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EQ!#15! HIIWK ,O/7-! ? 5!--! -1#, ! 7% =7,-1#:0! %/-#/% & (! 5*#%$($#/D X 8# & ,#$ $&/

9:$+9:$ !7*&$ 9: / $#/ + $: .*:3 9:$+9:;:# %$ 9:$+9:$ !7*&$ &*:& 9:$+9:$ 3-..*3/ *:

< 9:$+9:$ / /3$6 =+ &;-%3$&&$ < 9:$+9:;:#> !;$&/ < % 3$ !34$ %-#& +;$&.3 / %$ !$//$ .$31

&*##$ :# & ,#$ 49: ?-+$#/ *: .$:/1@/3$ :# & ,#$ .+:& %4?$+*..46 A$ & ,#$ 9:; + !34$>

B$ +;-..$++$  #/$3.34/-#/ %: .3$( $3 & ,#$6 A$ & ,#$ / $#/ + $: %$ 9:$+9:$ !7*&$ C %$

&*# *)B$/6 =+ / $#/ + $: %$ !$/ *)B$/> #*# &*:& /*:& 3-..*3/&> (- & .-3 34543$#!$ <

:#$ &*3/$ %; %4$ 9:$ B;- -..$+4$ 9:$+9:$ 5* & +$ 5*#%$($#/ %: 3$.34&$#/-#/6 =+ 5-:/

!*(.3$#%3$  ! +$ /$3($  %4$  ! %-#& :#$ &*3/$ %$ &$#& .+-/*# ! $#> !*:3-#/ %-#&

+$ +-#,-,$ %$ /*:& +$& B*:3& D B$ ?$:E % 3$ %-#& +$ &$#& *F #*:& % &*#& 9:;:# 7*(($

&- & / +; %4$ %;:# -:/3$ 7*(($ C *F #*:& % &*#& 9:-#% :# 7*(($ &$ &*:? $#/ %$

!$ 9:; + .$#&- / 9:$+9:$ /$(.& -:.-3-?-#/> 9:; + &$ &*:? $#/ %$ +- (@($  %4$> $/ *F
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 !"# $%#! # &"' $ " (!))* +! ,% "* - .* #*/ - &"*0&"* +(!#* 1  * #*/'%,1+* &"2" 

$%3%4)* $* #*+! $*5 $' # 0' )*#"/* !6 0' .* #7* +! ,% "* - 8,/* +!(7/* ,* .* $' ,

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

*, &"* +*,,* %$7*  2*#, .'# - +('&"* % #,' , $* +* 0'.# $* ,*).# " *  !"9*00* %$7*;  

!"#$$%& '()*+ ,-#./0 12,30405/ .50 6.,/$%740 8%405&%#5 9 :0//0 /$%,80 ; 3<% ,*/./4,*

= :03.% >#.$ 6.% 30 &%250 , ?#5:/%#5 80 &%250@

A0 :0 ?,%/B >#.$ ,330$ 8. 4#/ 9 3<#C-0/ #. $1:%>$#6.0405/B %3 &04C30 6.<%3 ?,%330

>,&&0$ >,$ 3, $1?1$05:0B %;*; :0 6.% 0&/ :#5/05. 8,5& 5#/$0 &,D#%$@ E0 4#/ 5<, 80 #* #

6.0 >,$ 30 >,&&,20 >,$ 3, $1?1$05:0B 0/ $* <'+,! 3<#C-0/ 5<0&/ ,5,3F&,C30 0/ &,5& 8#./0

>0$:0>/%C30 8,5& &#5 %805/%/1 6.0 >,$ 30 4G40 :H04%5@ E0 4#/ 0&/ 8#5: ,//,:H1

405/,30405/ 9 .50 %5/05&%#5 0/ :0//0 %5/05&%#5 $05D#%0 9 .50 0I/05&%#5 !JKL MNNM+@

O3 50 ?,./ :0>058,5/ >,& :#5?#58$0 $7 !,',%! 0/ $7#%= ',%! @ E0 >$04%0$ 1/,C3%/

30 3%05 05/$0 .5 30I740 0/ 3<05&04C30 :#4>30/ 80& 05/%/1& 8. 4#580 6.0 3<#5 >0./

81&%250$ >,$ :0 30I740@ E0 80.I%740 0&/ .5 ,:/0 80 $1?1$05:0 #P 30 3#:./0.$ $1?7$0 9

.5 :0$/,%5 %58%D%8. Q30 $1?1$05/R ,. 4#F05 8<.50 0I>$0&&%#5 $1?1$05/%0330@

S#.& >#.D#5& /$#.D0$ 8,5& 3, 3%//1$,/.$0 C#5 5#4C$0 80 $1?1$05:0& 9 80& ,./0.$&

,F,5/ /$,D,%331 &.$ :0 /$%,5230@ !T:# '((U+ , 1/,C3% .50 &F5/H7&0 80& 8%V1$05/& /0$40&

04>3#F1& >#.$ 81&%250$ 30& &#440/& 80 :0 >0/%/ 2$,>H0 Q+<; W2.$0 M@'NR@

 !"#$% M@'N X YF5/H7&0 80& /$%,5230& &14%#/%6.0&@

Z5 &%4>30 /$%,5230 4#813%&0 3<,/#40 80 3, :#55,%&&,5:0 ; 30 :#5:0>/@

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

[$05#5& 30 :,& 8. :#5:0>/ >' %$7B &#5 %5/05&%#5 0&/ ; )'))%<4/* +'/ '##%*/

'"3 )!0'%/*#  !):/*"#*#5 '"3 =/%?*#  ! /7,/'+,%0*#@ J0//0 %5/05&%#5 0&/ 81W5%0 >,$

3<./%3%&,/%#5 8<,./$0& :#5:0>/& :#440 :0.I 80 @'))%<4/*B @!0'%/*B 0/ A/%?*#  ! 

/7,/'+,%0*#@ Z5 :,5%81 &,5& 805/& #. D121/,$%05 50 :#$$0&>#58 >3.& D$,%405/ 9 3<%4,20

6.0 5#.& ,D#5& 80 :0/ ,5%4,3@ E<13,C#$,/%#5 8<.5 :#5:0>/ &04C30 ,%5&% $0>#&0$ &.$



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

 !"#$%&' ()*(&+$', ')-$ &* $&%.&  !- &*$-$/ ')-$ &* $&%.&  &  -0/%&*(&1 23 &'$ "3)%'

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

 !#*  )."-*&  & ()**"-''"*(& )5 3&' ()*(&+$' ')*$ 3-/' +"%  &' ()/$'&.-11

6&' %&3"$-)*' $%" #-'&*$  &' "'')(-"$-)*' +&%$-*&*$&' &7-'$"*$ &*$%& 3&' ()*(&+$' +%/8

'&*$'  "*' 3& '&9.&*$ "*"3:'/, ; '"<)-% =

>  !" #$%  & '& = %&3"$-)*  & $:+& 9/*/%"3-'"$-)*?'+/(-"3-'"$-)* @

> (%)*+& '& = %&3"$-)*  & $:+& "9%/9"$-)*?().+)'-$-)* @

> %  !#+,& - @

> &$(1

A" %&3"$-)* +%&.-B%&, C/%-$/&  & 3" <-'-)* "%-'$)$/3-(-&**&, &'$  & $:+& D& * ".E1 23 '!"9-$

 !#*& %&3"$-)*  & '#F').+$-)*, G#-  /H*-$ #* 3-&*  & '+/(-"3-'"$-)*?9/*/%"3-'"$-)*1

I (&' %&3"$-)*' '!"J)#$&*$ =

>  &' 2.-3'&.-1 @

>  &' %(.%(&4'41 $/045(&67)1 $&33&' 3" ':./$%-&, 3" %/K&7-<-$/, 3" $%"*'-$-<-$/ @

> #*& 3$(8&-$/&'41

L&#7 %&3"$-)*' +&#<&*$ M$%& =

> &-3.9%$'&5/)1, '- &33&' *& +&#<&*$ +"' M$%& "$$&'$/&' '#% 3& .M.& ()*(&+$

N+"% &7&.+3& = & * (%)&.* '& &$ & * /$ '&, )* *& +&#$ M$%& ; 3" 4)-' H3' &$ +B%&

 # .M.& ()*(&+$O @

> &-:)(1)1 = '- &33&' ')*$ 3!-*<&%'& 3!#*&  & 3!"#$%& N+"% &7&.+3& = &'$ +3#' 3)*9

G#&, &'$ +3#' ()#%$ G#&O @

> );3/71&:)1 = '- &33&' ')*$ -*().+"$-F3&' PQ '- 3" */9"$-)*  & 3!#*& &*$%"-*&

3!"R%."$-)*  & 3!"#$%&1

S"% %"++)%$ ; 3" *)$-)*  & %&3"$-)*, TU#"%-*) VWWXY  /H*-$ #*  &#7-B.& $:+&  &

()*(&+$ = 3& ()*(&+$ #*-$/1

<4=-&'&.- >".-3)%' 7-&'4?

> 8 '- +)#% (C"G#& -*'$"*(&  & (& ()*(&+$, 3&'  -0/%&*$&' +"%$-&' G#- 3& ().+)'&*$

')*$ 3-/&' +"% #*& %&3"$-)* G#- *& 3-& +"'  !"#$%&' -*'$"*(&'  & ()*(&+$' &*$%&

&#71 S"% &7&.+3& = +)#% *)$%& (#-33B%&, 3& ."*(C& &$ 3" +"%$-& (%&#'& ')*$ 3-/&'

+"% #*& %&3"$-)* Z &.."*(C/&' [ @ (&$$& %&3"$-)* *& 3-& G#& (&'  &#7 ')#'8

+"%$-&'1

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

6)..& -* -G#/ (-8 &''#', #* ()*(&+$ +&#$ M$%&  /$&%.-*/ ; 3!"- &  !"#$%&'

()*(&+$'1 \"-' -3 +&#$ /9"3&.&*$ M$%& ("%"($/%-'/ +"%  &' %(.%(&4'41 <"3#/&'1 I-*'-,

+"% &7&.+3&, 3&' (C"$' )*$ #*& ()#3&#%  & +&3"9& '+/(-HG#& = 9%-' N3&' 6C"%$%&#7O

)# *)-% N3&' ]).F":O +"% &7&.+3&1 ^- *)#' /$"F3-'')*' #*& )*$)3)9-& '#% 3&' (C"$',

*)#' "#%)*'  &' ()*(&+$' 01%)*)&"2 )# 3!45%6 +)#% 3&'G#&3' &'$ +%/(-'/ 3& $:+&
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 ! "#$%!$& '(&)* #$ +#)&,- ./ 0/%!$&  ! "!11! 2&#2&)313 0/&)! *$)0/+1 %! "#+"!21 /$4

5$!% )% !*1 6/)1 &363&!+"!- 7)1#+* $+ 182!  ! 2&#2&)313 2/&1)"$%)!& 9 %:).*$%)%, ; )%

*:/()1  :$+! 2&#2&)313 5$) 2!&<!1  !  )=3&!+")!&  !$> )+*1/+"!*  :$+ <?<! "#+"!21

'2/& !>!<2%!@  !$> "A/1* 1/1#$3* +! 2#**B !+1 2/* %! <?<! +$<3&#  :) !+1)6"/1)#+-,

C/& &/22#&1 D %/ +#1)#+  ! 2&#2&)313@ EF$/&)+# GHHIJ  3K+)1  !$> /$1&!* 182!*  !

"#+"!21 9 %! "#+"!21 &)() !@ !1 %! "#+"!21 /+1)4&)() !-

5,6$)%)&$ 70&$2*8% -)().*9

L 7#+"!21 2#**3 /+1 /$ <#)+* $+ 2&#2&)313 !**!+1)!%%!

  

; *) $+! )+*1/+"! 2!& 

"!11! 2&#2&)313@ !%%! 2!& 3(/%!<!+1 *#+ ) !+1)13 ; 2/& !>!<2%!@ *#)1 h $+! )+*4

1/+"!  $ "#+"!21 MNOM ; */ 2&#2&)313  !"#$%%!  &'#()*! !*1 !**!+1)!%%!-

5,6$)%)&$ 70&$2*8% 1$%):-)().*9

L "#+"!21  #+1 1#$1!* %!* 2&#2&)313* *#+1 +#+ !**!+1)!%%!* ; 2/& !>!<2%!@ *#)1 h

$+! )+*1/+"!  $ "#+"!21 PNOM@ */ 2&#2&)313 Q 31$ )/+1 R !*1 /+1)4&)() ! "/&

$+! 2!&*#++! +:!*1 2/* 6#&"3<!+1 31$ )/+1! #$ +! %:!*1 2/* 1#$1! */ 0)!-

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

.:/>)#<!@  /+* */  3K+)1)#+ 2A)%#*#2A)5$!@ !*1 $+ 2&)+")2!  ! S/*!  :30) !+"!

!1 +#+  3<#+1&/S%! 9 $+ />)#<! !*1 $+! !>2&!**)#+ 5$) !*1 1#$T#$&* 0&/)!- U#+ $1)4

%)13 !*1 <$%1)2%! 9  3K+)1)#+  ! &!*1&)"1)#+ 5$/+1 D %/ 0/%!$&  :/11&)S$1*@  3K+)1)#+

 :/&($<!+1*  :$+! &!%/1)#+@ 0/%) /1)#+ !1  3 $"1)#+  :)+6#&</1)#+--- .!* />)#<!*@

*!%#+ EU1//S GHHHJ@ &!2&3*!+1!+1 %!* "#++/)**/+"!* +:/8/+1 2/* $+ "/&/"1B&! *1&)"1!4

<!+1 1!&<)+#%#()5$!- C%$* 2&3")*3<!+1@ %!* />)#<!* 2!&<!11!+1  ! K>!& %/ *3</+4

1)5$!  !* "#+"!21* !1  !* &!%/1)#+*- C&!+#+*@ 2/& !>!<2%!@  !$> &!%/1)#+* !>"%$*)0!*

+,(#-.*,/(%0.*,/(%1 !1 2%%!,(#-.*,/(%0.*,/(%1- N!%%!* 5$!%%!*@ "!*  !$> &!%/4

1)#+* +!  )*!+1 2/* (&/+ "A#*!- VT#$1#+* %!* &B(%!* *#$*4T/"!+1!* D "!* &!%/1)#+*@ D

*/0#)& 9 'I, 3!# /,(# 4! ,!# /,(# #$%5 ,!# /,(#@ 'G, 3!# !%%!,(# 4! ,!# !%%!,(#

#$%5 ,!# /,(# !1 'W, 3!# !%%!,(# 4! ,!# /,(# #$%5 ,!# !%%!,(#- 7!* />)#<!*

2!&<!11!+1  ! K>!& %:)+1!&2&31/1)#+  ! "!* &!%/1)#+* !1 !+ 2&3")*! %! *!+*-

 !"!4 $-5(,),'(& 6'/7%**%& 3%& '()'*'+,%&

EX/! "A! GHHIJ  3K+)1 6#&<!%%!<!+1 $+! #+1#%#()! 6$%6"75! "#<<! 31/+1 $+!

2/)&! (O,Lex) #Y O !*1 $+! #+1#%#()! /S*1&/)1! !1 Lex $+ %!>)5$! 2#$& O-

5,6$)%)&$ 7#$%&'&()*9 U#)1 $+ %/+(/(! %#()5$! L /8/+1 $+! *3</+1)5$! 6#&<!%%!

 /+* %/5$!%%!  !* &B(%!*  :)+63&!+"! 2!$0!+1 ?1&! !>2&)<3!*- Z+! #+1#%#()! /S*1&/)1!

!*1 $+! *1&$"1$&! O = (C,≤c, R, σ,≤R, IR) "#+*)*1/+1 !+ 9

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

$6(+*$!



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

 !"#$ "%&"'()"& !*&+,*%-& C "- R !,%- )"& .).'"%-& &,%- /"&0"1-*2"'"%- 300").&

 !"#$%&' "- ($)*&+!"' 4

 #% ,/!/" 03/-*") ≤C
&#/ C5 300"). ,+-.*.#,+$ /$ #!"#$%&' ,# -3$*%,'*" 4

 #%" 6,%1-*,% σ : C × C 300")." '+0"*&1.$ 4

 #% ,/!/" 03/-*") ≤R
&#/ 75 300"). ,+-.*.#,+$ /$ .$)*&+!"'5 ,8 r1 ≤

R r2 *'0)*9#"

sigma(r1) ≤
C×C σ(r2) 32"1 r1, r2 ∈ R:

 #% "%&"'()" IR !" /;<)"& !=*%6./"%1"& "$0/*'."& !3%& )" )3%<3<" ),<*9#" L 4

 )3 6,%1-*,% dom : R→ C 32"1 dom(r) = Π1(σ(r)) /"-,#/%" )" !,'3*%" !" / 4

 )3 6,%1-*,% range : R → C 32"1 range(r) = Π2(σ(r)) /"-,#/%" )=.1>"))" !"

23)"#/& !" /:

123-&'&.- 45)6&78)9

?% )"$*9#" 0,#/ #%" ,%-,),<*" 3(&-/3*-" O = (C,≤C , R, σ,≤R, IR) "&- #%" &-/#1-#/"

Lex := (SC , SR, RefC , RefR) 9#* 1,%&*&-" "% @

 !"#$ "%&"'()"& SC "- SR !,%- )"& .).'"%-& &,%- 300").& '+0"$' /"&0"1-*2"'"%-

0,#/ !"& 1,%1"0-& "- !"& /")3-*,%& 4

 !"#$ /")3-*,%& RefC ⊆ SC × C "- RefR ⊆ SR × R5 300")."& *2$#&*&+!" /$

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

 A 03/-*/ !" RefC %,#& !.B%*&&,%& ∀s ∈ SC , RefC(s) = c ∈ C|(s, c) ∈ RefC "-

Ref−1C (s) = s ∈ C|(s, c) ∈ RefC
 A 03/-*/ !" RefR %,#& !.B%*&&,%& ∀s ∈ SR, RefR(s) = r ∈ R|(s, r) ∈ RefR "-

Ref−1R (s) = s ∈ R|(s, r) ∈ RefR

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

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

C% 0,#//3*- /"-"%*/ %"#6 0/*%1*0"& '3+"#/& 9#" )=,% /"-/,#2" !3%& !" %,'(/"#&"&

0#()*13-*,%&5 )3 0)#03/- 3D3%- .-. .%,%1.& 03/ EF/#("/ GHHI(J @

G: #)*.&- $& !56$#&+7+&- @ )3 !.B%*-*,% *%-"%&*,%%"))" !" 1>39#" 1,%1"0- !,*- K-/"

6,#/%*" "% )3%<3<" %3-#/") "- ,(+"1-*2"5 )"& 3'(*<#L-.& /.!#*-"& 3# '3$*'#' 4

M: #!8%)-&1/$ @ )" !.B%*-*,%& *%-"%&*,%%"))"& !" 1>39#" 1,%1"0- !,*2"%- K-/" "$N

0/*'."& 03/ -,#-"& )"& 1,%!*-*,%& %.1"&&3*/"& "- &#O&3%-"& A 1" 1,%1"0- 4

I: #!,-.$"#$ @ #%" ,%-,),<*" !,*- K-/" 1,>./"%-"5 )"& 3$*,'"& !,*2"%- K-/" 1,%&*&N

-3%-& "- )3 1,>./"%1" !"& !.B%*-*,%& "% )3%<3<" %3-#/") !,*- K-/" 2./*B." 4

P: $4&$"'+5+)+&- 8*4+8*)$ @ #%" ,%-,),<*" !,*- 0,#2,*/ K-/" .-"%!#" &3%& 9#" 1")3

/"'"--" "% 13#&" )" -/323*) "Q"1-#. 3#03/323%- 4

R: $"0*0$8$"&' !"&!)!0+91$' 8+"+8*14 @ #%" ,%-,),<*" !,*- 63*/" #% '*%*'#'

!=>D0,->;&"& &#/ )" ',%!" 4 "))" !,*- 1,%-"%*/ #% 2,13(#)3*/" 03/-3<. '3*& %"

!,*- 03& K-/" #%" (3&" 1,'0,/-3%- !"& 1,%%3*&&3%1"& &#00).'"%-3*/"& &#/ )"

',%!" A ',!.)*&"/:







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

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

%)2) .1+$*1%)&-&.#) 3

 &%,)- !"#$%&&#'#()! *+#+ *4-$,-&.#)! .)&*50-&.#)! '#",1%)&-&.#) 3

 /#01%0 &#,&%( $%( +%0(#))%( "#)"%0)*%( +-0 "% +0#',.&! '%( ,&.$.(-&%,0( 6 "%$$%(

"7-05*%( '% $- 1-.)&%)-)"%8

9:#;<%"&./ %& $:.)&*0=& 1-<%,0 ':,)% &%$$% '*1-0"7% (#)& >

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

 ':-,&0% +-0&! '% /-4#0.(%0 $% 0%+*0-5% %& $- 0*+-0-&.#) ':%00%,0! %) *4.&-)& $%,0

+0#+-5-&.#) &#,& -, $#)5 ', +0#"%((,( '% '*4%$#++%1%)& 50@"% 6 ,)% +#$.&.?,%

':*4-$,-&.#) &#,& -, $#)5 ', +0#"%((,( '% '*4%$#++%1%)&8

9- "#)(&0,"&.#) ':,)% #)&#$#5.% "#1+#0&% +0.)".+-$%1%)& (.A *&-+%( >

B8 !".$/.)*%(  #, 0#,%*(, 3

C8 1%$$#1)# 3

D8 &2!-.(.$3,# 3

E8 '% !$*,.)*%( 3

F8 4%2'.$*,.)*%( 3

G8 ".$* .)*%(8

 !"!# $%&'( )*+ , -./0&-1&%234 5( 6(73247

9:#;<%"&./ '% "%&&% *&-+% %(& '% '*2).0 $%( ;,&( %& (,0&#,& $%( $.1.&-&.#)( '% $:#)H

&#$#5.% ?,% )#,( (#,7-.&#)( '*4%$#++%08 9- "#)(&0,"&.#) ':,)% #)&#$#5.% (% '*"$.)%

(%$#) &0#.( 4,%( -4%" +#,0 "7-",)% $%( ?,%(&.#)( .1+#0&-)&%( ?,% )#,( '%4#)( )#,(

+#(%0 I14+ &-;$%-, C8BJ8

 !"#$ C8B  K,%(&.#)(

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

'$/$0+.

7).&'+$%& 8 4$&.(

9:#;<%"&./ #+*0-&.#))%$
5.(, 6/#$ 0/) /)*$*,#2 1#))# %(-

)%$%7*# 8 9 6/#$, )3&#,  # 6/#,-

)*%(, 1#))# %()%$%7*#  #"2. 2!-

&%( 2# 8

9% '#1-.)% '% "#))-.((-)"%(
:/#$  %'.*(# 8 :/#$$#, 1%'-

&!)#(1#, 8

9%( ,&.$.(-&%,0(
:/* ". /)*$*,#2 $;%()%$%7*# 8

:/* ". '.*()#(*2 $;%()%$%7*# 8

L$ (:-5.& .". '% +#,4#.0 0*+#)'0% -,A '.M*0%)&%( ?,%(&.#)( +#(*%(! 6 (-4#.0 >

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



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

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

 . /+&,# .# $ ,,+&00+,$# !
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G!27#4 #$ 401&&12# $# "0191 $1G# E /0#C&2#447! "0B # &!/%48.7# "# $%&# .8$! %.7AB#

!B .8$1&3!27AB#5 , &1441 $ "# /01&&2!-3# 4$1 "12" E /01&&2!-3# 8$# "B#)  !B4 &14P

4! 4 "0B # 1&&2!-3# .! !48.7AB# J$!B4 /#4 7 "797"B4 AB0B $#2.# 2144#.D/# 4! $

4#.D/1D/#4K E B # 1&&2!-3# &!/%48.7AB# JB $#2.# "847G # "#4 7 "797"B4 "7L82# $4K5

61 47G 7Q-1$7! 4#217$ "! - B # 144!-71$7! J$#2.#) "!.17 #V-! $#C$#K5

 ! "#$%&$' &# 4#  81 .!7 4 AB# -#$$#  !$7!  # &#B$ 4BW2# E DX$72 B # -1P

$8G!27#) AB07/ 401G7$ 4B2$!B$ "0B # -1$8G!2741$7! /7 GB74$7AB# &!/%48.7AB# J&38 !P

.H # /7 GB74$7AB# &12$7#/K #$  ! B # -1$8G!2741$7!  1$B2#//# "# 4# 4 :Y/#7D#2 MZZ[@5

'7 47) /01&&12$# 1 -# E B # -1$8G!27#  0!D87$ &/B4 1BC .F.#4 -27$H2#4 4B791 $ AB# /#

$#2.# -!22#4&! "1 $ #4$ .! !48.7AB# !B &!/%48.7AB#5 61  !$7! .F.# "# &2!$!P

$%&# -!..# .#7//#B2 #C#.&/172# P "! $ /07.1G# .# $1/# -! 4$7$B#217$ /1 47G 7Q-1$7! 

"B $#2.# -!22#4&! "1 $ P #4$ 1D1 "!  8#5 6# \BG#.# $ "#4 7 "797"B4  01B217$ &/B4

"07 $82F$ &B74AB07/  0% 1 &/B4 "# .#7//#B2 #C#.&/172# 4B2 AB!7 N172# &!2$#2 -# \BG#.# $5

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

] /03#B2# "B #̂D _8.1 $7AB# #$ "B #̂D "#4 "!  8#4 19#- /1 .74# E "74&!47$7! 

"# .7//712"4 "# $27&/#$4 ;+` .!"8/741 $ "# /1 -!  17441 -# 4B2 "7L82# $4 4B\#$4) /1

AB#4$7! "# /1 -281$7! "0B # -1$8G!2741$7! B 79#24#//# #$ 4#4 -! 48AB# -#4 #4$ /!7 

"0F$2# 7//8G7$7.#5 *#&# "1 $) # MZZ?) D7# 191 $ -#$ 19H #.# $) (! )*%'+,) "1 4



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

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

  

* +,!$#"%$ -

. (' /,%!$  !( &"$)0,#%1"$%,!  !%2(#1(''( 3 ($ 1,! "//#,&4( 3 /, 2"%$ /,1(# 5( !,+3

6#( 7 /#,6'8+(19

:;! 5<%'' 1$#(# 1,! /#,/,1* =4%#>? 1( @,!5( 1 # '" &'"11%;&"$%,! ABCD

 !

* '<C/(!

A%#(&$,#? E#,F(&$ (1$ '( /' 1 0#"!5 ($ '( /' 1 &,+/'($ 5(1 #)/(#$,%#(1 5 G(6 )5%$)1

/"# 5(1 H$#(1 4 +"%!1 3 1(',! '( #1 " $( #19 =4%#>? /,1( %&% '( /#,6'8+( 1, '(2) /"#

'( &4,%7 5< $%'%1(# 5(1 (7/(#$1 ($ !,! '<(!1(+6'( 5(1 %!5%2%5 1 5< !( &,++ !" $)

/, # &,!&(2,%#  !( $(''( &"$)0,#%1"$%,!9 I' #)1 +( &($$( /(!1)( 1, 1 '" @,#+( 5(

/#,/,1 "$$#%6 )1 " 7 5%$1 (7/(#$1 J !#4( 5#67+*!#!( 6'*48 94* )#4( 5#66*!" $*

6#!-* *(" #+%,!'(:0 7,+5* 94* !#4( (#66*( -*( 7+#;*(('#!!*$( ;#+6:(9 K! &,!;"!$

&($$( $L&4( -  !( +%!,#%$) 5<%!5%2%5 1 5)1%0!)1 ($ /"# @,#&)+(!$ #(/#)1(!$"$%@1* '"

+,5)'%1"$%,! /( $ "',#1 H$#( 0 %5)( /"# 5(1 %!$)#H$1* /"# (7(+/'( &,++(#&%" 7* 5(13

$%!)1 - 5)$(#+%!(# '" 2%1%,! . ( '< $%'%1"$( # 5(2#"%$ "5,/$(# /, #  $%'%1(# '( 1?1$8+(9

M( 5( 7%8+( /#,6'8+( 1, '(2) /"# =4%#>? (1$ . ( $, $( &"$)0,#%1"$%,! 5 /' 1 0#"!5

!,+6#( 5,%$ 1"$%1@"%#( $, $  ! &4"& !9 E, # ' %* '- (!&,#(* '( &4,%7 5( '< $%'%$) 5(

'" &"$)0,#%1"$%,! 5( &,!&(/$1 /"#$%& '%(#1 /"# '(1 &"$"',0 ( #1 5< !( /"#$* ($ '( /'"3

&(+(!$ 5( &( 73&% 5"!1 '" +,5)'%1"$%,! 5<" $#( /"#$* !<(1$ /"1 1"!1 &,!1). (!&( ($

1, N#( 5<"61(!&( 5( !( $#"'%$)9 1*( )'('#!( -*( 5,",$#%4*4+( (4+7,((*!" !:5*((,'+*<

6*!" $*( =*(#'!( -* $>4"'$'(,"*4+ *" $, )'('#! -4 6#!-* -* $>4"'$'(,"*4+? @' )#4( )#4$*A

94*$94* 5B#(* 94' !>, 7,( :": 5,":%#+'(: -,!( $* (*!( #C )#4( & 7*!(*A0 7,( -* 5B,!5*

7#4+ )#4(9 :%!1%  !  $%'%1"$( # '"+65" )$"6'%$ 5(1 &,##(1/,!5"!&(1 3 ($ 5,!& 5(1

$#"!1@,#+"$%,!1 3 (!$#( &( . <%' &4(#&4( ($ '" @"O,! 5,!$ '< !%2(#1 (1$ +,5)'%1) " 

1(%! 5( &($$( &"$)0,#%1"$%,! 5 /' 1 0#"!5 !,+6#(9

  ! "##$ %&&'''!(")*+,!-./&'*)#)01(&.0#.2.1,3.45**6#57!"#/2

 8! "##$ %&&'''!7/.9!.*1&:.*27&;*60<=><?@6)(&



 !"#$%&' (

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

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

 !"# $%&!'(")"(* +, -". +"/ +0((1"/ $21 3 $%"//04 #0(/2+14&.$" +"/ #&5&#2*1/

+" /*0#6&7" "* +" *4&2*")"(* +"/ +0((1"/8 $& 9,"/*20( +" $& #0)5&4&2/0( +%"(*2*1/ &

#0((, ,( (0,!"&, 4"7&2( +%2(*14:*; <"/ )"/,4"/ /1)&(*29,"/ /,4 $"/9,"$$"/ /%&55,2"(*

.2"( /0,!"(* $"/ #0)5&4&2/0(/ +02!"(* /%&+&5*"4 *&(* &,= (0,!"&,= ,/&7"/8 #0))" $&

4"#>"4#>" +%2(?04)&*20( 5&4 "=")5$"8 )&2/ 17&$")"(* 50,!024 /,5504*"4 ,( 5&//&7"

3 $%1#>"$$" /,4 +"/ !0$,)"/ +" +0((1"/ +" 5$,/2",4/ #"(*&2("/ +" )2$$2"4/ +" #0(#"5*/;

<& 5$,5&4* +"/ )"/,4"/ /1)&(*29,"/ +" $& $2**14&*,4" 5",!"(* :*4" 4"740,51"/ "(

9,&*4" #&*17042"/ @

A; $"/ )"/,4"/ +" *B5" /*4,#*,4"$ C

D; $"/ )"/,4"/ +" *B5" 2(*"(/20(("$ E?0(+1"/ /,4 $"/ 5405421*1/ +"/ #0(#"5*/F C

G; $"/ )"/,4"/ +" *B5" "=*"(/20(("$ E?0(+1"/ /,4 $"/ 2(/*&(#"/ +"/ #0(#"5*/F C

H; $"/ )"/,4"/ +" *B5" "=54"//20(("$ E?0(+1"/ /,4 $"/ *"4)"/ +1(0*&(* $"/ #0(#"5*/F;

I0,4 $"/ +1J(24 +&(/ $& /,2*" +" #" #>&52*4"8 (0,/ ,*2$2/0(/ $"/ (0*&*20(/ /,2!&(*"/ @

K prof(ci)8 $& 540?0(+",4 +, #0(#"5* ci +&(/ $& >214&4#>2" +" #0(#"5*/ E*"$$"

9,%"$$" & 1*1 +1J(2" +&(/ $& /"#*20( D;L;MF C

K ccom !" #!$% #"&'& ()*("#& #+," ()--$* .$/ ()*("#&% c1 "& c2 0

1 max !. #,)2)*3"$, -./'-.!" 3" !. 4'5,.,(4'" 0

1 distedge(c1, c2) !. !)*6$"$, 3$ #!$% ()$,& (4"-'* "*&," 3"$/ ()*("#&% c1 "& c2 0

1 |Ic| !" *)-7," 38'*%&.*("% 3$ ()*("#& c 0

1 |I| !" *)-7," &)&.! 38'*%&.*("% 3" !8)*&)!)6'"9

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

 ! "#$$%&' "& (! )*%$$%+& $* #%:(4)!)6$" "& $* '*2),-.&'('"* )*& 5!.7),5

3.*% ;<)!!'*% =>?>@ !"% #,"-'",% ,5%".$/ %5-.*&'A$"% %$, !. 7.%" 3" &"-#% 3" ,5#)*%"

B 3"% A$"%&')*% ()--" C ! "#!#$% &'()%* +! ,%'&#+ -D )$ "*()," C ! "#!#$% &'()%* +!

#!%.#* -D9 E!% )*& %$##)%5 A$" #!$% !" &"-#% 3" ,5#)*%" B ("% A$"%&')*% 5&.'& !)*6 



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

 !"#$%  !" # $%&'()& *+,-. /)0'('1/). *. 12-1.3&4 *0*)0. 5 6+,-)7.'4 *.4 8(88)9:'.4!

36,4 6. 3'21.44,4 *. '.1/.'1/. *. 6+)-92'8(&)2- 0&()& 12836.%.; 36,4 6.4 12-1.3&4

0&().-& *)4&(-&4 6+,- *. 6+(,&'.! $- &.'8. *. 128<)-(&2)'.; )64 2-& 82*06)40 1.&&.

)-&.'3'0&(&)2- *. 6.,'4 &.4&4 3(' ,- -28<'. *+('14 36,4 06.70 *(-4 ,-. /)0'('1/).

.-&'. 12-1.3&4 *)4&(-&4 =,+.-&'. 12-1.3&4 4)8)6()'.4!

>- .%.836. 12--, *+,-. 8.4,'. 4&',1&,'.66. .4& 6( 8.4,'. *. ?(*( =,) *0@-)&

6( 4)8)6(')&0 .-&'. 12-1.3&4 3(' 6+)-7.'4. *. 6( 62-A,.,' *, 36,4 12,'& 1/.8)- =,)

6.4 403('.! B( /)0'('1/). *. 12-1.3&4 .4& 12-4)*0'0. )1) 1288. ,- A'(3/. *2-& 6.4

('14 42-& 6.4 6).-4 )4C( .& 6.4 -D,*4 6.4 12-1.3&4; .& (, 4.)- *,=,.6 *.4 )-*)1.4 128C

<)-(&2)'.4 E3'292-*.,'; *.-4)&0; 36,4 12,'& 1/.8)-F 42-& ,&)6)404 32,' 1283('.' 6.4

-D,*4!

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

G?(*( "HIHJ *0@-)& ,-. 8.4,'. *. 4)8)6(')&0 1288. 0&(-& 6( 62-A,.,' *, 36,4

12,'& 1/.8)- .-&'. *.,% 12-1.3&4 *(-4 6( /)0'('1/). *. 12-1.3&4; -2&0. distedge(c1, c2)!

B( 4)8)6(')&0 .-&'. c1, c2 ∈ C .4& *0@-). 3(' K

SimRad(c1, c2) =
1

distedge(c1,c2)

L(' .%.836.; 4,' 6( /)0'('1/).

 

*. 6( @A,'.  !"; -2,4 2<&.-2-4 6.4 '04,6&(&4 4,)7(-&4 K

SimRad(Panthere, T igre) = 1
distedge(Panthere,T igre) =

1
2 = 0.5

SimRad(Panthere, Chat) = 1
distedge(Panthere,Chat) =

1
2 = 0.5

SimRad(Chat, Chien) = 1
distedge(Chat,Chien) =

1
4 = 0.25

SimRad(Chat, Canin) = 1
distedge(Chat,Canin) =

1
3 = 0.33

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

G?.4-)M "HHNJ 12836:&. 6( 8.4,'. *. ?(*( (7.1 6( 3'292-*.,' 8(%)8(6. *. 6(

/)0'('1/). EmaxF! B( 4)8)6(')&0 .-&'. 6.4 12-1.3&4 c1 .& c2 .4& 0A(6. (, '(&)2 .-&'. 6(

3'292-*.,' 8(%)8(6. *. 6( /)0'('1/). .& 6. 36,4 12,'& 1/.8)- .-&'. 1.4 12-1.3&4! B(

4)8)6(')&0 .-&'. c1, c2 ∈ C .4& *0@-). 3(' K

 ! "#$ %&' &(&)*+&, +- ./0$-$%./& &1' 2& '3*& -$45$&1%&6'&! 7-61 +& %-1 8060$-+, /+ *&#' 08-+&)&6'

19-8/$ 29#6 '$&/++/1!



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

SimRes(c1, c2) =
2∗max

distedge(c1,c2)

 !" #$#%&'#( )*" '! +,-"!".+,# /# '! 01*"# 234( !5#. max = 3( 67*) 789#676) '#)

"-)*'9!9) )*,5!69) :

SimRes(Panthere, T igre) = 2∗3
distedge(Panthere,T igre) =

6
2 = 3

SimRes(Panthere, Chat) = 2∗3
distedge(Panthere,Chat) =

6
2 = 3

SimRes(Chat, Chien) = 2∗3
distedge(Chat,Chien) =

6
4 = 1.5

SimRes(Chat, Canin) = 2∗3
distedge(Chat,Canin) =

6
3 = 2

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

;<#!.7.= 4>>?@ 67"%!',)# '! %#)*"# /# A#)6,= !* %7B#6 /# '! C76.9,76 log /#

%!6,D"# E 789#6," /#) "-)*'9!9) /!6) 'F,69#"5!''# ;G(4@( !5#. '! 5!'#*" G &7*" /#)

.76.#&9) /,)9,6.9) #9 '! 5!'#*" 4 &7*" /#) .76.#&9) 979!'#%#69 ),%,'!,"#)3 <! ),%,'!",9-

#69"# '#) .76.#&9) c1 #9 c2 #)9 -1!'# !* "!9,7 #69"# '# &'*) .7*"9 .+#%,6 #69"# .#)

.76.#&9) #9 '! &"7C76/#*" %!$,%!'# /# '! +,-"!".+,#3 <! ),%,'!",9- #69"# c1, c2 ∈ C

#)9 /-06,# &!" :

SimLea(c1, c2) = −log
(

distedge(c1,c2)
2∗max

)

 !" #$#%&'#( )*" '! +,-"!".+,# /# '! 01*"# 234( 67*) 789#676) '#) "-)*'9!9) )*,5!69) :

SimLea(Panthere, T igre) = −log
distedge(Panthere,T igre)

2∗3 = −log 2
6 = 0.48

SimLea(Panthere, Chat) = −log
distedge(Panthere,Chat)

2∗3 = −log 2
6 = 0.48

SimLea(Chat, Chien) = −log
distedge(Chat,Panthere)

2∗3 = −log 4
6 = 0.18

SimLea(Chat, Canin) = −log
distedge(Chat,Canin)

2∗3 = −log 3
6 = 0.30

 !"! $%&'(% )% /' %0 1+23%(

;H* 4>>2@ &"7&7)# *6# !*9"# %#)*"# /# ),%,'!",9- &"#6!69 #6 .7%&9# E '! C7,)

I4J '! &"7C76/#*" /#) .76.#&9) .7%&!"-) /!6) '! +,-"!".+,# #9 IKJ '! )9"*.9*"# /#

.#99# +,-"!".+,# &!" '! &"7$,%,9- "#'!9,5# /# '#*" &D"# .7%%*63 <! ),%,'!",9- #69"#

c1, c2 ∈ C #)9 /-06,# &!" :

SimWu(c1, c2) =
2∗prof(ccom)

prof(c1)+prof(c2)

 !" #$#%&'#( )*" '! +,-"!".+,# /# '! 01*"# 234( 67*) 789#676) '#) "-)*'9!9) )*,5!69) :

SimWu(Panthere, T igre) = 2∗prof(Felin)
prof(Panthere)+prof(T igre) =

2∗2
3+3 = 0.66

SimWu(Panthere, Chat) = 2∗prof(Felin)
prof(Panthere)+prof(Chat) =

2∗2
3+3 = 0.66

SimWu(Chat, Chien) = 2∗prof(Mobilier)
prof(Chat)+prof(Chien) =

2∗1
3+3 = 0.33

SimWu(Chat, Canin) = 2∗prof(Mobilier)
prof(Chat)+prof(Canin) =

2∗1
3+2 = 0.4

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

<# &"7.#))*) /# .!9-17",)!9,76 "#&7)# #6 1"!6/# &!"9,# )*" *6 "#1"7*&#%#69

/F78L#9) &!" ),%,'!",9- ;M+,8!*9 4>>N@3 O# &"7.#))*) "-&76/ #6 &!"9,# E '! 9+-7",#



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

 !"#$%#&"#! '()*+$ ,-./01 2!##! 3!45&64! 3&"#&578! 9%8"&!84" %)&": 3)5# 3!8; <8& 5)8"

&5#=4!""!5# 9%8" 9$4#&>8%&64!?!5# @

A %$ %)& 3! %(23&/&'.: <8& 9!4?!# 3! 4!74)89!4 3!" =%=?!5#" <8& $99$4$&""!5#

")8B!5# !5"!?C%!: <8& ")5# 94)>D!" 3$5" 85! ?E?! F)5! 9!4>!9#&B!1 2G!"# %!

>$" 3!" %!##4!" <8& H)4?!5# 85 ?)#: 3!" ?)#" <8& H)4?!5# 85 "I5#$7?!1 J% "G$7&#

3G85 4!74)89!?!5# 94="!5#$5# 85! >!4#$&5! >)D=4!5>!1

A %$ %)& 3! ,&/&4$(&'.: <8& 9!4?!# 3! 4!74)89!4 %!" =%=?!5#" <8& 5)8" 9$4$&""!5#

"!?C%$C%!"1 J% 9!8# "G$7&4 3! "&?&%&#83!" 3!">4&9#&B!" K$8 "!5" 9!4>!9#&C%!"L )8

H)5>#&)55!%%!"1

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

MG85 9)&5# 3! B8! !5"!?C%&"#!: 3!8; !5#&#=" ")5# "&?&%$&4!" "& %! >$43&5$% 3!

%G&5#!4"!>#&)5 3!" !5"!?C%!" 3! %!84" >$4$>#=4&"#&<8!" !"# 9%8" 74$53 <8! >!%8& 3!"

")8"N!5"!?C%!" 4!"#$5#1

 !"!0 1-.2)- 3- 45-).67

2!##! $994)>D! K !" O784! O784! P1QL $ =#= 5)#$??!5# 3=B!%)99=! 9$4 %! 9"I>D)N

%)78!  ! "#$%&'( <8& $ 94)9)"= 3$5" 'RB!4"+I ,-SS0 %$ 3=O5&#&)5 "8&B$5#! 3G85!

"&?&%$4&#= !5#4! 3!8; >)5>!9#" @

simtversky(A,B) = α.comm(A,B)− β.diff(A,B)− γ.diff(B,A)

)T α, β, γ ")5# 3!" >)5"#$5#!"1 U& β = γ = 0 !# α = 1: %$ "&?&%$4&#= !5#4! V !# W

>)44!"9)53 X %$ <8$5#&#= 3! 94)94&=#=" !5 >)??851 U& α = 0: β > 0 !# γ > 0: %!"

!5#&#=" V !# W ")5# =B$%8=!" "8&B$5# >! <8& %!" 3&*=4!5>&! N 5)8" $B)5" $%)4" 85!

?!"84! 5)5 9$" 3! "&?&%$4&#= ?$&" 3! 3&""&?&%$4&#=1

)*+,%$ P1Q A U&?&%$4&#= !5#4! >)5>!9#" "!%)5 RB!4"+I1

2!##! ?!"84! !"# 3=9!53$5#! 38 >$43&5$% 3!" 94)94&=#=" 3! >D$<8! >)5>!9#1 Y5!

"!>)53! B!4"&)5 3! %$ H)4?8%! 94=>=3!5#! 9!4?!# 3! 9$%&!4 >! 94)C%6?! @

simtversky(A,B) = comm(A,B)
β.diff(A,B)+γ.diff(B,A)+comm(A,B)

Z$ "&?&%$4&#= 3! RB!4"+I $ =#= 4!94&"! 9$4 '[)&#4!5$83 ,--\0 9)84 3=O5&4 85! 3&"N

#$5>! "=?$5#&<8! !5#4! 3!8; >$#=7)4&!" 9$4 %! 5)?C4! 3! 94)94&=#=" 9$4#$7=!" 9$4

>!" 3!8; >$#=7)4&!" $8 "!&5 3G85! D&=4$4>D&! >)5>!9#8!%%!1 ]5 $3)9#$5# %! 94&5>&9!

3! 3&*=4!5#&$%&#= K#"$" D=4&#$7! 3!" 94)94&=#=" 38 >)5>!9# 964! $8<8!% ")5# $^)8#=!"



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

 ! "#$"#! %&#&%'(#) ')*+! , -).(#!/'! -! %$/%!"' 0#1#! 23 )4 0&+' #!5$/'!# -&/ 

4& 6)(#&#%6)! "$+# $7'!/)# 4! "4+ "!')' %$/%!"' "1#! "&#'&8!&/' 4! "#$"#)('( %$5,

5+/! &+9 -!+9 %$/%!"' %$5"&#( : ;! %! 0&)'3  !4$/ <=(8!# >??@A3 "4+ 4& -) '&/%!

!/'#! -!+9 %$/%!"' ! ' 8#&/-!3 "4+ 4& -).(#!/%! %$/%!"'+!44! ! ' )5"$#'&/'! B4! 

"#$"#)('( %$55+/! ('&/' (8&4!5!/' 5$)/ /$57#!+ ! 2: <C)" DEFGA -(H/)' 4& -) ,

'&/%!  (5&/')*+! !/'#! -!+9 %$/%!"' %$55! ('&/' (8&4! &+ /$57#! -! /I+- -+

"4+ %$+#' %6!5)/ #!4)&/' %! %$/%!"' B)5"4)*+&/'3  !4$/ <=!8!# >??JA3 "$+# &K$)#

+/  !/ 4! 0&)' *+! 4! -!+9 %$/%!"' %$/ )-(#(  $)!/'  +# 4! 5L5! %6!5)/ -&/ 4&

6)(#&#%6)! -! %$/%!"' 2:

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

M/ &+'#! 5$N!/ -O(K&4+!# 4&  )5)4&#)'( !/'#! -!+9 %$/%!"' %$/ ) '! P %$5"&#!#

-! 5&/)1#! !/ !574) '! 4! )/ '&/%! -! %6&*+! %$/%!"':

 !"#$% J:G Q C!"#( !/'&')$/ "&#')!44! -! 4& %4&  )H%&')$/ -! 5&55)01#! &K!% %&#,

-)/&4)'( -! )/ '&/%! :

;&/ 4&  +)'! -! %!''!  !%')$/3 "&#  $+%) -!  )5"4)H%&')$/ -! /$'&')$/3 /$+ +')4) !,

#$/ R IP "$+# IPanthere3 IT "$+# IT igre3 IC "$+# IChat3 ID "$+# IChien3 IM "$+#

IMammifere3 IS "$+# IFelin !' IR "$+# ICanin: S$+  +""$ $/ "$+# 4! 7! $)/ -!

4O!9!5"4! *+O)4 !9) '! +/! )/ '&/%! %$55+/! &+9 %6&' !' &+9 "&/'61#! :

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

=& "4+"&#' -! 5! +#! -! %! 'N"!  $/' )/ ")#(! "&# 4&  )5)4&#)'( -! T&%%&#-3

-(H/)! -&/ <T&%%&#- DE?DA !' "&# 4& 0$/%')$/ R

SimJaccard(c1, c2) =
|Ic1∩Ic2 |

|Ic1 |+|Ic2 |−(|Ic1∩Ic2 |)

U&# !9!5"4!3  +# 4& 6)(#&#%6)! -! 4& H8+#! J:G3 /$+ $7'!/$/ 4! #( +4'&'  +)K&/' R

SimJaccard(Panthere, T igre) = |IP∩IT |
|IP |+|IT |−(|IP∩IT |)

= 0
5+10−0 = 0

SimJaccard(Panthere, Chat) = |IP∩IC |
|IP |+|IC |−(|IP∩IC |)

= 1
10+7−0 = 0.06

SimJaccard(Chat, Chien) = |IC∩ID|
|IC |+|ID|−(|IC∩ID|)

= 0
7+8−0 = 0

SimJaccard(Chat, Canin) = |IC∩IR|
|IC |+|IR|−(|IC∩IR|)

= 0
7+12−0 = 0



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

 !"#$ %&'() *+,,-.$ /0 121$ +3.+4404#$ 56$ /0 7+316/$ .$ 80##03.9 :0 1$,63$

.$ !"#$ $,; <=0/ 06 30;"+ $4;3$ /$ 4+1>3$ .?"4,;04#$, $4 #+1164 $; /0 ,+11$ .6

4+1>3$ .?"4,;04#$, .$, #+4#$*;, #+1*03<, @

SimDice(c1, c2) =
2∗|Ic1∩Ic2 |

|Ic1 |+|Ic2 |

A4 3$*3$404; /0 B"<303#B"$ .$ /0 C=63$ '9D 0E$# #$;;$ 1$,63$F 4+6, +>;$4+4, /$,

3<,6/;0;, ,6"E04;, @

SimDice(Panthere, T igre) = 2∗|IP∩IT |
|IP |+|IT |

= 2∗0
5+10 = 0

SimDice(Panthere, Chat) = 2∗|IP∩IC |
|IP |+|IC |

= 2∗1
10+7 = 0.12

SimDice(Chat, Chien) = 2∗|IC∩ID|
|IC |+|ID|

= 2∗0
7+8 = 0

SimDice(Chat, Canin) = 2∗|IC∩IR|
|IC |+|IR|

= 2∗0
7+12 = 0

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

 .?G10;+ HIIJ) $,;"1$ 56$ .$6K #+4#$*;, *$6E$4; 2;3$ ,"1"/0"3$, ,04, 0E+"3 .?"4,L

;04#$, $4 #+1164 M #$ 56" $,; /$ #0, *+63 64$ ,"1"/03";< .$ ;N*$ "4;$4,"+44$//$ +6

$K*3$,,"+44$//$ 64"56$1$4;9 O/ *3+*+,$ 64$ 4+6E$//$ 1$,63$ 56" <E0/6$F 4+4 *0, /?"4L

;$3,$#;"+4 $4;3$ /$, $4,$1>/$, .?"4,;04#$, .$ #B056$ #+4#$*;F 10", /0 E03"0;"+4 .$ /0

#03."40/";< .6 */6, *$;"; ,6>,6104; #+11649

SimAma(c1, c2) =
min(|Ic1 |,|Ic2 |)

|Iccom |
(1− |Iccom |

|I| )(1−
min(|Ic1 |,|Ic2 |)

|Iccom |
)

A4 3$*3$404; /0 B"<303#B"$ .$ /0 C=63$ '9D 0E$# #$;;$ 1$,63$ P$4 ,6**+,04; 56$

#$;;$ B"<303#B"$ $,; 64 $K;30"; .?64$ B"<303#B"$ */6, "1*+3;04;$ .+4; /$ 4+1>3$ ;+;0/

.?"4,;04#$, |I| = 56QF 4+6, +>;$4+4, /$, 3<,6/;0;, ,6"E04;, @

SimAma(Panthere, T igre) = min(|IP |,|IT |)
|IS |

(1− |IS |
|I| )(1−

min(|IP |,|IT |)
|IS |

) = min(10,5)
25 (1−

25
56)(1−

min(10,5)
25 ) = 0.09

SimAma(Panthere, Chat) = min(|IP |,|IC |)
|IS |

(1− |IS |
|I| )(1−

min(|IP |,|IC |)
|IS |

) = min(10,7)
25 (1−

25
56)(1−

min(10,7)
25 ) = 0.11

SimAma(Chat, Chien) = min(|IC |,|ID|)
|IM |

(1 − |IM |
|I| )(1 −

min(|IC |,|ID|)
|IM |

) = min(7,8)
41 (1 −

41
56)(1−

min(7,8)
41 ) = 0.04

SimAma(Chat, Canin) = min(|IC |,|IR|)
|IM |

(1 − |IM |
|I| )(1 −

min(|IC |,|IR|)
|IM |

) = min(7,12)
41 (1 −

41
56)(1−

min(7,12)
41 ) = 0.04

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

:$, #+4#$*;, *$6E$4; 2;3$ <=0/$1$4; #+1*03<, ,63 64 */04 $K*3$,,"+44$/F 0E$#

/$, ;$31$, 56" /$, .<4+;$4;F R /?0".$ 4+;011$4; .6 #+4;$46 $4 "47+310;"+4 .<C4"

*03 S$,4"T  S$,4"T %&&D)9
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 !"#$%  ! " #$%&'($)*+*,-) %+&*,$..$ /$ .+ 0.+((,10+*,-) /$( 2+22,34&$( +5$0

0-)*$)6 $) ,)3-&2+*,-)!

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

7#$(),8 9::;< 0+.06.$ .$ 0-)*$)6 $) ,)3-&2+*,-) /=6) 0-)0$%* c ∈ (C) $) ($

3-)/+)* (6& .+ %&->+>,.,*' p(c) /=+5-,& 0$ 0-)0$%* /+)( 6) 0-&%6( /-))'! ?$ 0-)*$)6

$) ,)3-&2+*,-) $(* /'1), %+& @

Ψ(c) = −log(p(c)) +5$0 p(c) =
∑

t∈monde(c) count(t)

N

-A @

" N &$%&'($)*$ .$ )-2>&$ *-*+. /=-006&&$)0$( /$( *$&2$( /$ *-6( .$( 0-)0$%*(

/+)( .$ 0-&%6( B

" monde(c) &$%&'($)*$ .=$)($2>.$ /$( *$&2$( %-((,>.$( %-6& .$ 0-)0$%* c 2+,(

'C+.$2$)* %-6& .=$)($2>.$ /$ ($( /$(0$)/+)*( /+)( .+ D,'&+&0D,$! E+& $F$2%.$G

+5-,& .$( 2-*( H  !"# IG H  !$%& I $* H  '()"*+ I 5+ &$)3-&0$& .+ %&'($)0$ /6

0-)0$%* ,"--$./*%G ,. 3+6* /-)0 .$( %&$)/&$ $) 0-2%*$!

E.6( .$ 0-)0$%* $(* C')'&,J6$G %.6( (-) 0-)*$)6 $) ,)3-&2+*,-) $(* 3+,>.$ K $0%0 ,.

+%%-&*$ %$6 /=,)3-&2+*,-) K $* ,)5$&($2$)* %.6( ,. $(* (%'0,1J6$ %.6( (-) 0-)*$)6 $)

,)3-&2+*,-) $(* 3-&*! L+,( 0$**$ 2$(6&$ $(* *&4( ($)(,>.$ M .=+2>,C6N*'G 0$ J6, %$6*

+5-,& %-6& $O$* /=+6C2$)*$& /$ 3+P-) $&&-)'$ .=,2%-&*+)0$ /6 0-)0$%* '*6/,'! ?$0,

%&'K(6%%-($ /-)0 J6$ 0D+J6$ *$&2$ $(* +**&,>6' /$ 3+P-) 6),J6$ M 6) 0-)0$%*!

7Q+)/$&(-) 9:::< *$)*$ /$ 0-&&,C$& 0$ %&->.42$ $) 2-/,1+)* .+ 0+.06. /$ .+ 3&'J6$)0$

/=+%%+&,*,-) /=6) *$&2$ R

∑

count(n)S %+& @

freq(n) =
∑ count(t)

nbclasse(t)

-A nbclasse(t) $(* 'C+. +6 )-2>&$ /$ 0-)0$%*( /-)* .$ *$&2$ t $(* .+>$.!

E-6& '*+>.,& .+ (,2,.+&,*' $)*&$ /$6F 0-)0$%*(G 7#$(),8 9::;< %&-%-($ /$ 0+.06.$&

.+ 5+.$6& /6 0-)*$)6 ,)3-&2+*,3 J6=,.( %+&*+C$)*G M (+5-,& .+ %.6( C&+)/$ /$ 0$..$ /$

.=6) /$ .$6&( 0-)0$%*( +(0$)/+)*( R$0%0 .$ 0-)0$%* .$ %.6( (%'0,1J6$ .$( (6>(62+)*

*-6( .$( /$6FS! T+ (,2,.+&,*' $)*&$ c1, c2 ∈ C $(* /'1),$ %+& @



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

SimRes2 = maxc∈S(c1,c2)Ψ(c)

 !" #$#%&'#( )*" '! +,-"!".+,# /# '! 01*"# 232( 45*) 567#454) '#) .5%&5"7#%#47)

)*,8!47) 9

SimRes2(Panthere, T igre) = Ψ(Felin) = 0.6

SimRes2(Panthere, Chat) = Ψ(Felin) = 0.6

SimRes2(Chat, Chien) = Ψ(Mammifere) = 0.38

SimRes2(Chat, Canin) = Ψ(Mammifere) = 0.38

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

:;,4 <==>? &"5&5)# /@-8!'*#" '! ),%,'!",7- #47"# /#*$ .54.#&7)( #4 7#4!47 .5%&7#

A '! B5,) /# '#*" .547#4* ,4B5"%!7,B .5%%*4 C.5%%# '! %#)*"# /# D#)4,EF %!,)

-1!'#%#47 /# '#*") .!"!.7-",)7,G*#) &"5&"#)3 ;! ),%,'!",7- #47"# c1, c2 ∈ C #)7 /-04,#

&!" 9

SimLin = 2∗Ψ(ccom)
Ψ(c1)+Ψ(c2)

 !" #$#%&'#( )*" '! +,-"!".+,# /# '! 01*"# 232( 45*) 567#454) '#) "-)*'7!7) )*,8!47) 9

SimLin(Panthere, T igre) = 2∗Ψ(Felin)
Ψ(Panthere)+Ψ(T igre) =

2∗0.6
1.08+1.08 = 0.56

SimLin(Panthere, Chat) = 2∗Ψ(Felin)
Ψ(Panthere)+Ψ(Chat) =

2∗0.6
1.08+1.08 = 0.56

SimLin(Chat, Chien) = 2∗Ψ(Mobilier)
Ψ(Chat)+Ψ(Chien) =

2∗0.38
1.08+1.08 = 0.35

SimLin(Chat, Canin) = 2∗Ψ(Mobilier)
Ψ(Chat)+Ψ(Canin) =

2∗0.38
1.08+0.6 = 0.45

 !"!- $%&'(% )% .+/,0 1 23,(/45

H54/-#) )*" '# .547#4* #4 ,4B5"%!7,54( /@!*7"#) %#)*"#) 547 -7- &"5&5)-#) 7#''#

G*# .#''# /# I,!41 J K54"!7+ :I,!41 <==L? 9

distsemJiang(c1, c2) =
∑

[Ψ(c)−Ψ(pere(c))] ∗ TC(c, pere(c))

5M 9

N c ∈ chemin(c1, c2) /!4) '! +,-"!".+,# /# .54.#&7)( &",8- /# ccom O

N TC(ci, cj) *4# &54/-"!7,54 /# '@!". "#',!47 '# .54.#&7 ci !* .54.#&7 cj 7#'

cj = pere(ci)3

P&&',G*-# A *4# +,-"!".+,# /# .54.#&7) !8#. *4# &54/-"!7,54 -1!'# A < &5*" '#) !".)

/# 7Q&# +,-"!".+,G*#( '! /,)7!4.# /# I,!41 J K54"!7+ #)7 /-04,# &!" 9

distsemJiang(c1, c2) = (Ψ(c1) + Ψ(c2))− 2Ψ(ccom)

 !" #$#%&'#( )*" '! +,-"!".+,# /# '! 01*"# 232( 45*) 567#454) '#) "-)*'7!7) )*,8!47) 9

distsemJiang(Panthere, T igre) = (Ψ(Panthere) + Ψ(T igre)) − 2 ∗ Ψ(Felin) =

(1.08 + 1.08)− (2 ∗ 0.6) = 0.96

distsemJiang(Panthere, Chat) = (Ψ(Panthere)+Ψ(Chat))−2∗Ψ(Felin) = (1.08+

1.08)− (2 ∗ 0.6) = 0.96



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

distsemJiang(Chat, Chien) = (Ψ(Chat) + Ψ(Chien)) − 2 ∗ Ψ(Mammifere) =

(1.08 + 1.08)− (2 ∗ 0.38) = 1.4

distsemJiang(Chat, Canin) = (Ψ(Chat) + Ψ(Canin)) − 2 ∗ Ψ(Mammifere) =

(1.08 + 0.6)− (2 ∗ 0.38) = 0.92

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

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

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

 ()*+, ' ' -$% &

.(!/0/, #$12 #$12 #$-2 #$'

34 5!67(8 #$99 #$99 #$'' #$1

:!//!8" # #;#9 # #

<+/( # #;-& # #

=7!>0 #$#?  !""  ! #  ! #

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

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

0(1'2  !3+  !3+ "!#  !3*

 !"#$ #4" 5 $6718(9:;19(< =%& =(>6?%'9%& @1;%:?& =% &(A(;1?(96&4

.%& A%&:?%& =% &(A(;1?(96 &6A1'9(B:%& =67?(9%& =1'& 7% 7C18(9?% ?%8?6&%'9%'9

1@1'9 9D:9 :' D:9(; 8%?A%991'9 :' D?=D''1'7%A%'9 =%& 7D'7%89&4 .% 91E;%1: #4"

=D''% ;%& @1;%:?& DE9%':%& 1@%7 7C17:'% =%& A%&:?%& 69:=(6%& =1'& 7% 7C18(9?%4

FC17:'% ?%GH9% :' 8D('9 =% @:% B:( ('G:%'7% 81?<D(& <D?9%A%'9 ;I('9%?8?6919(D' =:

?6&:;9194

.%& A%&:?%& <D'=6%& &:? ;%& 8?D8?(696& 'D:& &%AE;%'9 J AKA% =% ?68D'=?% 1:L 7?(M

9H?%& =6N'(& 81? ;1 ;D( =% &(A(;1?(96 =% ;1 9C6D?(% O%&91;9(&9%4 P%:L 7D'7%89& '%

8%:@%'9 K9?% &(A(;1(?%& B:% &I(;& 81?912%'9 :' 2?1'= 'DAE?% =% ;%:? 8?D8?(696 <D'7M

9(D''%;;%& %9 =%&7?(89(@%&4 P% 7% 8D('9 =% @:%! (; %&9 8D&&(E;% =% 7;1&&%? 81? D?=?%

7?D(&&1'9 =% &(A(;1?(96 ;%& 81(?%& =% 7D'7%89& &:(@1'9& Q  !"#$%!"&'()%  !"#$%!#(&()%

 *#($"+,'%-&.,') '$  *#($"+,'%!"#$)4

.%& A%&:?%& =% 9R8% &9?:79:?%; 'ID>?%'9 81& ;1 AKA% 8?67(&(D' B:% ;%& A%&:?%&

?%8D&1'9 &:? ;%& 8?D8?(696&! ;%&B:%;;%& 7D??%&8D'=%'9 E%1:7D:8 8;:& J :' AD=% =%

<D'79(D''%A%'9 <D'=6 &:? ;I('9:(9(D'4 FD'9?1(?%A%'9 1:L ?6&:;919& =D''6& 81? ;%&

A%&:?%& <D'=6%& &:? ;%& 8?D8?(696&! ;1 81'9CH?% %&9 1:91'9 &(A(;1(?% J :' 7C19 B:IJ

:' 9(2?%4 S61'AD('&! ;ID?=D''1'7%A%'9 %&9 &%AE;1E;% 1:L 8?%A(H?%& A%&:?%&4 T' &%M

7D'= 8D('9 J 'D9%? &:? 7% 9R8% =% A%&:?% %&9 ;1 AD=6;(&19(D' 1=D896%4 U' %>%9! 9D:&

;%& 1?7& V &/0# W =% 7%& C(6?1?7C(%& =% 7D'7%89& &D'9 &:88D&6& 8D&&6=%? ;1 AKA% V@1;%:?

&6A1'9(B:%W4 X?! (;& &D'9 <D?9%A%'9 =68%'=1'9& =% ;1 2?1':;1?(96 =% ;1 7D'7%89:1;(M

&19(D'4 Y( 7%;;%M7( 'I%&9 81& :'(<D?A% =1'& 9D:9% ;1 C(6?1?7C(%! 1;D?& ;%& ;(%'& 'ID'9 81&



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

 ! "#"$ %&'$&(%')* +!, $-$". $/ .01, 2$,'!%&( %&3%4%31(/  ! ,$ !'%0& 5  !"# 6 $&',$

 $( 20&2$.'( $%#& $' '() * $(' . 1( 7!%8 $ 91$  ! ,$ !'%0& 5  !"# 6 $&',$  $( 20&2$.'(

+, -.#/ $' 0(1(&#)* +01,'!&'/ % $(' .0((%8 $ 3$ '$&%, 20".'$ 3$ 2$( 3%:),$&2$( 3!&(

 ! "03) %(!'%0&*

;0,"%( !4$2  ! "$(1,$ 3$ 3<="!'0 $' ! */ (% 3$( 20&2$.'( &$ .0((>3$&' !121&$

%&('!&2$ 20""1&$/ ! 0,( % ( &$ .$14$&' #',$ (%"% !%,$(* ?0'0&( 91$  $( 20$@2%$&'(

3$ A%2$ $' 3$ B!22!,3 .$14$&' #',$ 1'% %()( )C! $"$&' .01, 2! 21 $, 3$( (%"% !,%')(

3$ "!&%>,$ $-.,$((%0&&$  $ $& 20".!,!&'  $( $&($"8 $( 3$ '$,"$( .,0.,$( D 2E!91$

20&2$.'* F0&2$,&!&'  ! "$(1,$ 3$ 3<="!'0 $' ! */ % $(' .0((%8 $ 3$ 7!%,$ 3$1- ,$G

"!,91$(* H01' 3<!80,3/ (1,  <$-$". $ 91% &01( ! ($,4% D %  1(',$, 2$ 2E!.%',$/ (%

&01( !40&( 1& &0"8,$ 3<%&('!&2$( %&7),%$1, D ($.' .01, 2E!91$ 20&2$.' 3$(2$&3!&'

3$ 2#33 45-. IE0,"%( J) %&K/ ! 0,(  $( (%"% !,%')( $&',$  $ 20&2$.' $%#& $' '01'

20&2$.' 3$(2$&3!&' 3$ $#* * 0&'  ! "#"$ 4! $1,* L&(1%'$/ (% &01( &01( ,)7),0&( D

 ! MC1,$ N*O/ 3!&(  $( 3$1- 2!(/  $( 20&2$.'( c1 $' c2 0&'  ! "#"$ 4! $1, 3$ (%"% !,%')

.01,  ! 70,"1 $ 3$ 3<="!'0* P,/ 3!&(  $ ($20&3 2!(/  <$&($"8 $ 3$( %&('!&2$( 3$ c2
$(' %&2 1( 3!&(  <$&($"8 $ 3$( %&('!&2$( 3$ c1* A<1& .0%&' 3$ 41$ %&'$&(%0&&$ /  !

(%"% !,%') $&',$ c1 $' c2 3$4,!%' #',$ 8$!1201. . 1( ) $4)$ 3!&(  $ ($20&3 2!( 91$

3!&(  $ .,$"%$,*

 !"#$% N*O Q R%"% !,%') .!,  ! "$(1,$ 3$ 3<="!'0 !&3 ! **

S$( "$(1,$( 70&2'%0&( 31 20&'$&1 %&70,"!'%0&&$ 3<1& 20&2$.' (1%4$&' 1&$ !..,02E$

91$  <0& .$1' 91! %M$, 3$ "%-'$ I!,2/ '$,"$(K/ "#"$ (% $  $( (0&' $(($&'%$  $"$&'

$-.,$((%0&&$  $(* L  $( .0((>3$&' 20""$ %&20&4)&%$&' 3<#',$ 70,'$"$&' 3).$&3!&'$(

3$  <%&'$,.,)'!'%0& 31 30"!%&$ .!,  $1,( !1'$1,(/ $' &0& 31 30"!%&$  1% ($1 * L  $(

(0&' )C! $"$&' 70,'$"$&' 3).$&3!&'$( 3$  ! &!'1,$ 31 20,.1( $' (1,'01' 3$  ! 91! %')

3$  <! C0,%'E"$ 3$ 3)'$2'%0& 3$( '$,"$(* F%'0&( 20""$ 7,$%& D  ! 91! %') 3$ 2$''$

!..,02E$ T

Q  <E0"0&U"%$ I1& "#"$ '$,"$ .$1' 3)&0'$, . 1(%$1,( 20&2$.'(K V

Q  $( !&!.E0,$( I $ '$,"$ $(' )2,%' 1&$ 70%( "!%( 2%') %&3%,$2'$"$&' . 1(%$1,( 70%(/

.!, $-$". $ 67# -.*8,*&-( &' &(#$9 6. )7# 3. : .*K V



 !"! #$%&'()*$% +,
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%24,3), +%$ .,2$"4()($/0

 ! !" #$%&'&()*+ ,*-+&$$.')+/*+ 0*-$.12'.)-*+ 3* 3&4.)$* 5#6789

<%$ OPQ +% 7%2! ;!)% 7 %$ 48 2% &'2"=)% +)'3&'!"5 %

!

> .8%$!L-L4")% $ "7'2! 4"9L
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.,2!%*!%> +),+)% -  2 "24"7"4 ,  2 $, $L%2$%&:#% 48"24"7"4 $ 4% #8%24,3), +%> %$!
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0(%# /% /,1!("% 5 )*!.%*# -"% )6',3,0(% /(#)("0-!") )*,(# "(.%!-78 9&!2-% "(.%!-
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D ") A/% )$. "+*"/*, !>)$. 0+$ /!) &%$.+!") :0+$ &) $18,.(%) ). 0+$ &>%!,?+*%.,
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0(#.#.10%A/) &) $+ "+.,?#(%)< ). A/% !>+ &) $)!$ A/) ()*+.%7)8)!. +/9 +/.()$



 !" #$%&'()* +, -)%.'*/(0 .* &)1(1(2&'3%4'(5

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

3 *!% -!%.#!% -/ $,)%!1& .1!  )4$#!1*! )1&.)&)5!  !  !"#$  ! 5$#)&$  +1% .1 (#/6

*!%%.%  ! *+&$"/#)%+&)/1 78,!)9!# :;;<=>

?/.% */1%) $#/1% .1! /1&/,/")! O@ (/.# .1  /-+)1! D !& .1 !1 /"#/.(! G@ */--!

.1 &6.(,! A

O(D,G) =
{

C,P, I,≤C ,≤P , dom, codom, σ, L
}

/B

3 C@ P !& I %/1& #!%(!*&)5!-!1& ,!% !1%!-9,!%  ! */1*!(&%@  ! #!,+&)/1% !&  C)1%6

&+1*!% 2

3 ≤C : C×C !& ≤P : P×P %/1&  !% /# #!% (+#&)!,% %.# ,!% D)$#+#*D)!%  ! */1*!(&%

!&  ! #!,+&)/1%
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3 dom : P → C !& codom : P → (C ∪Datatypes) +%%/*)!1& E *D+F.! #!,+&)/1

%/1  /-+)1! !& %/1 */6 /-+)1! 2

3 σ : C → ℘(I) +%%/*)! E *D+F.! */1*!(& %!% )1%&+1*!% 2

3 L = {LC ∪ LP ∪ LI , termc, termp, termi} !%& ,!  )+,!*&! .&),)%$ (+# G (/.#

$5/F.!# ,!  /-+)1! D@ /B LC @ LP !& LI %/1& ,!% !1%!-9,!%  ! &!#-!% +%%/*)$%

E C@ P !& I@ /B termc : C → ℘(LC)@ termp : P → ℘(LP ) !& termi : I → ℘(LI)

%/1& ,!% G/1*&)/1% F.) +%%/*)!1& *D+F.! */1*!(&@ #!,+&)/1 !& )1%&+1*! +.H &!#-!%

.&),)%$% (/.# ,!%  $1/&!#>

 !" #$%&'()*+ &( ,$-*-*.,'/%0'*1 /-)/(,*2(00(

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

JI!-)/&)* K#/&/&'()*+,)&' L#+ )!1&@ IKLM %/1& .1 +"#$"+&  ! &#/)% */-(/%+1&!% A

N> .1! */-(/%+1&! '/(*/0'1//*44*@ G/1 $! %.# ,!% (#/(#)$&$%  !% */1*!(&% 2

:> .1! */-(/%+1&! *6(*/0'1//*44*@ G/1 $! %.# ,!% )1%&+1*!% 2

O> .1! */-(/%+1&! *6&)*00'1//*44*@ G/1 $! %.# ,!% &!#-!% +((+#+)%%+1& +. %!)1

 . */#(.%>

P! *+,*.,  ! *D+F.! */-(/%+1&! G+)& +((!, E .1! #!%%/.#*! (#/(#! E ,C.1)5!#% */"1)6

&)G  ! ,C!1 /"#/.(!@ /.  ! ,C.&),)%+&!.#@ */1%) $#$> Q)1%)@ ,! *+,*.,  ! ,+ */-(/%+1&!

)1&!1%)/11!,,! 1$*!%%)&! ,C!H)%&!1*!  ! (#/(#)$&$%  +1% ,C/1&/,/")!> P! *+,*.,  ! ,+ */-6

(/%+1&! !H&!1%)/11!,,! 1$*!%%)&! .1 !1%!-9,!  C)1%&+1*!% (#/(#!% E ,C!1 /"#/.(!@ /.

E ,C.&),)%+&!.#@ */1%) $#$> P! *+,*.,  ! ,+ */-(/%+1&! !H(#!%%)/11!,,! #!F.)!#& .1 */#6

(.%  !  /*.-!1&% R."$% #!(#$%!1&+&)G%@ (+# ,C!1 /"#/.(! /. ,C.&),)%+&!.#@  .  /-+)1!

 ! */11+)%%+1*! -/ $,)%$!  +1% ,C/1&/,/")!>

S1! +.&#! #!%%/.#*! (#/(#! E ,C.1)5!#% */"1)&)G  ! ,C!1 /"#/.(!@ /.  ! ,C.&),)%+&!.#@

(!.& 0&#! .&),)%$! A ,+ (/1 $#+&)/1  !% ,)!1% !1&#! (#/(#)$&$% !& */1*!(&%> T!% (/) % !H6

(#)-!1&@ (/.# *D+F.! */1*!(& !& *D+F.! (#/(#)$&$@ ,C)-(/#&+1*!  C.1! (#/(#)$&$  +1%

 ! c1 ≤
C c2 "#$%#&' ()' *' +,%+'-. c2 ")/")0' *' +,%+'-. c1!
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- .()/ *0!1)+ ,/(,/&#'#2 '()3  +3 *(%*+,'3 1)&  ! ,!/'!4+%'

3(%' (/"(%%#3 "!%3  5&%'+/6!  + 7829:- .!/ +;+<, +2 ,()/  ! ,/(,/&#'#  !"#$%! $&'$%2

 + *(%*+,' (%&)*+' ,*)'-&)./$' ,+)' ='/+ , !*# +% ,/+<&+/ >,/(*0+ "+ 9?2  + *(%*+,'

(%&)*+' 0' "%',,' ,+)' ='/+ , !*# !,/@3 3+ (% )% (/"/+ "#$%& >,!/*+ 1)5!6(&/ )% !)A

'+)/ +3' )%+ ,/(,/&#'# )% ,+) <(&%3 &<,(/'!%'+ "!%3  ! "#$%&'&(% "5)% !/'&* + "+

,/+33+?2 +'  + *(%*+,' 1#&)*' 02$&)+), &)#- ,+)' ='/+ , !*# ,/@3 "+ 8 >&<,(/'!%*+ "+

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

B()'+3 *+3 /+33()/*+3 >&%3'!%*+32 *(/,)32 ,/(,/&#'#3 +' ,(&"3 "+3 ,/(,/&#'#3? %+ 3(%'

,!3 '()C()/3 "&3,(%&D +3 +% ,/!'&1)+2 <!&3  ! <#'0("+ 1)+ %()3 ,/(,(3(%3 ,()/

*! *) +/ *+3 4/!"&+%'3 "+ ,/('('E,&*! &'# "+<+)/+ 6! &"+ 1)+ 1)+ 3(&'  + 'E,+ "+ /+3A

3()/*+3 "&3,(%&D +3- .!/ +;+<, +2 35& %5E ! !)*)%+ &%3'!%*+2 3+) +3  +3 *(<,(3!%'+3

&%'+%3&(%%+  +3 +' +;,/+33&(%%+  +3 ,+)6+%' ='/+ *! *) #+3- F+ <=<+2 3&  5(%'( (4&+ +3'

 ! 3+) + /+33()/*+ "&3,(%&D +2 3!%3 !)*)%+ &%3'!%*+2 !)*)%+ ,(%"#/!'&(% 3)/  +3 ,/(A

,/&#'#3 %& !)*)% *(/,)32 3+) +  ! *(<,(3!%'+ &%'+%3&(%%+  + +3' *! *) #+ !6+* '()'+3

 +3 ,(%"#/!'&(%3 3)/ ,/(,/&#'#3 #4! +3 G 9-

H+ <("@ + ,+/<+' #4! +<+%' "+ ,(%"#/+/ *0!1)+ *(<,(3!%'+ "+3 spg ,()/ ,/+%"/+

+% *(<,'+  5&<,(/'!%*+ "+3 !3,+*'3 &%'+%3&(%%+ 2 +;'+%3&(%%+ +'I() +;,/+33&(%%+ 

"!%3  ! *(%*+,')! &3!'&(% ") "(<!&%+2 !) <(E+% "+3 *((/"(%%#+3 *(4%&'&6+3 /+3A

,+*'&6+3 α2 β +' γ "#$%&+3 "!%3  + *0!,&'/+ ,/#*#"+%'- H+''+ <(") !'&(% +3' *(%"&A

'&(%%#+ ,!/  + "(<!&%+2 <!&3 !)33& ,!/  ! %!')/+ "+  5+%"(4/(),+ >() "+  5&%"&6&")?

+'  + *(%'+;'+ !,, &*!'&J- .!/ +;+<, +2 "!%3  + "(<!&%+ "+3 <!'0#<!'&1)+32  5!3A

,+*' &%'+%3&(%%+ ,/#6!)'- F!%3  + "(<!&%+ "+  ! K(( (4&+2 )% +;,+/' *(%3'/)&' 3!

*(%*+,')! &3!'&(% 3)/  +3 ,/(,/&#'#3 D&( (4&1)+3 > 5!3,+*' &%'+%3&(%%+ ,/#6!)'?2 <!&3

 ! <!C+)/+ ,!/'&+ "+3 &%"&6&")3 )'& &3+%' 0!D&')+  +<+%' )%+ *(%*+,')! &3!'&(% +;A

'+%3&(%%+  +2 J(%"#+ 3)/  +3 !%&<!); /+%*(%'/#3 "!%3  +)/ )%&6+/3-

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

L5(DC+*'&J ") 4/!"&+%' "+ ,/('('E,&*! &'# *(%*+,')+  + +3' "+ <+3)/+/  ! 'E,&*! &'#

"5)% 3()3A*(%*+,' ,!/ /!,,(/' G )% *(%*+,' "(%%#- H+ 4/!"&+%' +3' "#$%& 3)/  +3

 &+%3 0&#/!/*0&1)+3 ≤C
/+ &!%' "+); *(%*+,'3 cp +' cf !6+* cp 3)/A*(%*+,' "+ cf - M 

,+/<+' "5#6! )+/  + J!&' 1)5!) 3+&% "5)%+ "+3*+%"!%*+ "5)% *(%*+,' "(%%#2 *+/'!&%3

3()3A*(%*+,'3 3(%' , )3 ,/('('E,&1)+3 "+  +)/ ,@/+ 1)+ "5!)'/+3-

 !"!" ,-./*)*0/ 1-/-234'

N(/<+  +<+%'2 %()3 "#$%&33(%3  + 4/!"&+%' "+ ,/('('E,&*! &'# *(%*+,')+  + *(<<+

)%+ J(%*'&(% spg : C × C → [0, 1] 1)&2 G '()' *(), + "+ *(%*+,'3 (cf , cp) ∈ C × C '+ 

1)+ cf ≤
C cp !33(*&+  ! 6! +)/ O

 ! "#$%&'$(% )*+,-.'% /'$0'1+ 2+(' '10&%34*'% /-$( *+35#&( .' +'##'% /-1.*(3+&-1%! 63 +78,' /'$+

%-&+ 2+(' 8-19*' : #;&14*1&'$( .'% 8-113&%%318'%< %-&+ (*/3(+&' %$( /#$%&'$(% '=/'(+% .$ .-)3&1' '+

('/(*%'1+3+&>% .' #;'1.-4(-$/' 8-1%&.*(*!
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spg(cf , cp) = α ∗ intension(cf , cp) + β ∗ extension(cf , cp) + γ ∗ expression(cf , cp)

 !" #$%&'($%" intension) extension !' expression "$%' *!"+!&'(,!-!%' ./'0(11/!" !%

"!&'($% 23435) 23436 !' 234373

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

 0 &$-+$"0%'! (%'!%"($%%!11! .! spg -!"8*! 10 '9+(&01('/ .:8% &$%&!+' cf +0*

*0++$*' ; "$% "8*<&$%&!+' cp !% &$-+0*0%' 1!" +*$+*(/'/" =8( 1!8* "$%' *0''0&>/!"3

?1 !"' +$""(@1! .! &01&81!* 10 &$-+$"0%'! (%'!%"($%%!11! &$--! 8% *0++$*' !%'*! 1!

%$-@*! .! +*$+*(/'/" 0A$8'/!" +0* 1! &$%&!+' B1" !' 1! %$-@*! .! +*$+*(/'/" '$'01!"

.8 B1" CD(-/ 4EEF0G H 8% &$%&!+' !"' 0(%"( .:08'0%' +18" *!+*/"!%'0'(# .! "$% +I*!

=8:(1 0A$8'! -$(%" .! +*$+*(/'/" ; "$% (%'!%"($%3

 0 -/'>$.! .! &01&81 8'(1("/! (&( ":(%"+(*! .! CD8 J!8%K 4EE2G !' ":0++8(! "8* 10

*!+*/"!%'0'($% .!" &$%&!+'" +0* .!" ,!&'!8*" .0%" 1:!"+0&! .!" +*$+*(/'/" .! 1:$%'$<

1$K(!3  ! +*(%&(+! &$%"("'! ; &01&81!* .0%" &!' !"+0&! 8% ,!&'!8* +*$'$'9+! .8 &$%&!+'

+I*! cp3  0 +*$'$'9+(&01('/ .8 &$%&!+' B1" cf !"' 8%! .("'0%&! !%'*! 1! ,!&'!8* *!+*/<

"!%'0%' cf !' 1! ,!&'!8* +*$'$'9+! .8 +I*! cp3 L!+!%.0%') CD8 J!8%K 4EE2G 8'(1("!

.!" ,!&'!8*" .! ,01!8*" .! ,/*('/ M$8!" &$--! &$$*.$%%/!") 01$*" =8! %$" &$$*.$%<

%/!" "$%' .!" ,01!8*" -!"8*0%' 1:(-+$*'0%&! .! 10 +*$+*(/'/ .0%" 10 ./B%('($% .8

&$%&!+'3 N0* !O!-+1!) 10 +*$+*(/'/  !"# $%##!& !"' +18" (-+$*'0%'! .0%" 10 ./B%('($%

.8 &$%&!+' '()(&* =8! .0%" &!11! .8 &$%&!+' +,-%)3 P$*-!11!-!%') ; '$8' &$%&!+'

c ∈ C) !"' 0""$&(/ 1! ,!&'!8* &0*0&'/*("'(=8!
→
vc= (vc1, vc2, ..., vcn) 0,!& n = |P| !'

vci ∈ [0, 1], ∀i ∈ [1, n]3 vci !"' 10 +$%./*0'($% BO/! +0* 1:8'(1("0'!8* +$8* 1! &$%&!+'

c +0* *0++$*' ; 10 +*$+*(/'/ i Qvci ,08' R "( 1:8'(1("0'!8* %:0 +0" BO/ &!" +$%./*0'($%"S3

 ! ,!&'!8* +*$'$'9+! .:8% &$%&!+' cp 0 /'/ $*(K(%!11!-!%' (%'*$.8(' .0%" CD8 J!8%K 4EE2G

&$--! 8%! -$9!%%! .!" ,!&'!8*" .!" &$%&!+'" B1" .! cp3 L!+!%.0%') CD8 J!8%K 4EE2G

%! +*!%. !% &$-+'! .0%" 10 -$9!%%! =8! 1!" &$%&!+'" =8( >/*('!%' .(*!&'!-!%' .!

cp) 01$*" =8! %$8" /'!%.$%" 1! &01&81 ; '$8" 1!" &$%&!+'" .! 10 .!"&!%.0%&!3 T% !U!')

.!" +*$+*(/'/" =8( 0++0*0(""!%' 8%(=8!-!%' "8* .!" .!"&!%.0%'" (%.(*!&'" .8 &$%&!+'

+I*! +!8,!%' +$8*'0%' 0++0*0V'*! .0%" 1! +*$'$'9+! .! cp) !% +0*'(&81(!* "( 1:0"+!&'

(%'!%"($%%!1 !"' (-+$*'0%'3 N0* !O!-+1!) .0%" 1! &0" .8 &$%&!+' ./!&./!"&) 1! #0('

.:0,$(* 8%! @1$8"! @10%&>! %:!"' +0" 8%! +*$+*(/'/ .8 &$%&!+') -0(" +!8' '*I" @(!%

0++0*0V'*! .0%" 1! +*$'$'9+! .8 &$%&!+'3  ! ,!&'!8* +*$'$'9+! pcp !"' .$%& 8% ,!&<

'!8* .0%" 1:!"+0&! .!" +*$+*(/'/") $W 1:(-+$*'0%&! .! 10 +*$+*(/'/ i !"' 10 -$9!%%!

.!" (-+$*'0%&!" .!" +*$+*(/'/" .!" &$%&!+'" .! 10 .!"&!%.0%&! .! cp +$""/.0%' i3

X$8" ./B%(""$%" 1! ,!&'!8* +*$'$'9+! .:8% &$%&!+' c &$--! "8(' H

→
pcp=

1
∑

s∈S λ(s)

∑

s∈S

λ(s)
→
vs

YW H
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 λ(s) !"# $%&' (
depthtree(cp)−depth(s)+1

depthtree(cp)
 !"# $

% depthtree(cp)& ' ()*+*,-".) -" ' /01) )#/0" -" #*,#"(23  4 ,2 (*.) ) #0,"

'" #*,#"(2 cp 5

% depth(s)& ' ()*+*,-".) -. #*,#"(2 s - ,3 ' /01) )#/0" -" #*,#"(23  4 ,2

(*.) ) #0," '" #*,#"(2 cp6

% S& '7",3"89'" -"3 #*,#"(23 -" ' -"3#",- ,#" -. #*,#"(2 cp6

:7*9;"#20+ -. #*"<#0",2 λ(s) =(*.) ., #*,#"(2 s> "32 -" ?)"' 20!03")@ '"3 ()*()01213

A.0 3*,2 /01) )#/0A."8",2 -032 ,2"3 -. #*,#"(2 c6 : #*8(*3 ,2" 0,2",30*,,"''" "32

-*,# $

intension(cf , cp) = 1− d(
→
vcf ,

→
pcp)

BC d "32 ' -032 ,#" ".#'0-0",," .3."''" ,*)81" - ,3 '7"3( #" -"3 ()*()012136 D'.3 ' 

! '".) -" #"22" +*,#20*, "32 ()*#/" -" E& ('.3 '" #*,#"(2 cf "32  !" #$!%&'&() * &+"(,-!

-. #*,#"(2 cp -7., (*0,2 -" !." (.)"8",2 0,2",30*,,"'6

 !"!# $%&'%()*+, ,-'.,((/%**,00,

: #*8(*3 ,2" "F()"330*,,"''" -" spg 8"3.)" ' )"()13",2 20!021 -7., #*,#"(2

cf ( ) ) ((*)2 G 3*, #*,#"(2 (H)" cp ", #*8( ) ,2 '".)3 "F()"330*,36 I," ()"80H)"

8"3.)" -" '7"F()"330*, -7., #*,#"(2 "32 -1J,0" ( ) '" ,*89)" -" 2")8"3 A.0 '"

-130K,",2 $ ('.3 '" ,*89)" -" 2")8"3 -130K, ,2 ., #*,#"(2 "32 K) ,-& ('.3 #" #*,#"(2

*##.(" -" (' #" - ,3 '7.,0!")3 #*K,020+ -" '7.20'03 2".)6 D ) "F"8('"& '" #*,#"(2

./!0'1& A.0 (*33H-" -" ,*89)".F 2")8"3 (*.) '" -1,*2") =#/"! '& 9*.))0,& # , 33*,&

- - & -"32)0")>& "32 ('.3 ()*2*24(0A." -. #*,#"(2 2%(3'1 A." '" #*,#"(2 4'&5%6

1'0!- & A.0 ,7 A.7., 3".' 2")8" '" -1,*2 ,26 L"22" ()"80H)" "3208 20*, "32 -*,,1"

( ) '" ) ((*)2 ",2)" '" ,*89)" -" 2")8"3 -1,*2 ,2 cf "2 '" ,*89)" 8 F08.8 -"

2")8"3 -1,*2 ,2 '"3 J'3 -0)"#23 -" cp6 M*.3 ' -1J,033*,3 #*88" 3.02 $

expressionOVD(cf , cp) =
|termc(cf )|

max
ci≤

Ccp,∄cj ,ci≤
Ccj≤

Ccp

(|termc(ci)|)

N0 '" #*,#"(2 ./!0'1 "32 #"'.0 A.0 (*33H-" '" ('.3 -" 2")8"3 = . ,*89)" -" #0,A> (*.)

'" -1,*2") ( )80 '7",3"89'" -"3 #*,#"(23OJ'3 -. #*,#"(2&  '*)3 expressionOVD(raton, animal) =

1/5 = 0, 2 "2 expressionOV D(cheval, animal) = 5/5 = 16

P 03 #"22" 1! '. 20*, )"(*3" 3.) '"3 2")8"3 JF13 - ,3 '7BQR& "''" "32 -*,# ' 8S8"

(*.) 2*.3 '"3 .20'03 2".)36 N0 ., 0,-0!0-. +*.),02 ., #*)(.3 )1!1' 2".) -" 3*, .,0O

!")3 #*K,020+& 0' "32  '*)3 (*3309'" -" '7.20'03") (*.) (")3*,, '03") '" # '#.' -" #"22"

#*8(*3 ,2" "F()"330*,,"''" 3"'*, '" ()0,#0(" 3.0! ,26 D'.3 '"3 2")8"3 -1,*2 ,2 cf &

"2 3"3 -"3#",- ,23& 3*,2 ()13",23 - ,3 #" #*)(.3& ('.3 cf "32 "F()081 - ,3 '7.,0!")3

#*K,020+ -" '7.20'03 2".)& "2 -*,# ('.3 0' "32 ()*2*24(0A." -" cp6 : ()1K, ,#" -7.,

#*,#"(2 - ,3 '" #*)(.3 -1(",- -H3 '*)3 -. ,*89)" -7*##.))",#"3 -"3 2")8"3 -1,*O

2 ,2 '" #*,#"(2 "2 -" #".F -1,*2 ,2 3 -"3#",- ,#"& ) ((*)21  . ,*89)" 2*2 ' -"



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

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

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

(2 !--!$ 1))1"10$$!, * 31" !4!#)-!5 &,! (''&""!,'! 1))1"10$$1, %1,$ &,  0 "! (&

%1,$ &,! -0$ ! %! #( $6'-.$ 1 )-&$ %! )(0%$ 7&8&,! (''&""!,'! $0 &.! 9 -80, ."0!&"

%8&, )1"1:"1);!* <! #=#! )(&" -1 ,1 &"! %& %('&#!, > &,  !"#! 1))1"10$$1, 

%1,$ &, %('&#!, '1)0 1- )(&" -8!,%(:"(&)!5 (& )(&" -80,%0?0%&5 )($$@%! &,! )(,6

%."1 0(, )-&$ .-!?.! 7&! $80- !$ )".$!, %1,$ &, A(&",1- %! )! 0 !$ 1,,(,'!$* B(##!

0--&$ "1 0(,5 )"!,(,$ '(##! %('&#!, $ %1,$ -! '(")&$ > &, '(%!45 %!$ !4!#)-10"!$

%! -1 "!?&!  !"#$% ! %& 7&( 0%0!, &'"$( %! )(0%$ "!$)!' 0/$ CD5 E ! C* 3"!,(,$

!,$&0 ! -!$ )(,%."1 0(,$ -0.!$ 9 -1 $ "&' &"! > ")"$% F GD5 $'*#+' F H ! ,($-* .% "%/"%

F G* +! ,(#I"! %8(''&""!,'!$ )(,%.".!$ %& #( ,0%1!2 )".$!, $ %1,$ &, '(%!45 9

"10$(, %! $!) /(0$ %1,$ %!$  0 "!$5  "(0$ /(0$ %1,$ %!$ ".$&#.$ ! JK /(0$ %1,$ -!$

'(")$ %!  !4 !5 !$ %! 20 ∗ (10 ∗ 7 + 5 ∗ 3 + 1 ∗ 76) = 3220 (''&""!,'!$*

L(&$ ?(&-(,$ .:1-!#!,  !,0" '(#) ! %1,$ -! '1-'&- %! -1 )".:,1,'! %& ,(#I"!

%! %('&#!, $ %1,$ -!$7&!-$ -!$ (''&""!,'!$ 1))1"10$$!, 5 '1" &,  !"#! 7&0 1))1"1M 

$(&?!, #10$ %1,$ &, ,(#I"!  "@$ "!$ "!0, %! %('&#!, $ %(0 1?(0" &,! )".:,1,'!

#(0,$ .-!?.! 7&8&,  !"#! )".$!, )!& %! /(0$ %1,$ ';17&! %('&#!, #10$ %! /1N(,

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

pregnancet : LC → [0, 1] %(,,1, -1 )".:,1,'! %8&,  !"#! '(##! $&0 >

pregnancet(t) =
countocc(t)

Nocc
∗ countdoc(t)

Ndoc

(2 countocc(t) !$ -! ,(#I"! %8(''&""!,'!$ )(,%.".!$ %! t %1,$ -!$ %('&#!, $ %&

'(")&$5 countdoc(t) !$ -! ,(#I"! %! %('&#!, $ %& '(")&$ (2 " 1))1"1M 5 Nocc !$ 

-1 $(##! %!  (&$ -!$ ,(#I"!$ %8(''&""!,'!$ )(,%.".!$ %!  (&$ -!$  !"#!$ '(, !,&$

%1,$ -! '(")&$ ! Ndoc !$ -! ,(#I"!  ( 1- %! %('&#!, $ %& '(")&$*

P 5 -1 /(,' 0(, pregnancec %.O,0! $&" C ! %(,,1, -1 )".:,1,'! %8&, '(,'!) !$ 

%.O,0! '(##! $&0 >

pregnancec(c) =
∑

t∈Sterm(c)

pregnancet(t)

(2 Sterm(c) =
(

⋃

ci≤Cc

termc(ci)
)

⋃

termc(c)

L(&$ %.O,0$$(,$ -1 '(#)($1, ! !4)"!$$0(,,!--! )1" >

expression(cf , cp) = expressionOVD(cf , cp)×
pregnancec(cf )
pregnancec(cp)

(& I0!, )1" expression(cf , cp) = expressionOVD(cf , cp) $0 1&'&, '(")&$ ,8!$ /(&",0

)1" -8& 0-0$1 !&"*

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

+1 '(#)($1, ! !4 !,$0(,,!--! %& spg #!$&"! -1  Q)0'1-0 . %8&, '(,'!) cf )1"

"1))(" 9 $(, '(,'!) )@"! cp !, .?1-&1, -1 )-1'! "!-1 0?! (''&).! )1" -!$ 0,$ 1,'!$



 !"! #$%&'()* &( +$,*,*-+'.%/'*0 /(1'.%/( 234

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

(!,$  ! )*!+&!$(,#$  ! cp/ %)0( cf !(& %2#&#&3%,40!  ! cp- 5'2 !+!1%)!/ 0$ ,$ ,6, 0

40, %#((7 ! 0$!  #08',$!  ! "9'&( !& 0$ %#,((#$ 2#0:! &2#06! "! ;<),$ %)0( %2#&#&3=

%,40!  0 "#$"!%&  !"#$% &'#()*"+,( 40! (#$ %#,((#$ 2#0:!-

>*<6')0'&,#$  ! "!&&! "#1%#('$&! $<"!((,&! 40! )!( "#$"!%&( "#$(, <2<( %#((7 !$&  !(

,$(&'$"!(/  <?$,!( %'2 )*0&,),('&!02 !& 2!%2<(!$&'&,6!(  ! (#$ 0$,6!2( "#:$,&,;- 5#02

)! "')"0)/ &#0&!( )!( ,$(&'$"!(  !( "#$"!%&( (#$& %2,(!( !$ "#1%&!/ "!))!(  ! )*@AB !&

"!))!( 'C#0&<!( %'2 )*0&,),('&!02- B! %)0(/ #$ 0&,),(! 0$! ;#21! )#:'2,&91,40!/ %#02

#D&!$,2 0$ "#1%#2&!1!$&  ! )' "#1%#('$&! 1#,$( ),$<',2! E)!( %2#&#&3%,"'),&<(  !(

"#$"!%&( '3'$& &27( %!0  *,$(&'$"!( $! (#$& %'( &2#% %2#"9!(  ! FG- >' "#1%#('$&!

!+&!$(,#$$!))! !(& ',$(,  #$$<! %'2 H

extension(cf , cp) =
1

1/

(

1−log
( |σ(cf )|
|σ(cp)|

)

)

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

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

>! :2' ,!$&  ! %2#&#&3%,"'),&< )!+,"')! E>!+,"') 52#&#&3%,"'),&3 I2' ,!$&/ >5IG

<6')0!/ %#02 0$ "#$"!%&  #$$< !& 0$ &!21! )!  <$#&'$&/ )' 2!%2<(!$&'&,6,&<  ! "!

&!21!  '$( )*0$,6!2( "#:$,&,;  ! )*!$ #:2#0%! %#02 )!40!) #$ 6!0& ' '%&!2 )*#$&#)#:,!-

5'2 !+!1%)!/ '0 (!,$  *0$! #$&#)#:,!  !  #1',$!  ! )' "9,1,! ,$#2:'$,40!/ )! "#$"!%&

 *.", ! "9)#293 2,40! %!0& J&2!  <$#&< %'2 )!( &!21!(  -"&( -.%'/.0&/"+,(/ 12%/

H3O
+Cl−/ !& 34567896:;- K#0( "!( &!21!( (#$& (3$#$31!( !&  <$#&!$& )! 1J1!

"#$"!%&  *'", ! "9)#293 2,40!- L!%!$ '$&/ 0$ "9,1,(&! ' %)0( &!$ '$"! M 0&,),(!2 )!(

&!21!( 12%/ !& H3O
+Cl− 40! )!( '0&2!( &!21!(- N$ "#$(0)&'$& !$ 2,(40! "9,1,40!

(! (!2&  '6'$&':!  !( &!21!(  -"&( -.%'/.0&/"+,( !& 34567896:;- 5#02 "9'"0$  ! "!(

,$ ,6, 0(/ "9'40! &!21! %#((7 !  #$" 0$! 6')!02  ! 2!%2<(!$&'&,6,&<  ,O<2!$&!  0

1J1! "#$"!%&  '$( (#$ 0$,6!2( "#:$,&,;-

 !"!, -.*/(*0'

>! "')"0)  0 >5I 2!%#(! (02 )*0&,),('&,#$  *0$ "#2%0( C0:< 2!%2<(!$&'&,; %'2 )*!$=

 #:2#0%! !$ 40!(&,#$- >! %2,$",%!  0 "')"0) !(& 40! %)0( )! 2'%%#2& !$&2! )! $#1D2!

 *'%%'2,&,#$(  0 &!21! !& )! $#1D2!  *'%%'2,&,#$(  ! )*!$(!1D)!  !( &!21!( 0&,),(<(

%#02  <$#&!2 )! "#$"!%& !(& %2#"9!  ! P/ %)0( "! &!21! !(& %2#&#&3%,40!/ '0 (!$(

)!+,"')/  0 "#$"!%&- >!( #""022!$"!(  !( &!21!( (#$& %#$ <2<!( (!)#$ )' %)'"! 40*,)(

#""0%!$&  '$( )!(  #"01!$&(/ !& (!)#$ )!( &3%!(  !  #"01!$&(  '$( )!(40!)( ,)( '%=

%'2',((!$&- .,$(,/ (0,6'$&  !( "#$6!$&,#$( ?+<!( '0 (!,$  ! )*!$ #:2#0%!/ 0$ &!21!

%2<(!$&  '$( 0$ &,&2!  !  #"01!$& %!0& J&2! %#$ <2<  ! 1'$,72! %)0( ,1%#2&'$&!

40! (*,) !(& %2<(!$&  '$( 0$ 2<(01< #0  '$( )! "#2%(  *0$ &!+&!- Q) !$ !(&  ! 1J1!/ !&

(0,6'$&  *'0&2!( "#$6!$&,#$(/ %#02 )!( &!21!( (! &2#06'$&  '$(  !(  #"01!$&( ;#$ '=

&!02( #0  ! :2'$ ! ,1%#2&'$"! %#02 )*!$ #:2#0%! "#$(, <2< E&!+&!( 2<:)!1!$&',2!(



 !" #$%&'()* +, -)%.'*/(0 .* &)1(1(2&'3%4'(5

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

0(-"!/) 3!")40&#, +# 5(-"/!-$  !" #$#% &#'6 7#,  (/+8"!)4(/, +(4.#/) 9)"# :$8#,  !"

&1#/+(2"(- # (-  !" &14/28/4#-" +#, 0(//!4,,!/0#, #/ ;(/0)4(/ +#,  "4("4)8, :$8#,  !"

&1#/+(2"(- #6

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

<# 2"!+4#/) +#  "()()= 40!&4)8 &#$40!&# lpg : LC ×C → [0, 1]> #,) +8:/4  (-" )(-)

0(- &# (t, c)> (? t +8/()# &# 0(/0# ) c>  !" @

lpg(t, c) = 1

1−log

(

pregnancet(t)∑

m∈termc(c)
pregnancet(m)

)

<!  "82/!/0# pregnancet : LC → [0, 1] +1-/ )#"%# t +!/, -/ 0(" -, #,) %#,-"8#

 !" @

pregnancet(t) =
countocc(t)

Nocc
∗ countdoc(t)

Ndoc

(? countocc(l) #,) &# /(%A"#  (/+8"8 +1(00-""#/0#, +# t +!/, &#, +(0-%#/), +-

0(" -,> countdoc(t) &# /(%A"# +# +(0-%#/), (? t !  !"!B)> Nocc &! ,(%%# +# )(-)#,

&#, (00-""#/0#,  (/+8"8#, +# &1#/,#%A&# +#, )#"%#, +- 0(" -, #) Ndoc &# /(%A"# +#

+(0-%#/), +- 0(" -,6

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

 !*!+ ,-./0('1

<# 2"!+4#/) +#  "()()= 40!&4)8 #$)#/,4(//#&&# 3C/,)!/0# D"()()= 40!&4)= E"!+4#/)>

CDE' 8.!&-#>  (-" -/ 0(/0# ) +(//8 #) -/# +# ,#, 4/,)!/0#,> &! "# "8,#/)!)4.4)8 +#

0#))# 4/,)!/0# +!/, &1-/4.#", 0(2/4)4; +- 2"(- # +1-)4&4,!)#-",  (-" &#F-#& (/ ,(-G

H!4)# !+! )#" &1(/)(&(24#6 7(%%#  (-" &#, )#"%#,> &#, 4/,)!/0#, +# 0(/0# )  #-.#/)

9)"#  &-, (- %(4/, "# "8,#/)!)4.#, +1-/ 0(/0# ) +(//86 D!" #$#% &#> )(-, &#, 0H!),

,(/) 4/,)!/0#, +- 0(/0# )  !"#> %!4, -/#  #",(//# F-4 8&I.# -/ 0H!) 0(/,4+I"# ,(/

0H!) 0(%%# 8)!/)  &-, "# "8,#/)!)4; +# 0# 0(/0# ) F-# &#, !-)"#, 0H!), 3 "4/04 # +#

;!%4&4!"4)8

 

'6

 !*!2 34'&0'5/

<# 0!&0-& +- 2"!+4#/) +#  "()()= 40!&4)8 #$)#/,4(//#&&#  #-) 9)"# "8!&4,8 #/ ,#

;(/+!/) -/4F-#%#/) ,-" -/ 0(" -,> 0(%%#  (-" &# <DE6 <! ;(/0)4(/ pregnancei>

,4%4&!4"# * pregnancet> 8.!&-# &!  "82/!/0# +1-/# 4/,)!/0# i  !" &# "!)4( #/)"# &#

/(%A"# +1(00-""#/0#,  (/+8"8#, +1-/ )#"%# +8/()!/) &14/,)!/0# i #) &# /(%A"# +1(0G

0-""#/0#,  (/+8"8#, +# )(-, &#, )#"%#, -)4&4,8, +!/, &# 0(" -,> #/ )#/!/) 0(% )# +#

&! /!)-"# #) +# &! ,)"-0)-"# +#, +(0-%#/),6

 ! "# $%&'()*)+,- %)',.*-/ %-*)# 01-2%'(-,3 45567/ '- 89, -%: ;.<,*,-2 -%: ')##9/ $2=3,':,>*-/ ?@=/

$-9:AB:2- %-<>*.>*- C #)9%A<B<-% -: *,= C #):2- 9#,D-2% ')+#,:,; 3- #):2- -#3)+2)9$-!



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

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

 ! "#$%&!'( %! )#*(*(+)&,$-&(. !/(!'0&*''!--! ipg : I ×C → [0, 1]1 !0( %.2'& )*3#

(*3( ,*3)-! (i, c) *4 i !0( 3'! &'0($',! %3 ,*',!)( c )$# 5

ipg(i, c) = 1

1−log

(

pregnancei(i)∑

j∈termi(σ(c))
pregnancei(j)

)

 $ )#."'$',! pregnancei(t) : LI → [0, 1] %63' (!#7! t %$'0 3' ,*#)30 !0( %.2'&!

,*77! 03&( 5

pregnancei(t) =
countocc(t)

Nocc
∗ countdoc(t)

Ndoc

*4 countocc(t) !0( -! '*78#! )*'%.#. %6*,,3##!',!0 %! t %$'0 -!0 %*,37!'(0 %3

,*#)301 countdoc(t) -! '*78#! %! %*,37!'(0 *4 t $))$#$9(1 Nocc -$ 0*77! %! (*3(!0

-!0 *,,3##!',!0 )*'%.#.!0 %! -6!'0!78-! %!0 (!#7!0 %3 ,*#)30 !( Ndoc -! '*78#! %!

%*,37!'(0 %3 ,*#)30:

 !" #$%&'(%)

;*30 &--30(#*'0 -! ,$-,3- %!0 %&<.#!'(0 "#$%&!'(0 03# 3'! =&.#$#,=&! %! ,&'>

,*',!)(0 ? !" 2"3#! @:AB 5

C #$%&'() *()+&'()1 %.'*(. )$# -!0 (!#7!0 +$%&'() *()+&'() !( (),,-.( ) /$%.0

()11) D

C 2-&,1 %.'*(. )$# -!0 (!#7!0 3-&, !( %&,,. 4565%$11 $E!, ,*77! )#*)#&.(.0 ),%

&,-1$/% !( ),% (5,&,%$/% !( ),% 7.($31) D

C 8$*&/1 %.'*(. )$# -!0 (!#7!0 ,$*&/ !( *&/1 $E!, ,*77! )#*)#&.(.0 *(-7.&% 7)

1$ (5,&/) D

C 9:;/)1 %.'*(. )$# -! (!#7!0  :;/)1 $E!, ,*77! )#*)#&.(. *).% ,)(4&( < 1$

!$3(& $%&-/ 7) %-//)$.=:

 !"#$% @:A C F&.#$#,=&! %! ,*',!)(0:

 !0 "#$%&!'(0 0*'( ,$-,3-.0 03# 3' ,*#)30 2,(&G >3& ,*7)*#(! HI JK@ %*,37!'(0 !( A

J@L MNH (!#7!0:

 !+!, -*./*01')2 (')2'0(*''2332 45 0/6

 ! ,$-,3- %! -$ ,*7)*0$'(! &'(!'0&*''!--! #!E&!'( O .E$-3!# 3'! %&0($',! !'(#!

3' ,*',!)( !( -! )#*(*(+)! %63' $3(#! ,*',!)(:  $ )#!7&P#! .($)! ,*'0&0(! %*',



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

 !"#!$#%& #%' !((&)(**+%' )% !,"-$% .&(/(/0.%1 2($& !% 3"4&%5 *($' *($' &+3+&(*'

"$6 !((&)(**+%' )% !,"-$% !(*!%./ )"*' #7%'."!% )%' .&(.&4+/+' 8 !" /"9#%"$ :1;<5

!((&)(**+%' &%=+/"*/ #74>.(&/"*!% )% !,"-$% .&(.&4+/+ )"*' #" )+?*4/4(* )$ !(*!%./

.($& $* $/4#4'"/%$& )(**+1

#$%&" '  &( )*%+, -.( /0(*1$. &$./*1$. )%*2 20&*3  -43.

.2( )*%+,5$0+0)6. @5A @ @5: @5: @5;

2%7$ . ,3.$5*. @ @5B @5A @5C @5D

&$%+7*(2 83*2 @ @5: @5B @5C @5A

*2%603( @ @ @5A @5A @5E

$,2*2(03( @ @ @5C @5F @5B

+7$0)6. @ @ @5E @5G @5A

&$%+7*( $,2*3. @ @ @ @5C @

2.$( (%33.079 @ @ @ @ @5B

 !"#$ :1; H I4'/% )%' .&(.&4+/+' %/ .(*)+&"/4(*'1

J,"-$% !(*!%./ ,+&4/% )%' .&(.&4+/+' )% '%' '$&K!(*!%./' "$6-$%##%' '(*/ "L($/+%' '%'

.&(.&%' .&(.&4+/+'1 M* .(4)' %'/ "''(!4+  !,"-$% .&(.&4+/+ .($& !,"-$% !(*!%./1 2"&

%6%>.#%5 #" .(*)+&"/4(* )% #" .&(.&4+/+ .2( )*%+,5$0+0)6. %'/ )% @5A .($& #% !(*!%./

)*%+, -.( 8!7%'/ $*% .&(.&4+/+ 3(*)">%*/"#% .($& #" )+?*4/4(* )% !% !(*!%./<5 %/ )%

@5; .($& #% !(*!%./ :-43. 8.#$/N/ "''4>4#+  -$%#-$% !,('% )% )$&"9#%<1

O /4/&% )74##$'/&"/4(*5 *($' )+/"4##(*' #% !"#!$# )$ P%!/%$& .&(/(/0.% )$ !(*!%./

;*%+, -.(5  ."&/4& )% /($' #%' !(*!%./' )% '" )%'!%*)"*!% 8*"." )%' !(*!%./' ;%*25

<0&*3 %/ :-43.<1 2($& #" .&(.&4+/+ .2( )*%+,5$0+0)6.5 #" !((&)(**+% )$ P%!/%$& .&(K

/(/0.% %'/ +Q"#%  #" '(>>% )% R

3−1+1
3 ∗ 0, 9  ."&/4& )% ;*%+, -.(

%/

3−2+1
3 ∗ 0, 6  ."&/4& )% ;%*2

%/

3−3+1
3 ∗ 0, 6 + 3−3+1

3 ∗ 0, 1  ."&/4& )% <0&*3 %/ :-43.

S/ #% .&()$4/ )% #" '(>>% )% /($/%' !%' +#+>%*/' ."& R

1
3−1+1

3
+ 3−2+1

3
+ 3−3+1

3
+ 3−3+1

3

1

I" !((&)(**+% )$ P%!/%$& .&(/(/0.% '$4P"*/ #" )4>%*'4(* .2( )*%+,5$0+0)6. %'/ )%

0.661 T #" ?* )$ .&(!%''$'5 *($' (9/%*(*' #% P%!/%$& .&(/(/0.% '$4P"*/ 8)+?*4 )"*'

$* %'."!% P%!/(&4%#  B )4>%*'4(*'< R

→
vBiodechet= (0.66, 0.41, 0.45, 0.45, 0.35, 0.3, 0.1, 0.11)1

I" '%!(*)% +/".% !(*'4'/%  +P"#$%& #" )4'/"*!% %*/&% $* !(*!%./ %/ !% P%!/%$& .&(K

/(/0.% )"*' !%/ %'."!% )%' .&(.&4+/+'1

S/$)4(*' >"4*/%*"*/ #" .&(/(/0.4!"#4/+ )7$* .(4*/ )% P$% 4*/%*'4(**%# )%' !(*!%./'



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

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

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

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

!4" /& '%(' "! ,!&/.,) 5 / 6$, / "$%!%!4".'#+.!, /& '%(' "!  !"#$ "#$ $#""%$! #&

'%(' "! )*#+  -! ,6#+ 7 1− d(
→

vSapin,
→

pBois) = 0, 25) 5 / 6$, / "$%!%!4".'#+.!, /&

'%(' "! %&'$( "#$ $#""%$! #& '%(' "! )*#+  -! ,6#+ 7 1− d(
→

vChene,
→

pBois) = 0, 05)

89&( "%.(! / 3& .(! (-.%(( +:  ! /#(- + '#- / (%!$ ;<=8: + )*#+ + "+&- "$%!%1

!4".>&  -! +  !"#$ 1 - - '#$#'!,$.-!.>& - - $#""$%'2 (! ? #&'%&" "+&- /& "$%!%!4" 

/& ?%.- >& + *2@( )

A.(-.: /9&( "%.(! / 3& .(! (-.%(( +: + 6$#/. (! / "$%!%!4".'#+.!, '%(' "!& + " $1

0 ! / /.-!.(6& $ + ?%.- + "+&- "$%!%!4".>& )

 !"!# $%&'%()*+, ,-'.,((/%**,00, 12 ('3

5 '%(' "! )*#+  -! /,(%!, "#$ / &B ! $0 - C ,*#+  ! -#++. /010-!2) *#+'&+%(- /#(-

&( "$ 0. $ ! 0"- +# "$,6(#(' / +9&( / - - ! $0 -

 

) 8#(- + '#- /& ! $0 ,*#+:

pregnancet(bois) =
countocc(bois)

Nocc
∗ countdoc(bois)

Ndoc
= 98567

1267948 ∗
420

85236 = 0, 00038) 5# '%01

"#$#.-%( / - "$,6(#(' - / - /.D,$ (!- ! $0 - E345 !#?+ #& F)GH 0%(!$ >&9&( ! $0 

"$,- (! ? #&'%&" / I%.- 0#.- /#(- " & / /%'&0 (!- E'#- /& ! $0 ,*#+H "%--J/ 

&( "$,6(#(' 0%.(- ,+ 3, >&9&( ! $0 "$,- (! ? #&'%&" "+&- &(.I%$0,0 (! /#(-

+9 (- 0?+ /& '%$"&- E'#- /& ! $0 3&'$(H)

-(67( countocc(terme) countdoc(terme) pregnancet(terme)

?.%/,'2 ! KLMN OGN N:NNNNK

0#!.J$ "$ 0.J$ KLPQ PKN N:NNNNK

?%.- OPMFL RGN N:NNNQP

-#".( LFRQ GKON N:NNNKM

'2@( PFGNN PRKQG N:NFLKN

$,-./&- LPONN KGGN N:NNNPO

$ --%&$' (#!&$ ++ QGKN MQF N:NNNNG

!.--&- 3,6,!#+ OFL QOR N:NNNNN

".( GOLRF KGLNN N:NNQMN

 !"#$ F)G S 5.-! / - ! $0 -

5 '%(' "! )*#+  -! /,(%!, /.$ '! 0 (! "#$ / &B ! $0 - E,*#+  ! -#++.+ /010-!2H  !

.(/.$ '! 0 (! "#$ +9 (- 0?+ / - ! $0 - /,(%!#(! -# / -' (/#(' E'%(' "!-  !"#$

 ! %&'$(H) 5# "$,6(#(' /& '%(' "! )*#+  -! ,6#+ 7 +# -%00 / - "$,6(#(' - / -

! $0 - + /,(%!#(! /.$ '! 0 (!  ! .(/.$ '! 0 (!) 8 0#(.J$ I%$0 ++ C

pregnancec(Bois) = pregnancet(bois)+pregnancet(tissusvegetal)+pregnancet(pin)

+pregnancet(sapin) + pregnancet(chene)

T%.! pregnancec(Bois) = 0, 07)

 ! "# $%&'(# )*%++,((#$+#- )%$$. )/$- 0# 1/'0#/, 2!3 14#$1 +%&51# )# 0/ 5%$).(/14%$ 04.# 6 0/

-1(,+1,(# #1 6 0/ $/1,(# )#- )%+,&#$1-



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

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

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

')&!* *2,-*''$%&&*++* #" spg *&!-* +* /%&/*,! )*#+ *! /6)/"& #* '*' '%"'5/%&/*,!'3

4*!!* /%(,%')&!* 01)+"* +) 7")&!$!0 #8$&9%-()!$%& 9%"-&$* ,)- /6)/"& #*' '%"'5

/%&/*,!' )" /%&/*,! 0!"#$0 )" !-)1*-' #" -),,%-! #* +*"- ,-0:&)&/* -*',*/!$1*; *& !*5

&)&! /%(,!* #" &%(<-* #* !*-(*' "!$+$'0' ,%"- +*' #0&%!*- =expressionOV D(cf , cp)>3

?* #*:-0 #* ,-%!%!.,$/)+$!0 #" /%&/*,!  !"#$ =#*"2 !*-(*' ,%"- +* #0&%!*-> ,)- -),5

,%-! )" /%&/*,! )*#+ *'! 0:)+* @

2
2 ∗

0,003
0,07 = 0, 053 ?* #*:-0 #* ,-%!%!.,$/)+$!0 #"

/%&/*,! %&'$( ="& '*"+ !*-(* ,%"- +* #0&%!*-> ,)- -),,%-! )" /%&/*,! )*#+ *'! 0:)+*

@

1
2 ∗

0,067
0,07 = 0, 473 A8"& ,%$&! #* 1"* *2,-*''$%&&*+; *! ,%"- /*!!* BCDA; +* )*#+ +*

,+"' ,-%!%!.,$7"* *'! +* %&'$( 5 $+ *'! <*)"/%", ,+"' ,-0'*&! #)&' &%!-* "&$1*-' )"

!-)1*-' #*' !*-(*' +* #0&%!)&! #)&' +* /%-,"' 7"* +* /%&/*,!  !"#$3

E$&'$; #8"& ,%$&! #* 1"* *2,-*''$%&&*+; +* :-)#$*&! #* ,-%!%!.,$/)+$!0 /%&/*,!"*+

,*-(*! #* #$'!$&:"*- +* <%$' +* ,+"' ,-%!%!.,$7"*3

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

A8),-F' +* !)<+*)" G3H; +* /%&/*,! )*#+ ,%''F#* GIJ $&'!)&/*'; *& ,)-!$* $''"*' #*

'%& /%&/*,!5K+'  !"#$ =)" &%(<-* #* LI> *! #* '%& /%&/*,!5K+' %&'$( =)" &%(<-*

#* MGL>3 ?* #*:-0 #* ,-%!%!.,$/)+$!0 #" /%&/*,!  !"#$ ,)- -),,%-! )" /%&/*,! )*#+

*'! 0:)+* @

1
1−log(51/612) = 0, 223 ?* #*:-0 #* ,-%!%!.,$/)+$!0 #" /%&/*,! %&'$( ,)-

-),,%-! )" /%&/*,! )*#+ *'! 0:)+* @

1
1−log(465/612) = 0, 723 A8"& ,%$&! #* 1"* *25

!*&'$%&&*+; *! ,%"- /*!!* BCDA; +* )*#+ +* ,+"' ,-%!%!.,$7"* *'! +* %&'$( 5 $+ *'!

<*)"/%", ,+"' ,-0'*&! #)&' &%!-* *&1$-%&&*(*&! )" !-)1*-' #* '*' $&'!)&/*' 7"* +*

/%&/*,!  !"#$3

,*$,("- |σ(concept)|

N%$' ./0

O),$& 1/

46P&* 2.1

 !"#$ G3H Q R%(<-* #8$&'!)&/*' ,)- /%&/*,!

E$&'$; #8"& ,%$&! #* 1"* *2!*&'$%&&*+; +* :-)#$*&! #* ,-%!%!.,$/)+$!0 /%&/*,!"*+ ,*-5

(*! #* #$'!$&:"*- +* <%$' +* ,+"' ,-%!%!.,$7"*3

 !"!3 4)/,15 01 ('2

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

 !"#$ *! %&'$( ,)- -),,%-! )" /%&/*,! )*#+3 4*+) &0/*''$!* "&* 01)+")!$%& #)&'

7")!-* /%&!*2!*' #$S0-*&!'; #0K&$' ,)- 7")!-* !-$,+*!' =,%&#0-)!$%&' #* /6)7"* /%(5

,%')&!*> -*,-0'*&!)&! 7")!-* /%%-#%&&0*' /%:&$!$1*' #$'!$&/!*' T

I3 /%&!*2!* I T =α = 0, 33; β = 0, 33; γ = 0, 33> U

J3 /%&!*2!* J T =α = 0, 75; β = 0, 125; γ = 0, 125> U



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

 ! "#$%&'%&  ( )α = 0, 125* β = 0, 75* γ = 0, 125+ ,

-! "#$%&'%& - ( )α = 0, 125* β = 0, 125* γ = 0, 75+ ,

.#/0 "12"/$ 3& "&4 "#$%&'%&4* 5& %265&2/ 7!- 3#$$& 5&4 825&/04 3/ spg* &% 52 9:/0&

7!; $#/4 <#$%0& 5=>"20% &$%0& 5&4 825&/04 3& ?0#%#%@?A"25A%>4 #6%&$/&4! .0&<AB0&<&$%*

C/&5C/&4 4#A&$% 5&4 "##03#$$>&4 "#:$A%A8&4* 5& "#$"&?%  !"#$ &4% ?5/4 ?0#%#%@?AC/& 3/

"#$"&?% %&'( C/& 5& "#$"&?% )*+'#! D2A$%&$2$%* 4A $#/4 0&:203#$4 5=>"20% &$%0& 5&4 82E

5&/04 ?#/0 /$ <F<& "#$%&'%&* $#/4 "#$4%2%#$4 /$& $&%%& 3AG>0&$"& ?#/0 /$ "#$%&'%&

2@2$% /$& "#<?#42$%& &'?0&44A#$$&55& 3#<A$2$%& )"#$%&'%& H + &% 2/ "#$%02A0& /$

02??0#"1&<&$% 244&I 4&$4A65& ?#/0 /$ "#$%&'%& 2@2$% /$& "#<?#42$%& A$%&$4A#$$&55&

3#<A$2$%& )"#$%&'%& H;+! J& "24 3=/$ "#$%&'%& #0A&$%> &'%&$4A#$$&5 )"#$%&'%& H-+

4& 02??0#"12$% 244&I 3/ "24 <#@&$ )"#$%&'%& HK+!

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

/0 ,-*.* ,-" +

/1 ,-//* ,-/0+

/2 ,-,1. ,-2,+

/3 ,-/,* ,-  *

 !"#$ 7!- L .0#%#%@?A"25A%>4 3&4 "#$"&?%4 )*+'# &%  !"#$ ?20 02??#0% 2/ "#$"&?%

%&'(!

%&'()$ 7!; L .0#%#%@?A"25A%>4 3&4 "#$"&?%4 )*+'# &%  !"#$ ?20 02??#0% 2/ "#$"&?%

%&'(!

MA$4A* C/&5C/& 4#A&$% 5&4 "#$%&'%&4 &% 3=/$ ?#A$% 3& 8/& C/25A%2%AN* 5& spg ?&0<&% 3&

3A4%A$:/&0 5& 6#A4 5& ?5/4 ?0#%#%@?AC/&! D2A4 3=/$ ?#A$% 3& 8/& C/2$%A%2%AN* "&0%2A$4

"#$%&'%&4 8#$% 3A4%A$:/&0 3&4 ?0#%#%@?A"25A%>4 ?5/4 #/ <#A$4 N#0%&4!

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

J& "#$"&?% 4*,'56$ +6$7'56$ &4% 3>$#%> 32$4 5& "#0?/4 2/ <#@&$ 3&4 %&0<&4

4*,'56$ +6$7'56$ &% 8$((&96:$ #*,96$;;$ ):<= %265&2/ 7!O+! J2 4#<<& 3&4 ?0>:$2$"&4

3&4 %&0<&4 5& 3>$#%2$% &4% >:25& P Q*QQQQ ! J& "25"/5 3/ :023A&$% 3& ?0#%#%@?A"25A%>

5&'A"25& $#/4 3#$$& ?#/0 825&/0 Q*O ?#/0 5& %&0<& 8$((&96:$ #*,96$;;$* &% Q*-R ?#/0

5& %&0<& 4*,'56$ +6$7'56$! S#/4 ?#/8#$4 3B4 5#04 "#$"5/0& C/&* 4/0 52 624& 3& "&



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

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

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

t countocc(t) countdoc(t) pregnancet(t) lpg(t, c)

23)-4"( #"(*-4"( 5678 759 9&99995 9&:;<9<

=(%%!$" ( +3)$"(''( 8>59 ?8; 9&9999> 9&?8>58

 !"#$ ;1? @ A("*(% /0+!)3+) '(  !+ (#) 23)-4"(% #"(*-4"(%1

B-+%-& /C$+ #!-+) /( D$( '(E- 3'& '( F"3/-(+) /( #"!)!),#- 3'-)0 '(E- 3' #("*() /(

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

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

G(  !+ (#) /( 0(.,' #!%%4/( /(% -+%)3+ (% (E#"-*0(% /3+% '(  !"#$% 3$ *!,(+ /(%

)("*(% 1,' (%2!')3 () 1,' /(%,),/! H&45 )3I'(3$ ;1;J1 G3 %!**( /(% #"0F+3+ (% /(%

)("*(% /0+!)3+) /-"( )(*(+) %(% -+%)3+ (% (%) 0F3'( K 9&9956;1 G(  3' $' /$ F"3/-(+)
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-*. +*1)*!/. &/')')0&*.  *.  *!: 1'%1*&)." ;*))* 2'%1)('% *.)  4<%(* &6/ 9

intens(c1, c2) = 1− dist(
→
pc1 ,

→
pc2)

='!. /*)/'!+'%. (1( -*. 1/()>/*.  4<%(.  6%. -6 -'(  * .(5(-6/()4  * -6 (#$")&" *+#%,- 9

&-!.  *!: 1'%1*&). &6/)6?*%)  * &/'&/(4)4.  *.1/(&)(+*. *) 2'%1)('%%*--*., &-!. (-.

.'%) .(5(-6(/*." ='!. 6&&'/)'%. 1*&*% 6%) !%* &*)()*  (@4/*%1* *% )*%6%) 1'5&)*

 ! &'(%)  * +!*  * -$!)(-(.6)*!/" A!&&'.'%. B!* %'!. %'!. (%)4/*..('%. C -6 .(5(-6/()4

*%)/* -*. 1'%1*&). ./ %!, 0)"#)1 *) 2)!),3" ./ %! *) 0)"#)1 .'%) &-!. .(5(-6(/*.

B!* 0)"#)1 *) 2)!),3" #6%. -* &/*5(*/ 16., -*.  *!: 1'%1*&). &6/)6?*%) -6 &/'&/(4)4

",)!$4%,"# 3#$ %56#"$ %1 3#$ 4#,$%!!#$, -6B!*--* *.) !%* &/'&/(4)4 (5&'/)6%)* &'!/

1*. 1'%1*&)., 6-'/. B!*  6%. -* .*1'% 16. -*.  *!: 1'%1*&). &6/)6?*%) -6 &/'&/(4)4

4#1" 7%""#, B!( %$*.) &6. (5&'/)6%)*  6%. -6  4<%()('%  ! 1'%1*&) 2)!),3"

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

76 &/(.* *% 1'5&)*  ! &'(%)  * +!* #8"#!$ %!!#& .$6&&!(* .!/ -6 5*.!/*  * .(5(-68

/()4  * D#(1* EFGHI, B!( *.)  4<%(* &6/ -* /6)(' *%)/* -* %'5J/*  $(%.)6%1*. 1'55!%*.

*) -6 5'0*%%*  ! %'5J/*  $(%.)6%1*.  *.  *!: 1'%1*&)." K(%.(,  *!: 1'%1*&). .'%)

.(5(-6(/*. .$(-. &'..> *%) !% ?/6% %'5J/*  $(%.)6%1*. *% 1'55!% *) )/>. &*!  $(%.8

)6%1*.  (.)(%1)*." ;*))* 5*.!/* &'..> * -* 5L5* '/ /* *) .* .()!*  6%. -* 5L5*

(%)*/+6--* [0, 1] B!* -6 5*.!/*  * .(5(-6/()4  * DM6116/ EFNEI" O--* '@/*  * &-!. !%*

&-!. ?/6% * /4?!-6/()4"

76 1'5&'.6%)* *:)*%.('%%*--* extens 9 C × C → [0, 1] *.)  4<%(* &6/ 9

extens(c1, c2) =
|σ(c1)∩σ(c2)|

Moyenne(|σ(c1)|,|σ(c2)|)

;'%.( 4/'%.  *!: 1'%1*&). 9 .! 9)& 3# :1#,,# P'!  * 1'5J6)Q *) 2+ #!" 7* &/*5(*/

&'..> * 1'55* (%.)6%1*. !% 4-4&36%), !% 13(*% 6%)(8136/ *) !% 13(*%  $6))6B!*" A(

!% !)(-(.6)*!/ 6 !% &'(%)  * +!* &-!)R) J*--(B!*!:, .'% 1'%1*&) 2+ #! &*!) 6+'(/

1'55* (%.)6%1*. !% 13(*%  * 136..*, !% 13(*% 6%)(8136/ *) !% 13(*%  $6))6B!*" 76

.(5(-6/()4 *%)/* -* 1'%1*&) .! 9)& 3# :1#,,# *) -* 1'%1*&) 2+ #! *.) 6-'/.  * N"SS

P *!: 1'%1*&). 1'55!%. .!/ !%* 5'0*%%*  * )/'(. 1'%1*&).Q" A$(- 6 !%* +(.('%

&-!. &61(<B!*  ! 5'% * 16%(%, (- 6 1'55* (%.)6%1* !% 13(*%  * .6!+*)6?*, !%

13(*%  $6))*-6?*, !% 13(*% ?!( *  $6+*!?-*, !% 13(*%  * J*/?*/ *) C -6 /(?!*!/ !%

13(*%  $6))6B!*" 76 .(5(-6/()4 *%)/* -* 1'%1*&) .! 9)& 3# :1#,,# *) -* 1'%1*&) 2+ #!

*.)  * N"TH P!% .*!- 1'%1*&) 1'55!% .!/ !%* 5'0*%%*  * B!6)/* 1'%1*&).Q" ;*))*

.(5(-6/()4,  $!% &'(%)  * +!* *:&/*..('%%*-,  4&*% 6(%.(  *. (%.)6%1*. &/'&/*. C

-$!)(-(.6)*!/ P'! C -$*% '?/'!&*Q 1'%.( 4/4"



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

 !"!# $%&'%()*+, ,-'.,((/%**,00,

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

")%!'+& &.+&'%$)''&--&2  ! 3)'(+$)' express &%+ ,45'$& "!# -& #!+$) &'+#& -& ')*6#&

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

,&7. ()'(&"+% %)'+ %$*$-!$#&% %:$-% ")%%;,&'+ 7' <#!', ')*6#& ,& +&#*&% ()**7'%

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

+?"&% "&7@&'+ A+#& &B&(+74&% &'+#& -&% ,&7. &'%&*6-&% ,& +&#*&% ")7# ,4+&#*$'&#

-&7# $'+&#%&(+$)' C

D %)$+ 7'& ()*"!#!$%)' &.!(+&9 )E $- %:!<$+ ,& ()*"+!6$-$%&# -&% +&#*&% $,&'+$F7&%

")7# -&% ,&7. ()'(&"+% G

D %)$+ 7'& ()*"!#!$%)' !""#).$*!+$@&9 )E $- %:!<$+ ,& ()*"+!6$-$%&#9 &' "-7% ,&

(&% +&#*&% $,&'+$F7&%9 -&% +&#*&% %?')'?*&%

 

&'+#& (=!F7& ()'(&"+ !7 *)?&'

,:7' ,$(+$)''!$#& ,& %?')'?*&%2

 ! ()*")%!'+& &."#&%%$)''&--& express C C × C → [0, 1] &%+ ,45'$& "!# C

express(c1, c2) =
|termc(c1)∩approxtermc(c2)|
|termc(c1)∪termc(c2)|

)E C

termc(c1) ∩approx termc(c2) =

(termec(c1) ∩ termc(c2))

∪(termc(c1) ∩ synonymes(termc(c2)))

∪(termc(c2) ∩ synonymes(termc(c1)))

H)'%$,4#)'% ,&7. ()'(&"+% C  !"#$%& &+  '(")$*& $#"*"#+"%&2  & "#&*$&# &%+ ,4')+4

"!# -&% +&#*&% %7$@!'+% C @)$+7#&9 @4=$(7-&9 (!$%%&9 6!<')-&2  & %&()', &%+ ,4')+4 "!#

-&% +&#*&% %7$@!'+% C @4=$(7-& 7+$-$+!$#&9 (!##)%%&9 !7+)*)6$-&2 I$ ')7% "#&')'% 7'&

()*"!#!$%)' &.!(+&9 ')7% !@)'% 7'& %$*$-!#$+4 '7--& &'+#& -&% ,&7. ()'(&"+% ,:7'

")$'+ ,& @7& &."#&%%$)''&- G !7(7' ,&% +&#*&% "#4%&'+% ,!'% -& "#&*$&# &'%&*6-&

':&.$%+& ,!'% -& %&()',2 J!$'+&'!'+9 7+$-$%)'% 7'& ()*"!#!$%)' !""#).$*!+$@& &+

4+7,$)'% -& %&()', &'%&*6-& K(&-7$ ()'(&#'!'+ -& @4=$(7-& 7+$-$+!$#&L "!# #!"")#+ !7

"#&*$&# &' "#&'!'+ +&#*& "!# +&#*& C

D ,'(")$*& $#"*"#+"%& &%+ F7!%$ %?')'?*& ,& ,'(")$*& G

D )+%%!--& '& ")%%;,& !7(7' 4F7$@!-&'+ ,!'% -& ()'(&"+  !"#$%& G

D +$#!.!/"*& &%+ !7 *)$'% %?')'?*& ,& ,!"#$%&2

M+7,$)'% -& "#&*$&# &'%&*6-& K(&-7$ ()'(&#'!'+ -! @)$+7#&L "!# #!"")#+ !7 %&()',

&' "#&'!'+ +&#*& "!# +&#*& C

D ,'(")$*& &%+ F7!%$ %$*$-!$#& 0 ,'(")$*& $#"*"#+"%& G

D )+"--& &%+ %?')'?*& ,& +$#!.!/"*& G

D /+01!*& &%+ %?')'?*& ,& +$#!.!/"*& G

 ! "#$% &#$'#(% )#(%*+,-.-/ &#$- )012$. )#().&3 .3 &#$- $( $3*4*%13.$- +#((,/ $(*2$.5.(3 4.%

3.-5.% +#(3 41 &-#3#36&*)14*3, 4.7*)14. .%3 (#( ($44.!



 !! "#$%&'() *+ ,)-.()- -/0&1'&2.)- 3) -&0&4$(&'/ )' 3) %(15&0&'/

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

*+ #&#,-. %&+" &/#!%&%" +%! 0%#!1"!2#0&% 2&'31!%,%# "04 #!1'!" "+1 "!3#. "&0# +%!

"0'0-,10#5 !431!""0&%%!--! (! 6.78)

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

 !"#$%& "90%"301! (!" 210#:1!" (5;%0" 3,1 -, +*!", -& .%!/"("#0 0""+! (! -, 1&23

#'*# 45&!%6. <+0 5#,/-0# <+! (!" 2&%2!3#" 31&2=!" (,%" +%! '>'! "2:%! 3!12!3#0?!

"&%# 2&%"0(515" 2&''! ,33,1#!%,%# @ +% '>'! A1&+3!) B, -&0 (! 31&40'0#5 15+%0#

-!" 5-5'!%#" 3=$"0<+!'!%# 31&2=!" 3&+1 -!+1 ,C!2#!1 +%! '>'! ?,-!+1 "5',%#0<+!)

B! 2!1?!,+ =+',0% , -, D,2+-#5 (! 2&%"0(51!1 2&''! +% #&+# -!" 5-5'!%#" <+0 %&+"

3,1,0""!%# 31&2=!" 3=$"0<+!'!%# E3,1 !4!'3-! -!" -!##1!" (! 2=,<+! '&# <+! %&+"

-0"&%"F) * #0#1! (9!4!'3-!. -!" (0C51!%#" "$'/&-!" (! -, ;A+1! G)H "!'/-!%# (0"3&"5"

!% #1&0" A1&+3!" (0"#0%2#")

'()*!% G)H  I%"!'/-! (! "$'/&-!" 0--+"#1,%# -, -&0 (! 31&40'0#5)

I% "90%"301,%# (! 2!##! ,331&2=!.  !"#$%& 5?,-+! -, 31&40'0#5 !%#1! (!+4 2&%2!3#"

"+0?,%# -!" #1&0" (0'!%"0&%" "5'0&#0<+!" E0%#!%"0&%. !4#!%"0&% !# !431!""0&%F) *0%"0

(!+4 2&%2!3#" "&%# (9,+#,%# 3-+" 31&2=!". "0 J

 (9+% 3&0%# (! ?+! "7#&72"!77&*. 0- !40"#! +%! 31&3&1#0&% 3-+" 0'3&1#,%#! (!

1!-,#0&%" E8)9&:#;%!.&%#6< -!" 1!-0,%# K

 (9+% 3&0%# (! ?+! &/.%&22"!77&*. -!" #!1'!" <+0 -!" (5%&#!%# "&%# "&+?!%# 315L

"!%#" !%"!'/-! (,%" -!" '>'!" (&2+'!%#" K

 (9+% 3&0%# (! ?+! &/#&72"!77&*. -!+1" 0%"#,%2!" "&%# "&+?!%# 315"!%#!" !%"!'/-!

(,%" -9+%0?!1" (! -9+#0-0",#!+1)

M&''! 3&+1 -! 2,-2+- (!" A1,(0!%#" (! 31&#&#$302,-0#5. -! '&(:-! <+! %&+" 31&3&L

"&%" %52!""0#! +%! 3&%(51,#0&% (! 2=,<+! 2&'3&",%#! (!  !"#$%& 3&+1 31!%(1!

!% 2&'3#! -90'3&1#,%2! (!" ,"3!2#" 0%#!%"0&%%!-. !4#!%"0&%%!- !#N&+ !431!""0&%%!-

(,%" -, 2&%2!3#+,-0",#0&% (+ (&',0%!. ,+ '&$!% (!" 2&&1(&%%5!" 2&A%0#0?!" α. β !#

γ (5;%0!" (,%" -! 2=,30#1! O)



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

 !""! #!$%&! '&($!)"! *+,)"(&-" .+-"&! ,).('!)./)"! .! */ $"&%0"%&! .! *+1)"1*12,!3

#/,$ .('!)./)"! .! *+%),4!&$ 012),",5 .! *+%",*,$/"!%& /% "&/4!&$ )1) $!%*!#!)" .!$

011&.1))(!$ 012),",4!$ α3 β !" γ3 #/,$ /%$$, '/& $!$ ,)$"/)0!$ '&1'&!$ !" $1) .,/6

*!0"! 7"!&#!$ .1)" */ '&1"1"8',0/*,"( *!9,0/*! !$" .,:(&!)"! .! ;(&1 '1%& *!$ 01)0!'"$

("%.,($<=

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

>/ #!$%&! .! '&19,#,"(  !"#$%& : C × C → [0, 1] !$" .(?),! '/& @

ProxSem(c1, c2) =

α ∗ intensprox(c1, c2) + β ∗ extensprox(c1, c2) + γ ∗ expressprox(c1, c2)

>!$ 51)0",1)$ intensprox3 extensprox !" expressprox $1)" &!$'!0",4!#!)" .("/,**(!$

./)$ *!$ $!0",1)$ A=B=C3 A=B=B !" A=B=D=

 !"!+ ,*-.*/0')1 (')1'/(*''1221

E1," .!%9 01)0!'"$ c1 !" c23 !" p13 p123 p23 p21 *!$ F%/"&! !)$!#G*!$ $%,4/)"$ @

p1 = {pk ∈ P : c1 ∈ dom(pk)}3 *+!)$!#G*! .!$ &!*/",1)$ /8/)" '1%& .1#/,)! c1 H

p2 = {pk ∈ P : c2 ∈ dom(pk)}3 *+!)$!#G*! .!$ &!*/",1)$ /8/)" '1%& .1#/,)! c2 H

p12 = {pk ∈ P : c1 ∈ dom(pk) ∧ c2 ∈ codom(pk)}3 *+!)$!#G*! .!$ &!*/",1)$ /8/)"

'1%& .1#/,)! c1 !" 016.1#/,)! c2 H

p21 = {pk ∈ P : c2 ∈ dom(pk) ∧ c1 ∈ codom(pk)}3 *+!)$!#G*! .!$ &!*/",1)$ /8/)"

'1%& .1#/,)! c2 !" 016.1#/,)! c1=

I+%) '1,)" .! 4%! ,)"!)$,1))!*3 '*%$ .!%9 01)0!'"$ '1$$J.!)" .! &!*/",1)$ !)"&!

!%93 '*%$ ,*$ $1)" '&10K!$= >/ 01#'1$/)"! ,)"!)$,1))!**! intensprox : C × C → [0, 1]

!$" .(?),! '/& @

E, |p1|+ |p2| = 03 intensprox(c1, c2) = 0

E,)1) intensprox(c1, c2) =
1

1−log

(

|p12|+|p21|
|p1|+|p2|

)

 !"!" ,*-.*/0')1 13.41//(*''1221

I+%) '1,)" .! 4%! !9'&!$$,1))!*3 '*%$ .!%9 01)0!'"$ 1)" .!$ "!&#!$ *!$ .()1"/)"

'&($!)"$ !)$!#G*! ./)$ *!$ #-#!$ .10%#!)"$3 '*%$ ,*$ $1)" '&10K!$= >/ 01#'1$/)"!

!9'&!$$,1))!**! expressprox : C × C → [0, 1] !$" .(?),! '/& @

expressprox(c1, c2) =
nbDocPondt(c1,c2)

nbDoct(c1,c2)

LM @

N nbDocPondt(c1, c2) !$" *! )1#G&! '1).(&( .! .10%#!)"$ 1M *!$ "!&#!$ .()16

"/)" *!$ 01)0!'"$ c1 !" c2 $1)" '&($!)"$ !)$!#G*! H

N nbDoct(c1, c2) !$" *! )1#G&! '1).(&( .! .10%#!)"$ 1M /% #1,)$ %) .!$ "!&#!$

.()1"/)" *!$ 01)0!'"$ c1 !" c2 !$" '&($!)"=



 !" #$%&'()* +, -*./)*. .01'2('3/*. 4* .'1'5%)'(0 *( 4* &)26'1'(0

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

'4 *"% ."$("% 3,!'./!. *"% -'!-").% c1 ". c2 %'!. )$,%"!.% "!%"(2*"5 ". *" !'(2$" 3"

3'-1("!.% '4 /1 ('&!% 1! 3"% ."$("% 3,!'./!. *"% -'!-").% c1 ". c2 "%. )$,%"!.6

7'&. Mterm5 1! (/.$&-" 3,+!&" 3/!% [0, 1]
t×d
5 '4 8

9 -:/;1" *&<!" i -'$$"%)'!3 0 1! ."$(" ti 3,!'./!. 1! -'!-"). =

9 -:/;1" -'*'!!" j -'$$"%)'!3 0 1! 3'-1("!. dj '4 "%. )$,%"!. > /1 ('&!% > 1!

3"% ."$("% 3,!'./!. *" -'!-"). c1 '1 *" -'!-"). c2 =

9 t = |termc(c1)|+ |termc(c2)|

9 d = |dj : ∃t ∈ ((termc(c1) ∪ termc(c2)), t ∈ dj |

9 -:/;1" ,*,("!. Mt(i, j) ∈ [0, 1] "%. ,</*" 0 */ )'!3,$/.&'!  !"#$! )'1$ *" ."$("

ti 3/!% *" 3'-1("!. dj 6

7'&. ζt(dj)5 1!" )'!3,$/.&'! 3" )"$.&!"!-" 31 3'-1("!. dj )'1$ *"% -'!-").% c1 ".

c25 ,</*" 0 */ %'((" 3" .'1."% *"% )'!3,$/.&'!%  !"#$! )'1$ *"% ."$("% 3,!'./!. -"%

-'!-").% 3/!% *" 3'-1("!. dj 6 ?".." @'!-.&'! "%. 3,+!&" )/$ 8

ζt(dj) =
∑t

i=1Mterm(i, j) =
∑t

i=1

(

ni,j∑
k nk,j

∗ log |D|
|{dk:ti∈dk}|

)

5

A4 8

9 ni,j "%. *" !'(2$" 3B'--1$$"!-"% 31 ."$(" ti 3/!% *" 3'-1("!. dj =

9

∑

k nk,j "%. *" !'(2$" 3B'--1$$"!-"% 3" .'1% *"% ."$("% 3/!% *" 3'-1("!. dj =

9 |D| "%. *" !'(2$" 3" 3'-1("!.% 31 -'$)1% =

9 |{dk : ti ∈ dk}| "%. *" !'(2$" 3" 3'-1("!.% '4 *" ."$(" ti /))/$/C.6

D/ @'!-.&'! nbDocPondt(c1, c2) "%. 3,+!&" )/$ 8

nbDocPondt(c1, c2) =
∑

ζt(dk)

A4 dk ∈ {dz : ∃t1 ∈ termc(c1), ∃t2 ∈ termc(c2), t1 ∈ dz ∧ t2 ∈ dz}6

D/ @'!-.&'! nbDoct(c1, c2) "%. 3,+!&" @'$("**"("!. )/$ 8

nbDoct(c1, c2) =
∑

ζt(dk)

A4 dk ∈ {dz : ∃t1 ∈ termc(c1), ∃t2 ∈ termc(c2), t1 ∈ dz ∨ t2 ∈ dz}6

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

EB1! )'&!. 3" #1" "F."!%&'!!"*5 )*1% 3"1F -'!-").% '!. 3"% ."$("% 3,!'./!.

*"1$% -'!-").% )$,%"!.% "!%"(2*" 3/!% *"% (G("% 3'-1("!.%5 )*1% &*% %'!. )$'-:"%6

D/ -'()'%/!." "F."!%&'!!"**" extensprox : C × C → [0, 1] "%. 3,+!&" )/$ 8

extensprox(c1, c2) =
nbDocPondi(c1,c2)

nbDoci(c1,c2)

A4 8



 !"!  !"#$%&# $%& '&($)& *& +),-.'./0 (0'.,/.1$& 234

 nbDocPondi(c1, c2) !"# $! %&'()! *&%+,), +! +&-.'!%#" &/ $!" #!)'!" +,%&0

#1%# $!" 2%"#1%-!" +!" -&%-!*# c1 !# c2 "&%# *),"!%#" !%"!'($! 3

 nbDoci(c1, c2) !"# $! %&'()! *&%+,), +! +&-.'!%#" &/ 1. '&2%" .% +!" #!)'!"

+,%&#1%# $!" 2%"#1%-!" +!" -&%-!*#" c1 !# c2 !"# *),"!%#4

5%! 6!)"2&% "2'*$27,! -&%"2"#!)12# 8 -1$-.$!) $! )1#2& !%#)! $! %&'()! +! +&-.'!%#"

&/ $!" #!)'!" +,%&#1%# $!" 2%"#1%-!" +!" -&%-!*#" c1 !# c2 "&%# *),"!%#" !%"!'($!9

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

-&%-!*#" c1 !# c2 !"# *),"!%#4

:&2# Minst9 .% '1#)2-! +,7%2! +1%" [0, 1]t×d9 &/ ;

 -<1=.! $2>%! i -&))!"*&%+ 8 .% #!)'! ti +,%&#1%# .%! 2%"#1%-! +?.% -&%-!*# 3

 -<1=.! -&$&%%! j -&))!"*&%+ 8 .% +&-.'!%# dj &/ !"# *),"!%# 0 1. '&2%" 0 .%

+!" #!)'!" +,%&#1%# .%! 2%"#1%-! +. -&%-!*# c1 &. +. -&%-!*# c2 3

 t = |termi(c1)|+ |termi(c2)|

 d = |dj : ∃t ∈ (termi(c1) ∪ termi(c2)), t ∈ dj |

 -<1=.! ,$,'!%# Minst(i, j) ∈ [0, 1] !"# ,>1$! 8 $1 *&%+,)1#2&%  !"#$! *&.) $!

#!)'! ti +1%" $! +&-.'!%# dj 4

:&2# ζi(dj)9 .%! *&%+,)1#2&% +! *!)#2%!%-! +. +&-.'!%# dj *&.) $!" -&%-!*#" c1 !# c29

,>1$! 8 $1 "&''! +! #&.#!" $!" *&%+,)1#2&%"  !"#$! *&.) $!" #!)'!" +,%&#1%# $!" 2%"0

#1%-!" +! -!" -&%-!*#" +1%" $! +&-.'!%# dj 4 @!##! A&%-#2&% !"# +,7%2! A&)'!$$!'!%#

*1) ;

ζi(dj) =
∑t

i=1Minst(i, j) =
∑t

i=1

(

ni,j∑
k nk,j

∗ log |D|
|{dk:ti∈dk}|

)

9

B/ ;

 ni,j !"# $! %&'()! +?&--.))!%-!" +. #!)'! ti +1%" $! +&-.'!%# dj 3

 

∑

k nk,j !"# $! %&'()! +?&--.))!%-!" +! #&." $!" #!)'!" +1%" $! +&-.'!%# dj 3

 |D| !"# $! %&'()! +! +&-.'!%#" +. -&)*." 3

 |{dk : ti ∈ dk}| !"# $! %&'()! +! +&-.'!%#" &/ $! #!)'! ti 1**1)1C#4

D1 A&%-#2&% nbDocPondi(c1, c2) !"# +,7%2! A&)'!$$!'!%# *1) ;

nbDocPondi(c1, c2) =
∑

ζi(dk)

B/ dk ∈ {dz : ∃t1 ∈ termi(c1), ∃t2 ∈ termi(c2), t1 ∈ dz ∧ t2 ∈ dz}4

D1 A&%-#2&% nbDoci(c1, c2) !"# +,7%2! A&)'!$$!'!%# *1) ;

nbDoci(c1, c2) =
∑

ζi(dk)

B/ dk ∈ {dz : ∃t1 ∈ termi(c1), ∃t2 ∈ termi(c2), t1 ∈ dz ∨ t2 ∈ dz}4



 !" #$%&'()* +, -*./)*. .01'2('3/*. 4* .'1'5%)'(0 *( 4* &)26'1'(0

 !" #$%&'(% )% *+(*,(- )%- )./01%23%- &%-,1%-

 !" #$%&%'()*!%+ ",- #*./+%"0%- '%-1+%-2 3,*4* #% '5"*6+% #/05*))/% 1" %&%'()%

#% 45)41)- %.%401/- -1+ #%1& 4,"4%(0- 7 !" !81+% 9:;< = #$%&' ( &)*$+,' %0 #$%&' (-.

/$%( /0&$'--'2 ",0/- +%-(%40*3%'%"0 = cacr %0 cantib:

>% 4,"4%(0 #$%&' ( &)*$+,' =

? %-0 #/",0/ (5+ )%- 0%+'%- 1*2 1%&' ( &)*$+,'2 ( &)*$+,'2 23*)( &)*3-$/&$*' %0 456 @

? (,--6#% A1*0 *"-05"4%- = 5 &$*(-7 83,&/'**'7 8&)*3&7 9&(*3-7 9)-'*7 :0( &)*7

;&*3- %0 5<$ 3&:

>% 4,"4%(0 #$%&' (-/$%( /0&$'--' =

? %-0 #/",0/ (5+ )%- 0%+'%- 1%&'2 1%&' (-/$%( /0&$'--' %0 1%&' (-/$%( /0&$'--' ='

>3$-> '/ =' >(-/0 @

? (,--6#% 4*"B *"-05"4%- = ?$*@'A?/(/7 5*$%(%(7 BC'&<3@)*D8E7 E(<%337 6(-3.

%3- %0 5<$ 3&:

 !"#$% 9:; ? C*/+5+4A*% #% 4,"4%(0-:

>% 4,"4%(0 #$%&' ( &)*$+,' (,--6#% )5 +%)50*," >' =0F&(=' /C'&<$+,'<'-/ G: >%

4,"4%(0 #$%&' (-/$%( /0&$'--' (,--6#% )5 +%)50*," '>/  3->/$/,0 =' 5D5"0 (,1+ 4,E

#,'5*"% #$%&' ( &)*$+,'2 %0 )5 (+,(+*/0/ =0/&,$/ *'> %( /0&$'>:

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

F,1- 45)41),"- -144%--*3%'%"0 4A541"% #%- 4,'(,-5"0%- #% ",0+% '%-1+% #%

-*'*)5+*0/ &%'!(&%':

+,7, , #21&2.%8(* '8(*8.'288*55*

G$1" (,*"0 #% 31% $-/'->$3--'*2 #5"- 1" %-(54% 3%40,+*%) H #,1I% #*'%"-*,"-2

)%- 4,"4%(0- #$%&' ( &)*$+,' %0 #$%&' (-/$%( /0&$'--' ,"0 (,1+ 3%40%1+- (+,0,0D(%-

+%-(%40*J- =

→
pcacr= (0.17, 0.05, 0.06, 0.93, 0, 0, 0.67, 0.43, 0.32, 0.26, 0, 0.42)
→

pcantib
= (0.29, 0.09, 0.16, 0.08, 0, 0.8, 0.11, 0.09, 0, 0.85, 0.13, 0.22)



 !"! #$%&'(% )% *+(*,(- )%- )./01%23%- &%-,1%- 45 

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

intens(cacr, cantib) = 1− dist(
→

pcacr ,
→

pcantib
) = 1− 0.27 = 0.73

 !"!4!5 67&'7-+23% %$'1%--.722%((%

1!2 "#$%!2!*&#' )3!"()4 *+ '56 ! !7"7' ()2$) )' "#$$7' )'(2) ")& ,)73 "#'")%(&8

1!2 "#$%!2!*&#' !%%2#3*$!(*9)4 )( ,5!%2:& '#(2) ,*"(*#''!*2)4 +)& ()2$)&  ! )(  "#$

&#'( &6'#'6$)&8 ;#7& !9#'& ,#'" ,)73 ()2$)& / %+!")2 ,!'& +5*'()2&)"(*#' +)3*"!+)

!%%2#3*$!(*9)8  ! "#$%#&!'() )3%2)&&*#'')++) ,)  !"#$ !" )&( ,#'" -.!+) / 0

express(cacr, cantib) =
|termec(cacr)∩approxtermec(cantib)|
|termec(cacr)∪termec(cantib)|

= 2
8 = 0.25

 !"!4!8 67&'7-+23% %$3%2-.722%((%

<#$$) '#7& %#79#'& +) "#'&(!()24 &72 ")& ,)73 )'&)$=+)&4 7') &)7+) *'&(!'")

)&( %!2(!.-) %!2 +)& ,)73 "#'")%(&8  ! "#$%#&!'() )3()'&*#'')++) ,)  !"#$ !"  !"

#$%& '()* + ,

extens(cacr, cantib) =
|σ(cacr)∩σ(cantib)|

Moyenne(|σ(cacr)|,|σ(cantib)|)
= 1

6,5 = 0.1538

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

-".#/$%! 0)/%" %)%"1 #2.% 3$/%" # 4.  !"#$!1 *) !/0/*)5/"'  %"5 * &$%& 3"

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

0 %' #)%! 9.)"5 &$%" :" ! #/;'5 %"!1 #'<%/! 3)5 9.)"5 "5/3* "! =3$%#'5)"/$%! # 

&>)9. &$03$!)%" ? 5 35'! %")%" 9.)"5 &$$5#$%%' ! &$(%/"/4 ! #/!"/%&" ! ,

@6 &$%" :" @ , =α = 0, 331 β = 0, 331 γ = 0, 33? A

B6 &$%" :" B , =α = 0, 751 β = 0, 1251 γ = 0, 125? A

C6 &$%" :" C , =α = 0, 1251 β = 0, 751 γ = 0, 125? A

D6 &$%" :" D , =α = 0, 1251 β = 0, 1251 γ = 0, 75? A

7$.5 &>)&.% # & ! &$%" :" !1 * ")E* ). F6@ #$%% * ! 4)* .5! #  !"#$ !"6

G. *9. !$/ %" * ! &$$5#$%%' ! &$(%/"/4 !1 * ! &$%& 3"! %&#'( $)'*!&+,(  " %&#'( $-0

.&#$)./'&(--( $%" .% !/0/*)5/"' # 4)* .5 /%8'5/ .5 $. '()* + H1I6 J./4)%" *) %)".5 

#. &$%" :" 1 .% # ! )!3 &"! # *) &$%& 3".)*/!)"/$% 3 ." K"5 35/4/*'(/' 3)5 5)33$5"

).: )."5 !6 L/%!/1 #)%! %$"5  : 03* 1 ! .* * &$%" :" $M %$.! 35/4/*'(/$%! *2)!N

3 &" /%" %!/$%% * %$.! #$%% .% !/0/*)5/"' .% 3 . 3*.! /03$5")%"  %"5 * ! # .:

&$%& 3"!6 O$"5 0 !.5 # !/0/*)5/"' %$.! 3 50 " )/%!/ # 5 P'" 5 #/;'5 %"! 3$/%"!

#. 4. 1  % 8$%&"/$% # ! &$$5#$%%' ! &$(%/"/4 ! # *2."/*/!)" .5  " # *) 5 35'! %")"/$%

# !$% .%/4 5!1 ). "5)4 5! # ! ! /%!")%& !  " # ! ! " 50 ! 35$35 !6

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

O$.! &)*&.*$%! !.&& !!/4 0 %" &>)&.% # ! &$03$!)%" ! # %$"5 0 !.5 # 

35$:/0/"' %&$' !"6 O$.! !.33$!$%! 9. * &$53.! &$%"/ %" 9.)"5 #$&.0 %"! doc11

doc21 doc3  " doc46



 !" #$%&'()* +, -*./)*. .01'2('3/*. 4* .'1'5%)'(0 *( 4* &)26'1'(0

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

)* 789+9

)+ 78:;"

), 78!;"

)- 78!9:

 !"#$  !" # $%&%'()%*+ ,-*), ', ./-.,0* .(/0$ 12034(56$ ,* ', ./-.,0* .(/0$ 1"#(/127

#80($""$!

+,<,!, #21&2.%=(* '=(*=.'2==*55*

123- 0/%-* 4, 53, %-*,-6%/--,'7 ',6 ./-.,0*6 .(/0$ 12034(56$ ,* .(/0$ 1"#(/12#87

0($""$ 6/-* '%+6 0() 3-, 6,3', ),'(*%/- 8 $9# 2!"9#(#68 :$! 9( ./&0/6(-*, %-*,-6%/--,'',

4, %&'()$* ,6* 4/-. +:(', ; 8

intensprox(cacr, cantib) =
1

1−log

(

1
1+2

) = 0, 677

+,<,!,! #21&2.%=(* *6&)*..'2==*55*

123- 0/%-* 4, 53, ,<0),66%/--,'7 ', *(=',(3  !> 4/--, ',6 5(',3)6 #;7(:; 0/3)

.?(@3, *,)&, ,* .?(@3, 4/.3&,-*!

#$0'$ $# :!26'$"# doc1 doc2 doc3 doc4
<4 A!AAB A!AAC A A!AA"

</0$ 12034(56$ A!AAC A A A!AAD

12034(56$ A!AA B A A A

=!4312034!"(#0(4$ A!AABE A!AAB A A

>?@ A!AACB A!AAE A A

</0$ A!AAF A!AAF A!AAF A

</0$ 1"#(/12#80($""$ A!AAC A!AA" A!AC" A

</0$ 1"#(/12#80($""$ :$ 9!(" $# :$ 91"#8 A A!AA> A A

 !"#$  !C # G(',3)6 4, #;7(:; 0/3) ',6 *,)&,6 4+-/*(-* ',6 ./-.,0*6 .(/0$ 12034(56$

,* .(/0$ 1"#(/12#80($""$!

H('.3'/-6 ', 6./), 0/3) .?(@3, 4/.3&,-* 8

# ζt(doc1) = 0.005 + 0.002 + 0.0075 + 0.0056 + 0.0025 + 0.003 + 0.002 = 0.0276

# ζt(doc2) = 0.002 + 0.005 + 0.006 + 0.003 + 0.001 + 0.004 = 0.021

# ζt(doc3) = 0.003 + 0.021 = 0.024

# ζt(doc4) = 0.001 + 0.009 = 0.01

9( I/-.*%/- nbDocPondt(cacr, cantib) ,6* +:(', ; nbDocPondt(cacr, cantib) = ζt(doc1)+

ζt(doc2) = 0.0276 + 0.021 = 0.0486

9( I/-.*%/- nbDoct(cacr, cantib) ,6* +:(', ; nbDoct(cacr, cantib) = ζt(doc1)+ζt(doc2)+



 !"! #$%&'(% )% *+(*,(- )%- )./01%23%- &%-,1%- 456

ζt(doc3) + ζt(doc4) = 0.0276 + 0.021 + 0.024 + 0.01 = 0.0826

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

expressprox(cacr, cantib) =
nbDocPondt(cacr,cantib)

nbDoct(cacr,cantib)
= 0.0486

0.0826 = 0.589

345' %#,'( .) 65) )*()'&,#'')-7 -) (!8-)!5 9:; .#'') -)& 6!-)5+&  !"#$! %#5+ "<!=5)

()+$) )( "<!=5) .#"5$)'(:

 %&'% % $()*'%+ doc1 doc2 doc3 doc4
,- >:>>? >:>>@ > >:>>A

,.&% /)&0-#1*% >:>>@ > > >:>>B

/)&0-#1*% >:>>9? > > >

2(-0/)&0-(+# &#-% >:>>?C >:>>? > >

345 >:>>@? >:>>C > >

,.&% >:>>D >:>>D >:>>D >

,.&% /+ #./) 6&#%++% >:>>@ >:>>A >:>@A >

,.&% /+ #./) 6&#%++% $% 7(#+ % $% 7/+ 6 > >:>>; > >

'()*% 9:D E F!-)5+& .)  !"#$! %#5+ -)& ()+$)& ./'#(!'( -)& "#'")%(& 8#.&% /)&0-#1*%

)( 8#.&% /+ #./) 6&#%++%:

G!-"5-#'& -) &"#+) %#5+ "<!=5) .#"5$)'( 2

E ζt(doc1) = 0.005 + 0.002 + 0.0075 + 0.0056 + 0.0025 + 0.003 + 0.002 = 0.0276

E ζt(doc2) = 0.002 + 0.005 + 0.006 + 0.003 + 0.001 + 0.004 = 0.021

E ζt(doc3) = 0.003 + 0.021 = 0.024

E ζt(doc4) = 0.001 + 0.009 = 0.01

 ! H#'"(,#' nbDocPondt(cacr, cantib) )&( /0!-) 1 nbDocPondt(cacr, cantib) = ζt(doc1)+

ζt(doc2) = 0.0276 + 0.021 = 0.0486

 ! H#'"(,#' nbDoct(cacr, cantib) )&( /0!-) 1 nbDoct(cacr, cantib) = ζ(doc1)+ζ(doc2)+

ζ(doc3) + ζ(doc4) = 0.0276 + 0.021 + 0.024 + 0.01 = 0.0826

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

expressprox(cacr, cantib) =
nbDocPondt(cacr,cantib)

nbDoct(cacr,cantib)
= 0.0486

0.0826 = 0.589

 !"!5!7 89&'9-+23% %$3%2-.922%((%

345' %#,'( .) 65) )*()'&,#'')-7 -) (!8-)!5 9:; .#'') -)& 6!-)5+&  !"#$! %#5+ "<!=5)

()+$) )( "<!=5) .#"5$)'(:

G!-"5-#'& -) &"#+) %#5+ "<!=5) .#"5$)'( 2

E ζi(doc1) = 0.0021 + 0.005 + 0.001 + 0.003 + 0.004 + 0.0012 = 0.0163

E ζi(doc2) = 0.002 + 0.0012 + 0.0043 = 0.0075

E ζi(doc3) = 0.001



 !" #$%&'()* +, -*./)*. .01'2('3/*. 4* .'1'5%)'(0 *( 4* &)26'1'(0

 !"#! ! $%&'#!( doc1 doc2 doc3 doc4
)#*&%" +,&"-.*/'!0  !  "#  !  "   !  "

)&"*.,(  !  $  ! #"   

1%'" !..!  !  #    

2".%(  !  %    

3*.4!"53 ,  !  &  !  &%  !  #  

)#*&%" +,( *6,& 7"*!((!0  !  #"    

 !"#$ '!& ( )*+,-./ 0,  89*$8 12-. +,/ 3,.4,/ 05623*63 +,/ 76/3*68,/ 0,/ 8268,13/

:*6"! ,&"-.*/'! ,3 :*6"! ,( *6,& 7"*!((!!

( ζi(doc4) = 0.002

9* :2683726 nbDocPondi(cacr, cantib) ,/3 5;*+, < nbDocPondi(cacr, cantib) = ζi(doc1)+

ζi(doc2) = 0.0163 + 0.0075 = 0.0238

9* :2683726 nbDoci(cacr, cantib) ,/3 5;*+, < nbDoci(cacr, cantib) = ζi(doc1)+ζi(doc2)+

ζi(doc3) + ζi(doc4) = 0.0163 + 0.0075 + 0.001 + 0.002 = 0.0268

9* 82412/*63, ,=3,6/7266,++, 0, %&'()$* ,/3 0268 5;*+, < >

extenprox(cacr, cantib) =
nbDocPondi(cacr,cantib)

nbDoci(cacr,cantib)
= 0.0238

0.0268 = 0.89

+,7,8,7 92)1/5* :52;%5*

?3-0726/ 4*763,6*63@ 0A-6 12763 0, B-, ;.%6,.@ +* 1.2=74735 ,63., +, 8268,13

:*6"! ,&"-.*/'! ,3 +, 8268,13 :*6"! ,( *6,& 7"*!((!! C2-. 8, :*7.,@ 62-/ ,D,83-26/

62/ 8*+8-+/ 0*6/ E-*3., 8263,=3,/ 07D5.,63/@ 05F67/ 1*. E-*3., 3.71+,3/ G12605.*3726/

0, 8H*E-, 82412/*63,I .,1.5/,63*63 E-*3., 822.02665,/ 82;6737B,/ 07/37683,/ >

#! α = 0, 33@ β = 0, 33@ γ = 0, 33 J

"! α = 0, 75@ β = 0, 125@ γ = 0, 125 J

%! α = 0, 125@ β = 0, 75@ γ = 0, 125 J

&! α = 0, 125@ β = 0, 125@ γ = 0, 75!

C2-. 8H*8-6 0, 8,/ 8263,=3,/@ +, 3*K+,*- '!$ 0266, +,/ B*+,-./ 0, %&'()$*! L-,+E-,/

/27,63 +,/ 822.02665,/ 82;6737B,/@ +,/ 8268,13/ :*6"! ,&"-.*/'! ,3 :*6"! ,( *6,& 79

"*!((! 263 -6, 1.2=74735 /-15.7,-., 2- 5;*+, <  @M! N76/7@ 0*6/ 623., ,=,41+,@ /,-+

+, 8263,=3, 2O 62-/ 1.7B7+5;726/ +A*/1,83 ,=3,6/7266,+ 62-/ 0266, -6, 1.2=74735 1+-/

7412.3*63, ,63., +,/ 0,-= 8268,13/! P23., 4,/-., 0, 1.2=74735 62-/ 1,.4,3 *76/7

0, .,Q53,. 07D5.,63/ 12763/ 0- B-,@ ,6 :2683726 0,/ 822.02665,/ 82;6737B,/ 0, +A-37R

+7/*3,-. ,3 0, +* .,1.5/,63*3726 0, /26 -67B,./@ *- 3.*B,./ 0, /,/ 76/3*68,/ ,3 0, /,/

3,.4,/ 1.21.,/!



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

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

*+ -. ++

*, -./0,

*- -./,1

*. -.12/

 !"#$  !" # $%&'()(*+ ,-*%, ., /&-/,0* /01'$ 23'45067$ ,* ., /&-/,0* /01'$ 2"#01238

#9'0$""$!

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

12 3-2.(*+ 4, /, /520(*%, +*2(* 4, 4(6*(-78,% /&-/%9*,),-* .,6 -&*(&-6 4, 0%&'(:

)(*+ ,* 4, 6()(.2%(*+; ,* 4, 0%&0&6,% 4,6 ),68%,6 <&%),..,6 4, /,6 0%&0%(+*+6 /&-/,0:

*8,..,6!

=&*%, 0&6(*(&- ,6* >8, 6()(.2%(*+ ,* 0%&'()(*+ 6&-* 4,8' /&-/,0*6 0%&/5,6 )2(6 026

6()(.2(%,6! 12 0%&'()(*+ ,6* 8- .(,- 8-(662-* 4,8' +.+),-*6 >8( 2002%2(66,-* 6&8?,-*

,-6,)@.,6; >8( 6&-* 0%&/5,6 42-6 8-, )A), B&-, 0,%/,0*(?,! 12 6()(.2%(*+ ,6* 8-

.(,- 8-(662-* 4,8' +.+),-*6 >8( 02%2(66,-* 6,)@.2@.,6! C. 0,8* 6D27(% 4, 6()(.(*84,6

0,%/,0*(@.,6 &8 <&-/*(&--,..,6!

=&86 2?&-6 02% /&-6+>8,-* @E*( 4,8' ),68%,6 4(6*(-/*,6 0&8% +?2.8,% /52/8-, 4,

/,6 -&*(&-6! F,6 4,8' ),68%,6 6D(-6/%(?,-* 42-6 ., /24%, 4D8-, /&-/,0*82.(62*(&- 6+:

)(&*(>8,; ,- *,-2-* /&)0*, *2-* 4, .D(-*,-6(&- >8, 4, .D,'0%,66(&- ,* 4, .D,'*,-6(&-

4,6 /&-/,0*6! G3- 4, ?2.(4,% /,6 ),68%,6; -&86 .,6 /&)02%,%&-6 28' 0%&'()(*+6 ,*

6()(.2%(*+6 ),68%+,6 ,'0+%(),-*2.,),-* 68% 4,6 68H,*6!





 !"#$%&' (

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

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

2+4%&+,5

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

 !" #$%&'()*+ ($'"'(,-* #.-/+.0)/.1""*((* #*- &'(*)+- #) 2+'#.*"/ spg 31)+ )"*

1"/1(12.* 4'33*(%* O #'"- (' -)./*5 -)+ #.6%+*"/- /,3*- #* -/+)7/)+*- 8.%+'+78.9)*-

4#1"/ (* "1:0+* #* !(- *-/ &'+.'0(* 31)+ 78'9)* 71"7*3/5; "1)- '&1"- #%&*(133% )"

3+1/1/,3* -3%7.!9)* #1"/ (*- 3'+':</+*- -1"/ = N (* "1:0+* #* 71"7*3/- #* O; H

(' 3+1>1"#*)+ :'?.:'(* #* O; */ W (' ('+2*)+ :'?.:'(* #* O@

A*- +%-)(/'/- 3+%-*"/%- -)+ (' !2)+* B@C 1"/ %/% 7'(7)(%- #'"- (* 71"/*?/* -).&'"/ =

D )"* 8.%+'+78.* #* 71"7*3/- O1 '&*7 )"* -/+)7/)+* #$'+0+* #%7+./* 3'+ 4N = 800;

H = 9; W = 1005 E

D )"* 8.%+'+78.* #* 71"7*3/- O2 '&*7 )"* -/+)7/)+* #* /+*.((.- */ )"* #*"-./%
 

#*

F@G #%7+./* 3'+ 4N = 800; H = 9; W = 1005 E

D α = 0.33 H 31"#%+'/.1" #* (' 71:31-'"/* ."/*"-.1""*((*; β = 0.33 H 31"#%+'H

/.1" #* (' 71:31-'"/* *?3+*--.1""*((*; γ = 0.33 H 31"#%+'/.1" #* (' 71:31H

-'"/* *?/*"-.1""*((* */ δ = 1 H 31"#%+'/.1" #* (' 71:31-'"/* %:1/.1""*((*@

I"* 8.%+'+78.* #* 71"7*3/- *" /+*.((.- 3+%-*"/* #* "1:0+*)-*- &'(*)+- #* spg /+<-

>'.0(*; '(1+- 9)$)"* 8.%+'+78.* #* 71"7*3/- *" '+0+* ' #*- &'(*)+- #* spg 3()- %9).(.H

0+%*-@ J*- +%-)(/'/- 71">1+/*"/ (* >'./ 9)* (* :)(/.H8%+./'2* 71"#)./ K )"* #.()/.1" #*

(' /,3.7'(./%@ L" *6*/; (' "1/.1" #* /,3.7'(./% ') -*." #*- 2+'#.*"/- #* 3+1/1/,3.7'(./%

H 9)$*((* -1./ 71"7*3/)*((* 1) (*?.7'(* H *-/ *--*"/.*((*:*"/ )"* %&'()'/.1" #* (' 3+1H

31+/.1" #$.">1+:'/.1" 3'+/'2%* *"/+* #*)? 71"7*3/- (.%- 8.%+'+78.9)*:*"/

!

@ M()- .(

, ' #$'-7*"#'"7* 1) #* #*-7*"#'"7*; 3()- ($'331+/ #$)" 71"7*3/ 3'+/.7)(.*+ *-/ #.()%

#'"- (' :'--*@

A*- +%-)(/'/- 3+%-*"/%- #'"- (' !2)+* B@N 1"/ %/% 7'(7)(%- #'"- (* 71"/*?/* -).&'"/ =

 ! "#  !"#$%& $% &'#()* *+, -.- /* '#((0', *1,'* /* 1023'* $4#'.+ *, /* 1023'* $* +022*,+!
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H = 98 W = 1009 :

# *,. 3%4(0(23%. -. 2+,2.5'& O2 0/.2 *,. &'(*2'*(. -60()(. -42(%'. 50( 7N = 508

H = 28 W = 309 :

# α = 0.338 β = 0.338 γ = 0.33 .' δ = 1!
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,.11.>.,' 0* /+1*>. -.& 3%4(0(23%.& -. 2+,2.5'&8 .' 2. 5+*( *,. >C>. -.,&%'4 -.

<(053.&!

 !"!# $%%&'()*'+, " - .+/)',0 .0 &1$23'(4&*430

&''($)" 0 4'4 *'%1%&4 -0,& 1. 20-(. -6*, 5(+D.' -4-%4 E 160,01F&. -. '.G'.&

-42(%/0,' 10 H+1%'%A*. I<(%2+1. =+>>*,. 7HI=9 -. 16J,%+, K*(+54.,,.! $0,& 2.

5(+D.'8 *,. +,'+1+<%. &542%LA*. 0 4'4 -4L,%. E 50('%( -* '34&0*(*& >*1'%1%,<*. K*B

(+/+2 7 !!" #$$%&'(")*%&$%&'(+(,$9! =. '34&0*(*&8 A*% .G%&'. ., ;" 10,<*.& +M2%.11.&

-. 16J,%+, K*(+54.,,.8 2+*/(. 51*&%.*(& '34>0'%A*.& 750( .G.>51. 5+1%'%A*.8 4-*20B

'%+, .' 2+>>*,%20'%+,8 &2%.,2.8 .,/%(+,,.>.,'8 0<(%2*1'*(.8 4,.(<%.8 .'2!9! @1 N+*(,%'
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@ A(B !%' *)0%-$' !% ':9 ./. .-00%' C

@ DB !%' *)0%-$' !% ':9 '/.& "9)0%' > 2 C

@ (B !%' *)0%-$' !% ':9 '/.& !).' 01+.&%$*)00% E53FG H 2E C

@ AB !%' *)0%-$' !% ':9 !).' 01+.&%$*)00% E53G5 H 53FGE C

@ FB !%' *)0%-$' !% ':9 !).' 01+.&%$*)00% E53AG H 53G5E C

@ GB !%' *)0%-$' !% ':9 !).' 01+.&%$*)00% E5H2AG H 5HAGE C

@ 2DB !%' *)0%-$' !% ':9 !).' 01+.&%$*)00% E5H52 H 5H2AGE C
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@ (F 0% '/.& +.!+$%#&%6%.& )- 6/;%. !1-. &%$6% !"./&).& -. #/.#%:& !% 0%-$

!%'#%.!).#%3
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@ 0% &)-M !% &%$6%' !% 01/.&/0/9+% :$"'%.&' !).' 0% #/$:-' %'& !% (JB %.*+$/. C

@ :$N' !% A43555 &%$6%' !% 01/.&/0/9+% .% '/.& :)' :$"'%.&' !).' 0% #/$:-' C
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 !"!# $%%&'()*'+, - . /+0)',1 234

8% #)0#-0 !%' 9$)!+%.&' !% :$/&/&;:+#)0+&" '-$ 01/.&/0/9+% \]<Q %̂..)M+)H > :)$&+$
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$"'-0&)&' '-+*).&' ?

@ (5B !%' *)0%-$' !% ':9 ./. .-00%' C

@ JB !%' *)0%-$' !% ':9 '/.& "9)0%' > 2 C

@ 4B !%' *)0%-$' !% ':9 '/.& !).' 01+.&%$*)00% E53FG H 2E C
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