD H I -3 J> $* B *-3* *$&6$ * 3) '0'6$)* I(t) = d ∈ D.
7) %$3* &$6+&23$& +3((, 23$ 0;,)*$&%&'*+*,-) .;3)$ (-3(GE-&630$ /-)*$)+)* ,

:+&,+90$( 0,9&$( $(* '1+0$ B 3)$ E-)/*,-) .$ Di → {0, 1}!

ST (3& "JS



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

 !"#$%$&# '  .//' +"01 ,' 2",23, #&.#.1$%$.00',4 ,'1 5.&/3,'1 2,.1'1 +3

2",23, +'1 #&6+$2"%1 1' &6#"&%$11"0% '0 %&.$1 2,"11'1 7

8 ,'1 5.&/3,'1 9",$+'1 :.3 %"3%.,.;$'1< =3$ 1.0% 9&"$'1 #.3& %.3%' $0%'&>

#&6%"%$.04

8 ,'1 5.&/3,'1 $02.01$1%"0%'1 =3$ 1.0% 5"311'1 #.3& %.3%' $0%'&#&6%"%$.04

8 ,'1 5.&/3,'1 2.0%$0;'0%'1 =3$ 1.0% 9&"$'1 #.3& 2'&%"$0'1 $0%'&#&6%"%$.014

/"$1 #"1 #.3& +-"3%&'1)

?' /@/'4 ," 0.%$.0 +' 2.016=3'02' ,.;$=3' '1% ," /@/' =3-'0 2",23,

#&.#.1$%$.00', 7 A |= B 1$ '% 1'3,'/'0% 1$ %.3% /.+A,' +' B '1% 30 /.+A,'

+' C)

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

D'1 ,.;$=3'1 2,"11$=3'14 2.//' ," ,.;$=3' /"%!6/"%$=3' .3 '02.&' ,' 2",>

23, #&.#.1$%$.00',4 1.0% +'1 ,.;$=3'1 /.0.%.0'1) *0 ,.;$=3' /.0.%.0'4 %.3%

2' =3$ '1% +6+32%$E,' F #"&%$& +-30 '01'/E,' +-$05.&/"%$.0 1'&" %.3G.3&1 9&"$

"#&A1 30 "G.3% +' 0.39',,'1 $05.&/"%$.01)  '%%' ,.;$=3' '1% "##',6' /.0.%.0'4

+"01 ,' 1'01 .H ,' 0./E&' +-60.0261 =3' 0.31 1"9.01 9&"$1 '1% 1%&$2%'/'0%

2&.$11"0% 7 30 1"9.$& "G.3%6 0' #'3% G"/"$1 @%&' &'/$1 '0 2"31' "9'2 ,-"&&$96'

+' 0.39',,'1 $05.&/"%$.01)

() *&+$,-. /*)00$,-. #. 1.23.% 1)0 4. 2)$0&##.2 *&20,-. *.0 $#5&26

3)%$&#0 0&#% $#/&31*7%.08

I&'0.01 ," &A;,' 7 JK606&",'/'0%4 ,'1 .$1'"3L 9.,'0%J)  '%%' &A;,' 'L#&$/'

30' $05.&/"%$.0 $02./#,A%'4 2"& ',,' 0' #&62$1' #"1 F =3', %M#' +-.$1'"3L

',,' 1-"##,$=3')  -'1% 30' &A;,' ;606&",' %.,6&"0% +'1 'L2'#%$.01) B #&'/$A&'

93'4 2' %M#' +-$05.&/"%$.0 #'3% @%&' 'L#&$/6' '0 ,.;$=3' +3 #&'/$'& .&+&')

JK606&",'/'0%4 ,'1 .$1'"3L 9.,'0%J 1' %&"+3$&" ",.&1 #"& JN.31 ,'1 .$1'"3L

9.,'0%J 7 ∀x, Oiseau(x) → V ole(x))
 '%%' 5.&/3,"%$.0 '1% 2.!6&'0%' 1$ ," 1'3,' $05.&/"%$.0 2.003' '1% JN$%$ '1%

30 .$1'"3J)  '%%' &A;,' #.11A+' +'1 'L2'#%$.014 2'&%"$01 .$1'"3L 0' 9.,'0%

#"14 2.//' ,'1 /"02!.%1) O, 5"3% ",.&1 /.+$P'& ," &A;,' 7

∀x, Oiseau(x) ∧ ¬Manchot(x) → V ole(x))
 '%%' 5.&/3,"%$.0 #.11A+' +'1 $02.0960$'0%1) O, '1% +$Q2$,' +' 9.3,.$& ;6&'&

+'1 &A;,'1 ;606&",'1 2.0%'0"0% 30 0./E&' $/#.&%"0% +-'L2'#%$.01) ?' #,314 $,

'1% $/#.11$E,' +' +6+3$&' "9'2 2'%%' &A;,' =3-30 .$1'"3 9.,' 1$ ,-.0 0-6%"E,$%

#"1 =3' 2' 0-'1% #"1 30 /"02!.%)

RS 13& TUV



 ! ! "#$%&'#()*)+,( -#' .,((*+''*(.#' #( /,0+12# (,(34,(,),(#

 ! "#$%&'( )"!**%&'( +( ,(-.(/ ,!* "! -01%*%#+ 2(* %+3#-.!/%#+*4

5//# (# $%&6,+) $*' -# %#4#))%# #( .*2'# -#' -&-2.)+,(' &)*7/+#' *2$*%*3

6*()! 8%#(,(' /9&(,(.& '2+6*() :

; <=&(&%*/#4#()> /#' ,+'#*2? 6,/#()!<

; <@#' 4*(.A,)' (# 6,/#() $*'!<

; <B+)+ #') 2( ,+'#*2!<

C( $#2) #?$%+4#% .#) &(,(.& #( /,0+12# -2 $%#4+#% ,%-%# :

; ∀x, Oiseau(x) → V ole(x)
; ∀x, Manchot(x) → ¬V ole(x)
; Oiseau(Titi)
D*.A*() 12# /#' ,+'#*2? 6,/#() #) 12# B+)+ #') 2( ,+'#*2> ,( $#2) -&-2+%#

12# <B+)+ 6,/#<!

C%> '+ /9,( '*+) 12# B+)+ #') 2( 4*(.A,)> ,( .,(./2) <B+)+ (# 6,/# $*'<!

C( ,7)+#() */,%' -#2? .,(./2'+,(' +(.,('+')*()#'! @* /,0+12# ./*''+12# (#

$#%4#) -,(. $*' /# %*+',((#4#() %&6+'*7/# 12+ $#2) %#4#))%# #( .*2'# -#'

.,(./2'+,('! E# )F$# -# %*+',((#4#() #') .,2%*() #( +()#//+0#(.# *%)+G.+#//#>

*+('+ 12# -*(' /* 6+# -# ),2' /#' H,2%'!

8%#(,(' 2( *2)%# #?#4$/#> *6#. /* %I0/# 0&(&%*/# <=&(&%*/#4#()> 2( ,J.+#%

-,+) *''2%#% /* '*26#0*%-# -# ',( ',2'34*%+(<! D+ (,2' *H,2),(' /9+(K,%4*)+,(

12# /9,J.+#% #') L*4+L*M#> (,2' (# $,2%%,(' $*' -&-2+%# 129+/ *''2%#%* .#))#

'*26#0*%-#!

@* /,0+12# ./*''+12# (# (,2' $#%4#) -,(. $*' -# %*+',((#% '2% -#' +(K,%3

4*)+,(' +(.,4$/I)#' #) %&6+'*7/#'! C%> (,2' 6,2/,(' 4,-&/+'#% /# .,4$,%)#3

4#() -92( ,J.+#% -# 12*%) -*(' 2( ',2'34*%+(! @#' -,((&#' -+'$,(+7/#'

-*(' /# ',2'34*%+( $%,6+#((#() -#' ',(*%' $*''+K'> #//#' ',() +(.,4$/I)#'> +(3

.#%)*+(#' #) %&6+'*7/#'N.K! #?+0#(.# O> $*%*0%*$A# O! > $*0# PQR! @* /,0+12#

./*''+12# (# (,2' .,(6+#() -,(. $*' $,2% 4,-&/+'#% /# .,4$,%)#4#() -# /9,K3

G.+#% -# 12*%)!

 ! "#$%&'#()*)+,( -#' .,((*+''*(.#' #( /,0+12#

(,(34,(,),(#

@* /,0+12# (,( 4,(,),(# $#%4#) -# $%#(-%# #( .,4$)# -#' +(K,%4*)+,('

+(.,4$/I)#'> %&6+'*7/#' #) +(.#%)*+(#'! 5//# $#%4#) -# %&6+'#% /#' +(K,%4*3

)+,(' #) /#' .,(./2'+,(' $%&.&-#44#() &)*7/+#' *6#. /9*%%+6&# -# (,26#//#'

.,((*+''*(.#'! 5//# $%&'#()# 2(# '+4+/+)2-# (*)2%#//# *6#. /# %*+',((#4#()

A24*+( : $*% 4*(12# -9+(K,%4*)+,( ,2 4*(12# -# )#4$'> 2(# $#%',((# $#2)

%*+',((#% *6#. -#' .,((*+''*(.#' $*%)+#//#' #) %&6+'#% /#' .,(./2'+,(' *2 7#',+(

SO '2% POT



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

,.&/01-',,' " #,1/ +-$23.&4"%$.2/)  '%%' ,.5$01' '/% "##',6' 2.2 4.2.%.2' 7"&

,-'2/'48,' +'/ 7.27,1/$.2/ 01' ,-.2 3"$% 9 #"&%$& +-12' 8"/' +' 7.22"$//"27'

2' :" #"/ 7&.;%&' /$ ," 8"/' +' 7.22"$//"27' 7&.;%< 7.2%&"$&'4'2% 9 ," ,.5$01'

7,"//$01')

='/ #&'4$'&/ %&":"1> '2 ,.5$01' 2.2?4.2.%.2' +"%'2% +' ," @2 +'/ "2?

26'/ AB ":'7 ,'/ %&":"1> +' C7 "&%!D< C7 E'&4.%% F E.D,' '% G'$%'&) *2

HIAJ< G'$%'& KJIL 3.&4",$/' 12 #&'4$'& 4.+' +' &"$/.22'4'2% 2.2?4.2.%.2'

":'7 ,-!D#.%!M/' +1 4.2+' 7,./) C7 "&%!D KANL 6%'2+ '2/1$%' ,-!D#.%!M/' +1

4.2+' 7,./ ":'7 ," 7$&7.2/7&$#%$.2 '2 HIJB) *2 HIJB< C7 E'&4.%% '% E.D,'

KAOL .2% #&.#./6 12' ,.5$01' 4.+",' 2.2?4.2.%.2') =" 4P4' "226'< G'?

$%'& #&.#./' ," ,.5$01' +'/ +63"1%/ KIBL) *2 HIJQ< C..&' $2%&.+1$% ," ,.5$01'

"1%.6#$/%64$01' KAAL)

 $%.2/ +-"1%&'/ ,.5$01'/ 2.2 4.2.%.2'/ R ,'/ ,.5$01'/ +' ,-$27'&%"$2 7.44'

," ,.5$01' #.//$8$,$/%'< #&.#./6' #"& E18.$/ '% S&"+' K(QL '2 HIJA< .1 '27.&'

," ,.5$01' T.1'< #&.#./6' #"& U"+'! '2 HIVQ KHNNL)

S.1& ," 3.&4",$/"%$.2 +'/ &M5,'/ +' 7.4#.&%'4'2%/< 2.1/ ":.2/ 7!.$/$

+-1%$,$/'& ," ,.5$01' +'/ +63"1%/< 12' +'/ #&'4$M&'/ ,.5$01'/ 2.2 4.2.%.2'/)

W2%&.+1$%' #"& G"D G'$%'& '2 HIJB KIBL 7.44' 12 3.&4",$/4' +' &"$/.22'4'2%

'2 ,-"8/'27' +-$23.&4"%$.2/< ',,' '/% "1X.1&+-!1$ ," ,.5$01' 2.2 4.2.%.2' ,"

#,1/ 1%$,$/6')

 ! !" #$ %&'()*+ ,+- ,./$*0- 1234

=" ,.5$01' +'/ +63"1%/ 3.&4",$/' ,' &"$/.22'4'2% #"& +63"1%) *,,' #'&4'%

+' %&"$%'& ,'/ &M5,'/ "+4'%%"2% +'/ '>7'#%$.2/ /"2/ P%&' .8,$56 +' &'4'%%&' '2

7"1/' ,'/ &M5,'/ #&676+'44'2% 6%"8,$'/ 9 7!"01' 3.$/ 01-12' 2.1:',,' '>7'#?

%$.2 "##"&";%)

Y2' %!6.&$' +'/ +63"1%/ '/% 7.4#./6' +-12 '2/'48,' +' 3"$%/ Z< 01$ /.2%

+'/ 3.&41,'/ $//1'/ +1 7",71, #&.#./$%$.22', .1 8$'2 +' ," ,.5$01' +1 #&'4$'&

.&+&' '% +-12 '2/'48,' +' +63"1%/ E< 01$ /.2% +'/ &M5,'/ +-$236&'27' 9 7.2%'21

/#67$@01') ='/ +63"1%/ #'&4'%%'2% +' 56&'& ,'/ $23.&4"%$.2/ $27.4#,M%'/)

 !"#$#%#&$  ! "  !"#$%

E' /" 3.&4' ," #,1/ /$4#,'< 12 +63"1% '/% 12' '>#&'//$.2 +' ," 3.&4'

A(X) : B(X)

C(X)

.[ \]^_< `]^_ '%  ]^_ /.2% +'/ 3.&41,'/ 8$'2 3.&46'/ +1 #&'4$'& .&+&'

01$ 7.2%$'22'2% ^ 7.44' :"&$"8,' ,$8&' .1 X = (x1, x2, x3, . . . , xn) 7.44'
:'7%'1& +' :"&$"8,'/ ,$8&'/) \]^_ '/% ,' #&6&'01$/< `]^_ '/% ," X1/%$@7"%$.2 '%

 ]^_ '/% ,' 7.2/601'2%)

VN /1& NHQ



 ! ! "#$%&'#()*)+,( -#' .,((*+''*(.#' #( /,0+12# (,(34,(,),(#

5# -&6*2)

A(X) : B(X)

C(X)
'+0(+7# +(6,%4#//#4#() 8 '+ 9:;< #') =&%+7&> '+ +/

#') $,''+?/# 12# @:;< ',+) =%*+ :@:;< #') .,('+')*()<> */,%' ,( +(6A%# B:;<!

C# 4*(+A%# 0&(&%*/#> /#' -&6*2)' $#2=#() D)%# -&7(+' -# /* 6*E,( '2+=*()# 8

A(X) : B1(X), . . . , Bn(X)

C(X)
,

,F 9:;<> B1(X), . . . , Bn(X) #) B:;< ',() -#' 6,%42/#' ?+#( 6,%4&#' -2 $%#3

4+#% ,%-%# 12+ .,()+#((#() ; .,44# =*%+*?/# /+?%# ,2 X = (x1, x2, x3, . . . , xn)
.,44# =#.)#2% -# =*%+*?/#' /+?%#'!

G,2% -&7(+% /* %A0/# HI,2' /#' ,+'#*2J =,/#()> '*26 /#' 4*(.K,)'H> (,2'

$,2=,(' -&7(+% /# -&6*2)

oiseau(x) : ¬manchot(x)

vole(x)

12+ '+0(+7# HL+ J #') 2( ,+'#*2 #) 12# %+#( (# $%,2=# 12# J #') 2( 4*(.K,)>

*/,%' J =,/#H!

L+ @:;<MB:;<> /# -&6*2) #') -+) (,%4*/ :/* N2')+7.*)+,( #) /# .,('&12#()

',() +-#()+12#'<! 5#' -&6*2)' (,%4*2J $#2=#() '+0(+7#% H5#' 9 ',() -#' @>

'*26 #J.#$)+,('H> HO,%4*/#4#()> /#' 9 ',() @H!

5# -&6*2)

oiseau(x) : vole(x)

vole(x)

'+0(+7# HL*26 #J.#$)+,(> '+ J #') 2( ,+'#*2> '+ +/ (P#') $*' .,()%*-+.),+%# 12# J

=,/#> */,%' J =,/#!H! 5* =*%+*?/# J $#2) D)%# %#4$/*.&# $*% ),2)#' /#' =*/#2%'

$,''+?/#'> .,(')*()# ,2 )#%4#'!

Q/ #J+')# &0*/#4#() -P*2)%#' )R$#' -# -&6*2)'> .,44# /#' -&6*2)' '#4+3

(,%4*2J -# /* 6,%4# 8

A(X) : B(X) ∧ C(X)

C(X)
.

5* N2')+7.*)+,( +4$/+12# /# .,('&12#()!

5#' -&6*2)' '*(' $%&%#12+' ',() -# /* 6,%4# 8

: B(X)

C(X)
.

S '2% TUV



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

.'/ +01"2%/ 34&5"26 /"3/ #&0&'72$/8 +' ," 14&5'

: C(X)

C(X)

/43% +'/ +01"2%/ /2#'&34&5"26)

 !"#$#%#&$  ! "  !"#$%&'$

.-2%$,$/"%$43 +'/ +01"2%/ "295'3%' ,' 345:&' +' 14&52,'/ +0+2$%'/ +' ," :"/'

+' ;433"$//"3;' < = 342/ 4:%'343/ +'/ '6%'3/$43/ 72$ /43% +'/ '3/'5:,'/ +'

%!04&>5'/ +0&$?":,'/ +' 1"@43 5434%43')

A3' '6%'3/$43 +' ," %!04&$' +'/ +01"2%/ ∆ = (D, W ) '/% 23 '3/'5:,' *
+' 14&52,'/8 ;,4/ #42& ," +0+2;%$438 ;43%'3"3% < '% ?0&$B"3% ," #&4#&$0%0

/2$?"3%' = /$ + '/% 23 +01"2% +' C +43% ,' #&0&'72$/ '/% +"3/ *8 /"3/ 72' ,"

309"%$43 +' /" D2/%$B;"%$43 /4$% +"3/ *8 ",4&/ ,' ;43/072'3% +' + '/% +"3/ *)

E4&5',,'5'3%8 ,'/ '6%'3/$43/ /43% +0B3$'/ +' ," 1"@43 /2$?"3%' =

* '/% 23' '6%'3/$43 +' ∆ /$ '% /'2,'5'3% /$ E = ∪i=0,∞Ei8 "?';

E0 = W '% #42& i ≥ O8

Ei+1 = Th(Ei) ∪ {C/(
A : B

C
) ∈ D, A ∈ Ei,¬B /∈ E}

4F Th(Ei) +0/$93' ,-'3/'5:,' +'/ %!04&>5'/ 4:%'32/ +' 1"@43 5434G
%43' H #"&%$& +' Ei = Th(Ei) = {w/Ei ` w})

I, '/% $5#4&%"3% +' 34%'& 72' * "##"&"J% +"3/ ," +0B3$%$43 +' Ei+1) I,

3-'/% +43; #"/ #4//$:,' +' ;43/%&2$&' *8 #2$/72-$, 1"2% +0DH ;433"J%&' * #42&

4:%'3$& ,'/ Ei)

KL /2& MNO



 ! ! "#$%&'#()*)+,( -#' .,((*+''*(.#' #( /,0+12# (,(34,(,),(#

5*(' /# .*' -#' -&6*2)' (,%4*278 /9#7)#('+,( #') -&:(+# -# /* 6*;,( '2+<3

*()# =

> #') 2(# #7)#('+,( -# ∆ '+ #) '#2/#4#() '+ E = ∪i=0,∞Ei8 *<#.

E0 = W #) $,2% i ≥ O8

Ei+1 = Th(Ei) ∪ {C/(
A : C

C
) ∈ D, A ∈ Ei,¬C /∈ Ei}

,? Th(Ei) -&'+0(# /9#('#4@/# -#' )A&,%B4#' ,@)#(2' -# 6*;,( 4,(,3

),(# C $*%)+% -# Ei = Th(Ei) = {w/Ei ` w}!

D#))# 6,+'8 +/ 6*2) <&%+:#% 12# /* (&0*)+,( -# /* E2')+:.*)+,( (9*$$*%)+#()

$*' C Ei! F( */0,%+)A4# +(.%&4#()*/ $#2) -,(. G)%# 2)+/+'& $,2% .*/.2/#%

>! H#/,( "#+)#% IJKL8 /,%'12# ),2' /#' -&6*2)' ',() (,%4*278 /9#7+')#(.# -9*2

4,+(' 2(# #7)#('+,( #') *''2%&#!

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

M%#(,(' 4*+()#(*() 2( #7#4$/#! H,+) /* )A&,%+# -#' -&6*2)' ∆NO5 8PQ *<#. =

W = {∀x, Manchot(x) → Oiseau(x), Manchot(Titi)}

D =

{

d1 :
Oiseau(x) : V ole(x)

V ole(x)
, d2 :

Manchot(x) : ¬V ole(x)

¬V ole(x)

}

R* @*'# -#' 6*+)' P '+0(+:# 12# /#' 4*(.A,)' ',() -#' ,+'#*27 #) 12# S+)+

#') 2( 4*(.A,)!

T( $#2) )%*-2+%# /#' -#27 -&6*2)' $*% =

d1 : UH+ 7 #') 2( ,+'#*2 #) 129+/ #') .,('+')*() -# '2$$,'#% 12# 7 $#2) <,/#%8

*/,%' ,( .,(./2# 12# 7 $#2) <,/#%!U ,2 #(.,%# UH*26 #7.#$)+,(8 /#' ,+'#*27

<,/#()!U

d2 : UH*26 #7.#$)+,(8 /#' 4*(.A,)' (# <,/#() $*'!U

T( .*/.2/# /#' #7)#('+,(' =

V D*' W = ,( *$$/+12# /# -&6*2) d1 C P8 ,( * */,%' =

E0 = {Manchot(Titi) → Oiseau(Titi), Manchot(Titi), Oiseau(Titi)}

E1 = Th(E0) ∪ {V ole(Titi) tel que
Oiseau(Titi) : V ole(Titi)

V ole(Titi)
∈ D,

Oiseau(Titi) ∈ E0,¬V ole(Titi) 6∈ E0}

R# -&6*2) d1 $#2) -,(. @+#( G)%# *$$/+12& #) X,/#OS+)+Q $#2) -,(. G)%#

*E,2)& -*(' /9#7)#('+,(! F(# 6,+' .# $%#4+#% -&6*2) *$$/+12&8 +/ (9#') $*'

YZ '2% [WZ



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

#.//$0,' +-"##,$12'& ,' +34"2% d2 #2$/12' ,' 52/%$67"%$.8 +' 7' +34"2% 8'

/'&"$% #,2/ 9&"$')

:8 " +.87 ;

E = {Manchot(Titi) → Oiseau(Titi), Manchot(Titi), Oiseau(Titi),
V ole(Titi)}

<  "/ = ; .8 "##,$12' ,' +34"2% d2 > ?@ ",.&/ .8 " ;

E0 = {Manchot(Titi) → Oiseau(Titi), Manchot(Titi), Oiseau(Titi)}

E1 = Th(E0) ∪ {¬V ole(Titi) tel que
Manchot(Titi) : ¬V ole(Titi)

¬V ole(Titi)
∈

D, Manchot(Titi) ∈ E0, V ole(Titi) 6∈ E0}

A' +34"2% d2 #'2% +.87 0$'8 B%&' "##,$123 '% ¬V ole(Titi) #'2% +.87
B%&' "5.2%3 +"8/ ,-'C%'8/$.8) D8' 4.$/ 7' +34"2% "##,$123@ $, 8-'/% #,2/

#.//$0,' +-"##,$12'& ,' +34"2% d1 #2$/12' ," 52/%$67"%$.8 +' 7' +34"2%

8' /'&"$% #,2/ 9&"$)

:8 .0%$'8% +.87 ,-'C%'8/$.8 /2$9"8%' ;

E = {Manchot(Titi) → Oiseau(Titi), Manchot(Titi), Oiseau(Titi),
¬V ole(Titi)}

:8 #'2% /2$9&' 7'%%' +3E"&7!' /2& ,-"&0&' +' ," 6F2&' ()G)

 !"# ()G < H&0&' +' &'7!'&7!' +'/ /.,2%$.8/ #.2& ,' 7",72, +-'C%'8/$.8/)

:8 .0%$'8% +.87 +'2C 'C%'8/$.8/ 12$ /.8% 7.8%&"+$7%.$&'/) I$ 8.2/ 7!'&J

7!.8/ > &3#.8+&' > ," 12'/%$.8 ; K*/%J7' 12' L$%$ 9.,' MK@ $, 4"2% #.29.$& 7!.$/$&

'8%&' 7'/ +'2C 'C%'8/$.8/) :8 #'2% #&343&'& ,'/ +34"2%/ ,'/ #,2/ #"&%$72,$'&/@

.2 '87.&' 3%"0,$& +'/ #&343&'87'/ '8%&' ,'/ +34"2%/)

 .EE' 8.2/ 9'8.8/ +' 9.$& +"8/ 7'% 'C'E#,'@ ,'/ %!3.&$'/ +'/ +34"2%/ #'2J

NN /2& =GO



 ! ! "#$%&'#()*)+,( -#' .,((*+''*(.#' #( /,0+12# (,(34,(,),(#

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

*2.2(# #6)#('+,(!

:*% #6#4$/#; $%#(,(' /* )<&,%+# -#' -&=*2)' ∆ = (D, W ); *5#. >

W = ∅ #) D = {d1 =
: A(X)

¬A(X)
}!

?# -&=*2) d1 $#2) @)%# /2 > AB+ /* (&0*)+,( -# A(X) (# $#2) @)%# $%,25&#;

*/,%' ,( .,(./2) /* (&0*)+,( -# A(X)A!
?# .*/.2/ -C#6)#('+,( '# =*+) -# /* =*D,( '2+5*()# > ,( * E0 = W = ∅!

B+ /C#6)#('+,( E (# .,()+#() $*' ¬A(X); */,%' ,( 2)+/+'# /# -&=*2) d1 #)

¬A(X) ∈ E; .#))# #6)#('+,( (C#') -,(. $*' $,''+F/#! 7/ (C8 * -,(. *2.2(#

#6)#('+,( $,''+F/# G .#))# )<&,%+# -#' -&=*2)' > E = ∅!

H*(' .#%)*+(' .*'; /#' -&=*2)' ./*''+12#' $#25#() -,(. $,'#% -#' $%,F3

/I4#' /,%'12C+/ (C8 * $*' -C#6)#('+,(! B#/,( "#+)#%; /C#6+')#(.# -C*2 4,+('

2(# #6)#('+,( #') *''2%&# -*(' /# .*' ,9 ),2' /#' -&=*2)' ',() (,%4*26!

 !"#$%&'!"

?* /,0+12# -#' -&=*2)' '#4F/# '*)+'=*+%# #( -# (,4F%#26 $,+()' /#' #6+3

0#(.#' J6&#' $,2% /* )<I'# K.=! $*%*0%*$<# L! M >

N /#' -&=*2)' #) /#' =,%42/#' -2 .*/.2/ $%,$,'+)+,((#/ $#%4#))#() -# -&J(+%

-#' %I0/#' 0&(&%*/#'! O#))# /,0+12# $#%4#) -,(. -# -&J(+% =*.+/#4#() /#'

%I0/#' -# .,4$,%)#4#()' -# /C,$&%*)#2% P

N /* /,0+12# -#' -&=*2)' #') 2( =,%4*/+'4# -# %*+',((#4#() #( /C*F'#(.#

-C+(=,%4*)+,('! E//# $#2) -,(. (,2' $#%4#))%# -# %*+',((#% '2% /#' +(3

=,%4*)+,(' +(.,4$/I)#'; +(.#%)*+(#' #) %&5+'*F/#'; .# 12+ #') /# .*' -#

.#//#' -,() /C,Q.+#% -+'$,'# -*(' ',( ',2'34*%+( P

N .# =,%4*/+'4# $#%4#) -# )%*+)#% /#' %I0/#' *-4#))*() -#' #6.#$)+,('

'*(' @)%# ,F/+0& -# %#4#))%# #( .*2'# /#' %I0/#' $%&.&-#44#() &)*F/+#'!

?* /,0+12# -#' -&=*2)' (,2' $*%*R) -,(. @)%# 2(# =,%4*/+'4# *-*$)& $,2%

%#$%&'#()#% /#' .,((*+''*(.#' -# /C,Q.+#% #( .<*%0# -2 ',2'34*%+(! 7/ '#4F/#

-+Q.+/# -# $%&'#()#% /* /,0+12# -#' -&=*2)'; '*(' $%&'#()#% /* $%,0%*44*)+,(

*5#. '&4*()+12# -# 4,-I/#' ')*F/#'; /#' S('T#% B#) :%,0%*44+(0 KSB:M #(

*(0/*+'!

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

?* (,)+,( -CSB: * &)& -&J(+# $*% ?+='.<+)U VWXY #( LZXX! SB: '+0(+J# $%,3

0%*44*)+,( $*% #('#4F/# -# %&$,('#! 7/ 'C*0+) -C2( =,%4*/+'4# $,2% %#$%&'#(3

)#% -+[&%#()' $%,F/I4#' -# /C+()#//+0#(.# *%)+J.+#//#; -*(' /#'12#/' /C+(=,%4*3

)+,( -+'$,(+F/# #') +(.,4$/I)#! ?#' *$$/+.*)+,(' -#' SB: ',() /# %*+',((#4#()

\] '2% ^L_



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

./. 0/./%/.'1 ," #,".$23"%$/.1 ,' +$"4./5%$31 ," 6$/$.7/&0"%$89') ) )

:".5 ,'5 ;<=1 ,-$.7/&0"%$/. '5% 3/+>' #"& +'5 &?4,'5 ,/4$89'5 '% ,'5 5/,9@

%$/.5 3/&&'5#/.+'.% A +'5 0/+?,'5)  '5 5/,9%$/.5 5/.% #"&7/$5 3/.%&"+$3%/$&'51

3' 89$ #'&0'% 9. &"$5/..'0'.% ./.@0/./%/.')  !"89' 0/+?,' 3/&&'5#/.+ A

9. '.5'06,' 0$.$0", +-"%/0'5 &'#&>5'.%".% +'5 $.7/&0"%$/.5 5B&'5 C+'5 7"$%5D

'% +'5 +>+93%$/.5 /6%'.9'5 A #"&%$& +' &?4,'5 #"& +>7"9%) E'5 3/.3,95$/.5 5/.%

6"5>'5 59& +' ,-$.7/&0"%$/. #&>5'.%' '% "65'.%'1 ',,'5 5/.% #,"95$6,'51 #,95 /9

0/$.5 3'&%"$.'5) F. &'%&/9G' ,' 0H0' #&$.3$#' 89' +".5 ,' &"$5/..'0'.% #"&

+>7"9% "G'3 ," ,/4$89' +'5 +>7"9%5)

I, 'J$5%' +$K>&'.%'5 G"&$".%'5 +' ,-;<=1 3/00' ,'5 #&/4&"00'5 ,/4$89'5

./&0"9J1 $.%'&#&>%>5 #"& ," 5>0".%$89' +'5 0/+?,'5 5%"6,'5) I, 'J$5%' >4",'@

0'.% ,'5 #&/4&"00'5 ,/4$89'5 +>2.$5 89$ 5/.% #,95 5$0#,'5 0"$5 $,5 .' #'&@

0'%%'.% #"5 ," 4'5%$/. +'5 'J3'#%$/.5)

 !"#$#%#&$  ! "  !"#!$%%& '"#()*& +"!%$'

L. #&/4&"00' ,/4$89' ./&0", '5% 9. '.5'06,' +' &?4,'5 +' ," 7/&0' M

c ← a1, . . . , an, not b1, . . . , not bm

/N c1 ai C1 ≤ i ≤ nD1 bj C1 ≤ j ≤ mD 5/.% +'5 "%/0'5 +' ," ,/4$89' #&/#/@
5$%$/..',,'1 not '5% "##',> .>4"%$/. #"& +>7"9%)  '%%' &?4,' 5$4.$2' O<$ %/95
,'5 ai "##"&%$'..'.% A 9. '.5'06,' &>#/.5' '% 5$ "939. +'5 bj .-P "##"&%$'.%1

",/&5 c +/$% "##"&%'.$& A 3'% '.5'06,' &>#/.5')
</$% & 9.' &?4,' r : c ← a1, . . . , an, not b1, . . . , not bm) F. "##',,' M

Q ," %H%' +' &?4,' c1 ./%>' tete(r)1
Q ,' 3/&#5 +' ," &?4,' {a1, . . . , an, b1, . . . , bm}1 ./%> corps(r)1
Q ,' #&>&'89$5 #/5$%$7 +' & '5% ./%> corps+(r) = {a1, . . . , an}1
Q ,' #&>&'89$5 .>4"%$7 +' & '5% ./%> corps−(r) = {b1, . . . , bm}1
Q ," #&/R'3%$/. #/5$%$G' +' & 1 ./%>' r+

1 ," &?4,' tete(r) ← corps+(r))

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

<$ 9. #&/4&"00' = .' 3/.%$'.% #"5 +' .>4"%$/. #"& +>7"9%1 3-'5%@A@+$&'

corps−(P ) = ∅1 ",/&5 = '5% 9. #&/4&"00' ,/4$89' +>2.$ '% $, #/55?+' 9.

5'9, 0/+?,' +' S'&6&".+ 0$.$0",1 ./%> Cn(P ))

 !"#$#%#&$   " /& !-,*(0

E' &>+9$% PX
+-9. #&/4&"00' ,/4$89' ./&0", = #"& &"##/&% A 9. '.5'06,'

+-"%/0'5 T '5% ,' #&/4&"00' ,/4$89' +>2.$ #"& M PX = {r+|r ∈ P, corps−(r)∩
X = ∅}

 !"#$#%#&$  $ " 1",2'& 30$4'&

</$% = 9. #&/4&"00' ,/4$89' ./&0", '% < 9. '.5'06,' +-"%/0'5) < '5% 9.

UV 59& WXY



 ! ! "#$%&'#()*)+,( -#' .,((*+''*(.#' #( /,0+12# (,(34,(,),(#

4,-5/# ')*6/# -# 7 '+ #) '#2/#4#() '+ S = Cn(P S)! 8( $%,0%*44# $#2) *9,+%

*2.2(: 2( ,2 $/2'+#2%' 4,-5/#' ')*6/#'! ;<+/ (<#( * *2.2(: +/ #') +(.,('+')*():

'+(,( +/ #') .,('+')*()!

 !"#$%"  ! ;,+) 7 /# $%,0%*44# /,0+12# '2+9*() =

P =















a ← not b.
c.

b ← d, not c.
d← c, not a.















;,+) > 2( #('#46/# -<*),4#': X = {a, c}: */,%': /# %&-2+) PX
#') /#

$%,0%*44# /,0+12# '2+9*() =

PX =

{

a.
c.

}

?( * */,%' Cn(PX) = {a, c} = X #) > #') 2( 4,-5/# ')*6/#!

;,+) >< 2( #('#46/# -<*),4#': X ′ = {c, d} */,%' /# %&-2+) PX′

#') /#

$%,0%*44# /,0+12# '2+9*() =

PX′

=







a.
c.

d← c







?( * */,%' Cn(PX′

) = {a, c, d} 6= X ′
#) X ′

(<#') $*' 2( 4,-5/# ')*6/#!

8( @,%4*/+'4# * &)& $%,$,'& $*% A+.,/*' #) */! BCDEF: CDGFH $,2% 0&%#% I /*

@,+' 2( %*+',((#4#() (,(34,(,),(# #) +(.#%)*+(! 7,2% .#/*: /#' .,(.#$)' -#

/* )J&,%+# -#' $,''+6+/+)&' CKL F ',() +()%,-2+)' *2 '#+( -# /* '&4*()+12# -#'

4,-5/#' ')*6/#'! 8( -#0%& -# .#%)+)2-# #') *M#.)& *2N %50/#' -2 $%,0%*44#!

O<#N#4$/# '2+9*() P #') $%,$,'& =

 !"#$%" " ! 8( $*)+#() ',2M%# -# -#2N 4*/*-+#'! QJ*12# 4*/*-+#

$#2) R)%# ',+0(&# $*% 2( 4&-+.*4#() 4*+' /#' -#2N 4&-+.*4#()' ',() +(3

.,4$*)+6/#'! O# $%,0%*44# '2+9*() =

P =































med1 ← mal1, not med2.
med2 ← mal2, not med1.

g1 ← med1, mal1.
g2 ← med2, mal2.

mal1 ← .
mal2 ← .






























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 !"#$%&' () *%"% +' ,-"&%

.$/0$1' 23' ,' 45+$6"4'0% med1 7&'.#) med28 '.% +9005 : 30 #"%$'0% .-$, '.%
"%%'$0% +' ," 4","+$' mal1 7&'.#) mal28 ."3; .$ $, #&'0+ ,' 45+$6"4'0% med2
7&'.#) med18) <$ 30 #"%$'0% "%%'$0% +' ," 4","+$' mal1 7&'.#) mal28 #&'0+
,' 45+$6"4'0% med1 7&'.#) med28 ",9&. $, '.% /35&$ g1 7&'.#) g28 +' 6'%%'
4","+$')

=' #"%$'0% '.% "%%'$0% +'. +'3> 4","+$'. mal1 '%mal2) ?0 " +'3> 49+@,'.
.%"A,'. B {mal1, mal2, med1, g1} '% {mal1, mal2, med2, g2}) =' #"%$'0% #'3%
C%&' /35&$ .9$% +' ," 4","+$' mal1D .9$% +' ,-"3%&' 4","+$' mal2)

=' 45+'6$0 +9$% ",9&. 6!9$.$& '0%&' 6'. +'3> .9,3%$90.) =-$0%&9+36%$90 +'

0$E'"3> +' 6'&%$%3+'. .3& ,'. &@/,'. E" #93E9$& ,' /3$+'& +"0. .90 6!9$>) ?0

9A%$'0% ,' #&9/&"44' ,9/$23' 09&4", #9..$A$,$.%' .3$E"0% B

P =































(med1 ← mal1, not med2. 1)
(med2 ← mal2, not med1. 1)

(g1 ← med1, mal1. 0.7)
(g2 ← med2, mal2. 0.3)

(mal1 ← . 0.9)
(mal2 ← . 0.7)































='. +'3> #&'4$@&'. &@/,'. .90% %9%",'4'0% 6'&%"$0'.) =" %&9$.$@4' &@/,'

'>#&$4' ,' ;"$% 23' ,' 45+$6"4'0% med1 " 30' 'F6"6$%5 "..'G 6'&%"$0' +'
/35&$& ," 4","+$' mal1D '% ," 23"%&$@4' &@/,' .$/0$1' 23' ,' 45+$6"4'0%
med2 " 30' 'F6"6$%5 #'3 6'&%"$0' +' /35&$& ," 4","+$' mal2)

='. +'3> 49+@,'. #9..$A$,$.%'. +' H .90% B

I J (mal1, 0.9), (mal2, 0.3), (med1, 0.9), (g1, 0.7)KD
I J (mal1, 0.9), (mal2, 0.3), (med2, 0.7), (g2, 0.3)K)
=' 45+'6$0 +9$% ",9&. 6!9$.$& '0%&' +900'& ,' 45+$6"4'0% med1 '% $, .'&"

"..'G 6'&%"$0 23' ,' #"%$'0% /35&$..' +' ," 4","+$' mal1) <-$, +900' ,' 45+$6"L
4'0% med2D $, '.% #'3 6'&%"$0 23' ,' #"%$'0% /35&$..' +' ," 4","+$' mal2) ='
45+'6$0 " ",9&. 30' $0;9&4"%$90 .3##,54'0%"$&' 23$ #'3% ,-"$+'& : ;"$&' .90

6!9$>)  '#'0+"0%D 6'%%' $0;9&4"%$90 '.% : #&'0+&' "E'6 #&56"3%$90) H"& '>L

'4#,'D .$ ," 4","+$' mal2 '.% A'"3693# #,3. /&"E' 23' ," 4","+$' mal1D ,'
45+'6$0 #&5;5&'&" .M&'4'0% +900'& ,' 45+$6"4'0% med2)

 !"#$%&'!"

=" #&9/&"44"%$90 ,9/$23' "E'6 .54"0%$23' +'. 49+@,'. .%"A,'. '.% 30

93%$, 'F6"6' #93& ," &'#&5.'0%"%$90 +'. 6900"$.."06'. '% ,' &"$.900'4'0%

090L4909%90') N' 094A&'3> .9,E'3&. O<H 90% 5%5 +5E',9##5. B <49+',.

PQRST 7#&'4$'& .9,E'3& O<H8D U949&' PVTD O.."% PSWTD  ,".# PVXT)

 '#'0+"0%D '0 6' 23$ 6906'&0' 09%&' 6". +-"##,$6"%$90D ," ,9/$23' +'.

+5;"3%. .'4A,' #,3. .$4#,' : 3%$,$.'&) *,,' 093. #'&4'% +' +510$& '0%$@&'4'0%

XR .3& YQW



 !"! #$%&'($)*+*,-) .$( /-))+,((+)/$( +0$/ 1$( (2(*34$( 451*,6+7$)*(

)-*&$ %&-%&$ %&-7&+44$8 (+)( +0-,& &$/-5&* 9 5) (-10$5& :;<! =$ /$**$ >+?-)8

)-5( +0-)( 5)$ %+&>+,*$ 4+@*&,($ .$ /$ %&-7&+44$!

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

(2(*34$( 451*,6+7$)*(

A'$ +5 .'B5* .$( +))'$( CD8 1E ,)*$11,7$)/$ +&*,F/,$11$ .,(*&,B5'$ (E,)*'&$(($

9 .$( /-4%-&*$4$)*( ,)*$11,7$)*( G5, (-)* 1$ %&-.5,* .$ 1E+/*,0,*' /--%'&+*,0$

.$ %15(,$5&( +7$)*( HIJ K8 IJJKL! ME'0-15*,-) .$( /$**$ .,(/,%1,)$ + /-).5,* +5N

(2(*34$( 451*,6+7$)*(!

O) (2(*34$ 451*,6+7$)*( $(* 5) (2(*34$ /-4%-(' .E+7$)*( +5*-)-4$( G5,

%-5&(5,0$)* .$( -BP$/*,>( ,).,0,.5$1( *-5* $) ,)*$&+7,((+)* .+)( 5) $)0,&-)6

)$4$)* /-445) +F) .$ &'(-5.&$ 5)$ *Q/R$ /-445)$!

M$( .-4+,)$( .E+%%1,/+*,-) (-)* )-4B&$5N S &'(-15*,-) .$ %&-B134$(8

&-B-*,G5$ .,(*&,B5'$8 (,451+*,-) ! ! !

:0+)* .$ .-))$& G5$1G5$( $N$4%1$( .$ (2(*34$( 451*,6+7$)*(8 /-44$)?-)(

%+& .-))$& G5$1G5$( .'F),*,-)(!

 !"!# $%&'()(*'+

T1 $N,(*$ .$ )-4B&$5($( .'F),*,-)( .$ 1E+7$)*! U$11$ .-))'$ ,/, $(* 5)$ .$(

%&$4,3&$( .'F),*,-)(8 *,&'$ .5 1,0&$ .$ V$&B$& I"DK!

 !"#$#%#&$  ! "  !"#$ W) +%%$11$ +7$)* 5)$ $)*,*' %R2(,G5$ -5

0,&*5$11$ S

X G5, $(* /+%+B1$ .E+7,& .+)( 5) $)0,&-))$4$)*8

X G5, %$5* /-445),G5$& .,&$/*$4$)* +0$/ .E+5*&$( +7$)*(8

X G5, $(* 45$ %+& 5) $)($4B1$ .$ *$).+)/$( H(-5( 1+ >-&4$ .E-BP$/*,>(

,).,0,.5$1( -5 .E5)$ >-)/*,-) .$ (+*,(>+/*,-)8 0-,&$ .$ (5&0,$8 G5E$11$

/R$&/R$ 9 -%*,4,($&L8

X G5, %-((3.$ .$( &$((-5&/$( %&-%&$(8

X G5, $(* /+%+B1$ .$ %$&/$0-,& H4+,( .$ 4+),3&$ 1,4,*'$L (-) $)0,&-)6

)$4$)*8

X G5, )$ .,(%-($ G5$ .E5)$ &$%&'($)*+*,-) %+&*,$11$ .$ /$* $)0,&-))$4$)*

H$* '0$)*5$11$4$)* +5/5)$L8

X G5, %-((3.$ .$( /-4%'*$)/$( $* -Y&$ .$( ($&0,/$(8

X G5, %$5* '0$)*5$11$4$)* ($ &$%&-.5,&$8
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−→
F1 = G1 ∗ I1 ∗

−−→
AP1

||AP1||

70 0+%'

−→
V1 .' 4'2%'1&

−−→
AP1

||AP1||
)

70 +8%$'0% ,+02 6

−→
F1 =

−→
V1

9' /2!-3" #+/$%$+00'3'0% 2'0%&- /1& ." 2$8.' 4$/' .' #+$0% : ;2<'/%=>=,$&'

.' 81%?) @"0/ 2'% 'A'3#.'B ." ,$/%"02' '/% 2+3#&$/' '0%&' dmin '% dmax '%

.<$0%'0/$%- 2+&&'/#+0,"0%' '/% ,' I2 = −0.5) 9' 5"$0 '/% -5". > G2 = 1)
9' /'2+0, /2!-3" &'04+$' ." 2+0/$50' /1$4"0%' 6
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−→
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−→
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'%

−→
V3 .' 4'2%'1& −0.5 ∗

−→
V2)

−→
F2 = −0.5 ∗

−→
V2 =

−→
V3 (cf figure 4.10).
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=
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 !"# ()56 7 89-21%$+0 ,' ." 3+,-.$/"%$+0 ,1 2+3#+&%'3'0% "4'2 ." %!-+&$'

,'/ /2!-3"/: $0%'&;"2- "4'2 .<"%'.$'& ,' /$31."%$+0 =>=?@A B  +3#+&%'3'0%

+C%'01 ,<10 /+1/D3"&$0 E1$ ,+$% #$/%'& /+0 '00'3$ '% 3+0%'& "1 /2!0+&2!'.)
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+, '5.-3%( *() )15.&,)

 ' 0+14'"1 /2!-3" 3'% '0 "4"0% 2'&%"$0'/ .$3$%'/ ,' 2'%%' 3+,-.$/"%$+0)

F" 3"0$G&' ,' H9'& .'/ I"$0/ ,'/ /2!-3"/ ,'4$'0,&" 4$%' 2+3#.$E1-'

.+&/E1' .' 0+3C&' ,' 2+3#+&%'3'0%/ 4" "1I3'0%'&) J. ;"1,&" '0 'K'% ;"$&'

"%%'0%$+0 "19 2+3#+&%'3'0%/ E1$ #'14'0% L%&' "2%$4-/ '0 3L3' %'3#/)
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+' ,-(. /0-'121%. )1 312-%314 )* (%1 )$221 31 .$() '1) )&5/2-) -&.*6/)

- 7*1% (% )1%)! 8% 191.: (%1 ,$*) '1) )&5/2-) -&.*6/): '- &$%)*0%1 ;%-'1 3$*.

<1421..41 31 412<'*4 '1) $7=1&.*,) 31 &5->(1 )&5/2-!

?41%$%) '@1A12<'1 )(*6-%. B C (% 2D21 2$21%.: '1 )$()E2-4*% 3$*. B

F /6*.14 (%1 .$4<*''1:

F /6*.14 (% $7).-&'1!

G1(A )&5/2-) )$%. -'$4) -&.*6/) B

F '1 )&5/2- /6*.14 (%1 .$4<*''1: >(* &-'&('1 '1 61&.1(4

−→
F1:

F '1 )&5/2- /6*.14 (% $7).-&'1: >(* &-'&('1 '1 61&.1(4

−→
F2!

G-%) '- &$%;0(4-.*$% 31 '- ;0(41  !H : '1 )$221 31) 31(A )&5/2-) -&.*6/)

%1 <1421. 31 412<'*4 -(&(% $7=1&.*,

−→
CA! C <4*$4*: '1 )$()E2-4*% 6- &$%.*%(14

3@-6-%&14 )(4 '@$7).-&'1: )-%) /6*.14 '- .$4<*''1! 8% =$(-%. )(4 '1) 0-*%) 31)

)&5/2-): %$() <$(44*$%) <1(. D.41 4/)$(341 &1 <4$7'I21!

 !"#  !H F J/)('.-%.1 31 31(A )&5/2-) B /6*.14 (%1 .$4<*''1 1. /6*.14 (%

$7).-&'1

K*%-'121%.: '- 2$3/'*)-.*$% 3( &$2<$4.121%. -61& '- .5/$4*1 31) )&5/2-)

1). 1L&-&1 '$4)>(1 %$() -6$%) 71)$*% 3@(% <1.*. %$2741 31 )&5/2-)! ?-4

&$%.41: &1..1 2/.5$31 )127'1 3161%*4 &$2<'*>(/1 '$4)>(1 '@$% 61(. -=$(.14

31 %$(61-(A &$2<$4.121%.)!
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 !"#$%&' (

)##&*+!' #&*#*,-' .

/'#&-,'0%"%$*0 1', +*00"$,,"0+',

"2'+ 3" 3*4$56' 1', 1-7"6%,

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

*!+ +02(%-+ /.)+ -)$- 3/-,!%!/" #!$%&+ *! 4&!/ 0.%#$!/*$! ,!+ $'5,!+ *!

0.%#.$"!%!/"+6 7! #,)+8 ,9(")*! *! +!+ ,&%&"!+ /.)+ 0./3$%! :)9&, !+" &%;

#.$"-/" *! #.)1.&$ -<.)"!$ =-0&,!%!/" *! /.)1!-)> 0.%#.$"!%!/"+6 7! 0!""!

=-?./8 ,- %.*(,&+-"&./ *) 0.%#.$"!%!/" #!)" @"$! $!#$&+! !" !/$&02&! #-$ )/

)"&,&+-"!)$ /./ *(1!,.##!)$6 A.)+ #.)1./+ !/ *(*)&$! :)!8 ".)" 0.%%! ,!+

$(+!-)> *! B("$&8 ,9)"&,&+-"&./ *9-)".%-"!+ C ("-"+ 3/&+ /9!+" #-+ -*-#"(!6

A.)+ )"&,&+./+ )/! ,.5&:)! /./;%./."./! #.)$ $!#$(+!/"!$ ,!+ 0.//-&+;

+-/0!+8 -3/ *! #$!/*$! !/ 0.%#"! ,!+ &/=.$%-"&./+ &/0.%#,'"!+8 &/0!$"-&/!+

!" $(1&+-4,!+ :)! ,9.#($-"!)$ #.++'*! +)$ +./ !/1&$.//!%!/"6 A.)+ -1./+

02.&+& ,- ,.5&:)! /./;%./."./! ,- #,)+ )"&,&+(! D ,- ,.5&:)! *!+ *(=-)"+6 E/

!F!"8 !,,! #!$%!" *9&/=($!$ 0!$"-&/!+ 0.//-&++-/0!+8 "-/" :)9&, /9G - #-+ *!

0./"$-*&0"&./6 H!+ *(=-)"+ +./" *!+ $'5,!+ 5(/($-,!+8 !,,!+ #!)1!/" -*%!""$!

*!+ !>0!#"&./+6 H9-##-$&"&./ *9)/! /.)1!,,! !>0!#"&./ /! $!%!" #-+ !/ 0-)+!

,!+ $'5,!+ #$(0(*!%%!/" ("-4,&!+6

H- ,.5&:)! *!+ *(=-)"+ !+" 0.%#.+(! *9)/ !/+!%4,! *! =-&"+ I !" *9)/

!/+!%4,! *! *(=-)"+ 76 B.)$ *(3/&$ ,!+ =-&"+8 /.)+ -1./+ 02.&+& *9)"&,&+!$ ,!+

=.$%),!+ !" ,!+ 0,-)+!+ *! J.$/6 H9!/+!%4,! *!+ *(=-)"+ !+" *(3/& -1!0 *!+

*(=-)"+ /.$%-)> KLMMNO8 LMMMOP6 A."$! 0-+ *9-##,&0-"&./ /.)+ -%'/! C #$!/*$!

!/ 0.%#"! ,! "!%#+ *-/+ /."$! $-&+.//!%!/"6 E/ !F!"8 /.)+ *&+#.+./+ *!+

&/=.$%-"&./+ +)$ ,! +.)+;%-$&/ C )/ &/+"-/" t !" /.)+ 1.),./+ !/ *(*)&$!
:)!,,! -0"&./ ,! +.)+;%-$&/ 1- #.)1.&$ !>(0)"!$ C ,9&/+"-/" +)&1-/" t + 16 Q/
)"&,&+! *./0 *!+ *(=-)"+ /.$%-)> :)& +./" *!+ *(=-)"+ "!%#.$!,+6
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 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

#4$,"%$+1 %&"$%.9 4'- ,4"7-'- 2' :+&1 '% 4'- 2.8"7%- 1+&;"7< -7=-'1% #+7&

&'#&.-'1%'& 4'- ,+11"$--"1,'-)  '%%' &'#&.-'1%"%$+19 $;#4.;'1%.' '1 4"15"5'

>&+4+59 1+7- #'&;'% 2?+@%'1$& 71 "45+&$%!;' 67$ '-% '=,",' '% &"#$2'9 ,' 67$

&.#+12 "7< ,+1%&"$1%'- $127-%&$'44'-)  ' %&"3"$4 #+7&&"$% A%&' 5.1.&"4$-. '1

7%$4$-"1% 4'- 2.8"7%- ,4"--$67'- '% 2?"7%&'- ,4"7-'-)

 !" #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.*

-56'4+* .+ 4,. 7%)*. ., 2$&7+. -4 +.&7*

B+7- 7%$4$-+1- 4" 4+5$67' 2'- 2.8"7%-9 #&.-'1%.' "7 #"&"5&"#!' C)C)D E#"5'

FGH9 #+7& &'#&.-'1%'& 4'- ,+11"$--"1,'- '% 8+&;"4$-'& 4'- &I54'- 2' ,+;#+&%'J

;'1%9 K 4"67'44' 1+7- "L+7%+1- 71' &'#&.-'1%"%$+1 27 %';#-) * #"&%$& 2'-

$18+&;"%$+1- 2+1% 4' -+7-J;"&$1 2$-#+-' K 4?$1-%"1% %9 1+7- '1 2.27$-+1- 4"

,+1-$51' K 47$ &'13+M'& "7 %';#- -7$3"1%) B+7- 7%$4$-+1- 71' 5'-%$+1 2$-,&I%'

27 %';#- E$4 '-% $1,&.;'1%. 2?71 #"- 2' %';#- K ,!"67' $%.&"%$+1H)

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

B+7- "3+1- 379 2"1- 4' #"&"5&"#!' C)C)D9 67' 4?'1-';@4' 2'- 8"$%- '-% 2.N1$

"3', 4' ,"4,74 #&+#+-$%$+11'4 +7 @$'1 4" 4+5$67' 27 #&';$'& +&2&') O'- 8"$%-

-+1% 4'- 8+&;74'- %+7L+7&- 3&"$'-)

>+7& 2.N1$& 4?'1-';@4' 2'- 8"$%-9 1+7- "3+1- ,!+$-$ 2?7%$4$-'& /

P 2'- 8+&;74'-9 2'- 4$%%.&"7< %'&;$1"7< E-"1- 3"&$"@4'-H9

P 2'- ,4"7-'- 2' :+&1)

Q1 -' 4$;$%"1% "7< 8+&;74'- '% "7< ,4"7-'- 2' :+&19 1+7- +@%'1+1- 71 #&+J

5&";;' -$;#4'9 67$ 1+7- #'&;'% 2' 2.N1$& %+7%'- 4'- &I54'- 2+1% 1+7- "3+1-

@'-+$1 #+7& 2.,&$&' 4' ,+;#+&%';'1%)  '#'12"1%9 1+7- #+7&&$+1- 5.1.&"4$-'&

,' #&+5&";;' '1 7%$4$-"1% 2?"7%&'- ,4"7-'- 67' 4'- ,4"7-'- 2' :+&1)

 !" #$%&'(!") (!" (*++,%-'. +!%&*/-'. 0"-/" 1-%*-2(!"3

O'- 8+&;74'- 1+7- #'&;'%%'1% 2' 2.N1$& 4'- $18+&;"%$+1- -7& 1+%&' -+7-J

;"&$1 K 71 ,'&%"$1 %';#- %) B+%+1- Xt 4' -+7-J;"&$1 "7 %';#- t) B+7- 2.N1$-J
-+1- /

D) 4" ,$1.;"%$67' 27 -+7-J;"&$1 / -+1 ,"# Ecap(Xt, ct)9 "3', ct 4' ,"# K

4?$1-%"1% %H9 -" 3$%'--' Evitesse(Xt, vt) "3', vt 4" 3$%'--' K 4?$1-%"1% %H9

-+1 $;;'&-$+19 -" #+-$%$+1 R

G) 4'- $18+&;"%$+1- 67' 4' -+7-J;"&$1 #+--I2' -7& 4?'11';$ / '-%J$4 2.%',%. S

Edétection(Xt, dt) "3', dt = 0 -$ 4' -+7-J;"&$1 1?" #"- 2' 2.%',%$+1 '%

DTF -7& GD(



 !"! #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.* -56'4+* .+ 4,. 7%)*. .,

2$&7+. -4 +.&7*

dt = 1 *) (. *$4*8&'%), ' 4,. -5+.2+)$,9: 34.((. .*+ *' 7$*)+)$, .*+)&5.:

*$, 2'7: *' 1)+.**.: *$, 0)*.&.,+: *$, -5;(.&.,+ < =. *$4*8&'%), .*+8)(

-',* (. >'?. -. (@.,,.&) <

A! (.* ),6$%&'+)$,* *4% (@.,1)%$,,.&.,+ B C8'8+8)( 4, $>*+'2(. < 34.((. .*+

*' 7$*)+)$, < ! ! !

D! (.* ),6$%&'+)$,* +.&7$%.((.* B E 34',- %.&$,+. (' -.%,)/%. 2F'%0. < ('

-.%,)/%. '>'++5. < 34.( .*+ (. +.&7* 7'**5 ., &.*4%. -. -)*+',2. < ! ! !

 ! (@5+'+ -4 *$4*8&'%), B -',* 34.( 5+'+ *. +%$41. (. *$4*8&'%), <

=.* -)G5%.,+* 5+'+* 7$**)>(.* -4 *$4*8&'%), *$,+ B

H '>'++5.:

H *2F,$%2F.(:

H 2F'**.:

H ',+)82$(()*)$,:

H &.*4%. -. -)*+',2.:

H %'(().% (. 7)*+'0.:

H 7)*+'0.:

H 51)+.&.,+ -@$>*+'2(.:

H (',2.&.,+ -@4%0.,2.:

H -5%$>.&.,+!

I! (' 2$,*)0,. 34. ,$4* (4) %.,1$C$,* B 34.((. '2+)$, .G.2+4.% < Jabattée(Xt):
antiKcollision(Xt): ! ! ! 9: 34.( 2'7 Jtourner(Xt, anglet) 9: 34.((. 1)+.**.
JchangerKvitesse(Xt, vt) 9: 34.((. )&&.%*)$,JchangerKimmersion(Xt, it)9
-$)+8)( 7%.,-%. < (. *$4*8&'%), -$)+8)( +)%.% 4,. +$%7)((. <

 !" #$%&"!" '! ()*+

L$4* '1$,* -5;,) (.* 2('4*.* -. M$%, -',* (. 7'%'0%'7F. A!N!" J7'0.  A:

-5;,)+)$, I9! O. *$,+ -.* 2('4*.* '1.2: '4 7(4*: 4, ()++5%'( 7$*)+)6! P((.* ,$4*

7.%&.++.,+ 7%),2)7'(.&.,+ -. -5;,)% (.* %/0(.* -. ,'1)0'+)$, B 34.( .*+ (. 2'7

E 7%.,-%.: 34.((.* '2+)$,* ,. *$,+ 7'* 2$&7'+)>(.* ! ! !

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

%/0(.* -. (' 6$%&. B

(f1 ∧ f2 ∧ f3 ∧ . . . ∧ fk) → g

$Q (.* ; .+ 0 *$,+ -.* ()++5%'4R 7$*)+)6*! S, 'T$4+. (' %.7%5*.,+'+)$, -4 +.&7* B

(f1(t) ∧ f2(t) ∧ f3(t) ∧ . . . ∧ fk(t)) → g(t)

$Q (.* ;J+9 .+ 0J+9 *$,+ -.* ()++5%'4R 7$*)+)6* 2$%%.*7$,-',+ E (@5+'+ -4 *$4*8

&'%), '4 +.&7* +!

"UV *4% N" 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

 ' %9#' 2' &:54'- 1+7- #'&;'% 2' 2.<1$& 2'- &:54'- %+7=+7&- 3&"$'-> 67' 1+7-

"##'44'&+1- &:54'- 27&'-)  ' -+1% 4'- &:54'- ,4"--$67'- 2' -9-%:;' '?#'&%) @+7-

2.<1$--+1- 4" &:54' -7$3"1%' /

r1 : abattée(Xt) → tourner(Xt, (α, β)),

67$ -$51$<' / AB$ 4' -+7-C;"&$1 '-% '1 "D"%%.' E"7 %';#- %F> $4 %+7&1'&" 2G71

"154' ,+;#&$- '1%&' α '% β)A)
H'- ,4"7-'- 2' I+&1 -+1% 2'- &:54'- 8",$4';'1% ,+;#&.!'1-$D4'- #+7& 4'-

7%$4$-"%'7&-)

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

'/3%!".)$4  ' -+1% 4'- &:54'- 2' 4" 8+&;' /

¬f1 ∨ ¬f2 ∨ ¬f3 ∨ . . . ∨ ¬fk

+7 '1,+&'

(f1 ∧ f2 ∧ f3 ∧ . . . ∧ fk) → FAUX,

+7 '1,+&'

¬(f1 ∧ f2 ∧ f3 ∧ . . . ∧ fk).

*3', 4" &'#&.-'1%"%$+1 27 %';#-> 1+7- 2.<1$--+1- 2'- &:54'- 2' 4" 8+&;' /

¬(f1(t + 1) ∧ f2(t + 1) ∧ f3(t + 1) ∧ . . . ∧ fk(t + 1)).

 ' %9#' 2' ,4"7-' 1+7- #'&;'% 2' 2.<1$& 4'- '?,47-$+1- ;7%7'44'-> ,G'-%CJC2$&'

4'- #&.2$,"%- 67$ 1' #'73'1% K%&' '?.,7%.- '1 ;K;' %';#-)

L"& '?';#4'> 1+7- 2.<1$--+1- 4" &:54' -7$3"1%' /

w1 = ¬(abattée(Xt+1) ∧ schnorchel(Xt+1)).

*7 ;K;' $1-%"1% t + 1> 71 -+7-C;"&$1 1' #'7% #"- 8"$&' J 4" 8+$- 71' "D"%%.'
'% &';+1%'& "7 -,!1+&,!'4)

M1 #'7% .5"4';'1% 2.<1$& 2'- &:54'- 2' 4" 8+&;' /

¬(f1(t) ∧ f2(t) ∧ f3(t) ∧ . . . ∧ fk(t + 1)).

 '4" -$51$<' 67' -$ 4'- 8"$%- 8N '% 8O '% 8P ) ) ) -+1% 3.&$<.- "7 %';#- %> $4 1G'-%

#"- #+--$D4' 2G'?.,7%'& 4G",%$+1 8Q "7 %';#- -7$3"1% E%RNF)

L&'1+1- 71 "7%&' '?';#4'> 4" &:54' / AB$ 4' -+7-C;"&$1 '11';$ ;"1S73&'>

4' -+7-C;"&$1 1' #'7% #"- &"44$'& 4' #+-%' 2' #$-%"5'A #'7% K%&' .,&$%' 2' 4"

8"T+1 -7$3"1%' /

w2 = ¬(ennemiUmanoeuvre(Xt) ∧ rallierUpistage(Xt+1)).
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 !"! #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.* -56'4+* .+ 4,. 7%)*. .,

2$&7+. -4 +.&7*

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

8.* -56'4+* *$,+ -.* %/0(.* -9),65%.,2. : 2$,+.,4 *752);34. 34) 7.%&.++.,+

-. 05%.% (9),2.%+)+4-. <26! 7'%'0%'7=. >!>!"?! @(* ,$4* 7.%&.++.,+ -9.A7%)&.%

(. 6')+ 34.B *) )( ,9C ' 7'* -. 2$,+%'-)2+)$, : .A524+.% 4,. '2+)$,B (. *$4*D&'%),

7.4+ (. 6')%.!

E, -56'4+ .*+ -5;,) -. (' 6'F$, *4)1',+. G

A(X) : B(X)

C(X)
,

$H I<J?B K<J? .+ L<J? *$,+ -.* 6$%&4(.* M)., 6$%&5.* 34) 2$,+).,,.,+ J

2$&&. 1'%)'M(. ()M%. $4 X = (x1, x2, x3, . . . , xn) 2$&&. 1.2+.4% -. 1'%)'M(.

()M%.!

N$4* 4+)()*$,* *.4(.&.,+ (.* -56'4+* ,$%&'4A G

A(X) : C(X)

C(X)
.

O9'7%/* P.)+.% QRSTB (94+)()*'+)$, -.* -56'4+* ,$%&'4A ,$4* 7.%&.+ -9'**4%.%

(9.A)*+.,2. -9'4 &$),* 4,. .A+.,*)$,! O. 7(4*B (9'(0$%)+=&. -. 2'(24( -9.AD

+.,*)$,* *.%' 7(4* *)&7(.! UV&. *) ,$4* ,$4* *$&&.* ()&)+5* '4A -56'4+*

,$%&'4AB 2. +%'1')( 7$4%%')+ V+%. 05,5%'()*5 ., 4+)()*',+ -.* -56'4+* 05,5%'4A!

W$4% 4+)()*.% 4, -56'4+ ,$%&'(B $, 15%);. 34. I<J? .*+ 1%') .+ 349)( .*+

7$**)M(. 34. L<J? *$)+ 1%') <29.*+D:D-)%. L<J? .*+ 2$,*)*+',+?! X, 7.4+ '($%*

),65%.% L<J?! O',* ,$+%. 2'* -9'77()2'+)$,B ,$4* 7%.,$,* ., 2$&7+. (. +.&7* G

: 7'%+)% -.* -$,,5.* -$,+ (. *$4*D&'%), -)*7$*. : (9),*+',+ tB 34.((.* '2+)$,*
1'D+D)( 7$41$)% .A524+.% : (9),*+',+ *4)1',+ Y W$4% 4+)()*.% 4, -56'4+ : (9),D

*+',+ tB $, 15%);. 34. I<J? .*+ 1%') : 2.+ ),*+',+ +! W'% 2$,+%.B $, 15%);. ('

2$,*)*+',2. -. L<J? '1.2 (' M'*. -. 2$,,')**',2. : (9),*+',+ *4)1',+ t + 1!
Z+ $, ),6/%. L<J? : (9),*+',+ t+ 1! W$4% 4+)()*.% (.* -56'4+*B $, 7%$2/-. -$,2

-. (' 6'F$, *4)1',+. G

[ $, 15%);. (. 7%5%.34)* A(X) : 4, ),*+',+ + G A(Xt)B (' 1'%)'M(. J .*+

'($%* ),*+',2)5. : (9),*+',+ + G Xt = (x1t, x2t, x3t, . . . , xnt) \
[ $, 15%);. 349)( ,9C ' 7'* -. 2$,+%'-)2+)$, : (' ]4*+);2'+)$, C(X) :

(9),*+',+ t + 1 G C(Xt+1) \
[ $, ']$4+. (. 2$,*534.,+ C(X) '4 +.&7* t + 1 G C(Xt+1)!
X, -5;,)+ ;,'(.&.,+ (.* -56'4+* -. (' 6'F$, *4)1',+. G

A(Xt) : C(Xt+1)

C(Xt+1)

L. -56'4+ *)0,);. G ^_) (. 7%5%.34)* I<J? .*+ 15%);5 '4 +.&7* +B .+ *) )( .*+

7$**)M(. 34. L<J? *$)+ 1%') '4 +.&7* +`"B '($%* L<J? .*+ 1%') '4 +.&7* +`"!^

"SR *4% a" 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

91 #+7&&"$% .5"4':'1% 3.&$;'& 4" ,+1-$-%"1,' 2'  <=> "3', 4" ?"-' 2' ,+1@

1"$--"1,' A 4B$1-%"1% -7$3"1% t + 2C t + 3C ) ) ) C t + nC ,'#'12"1% 1+7- "7&$+1-
"4+&- 2'- #&+?4D:'- 2' ,+:#4'E$%.)

F+7& 2.;1$& 4" &D54' G H$ 4' -+7-@:"&$1 1B" #"- 2' 2.%',%$+1C "4+&- $4 8"$%

71' "?"%%.') GC 1+7- 2.;1$--+1- 4' 2.8"7% -7$3"1% /

détection(Xt, 0) : abattée(Xt+1)

abattée(Xt+1, 1)
.

I$1"4':'1%C ,' 2.8"7% -$51$;' / G H$ 4' -+7-@:"&$1 1B" #"- 2' 2.%',%$+1 A

4B$1-%"1% %C '% -$ $4 47$ '-% #+--$?4' 2' 8"$&' 71' "?"%%.' A 4B$1-%"1% %JKC "4+&-

$4 8'&" 71' "?"%%.' A 4B$1-%"1% %JK)G)

 ! "#$%&%'(

L+7- #+--.2+1- 71' ?"-' 2' ,+11"$--"1,' 2M1":$67' / 4" ?"-' 2' ,+1@

1"$--"1,' #'7% ,!"15'&) F"& 'E':#4'C 4' -+7-@:"&$1 1B" #"- 2' 2.%',%$+1 '%C

A 71 :+:'1%C $4 2.%',%' 71 '11':$) 97 '1,+&'C 4" 2$-%"1,' '1%&' 4'- 2'7E

-+7-@:"&$1 ,!"15' A ,!"67' $1-%"1%C '1 8+1,%$+1 2' 4'7&- %&"N',%+$&'- ) ) )

O'- 1+73'44'- $18+&:"%$+1- #'73'1% ,+1%&'2$&' 4" ?"-' 2' ,+11"$--"1,') P4

8"7% 2+1, 4" &.3$-'& ";1 2B.3$%'& 4'- $1,+1-$-%"1,'- '% 2' 5"&2'& 71' ?"-' 2'

,+11"$--"1,' ,+!.&'1%')

* ,!"67' #"- 2' %':#-C 4'- 8+&:74'- 2' 4" ?"-' 2' ,+11"$--"1,' -+1% :$-'-

A N+7& /

Q 4'- $18+&:"%$+1- -7& 4B'11':$ <2.%',%$+1C #+-$%$+1C ,"#C 3$%'--'C 5$-'@

:'1%C 2.;4':'1%C ) ) ) >

Q 4'- $18+&:"%$+1- -7& 4B'13$&+11':'1% <#+-$%$+1 2B71 .3'1%7'4 +?-%",4'

) ) ) >

Q 4'- $18+&:"%$+1- %':#+&'44'- <%':#- 2'#7$- 4" 2'&1$D&' ,!"&5'C 4' 2'&1$D&'

"?"%%.'C ) ) ) >

Q 4'- $18+&:"%$+1- -7& 4' -+7-@:"&$1 / '1 8+1,%$+1 2' 4" ,+1-$51' ,"4,74.'

<,"#C 3$%'--'C $::'&-$+1>C 67'44' '-% 4" 1+73'44' #+-$%$+1 27 -+7-@:"&$1

'% -+1 1+73'4 .%"% R *@%@$4 %$&. 71' %+&#$44' R

 !"!# $%&'()&*' +*&,%-.*' /0 '%0'12/+(&

O"1- 4' #"&"5&"#!' ()K)KC 1+7- "3+1- 2.;1$ 4'- ,+1-$51'- 2+11.'- "7 -+7-@

:"&$1 / 1+7- 2'3+1- 47$ &'13+M'& 71 ,"#C 71' 3$%'--'C 71' $::'&-$+1C '% 4B+&2&'

.3'1%7'4 2' %$&'& 71' %+&#$44')

L+7- 2'3+1- #&'12&' '1 ,+:#%' 4' 8"$% 67B71' :S:' ",%$+1 #'7% "3+$&

#47-$'7&- ,+1-$51'- #+--$?4'-) T1 'U'%C #+7& ,'&%"$1'- ",%$+1-C 1+7- "3+1- 71'

:"&5' 2' :"1V73&') W' -+7-@:"&$1 1' 2+$% #"- 8+&,.:'1% "%%'$12&' 71 ,"#

KKX -7& YK(



 !"! #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.* -56'4+* .+ 4,. 7%)*. .,

2$&7+. -4 +.&7*

7%52)* &')* 2. 2'7 7.4+ 8+%. 2$&7%)* -',* 4, 2.%+'), ),+.%1'((.! 9, %')*$,,.

-. (' &8&. 6':$, '1.2 (' 1)+.**. .+ (;)&&.%*)$,!

<%.,$,* (' %/0(. -. (;'='++5. >26 7'%'0%'7?. @!AB *)&7()C5. D

E *) (. *$4*F&'%), ,;' 7'* -. -5+.2+)$,G )( -$)+ *. &.++%. ., '='++5. H

E 4, *$4*F&'%), ., '='++5. -$)+ +$4%,.% -;4, ',0(. 2$&7%)* .,+%. IJ K.+

"@J K!

9, 7.4+ +%'-4)%. 2.* %/0(.* -. (' 6':$, *4)1',+. D

E '1.2 4, -56'4+ D

détection(Xt, 0) : abattée(Xt+1)

abattée(Xt+1)
,

E .+ 4,. %/0(. D

abattée(Xt+1) → tourner(Xt+1, 60) ∨ tourner(Xt+1, 61) ∨ . . .

. . . ∨ tourner(Xt+1, 120).

L. M$4M .,+%. 2?'34. 7%5-)2'+ tourner .*+ 4, M$4M .N2(4*)6 D (. *$4*F

&'%), ,. 7.4+ 7%.,-%. 34;4, *.4( 2'7!

L. 2'(24( $=+.,4 '1.2 (;'(0$%)+?&. -;.N+.,*)$, -$,,.%' 7(4*).4%* .N+.,*)$,* D

E1 = [abattée(Xt+1), tourner(Xt+1, 60)],

E2 = [abattée(Xt+1), tourner(Xt+1, 61)],

. . .

E61 = [abattée(Xt+1), tourner(Xt+1, 120)].

O. 2'(24( .*+ ($,0 '($%* 34. ,$4* $=+.,$,* -.* .N+.,*)$,* 7%'+)34.&.,+

)-.,+)34.*G '1.2 7$4% *.4(. -)P5%.,2. (' 2$,*)0,. -. 2'7! O. 2'(24( .*+ -$,2

%575+)+)6G *',* 7$4% '4+',+ '77$%+.% -. (;),+5%8+ Q (' %5*$(4+)$,!

R$4* '1$,* -$,2 -52)-5 -. %.0%$47.% +$4+.* 2.* .N+.,*)$,* ., 4,. *.4(.G

., ),+%$-4)*',+ (' 2$,*)0,. 34) -$)+ 7.%&.++%. '4 *$4*F&'%), -. +$4%,.% -;4,

',0(. 2$&7%)* -',* 4,. 2.%+'),. 7('0. -. 2'7! O.++. 2$,*)0,. .*+ -$,,5.

'1.2 (. 7%5-)2'+ tournerSplage(α, β) D (. *$4*F&'%), -$)+ +$4%,.% -;4, ',F

0(. 2$&7%)* .,+%. α K.+ β K! <$4% *)&7()C.% (;52%)+4%.G $, ,$+. 2. 7%5-)2'+

tourner(α, β)! R$4* %.7%.,$,* (;)-5. -.* *T&5+%).* U"VW 34) 7.%&.+ -. *)&7()F

C.% 2$,*)-5%'=(.&.,+ (' %5*$(4+)$, -.* 7%$=(/&.* 34) 7%5*.,+.,+ 4,. *+%42+4%.

+%/* *T&5+%)34.!

L;.N.&7(. 7%525-.,+ .*+ '($%* *)&7()C5 D ,$4* %.+%$41$,* (. &8&. -56'4+

détection(Xt, 0) : abattée(Xt+1)

abattée(Xt+1)
.

""" *4% @" 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

9" &:54' #+7& 2+11'& 4" ,+1-$51' 2' ,"# '-% ;"$1%'1"1% -$;#4$<.') =+7- "3+1-

4" ,4"7-' 2' >+&1 -7$3"1%' /

abattée(Xt+1) → tourner(Xt+1, (60, 120)).

?% 4' ,"4,74 2@'A%'1-$+1 1' 1+7- 2+11' 67@71' -'74' 'A%'1-$+1B ,' 67$ -$;#4$<'

4" ,+;#4'A$%. 27 ,"4,74 /

E1 = [abattée(Xt+1), tourner(Xt+1, (60, 120))].

C1 #'7% &"$-+11'& 2' ;D;' "3', 4'- ,+1-$51'- 2' 3$%'--' '% 2@$;;'&-$+1B

'1 2.<1$--"1% 4'- #&.2$,"%- -7$3"1%- /

E ,!"15'& 3$%'--'FXt+1, (V1, V2)G / ,' #&.2$,"% #'&;'% "7 -+7-H;"&$1 2'
,!"15'& 2' 3$%'--'B $4 2+$% #&'12&' 71' 3$%'--' ,+;#&$-' '1%&' V1 '% V2 I

E ,!"15'& $;;'&-$+1FXt+1, (I1, I2GG / ,' #&.2$,"% #'&;'% "7 -+7-H;"&$1

2' ,!"15'& 2@$;;'&-$+1B $4 2+$% #&'12&' 71' $;;'&-$+1 ,+;#&$-' '1%&'

I1 '% I2)

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

J"1- ,' #"&"5&"#!'B 1+7- 2+11+1- 4" 8+&;"4$-"%$+1 2'- &:54'- 2.,&$%'- "7

#"&"5&"#!' K)L '1 4+5$67' 2'- 2.8"7%-)

M+7& ,!"67' .%"% #+--$N4'B 4'- &:54'- 27&'- ,+1,'&1"1% 4" ,+1-$51' 2@$;H

;'&-$+1 '% 2' 3$%'--' 1' -+1% #"- 2.%"$44.'-) ?44'- -+1% 2' 4" ;D;' 8+&;' 67'

4'- &:54'- -7$3"1%'-B 2+11.'- #+7& 4@'A';#4' 2' 4@"N"%%.' /

r1 : abattée(Xt) → changerOvitesse(Xt, (V a, V a))B "3', P"B 4" 3$%'--' Q
"2+#%'& '1 "N"%%.')

r2 : abattée(Xt) → changerOimmersion(Xt, (Ia, Ia))B "3', R"B 4" 2$8H
8.&'1,' 2@$;;'&-$+1 67' 4' -+7-H;"&$1 2+$% "2+#%'& #"& &"##+&% Q 4@$;;'&H

-$+1 ",%7'44')

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

234)! 5 6  !" &7&(($!" =+7- "3+1- 2.SQ 7%$4$-. ,+;;' 'A';#4' 4' 2.8"7%

#+7& 4" &:54' 2' 4@"N"%%.' /

D1 =
détection(Xt, 0) : abattée(Xt+1)

abattée(Xt+1)

TTK -7& KT(



 !"! #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.* -56'4+* .+ 4,. 7%)*. .,

2$&7+. -4 +.&7*

8$4* -59,)**$,* .,*4)+. (.* %/0(.* -4%.*! :, ,$+. Tc; (. +.&7* 2$4%',+

.+ Ta (. +.&7* '434.( (<$=2).% ' -52)-5 -. 6')%. (' 7%$2>'),. '?'++5. @2<.*+A

BA-)%. (. 7%$2>'), 2>',0.&.,+ -. 2'7C! D) 2. +.&7* .*+ '++.),+; )( 7.4+ '($%*

2>',0.% -. 2'7; *),$, )( 2$,+),4. +$4+ -%$)+!

:, ' '($%* (.* -.4E %/0(.* *4)1',+.* F

r3 : abattée(Xt) ∧ (Tc < Ta(Xt)) → tourner(Xt, (0, 0))

r4 : abattée(Xt) ∧ (Tc ≥ Ta(Xt)) → tourner(Xt, (60, 120))

∨ tourner(Xt, (−120,−60))

G. H$4H ∨ ,<' 7'* 5+5 -59,)! :, (. %.&7('2. 7'% -.4E %/0(.* F

r4a : abattée(Xt) ∧ (Tc >= Ta(Xt)) → tourner(Xt, (60, 120))

r4b : abattée(Xt) ∧ (Tc >= Ta(Xt)) → tourner(Xt, (−120,−60))

I, 2>$)E '(5'+$)%. 7.%&.+ -. 2>$)*)% 4,. -.* -.4E %/0(.*! J. 2>$)E '(5'A

+$)%. %.K/+. (. 2$&7$%+.&.,+ -. (<$=2).%; 34) -$)+ .L.2+4.% 4,. +%'M.2+$)%.

'(5'+$)%. -. %.2>.%2>.!

 !"#$ % & '( )*+(,,$) & N 7'%+)% -4 &$&.,+ $O (. *$4*A&'%), ' 4,.

-5+.2+)$, @$, ,$+. détection(Xt, 1)C; )( *. +%$41. ., 5+'+ H2>'**.H F

D2 =
détection(Xt, 1) : chasse(Xt+1)

chasse(Xt+1)

'-(./01*2##0,02. & G$%*34. (<$=2).% -5+.2+. 4, *$4*A&'%),; )( -$)+ )&A

&5-)'+.&.,+ .L.2+4.% (' &',P41%. -<',+)A2$(()*)$,! :, ' -59,) (. -56'4+

*4)1',+ F

D3 =
chasse(Xt) ∧ ¬varQantiQcollision(Xt) : antiQcollision(Xt+1)

antiQcollision(Xt+1)

G' 6$%&4(. varQantiQcollision(Xt) .*+ B R *) (' &',P41%. -<',+)A2$(()*)$,

,<' 7'* 5+5 6')+. .+ 7'**. B " ($%*34<.((. .*+ +.%&),5.!

:, ' .,*4)+. (.* %/0(.* -4%.* 34) 7.%&.++.,+ -<),-)34.% (. 2>',0.&.,+ -.

2'7; ., 6$,2+)$, -4 -59(.&.,+ D. .+ -4 0)*.&.,+ G F

""S *4% T" 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

r6 : anti9collision(Xt) ∧ (γ < |De| < ω) ∧ (µ <= |G| <= ρ) →
tourner(Xt, (10, 20)) :4' -+7-;<"&$1 2+$% "44'& = 2&+$%'>)

r7 : anti9collision(Xt) ∧ (γ′ < |De| < ω′) ∧ (µ′ <= |G| <= ρ′) →
tourner(Xt, (−20,−10)) :4' -+7-;<"&$1 2+$% "44'& = 5"7,!'>)

 !"#$%&' (' )'*$&' (' (+*,!"-' . ?1 1+%' Tmd 4' %'<#- #"--.
'1 <'-7&' 2' 2$-%"1,') @",!"1% 67' ,'%%' <"1A73&' '-% ,+<#+-.' 2' %&+$-

%&+1B+1- 2' CD <$17%'- ,!",71E +1 F &'-%' %"1% 67' 4' %'<#- Tmd 1G" #"-
2.#"--. HD <$17%'-) ?1 2.I1$% 4' 2.8"7% -7$3"1% /

D4 =
chasse(Xt) ∧ Tmd(Xt) ≤ 30 : mesure9distance(Xt+1)

mesure9distance(Xt+1)

*I1 2' 1' #"- "3+$& 2' ,+1J$% '1%&' 4'- 2.8"7%- KH '% KLE 1+7- "3+1-

2.I1$ 4G'M,47-$+1 <7%7'44' -7$3"1%' /

w1 = ¬(¬var9anti9collision(Xt) ∧mesure9distance(Xt+1))

N44' '<#O,!' 2G'M.,7%'& 4" <'-7&' 2' 2$-%"1,'E %"1% 67' 4G"1%$;,+44$-$+1

1G" #"- .%. 'P',%7.')

Q'- ,!"15'<'1%- 2' ,"# #+7& 4'- %&+1B+1- -+1% 'P',%7.- %+7%'- 4'- CD

<$17%'-) ?1 2.I1$% 4'- &R54'- -7$3"1%'- /

r8 : mesure9distance(Xt) ∧ Tmd(Xt) 6= 10 ∧ Tmd(Xt) 6= 20 →

tourner(Xt, (0, 0))

r9 : mesure9distance(Xt) ∧ Tmd(Xt) = 10 →

tourner(Xt, (150, 160))

r10 : mesure9distance(Xt) ∧ Tmd(Xt) = 20 →

tourner(Xt, (−160,−150))

/!00+')'", (' 0! 12*+,+2" (' 1+*,!3' S1' 8+$- 4" <'-7&' 2' 2$-%"1,'

'P',%7.'E 4' -+7-;<"&$1 #'7% 'P',%7'& 4' &"44$'<'1% 2' 4" #+-$%$+1 2' #$-%"5')

T4 ,!'&,!' = -' <'%%&' 2"1- 4' U"V' 2' 4G'11'<$)

D5 =
chasse(Xt) ∧ Tmd(Xt) > 30 : rallier9pistage(Xt+1)

rallier9pistage(Xt+1)

CCL -7& WC(



 !"! #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.* -56'4+* .+ 4,. 7%)*. .,

2$&7+. -4 +.&7*

8) (9.,,.&) &',:41%.; (. *$4*<&'%), ,. 7$4%%' 7(4* %'(().% (. 7)*+'0.

&')* )( -.1%' .=.2+4.% 4, (',2.&.,+ -94%0.,2.! >, ' -$,2 -5?,) (9.@2(4*)$,

&4+4.((. *4)1',+.; '1.2 (' 6$%&4(. ennemiAmanoeuvre B

w2 = ¬(ennemiAmanoeuvre(Xt) ∧ rallierApistage(Xt+1))

C,. 6$)* 7$*)+)$,,5 -',* (. D'E. -. (9.,,.&); (. *$4*<&'%), '4%' ?,) *$,

%'(().&.,+ -. (' 7$*)+)$, -. 7)*+'0.! >, -5?,)+ 2.++. %/0(. '1.2 (9.@2(4*)$,

&4+4.((. B

w3 = ¬(dansAbaffle(Xt) ∧ rallierApistage(Xt))

F$4% %'(().% (' 7$*)+)$, -. 7)*+'0.; (. *$4*<&'%), -$)+ 7%.,-%. (. 2'7 34)

1)*. (' 7$*)+)$, -. (9.,,.&)! >, ' -$,2 (' %/0(. *4)1',+. B

r11 : rallierApistage(Xt) → tourner(Xt, ((Ce− C), (Ce− C)));

'1.2 G. (. 2'7 34) 1)*. (9.,,.&) .+ G (. 2'7 '2+4.( -4 *$4*<&'%),!

H' 2$,*)0,. tourner(Xt, ((Ce−C), (Ce−C))) %.1).,+ I -$,,.% '4 *$4*<

&'%), (' 2$,*)0,. -. +$4%,.% -94, ',0(. (Ce− C)! H. *$4*<&'%), -$)+ '($%*

7%.,-%. 4, 2'7 -. C + (Ce − C) = Ce! J( 7%.,- -$,2 D)., (. 2'7 34) 1)*.

(9.,,.&)!

 !"#$%& '( ")("*+$,!- &--&+! H. -56'4+ *4)1',+ 7.%&.+ '4 *$4*<

&'%), -. *. &.++%. ., 7)*+'0. B

D6 =
chasse(Xt) ∧ Tmd(Xt) > 30 : pistage(Xt+1)

pistage(Xt+1)

H. 7)*+'0. .*+ .=.2+45 ., +%$,K$,* -. "L &),4+.*! M$4+.* (.* -)@ &),<

4+.*; (. *$4*<&'%), -$)+ 2N',0.% -. 2'7! G. 2'7 -$)+ 7.%&.++%. '4 *$4*<&'%),

-. 7('2.% (9.,,.&) *422.**)1.&.,+ -',* 4, 0)*.&.,+ -. OOLPQ$4 <OLPR.+ -.

OLPQ26 ?04%.  !"R! >, ,$+. Tpp (. +.&7* '434.( (. *$4*<&'%), -.1%' 2N',0.%

-. 2'7! H' 6$%&4(. basc 2N',0. -. 1'(.4% I 2N'34. ?, -. +%$,K$, .+ 7.%&.+

-. *. 7('2.% *422.**)1.&.,+ -94, 2S+5 .+ -. (9'4+%. -. (9.,,.&)!

r12 : pistage(Xt) ∧ (Tc > Tpp(Xt)) ∧ basc(1) →

tourner(Xt, ((30 + Ce− C), (30 + Ce− C)))

"" *4% T" 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

 !"# ()9 : ;"1<73&' 2' #$-%"5'= #+-$%$+11'>'1% 2' 4?'11'>$ 2"1- 2'- 5$-'@

>'1%- -7,,'--$8- 2' @ABC'% 2' ABC

r13 : pistage(Xt) ∧ (Tc > Tpp(Xt)) ∧ basc(0) →

tourner(Xt, ((−30 + Ce− C), (−30 + Ce− C)))

r14 : pistage(Xt) ∧ (Tc ≤ Tpp(Xt)) → tourner(Xt, (0, 0))

D$ 4?'11'>$ >"1<73&'= 4' #$-%"5' 2+$% E%&' -%+##. /

w4 = ¬(ennemiFmanoeuvre(Xt) ∧ pistage(Xt)G

 !"#$ % & '()*+$,$-. H' -+7-@>"&$1 2+$% -' 2.&+I'& 2"1- 4'- ,"- -7$3@

"1%- /

: #'12"1% 4" >"1<73&' 2' >'-7&' 2' 2$-%"1,'= 4' -+7-@>"&$1 '11'>$

>"1<73&' '% 1+7- -+>>'- '1 %'>#- 2' ,&$-' J1+%. K G=

: 4'- 2'7L -+7-@>"&$1- -+1% %&+# #&+,!'- J+1 1+%' 4" 2$-%"1,' '1%&' 4'-

2'7L -+7-@>"&$1- DFennemiG) M1 ,+1-$2N&' $,$ 67' 4'- 2'7L -+7-@
>"&$1- -+1% %&+# #&+,!'- -$ 4" 2$-%"1,' '-% $18.&$'7&' O PBBB >N%&'-)

M1 " 2+1, 2'7L 2.8"7%- /

D7 = détection(Xt,1)∧Tmd(Xt)<=30∧ennemi manoeuvre(Xt)∧TC:dérobement(Xt+1)

dérobement(Xt+1)

D8 =
détection(Xt, 1)) ∧DFennemi <= 2000 : dérobement(Xt+1)

dérobement(Xt+1)

H?+IQ',%$8 '-% 2' #4",'& 4?'11'>$ 2"1- 71 5$-'>'1% "&&$N&') H' -+7-@>"&$1

#'7%= #"& 'L'>#4'= #4",'& 4?'11'>$ 2"1- 71 5$-'>'1% 2' 9(BC) H" ,+1-$51'

99R -7& P9(



 !"! #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.* -56'4+* .+ 4,. 7%)*. .,

2$&7+. -4 +.&7*

-. 2'7 .*+ -$,2 -58,). 7'% 9

r15 : dérobement(Xt) → tourner(Xt, ((150 + Ce− C), (150 + Ce− C)))

 !"#$ % & '()*$+$), -./0"$)*$ :. *$4*;&'%), -$)+ .<.2+4.% 4, (',2.;

&.,+ -=4%0.,2. -',* (.* 2'* *4)1',+* 9

> 7.,-',+ (' &',?41%. -. &.*4%. -. -)*+',2.@ (. *$4*;&'%), .,,.&)

&',?41%. .+ ,$4* *$&&.* ., +.&7* -. 04.%%. A,$+5 BCD@

> (=.,,.&) *='77%E+. F +)%.% 4,. +$%7)((. A-58,) 7'% (' 6$%&4(. tirGennemiD!
H, ' (.* -56'4+* 9

D9 = détection(Xt,1)∧Tmd(Xt)<=30∧ennemi manoeuvre(Xt)∧TG:lancement urgence(Xt+1)

lancement urgence(Xt+1)

D10 =
détection(Xt, 1) ∧ tirGennemi(Xt) : lancementGurgence(Xt+1)

lancementGurgence(Xt+1)

I',* 4, 7%.&).% +.&7*@ (. *$4*;&'%), -$)+ +)%.% 4,. +$%7)((. 9

r16 : lancementGurgence(Xt+1) → tir(Xt+1, 1)

J,. 6$)* (' +$%7)((. (',25. -',* (='K)&4+ -. -5+.2+)$,@ (. *$4*;&'%), &',?4;

1%. -. 6'L$, F -5%$M.%! N( 7.4+ 7('2.% (=.,,.&) -',* 4, 0)*.&.,+ '%%)/%. -.

"OP Q!

r17 : lancementGurgence(Xt) →

tourner(Xt, ((135 + Ce− C), (145 + Ce− C)))

 !"#$ 1 & 2$0,$ -$ #( -3,$*,45) :$%*34. (. *$4*;&'%), ' 7.%-4 (' -5+.2;

+)$, -.74)* 4, 2.%+'), +.&7*@ $, ,$+. (' -5+.2+)$, détection(Xt, 2)!
I',* 2. 2'* (F@ (. *$4*;&'%), -$)+ '($%* %.2R.%2R.% (' 7)*+. 9

D11 =
détection(Xt, 2) : rechercheGpiste(Xt+1)

rechercheGpiste(Xt+1)

N( %'((). (' -.%,)/%. 7$*)+)$, 2$,,4. -4 M4+ 9

%"S 9 rechercheGpiste(Xt) → tourner(Xt, ((Ce− C), (Ce− C)))

""T *4% U" 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

 !"#$ % & '()*+,()$# 91 -+7-:;"&$1 2$'-'4 2+$% &',!"&5'& -'- <"%%'&$'-

%+7%'- 4'- = !'7&'-) >1 2.?1$% 4' 2.8"7% -7$3"1% /

D12 =
Tdch > 4h : schnorchel(Xt+1)

schnorchel(Xt+1)

91' 8+$- "7 -,!1+&,!'4@ 4' -+7-:;"&$1 2+$% &';+1%'& A 4" -7&8",') >1 1+%'

B 4C$;;'&-$+1 27 -+7-:;"&$1 '% D2,! 4' %';#- #"--. '1 -7&8",') >1 -7##+-'

67' 4' -+7-:;"&$1 2+$% #"--'& EF ;$17%'- '1 -7&8",')

r19 : schnorchel(Xt) ∧ (I < 0) ∧ (Tch < 20min) →

changerGimmersion(Xt, (20, 30))

r20 : schnorchel(Xt) ∧ (I = 0) ∧ (Tch < 20min) → tourner(Xt, (0, 0))

r21 : schnorchel(Xt) ∧ (Tch = 20min) →

changerGimmersion(Xt, (−30,−20))

 !"#$ - & ./01$2$*1 34+5617(#$ * 4C"$2' 27 -+1"& A .3$%';'1% 2C+<-%",4'

H>*I@ 4' -+7-:;"&$1 #'7% 2.%',%'& 2'- ;$1'-@ 2'- 5&+- &+,!'&-@ +7 '1,+&' 2'-

8"4"$-'-) J' H>*I " 71' #+&%.' ,+;#&$-' '1%&' K(FF ;L%&'- '% MFFF ;L%&'-)

I$ 4' -+7-:;"&$1 2.%',%' 71 +<-%",4'@ $4 ,!"15' 2' ,"# 2' ;"1$L&' A 4C.3$%'&)

N"& 'O';#4'@ $4 #'7% 4' #4",'& 2"1- 71 5$-';'1% #&+,!' 2' K(FP)

J+&-67C71 +<-%",4' '-% %&+# #&+,!' 27 -+7-:;"&$1@ $4 2+$% 4C.3$%'&) >1 1+%'

DGobstacle@ 4" 2$-%"1,' '1%&' 4C+<-%",4' '% 4' -+7-:;"&$1 /

D13 =
DGobstacle < 2000 : eviterGobstacle(Xt+1)

eviterGobstacle(Xt+1)

J' -+7-:;"&$1 ,!'&,!' A #4",'& 4C+<-%",4' 2"1- 71 5$-';'1% #&+,!' 2'

K(FP) >1 1+%' /

r22 : éviterGobstacle(Xt) →

tourner((Xt), (145 + Cob− C), (155 + Cob− C))

KKQ -7& EK(



 !"! #$%&'()*'+)$, -.* %/0(.* '1.2 (' ($0)34. -.* -56'4+* .+ 4,. 7%)*. .,

2$&7+. -4 +.&7*

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

8$4* 7$41$,* 6'2)(.&.,+ -59,)% (.* .:2(4*)$,* &4+4.((.*! 8$4* ., '1$,*

-5;< 5,4&5%5 34.(34.* .:.&7(.* -',* (. 7'%'0%'7=. 7%525-.,+ >?"@?A@?B@?CD!

E9, -F'1$)% (' 2$,*)0,. (' 7(4* .G2'2. 7$**)H(. 7$4% (. *$4*I&'%),@ )(

.*+ ),+5%.**',+ -. 7$41$)% (4) 6')%. .:524+.% 7(4*).4%* '2+)$,* < (' 6$)*! J$4%

2.('@ ,$4* *752)9$,* (.* 2'* -',* (.*34.(* (. *$4*I&'%), 1' 7$41$)% '22$&7()%

7(4*).4%* '2+)$,* < (' 6$)*!

J%.,$,* 4, 2'* -',* (.34.( (. *$4*I&'%), 7$4%%')+@ < 4, &K&. ),*+',+@

6')%. -.4: '2+)$,* < (' 6$)*! 8$+$,* (.* L'2+)$, "L .+ L'2+)$, AL! M='24,. -.

2.* '2+)$,* 1' 7%$7$*.% 4,. 2$,*)0,. -. 2'7@ 1)+.**.@ )&&.%*)$, .+ +)%!

N) (F'2+)$, " 7%$7$*. tourner(Xt, (60, 100)) .+ (F'2+)$, A 7%$7$*.

tourner(Xt, (80, 110))@ (' &.)((.4%. 2$,*)0,. 34. (F$, 74)**. %.,1$O.% '4 *$4*I

&'%), .*+ P tourner(Xt, (80, 100)) -. 6'Q$, < 2. 34F)( '22$&7()**. (.* -.4:

'2+)$,* < (' 6$)*! R. *$4*I&'%), '4%' '($%* (. 2=$): -. +$4%,.% -F4, ',0(.

2$&7%)* .,+%. STU.+ "TTU! M. 2=$): .*+ 7$**)H(. < 2$,-)+)$, 34. (.* '2+)$,*

" .+ A ,. *$).,+ 7'* .:2(4.* &4+4.((.&.,+!

8$4* 7$41$,* 50'(.&.,+ 2$&H),.% (.* 2$,*)0,.* *4% (' 1)+.**. .+ (F)&&.%I

*)$, -. (' &K&. 6'Q$,!

8$4* -59,)**$,* (.* %/0(.* -F.:2(4*)$, &4+4.((. .,+%. (.* 2$,*)0,.* -. 2'7

>2F.*+I<I-)%. (.* 2'* $V )( ,F.:)*+. 7'* -. 7('0. -. 2'7 2$&&4,.D@ (.* 2$,*)0,.*

-. 1)+.**. .+ (.* 2$,*)0,.* -F)&&.%*)$,!

w5 = ¬(tourner(Xt, (α, β)) ∧ tourner(Xt, (δ, λ)) ∧ (β < δ))

w6 = ¬(tourner(Xt, (α, β)) ∧ tourner(Xt, (δ, λ)) ∧ (α > λ))

w7 = ¬(changerWvitesse(Xt, (α, β)) ∧ changerWvitesse(Xt, (δ, λ))

∧ (β < δ))

w8 = ¬(changerWvitesse(Xt, (α, β)) ∧ changerWvitesse(Xt, (δ, λ))

∧ (α > λ))

w9 = ¬(changerWimmersion(Xt, (α, β))∧changerWimmersion(Xt, (δ, λ))

∧ (β < δ))

""X *4% A" 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

w10 = ¬(changer9immersion(Xt, (α, β))∧changer9immersion(Xt, (δ, λ))

∧ (α > λ))

 !" #$%&'(% )% *+(*,(

:+7& $447-%&'& 4;7%$4$-"%$+1 2' 4" 4+5$67' 2'- 2.8"7%-< 1+7- 2+11+1- 2"1-

,' #"&"5&"#!' 71 '='>#4' 2' ,"4,74)

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

?'- $18+&>"%$+1- -7& 4' -+7-@>"&$1 -+1% 4'- -7$3"1%'- /

A détection(Xt, 1) / 4' -+7-@>"&$1 " 2.%',%. 4;'11'>$ B
A Tmd(Xt) > 30 / 4' -+7-@>"&$1 " 2.CD 'E',%7. 4' >"1F73&' 2' >'-7&'
2' 2$-%"1,' B

A dans9baffle(Xt, 1) / 4' -+7-@>"&$1 '-% 2"1- 4' G"H' 2' 4;'11'>$ B
A D9ennemi < 2000m / 4" 2$-%"1,' '1%&' 4'- 2'7= -+7-@>"&$1- '-% $1@

8.&$'7&' D IJJJ >K%&'- B

A Tc ≤ Tpp(Xt) / 4' -+7-@>"&$1 1;" #"- '1,+&' "%%'$1% 4' %'>#- "767'4
$4 2'3&" ,!"15'& 2' ,"# 2"1- -+1 #$-%"5' L,;'-%@D@2$&' 8"$&' 71 1+73'"7

%&+1M+1-N)

O1 &'#&'12 67'467'- &K54'- 2.P1$'- "7 #"&"5&"#!' ()Q)R /

w3 = ¬(dans9baffle(Xt) ∧ rallier9pistage(Xt))

r12 : pistage(Xt) ∧ (Tc > Tpp(Xt)) ∧ basc(1) →

tourner(Xt, ((30 + Ce− C), (30 + Ce− C)))

r13 : pistage(Xt) ∧ (Tc > Tpp(Xt)) ∧ basc(0) →

tourner(Xt, ((−30 + Ce− C), (−30 + Ce− C)))

r14 : pistage(Xt) ∧ (Tc ≤ Tpp(Xt)) → tourner(Xt, (0, 0))

r15 : dérobement(Xt) → tourner(Xt, ((150 + Ce− C), (150 + Ce− C)))

QIJ -7& IQ(



 !"! #$%&'(% )% *+(*,(

D2 =
détection(Xt, 1) : chasse(Xt+1)

chasse(Xt+1)

D5 =
chasse(Xt) ∧ Tmd(Xt) > 30 : rallier-pistage(Xt+1)

rallier-pistage(Xt+1)

D6 =
chasse(Xt) ∧ Tmd(Xt) > 30 : pistage(Xt+1)

pistage(Xt+1)

D8 =
détection(Xt, 1) ∧D-ennemi <= 2000 : dérobement(Xt+1)

dérobement(Xt+1)

./ 0+12,3% (%4 056(%4 4,78+/3%4 9

w11 = ¬(dérobement(Xt) ∧ pistage(Xt))

:%$*(,472/ &,3,%((% %/30% (% );02<%&%/3 %3 (% '743+6%=

r23 : dérobement(Xt) → changer-vitesse(Xt, (13, 15))

r24 : pistage(Xt) → changer-vitesse(Xt, (1.2 ∗ V e, 1.2 ∗ V e)),

+8%* V e (+ 873%44% )% (>%//%&7!

r25 : dérobement(Xt) → changer-immersion(Xt, (0, 0))

r26 : pistage(Xt) → changer-immersion(Xt, (0, 0))

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

?2,0 (% *+(*,( )%4 %$3%/472/4@ /2,4 +82/4 9

E0 = {détection(Xt, 1), Tmd(Xt) > 30, dans-baffle(Xt, 1),

D-ennemi < 2000m, Tc ≤ Tpp(Xt)}.

A"A 4,0 "A 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

9' 2.8"7% :( 1' #+7&&" '1 "7,71 ,"- ;%&' "##4$67. / -+1 #&.&'67$- '-%

<$'1 &'=#4$ ="$- +1 " 4>'?,47-$+1 =7%7'44' /

w3 = ¬(dans@baffle(Xt) ∧ rallier@pistage(Xt)),

67$ 1+7- '=#;,!' 2' 4>7%$4$-'&) 9' -+7-A="&$1 -' %&+73"1% 2"1- 4' <"B' 27

-+7-A="&$1 '11'=$C $4 " 2.DE &"44$. -+1 #+-%' 2' #$-%"5')

F1 ,"4,74' 4" #&'=$G&' '?%'1-$+1 /

E1 = Th(E0) ∪ {chasse(Xt+1)/
détection(Xt, 1) : chasse(Xt+1)

chasse(Xt+1)
∈ D,

détection(Xt, 1) ∈ E0,¬chasse(Xt+1) /∈ E0,

pistage(Xt+1)/
chasse(Xt) ∧ Tmd(Xt) > 30 : pistage(Xt+1)

pistage(Xt+1)
∈ D,

chasse(Xt) ∈ E1,¬pistage(Xt+1) /∈ E0}

9'- 2.8"7%- :H '% :I #'73'1% 2+1, ;%&' 7%$4$-.- '% +1 "D+7%' chasse(Xt+1)
'% pistage(Xt+1) 2"1- 4>'?%'1-$+1) F1 1' #'7% "4+&- #"- "##4$67'& 4' 2.8"7%
:J E ,"7-' 2' 4>'?,47-$+1 =7%7'44' KLL)

F1 +<%$'1% "4+&- 71' #&'=$G&' '?%'1-$+1 /

E1 = {détection(Xt, 1), Tmd(Xt) > 30, dans@baffle(Xt, 1),

D@ennemi < 2000m, Tc ≤ Tpp(Xt), chasse(Xt+1), pistage(Xt),

tourner(Xt, (0, 0)), changer@vitesse(Xt, (1.2 ∗ V e, 1.2 ∗ V e)),

changer@immersion(Xt, (0, 0))}

:' 4" =;=' 8"M+1C 1+7- ,"4,74+1- 4" 2'7?$G=' '?%'1-$+1 '1 7%$4$-"1% 4'-

2.8"7%- :H '% :J /

E2 = Th(E0) ∪ {chasse(Xt+1)/
détection(Xt, 1) : chasse(Xt+1)

chasse(Xt+1)
∈ D,

détection(Xt, 1) ∈ E0,¬chasse(Xt+1) /∈ E0, dérobement(Xt+1)/

détection(Xt, 1) ∧D@ennemi ≤ 2000 : dérobement(Xt+1)

dérobement(Xt+1)
∈ D,

D@ennemi ≤ 2000 ∈ E1, détection(Xt, 1) ∈ E1,¬dérobement(Xt+1) /∈ E0}

F1 "D+7%' 2+1, dérobement(Xt+1) '% chasse(Xt+1) 2"1- 4>'?%'1-$+1) F1
1' #'7% "4+&- #"- "##4$67'& 4' 2.8"7% :I E ,"7-' 2' 4>'?,47-$+1 =7%7'44' KLL)

LHH -7& HL(



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

.) -/*,()* 0)+&($()* &+ 1(23,4$( (3*()5,-) 6

E2 = {détection(Xt, 1), Tmd(Xt) > 30, dans7baffle(Xt, 1),

D7ennemi < 2000m, Tc ≤ Tpp(Xt), chasse(Xt+1), dérobement(Xt+1),

tourner(Xt, ((150+Ce−C), (150+Ce−C))), changer7vitesse(Xt, (13, 15)),

changer7immersion(Xt, (0, 0))}

8,)+&($()*9 )-25 -/*()-)5 1(23 (3*()5,-)5 6 2)( :2, %;-%-5( &( %,5*+<(

(* &+ 5(=-)1( :2, %;-%-5( +2 5-25>$+;,) 1( 5( 1';-/(;! ?+ &-<,:2( 1(5 1'@+2*5

)-25 %(;$(* /,() 1A-/*(),; &A()5($/&( 1(5 $+)B2C;(5 %-55,/&(5 %-2; &( 5-25>

$+;,)! #& ;(5*( $+,)*()+)* D <';(; &(5 =E-,3 ()*;( &(5 (3*()5,-)5! ?( =E-,3 1(

&A(3*()5,-) (5* %;'5()*' %+; &+ 52,*( 1+)5 &( =E+%,*;( F!

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

G-25 +C-)5 =E-,5, 1A,$%&'$()*(; )-*;( %;-<;+$$( () &+)<+<( H;-&-<!

G-25 &A+%%(&-)5 G-IJ.K9 %-2; G-)>I-)-*-),= J(+5-),)< @-; .%(;+*-; K(>

=,5,-)!

 !"!# $% &'()')% *+,&,)

H;-&-<9 +/;'C,+*,-) 1( HJ.<;+$$+*,-) ?.L,:2(9 (5* &( %;($,(; &+)<+<(

1( %;-<;+$$+*,-) &-<,:2(9 =;'' %+; M&+,) N-&$(;+2(; OPFQ9 HE,&,%%( J-255(&9

R(+) S;21(&9 J-/(;* T-U+&5V, (* J-/(;* H+5(;- () WXFP! N( &+)<+<( + '*'

1'C(&-%%' +0) 1( ;(%;'5()*(; &(5 =-))+,55+)=(5 () &-<,:2( (* )-) %+5 1(

1'=;,;( &+ 52,*( 1A,)5*;2=*,-)5 :2( &(5 $+=E,)(5 1-,C()* (3'=2*(;!

NA(5* 2) &+)<+<( ,),*,+&($()* /+5' 52; &+ &-<,:2( 12 %;($,(; -;1;(9 ;(>

5*;(,)*( +23 =&+25(5 1( Y-;)! #& + ()52,*( '*' ();,=E, +C(=9 ()*;( +2*;(59 &+

)'<+*,-)! N( &+)<+<( =-)*,)2( 1AZ*;( ();,=E, ()=-;( +2[-2;1AE2,! H;-&-< (5*

+1+%*' +23 %;-/&4$(5 1( %&+),0=+*,-)9 ;+,5-))($()* +2*-$+*,:2( \5]5*4$(5

(3%(;*59 1,+<)-5*,=5^9 *;+,*($()* 1( &+ &+)<2( )+*2;(&&( ! ! !

_) H;-&-<9 *-2*(5 &(5 @-)=*,-))+&,*'5 5-)* %;-<;+$$'(5 1( $+),4;( ;'=2;>

5,C(! H-2; +%%&,:2(; 2) %;'1,=+* 52; 2)( &,5*(9 H;-&-< +%%&,:2( &( %;'1,=+*

52; &( %;($,(; '&'$()* 1( &+ &,5*(! _)52,*(9 ,& +%%&,:2( ;'=2;5,C($()* &( %;'1,>

=+* 52; &( ;(5*( 1( &+ &,5*(! H;-&-< )A(5* %+5 2) &+)<+<( ,$%';+*,@ =-$$( &(5

&+)<+<(5 N -2 N``!

?+ 1(5=;,%*,-) 1( =-))+,55+)=(5 5( @+,* () 1'0),55+)* 6

a 1(5 @+,*5! H+; (3($%&(9 b?( 5-25>$+;,) 5$W + 2) =+% 1(  cb 5( 1'0),*

%+; b=+%\O5$W9 Q^b9 +C(= =+% 2) %;'1,=+*!

WP" 52; PW 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

9 2'- &:54'-) ;1' &:54' 2' 4" 8+&<' =P ∧Q→ R= ->.,&$%
=0?@A /B C?@ADE?@A=)

F" &:54' -7$3"1%' / =G$ 4' -+7-B<"&$1 " 71' 2.%',%$+1D $4 -' <'% '1 ,!"--'=

#'7% ->.,&$&' / chasse(X) /B detection(X))
* #"&%$& 2' ,'- ,+11"$--"1,'-D 4' <+%'7& 2>$18.&'1,' 2.27$% 2' 1+73'44'- ,+1B

1"$--"1,'-) ;1' 2'- #"&%$,74"&$%.- 2' C&+4+5 '-% 67' 4>+1 #'7% ,+1-%&7$&' 71'

H"-' 2' ,+11"$--"1,' 2"1- 71 +&2&' $12.%'&<$1.) C&+4+5 #'7% '1-7$%' &.-+72&'

2'- -.&$'- 2' #&+H4:<'- 4+5$67'- &'4"%$8- I 71' %'44' H"-' 2' ,+11"$--"1,')

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

J$1"4'<'1%D 4' 4"15"5' C&+4+5 1+7- #'&<'% %&:- -$<#4'<'1% 2' 2.K1$&

4>'1-'<H4' 2'- 8"$%- '% 4'- 2.8"7%-)

 !"#$"%&'" ("$ )*+,$

 "$ )-.%/'"$ F'- 8+&<74'- -+1% 2.K1$'- ,+<<' 2'- #&.2$,"%- 2L1"<$67'-D

"K1 2' #+73+$& "M+7%'& 2' 1+73'44'- ,4"7-'- 2' <"1$:&' -$<#4') C+7& ,'4"D '1

2.H7% 2' #&+5&"<<'D $4 8"7% 2.,4"&'& 4'- #&.2$,"%- 2L1"<$67'-) C+7& 2.,4"&'&

4' #&.2$,"% 2L1"<$67' cap 2>"&$%. ND +1 2.K1$% /
/B dynamic(cap/1).

F+&-67' 4' -+7-B<"&$1 ,!"15' 2' ,"#D +1 7%$4$-' 4' #&.2$,"% retract ? !"
 #$% & ' (')*(+*)$+,-#./01233/ )4 * -#. % 56# 78 -68-"#)'95 *65* '5:  (

01;-65 *)$ )*(8 % A #+7& &'%$&'& 4" ,4"7-' #7$- 4' #&.2$,"% asserta ? ! #$% &

)-- '()+*)$+,-#./<1233A #+7& "M+7%'& 4" 1+73'44' ,4"7-')

NOP -7& ON(



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

 !" #$%&"!" '! ()*+

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

345&(/ 613(/2 /-)* 6'7),(/ +8(0 &( %3'6,0+* 93(5&(:613(9!

;) 3(%3()6 1)( 345&( 613( 6'7),( %-13 &(/ +<+**'(/2 +1 %+3+53+%=(  !>!? @

r1 : abattée(Xt) → changer:vitesse(Xt, (V a, V a)),

+8(0 A+2 &+ 8,*(//( B +6-%*(3 () +<+**'(! .(**( 345&( %(3$(* 6( 7C(3 &+ 8,*(//(

61 /-1/D$+3,) &-3/E1F,& (/* () +<+**'(!

G) %3-&-52 0(**( 345&( (/* 6'7),( 6( &+ H+I-) /1,8+)*( @

regle:dure(abattee([Nom]), changer:vitesse([Nom], (V a, V a))) : −

v:abattee([Nom, V a]).

J8(0 @

K abattee([Nom]) @ %3'6,0+* E1, 6'7),* &F'*+* +<+**'( 61 /-1/D$+3,)2 6(

)-$ 9L-$9!

K changer:vitesse([Nom], (V a, V a)) @ %3'6,0+* E1, 6'7),* &+ 0-)/,5)( 6(

8,*(//( 61 /-1/D$+3,) 6( )-$ 9L-$9! M+ 8,*(//( 61 /-1/D$+3,) 6-,*

N*3( 0-$%3,/( ()*3( A+ (* A+2 &( /-1/D$+3,) 6-,* 6-)0 +6-%*(3 &+ 8,*(//(

A+!

K v:abattee([Nom, V a]) @ 0( %3'6,0+* 6'7),* &+ 8,*(//( A+ E1( &( /-1/D

$+3,) 6-,* +6-%*(3 () +<+**'(!

 !" #$%&"!" '! ()*+ "%+" $-../*%$ 0)"-.-1 O-13 6'7),3 &(/ (C0&1D

/,-)/ $1*1(&&(/2 )-1/ +8-)/ 6'7), 1) %3'6,0+* non! O3()-)/ 1)( (C0&1/,-)

$1*1(&&( @

w1 = ¬(abattee(Xt+1) ∧ schnorchel(Xt+1)),

E1, /,5),7( E1(2 +1 $N$( ,)/*+)* t + 12 1) /-1/D$+3,) )( %(1* %+/ H+,3( B &+

H-,/ 1)( +<+**'( (* 3($-)*(3 +1 /0=)-30=(&! .(**( 345&( (/* 6'7),( 6( &+ H+I-)

/1,8+)*( @

non(abattee([Nom]), schnorchel([Nom])) : −!.

M( 0-1%(D0=-,C P2 -1 .1*2 %(3$(*2 &-3/ 6( &F'8+&1+*,-) 6F1)( 0&+1/(2 6F,)6,E1(3

E1( &F-) )( /-1=+,*( %+/ '8+&1(3 &(/ +1*3(/ 0&+1/(/!

Q,2 +1 0-13/ 6F1) 0+&01&2 -) *3-18( 1)( (C0&1/,-) $1*1(&&( ()*3( 6(1C

%3'6,0+*/2 0( 0+&01& )F(/* %+/ %-//,<&(! ;) 1*,&,/( +&-3/ &+ )'5+*,-) %+3 '0=(02

E1, %(3$(* 6( )( %+/ +&&(3 %&1/ &-,) 6+)/ 0( 0+&01&! O-13 0(&+2 )-1/ 1*,&D

,/-)/ &( %3'6,0+* %3'6'7),  !"#2 E1, '0=-1( *-1R-13/! ;) 6'7),* 1) %3'6,0+*

>S /13 S> 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

verification(X, Y )9 67$ 3.&$:' 67' ; '% < 1' -+1% #"- $=#4$67.- 2"1- 71'

'>,47-$+1 =7%7'44' /

verification(X, Y ) /? non(X, Y ), !, fail.
verification(X, Y ).
@$ ; '% < -+1% $=#4$67.'- 2"1- 71' '>,47-$+1 =7%7'44'9 4' #&.2$,"%

verification(X, Y ) .,!+7') verification(X, Y ) '-% 3&"$' -$ non(X, Y ) .,!+7')

 !" #$%&'("

A'- 2.8"7%- -+1% 2.:1$- "3', 4' #&.2$,"% defaut) B&'1+1- 4' 2.8"7% -7$3?
"1% /

D1 =
détection(Xt, 0) : abattée(Xt+1)

abattée(Xt+1)
,

67$ -$51$:' 67' -$ 4' -+7-?="&$1 1C" #"- 2' 2.%',%$+1 '% 67C$4 47$ '-% #+--$D4'

2' 8"$&' 71' "D"%%.'9 "4+&- $4 8"$% 71' "D"%%.') E4 '-% 2.:1$ 2"1- 4' #&+5&"=='

B&+4+5 #"& /

defaut(detection([Nom, 0]), abattee([Nom]), abattee([Nom])).

A' #&'=$'& "&57='1% 27 #&.2$,"% defaut ,+1%$'1% 4' #&.&'67$- 27 2.8"7%9 4'
-',+12 "&57='1% ,+1%$'1% 4" F7-%$:,"%$+1 '% 4' 2'&1$'& 4' ,+1-.67'1%)

 ! )*+,*&--!

A" #&+5&"==' '-% 2.:1$ 2' 4" 8"G+1 -7$3"1%' /

H I.,4"&"%$+1 2'- #&.2$,"%- 2J1"=$67'-)

H A"1,'='1% 2' 4" D+7,4' 67$ #'&='% 2' 2.:1$& 4' ,+=#+&%'='1% 2'

%+7- 4'- -+7-?="&$1- / #+7& ,!"67' -+7-?="&$19 K ,!"67' #"- 2'

%'=#-

H =$-' K F+7& 2'- 2+11.'- -7$3"1%'- / 4' -+7-?="&$1 "?%?$4 71' 2.?

%',%$+1 L M7'44' '-% 4" #+-$%$+1 2' 4C'11'=$9 67'44' '-% -" ,$1.="?

%$67' L <?"?%?$4 71 +D-%",4' K #&+>$=$%. L

H ,"4,74 2'- '>%'1-$+1- "3', 4C"45+&$%!=' 2' ,"4,74 2C'>%'1-$+1 N,8)

#"&"5&"#!' ()O)OP Q

H ,!+$> 2C71' '>%'1-$+1 N,8) ,!"#$%&' RP Q

H $1,&.='1%"%$+1 27 %'=#- Q

H '>.,7%$+1 2'- ,+1-$51'- 2' ,"#9 3$%'--'9 $=='&-$+19 %$& #+7& 4'

-+7-?="&$1 Q

H ,"4,74 2' 4" 1+73'44' #+-$%$+1 27 -+7-?="&$19 '1 8+1,%$+1 2' -"

,$1.="%$67')

STU -7& TS(



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

 !"!" #$%&'()*+, -, ./$.0$ -1,2),34(&3

.( /+&/0& 1(2 (3*()2,-)2 %(4$(* 15'*01,(4 &(2 1'6+0*2 0) 7 0) (* 1( 4(*(),4

/(03 80, 4'%-)1()* +0 %4-9&:$( %-2' (* 80, 2-)* /-$%+*,9&(2 ()*4( (03!

;<+80( (3*()2,-) /-44(2%-)1 1-)/ 7 0)( 2-&0*,-) %-22,9&( 10 %4-9&:$( =

() 6-)/*,-) 1( &5'*+* 10 2-02>$+4,) 7 &5,)2*+)* *? 0)( (3*()2,-) 1-))( 0)(

2-&0*,-) %-22,9&( 15+/*,-) 10 2-02>$+4,) +0 *($%2 20,@+)*!

.5+&A-4,*<$( 1'B), ,/, %(4$(* 1( *4+,*(4 &( /+&/0& 15(3*()2,-) %-04 1(2

1'6+0*2 )-4$+03! .(2 1'6+0*2 )-4$+03 +2204()* &5(3,2*()/( 15+0 $-,)2 0)(

(3*()2,-)! C) A')'4+&? -) %(0* $D$( () /-$%*(4 %&02,(042 %-04 0)( $D$(

9+2( 1( /-))+,22+)/(!

E+%%(&-)2 &+ 1'B),*,-) 150)( (3*()2,-) 1+)2 &( /+2 1(2 1'6+0*2 )-4$+03 =

C (2* 0)( (3*()2,-) 1( ∆ 2, (* 2(0&($()* 2, E = ∪i=0,∞Ei? +@(/

E0 = W (* %-04 i ≥ O?

Ei+1 = Th(Ei) ∪ {C/(
A : C

C
) ∈ D, A ∈ Ei,¬C /∈ Ei}

-F Th(Ei) 1'2,A)( &5()2($9&( 1(2 *<'-4:$(2 -9*()02 1( 6+G-) $-)->

*-)( 7 %+4*,4 1( Ei = Th(Ei) = {w/Ei ` w}!

H-04 /+&/0&(4 0)( (3*()2,-)? -) 1-,* @'4,B(4 80( &+ )'A+*,-) 1( &+ I02*,B/+>

*,-) )5+%%+4*,()* %+2 7 Ei! J) %(0* 1-)/ 0*,&,2(4 0) +&A-4,*<$( ,)/4'$()*+&

%-04 /+&/0&(4 &(2 (3*()2,-)2!

H-04 0)( *<'-4,( 1(2 1'6+0*2 )-4$+03 ∆ = (D, W )? +@(/ K &5()2($9&(

1(2 1'6+0*2 )-4$+03 (* L &+ 9+2( 1( /-))+,22+)/(? &( /+&/0& 15(3*()2,-) 2(

6+,* 20,@+)* &5+&A-4,*<$( 20,@+)* =

MNO 204 NM 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

 !"#$% / E = ∅ 9'1-':;4' 2<'=%'1-$+1 E 3$2'>)

&'#"(% / E = ∪i=0,NEi)

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

? "*!"2,% $4 @ " 71 2.8"7% Di =
Ai(X) : Ci(X)

Ci(X)
67$ 1<" #"- '1,+&'

.%. $1-#',%. 3*(#%

A B.4',%$+11'& ,' 2.8"7% DiC

A D.&$E'& 67' 4' #&.&'67$- Ai(X) '-% 3&"$ 93.&$E,"%$+1 "3', F&+4+5>C
A D.&$E'& 67' 4" G7-%$E,"%$+1 Ci(X) '-% ,+1-$-%"1%' "3', H 9+1 7%$4$-'

4" 1.5"%$+1 #"& .,!', '1 ,"- 2<$1,+1-$-%"1,'>C

A *G+7%'& Ci(X) I H 9#&.2$,"%  !!"#$ 2' F&+4+5>)

4! "*!"2,%

J$1 27 ,"4,74 #+7& 71' '=%'1-$+1)

K",L%&",L$15 9B7##&'--$+1 27 2'&1$'& Ci(X) "G+7%. I HC #&.2$,"% #"%
$# &$ 2' F&+4+5>)

,"4,74M'=%'1-$+19N>)

O

*45+&$%!:' /  "4,74 2<'=%'1-$+1

P" 3.&$E,"%$+1 2' 4" ,+1-$-%"1,' 2' 4" G7-%$E,"%$+1 Ci(X) "3', 4" ;"-' 2'
,+11"$--"1,' H '-% 8"$%' '1 2'7= %':#-) P<"45+&$%!:' 2+$% 3.&$E'& 67' 4"

G7-%$E,"%$+1 Ci(X) 1' -'&" #"- $:#4$67.' 2"1- 71' '=,47-$+1 :7%7'44' "7
%':#- -7$3"1%) Q4 2+$% .5"4':'1% 3.&$E'& 67' 4'- ,+1-.67'1%- 2' &R54'- 27&'-

'1%&"S1.- #"& 4' 2.8"7% Di(X) 1' -'&+1% #"- $:#4$67.- 2"1- 71' '=,47-$+1
:7%7'44' "7 %':#- -7$3"1%)

N1 E1 2' ,"4,74C 1+7- +;%'1+1- "4+&- 4<'1-':;4' 2'- '=%'1-$+1-) T1 1+%'

N 4' 1+:;&' 2<'=%'1-$+1- %&+73.'-C +1 " 2+1, 4<'1-':;4' 2'- '=%'1-$+1- /

E = ∪i=0,NEi)  !"67' '=%'1-$+1 ,+&&'-#+12 I 71' :"1U73&' #+--$;4' #+7&

4' -+7-V:"&$1)

 '% "45+&$%!:' #'7% W%&' #&.-'1%. #"& 71 "&;&' 2' &',!'&,!' 2'- -+47%$+1-

9,8) E57&' ()X>) Y"1- ,'% '=':#4'C 1+7- 1+%+1- 4'- 2.8"7%- D1, D2, D3 . . . D9C '%

&'-#',%$3':'1%C 4'- ,+1-.67'1%- 2'- 2.8"7%- C1, C2, C3, . . . C9) Z+7- +;%'1+1-

4' &.-74%"% -7$3"1% /

E = [[C1, C3, C5], [C1, C3, C8, C9], [C1, C3, C8], [C1, C3], [C1], [C2, C4], [C2], []].

[X\ -7& X[(



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

 !"#  !. / 0121( 3( 1(45(145( 3(6 6-&7*,-)6 %-71 7) 4+&47& 38(9*()6,-)6!

 !"!# $%&'()*+' ,- .(/0(*11' *2'+ 343567

:)( ,)*(1;+4( () &+)<+<( = + '*' 1'+&,6'( ()*1( >-?@AB (* &8+*(&,(1 3(

6,$7&+*,-) 0C0>A@ D4;! E<71(  !"F! 0C0>A@ '*+)* %1-<1+$$' () &+)<+<(

=G )-76 +H-)6 1'+&,6' 4(**( ,)*(1;+4( 3+)6 &( $I$( &+)<+<(!

 !"#  !" / #)*(1;+4( ()*1( >-?@AB (* 0C0>A@

J.K 671 .J 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

*9*:;0 '13+$' < :+=0;> 4'- $18+&?"%$+1- -7& /

@ 4' -+7-A?"&$1 "767'4 1+7- "##4$67+1- 4'- &B54'- 2' ,+?#+&%'?'1% C,"#D

3$%'--'D $??'&-$+1D #+-$%$+1D) ) ) E

@ 4' -+7-A?"&$1 '11'?$ C2.%',%$+1D #+-$%$+1 '-%$?.'D 3$%'--' '-%$?.'D ) ) ) E

:+=0;> ,+?#$4' 4'- &B54'-D -.4',%$+11' 71' 'F%'1-$+1 '% &'13+$' 4'- $1A

-%&7,%$+1- 2' ,"#D 3$%'--' '% $??'&-$+1 < *9*:;0)

G7& 4" H57&' ()I C#&.,.2'??'1% #&.-'1%.' "7 #"&"5&"#!' J)IED 1+7- "3+1-

71' 'F.,7%$+1 27 #&+5&"??' :+=0;>D $1%'&8",. "3', 4K"%'4$'& 2' -$?74"%$+1

*9*:;0)  '%%' 'F.,7%$+1 -$?74' 71 -,.1"&$+ 2K71 #'7 ?+$1- 2' %&+$- !'7&'-

'1 %'?#- &.'4)

 !"# ()I @ LF.,7%$+1 27 #&+5&"??' :+=0;>D $1%'&8",. "3', 4K"%'4$'& 2'

-$?74"%$+1 *9*:;0

;1 "##'44' G=MD 4' -+7-A?"&$1 "767'4 1+7- "##4$67+1- 4'- &B54'- 2' ,+?A

#+&%'?'1% 2' :+=0;>) L% +1 1+%' G=J 4' -+7-A?"&$1 '11'?$D 2+1% 4'

,+?#+&%'?'1% '-% 2.H1$ #"& *9*:;0) NK+OP',%$8 27 -+7-A?"&$1 '11'?$ '-%

2' %&"3'&-'& 4" Q+1' 2' #"%&+7$44' -"1- R%&' 2.%',%.)

>"1- ,' -,.1"&$+D 4' -+7-A?"&$1 G=M 8"$% 71' %&"P',%+$&' "4."%+$&' 2'

&',!'&,!'D ,"& $4 1K" #"- 2' 2.%',%$+1) N+&-67K$4 2.%',%' 4K'11'?$D 4K+S,$'&

MTU -7& JM(



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

().&()./( &(0 +.*,-)0 01,2+)*(0 3 +)*,4.-&&,0,-)5 $(016( 7( 7,0*+).(5 6+&&,($()*

71 %-0*( 7( %,0*+8(5 %,0*+8(! 91 7':1*5 &+ *6+;(.*-,6( '2+&1'( 71 0-104$+6,)

<=> %+6 &( 0-104$+6,) <=? (0* '&-,8)'( 7( &+ *6+;(.*-,6( 6'(&&(! @+ $+)A14

26( 7( $(016( 7( 7,0*+).( %(6$(* 7B-:*(),6 1)( $(,&&(16( (0*,$+*,-) 7( &+

*6+;(.*-,6( 71 0-104$+6,) ())($,!

C( 0.')+6,- + '*' 2+&,7' %+6 7(0 0-104$+6,),(605 D1, 6(*6-12()* :,() &(0

+.*,-)0 D1B,&0 ()8+8()* () .+0 7( 7'*(.*,-) 7B1) 0-104$+6,) ())($,! E( %&105

)-10 -:*()-)0 1)( $-7'&,0+*,-) 6-:10*( 71 .-$%-6*($()* 3 7+)0 &(0 0,$1&+4

*,-)05 &(0 ,)F-6$+*,-)0 F-16),(0 +1 0-104$+6,) %,0*(16 +1 01;(* 7( &+ .,)'$+4

*,D1( 71 0-104$+6,) ())($, 0-)* '&-,8)'(0 7( &+ .,)'$+*,D1( 6'(&&(! C(%()4

7+)*5 &+ $-7'&,0+*,-) 71 .-$%-6*($()* %(6$(* 7( $()(6 G :,() &+ $,00,-)!

C(**( $-7'&,0+*,-) + 0(62, G 1)( '*17( 016 &B,)H1().( 71 .-$%-6*($()* 7B1)

-I.,(6 016 &(0 %(6F-6$+).(0 -%'6+*,-))(&&(0 7B1) 0-104$+6,)5 +2(. 7(0 +)+&4

J0(0 0*+*,0*,D1(0 7( *J%( =-)*(4C+6&-! C(**( '*17( (0* %6'0()*'( +1 ./+%,*6(

K!

 !"! #$%&'()*+, -'.$/*+0%*12(

@B1*,&,0+*,-) 7(0 .&+10(0 7( L-6) (* 7(0 7'F+1*0 )-6$+1M5 +,)0, D1( &+

%6-86+$$+*,-) () &+)8+8( N6-&-8 )-10 %(6$(**()* 7B+2-,6 1)( :-))( .-$4

%&(M,*'! C( %-,)* '*+,* ,$%-6*+)* %-16 &+ */O0(! P) (Q(*5 1) 7(0 -:;(.*,F0

'*+,* 7( %-12-,6 ,)*(6F+.(6 &( $-71&( 7( .-$%-6*($()* +2(. 9R9STU5 +V)

7( %-12-,6 F+,6( 7(0 '*17(0 0*+*,0*,D1(0 7( *J%( =-)*(4C+6&-! S-10 +2,-)0

7-). :(0-,) 7B1) %6-86+$$( (I.+.(!

@+ .-$%&(M,*' 7(0 .&+10(0 7( L-6) () .+&.1& %6-%-0,*,-))(& (0* D1+0,4

&,)'+,6(!

P) .( D1, .-).(6)( &(0 7'F+1*05 () ?WW>5 X-**&-: Y Z[ + 7'$-)*6' D1( &+

.-$%&(M,*' (0* '&(2'( +2(. &( 6+,0-))($()* %+6 7'F+1*! C(%()7+)*5 () %6+4

*,D1(5 %-16 )-*6( .+0 7B+%%&,.+*,-)5 )-10 -:*()-)0 7( *6O0 :-)0 *($%0 7(

.+&.1&!

S-10 -:*()-)0 1) %6-86+$$( (I.+.( 3 %-16 0,$1&(6 1) 0.')+6,- 7B()4

2,6-) >/\Z5 &( *($%0 7( .+&.1& 1*,&,0' %+6 9R9STU (* S-=UTE (0* 7( ]

0(.-)7(0 (* &( %6-8+$$( S-=UTE )( %6()7 D1( >Z % 7( .( *($%0 7( .+&.1&!

S-10 +16,-)0 %1 1*,&,0(6 &+ %6-86+$$+*,-) %+6 ()0($:&( 6'%-)0( ^-1 9<N5

.F! %+6+86+%/( "!"!>5 YKZ[5 YK\[_ %-16 .+&.1&(6 &(0 (M*()0,-)0! 9V) 7( 8+67(6

1) %6-86+$$( 0,$%&(5 )-10 +2-)0 %6'F'6' ,$%&'$()*(6 &( .+&.1& 7B(M*()0,-)

+2(. &( &+)8+8( N6-&-8!

?"? 016 >? 



 !"#$%&' () *##&+,!' #&+#+-.' / 0'#&.-'1%"%$+1 2'- ,+11"$--"1,'- "3', 4"

4+5$67' 2'- 2.8"7%-

 !" #$%&'()*$%

9" 4+5$67' 2'- 2.8"7%- 1+7- " #'&:$- 2' &.#+12&' ; 71' 5&"12' #"&%$' 2'-

'<$5'1,'- =<.'- "7 #"&"5&"#!' >)?)

9" 4+5$67' 2'- 2.8"7%- 1+7- #'&:'% 2' &'#&.-'1%'& 4'- ,+11"$--"1,'- 2'

:"1$@&' 'A,",' '% 2' &"$-+11'& -7& 2'- $18+&:"%$+1- $1,+:#4@%'-B $1,'&%"$1'-

'% &.3$-"C4'-) D+7- "3$+1- C'-+$1 2E71 #&+5&"::' -$:#4' '% &+C7-%' #+7& 67E$4

#7$--' F%&' 7%$4$-. #+7& 2'- "##4$,"%$+1- :$4$%"$&'-) 9E7%$4$-"%$+1 2'- ,4"7-'-

2' G+&1 '% 2'- 2.8"7%- 1+&:"7< 1+7- #'&:'% 2E+C%'1$& 71 %'4 #&+5&"::')

H% 1+7- "3+1- 4E"3"1%"5' 2' #+73+$& 5.1.&"4$-'& ,' #&+5&"::' '1 7%$4$-"1%

2E"7%&'- ,4"7-'- '% 2E"7%&'- 2.8"7%-)

I' #47-B $4 .%"$% $:#+&%"1% 2' #+73+$& $1%'&8",'& ,' #&+5&"::' "3', 4"

#4"%'8+&:' 2' -$:74"%$+1 *J*DK0B "=1 2' #+73+$& 8"$&' 2'- .%72'- -%"%$-L

%$67'-) 9" C+11' ,+:#4'<$%. 27 #&+5&"::' 1+7- #'&:'% .5"4':'1% 2E"%%'$1L

2&' ,'% +CM',%$8B 1+7- +C%'1+1- 71 C+1 %':#- 2' ,"4,74B 67$ 1+7- #'&:'%%&"

2' 8"$&' ,'- .%72'-)

*3', 4" 4+5$67' 2'- 2.8"7%-B 1+7- 1+7- -+::'- "N&"1,!$- 2' 4" &'#&.-'1%"L

%$+1 -+7- 8+&:' 2' &.-'"7 2' O.%&$ +7 '1,+&' 2' :",!$1' ; .%"%) 9E7%$4$-"%'7&

#+7&&" 8",$4':'1% "M+7%'& 2'- 1+73'44'- &@54'- '% 2' 1+73'"7< 2.8"7%-B -"1-

"3+$& ; :+2$='& 4'- &@54'- #&.,.2'1%'-) P4 "7&" M7-%' ; 5.&'& 4'- '<,'#%$+1- '1L

%&' 4'- &@54'- -E$4 Q " C'-+$1) 9'- 2.8"7%- 1+7- 2+11'1% 4E"3"1%"5' 2' #+73+$&

%&"3"$44'& "3', 2'- &@54'- 5.1.&"4'-)

 '%%' :+2.4$-"%$+1 " .%. 3"4$2.' #"& 2'- -+7-L:"&$1$'&-) P4- &'%&+73'1%

C$'1 4'- ",%$+1- '15"5.'- ; 4" :'&)  '%%' :+2.4$-"%$+1 '-% -7A-"::'1% &+L

C7-%' #+7& 67' 4' -+7-L:"&$1 :@1' ; C$'1 -" :$--$+1B :"45&. 4'- $18+&:"%$+1-

$1,+:#4@%'- '% $1,'&%"$1'- 67E$4 #+--@2' -7& 4E'11':$)

9E"45+&$%!:' 2' ,"4,74 2E'<%'1-$+1- ,"4,74' %+7%'- 4'- '<%'1-$+1- #+--$L

C4'-)  !"67' '<%'1-$+1 ,+&&'-#+12 ; 71' -+47%$+1 #+--$C4' 2E",%$+1 #+7& 4'

-+7-L:"&$1) R1' 8+$- %+7%'- 4'- '<%'1-$+1- ,"4,74.'-B $4 &'-%' ; '1 ,!+$-$& 71'B

67$ ,+&&'-#+12&" "7 ,!+$< =1"4 2' 4E+A,$'&) D+7- 1+7- $1%.&'--+1-B 2"1- 4'

,!"#$%&' -7$3"1%B ; ,' #&+C4@:' 2' ,!+$< '% 2' -.4',%$+1 2' 4E",%$+1)  ' #&+CL

4@:' " .%. .%72$. 2"1- 2$N.&'1%- 2+:"$1'- / +1 &'%&+73' 4'- "##&+,!'- ,+:L

#+&%':'1%"4'- '% 4'- #&.8.&'1,'- #+7& 4" 4+5$67' 2'- 2.8"7%-) 9'- :.%!+2'-

2E"$2' ; 4" 2.,$-$+1 :74%$,&$%@&' #&+#+-'1% "7--$ 2'- -+47%$+1-)

>?S -7& S>(



 !"#$#%&' ()!*#'

+,-'.*#"/ 0' -1).*#"/





 !"#$%&' (

)%"% *' +,"&%

 !"# "$% &'&% ()*"+*)!$, "$ +-%$* .%"* +/!)# .0"()%"#( .!(()1)0)*2( 34+56

*)!$(7  +# %8%&.0%, %$ 5% 9") 5!$5%#$% 04!:5)%# 3% 9"+#*, )0 .%"* +/!)# ; 5<!)()#

%$*#% 3%"8 +5*)!$( =

> 3!)*6)0 5!$*)$"%# ; .)(*%# 04%$$%&) ?

> 3!)*6)0 #%&!$*%# +" (5<$!#5<%0 ?

 !"# *#!"/%# "$% #2.!$(% ; "$ *%0 .#!10@&%, 3)A2#%$*%( &2*<!3%( %8)(*%$*7

B% .#!10@&% + +"(() 1)%$ 2*2 2*"3)2 3+$( 0%( +..#!5<%( 5!&.!#*%&%$*+0%(, 9"%

3+$( 0+ 0!-)9"% 3%( 32C+"*( +/%5 0%( .#2C2#%$5%(, !" 1)%$ %$5!#% %$ 32D$)((+$*

3%( &2*<!3%( 34+)3% &"0*)5#)*@#%( ; 0+ 325)()!$7 E+$( 5% .+#+-#+.<%, $!"(

3!$$!$( "$ +.%#F" 3%( &2*<!3%( .#!.!(2%( 3+$( 5%( *#!)( 3!&+)$%(7

 !" #$% &'()('$*+$% $* ,-./01$ 2$% 2()314%

G+ $!*)!$ 3% .#2C2#%$5% %(* *#@( "*)0)(2% 3+$( 0%( #+)(!$$%&%$*( 3% (%$(

5!&&"$, 3+$( 0+ /)% 3% *!"( 0%( H!"#(7 I$ %A%*, %00% .%#&%* 3% #2(!"3#% 3%

C+F!$ $+*"#%00% %* %:5+5% 3%( ()*"+*)!$( )$32*%#&)$2%(7 I00%( .%#&%**%$* 3%

*#!"/%# 3%( 5!&.#!&)( )$*2#%((+$*( .!"# #2(!"3#% 3%( .#!10@&%( 3% 325)()!$7

E% &'&%, 0!#(9"% 3%( 0!)( %$*#%$* %$ 5!$J)*, 5% 5!$J)* .%"* '*#% #2(!0" %$

.#)/)02-)+$* 0%( #@-0%( 0%( .0"( #25%$*%( !" 1)%$ 0%( #@-0%( 3% .0"( -#+$3% +"6

*!#)*27

I$ )$*%00)-%$5% +#*)D5)%00%, "$% +..#!5<% (*+$3+#3 .!"# .#%$3#% %$ 5!&.*%

0%( .#2C2#%$5%( %(* 34"*)0)(%# "$ (K(*@&% 3% #+)(!$$%&%$* $!$6&!$!*!$% %*

34K +H!"*%# 3%( .#2C2#%$5%(7 E%( .#2C2#%$5%( !$* 2*2 +H!"*2%( ; 0+ 0!-)9"% 3%(

32C+"*( LMNNO, MPQOR7

S%.#%$!$( 04%8%&.0% +/%5 0%9"%0 $!"( +/!$( )00"(*#2 0% 5+05"0 34%8*%$()!$

L%8%&.0% T, .+#+-#+.<% P7P7UR7 V$ + 0+ *<2!#)% 3%( 32C+"*( ∆WLE ,XR +/%5 =



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

. W = {∀x, Manchot(x) → Oiseau(x), Manchot(Titi)}

. D =

{

d1 :
Oiseau(x) : V ole(x)

V ole(x)
, d2 :

Manchot(x) : ¬V ole(x)

¬V ole(x)

}

/' 0",01, +'2 '3%'42$542 +544' +'13 '3%'42$542 #522$6,'2 7

E1 = {Manchot(Titi) → Oiseau(Titi), Manchot(Titi), Oiseau(Titi),

V ole(Titi)}

E2 = {Manchot(Titi) → Oiseau(Titi), Manchot(Titi), Oiseau(Titi),

¬V ole(Titi)}

84 56%$'4% +540 +'13 '3%'42$542 91$ 254% 054%&"+$0%5$&'2) :$ ,-54 0!'&0!'

; &<#54+&' ; ," 91'2%$54 7 =*2%>0' 91' ?$%$ @5,' A=B $, C"1% #51@5$& 0!5$2$&

'4%&' 0'2 +'13 '3%'42$542) D51& 0',"B 54 #'1% <%"6,$& +'2 #&<C<&'40'2 '4%&' ,'2

+<C"1%2)

E4' 25,1%$54 #51& &<251+&' 0' 0!5$3 '2% +' #&'4+&' '4 05F#%' ," 2#<0$G0$%<

+'2 +<C"1%2) /' +<C"1% d2 054%$'4% 14' $4C5&F"%$54 #,12 #&<0$2' 91' ,' +<C"1%

d1B $, '2% #,12 2#<0$G91') /' +<C"1% d2 +'@&"$% +540 H%&' #&$5&$%"$&' #"& &"#>

#5&% "1 +<C"1% d1 '% 54 #&<C<&'&"$% 45&F",'F'4% ,-'3%'42$54 *I)

84 45%' ," &',"%$54 +' #&<C<&'40' "@'0 ," &',"%$54 +-5&+&' 21$@"4%' 7 d2 < d1)
 '%%' &',"%$54 2$J4$G' 91' ,' +<C"1% +I '2% #&$5&$%"$&' #"& &"##5&% "1 +<C"1%

+K

 

)

L512 +544542 14 "1%&' '3'F#,'B %$&< +' MNOP)

 !"#$%"  ! Q'2 #&<C<&'40'2 254% <%"6,$'2 '4%&' %&5$2 +<C"1%2 7

. J<4<&",'F'4%B ,'2  "4"+$'42 #"&,'4% "4J,"$2 R

. J<4<&",'F'4%B ,'2 S1<6<05$2 #"&,'4% C&"4T"$2 R

. J<4<&",'F'4%B ,'2 !"6$%"4%2 +1 L5&+ +1 S1<6'0 #"&,'4%  &$)

E4' &',"%$54 +-5&+&' #'1% H%&' '3#&$F<' +' ," C"T54 21$@"4%' 7

NQué(x) : cri(x)

cri(x)
<

Qué(x) : francais(x)

francais(x)
<

Can(x) : anglais(x)

anglais(x)

 '%%' &',"%$54 2$J4$G' 7 2$ 14 !"6$%"4% +1 L5&+ +1 S1<6'0 4' #"&,' #"2 0&$B

$, '2% &"$2544"6,' +' #'42'& 91' 0'%%' #'&2544' #"&,' C&"4T"$2B '% 2$ 0'%%' #'&>

2544' 4' #"&,' #"2 C&"4T"$2B ",5&2 ',,' #"&,' "4J,"$2) L512 "@542 14' &',"%$54

+' 2#<0$G0$%< U51 +' 21625F#%$54V '4%&' ,'2 +<C"1%2)

 

 !"#$ %& '()*")$+() ,$+%+#-" .&/ 0/"12& 3445 "$ '!"#$ '"%%" 6," )(,# ,$+%+#()# 7&)# %&

$89#": ;&)# 7!&,$/"# &/$+'%"#< () $/(,*" 6," %" /"%&$+() d2 < d1 #+=)+>" 6," d1 "#$ ./-?-/-
@ d2:

KN( 21& IKW



 !"! #$% &'()('$*+$% $* ,-./01$ 2$% 2()314%

563*.$-*% 73/*4$*3*4 ,3 '$,34/-* 28-'2'$ &-1' 2(9*/' ,$ )3/4 01$: 23*%

,$ *-'2 21 ;1(<$+: ,3 &'$7/='$ ,3*.1$ $%4 ,$ )'3*>3/%: $*%1/4$ ,83*.,3/% $4

$*%1/4$ ,$ +'/! #3 '$,34/-* 2$ &'()('$*+$ $%4 ,3 %1/?3*4$ @

Qué(x) : francais(x)

francais(x)
<

Can(x) : anglais(x)

anglais(x)
<

NQué(x) : cri(x)

cri(x)

5$44$ '$,34/-* 28-'2'$ *$ &'$*2 &3% $* +-7&4$ ,3 %&(+/9+/4(: +3' ,$ 2()314

,$ &,1% &'/-'/43/'$ *8$%4 &3% ,$ 2()314 ,$ &,1% %&(+/901$: ,$ &,1% &'(+/%!

A-1% &'(%$*4-*% 73/*4$*3*4 01$,01$% 3&&'-+6$% %1' ,$% &'()('$*+$% $*

,-./01$ 2$% 2()314%!

#3 &'$7/='$ )-'73,/%34/-* 2$% &'/-'/4(% $* ,-./01$ 2$% 2()314% 3 (4( &'-B

&-%($ &3' C'$DE3 FG"H $* "II"! 5$44$ 3&&'-+6$ *$ %83&&,/013/4 01831J 2()314%

*-'731J %3*% &'('$01/%! K8314'$% 3&&'-+6$% -*4 $*%1/4$ (4( &'-&-%($% &-1'

,$% 2()314% *-'731J @ C'$DE3 FGGH FGLH $* "IIM: C332$' $4 N--,1*2$' F""H

$* "IIL: O/*43*$* FIGH:FILH $* "IIP: K$,.'3*2$ $4 Q+631< FLLH $* "IIR! K3*%

+$% 3&&'-+6$%: ,$% &'()('$*+$% %-*4 2(9*/$% &3' 2$% '$,34/-*% 28-'2'$ $*4'$ ,$%

2()314%!

S*$ 3&&'-+6$ 2/T('$*4$ 3 (4( &'-&-%($ &3' U3'$E: A$'-2$ $4 O$77$,

VF RH: F WHX 23*% ,$% 3**($% IY: /, %83./4 2$% %Z%4=7$% *-* 7-*-4-*$% 2$ '=B

.,$% 3**-4($% @ 1* &-/2% $%4 344'/<1( [ +6301$ /*)-'734/-*! 5$ &-/2% &$14

'$&'(%$*4$' 1* /*2/+$ 2$ +-*93*+$: 1*$ &'-<3</,/4( ! ! !

\* GYYY: C'$DE3 $4 \/4$' FGMH &'(%$*4$*4 1*$ *-1?$,,$ 3&&'-+6$ 2$ ,3

46(-'/$ 2$% 2()314% -'2-**(%! \* GYYI: K$,.'3*2$ $4 3, FLGH '$&'$**$*4 ,$1'%

&'(+(2$*4% 4'3?31J FLLH $4 /,% '(14/,/%$*4 ,3 46(-'/$ 2(?$,-&&($ &3' C'$DE3 $4

\/4$' FGMH!

 !"!" #$ %&'()*+ ,+- ,'.$/%- (),(00'- ,+ 1)+23$4 "556

\* "IIM: C'$DE3 FGGH FGLH &'-&-%$ 1*$ )-'73,/%34/-* 2$% &'/-'/4(% &-1' ,$%

2()314% *-'731J! ]9* 2$ .('$' ,3 *-4/-* 2$ &'()('$*+$ $*4'$ ,$% $J4$*%/-*%

7141$,,$7$*4 +-*4'32/+4-/'$%: C'$DE3 3 (4$*21 ,3 ,-./01$ 2$% 2()314% [ ,3

46(-'/$ 2$% 2()314% -'2-**(% V^'/-'/4/_$2 2$)31,4 ,-./+X: $* /*4'-21/%3*4 1*

-'2'$ &3'4/$, %4'/+4!

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

S*$ 46(-'/$ 2$% 2()314% *-'731J -'2-**(% $%4 ,$ 4'/&,$4 VK:`:aX -b `

$%4 1* $*%$7<,$ 2$ )-'71,$%: K $%4 1* $*%$7<,$ 2$ 2()314% *-'731J $4 a $%4

1* -'2'$ &3'4/$, %4'/+4 %1' K!

"LR %1' G"P



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

." &',"%$/0 +-/&+&' D1 < D21 "2'3 45 '% 46 +'7 +89":%71 7$;0$<' =:' ,'
+89":% 45 '7% #&$/&$%"$&' #"& &"##/&% ": +89":% 461 /: =:' 45 '7% ,' +89":%

>?@$0$@",)

A<0 +' +8<0$& ,'7 'B%'07$/07 #&$/&$%"$&'71 C&'DE" +8<0$% ," 0/%$/0 +- !"#$#"%

'% ," 0/%$/0 +-/&+&' %/%", �1 $77:' +' ,-/&+&' #"&%$', 7%&$3% >)

 !"#$#%#&$  ! "  !"#$#"% &'()

F/$'0% * :0 '07'@G,' +' 9/&@:,'7 '% d =
a : c

c
:0 +89":% 0/&@",) H0 +$%

=:' d '7% "3%$9 +"07 * 7$ '% 7':,'@'0% 7$ I

5) a ∈ E1

6) c /∈ E1

J) ¬c /∈ E)

K0 +89":% '7% +/03 "3%$9 7$ 7/0 #&8&'=:$7 '7% 7"%$79"$%1 7-$, 0-" #"7 +8LM 8%8

+83,'03!8 '% 7-$, 0-N " #"7 +' 3/0%&"+$3%$/0 M 7/0 3/078=:'0%)

K0 /&+&' %/%", �1 'B%'07$/0 +' ,-/&+&' #"&%$', <1 #'&@'% +' 3",3:,'& ,'7
'B%'07$/07 #&$/&$%"$&'7 +-:0' %!8/&$' +'7 +89":%7 /&+/0087 I

 !"#$#%#&$  # " *+",-.#/- 01#/1#"2#1,

F/$% O41P1>Q :0' %!8/&$' +'7 +89":%7 /&+/0087 '% 7/$% � :0 /&+&' %/%",

$77: +' ,-/&+&' #"&%$', >) * '7% :0' 'B%'07$/0 #&$/&$%"$&' ;808&8' #"& � 7$ '%

7':,'@'0% 7$ E = ∪i=0,∞Ei /R E0 = W '% #/:& i ≥ O1

Ei+1 =







Ei si il n′ y a pas de défaut actif dans Ei, ou bien
Th(Ei ∪ {c}) où c est le conséquent du défaut � −minimal

actif dans Ei.

S/:& 3/07%&:$&' ,-'B%'07$/0 Ei+11 /0 "L/:%' M Ei ,' 3/078=:'0% +: +89":%

�?@$0$@", "3%$91 3-'7%?M?+$&' ,' +89":% "3%$9 ,' #,:7 #&$/&$%"$&' +"07 Ei)

T'#&'0/07 ,-'B'@#,' ( '0 ,' @/+$<"0% I

'()*+,) $% "

U W = {Manchot(Titi)}
U D = {d1, d2, d3}

"2'3

d1 =
Oiseau(x) : V ole(x)

V ole(x)
,

5JV 7:& 65W



 !"! #$% &'()('$*+$% $* ,-./01$ 2$% 2()314%

d2 =
Manchot(x) : ¬V ole(x)

¬V ole(x)
,

d3 =
Manchot(x) : Oiseau(x)

Oiseau(x)
.

5-1' &'$*2'$ $* +-6&4$ ,3 %&(+/7+/4( $*4'$ ,$% 2()314%8 -* 2(7*/4 ,3 '$,39

4/-* 2$ &'()('$*+$ %1/:3*4$ ; 2< = 2"! #$ 2()314 d2 $%4 &,1% %&(+/701$!

> &3'4/' 2$ +$4 -'2'$ &3'4/$,8 /, ? 3 4'-/% -'2'$% 4-431@ ;

A d3 � d2 � d18
A d2 � d1 � d38
A d2 � d3 � d1!
5-1' +B3+1* 2$ +$% 4'-/% -'2'$% 4-431@8 -* -C4/$*4 ,3 6D6$ $@4$*%/-*

&'/-'/43/'$ ;

E = {Manchot(Titi), Oiseau(Titi),¬V ole(Titi)}.

5'$*-*% ,$ &'$6/$' -'2'$ 4-43,! #$ +3,+1, $%4 )3/4 2$ ,3 )3E-* %1/:3*4$ ;

A E0 = {Manchot(Titi)}
F* 3 3,-'% ,$% 2()314% d2 $4 d3 01/ %-*4 3+4/)%! $4 ,$ 2()314 2" 01/ $%4

/*3+4/) G

A E1 = {Manchot(Titi), Oiseau(Titi)}
+3' -* 14/,/%$ ,$ 2()314 d3 01/ $%4 ,$ 2()314 �96/*/63, 3+4/)! F* 3

4-1H-1'% ,$ 2()314 d2 01/ $%4 3+4/)! $4 ,$ 2()314 d1 $%4 3,-'% 3+4/) G

A E2 = {Manchot(Titi), Oiseau(Titi),¬V ole(Titi)}!
+3' -* 14/,/%$ ,$ 2()314 d2 01/ $%4 ,$ 2()314 �96/*/63, 3+4/)! #$ 2()314

d1 $%4 3,-'% /*3+4/) G

A E3 = E2 +3' /, *I? 3 &3% 2$ 2()314 3+4/)!

A ! ! !

JI3&'K% ,3 +,3%%/7+34/-* 2$% 3&&'-+B$% 01/ 4'3/4$*4 2$% &'()('$*+$% 23*% ,$%

'3/%-**$6$*4% *-*96-*-4-*$% 2$ J$,.'3*2$ $4 3, LM"N8 ,I3&&'-+B$ 2(:$,-&&($

&3' O'$PQ3 $%4 1*$ 3&&'-+B$ ;

A -R ,$% &'()('$*+$% %-*4 2(7*/$% 31 6(439*/:$318 +I$%49S92/'$ 01I$,,$% %-*4

3H-14($% 31@ 'K.,$% G

A &'$%+'/&4/:$ ; ,3 '$,34/-* 2I-'2'$ %&(+/7$ ,I-'2'$ 23*% ,$01$, ,$% 2()314%

2-/:$*4 D4'$ 3&&,/01(%!

T$44$ 3&&'-+B$ %$6C,$ D4'$ $U+3+$! T$&$*23*48 1* /*+-*:(*/$*4 $%4 ,$

+3,+1, 2$ 4-1% ,$% -'2'$% 4-431@! T$'43/*% -'2'$% 4-431@ &$1:$*4 2-**$' ,$

6D6$ -'2'$ 2I3&&,/+34/-* 2$% 2()314%8 ,3 6D6$ $@4$*%/-* $%4 3,-'% +3,+1,($

&,1%/$1'% )-/%!

O332$' $4 V--,1*2$' L""N -*4 (.3,$6$*4 /*4'-21/4 1*$ 3&&'-+B$ &'$%+'/&9

4/:$ $* ,-./01$ 2$% 2()314%! #3 2(7*/4/-* 2I$@4$*%/-* +,3%%/01$ 2$ W$/4$' LXYN

"MX %1' <"Z



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

" .%. /0+$1.' '2 "304%"2% 42' 502+$%$02 64& ,-"##,$5"7$,$%. +'6 +.8"4%6)  '%%'

/.%!0+' " .%. 4%$,$6.' +"26 42 5"6 +-"##,$5"%$02 #0&%"2% 64& ,'6 &.6'"49 60:

5$"49 64& ,' ;'7 #"& <"%= '% >0,7'5? @ABC) D"26 ,'6 &.6'"49 605$"49E ,'6

4%$,$6"%'4&6 &.FG,'2% +'6 $280&/"%$026 64& ,'4&6 &',"%$026 "F'5 +-"4%&'6 H'26)

*2 #"&%$54,$'&E $,6 +022'2% +'6 F",'4&6 I4$ &'#&.6'2%'2% ,'4& +'H&. +' 502:

1"25' "F'5 5'6 H'26)  '6 F",'4&6 #'4F'2% H.2.&'& +'6 &'50//"2+"%$026 64&

," 5021"25' I4' ,-02 #'4% "550&+'& J 42' #'&6022' I4' ,-02 2' 5022"K% #"6)

L-"&%$5,' /02%&' 50//'2% 5'6 F",'4&6 +' 5021"25' #'4F'2% M%&' 4%$,$6.6 #04&

0&+022'& +'6 +.8"4%6)

 !"!# $%&''()*+, -, ./01&0,0

*2 NOOAE P$2%"2'2 @OQCE@ORC 6-'6% $2%.&'66. "49 #&.8.&'25'6 +'65&$#%$F'6

#04& ,'6 %!.0&$'6 +' +.8"4%6 20&/"49) SF'5 +'6 #&.8.&'25'6 +'65&$#%$F'6E ,"

6$%4"%$02 #&.8.&.' '6% 5',,' I4$ 4%$,$6' ,' #,46 +' +.8"4%6 #&.8.&.6) L-"##&05!'

+' P$2%"2'2 '6% 7"6.' 64& ,-"##,$5"7$,$%. +-42 +.8"4% +"26 42 '26'/7,' +'

80&/4,'6)

 !"#$#%#&$  ! " T2 +.8"4% 20&/", d =
a : b

b
'6% "##,$5"7,' +"26 * 42

'26'/7,' +' 80&/4,'6 6$ " '% 7 ∈ *)
L'6 '9%'26$026 #&$0&$%"$&'6 602% +.12$'6 +' ," 8"U02 64$F"2%' V

 !"#$#%#&$  # " W0$% XDEYEZ[ 42' %!.0&$' +'6 +.8"4%6 0&+022.6) W0$%

* 42' '9%'26$02 +' ," %!.0&$' XDEY[) * '6% 42' '9%'26$02 #&$0&$%"$&' #"&

&"##0&% J E ′
6$ '% 6'4,'/'2% 6$ $, \ " 42 +.8"4% δ ∈ D "##,$I4. +"26 *E /"$6

#"6 +"26 E ′
E +' %',,' 8"U02 J 5' I4' 6$ δ′ '6% #&.8.&. J δ '% I4' δ′ '6% "##,$I4.

+"26 E ′
E ",0&6 δ′ '6% .H",'/'2% "##,$I4. +"26 *)

]04& $,,46%&'& 5'%%' "##&05!'E &'#&'2026 ,-'9'/#,' N^E "F'5 ,-0&+&' %0%",

64$F"2% V

Manchot(x) : Oiseau(x)

Oiseau(x)
�

Manchot(x) : ¬V ole(x)

¬V ole(x)
�

Oiseau(x) : V ole(x)

V ole(x)

_2 +0$% 5!0$6$& '2%&' +'49 '9%'26$026 V

E1 = {Manchot(Titi), Oiseau(Titi), V ole(Titi)}

E2 = {Manchot(Titi), Oiseau(Titi),¬V ole(Titi)}

L-'9%'26$02 *Q '6% #&$0&$%"$&' #"& &"##0&% J *N #04& 5'% 0&+&' ,'9$50H&"#!$I4' V

,' +.8"4%

Manchot(x) : ¬V ole(x)

¬V ole(x)

N`^ 64& QNA



 !"! #$% &'()('$*+$% $* ,-./01$ 2$% 2()314%

$%4 3&&,/01( 23*% 56 73/% &3% 23*% 5"! #$ 2()314

Manchot(x) : Oiseau(x)

Oiseau(x)

$%4 ,$ %$1, 2()314 &'()('( 8

Manchot(x) : ¬V ole(x)

¬V ole(x)

$4 /, $%4 3&&,/01( 8 ,3 )-/% 23*% 56 $4 5"! 93*% +$4 $:$7&,$; ,<3&&'-+=$ 2$

>/*43*$* 2-**$ 1* '(%1,434 ?/$* +-*)-'7$ 8 ,</*41/4/-*!

 !"!# $%&''()*+, -,./(&01,23*+&45

5* "@@A; 9$,.'3*2$ $4 B+=31? CDDE 2(F*/%%$*4; 8 &3'4/' 2<1*$ 4=(-'/$ 2$%

2()314% -'2-**(% G9;H;IJ; 1*$ 4=(-'/$ 2$% 2()314% GD′
;W ′

J 23*% ,301$,,$ ,$%

'$,34/-*% 2<-'2'$ &3'4/$, %-*4 +-7&/,($% 23*% D′
$4 W ′

! 93*% +$44$ 3&&'-+=$;

,$% &'()('$*+$% %-*4 2(F*/$% 31 */K$31 -?L$4 M $,,$% &$'7$44$*4 2$ 2(F*/' ,$%

&'()('$*+$% 8 ,</*4('/$1' 2$ ,3 4=(-'/$!

N* *-7 $%4 3%%-+/( 8 +=301$ 2()314! O-1' +$,3; ,$ ,3*.3.$ -'/./*3, $%4

(4$*21 3K$+ 1* $*%$7?,$ 2$ +-*%43*4$% P; $* 2(F*/%%3*4 1*$ )-*+4/-* ?/L$+4/K$

n : D → N ! Q* *-4$ nδ &-1' n(δ) 3K$+ δ ,$ 2()314 δ =
α : β

γ
!

O-1' 1*$ '$,34/-* 2<-'2'$ &3'4/$,,$ δ < δ′; /, )314 %<3%%1'$' 01$ δ $%4 3&&,/01(

3K3*4 δ′!

R, S 3 2$1: +3% &-1' ,$%01$,% 1* 2()314 δ =
α : β

γ
*$ &$14 &3% T4'$ 3&U

&,/01( M

V %-/4 ,$ &'('$01/% α *<$%4 &3% K'3/ Gα /∈ EJ;

V %-/4 ,3 L1%4/F+34/-* β *<$%4 &3% +-*%/%43*4$ G¬β ∈ EJ!

O-1' 2(4$+4$' +$% +3%; 4'-/% &'(2/+34% -*4 (4( /*4'-21/4% M

V ok(nδ); &-1' +-*4'W,$' ,<3&&,/+3?/,/4( 2<1* 2()314 δ;
V bl(nδ); &-1' +-*4'W,$' ,$ ?,-+3.$ 2<1* 2()314 δ;
V ap(nδ); &-1' 2(4$+4$' ,$ +3% -X ,$ 2()314 3 (4( 3&&,/01(!

Y=301$ 2()314 δ =
α : β

γ
$%4 4'321/4 2$ ,3 )3Z-* %1/K3*4$ M

α ∧ ok(nδ) : β

γ ∧ ap(nδ)
;

ok(nδ) : ¬α

bl(nδ)
;

¬β ∧ ok(nδ) :

bl(nδ)
!

[1+1*$ 2$ +$% 4'-/% '\.,$% *$ &$14 T4'$ 3&&,/01($ %3*% 01$ ok(nδ) %-/4 K'3/!

#$% 2$1: 2$'*/$'% 2()314% 2-**$*4 ,$% +-*2/4/-*% 23*% ,$%01$,,$% 1* 2()314

*$ &$14 &3% T4'$ 3&&,/01(!

"]" %1' 6"^



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

." &',"%$/0 +-/&+&' δ < δ′ 1$20$3' 4 1$ δ " 5%5 "##,$675 8 ap(nδ) '1% 9&"$:;
/7 1$ δ 0-'1% #"1 "##,$<"=,' 8bl(nδ):; ",/&1 δ′ '1% "##,$<"=,')  '%%' #&/#&$5%5
'1% %&"+7$%' +' ," >"?/0 17$9"0%' 4

∀y ∈ N, [∀x ∈ N, (x ≺ y) → bl(x) ∨ ap(x)] → ok(y)

 !"#$#%#&$  ! " @/$% 8A;B;C: 70' %!5/&$' +'1 +5>"7%1 /&+/0051 '%

N = {nδ|δ ∈ D}) 8D′
;W ′

: '1% +530$ +' ," >"?/0 17$9"0%' 4

D′ =

{

α ∧ ok(nδ) : β

γ ∧ ap(nδ)
,
ok(nδ) : ¬α

bl(nδ)
,
¬β ∧ ok(nδ)) :

bl(nδ)
|n :

α : β

γ
∈ D

}

∪D≺

W ′ = W ∪W≺ ∪ {DCAN , UNAN}

/D

D≺ =

{

: ¬(x ≺ y)

¬(x ≺ y)

}

W≺ = {nδ ≺ nδ′|(δ, δ′) ∈<} ∪ {ok(nT )}∪

{∀y ∈ N, [∀x ∈ N, (x ≺ y) → bl(x) ∨ ap(x)] → ok(y)}

"9'< UNAN 8E0$67' F"G' H117G%$/0: '% DCAN 8A/G"$0  ,/17&' H1I

17G#%$/0: +530$1 +' ," >"?/0 17$9"0%' 4

UNAN : (ni 6= nj) pour tout ni, nj ∈ N avec i 6= j

DCAN : ∀x, name(x) ≡ (x = n1 ∨ . . . ∨ x = nm)

.' #&'G$'& 1/71I'01'G=,' +' W≺ &'#&51'0%' ,'1 </00"$11"0<'1 &',"%$9'1

J ≺ $117'1 +' ,-/&+&' C '% ok(nT ) 1$20$3' 67' ,' +5>"7%
T : T

T
'1% %/7K/7&1

"##,$<"=,') ." +'&0$L&' #"&%$' </0%&M,' ,-"##,$<"%$/0 +'1 +5>"7%1 4 #/7& %/7%

ni ≺ nj; ok(nj) '1% #&/795 1$ /0 " ap(ni) /7 bl(ni))
.'1 $0>/&G"%$/01 </0%'07'1 +"01 W≺ +/00'0% +'1 </0+$%$/01 05<'11"$&'1

G"$1 #"1 17N1"0%'1 #/7& &'0+&' δi "##,$<"=,') @$ ((δi, δj) /∈<); ",/&1 (ni ≺
nj) /∈ W≺) O/7& %&"9"$,,'& #&/#&'G'0%; 0/71 +'9/01 #/79/$& </0<,7&' 67'

¬(ni ≺ nj))  -'1% <' 67$ '1% >"$% +"01 D≺)

O/7& $,,71%&'& <'%%' G5%!/+'; 0/71 #&51'0%/01 70 'P'G#,' %$&5 +' QR(S 4

RTU 17& URV



 !"! #$% &'()('$*+$% $* ,-./01$ 2$% 2()314%

 !"#$%"   ! 5-/4 ,3 46(-'/$ 2$% 2()314% *-'7318 -'2-**(% %1/93*4$ :

D =

{

T : T

T
,
a : ¬c

¬c
,
b : c

c

}

W = {a, b}

;* 3 ,3 '$,34/-* 2<-'2'$ :

a : ¬c

¬c
<

b : c

c
.

#3 46(-'/$ +-''$%&-*23*4$ $%4 :

D′ =































a ∧ ok(n1) : ¬c

¬c ∧ ap(n1)
,

ok(n1) : ¬a

bl(n1)
,

c ∧ ok(n1) :

bl(n1)
,

b ∧ ok(n2) : c

c ∧ ap(n2)
,

ok(n2) : ¬b

bl(n2)
,
¬c ∧ ok(n2) :

bl(n2)
,

T ∧ ok(nT ) : T

T ∧ ap(nT )
,

ok(nT ) : ¬T

bl(nT )
,
¬T ∧ ok(nT ) :

bl(nT )































W ′ =















a, b, n1 ≺ n2, nT ≺ n1, nT ≺ n2, ok(nT ),
bl(nT ) ∨ ap(nT ) → ok(n1),
((nT ≺ n2) ∧ (n1 ≺ n2)) →

((bl(nT ) ∨ ap(nT )) ∧ (bl(n1) ∨ ap(n1)))) → ok(n2).















39$+

D≺ =

{

: ¬(n2 ≺ n1)

¬(n2 ≺ n1)
,
: ¬(n1 ≺ nT )

¬(n1 ≺ nT )
,
: ¬(n2 ≺ nT )

¬(n2 ≺ nT )

}

=$44$ 46(-'/$ 3 1*$ $84$*%/-* :

E = Th(















a, b,¬c, (n1 ≺ n2), (nT ≺ n1), (nT ≺ n2),
¬(n2 ≺ n1),¬(n2 ≺ nT ),¬(n1 ≺ nT ),

ok(nT ), ok(n1), ok(n2),
ap(nT ), ap(n1), bl(n2)















)

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

>*%&/'( 2$ ?$/4$' @ABCD E3'$FD G$'-2$ $4 ?$77$, H@ ICD @ JCK -*4 /*4'-L

21/4 ,3 *-4/-* 2$ %M%4N7$ *-* 7-*-4-*$ 2$ 'N.,$% 23*% ,$% 3**($% AB! =$44$

3&&'-+6$ $%4 2/O('$*4$ 2$% &'(+(2$*4$% : 2$% &-/2% %-*4 344'/P1(% Q +6301$

/*)-'734/-*! G-1% *<$* 2-**-*% /+/ 01<1* P'$) 3&$'R1!

S*$ 'N.,$ *-* 7-*-4-*$ $%4 1* 4'/&,$4 HTDUDφKD -V P = {α1, . . . , αn}D
G = {β1, . . . , βm} %-*4 2$% ,/%4$% W*/$% 2<-PX$4 23*% 1* $*%$7P,$ S $4 φ ∈ U !

S*$ 4$,,$ 'N.,$ %<(+'/4

"YZ %1' ["\



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

r =
(α1 . . . , αn) : (β1, . . . , βm)

φ
,

./ ,'0 {α1, . . . , αn} 0.1% ,'0 #&23$00'0 +' ," &45,' &6 {β1, . . . , βm} 0.1% ,'0
7.1%&"$1%'0 +' ," &45,'0 & '% φ '0% ," 7.17,80$.1 +' &)
 '%%' &45,' 0$51$9' : 0$ (α1 . . . , αn) .1% 2%2 2%";,$0 '% (β1, . . . , βm) 1-.1% #"0
'17.&' 2%2 2%";,$06 ",.&0 .1 7.17,8% φ)

 !"#$#%#&$   !  !"#$%& '(' %('(#('& )& *$+,&"

<1 0=0%43' 1.1 3.1.%.1' +' &45,'0  '0% 81' #"$&' ><6?@6 ./ < '0% 81

'10'3;,' 1.1 A$+' '% ? '0% 81' '10'3;,' +' &45,'0 1.1B3.1.%.1'0 08& <)

C'0 0=0%43'0 1.1B3.1.%.1'0 +' &45,'0 5212&",$0'1% ,'0 D.&3",$03'0 +'

&"$0.11'3'1% 1.1 3.1.%.1' 7.33' ," ,.5$E8' +'0 +2D"8%06 .8 '17.&' ,'0

,.5$E8'0 3.+",'0 1.1 3.1.%.1'0) F'0 #"&",,2,$03'0 0.1% 2%";,$0 '1%&' ,'0 0=0B

%43'0 1.1 3.1.%.1'0 '% ,'0 D.&3",$03'0 +' &"$0.11'3'1%0 1.1B3.1.%.1'0)

C" 1.%$.1 +' #&2D2&'17' " '108$%' 2%2 $1%&.+8$%' #"& ?'&.+' '% ", GHIJ '1

KIIH6 '1 "L.8%"1% 81 #.$+0 "%%&$;82 M 7!"E8' $1D.&3"%$.16 '1 &28%$,$0"1% ,'0

,.5$E8'0 "11.%2'0 +' N8;&"!3"1$"1 GKOPJ)  ' #.$+0 #'8% &'#&20'1%'& 81 $1B

+$7' +' 7.19"17'6 81' #&.;";$,$%26 ," E8",$%2 +'0 +.112'0 ) ) )

Q1 1.%' !R>S6 ≤P @ 81 '10'3;,' +-.&+&' #"&%$', .8 81 '10'3;,' +' #&2.&B

+&' '% .1 1.%' < 81 81$A'&0)

 '%%' "##&.7!' 8%$,$0' +'0 +27,"&"%$.10 +' ," D.&3' : >φ6#@ ./ φ '0% 81 2,23'1%
+' < '% p ∈ P )

T.$7$ E8',E8'0 'U'3#,'06 "A'7 !R>GO6KJ6 ≤@ :
V >φ6K@ 0$51$9' E8' ,-$1D.&3"%$.1 '0% A&"$' M 7.8# 0W& X
V >φ6O)I@ 0$51$9' E8' φ '0% A&"$ M "8 3.$10 90% .8 E8' φ " 81' #&.;";$,$%2
+-"8 3.$10 90% +-Y%&' A&"$ X

V >φ6O@ 0$51$9' E8' E8' 1.80 1' 0"A.10 &$'1 08& ," A2&$%2 +' φ)
<1' &45,' 1.1B3.1.%.1' '% "11.%2' '0% +291$' +' ," D"Z.1 08$A"1%' :

r =
(α1, a1), . . . , (αn, an) : (β1, b1), . . . , (βm, bm)

(φ, c)
.

(α1, a1), . . . , (αn, an) 0.1% ,'0 #&23$00'0 +' ," &45,'6 (β1, b1), . . . , (βm, bm)
0.1% ,'0 7.1%&"$1%'0 +' ," &45,' & '% (φ, c) '0% ," 7.17,80$.1 +' ," &45,' &)

 '%%' &45,' 0$51$9' E8' 0$ αi " 2%2 2%";,$' "A'7 81' 7.19"17' ≥ ai #.8&

i = 1, . . . , n '% E8-"8781 βi 1' #'8% Y%&' 2%";,$' "A'7 81' 7.19"17' ≥ bj #.8&

j = 1, . . . ,m6 ",.&0 .1 #'8% 7.17,8&' E8' φ '0% A&"$ "A'7 81' 7.19"17' +-"8
3.$10 c)

K[[ 08& \K]



 !"! #$% &'()('$*+$% $* ,-./01$ 2$% 2()314%

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

5* %6%478$ *-*98-*-4-*$ 2$ '7.,$% 3**-4($%  $%4 1* 4'/&,$4 :5;!;<=

-> 5 $%4 1* $*%$8?,$ 3&&$,( 1*/@$'% 2$  ; !A:B; ≤P = $%4 1* $*%$8?,$ 2$

&'(-'2'$ $4 < $%4 1* $*%$8?,$ 2$ '7.,$% 2$ ,3 )-'8$

r =
(α1, a1), . . . , (αn, an) : (β1, b1), . . . , (βm, bm)

(φ, c)
,

-> ,$% αi, βj $4 φ %-*4 23*% 5 &-1' 4-14 i $4 j $4 ai, bj $4 c %-*4 23*% B &-1'

4-14 i $4 j!

#$% %6%478$% *-*98-*-4-*$% 2$ '7.,$% 3**-4($% 2-**$*4 1*$ 4C(-'/$ $4

2$% 3,.-'/4C8$% 01/ &$1@$*4 D4'$ 3&&,/01(% E ,3 ,-./01$ 2$% 2()314%; 31F

8-27,$% %43?,$% ! ! !

 !"!# $% &'()*+, -,. -(/%0&. )*-)11(. -, 2*,34% ,& 5+&,*6

7888

G* HIII; J'$KL3 $4 G/4$' MHNO -*4 &'(%$*4( 1*$ *-1@$,,$ 3&&'-+C$ 2$ ,3

4C(-'/$ 2$% 2()314% -'2-**(%! B-1' /*4'-21/'$ ,$ +-*+$&4 2P$F4$*%/-* &'()('($;

/,% -*4 +-88$*+( &3' 4'3@3/,,$' %1' ,$% 2()314% *-'831F %3*% &'('$01/%; 31%%/

3&&$,(% ,$% 2()314% %1&$'*-'831F! Q,% -*4 $*%1/4$ (4$*21 +$44$ *-4/-* 31F

2()314% %3*% &'('$01/% $4 R*3,$8$*4 31F 2()314% .(*('31F!

B'$*2'$ $* +-8&4$ ,$% &'()('$*+$% 23*% 1*$ 4C(-'/$ 2$% 2()314% %1&$'*-'9

831F -'2-**(% $%4 ,$ +3% ,$ &,1% %/8&,$! S3*% +$44$ 2(R*/4/-*; ,P-&('34$1' C
$%4 /*4'-21/4 T

 !"#$#%#&$  # " U-/4 ∆ = (D, W,<) 1*$ 4C(-'/$ 2$% 2()314% %3*%

&'('$01/% -'2-**(% E = ∪i=0,∞Ei! #P-&('34$1' C $%4 2(R*/ 2$ ,3 )3V-* %1/@9

3*4$ T C(∆) = ∪i≥0Ei; -> E0 = W $4 &-1' 4-14 i ≤ 0 T

Ei =















∪j≤iEj si il n′ y a pas de défaut actif dans ∪j≤i Ej ,

ou bien

Th(∪j≤iEj ∪ {c}) où c est le conséquent du défaut

� −minimal actif dans ∪j≤i Ej .

S3*% ,$ +3% 2$ ,3 4C(-'/$ 2$% 2()314% %1&$'*-'831F; ,$% $F4$*%/-*% -?4$*1$%

%-*4 4-1W-1'% 2$% $F4$*%/-*% 31 %$*% 2$ X$/4$'! #$% $F4$*%/-*% &'/-'/43/'$%

%-*4 2(R*/$% 2/'$+4$8$*4 2$ ,3 )3V-* %1/@3*4$ T

"NY %1' H"Y



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

 !"#$#%#&$  ! " ./$% ∆ = (D, W,<) 01' %!2/&$' +'3 +24"0%3 30#'&5
1/&6"07 /&+/1123) * '3% 01' '7%'13$/1 #&$/&$%"$&' +' ∆ 3$ '% 3'0,'6'1% 3$

E = C(∆))

81 0%$,$3' ," 1/%"%$/1 30$9"1%' : /1 1/%' prérequis; ,' #&2&'<0$3 +0 +24"0%
+; justification(d) ," =03%$>?"%$/1 +0 +24"0% + '% conséquent(d) ,' ?/132<0'1%
+0 +24"0% +)

 '%%' +2>1$%$/1 '3% '130$%' 2%'1+0' "07 +24"0%3 3"13 #&2&'<0$3 :

 !"#$#%#&$  # " ./$% ∆ = (D, W,<) 01' %!2/&$' +'3 +24"0%3 3"13
#&2&'<0$3 /&+/1123) @1 '13'6A,' +' 4/&60,'3 * '3% 01' '7%'13$/1 #&$/&$%"$&'

+' ∆ 3$ '% 3'0,'6'1% 3$ E = C(∆E) /B ∆E = (DE, W, <) '% DE
'3% /A%'10

'1 '1,'9"1% ,'3 +24"0%3 +/1% ,' ?/132<0'1% '3% +"13 * Cconséquent(d) ∈ ED '%
<0$ 1' #'09'1% #"3 E%&' 0%$,$323 +"13 * C¬justification(d) ∈ ED C,'3 +24"0%3
1/&6"07 1' 3/1% #"3 ?/1?'&123D)

F'3 '7%'13$/13 #&242&2'3 3/1% +$G2&'1%'3 +'3 '7%'13$/13 ?,"33$<0'3 +' H'5

$%'&)

*1>1; ?'%%' +2>1$%$/1 '3% 2%'1+0' I ," %!2/&$' +'3 +24"0%3 J212&"07 :

 !"#$#%#&$  $ " ./$% ∆ = (D, W,<) 01' %!2/&$' +'3 +24"0%3 /&+/1123
'% * 01 '13'6A,' +' 4/&60,'3) F" %!2/&$' +'3 +24"0%3 ∆E = (DE, W, <E) '3%
/A%'10' +' ∆ +' ," 4"K/1 30$9"1%' :
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)'$1 +<'( *'0 1B.-3/'0 )'0 0(B.,+0 0&3 *+ 78&3'  ! '1 *+ *-8/C&' )'0 ).D+&10

0&3 *+ 78&3'  !E!

FEF 0&3 GFH



 !"#$%&' ()  *+#"&"$,*- .', &/,01%"%, *2%'-0, "3'4 1', .'05 +*./1$,"%$*-,

.0 4*+#*&%'+'-%

 !"# ()( 6 7*./1$,"%$*- .80- *94$'& "0 4"&"4%:&' #&0.'-% "3'4 1" %!/*&$' .',

,4!/+",

 !"# (); 6 7*./1$,"%$*- .80- *94$'& "0 4"&"4%:&' #&0.'-% "3'4 1" 1*<$=0' .',

./>"0%,

?;@ ,0& @?A



 !"! #$%&'$(' )' *+ ,-).*/0+1/-$ )& (-,2-31','$1 )' *4-5(/'3

6&3 *+ 78&3'  !9:; $-&0 (-,2+3-$0 *'0 3.0&*1+10 2-&3 *'0 )'&< ,-).*/0+=

1/-$0 +>'( &$ -5(/'3 )' (+3+(1?3' /,23&)'$1!

 !"#  !9: @ A5(/'3 +& (+3+(1?3' /,23&)'$1

B-&0 +>-$0 &$' '<.(&1/-$ )4&$ 0(.$+3/- +>'( &$ -5(/'3 +& (+3+(1?3' /,=

23&)'$1 +>'( *'0 1C.-3/'0 )'0 0(C.,+0 0&3 *+ 78&3'  !99 '1 *+ *-8/D&' )'0

).E+&10 +>'( *+ 78&3'  !9F!

9G" 0&3 F9H



 !"#$%&' ()  *+#"&"$,*- .', &/,01%"%, *2%'-0, "3'4 1', .'05 +*./1$,"%$*-,

.0 4*+#*&%'+'-%

 !"# ()66 7 8*./1$,"%$*- .90- *:4$'& "0 4"&"4%;&' $+#&0.'-% "3'4 1" %!/*&$'

.', ,4!/+",

 !"# ()6< 7 8*./1$,"%$*- .90- *:4$'& "0 4"&"4%;&' $+#&0.'-% "3'4 1" 1*=$>0'

.', ./?"0%,

6@A ,0& <6B



 !"! #$%&'$(' )' *+ ,-).*/0+1/-$ )& (-,2-31','$1 )' *4-5(/'3

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

6+$0 1-&0 *'0 (+07 $-&0 -81'$-$0 *+ ,9,' )/01+$(' )' 23',/:3' ).1'(1/-$!

;' 3.0&*1+1 '01 $-3,+* < *+ )/01+$(' )' 23',/:3' ).1'(1/-$ ).2'$) &$/=&','$1

)'0 0-$+30 )& 0-&0>,+3/$!

?$ -80'3@' )'0 *.A:3'0 )/B.3'$('0 2-&3 *'0 1+&C )' 2/01+A' 3.&00/ '$ D-$(>

1/-$ )' *+ ,-).*/0+1/-$ &1/*/0.'! E+ ,-).*/0+1/-$ +@'( *+ 1F.-3/' )'0 0(F.,+0

D-&3$/1 &$ 1+&C &$ 2'& 2*&0 .*'@. 2-&3 *'0 (+3+(1:3'0 01+$)+3)0 '1 23&)'$10!

;'0 )/B.3'$('0 @/'$$'$1 )' *+ ,+$G&@3' )4+$1/>(-**/0/-$ =&/ $4'01 2+0 ).H$/'

'C+(1','$1 )' *+ ,9,' D+I-$ 2-&3 *'0 )'&C ,-).*/0+1/-$0! ;'11' *.A:3' )/D>

D.3'$(' 2'&1 +,'$'3 *' 0-&0>,+3/$ J 0' D+/3' (-$13'>).1'(1'3 K&01' J *+ H$ )'

('11' ,+$G&@3' -& 8/'$ J -81'$/3 &$' ,-/$0 8-$$' '01/,+1/-$ )' *+ 2-0/1/-$

)' *4'$$',/!

L-&3 1-&0 *'0 (+3+(1:3'07 *+ ,-).*/0+1/-$ 2+3 *+ 1F.-3/' )'0 0(F.,+0 2'3>

,'1 +& 0-&0>,+3/$ )' 3'$13'3 &$ 2'& 2*&0 3+2/)','$1 '$ 2/01+A' '1 J &$'

)/01+$(' &$ 2'& 2*&0 23-(F' =&' 2-&3 *+ *-A/=&' )'0 ).D+&10! ;'11' )/B.3'$('

04'C2*/=&' 2+3 *'0 3:A*'0 =&/ 2'3,'11'$1 )' HC'3 *+ )/01+$(' )' 0.(&3/1. )&

0-&0>,+3/$ 2+3 3+22-31 J *4'$$',/!

M$ 'B'17 +@'( *+ 1F.-3/' )'0 0(F.,+07 *+ 3:A*' )& 3+**/','$1 )& 2-01' )'

2/01+A' N+@'( *' 0(F.,+ 3+**/','$1 )' *+ 2-0/1/-$ )' 2/01+A' O '1 *+ 3:A*' =&/

,+/$1/'$1 *' 0-&0>,+3/$ J &$' ('31+/$' )/01+$(' )' *4'$$',/ N+@'( *' 0(F.,+

2-0/1/-$$','$1 ('$13. 0&3 *+ (/8*'O 0-$1 ).(*'$(F.'0 '$ ,9,' 1',20! E' 0-&0>

,+3/$ 3+**/' 0+ 2-0/1/-$ )' 2/01+A' 1-&1 '$ A+3)+$1 &$' )/01+$(' )' 0.(&3/1.!

P&/@+$1 *+ )/01+$(' J *4'$$',/7 *' 0-&0>,+3/$ '01 2*&0 -& ,-/$0 +11/3. @'30

*4'$$',/!

6+$0 *' (+0 )' *+ ,-).*/0+1/-$ +@'( *+ *-A/=&' )'0 ).D+&107 *' 0-&0>,+3/$

3+**/' 0+ 2-0/1/-$ )' 2/01+A' '$ ,-)&*+$1 0+ @/1'00' '$ D-$(1/-$ )' *+ )/0>

1+$(' J *4'$$',/! ;'2'$)+$17 ('11' (-$)/1/-$ $' 0&51 2+0 2-&3 *' ,+/$1'$/3

0&50+,,'$1 .*-/A$. )' *4'$$',/! E-30=&4/* 0' 3'13-&@' 13-2 23-(F'7 /* )-/1

04'$ .*-/A$'3 '$ 'C.(&1+$1 &$ ).3-8','$1! Q$' D-/0 0&50+,,'$1 .*-/A$.7 /*

2'&1 3'23'$)3' 0-$ 3+**/','$1! ;' (-,2-31','$1 (-33'02-$) +& (-,2-31'>

,'$1 3.'**','$1 ',2*-R. J *+ ,'3 < &$ -5(/'3 23.D:3' 04+00&3'3 )' $' 2+0 0'

D+/3' (-$13'>).1'(1'3 +@+$1 )' 0' ,'113' J 2/01'3 0-$ +)@'30+/3'!

STU 0&3 VSU



 !"#$%&' ()  *+#"&"$,*- .', &/,01%"%, *2%'-0, "3'4 1', .'05 +*./1$,"%$*-,

.0 4*+#*&%'+'-%

 !" #$%&'$(' )& (*+*(,-+' )' ./01(2'+ 3&+ .*

+4&332,' )' .* 523320$

 !"!# $%&'()*)&

6"-, 4'%%' #"&%$'7 -*0, /%0.$*-, 18$-90'-4' .0 4"&"4%:&' .' 18*;4$'& ,0&

1" +$,,$*-) <- =5' 1', &/,01%"%, *2%'-0, #*0& 1' 4"&"4%:&' ,%"-."&. "3'4 1"

1*>$?0' .', ./@"0%, A B)

C*0& 1', .$D/&'-%, 4"&"4%:&',7 -*0, 4*+#"&*-, 1', &/,01%"%, *2%'-0, #*0&

E 1" &/0,,$%' .0 #$,%">' ,0& 1" =>0&' ()BF7

E 1' ./1"$ "3"-% 1' #$,%">' ,0& 1" =>0&' ()BG7

E 1" .$,%"-4' '- ./20% .' #$,%">' ,0& 1" =>0&' ()BH)

<- -' +*-%&' #", 1', &/,01%"%, ,0& 1" .$,%"-4' .' #&'+$:&' ./%'4%$*-)

 *++' -*0, 18"3*-, 30 #&/4/.'++'-%7 1" .$,%"-4' .' #&'+$:&' ./%'4%$*-

-' ./#'-. ?0' .', ,*-"&, .0 ,*0,I+"&$-,) J' 4*+#*&%'+'-% .' 18*;4$'& -8"

.*-4 "040-' $-90'-4' .',,0,)

 !"# ()BF E K-90'-4' .0 4"&"4%:&' .' 18*;4$'& ,0& 1" &/0,,$%' .0 #$,%">'

BLM ,0& NBH



 !"! #$%&'$(' )& (*+*(,-+' )' ./01(2'+ 3&+ .* +4&332,' )' .* 523320$

 !"#  !6" 7 #$%&'$(' )& (*+*(,-+' )' ./01(2'+ 3&+ .' )4.*2 *8*$, 923,*:'

 !"#  !6; 7 #$%&'$(' )& (*+*(,-+' )' ./01(2'+ 3&+ .* )23,*$(' '$ )4<&, )'

923,*:'

6=> 3&+ ?6;



 !"#$%&' ()  *+#"&"$,*- .', &/,01%"%, *2%'-0, "3'4 1', .'05 +*./1$,"%$*-,

.0 4*+#*&%'+'-%

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

 ', &/,01%"%, 4*-6&+'-% 70' 1' 4*+#*&%'+'-% .' 18*94$'& " 0-' $-:0'-4'

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

;' %"05 .' #$,%"<' &/0,,$ ',% #10, $+#*&%"-% "3'4 18*94$'& "0 4"&"4%=&'

#&0.'-% '% +*$-, $+#*&%"-% "3'4 4'10$ "0 4"&"4%=&' $+#&0.'-%> '- 4*+#"&"-%

"3'4 18*94$'& "0 4"&"4%=&' ,%"-."&. ?4@) 6<0&' ()ABC) ;8*94$'& "0 4"&"4%=&'

#&0.'-% #",,' #10, .' %'+#, '- +"-D03&' .' +',0&' .' .$,%"-4') E1 " .*-4

0-' +'$11'0&' ',%$+"%$*- .' 1" 4$-/+"%$70' .' 18'--'+$) F' #10,> $1 ,' +"$-G

%$'-% ."3"-%"<' /1*$<-/ .' 18'--'+$> 4' 70$ 10$ #'&+'% .' ,' @"$&' +*$-, ,*0G

3'-% 4*-%&'G./%'4%'& ?4@) 6<0&' ()AH C) ;' &$,70' .' 4' 4*+#*&%'+'-% ',% .'

#'&.&' 1" ./%'4%$*- .0 ,*0,G+"&$- '--'+$ '% .' -' #", #*03*$& '-<"<'& 0-'

"&+') F' #10,> 4' 4*+#*&%'+'-% $+#1$70' 0- #10, <&"-. ./1"$ .' +$,' '- D0G

3&' .0 #$,%"<' ?4@) 6<0&' ()AIC> 4' 70$ #'0% "3*$& 0- $+#"4% ,0& 18"0%*-*+$'

.0 ,*0,G+"&$- '% 1" &/0,,$%' .' 1" +$,,$*-)

;" .$,%"-4' 70$ ,/#"&' 1', .'05 ,*0,G+"&$-, '- ./20% .' #$,%"<' ./#'-.

.0 4"&"4%=&' .' 18*94$'& ?4@) 6<0&' ()AHC) ;8*94$'& $+#&0.'-% 3" ,' &'%&*03'&

#10, #&*4!' .' 18'--'+$> 4' 70$ #&*3*70' #10, .' &$,70' .' ,' @"$&' 4*-%&'G

./%'4%'&)

 !" #$%&'()*$%

J6- .' &'-.&' 1', .'05 +*./1$,"%$*-, 4*+#"&"21',> -*0, "3*-, 1$+$%/

-*%&' +*./1$,"%$*- .0 4*+#*&%'+'-% "3'4 1" 1*<$70' .', ./@"0%, "05 &=<1',

70$ "3"$'-% /%/ ./6-$', #*0& 1" %!/*&$' .', ,4!/+",) K*0& 1" +L+' &"$,*->

-*0, -8"3*-, #", #&$, '- 4*+#%' -*%&' +/%!*.' .' ,/1'4%$*- .' 18"4%$*-> -*0,

-*0, ,*++', 4*-%'-%/, .' 4!*$,$& 18'5%'-,$*- "3'4 1" @*-4%$*- .' #*$., 1" #10,

$+#*&%"-%') M*%&' +*./1$,"%$*- "3'4 1" 1*<$70' .', ./@"0%, -*0, " #'&+$,

.' -*0, "N&"-4!$& .' 1" &'#&/,'-%"%$*- .', 4*--"$,,"-4', #"& "0%*+"%', O

/%"%, 6-$,) ;80%$1$,"%'0& #*0&&" "$-,$ "P*0%'& .' -*03'11', &=<1', @"4$1'+'-%)

F' #10,> 4*-%&"$&'+'-% O 1" %!/*&$' .', ,4!/+", 70$ #&'-. '- 4*+#%' %*0,

1', 4*+#*&%'+'-%, "4%$3/,> 1" 1*<$70' .', ./@"0%, -*0, " #'&+$, .' ./6-$&

.', '5410,$*-, +0%0'11', '-%&' .', 4*+#*&%'+'-%, $-4*+#"%$21',) Q-6-> 4'%%'

&'#&/,'-%"%$*- "3'4 1" 1*<$70' .', ./@"0%, -*0, *N&' 1" #*,,$2$1$%/ .' #*03*$&

4!*$,$& '-%&' 1', '5%'-,$*-, 4"1401/', '% '11' -*0, #'&+'% .' #&'-.&' '- 4*+#%'

.$N/&'-%, 4"&"4%=&', #*0& 1', *94$'&,)

;8/%0.' -*0, +*-%&' 70' 1', .'05 +*./1$,"%$*-, .0 4*+#*&%'+'-% ?1*<$70'

.', ./@"0%, '% %!/*&$' .', ,4!/+",C -*0, .*--'-% <1*2"1'+'-% 1', +L+', &/G

,01%"%,) F' 1/<=&', .$N/&'-4', ,*-% .0', "0 @"$% 70' 4'&%"$-', &=<1', -' ,*-%

#", ./6-$', '5"4%'+'-% .' 1" +L+' @"R*-)

AS( ,0& TAH



 !"! #$%&'()*$%

+% ,$(-%. )(/ &0/.-*%) 1-/-23./0)4 %$() -5$%) /6())* 7 869%*/ 8*:6/0%.)

&-/-&.3/0) 1$(/ ';$<&*0/! #0..0 6.(80 20. 0% -5-%. '0) -5-%.-=0) 0. *%&$%>

56%*0%.) 80 &0) 8*:6/0%.) &-/-&.3/0)!

?@@ )(/ A?"





 !"#$%&'!"& () *(+&*(#)',(&

 !""! "#$%! &'(&(%! )*! '+&(*%! ,)- .!%(/*% 0! 12!*"'!&'/%! 3 45 !*

6,"/$'! 0! 6(0+1/%,"/(* 0) 7(6&('"!6!*" #)6,/* 0,*% 1!% %/6)1,"/(*% 0!

7(6.," *,8,19 5)/8,*" 1, %/"),"/(* ",7"/:)!; 12,*,1<%! !" 1, 0+7/%/(* 02)*

(&+',"!)' &!)8!*" 7(*0)/'! = 0!% '+,7"/(*% /*,""!*0)!%9 >2(.?!7"/@ 0! 1, "#$%!

!%" 0! 0+8!1(&&!' )*! 6(0+1/%,"/(* 0) 7(6&('"!6!*" 0! 7!" (&+',"!)'9

A()' 0+8!1(&&!' 7!""! 6(0+1/%,"/(*; *()% *()% &1,B(*% 0,*% 1! 7,% 02)*

%7+*,'/( @,/%,*" /*"!'8!*/' 0!)- %()%C6,'/*% ,08!'%!%9 >2(&+',"!)' !%" 12(@C

D7/!' 0! :),'" !* 7#,'E! 0) %()%C6,'/*9 >! %()%C6,'/* +8(1)! 0,*% )* 7(*C

"!-"! "'$% 0/F7/1! G /1 0(/" @,/'! &'!)8! 0! 0/%7'+"/(* ,7()%"/:)! ,D* 0! *! &,%

%! @,/'! 0+"!7"!'9 >, &1)&,'" 0!% /*@('6,"/(*% 0(*" /1 0/%&(%! 8/!**!*" 0!%

%(*,'% &,%%/@%9  !% /*@('6,"/(*% %(*" /*7(6&1$"!%; /*7!'",/*!% !" '+8/%,.1!%9

>! %()%C6,'/* '/%:)!; = "()" 6(6!*"; 0! &!'0'! 1! 7(*",7" 0! %(* ,08!'%,/'!9

3! &1)%; /1 ',/%(**! ,8!7 )*! "',?!7"(E',&#/! !%"/6+! 0! %(* ,08!'%,/'!9

H*! &'!6/$'! +")0!; &'+%!*"+! 0,*% 1!  #,&/"'! I; , &('"+ %)' 1, &'!6/$'!

"!7#*/:)! )"/1/%+! = 3 45 &()' 6(0+1/%!' 1! 7(6&('"!6!*" #)6,/*9  !""!

"!7#*/:)! !%" .,%+! %)' 1, "#+('/! 0!% %7#+6,%9 J11! 0+7(6&(%! 1! 7(6&('"!C

6!*" !* !*"/"+% /*0+&!*0,*"!% G 1!% %7#+6,%9  !""! 6+"#(0! 0(**! 0! .(*%

'+%)1","%9  !&!*0,*"; /1 *! *()% , &,% %!6.1+ ?)0/7/!)- 0! 1, '+)"/1/%!' 0,*%

1! 7,0'! 0! 1, "#$%! &()' 0/K+'!*"!% ',/%(*%9 >2)"/1/%,"/(* 0!% ,)"(6,"!% =

+","% D*/% &!'6!" 0/F7/1!6!*" 02,?()"!' 0! *()8!,)- 7(6&('"!6!*"%9 >!%

%7#+6,% %(*" 1/6/"+% = )* 7(6&('"!6!*" 7/*+6,"/:)!9 J*D*; "()% 1!% %7#+C

6,% ,7"/8+% +",*" &'/% !* 7(6&"! 0,*% 1! 7,17)1 0! 1, 7(*%/E*! 0! '()"! 0)

%()%C6,'/*; *()% '/%:)(*% 02(."!*/' 0!% 7(6&('"!6!*"% /*7(#+'!*"%9

4()% ,8(*% 7#(/%/ 0! '!&'+%!*"!' 1!% 7(**,/%%,*7!% ,8!7 1, 1(E/:)! *(*C

6(*("(*! 1, &1)% )"/1/%+! G 1, 1(E/:)! 0!% 0+@,)"% L7@9  #,&/"'! MN9  !""!

1(E/:)!; = 1,:)!11! *()% ,?()"(*% )*! &'/%! !* 7(6&"! 0) "!6&%; *()% &!'6!"

0! '+&(*0'! ,)- !-/E!*7!% :)! *()% *()% +"/(*% D-+!%9

J11! *()% &!'6!" 0! &'!*0'! !* 7(6&"! 1!% /*@('6,"/(*% /*7(6&1$"!%;

/*7!'",/*!% !" '+8/%,.1!% 0(*" 12(&+',"!)' 0/%&(%!9 >!% 0+@,)"% &!'6!""!*" 0!

0+D*/' 0!% '$E1!% E+*+',1!%; :)/ ,06!""!*" 0!% !-7!&"/(*%9 J* 0+D*/%%,*" 1!%

'$E1!% !* 1(E/:)! 0!% 0+@,)"%; *()% *()% ,K',*7#/%%(*% 0! 1, '!&'+%!*","/(*



 !"#$%&'!"& () *(+&*(#)',(&

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

+89$(& -( #!0*!+)(0(") *(%,(") :)+( .;!%)3(&7 &."& .,!'+ 2 0!-'4(+ $(& +89$(&

*+3#3-(00(") -34"'(&5

 ( )+.,.'$ 3).") -(0."-3 *.+ $. &!#'3)3 6 <= *!%+ -(& .**$'#.)'!"& 0'$>

').'+(&7 "!%& .,!"& -? /.'+( -(& #@!'A )(#@"'B%(& *!%+ !C)("'+ %" *+!9+.00(

+!C%&)(7 +.*'-(7 '")(+/.D.C$( .,(# EFE<GH () +3%)'$'&.C$( *.+ $. &%')( *.+

-(& %)'$'&.)(%+& "!" -3,($!**(%+&5 I!%+ #(& +.'&!"&7 "!)+( *+!9+.00( . 3)3

'0*$30(")3 (" $."9.9( I+!$!95 <!%& .,!"& #@!'&' -( -34"'+ $(& /.')& .,(# -(&

/!+0%$(& () -(& #$.%&(& -( J!+"5 K(& #$.%&(& -( J!+" &!") &'0*$(0(") '0>

*$30(")3(& (" I+!$!9 () /.#'$(0(") #!0*+3@("&'C$(&5 K1("&(0C$( -(& -3/.%)&

(&) -34"' .,(# -(& -3/.%)& "!+0.%A5 <!%& !C)("!"& %" .$9!+')@0( -( #.$#%$

-1(A)("&'!" (L#.#( () +.*'-(5

<!)+( *+!9+.00(7 '")(+/.#3 .,(# $1.)($'(+ -( &'0%$.)'!" EFE<GH7 (&)

%)'$'&3 *!%+ -(& 3)%-(&5 K. 0!-3$'&.)'!" -% #!0*!+)(0(") . 3)3 ,.$'-3( *.+

-(& &!%&>0.+'"'(+&7 B%' +()+!%,(") C'(" $(& .#)'!"& ("9.93(& 2 $. 0(+5 6( *$%&7

#())( 0!-3$'&.)'!" (&) &%L&.00(") +!C%&)( *!%+ B%( $( &!%&>0.+'" 08"( 2

C'(" &. 0'&&'!"7 0.$9+3 $(& 0.%,.'&(& '"/!+0.)'!"& -!") '$ -'&*!&( &%+ $.

)+.;(#)!'+( -( $1(""(0'5

M"( /!'& $(& #!"".'&&."#(& +(*+3&(")3(& (" $!9'B%( -(& -3/.%)&7 "!%& .C!+>

-!"& $( *+!C$80( -( $. &3$(#)'!" -( $1.#)'!" N #!00(") #@!'&'+ %"( (A)("&'!"

*.+0' )!%)(& #($$(& #.$#%$3(& .,(# $. $!9'B%( -(& -3/.%)&5 K. 03)@!-( B%(

"!%& *+!*!&!"& *(+0() -( *+("-+( (" #!0*)( $1'0*!+)."#( -( #@.B%( -3/.%)

.'"&' B%( $( #.+.#)8+( -( $1!L#'(+5 K( #@!'A 4".$ -( $1(A)("&'!" (&) 4".$(0(")

9%'-3 *.+ $( #.+.#)8+( -( $1!L#'(+5

I!%+ +3.$'&(+ #())( )@8&(7 "!%& .,!"& /.') -(& #@!'A )(#@"'B%(& O#$.%&(& -(

J!+"7 -3/.%)& "!+0.%A7 *+'&( (" #!0*)( -% )(0*& 5 5 5 P5  (& #@!'A #!",'(">

"(") 2 "!)+( #.& -1.**$'#.)'!" () 2 "!& +89$(& -( #!0*!+)(0(")5  (*("-.")7

#( )+.,.'$ *!%++.') :)+( +3%)'$'&3 *!%+ -1.%)+(& #.& -1.**$'#.)'!"5 6."& #( #.&7

'$ &(+. /.#'$( -( 93"3+.$'&(+ "!)+( *+!9+.00(5 <!%& *!%++!"& %)'$'&(+ -1.%)+(&

#$.%&(& B%( $(& #$.%&(& -( J!+" () -1.%)+(& -3/.%)& B%( $(& -3/.%)& "!+0.%A5

<!%& *+("!"& (" #!0*)( $( )(0*& -( 0."'8+( -'&#+8)( N 2 *.+)'+ -(& '"/!+0.>

)'!"& #!""%(& 2 $1'"&).") t7 $(& .#)'!"& *!&&'C$(& .% )(0*& t+1 &!") *+!*!&3(&5
K(& .#)'!"& .%A )(0*& t + 27 t + 37 5 5 5 7 t + n *!%++.'(") 39.$(0(") :)+( (A>
.0'"3(&5  (*("-.")7 "!%& .%+'!"& *+!C.C$(0(") 2 /.'+( /.#( 2 -(& *+!C$80(&

-( #!0*$(A')3 .$9!+')@0'B%(5

<!%& .,!"& *+!9+.003 $1.$9!+')@0( -( #.$#%$ -1(A)("&'!" (" I+!$!95 <!%&

!C)("!"& %" .$9!+')@0( &'0*$( () (L#.#(5 M"( .%)+( .**+!#@( *!&&'C$( *!%+

#.$#%$(+ #(& (A)("&'!"& (&) $1%)'$'&.)'!" -( $. *+!9+.00.)'!" *.+ ("&(0C$(

+3*!"&( O!% E=IP *!%+ #.$#%$(+ $(& (A)("&'!"&5 K1%)'$'&.)'!" -(& E=I *!%++.')

:)+( %"( *'&)( -( +(#@(+#@( *!%+ *!%+&%',+( #(& )+.,.%A5

QRQ &%+ QST



 !"#$ %&"'!($ ($ )&*$+",!- (.$/"$-),!- $)" 01)&$ )2# ($) 3#,-+,3$)4 52,

)!-" ($) 3#,-+,3$) ($ 0!- )$-)4 $" 52, 3$26$-" 71+,*$%$-" 8"#$ 9&-&#1*,)&)

: (.12"#$) +1) (.133*,+1",!-; <$ %8%$4 *1 7!-+",!- ($ 3!,() +1*+2*&$ 3!2#

+'152$ $/"$-),!- $)" 2-$ 7!-+",!- ),%3*$ = 2-$ )!%%$ 3!-(&#&$; >$) 7!-+",!-)

($ 3!,() )!-" (!-+ &91*$%$-" 9&-&#1*,)10*$); >$3$-(1-"4 ,* )$#1," 3$2" 8"#$

,-"&#$))1-" ($ "$)"$# (.12"#$) 7!-+",!-) 52$ *1 )!%%$ 3!-(&#&$4 +!%%$4 31#

$/$%3*$4 *.,-"&9#1*$ ($ >'!52$";

?@A )2# ?BC





 !"#!$%&'()!*

 !" #$%$ &''()* +,-./01 . 2()(/.' 34(,/5 ,6 .738,) .)0 389(*  !"#$%#&' ()*

"+''#,+)%+*  !:;<* !;=>!?@* :!AB@<$

 ;" #$C$ &''8,3 .)0 +$ D748(E* ()"+''#,+)%+ &!"#$%#+''+ +" #)-.!/&"#01+

"23.!#01+* F(G.0H1* ;II;$

 =" J$ &9.38* K$F &8('',* .)0 %$ L8//8* M(N).O8'835 .)0 7,99,)1()1( /(.P

1,)8)2*  !"#$%#&' ()"+''#,+)%+* "!:!<* !QA>;II* :!AAR<$

 @" F$ &)2(/* S$ S,)7T.U* .)0 +$ K8)U(* V,9,/( W V,)P9,),3,)87 /(.P

1,)8)2 -834 ',287 G/,2/.91* 4.,#%5 #)  !"#$%#&' ()"+''#,+)%+* ?;!>?;@*

:;II;<$

 ?" C$ &/O8O* +4( 9(3.G4,/87.' O/.8)1*  !"#$%#&' ()"+''#,+)%+* #$#:!P;<*

=;=>==?* :!AAB<$

 Q" C$&$ &/O8O* L(/7(G3H.' 13/H73H/(1 .)0 0813/8OH3(0 9,3,/ 7,)3/,'*

6&)78..9 .- :2;5#.'.,;< =+%"#.)*  * !@@A>!@BI* :!AB!<$

 R" C$&$ &/O8O .)0 M$X$ X,H1(* M(G34 .)0 0(3,H/1 W .) (11.5 ,) Y81H.''5

2H80(0 O(4.Y8,/* 8) >#5#.)< 8!&#)< &)7 %..:+!&"#?+ %./:1"&"#.)* G$ !Q=$

CZ+ L/(11* :!AAI<$

 B" [$F$ &/U8)* C,3,/ 174(9.PO.1(0 9,O8'( /,O,3 ).Y82.38,)* 8) @!.%++7*

#),5 .- "2+ (AAA ()"+!)&"#.)&' B.)-+!+)%+ .) C.8."#%5 &)7  1"./&*

"#.)* GG$ ;Q@>;R!* :!ABR<$

 A" [$F$ &/U8) .)0 +$ \.'74* &H[& W L/8)78G'(1 .)0 G/.7387( 8) /(Y8(-*

D.1!)&' .- AE:+!#/+)"&' F G2+.!+"#%&'  !"#$%#&' ()"+''#,+)%+ * ":;<* !R?>

!BA* :!AAR<$

 !I" [$F$ &/U8) .)0 +$\.'74* \(4.Y8,/PO.1(0 6,/9.38,) 7,)3/,' 6,/ 9H'38P

/,O,3 3(.91* (AAA "!&)5&%"#.)5 .) !.8."#%5 &)7 &1"./&"#.)* #%* A;Q>

A=A* :!AAR<$

 !!" %$ \..0(/ .)0 \$ X,''H)0(/* X,- 3, G/(6(/ 9,/( 1G(78N7 0(6.H'31 8)

3(/98),',287.' 0(6.H'3 ',287* 8) ()"+!)&"#.)&' H.#)" %.)-+!+)%+ .) &!"#$*

%#&' #)"+''#,+)%+* Y,'H9( !=* GG$ QQA>QQA$ C,/2.) S.H69.) LHO'814(/1*

:!AA=<$

;I?



 !"#!$%&'()!*

+,-. /0  '11)234 50 6*7*78*&%4 '78 5090 :$$;*74 9 7$7<&*!=*8 >*;($&'#

#$%!14  !"#$%#&' ()"*''#+*)%*4  !?,@4 ABC,DA4 ?,EE,@0

+,F. 60  '#1)4 G0 $$7*4 60 H$##!734 I0 /$&"*34 '78 J0 K'1:*7L!* 50H0 M'7<

>';'!!'4 N$4 %'7O;*8* '78 1'##!3>$ C ' ;2#>!'%*7> &$"$> >&'3)<1$##*1>!7%

>*';4  ( ,&+&-#)*4 "#?-@4 ?,EEP@0

+,Q. M0  *7 K*7'4 N7>&$821>!$7 '2R ;S>)$8*3 ;2#>!1&!>T&*3 8U'!8* V #' 8S<

1!3!$74 .#/"*%0)/'1  +!/)1 2/%1 3)4#!/)4 $?-@4 AFCEF4 ?-DDD@0

+,P. W0  *7'O$274 50 J* K$7>%$#=*&4 50 6*&%7O4 '78 X0 Y'&!>1)*Z4 Y!7*'&

(&$%&';;!7% [!>) ;2#>!(#* $"\*1>!Z* ]271>!$73 ^ M>*( ;*>)$8 ?M6_K@4

,&"0*5&"#%&' 6!/+!&55#)+4 "?,@4 F``CFBP4 ?,EB,@0

+,`. /0  *7)';;'8!4 7& +*8"#/) 9*8 :!;<=;<!*)%*8 *) '/+#>?* 9*8 9;<=&?"8

@ A&)9'#)+ 6!*=*!*)%* #) 9*=&?'" '/+#%4 a)0J0 8!33*&>'>!$74 b7!Z*&3!>cd

8U97%*&34 ,EEE0

+,B.  0  *7)';$24 60 e'")'7!4 '78 a0 M!*%*#4 MO;S>&!*3 8'73 #*3 #$%!f2*3

7$7 ;$7$>$7*34 BC6DEFG4 ?-D,D@0

+,A. a0  *37'&8 '78 60 M1)'2"4 a$33!"#* [$&#83 3*;'7>!13 ]$& 8*]'2#> #$%!134

C?)9&5*)"& ()=/!5&"#%&*4 !"4 FEC``4 ?,EEQ@0

+,E. 50  $>>$4 N0 6$2#%$'>4 '78 H 928$#O4 K$8S#!3'>!$7 8* #U'Z'7>'%* >'1<

>!f2* 8U27 3$23<;'&!74 FGH5* D/)+!H8 C!&)I&#8 9E %/?8"#>?*4 ?-D,D@0

+-D. 5a  &'734 K'&*31)'#0  04 '78 g!71h*0 a04 a&$;*>)** ^ 9 7*[ ]';<

!#O $] $2>&'7h!7% ;*>)$83 !7 ;2#>!1&!>*&!' '7'#O3!34 !7 J:*!&"#/)&' !*K

8*&!%0ELM N :!/%**9#)+8 /= "0* O*)"0 (CJP2 ()"*!)&"#/)&' D/)=*!*)%*

/) J:*!&"#/)&' P*8*&!%0 N &%"*8 9* '& Q#R#H5* D/)=S!*)%* #)"*!)&K

"#/)&'* 9* !*%0*!%0* /:S!&"#/))*''* 9* 'E(CJP2T U&80#)+"/)T QDT V2 T

 ?+?8" WKFGT FXLM0 e$&>) I$##'784 ?,EAQ@0

+-,. G0  &*[h'4 H2;2#'>!Z* 8*]'2#> #$%!1 ^ N7 8*]*73* $] 7$7;$7$>$7!1 !7<

]*&*71* &2#*34  !"#$%#&' ()"*''#+*)%*4  %?-@4 ,AFC-DP4 ?,EE,@0

+--. G0  &*[h'4 988!7% (&!$&!>!*3 '78 3(*1!=1!>O >$ 8*]'2#> #$%!104 !7 7*%K

"?!* Y/"*8 #)  !"#$%#&' ()"*''#+*)%*4 *8304 Y0a*&*!&' '78 J0a*'&1*4

((0 -QBC-`D0 _2&$(*'7 i$&h3)$( $7 Y$%!13 !7 9&>!=1!'# N7>*##!%*71*

?5_YN9UEQ@4 ?,EEF@0

+-F. G0  &*[h'4 W*'3$7!7% '"$2> (&!$&!>!*3 !7 8*]'2#> #$%!14 !7 6!/%**9#)+8

/= "0* )&"#/)&' %/)=*!*)%* /) &!"#$%#&' #)"*''#+*)%*4 ((0 EQDCEQD0 5$)7

i!#*O j M$73 Y>84 ?,EEQ@0

+-Q. G0  &*[h' '78 60 _!>*&4 a&!$&!>!L!7% 8*]'2#> #$%!14 ()"*''*%"#%8 &)9 D/5K

:?"&"#/)&' 7/+#%Z6&:*!8 #) A/)/! /= U/'=+&)+ .#[*'4 -BCQP4 ?-DDD@0

+-P. W0  &$$h34 9 &$"23> #'O*&*8 1$7>&$# 3O3>*; ]$& ' ;$"!#* &$"$>4 (333

\/?!)&' /= !/[/"#%8 &)9 &?"/5&"#/)4 !?,@4 ,QC-F4 ?,EAP@0

-D` 32& -,P



 !"#!$%&'()!*

+,-. /0 1)$23*45 6)*$&7 $8 9'('9!4!*:5  !!" #!$%" &'()*+)5  ;<=<>,?@A5 @B5

;<?@=A0

+,C. D#'!E 1$#F*&'3*&5 6)* "!&4) $8 (&$#$%5 !E ###, - -. /'0"11, 2'35 ((0

=CG@,5 ;<??=A0

+,H. I0J0 1$&K!*& 'EK L00 M!*%*#5 D 4*F($&'# &*N!:!$E F$K*# 8$& &*':$E>

!E% '"$34 O$&#K 9)'E%*05 4'()!50 '6 *!%+00*7+!% $8$%+9$5 !;<A5 <=<G<BB5

;<??BA0

+,?. P0L Q*#')'7* 'EK I0 R!N'45 :(%*0$ 0'7*;(+$ <'() 0=*!%+00*7+!>+ 5)%*?@

>*+00+5 S7&$##*: L'&!:5 <?H-0

+=T. P0 Q*#%&'EK* 'EK 60 M)'3"5 SU(&*::!E% (&*8*&*E9*: !E K*8'3#4 #$%!95

 )%*?>*50 #!%+00*7+!>+5 "#$;<>,A5 B<GHC5 ;,TTTA0

+=<. P0 Q*#%&'EK*5 60 M)'3"5 'EK V0 6$F(!4:5 D 9#'::!W9'4!$E 'EK :3&N*7

$8 (&*8*&*E9* )'EK#!E% '((&$'9)*: !E E$E>F$E$4$E!9 &*':$E!E%5 -'9@

<(%5%*'!50 #!%+00*7+!>+5 #%;,A5 =THG==B5 ;,TTBA0

+=,. P0 Q*#%&'EK*5 60 M)'3"5 'EK V0 6$F(!4:5 D 9$F(!#'4!$E $8 "&*OX' 'EK

*!4*&Y: '((&$'9) 4$ (&!$&!4!Z'4!$E5 A'7*>$ *!  )%*?>*50 #!%+00*7+!>+5 =C-G

=?T5 ;,TT?A0

+==. P0L0 Q*#%&'EK* 'EK 60V0 M9)'3"5 1$F(!#!E% &*':$E!E% O!4) 'EK '"$34

(&*8*&*E9*: !E4$ K*8'3#4 #$%!95 !E #!%+)!5%*'!50 B'*!% >'!6+)+!>+ '! 5)%*?@

>*50 *!%+00*7+!>+5 N$#3F* <@5 ((0 <-HG<C@0 I$&%'E ['38F'E L3"#!:)*&:5

;<??CA0

+=B. 10 Q!&E!E%*&5 R0 6$3&'!E*5 'EK M0 /'34'&K5 \' K!:9&]4!$E D9$3:4!23*

K*: :$3:>F'&!E:5  >'($%*;(+ C %+>D!*;(+$5 &'5 ,G?5 ;,TTCA0

+=@. Q0 Q3"$!: 'EK V0 L&'K*5 \' 4)]$&!* K*: ($::!"!#!4]: ^ '((#!9'4!$E: _

#' &*(&]:*E4'4!$E K*: 9$EE'!::'E9*: *E !E8$&F'4!23*5 .5$$'!, E5)*$5

;<?HCA0

+=-. P0 SE%*#8&!*45 FD+ G8!59*>$ '6 H+5$'!*!75 L)0Q0 K!::*&4'4!$E5 DF:4*&>

K'F ^ &̀!a* bE!N*&:!4*!45 <???0

+=C. P0 SE%*#8&!*4 'EK P0 6&*3&5 DE !E4*&(&*4'4!$E $8 K*8'3#4 #$%!9 !E F!E!F'#

4*F($&'# *(!:4*F!9 #$%!95 4'()!50 '6 A'7*>, A5!7(57+ 5!I #!6')95%*'!5

(;=A5 =-?G=HH5 ;<??HA0

+=H. P0 SE%*#8&!*4 'EK P0 6&*3&5  &'E9)!E% 6!F* M*F'E4!9: 8$& 4)* Q7E'F!9:

$8 c*':$E!E% "7 Q*8'3#45 ;,TTHA0

+=?. Q0d0 S4)*&!E%4$E5 D :*F'E4!9: 8$& K*8'3#4 #$%!95 !E E)'>++I*!7$ JK%D

#!%+)!5%*'!50 4'*!% -'!6+)+!>+$ '!  )%*?>*50 #!%+00*7+!>+ 5 ((0 BH@GB?H0

1!4*:**&5 ;<?HCA0

+BT. P0 e*&"*&5 A+$ $8$%L9+$ 9(0%*@57+!%$ M N+)$ (!+ *!%+00*7+!>+ >'00+>%*N+ 5

fE4*&SK!4!$E: L'&!:5 <??@0

,TC :3& ,<@



 !"#!$%&'()!*

+,-. /010 2!3)"4&50 67!#!78 7)*$&8 9$& :*;!3!$5 <'=!5%> -?@A0

+,B. /010 2!3)"4&5>  !" #$%&'()*$&+ $# ",-".)"' %)*/*)0> C D*!:*# /4" 1$>

-?EB0

+,F. 20 2#';)*&> 12&23()*$& (+."&'(&)" '" .$$3'*&()*$& +-()*(/"4 5"3+ %&"

.$&."-)*$& (%)$6()*+2" '% .$&)37/" '" .$$3'*&()*$& +-()*(/" > /)0C0 :!3G

3*&7'7!$5> 65!H*&3!7I* :* /'&!3 J> BAAK0

+,,. C0 L'""'8> M574!7!$5!37!; "'3!3 9$& 5$5G<$5$7$5!; #$%!;> !5 8)! 9$&#"3:

"&." $& ;%)$6()"' <"'%.)*$&> ((0 BJANB@F0 O(&!5%*&> P-?EBQ0

+,K. R0 L'#7$5>  "6-$3(/ /$=*.+ (&' )!"*3 (--/*.()*$&+> R;':*<!; /&*33 /&$G

9*33!$5'#> M5;0 O'5 C!*%$> 1R> 6OR> -?E@0

+,J. R0 L'#7$5> D*!S*: 7*<($&'# 7)*$&!*3 '5: )$T 7$ 45&*!S*: 7)*<> !5

>3$.""'*&=+ $# ?@9;?ABC> ((0 --@@N--EB0 1!7*3**&> P-??-Q0

+,@. U0 L*"3*&>  0 V'49<'55> R0 W*4<'55> '5: X0 O;)'4"> 1#'3( Y '

;$5Z!;7G:&!H*5 '53T*& 3*7 3$#H*&> >3$.""'*&=+ $# /$=*. -3$=3(66*&= (&'

&$&:6$&$)$&*. 3"(+$&*&=> BJANBJK> PBAA@Q0

+,E. U0 L*#9$5: '5: [0 \!93;)!7]> X)* 37'"#* <$:*# 3*<'57!;3 9$& #$%!; (&$G

%&'<<!5%> !5 ?& >3$.""'*&=+ $# )!" D)! ?&)"3&()*$&(/ 9$&#"3"&." $&

E$=*. >3$=3(66*&=> ((0 -A@AN-AEA0 1!7*3**&> P-?EEQ0

+,?. RU L*$^&!$5> _O C8*&> '5: R0 2*!5"*&%> R5 !57*&';7!H* '((&$';) 9$&

<4#7!G;&!7*&!$5 $(7!<!]'7!$5> T!7) '5 '((#!;'7!$5 7$ 7)* $(*&'7!$5 $9 '5

';':*<!; :*('&7<*57> F(&(="6"&) G.*"&.">  !P,Q> FK@NFJE> P-?@BQ0

+KA. L0 L$77#$"> 1$<(#*`!78 &*34#73 9$& 5$5<$5$7$5!; #$%!;3> @$%3&(/ $#

E$=*. (&' 9$6-%)()*$&> "PFQ> F?@> P-??BQ0

+K-. U0 L&'"!3;)> X)* '((#!;'7!$5 $9 94]]8 !57*%&'#3 !5 <4#7!;&!7*&!' :*;!G

3!$5 <'=!5%> H%3$-"(& I$%3&(/ $# $-"3()*$&(/ 3"+"(3.!> #!PFQ> ,,KN,KJ>

P-??JQ0

+KB. C0 a'5$5> F$'J/" '2*+*$&&"/ $3*"&)2 .$6-$3)"6"&) #$&'2 +%3 /" 5$)" K

;--/*.()*$& L /( &(5*=()*$& 'A(="&)+ (%)$&$6"+ "& "&5*3$&&"6"&)

+*6%/2> /)0C0 :!33*&7'7!$5> 65!H*&3!7I* :* ['#*5;!*55*3 *7 :4 a'!5'47G

1'<"&I3!3> BAAJ0

+KF. 10 a*T!77> [!*T!5% ;$57&$# 37&4;74&*3 '3 ('77*&53 $9 <*33'%* ('33!5%>

;3)*M.*(/ ?&)"//*="&."> #PFQ> FBFNF@,> P-?@@Q0

+K,. X0D0 a$37*7#*& '5: _0V0 V*'&5*8> O7&$##!5% :$T5 7)* 'H*54* T!7) ' 9*T

;#$3* 9&!*5:3> !5  !*3' ?3*+! N$3O+!$- $& 9$6-%)"3 =3(-!*.+> ((0 @N-,0

1!7*3**&> PBAABQ0

+KK. U0W0 a4)53> C!37&!"47*: R&7!S;!'# M57*##!%*5;*> P-?E@Q0

BAE 34& B-K



 !"#!$%&'()!*

+,-. /0 1'234*567'%&*8* '9: 10 ;!<=$<> ?<<*<<!9% ' <*5 $@ '::!5!A* 45!#!5B

@4925!$9< @$& C4#5!2&!5*&!' :*2!<!$96C'=!9%> 5)* DE? C*5)$:>  !"#$%&'

(#!"'&) #* #$%"&+,#'&) "%-%&"./>  !FGH> I,IJI-K> FILMGH0

+,N. O0 P'58 '9: 10 Q$#"*2=> ;$2!'# 9*5R$&=6"'<*: 5&4<5 !9 (&!$&!5!8*: :*6

@'4#5 #$%!2> !9 0"#.%%1,'2- #* +/% '&+,#'&) .#'*%"%'.% #' &"+,3.,&) ,'+%)),4

2%'.%> A$#4C* GI> (0 ISK,0 T*9#$ U'&=> V? W V'C"&!:%*> T? W 7$9:$9 W

???X U&*<< W TXE U&*<< W ILLL> FGYY-H0

+,M. Z070 P**9*B '9: [0 Z'!\'> 5%.,-,#'- 6,+/ 7!)+,$)% #8(%.+,9%- : 0"%*%"4

%'.%- &'1 9&)!% +"&1%#;-> 1$)9 ]!#*B ^ ;$9<> X920> ILN-0

+,L. ;0 P$9!*289B> <!" )& )#2,=!% 1! ./&'2%7%'+ : ">9,-,#' %+ *!-,#' 1% 8&-%-

1% .#''&,--&'.%-> U)0_0 :!<<*&5'5!$9> D9!A*&<!5`* :*< ;2!*92*< *5 5*2)6

9$#$%!*< :* 7!##*> ILLL0

+-Y. Z0 P$R'#<=! '9: T0 ;*&%$5> ? #$%!26"'<*: 2'#24#4< $@ *A*95<> ?%6 2%'4

%"&+,#' .#7$!+,'2> "FIH> -NJL,> FILM-H0

+-I. ;0 P&!(=*> ;*C'95!2'# 2$9<!:*&'5!$9< $9 C$:'# #$%!2> @.+& 0/,)#-#$/,.&

A%'',.&>  #> MSJLK> FIL-SH0

+-G. ;0 7'"!:! '9: ]0 7*a$4':> _* #b!95*##!%*92* '&5!c2!*##* :!<5&!"4de* '4f

<B<5dgC*< C4#5!6'%*95<> B&$$#"+ 1% "%./%"./%> FILLSH0

+-S. T0 7*C'h5&*> _`!<!$9 C4#5!<$4&2*> 9$5*< :* 2$4&<> FGYYNH0

+-K. i0 7!9 '9: O0 ;)$)'C> ? #$%!2 $@ =9$R#*:%* '9: a4<5!c*: '<<4C5!$9<>

@"+,3.,&) C'+%)),2%'.%> $%FGJSH> GNIJGML> FILLGH0

+-,. i0 7!9 '9: O0 j)'$> ?<<'5 k V$C(45!9% '9<R*& <*5< $@ ' #$%!2 (&$%&'C

"B <'5 <$#A*&<> @"+,3.,&) C'+%)),2%'.%>  $%FIJGH> II,JISN> FGYYKH0

+--. U0 T'*<> E)* :B9'C!2< $@ '25!$9 <*#*25!$9> !9 0"#.%%1,'2- #* +/%

 )%9%'+/ C'+%"'&+,#'&) D#,'+ E#'*%"%'.% #' @"+,3.,&) C'+%)),2%'.% > A$#6

4C* G> ((0 LLIJLLN0 V!5*<**&> FILMLH0

+-N. ]0 T'&*=> ?0 l*&$:*> '9: 10 Z*CC*#> ? 5)*$&B $@ 9$9C$9$5$9!2 &4#*

<B<5*C< X> @''&)- #* F&+/%7&+,.- &'1 @"+,3.,&) C'+%)),2%'.%>  FIH> GKIJ

GNS> FILLYH0

+-M. ]0 T'&*=> ?0 l*&$:*> '9: 10 Z*CC*#> ? 5)*$&B $@ 9$9C$9$5$9!2 &4#*

<B<5*C< XX> @''&)- #* F&+/%7&+,.- &'1 @"+,3.,&) C'+%)),2%'.%> $FGH>

GGLJG-S> FILLGH0

+-L. ]0 T'&*=> Q0i0 ;2)R'&58> '9: T0 E&4<828B9<=!> T$:'# 9$9C$95$9!2

#$%!2< k Z'9%*<> 2)'&'25*&!8'5!$9> 2$C(45'5!$9> D#!"'&) #* +/% @EF>

"!FKH> L-IJLMM> FILLSH0

+NY. T010 T'5'&!2> C'+%"&.+,#' &'1 ,'+%)),2%'+ 8%/&9,#"> U)0_0 :!<<*&5'5!$9>

T'<<'2)4<*55< !9<5!545* $@ 5*2)9$#$%B> ILLK0

GYL <4& GI,



 !"#!$%&'()!*

+,-. /010 2'345&*6 70 8!95*56 ':; 70 <!=$46  !"#$%&' ()*"+,-+".-&' /0/12

34/ 5 %&',-+6"+$78 ,$7'&+*' 6-9"+:)&' &" ,9' %;966*+,9"+$7 < *9 =&'"+$7

&7>+-$77&(&7"9*&6 8&*44*4 ($#35*9):!>?*4 *5 ?:!@*&4!5'!&*4 &$=':;*46

-AAB0

+,C. 70 29D'&5)36 D!&9?=49&!(5!$: E ' F$&= $F :$:E=$:$5$:!9 &*'4$:!:%6

?-"+@,+9* +7"&**+=&7,&6  !G-ECH6 C,IJA6 G-AKLH0

+,J. M0 29M*&=$556 N 5*=($&'# #$%!9 F$& &*'4$!:% '"$?5 (&$9*44?4 ':;

(#':46 1$=7+"+>& ',+&7,&6 "6 -L-I-OO6 G-AKCH0

+,B. M0 29M*&=$55 ':; 70 M$3#*6 P$:E=$:5$:!9 #$%!9 !06 ?-"+@,+9* +7"&**+2

=&7,&6  !6 B-I,C6 G-AKLH0

+,O. 20 2!:4Q36 <5*(4 5$R'&; '&5!S9!'# !:5*##!%*:9*6 A-$,&&%+7=' $B "#& C4/6

#$G-H6 KIJL6 G-AT-H0

+,T. 20 2!:4Q36 N F&'=*R$&Q F$& &*(&*4*:5!:% Q:$R#*;%*6 ?C 2DEF6 G-A,BH0

+,,. U0D0 2$$&*6 <*=':5!9'# 9$:4!;*&'5!$:4 $: :$:=$:$5$:!9 #$%!96 ?-"+@2

,+9* C7"&**+=&7,&6 %&G-H6 ,OIAB6 G-AKOH0

+,K. V0 2$&*'?6  $%!*+'9"+$7 %) ,$(6$-"&(&7" 6$)- *9 '+()*9"+$7 +7"&-2

9,"+>& 5 966*+,9"+$7 9) "-9@, -$)"+&- ()*"+($%9*6 8)0M0 ;!44*&5'5!$:6

W:!@*&4!5X* ;* U*::*4 -6 -AAK0

+,A. N0 P*&$;*6 7 U*==*#6 ':; Y< <?"&')=':!':6 N::$5'5*; :$:=$:$E

5$:!9 &?#* 4345*=46 3#&$-&"+,9* 1$(6)"&- G,+&7,&6  ' G-ECH6 ---I-BT6

G-AA,H0

+KL. 80 P!9$#'46 /0 V'&9!'6 ':; Z0 <5X()':6 8$44!"!#!45!9 45'"#* =$;*#46 !:

C7"&-79"+$79* H$+7" 1$7B&-&7,& $7 ?-"+@,+9* C7"&**+=&7,& 6 @$#?=* -A6 (0

CBK0 D!5*4**&6 GCLLOH0

+K-. N0[0 8':! ':; V080  )'55'9)'&\**6 ]*=($&'# &*(&*4*:5'5!$: ':; &*'E

4$:!:% !: '&5!S9!'# !:5*##!%*:9* ^ N &*@!*R6  9"#&(9"+,9* 97% 1$(6)"&-

 $%&**+7=6 !#G-ECH6 OOIKL6 GCLL-H0

+KC. DN0 8*5&!6 _?:;'=*:5'#4 $F ' 5)*$&3 $F '43:9)&$:$?4 !:F$&='5!$: `$R6

!: C7B$-(9"+$7 6-$,&''+7= 5 6-$,&&%+7=' $B "#& CICA 1$7=-&'' 6 (0 JKT0

P$&5)Ea$##':; 8?"0 D$06 G-ATJH0

+KJ. 80 8!&\':!':6  *)'@!$& 9$$&;!:'5!$: =*9)':!4=4E45'5*E$FE5)*E'&56 C7'"+2

")"& B$- 4$J$"+,' 97% C7"&**+=&7" GK'"&('8 G,#$$* $B /7=+7&&-+7=8 L7+2

>&-'+"K $B G$)"#&-7 19*+B$-7+98 3&,#M 4&6M C4CG2NN2DOP 6 G-AAAH0

+KB. 80P!9$#'46 /0V'&9!'6 Z0<5*()':6 ':; D0/*Fb@&*6 ]&'!5*=*:5 ;* #c!:9*&5!E

5?;* ($?& #' (&$%&'=='5!$: ('& *:4*="#* &X($:4*406 !: 4IC?8 3$)-'8

I-97,&6 GCLLTH0

+KO. N0 8&!$&6 M!$;$&'= =$;'#!5!*46 A#+*$'$6#+,9* Q)9-"&-*K6 &6 CLOIC-J6

G-AOOH0

C-L 4?& C-O



 !"#!$%&'()!*

+,-. /&0 1&$2345  !"#$%&!'( )'*+,-%!'-& . % */0#%,!"/' 1+-2++' ")10%,!'+

")13+*- 0%--+, +4#+,-"5 1)060 7!88*&3'3!$95 :';'# ($83%&'72'3* 8<)$$#5

=$93*&*45 >'#!?$&9!'5 @AAB0

+,B. =0C D2!##!'95 E*F'93!< F*F$&45 5+0%'-!* !'6/,0%-!/' #,/*+""!'(5

@@BG@BA5 HIJ-,K0

+,,. L0 C'F5 M0  $$9*5 C0 L&N!95 '97 =0 1*'&<*5 O8!9% %*9*3!< '#%$&!3)F8

3$ #*'&9 &*'<3!;* <$93&$# ('&'F*3*&8 ?$& '23$9$F$28 &$"$3!< 9';!%'3!$95

78%#-!9+ :+;%9!/,5  HPK5 @BB5 HIJJQK0

+,J. C0 C*!3*&0 R9 <#$8*7 S$&#7 7'3'"'8*80 T$%!< '97 6'3'"'8*85 M'##'!&*

'97 =!9N*& *785 IJB,0

+JA. C0 C*!3*&5 L #$%!< ?$& 7*?'2#3 &*'8$9!9%5 7,-!<*!%$ !'-+$$!(+'*+5 !"HIG@K5

,IGIP@5 HIJ,AK0

+JI. >0U0 C*49$#785 V#$<N85 )*&78 '97 8<)$$#8 W L 7!83&!"23*7 "*)';!$&'#

F$7*#5 !9 =,/*++8!'(" /6 -;+ >?-; %'')%$ */'6+,+'*+ /' @/0#)-+,

(,%#;!*" %'8 !'-+,%*-!9+ -+*;'!A)+"5 ((0 @XGPQ0 L>=5 HIJ,BK0

+J@. /0 C!93'9*95 R9 8(*<!Y<!34 !9 7*?'2#3 #$%!<5 !9 B'-+,'%-!/'%$ 3/!'- */'C

6+,+'*+ /' %,-!<*!%$ !'-+$$!(+'*+5 ;$#2F* IQ5 ((0 IQBQGIQBJ0 =$&%'9

Z'2?F'99 12"#!8)*&8 [9<05 HIJJXK0

+JP. /0 C!93'9*95 T*\!<$%&'()!< R&7*&!9% '8 '  '8!8 $? 1&!$&!3!*8 !9 6*?'2#3

C*'8$9!9%5 HIJJ-K0

+JQ. /0Z0 C$8*9"#'335  7DE . 7  !"-,!1)-+8 7,*;!-+*-),+ 6/, D/1!$+ E%9!C

(%-!/'5 1)060 7!88*&3'3!$95 O9!;*&8!3]* 7* >'&9*%!* =*##$95 1!338"2&%)5

IJJ-0

+JX. =0 C$2"*985 1&*?*&*9<* &*#'3!$98 $9 '<3!$98 '97 <&!3*&!' !9 F2#3!<&!3*&!'

7*<!8!$9 F'N!9%5 F),/#+%' G/),'%$ /6 H#+,%-!/'%$ I+"+%,*;5 !#HIK5 XIG

XX5 HIJ,@K0

+J-.  0 C$45 >&!3^&*8 F2#3!(#*8 *3 F$7]#!8'3!$9 7*8 (&]?]*9<*8 W #_'(($&3 7*8

&*#'3!$98 7* 82&<#'88*F*935 I+9)+ 8J K*/'/0!+ =/$!-!A)+5 HIJBQK0

+JB.  0 C$45 [93*&'<3!$98 *3 <$F(&$F!8 W #' (&$<]72&* 72 ($!93 7* F!&*5

@%;L :+$L I+*;LH#M,5 HIJBXK0

+J,.  0 C$45 *̀&8 29* F]3)$7$#$%!* %]9]&'#* 7_'!7* a #' 7]<!8!$95 I+9)+

DFNI75 !$HPK5 QXJGQJB5 HIJBXK0

+JJ.  0 C$45 DM-;/8/$/(!+ 0)$-!*,!-O,+ 8J%!8+ P $% 8M*!"!/'5 b7!3!$98 b<$c

9$F!<'5 IJ,X0

+IAA.  0 C$45 D)$-!*,!-+,!% D+-;/8/$/(& 6/,  +*!"!/' 7!8!'(5 E(&!9%*&5 IJJ-0

+IAI.  0 C$4 '97  0  *&3!*&5 T' =*3)$7* bTb>dCb [[ W O9* =]3)$7* 7*

>#'88*F*93 *9 1&*8*9<* 7* >&!3*&*8 =2#3!(#*85 :$3* 7* d&';'!# :$0 IQ@5

 !,+*-!/' 5*!+'-!<A)+5 HIJBIK0

@II 82& @IX



 !"#!$%&'()!*

+,-./ 0121 3''451 0)* '6'#54!7'# )!*&'&7)5 (&$7*889 ,:;-1

+,-</ =1 37)'&#!%9 >?7!@*& 8A& (#A8!*A&8 7&!4B&*89  !"#$!%! &' ( !)&' ! (!

&*+),)#" %-(.)+$)./$'9 C,:;DE1

+,-F/ G1 3)$)'H9 0'!,#")"1 !2#-. +3!"1'9 IJ0 K&*88 L'H"&!@%* I=9 ,:;;1

+,-D/ M1N1 3)$&4#!O*9 4#%5-.'$62!,'& %'&)+!( +#",-(.!.)#",7 894:;9 M#8*P

Q!*& KA"#!8)!6% L$H('659 ,:RS1

+,-S/ K1 3!H$689 J1 T!*H*#U9 '6@ 01 3$!6!6*69 MV4*6@!6% '6@ !H(#*H*64!6%

4)* 84'"#* H$@*# 8*H'64!789 <$.)=+)!( :".'(()1'"+'9  !"C,P.E9 ,;,W.<F9

C.--.E1

+,-R/ 21 3$H"?9 0!),#""'%'". ,-$ &', )">#$%!.)#", )"+#%5(/.', '" )".'(()6

1'"+' !$.)=+)'(('9 0*X6*'9 ,:;:1

+,-;/ Y3 3A"&')H'6!'69 Z6 4)* 8*H'64!78 $[ \A'64!4'4!Q* #$%!7 (&$%&'H89 !6

 $#+? @.3 :AAA BC%5? #" D#1)+  $#1$!%%)"19 ((1 ,R<W,;.9 C,:;RE1

+,-:/ ]1 3AX4)'6X'&9 B).-!.)#" !E!$'"',, >#$ .!+.)+!( &$)F)"19 K)1>1 @!88*&4'P

4!$69 0)* ]$"$4!78 J684!4A4*9 L'&6*%!* I*##$6 ^6!Q*&8!459 K!448"A&%)9

,::R1

+,,-/ =1 0)'58*9 K1 _&!"$H$69 _1 2$A!89 >1 365*&89 K1 $̀@$69 K1 _$7)*49

M1 _&*%$!&*9 M1 3'67)*a9 '6@ K1 >*#8'&4*9 <55$#+3' (#1)G-' &' (H)".'(()6

1'"+' !$.)=+)'(('9 >A6$49 ,::,1

+,,,/ J1 0$A#%$'49 I$@?#!8'4!$6 @A (&$7*88A8 @* @?7!8!$6 @bA6 $(?&'4*A& @'68

#*8 8!HA#'4!$68 @* 7$H"'4 6'Q'#9 !6 I#-$"*', &H:".'(()1'"+' <$.)=+)'(('

J#"&!%'".!(',7 B',,)#" &#+.#$!".,78!$,')(('9 C.--:E1

+,,./ J1 0$A#%$'49 c1  $44$9 G1 >* #'88A89 '6@ L =A@$#59 I$@*#!6% $(*&'4$&

@*7!8!$6 !6 A6@*&d'4*& d'&['&* (*&[$&H'67* 8!HA#'4!$689 !6 4#">'$'"+'

KLM7 4!""',?9 C.--:E1

+,,</ J1 0$A#%$'49 K1 3!*%*#9 '6@ G1 2'7&$!V9 Z(*&'4$& "*)'Q!$& H$@##!6% !6

' 8A"H'&!6*9 4:8< NOPO9 C.-,-E1

+,,F/ J1 0$A#%$'49 K1 3!*%*#9 '6@ G1 2'7&$!V9 3!HA#'4!$6 @A 7$H($&4*H*64

@bA6 $(?&'4*A& *6 8!4A'4!$6 @* 7$H"'4 6'Q'#9 IJ 4HPO9 C.-,-E1

+,,D/ J1 0$A#%$'49 K1 3!*%*#9 G1 2'7&$!V9 '6@ c1  $44$9 Z(*&'4$& @*7!8!$6 !6

6'Q'# '74!$6b8 8!HA#'4!$689 !6 PQ.3 :".'$"!.)#"!( R#$S,3#5 #" ;#"6

8#"#.#")+ 0'!,#")"19 C.-,-E1

+,,S/ J1 0$A#%$'49 K1 3!*%*#9 G1 2'7&$!V9 '6@ c1  $44$9 Z(*&'4$& @*7!8!$6 H$@P

*#!6% !6 ' 8A"H'&!6*9 !6 T.3 :".'$"!.)#"!( 4#">'$'"+' #" 4#%5-.'$ !"&

:M <55()+!.)#", )" .3' 8!$).)%' :"&-,.$)',9 ((1 SDWRD9 C.-,-E1

+,,R/ =1I1 0A&!6%9 L$H(A4!6% I'7)!6*&5 '6@ !64*##!%*67*9 8)"&9 #$C.<SE9

F<<WFS-9 C,:D-E1

.,. 8A& .,D



 !"#!$%&'()!*

+,,-. /0 /1&&*##2  !"#$%&%'!(&) *+,-&('.". /!0 1,%'!( 2+)+%'!(2 3)040 5!67

6*&8'8!$92 :9!;*&6!81 $< =5!9">&%2 ,??@0

+,,?. A0 B!#'2 C 6>&;*1 $9 8*D($&'# &*'6$9!9% !9 '&8!EF!'# !98*##!%*9F*2 13

 !""$(',&%'!(.2  G,H2 IJK-2 G,??IH0

+,KL. 30 B!9FM*2 45&'6+ "$)%',0'%70+ 8 )& 69,'.'!(2 =##!(6*62 ,?-?0

+,K,. N0N0 O'%*&2 P9 $&5*&*5 Q*!%8)*5 ';*&'%!9% '%%&*%'8!$9 $(*&'8$&6 !9

D>#8!F&!8*&!' 5*F!6!$9 D'M!9%2 3::: %0&(.&,%'!(. !( 2;.%+".< *&( &(6

 ;=+0(+%',.2 !"G,H2 ,-@J,?L2 G,?--H0

+,KK. A0C R'5*)2 S>TT1 6*862 3(/!0"&%'!( &(6 ,!(%0!)2 "G@H2 @@-J@U@2 G,?VUH0

+,K@. A0C R'5*)2 S>TT1 6*86 '6 ' "'6!6 <$& 8)* 8)*$&1 $< ($66!"!#!812 >$??;

2+%. &(6 2;.%+".2 !G,H2 @JK-2 G,?W-H0

K,@ 6>& K,U





 !"#$! %

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

%/,)*+"/'0% -! 1',2+" 0+3+*4 5) %!/0 -! *6!0"(!&(/%! 7 89: *!% %/,)*+"/'0%

-! 1',2+" 0+3+* &!(,!""!0" -6.3+*)!( *!% &!(;'(,+01!% '&.(+"/'00!**!% -!%

0+3/(!% ,/*/"+/(!%: -+0% )0 %1.0+(/' -'00.4 <!% %/,)*+"/'0% +1")!**!% 0! &!(=

,!""!0" &+% -! &(!0-(! !0 1',&"! *6+0+*>%! !" *+ -.1/%/'0 -6)0 '&.(+"!)(: ?)/

&!)3!0" &+(;'/% 1'0-)/(! @ -!% (.+1"/'0% /0+""!0-)!%4 <! 2)" -! 1!""! "#$%!

!%" -'01 -! ,'-.*/%!( *! 1',&'("!,!0" -6)0 '&.(+"!)( &')( *!% %/,)*+"/'0%

-! 1',2+"% 0+3+*%4

A')( (!&(.%!0"!( *!% 1'00+/%%+01!%: *+ *'B/?)! 0'0 ,'0'"'0! *+ &*)% !,=

&*'>.! + .". )"/*/%.! C *+ *'B/?)! -!% -.;+)"%4 D0! &(/%! !0 1',&"! -) "!,&%

+ .". +E')".! @ 1!""! *'B/?)! -!% -.;+)"%4 <+ *'B/?)! -!% -.;+)"% 3+ &!(,!=

""(! -! 1+*1)*!( -!% !F"!0%/'0%4  #+?)! !F"!0%/'0 1'((!%&'0- @ )0! +1"/'0

&'%%/2*! &')( *6'&.(+"!)(4

D0! ,."#'-! ?)/ &!(,!" -! 1#'/%/( )0! !F"!0%/'0 + .". -.G0/!4  !""!

,."#'-! %/,)*! *+ -.1/%/'0 -! *6'&.(+"!)( !" !**! &(!0- !0 1',&"! *! 1+(+1=

"$(! -! *6'&.(+"!)(4

&'(")*+!" % H0"!**/B!01! +("/G1/!**! = I'-.*/%+"/'0 -) 1',&'("!,!0" = 9/,=

)*+"/'0 -! 1',2+" 0+3+* = J!&(.%!0"+"/'0 -!% 1'00+/%%+01!% = <'B/?)! 0'0

,'0'"'0! = <'B/?)! -!% -.;+)"% = A(.;.(!01!% = 5/-! ,)*"/1(/"$(! @ *+ -.1/%/'0

,-"(./*( %

K#/% "#!%/% -!+*% L/"# "#! ,'-!**/0B '; '&!(+"'( 2!#+3/'( /0 0+3+* +1"/'0

%/,)*+"/'0%4 5" 7 89: %/,)*+"/'0% '; 0+3+* +1"/'0 !%"/,+"! "#! '&!(+"/'0+*

&!(;'(,+01! '; L+(%#/&% '( %)2,+(/0!% ;'( + B/3!0 %1!0+(/'4 M'L!3!(: "#!

1)((!0" %/,)*+"/'0% -' 0'" "+N! /0"' +11')0" "#! +0+*>%/% +0- "#! -!1/%/'0 ';

+0 '&!(+"'(: L#/1# 1+0 &('-)1! )0!F&!1"!- (!+1"/'0%4 K#! &)(&'%! '; "#/%

"#!%/% /% "' -!3!*'& + %>%"!, +**'L/0B "' ,'-!* "#! 2!#+3/'( '; +0 '&!(+"'(

/0 "#! 0+3+* +1"/'0 %/,)*+"/'0%4

K' (!&(!%!0" N0'L*!-B!: "#! ,'%" L/-!*> N0'L0 0'0=,'0'"'0/1 *'B/1 /%

)%!- C "#! -!;+)*" *'B/14 5 1'0%/-!(+"/'0 '; "/,! /% +--!- "' "#/% *'B/14 K#! -!=

;+)*" *'B/1 +**'L% "' 1+*1)*+"! !F"!0%/'0%4 O+1# !F"!0%/'0 (!&(!%!0"% + &'%%/2*!

+1"/'0 ;'( "#! '&!(+"'(4

5 ,!"#'- "' 1#''%! +0 !F"!0%/'0 /% -!G0!-: L#/1# +**'L% "' %/,)*+"! "#!

-!1/%/'0 '; "#! '&!(+"'( +0- /" #+0-*!% "#! '&!(+"'( 1#+(+1"!(4

0123'.4" % 5("/G1/+* H0"!**/B!01! = P!#+3/'( I'-!**/0B = 8+3+* +1"/'06%

%/,)*+"/'0 = Q0'L*!-B! (!&(!%!0"+"/'0 = 8'0=,'0'"'0/1 *'B/1 = 7!;+)*" *'B/1

= A(!;!(!01!% = I)*"/1(/"!(/+ -!1/%/'0 +/-


