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5.1. RELATIONS ENTRE SEMANTIQUES CONSERVANT LA

FATALITE

N '* .l-uJ.^.oro da^^o "" f*X*o,'h" !* *|oh'^^ ,ot-n nho,,'.l,'1*

(âJ{Àe^ e,^ô +,f "l- z,c) y ces{\ era'erwï- -0- 1'co1.*ahi t: ftt-"{â^'U ' cecL

,,r"r,r*.1- e,v\ -1ro,"f, *-Qr* J" t^^h'f,'* 
l-,.r; ^.^pU*tJ )o, r*/lt^oot L

t*ory. àu ,ft,câÈram^rm{À l*" /v.r.t .,û^^z t-*4.^^4**tal'r'aq À ç'-Xxa'^^-'e '

5.1.1. CONSERVATION DE PROPRIETES
INCLUSION DE SBMANTIQUES

DE FATALITE PAR

ôrr1A

a,^toÀÀ l

:-à
+

"Q*

<s', Rf z'> 1

4 S , A , L )  1

.*tM"- !" *loo" *p0.

Ers$P& 5"4'{-'l
l-q d^o"Fiq,1,t <s'A'z> â&t Jo^- -0'"ott"vrp0" e"{'s-& ( s={o'' l} '
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5 . \ . 2 CONSERVATION DE
DES SEMANTIQUES
ENTRE ETATS ET

PROPRIETES DE
CONCORDANTES A

ACTIONS PRES

FATALITE POUR
DES RELATIONS

rhJonri"ne t'4'L^t 4

^r (ur ' ra> (<s,4,  1) ,  4sf  R' ,  Z '>)
a  r  l l' . a - ' e Q 9 r a + 9

* - ' g T e ' t a + V '

o0*

:+ t ry *l- {et-"0" ÀôuÀ i^,,ro-rua,,ncc
+ 

L q'-F {oh9. a*tu .rawo}q-Q^^c4'

9,

o

J " +
à q

+o{À 4s,f,:,>1

f* a!,e',/Â

b:$guù3!e!
(+) S; V *h {aho0e ^ùL\À ù^}ax^'aÀce â" + +è<^L <s'4,:> "F çlcz' o?o.u i'0

*uot-e f.z d ï" hl=h,l .\- $fte1fl. *(fe,fâ). Crla,ïv,e Iteltl.[vÀ";. SG",fi\
r ' . ry(f",f;) l i .D o'.^.f i i  e\1'1. Lrtici. *- 'eQr*(1',,11\ ^ *-! V:-(t!, 'P!tl ' l- À"

1;éldl.Ivi. L.+'(i.,t!\ ^ v'(1'",1!r1 .

( .#)  cRr iar , '  s= l r , l \ ,  s=É,  z- - lo , l ! ,  s t lo ' ! ,  A ' .â ,  Z '={o ' }  ,  v t (o ,o ' \ ,  ' ta1 ' l ,J ) ,  Qb,o\ ,

r q{a,r) r { = V. N}a,rll a.,r}û{\À f'= Y'= '*-ae V o- tr (0,r0') -F lon" V' *F { a\alt (rcu'o

,unpo.r'a,r^cr, âe t') 4or* Z' rmo- V m'eof qoa {*hao" (aon* rùorr,'o,."" à f )

1ora.r Z.

tr

t r . L
lq lRecrt}(,qf¤- ¤̂ t ^ho'tc

A r  I  ,
ul*p{earvre,ufqr ,oô ïl r

i ô\èuâ "y*F^" J* *À'h'.t*
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The'ar.e.irne r,r, ù^, l,

^

! (u, "ua> (<s rÀ,a), < s I R', :. '>)

*'te ô o- tt =+Ô ^

-  =  { ' o ' t l - ^ = + {

* ' l o - y 9 ' * * Y '

'rÀe Vlg *'t*Y

t v
(-+

I v '
u"t- {et-el"
*t- {o h0"

ù f* <s,A,z>1

0' 1o* 1si*)ztl

poua rr*,ùcxio,nnce d.

porx lÀ^tor,t*.. J.

sÀ ^^h'.a\"tl*#

(=+) .{' s..r, r,"l

(+) Si q' -l- Èttlt ,ootr'o 'rhpqlu'a'À^ce à"

s(t(^,u>trl ÀSt. l'*ùl-.^.. J" f .: fe-0

(V[ei. È'(tl, tl) n v (î",fi)\ . Po^ on*i1,l,^.^'l-

{'1o"^^ 4sfR',r! "} 4e E q0.îo :'o

îte c<',a,"ra>(ç, p') -l- Sielt' l 'hl.

rnruâ o.\r^a ${é;,0ta(ç.,1'"1 n fttl,,ti)

c¤la

Jl-a.b

À

^
V (4,, 4)= v'({,l6.:, {o(oô

[r.p *l- {"ho0. 
pecrn ,raapotrba,rcc A. *

[V' *l- {"he, ^",1 ja^*axtbr.e, J"

À tr-a(ti,til) n (*(f,,F'")r. V'(f'",t )n*-t({"',,p\ * 1* -inç0E"' Qb.."{(1",ç) n

q(f,, f ;).
n

È qara -0"

arrr\e- {.^"Hot *^hc.
I

Cd."QI"i^n {J' 1,"r3

,t>M I /t\ât\â
I

4s',  À', E'y =

Q(r,,, an) =

e<{.>(<s,n,:>)

+({"(^), 1"0J)

rr^Àe, .rfna-Jo ..¤,

.t't-*^" -0"

fêrla" 4S,4,:>1

t' ço"t aslnl:'>I

"tho o" tt"^f,'ï-

,^t@ottn /t t ; t ,

y^L,.^.-0r'.. à1
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5.2 PRINCIPES DIINDUCTION ''A LA FLOYD''

Pq.r atsho.l-icn à 1ar't,rt Àe 0* cmJhh"J" J. F0ogd[6+1 ("rnJl-h"d" à^

q,ol+.licno r^^r".r,.a^^|- el- J" ahJr* t ^-f^dJ l&^-,rnoof'r. /a -,rr..l-i.^ l-ofq0o

à. f't"c1x4lrr^^ e^ ,tJye"^h'e{^), ,y\ôûr f.t"apæou à- fdî'"^ ;'.;Jo.h/tl

f* J/*.^l'* l* 1rp""Jt-ei )" {"hû'ht ). rt'â* )" f*a^arh'dvr,
Nanq lr*^l-* T, 

c¤À f*À-f J'^ârth'^ atnl ,^^t"L, aÀ" h 1"*r,*|
.* çQ.I" .t e1d,>qQ*,'b Ad {^^o0,À" -to *dk\oJ" J" fQ"gJ À)"1*d^^^*t
Jr.ttr,,^ !a,u{e{e J. f*1o*ol-,"n g^t-,rrù.^ -t- JL-t -Qaa,r{a{e. St"'^"'"1-i,'rw

çJi*!r-^ oY le X^L"U" a-u c-aa J* xçh.i'" Je f'.q.^,.or'l-""'vr rildr-

A"'L^^, -l-.o "h don. ar^n f*t** 1a.ta00;0e", Cs^^iâ.j"*^r"h À't{.i."h.

.Q* )" *,rnâil-o^,,rntÀ^. !rt^l/ /yrûu^ .*oY"j'-* !^ *0elf ^^ b^'.^- +^J"l
e,:^^eâç^,J"r^l-* T A.^f ^ut-oi^^ .i p,rf{rd"rrhe" 4at+ -Ae .n*p0"'f,rà

oÀ.-F; afre-,

T^À -/.t o.; o^ f; 1u" t'-T- F* .Qo"u (f * ^y8" âa^- !^

eâ^ d'- " "^/orh^ Fdr.û Qg;Q" d1* l.e !1"), 8q */fh"J' à.

FQo,6I .{,¤- f"^^.1- f* ^'oçp0.'1.^ Aa,^^D ;ul;.Q-u J- -qr.iqhleo o^r"iQ,'o}^*.

tlr*c ,1',.rrlrrrà --ppno"R" .s\."h. à ïU1,r^ 
-|.q *J$rJ" J. f0ttâ ù

.{r^Àe. ,t.Qali"on J. l',.*-l'[-r^ ^*'-Qr'orn.o. ( g',-l-or',F +.^^ .!* "'l-o.h tl- J*

arqaia [X.o e'11|[; > î- .r'n1."nàr,e nos"l-.r**rl .8a r",*^l','1u" or,t'Xgnn.le

dan" r.r^). o1p*"R. 1rr^ pl^âaO*c ?LhQ-r.'b,.^ J *uf*

)* [ou.P* J*^* ,0o r*u'F\oJ. J. F{",trd y* -0* f""t u-*h'n-0-,
.ô^"i/L à ,rl-,'Q,r;.^ J* 1"i*h J" **f*" ( où *^,^e {"^v''l-"avr J'

l-er.n^r,'narao â"'*;f nt--'.l^r**F \ .Ro,Lt o "\".r^ lue-^qu'; "l.l-- d - â,r,. su

4^ À'^ à. .0'fuFæ.* l. ."0J *rn*-Pé ào^^o )^ ro-'ott qu* 0,'*,r,.* ,
trJrlo ,h o*\''.cna ?. cza J*q o1p"* "â* p.r.,rl 1^h,m *h dlr*"Q."h".
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s .2.r RAPPEL DE LA METHODE DE FLOYD (DrTE DBS
ASSERTIONS INVARIANTES ET DE L'ORDRE
BIEN-FONDE) POUR DEMONTRER LA CORRECTION
TOTALE DE PROGRAMMES SEQUENTIELS

f.{.0r'trtrte+1 .o1aiJ)*a àc, t*ft****^ n"1^u*\-;.0. P, ( "sc.vwre oû c,s.{)

^^tee à^ d\-"h ). lo f*" (",s) e SEPsn ù c eCIP,X *T- -t^^ 1-*1" J.

"-,hrô0. ,Y rr,\ e JG ^t ,,..,^ "lha\' nn.j,nolx. (offu.h*rl- J* ^o0...- orro'

n *,r'a[\*). sq'.,^,f g e(X"^,JÇ+f È,{4}) a^\e ap"'.'{l.ol-,an J. pe^F'L "I

se (s[P.n - tË,ff]) A^\e ,f^À* ..no']Cù*,] ,0o-o Jl'ot" J, p^h.,

so, . \ -  Ç e (sEp,Ixs[Psn*thr f f ] )  t "0.  T.  Ç(<g,m)r(ê, f r>)= V(u,À).

La "rrro.h'att fola!" eol .eu"r. -p*op'.^"ltzt àe l"Y"UL' J" -0o

f^"^" ,
Vç e z<s,A È,e). l ;e l .pl. L (Viei.. s(q)) r r(p n y Q,,ç;))

b'o1d le r$rJthoJ" J., F0",1J", ô\ J.rJ"ont-,"" ,0o coaa-c-F,'ôô l"tn0" e)rl

J*n^L,,a4f J'o[^J, Po co.rch,ao çrn"F;.-0!" , f*i" )taLr^r. Jrr.r'.uno ô

0'r"J.rrh'* (. '*h-ô-J"* ) 'op,"à s,B./,1.\, l lot"*." JtJtbh J. [0o.oq') i

{;o0.,*. "1- -0o h",^mÀolao,

5.2.1.1 Correction partielle

La, mâtho J" ). do,1d te +l- Nqrlr,- leel Je frcuara à" ..r,r.h'"n

folii.Q" "s"*à1"- à J'ot^J ^sao,.^o,- .r.q^^"- o**h'rn P.e ({,"{*l*,ff})

à rR"q." 4ol.^^t- J" ,"ml'"âf. . À f{rX{a/y'vwc, ( P.(e,*\ *Q.'"^.} -0rJFc"f

tJ*o*. co.rr,a,,uï ,.noà llFJ non.jroon" .r,,nil-''o01l 1*t ^.m\-.*, ï" 
ceÀ o**F,'owo

o.xrt- a^,.rox^'q/rl-* .t {.,^r1n-O. 
,,",^t' *tnt-'r* T. 

}l*o^h* -t'o"t'tl anrq JF"L

{Âarrn ,u-pù'1r" lo lpJ*{;.oh'aû à' n^Y')-o*hl,
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Fa,ra- ,.m,rn\-^tu ïe c¤a *o*^h'* p.mT' ;.-^"orrl-* , "n )it Jlttd

*alh** 1.. -Q'"^"^l-,"n )'auY+"o eol' nna." ,

{g e c[.Pon, D e JL . [ .(<s,u>) + P"(<,o,uùJ

Pù f"u^ ,Qo1u. "or*ornnJ. À 1t,cX""^r*. t N ;; *6tth'.u" 14e ,at

.0" ."nh,.à0r dhajt- al 4t}r? c arrcL P. "r"are *rouY -\'oirt F,'n ). .8t

or*^o-J" *0* -pÀ *Jr^rh'* çl;;.&. po l-.nm,,ne "-r*"1-r'^...f ),, -0" ..*T"â0"

âdgF âk*e ¤̂ ^ c' a)rec P", n*aie I

Yc, i¤ c [ .Psnr .gr ,N,^ ' .  4.
( [ P" (*s, rm) r r s' ((c, rnr >) r. bo (<",rr,r>, 4c',,,n' >)1'+ P., ( e, ^n' ) )

FÀcJen.,"^^Ï, tn Jô,-F ,"narl-r.un 1'a- ,o.. !'*/rt l,^ ,.\l"in| r*t 1t,."'?
J.e*hu. À f!,r1'ta'^^/rne *0* -Pto.,orF,.* omoirJ i"c F,-l- Joi l-

À*f* )o api-'ft'..h'.nn :
$ae c [P. I , ,$ , f r  ¤,X" .  ( [  P;  (g ,6)  r .  ç ( ( " - ,  16>) l+  r7( .g , "T))

5.2.1.2 Absence drerreurs à I 'exécution (ou absence d'états
de blocage)

5i Jeo ,pâal''^a '1*\'"Q!^ p*l- -h U"L àor^ a)'It f@t,.ar-vre,
q{na Â).^r\e- t}ce&ue Jletse^n.. d'^rr.rra,r à ,0'ooi"ulian Jr'tl- *^ f*","

y' .Q^ *\z J"n^ne^^f tq-ô à" n,Ltt|i*Y^ "^ârfÀ,t . 5i +*
*.^r,h'^ , )o pJ-nr*h1". 'rà"h'^ "Q!" aF J"p'^,.. à. o*be 1'" !'^ lloh
*â*'.,- orr[' 4- J * ,,;,'!t"1" ^à4"^- >oi,ul J- ël"h J . 81..o X. o|.^
-u^^e f{eu^l¤, J tot*.e, J l.r'rqr* À !'.2./.-*l-i^r .,}^^; l'" à *,^l-..^ 1u"
,l- dl-o,to a".enni tlea "ft n'^e p"*l- f-. J* Jt'"h {ri *^'r J";-t arrou

o,u c.nowu )J.l'rÂ ^ucc{/Êerr/-

V e e c [ P * n r  . ' r m e X " .
( t  P"(,u,oo) , .  .  s(<c,nrr>)l  =à [1c'e c[Prn, * ' .J6 .  Yo('c.." tm), ("] . ,n '>) l)
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5.2.1.3 Terminaison

.Lq rmJ$oJc J" fte^r^re Je hr"r'-"ttaÀ.rn Je f{oqd- o,"".rit'" J'aEn)-

ù q.mo ue.^, à .Q.o1u. ç"i^.\- à. "o^Trô0e. c e c[ Psn À f *t*", ;ul' � ,\z

{o^.h'"n J. t-.or*"" a;"n J e (X^fr" + q*â ({) .

pui,r on ̂ .nnh" .f. !* oo0eruo J" .,S" {^"fi,tn t,e^h;*"'*)r a

rr{\ ['û" - ̂ à"" (W, -<) , ( = R^âq)
V c e c $ . P " 1  ,  r $ , r $ e { .

(  t .P" (u , rm)  r r  rs (<c ,m>) f  +  , f " ( * ,cç r )e rd)

Frnq0cvv\e.rF., ôA *onh" ï,'*pù "?rr1"t .^J".rh'nr, Àtrr^o "..1*4a^/",

Lo n o0* .-ur.o*Fe à. -Q* 
f,^.F"n J. t-.rrmnqd,en al"loucâ â-- è.r$ f"ff J. r^F,L tnf

ahi*"1-r,",rn*l- f0,^ +eht Te "p" roP*.^^ J" lo l"*"1,'^ ). tè^^tûo,,i,,vr o^"il 
'1

d p"rn g"Ll- à' ,^,intL I
Vc, " 'e c [PsI ,  d! ,  m,, t 'e " ]6,

(t%(ur,m) ,r rs'(4c, cm>) n b*(<c,rrnv,,lcf ,rn'>)l - [t,($,*') < { (,u,-\ l
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5.2.2 LE PRINCIPE D'INDUCTION DE BASE POUR LES
SEMANTIQUES CLOSES

ft.r, lr*.r.r J'rr\-,'0.À-- )* aro*,^-h'^no i-*0* Pc *n"u'"L o,,,"q f"t
t ."t+0" c eC[ft[, c,ràr^^ fo.rlr*o ,.r,Fi0-r^ r"r,n ,rÂpaxro+l- t2"[dl T
t-"Q, T" (.-{. r.a..r,r) :

re (srPsnl*l*,-ff])
T (<g,tu>, (c, m))

"t- er " f,*"1';on Je h-rv*..^nor.oorr t%t"0" frll" y. ,

I , (s[P,I"-- ,ffugq) ,ce cfiPslli)

{ (.4 ,9) t lctnn>) = 
{ 

(u, -)

lQ "^l' o0* T"^rr.c0 J" r"id4f* T" .0* .o,râ.'h'*^ ). ui;l,.ofi*
d. rPe,trJ ( J.f;'% cdfrtvyge ?vl c, r,,r ) r"nt Jlrro*).^rF." 4.r,r or p,";ro t^ |

C*.f,'on 1-"1';"01. ,
I lega> + u(4,a))

^
( [T(r ,a)  r .  rs(a) I  bu(a,a)1 + T(4,d))

A
([s(a,[) ,, s(n\l+ V(r,a))]

- Atse^"r- JUh"t" à, {'0,*n" ,
(trga,a) r .  rs(r) l  + [ra'e s[Psl l .  bo (a,r ' )J )

4 Terutnwrc.roon:

[ ([r(t,a) r. .c(a)l -' {(r,,r)ew)^1[ s1p,o) n rs(n) ,r bo (,rr r')l + L {(t,o') * f <a,Ol1 I

Si tnar^l'"^r,"*l- ^rè{J,À /fôôolÀ I

Q, V e (s[P,1"*{ t , f f } )

Q ( s,o) = [- ç(a)l
1y (e ,À )  7  L " ( l )  n  V ( r , ; ) 1
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q["* mè.uA tô{!u.*À "e-$--. *"*".^l- T" )o ^l t'hoJ. A. f0"Xd"
!æfcôe Àu^ !" t{r/4 af e- à'ÀJ*rcl-,'.rn Arrr^tq"rl- i

( 3Te 65'- 1û,fï), ptu'*&Mq\, N= (rX({), -<u(4rX(+)*Rnq(f)*ltt,lf}).

flg (\^l, -<)

I 1 4 , r e s .

(e(r) =+ T(a, O)\

(r(a,o) o 
u 

lp(a,r)

[Q(a,o) n {(o,o)ew ,r l,Je s,aeA. bo(a,r) r

Vre s, c ¤4,(q(a,d) '+ [t(4,a,) r. {(1,,ù<{(r,^)])])])

ù *.g({r<) .or.-o.f*-" I* {,."^-/rÀ- r..w uf .

(E)
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5.2.3 PRINCIPES D'INDUCTION
SEMANTTQUES CLOSES

EQUIVALENTS POUR LES

ber "at^'o^^t-* À f"i**F. J'ÀJrr"h,'cn Ja [o.o. 1.y1t- po,.r:e^^f ,r\';Où.L,

rf"tr" Àf*dt-.n* mai^l-<r^e^rl' )- |.'ror-f^ "al';.,"" p.u.".rwiroea 1rr .snJd*J

a- "Uff.j*^E f*À*f- J'ÀJ"àF,att" r'loqa ,n^l-'.nno qt e f-otro "r" qvr,r*1ea

â'ÂJ,""l','"n Êr*F "'?^*qQ.^'h *r" f*n*. d'aJtdrô,^' ). too< ( E).

L. *-Jo*e!ù" J" 0a 
{^ùô à T-e,.r$u{a^à.n\ f f*l- t-r"{* âl-',r- .Rri.i

(t Ïe(ss+lt,ffI), f . (sr- hg(Ç))., -<e (fu$4)xÇnX{f)-+{t,ff }).

ue ( 8nX(fl, <)
[$q,,re s .

(.(r) o r(a,t\)
^

(T(a,g + V(a,.r)
Y

I Q(a,r) a la'e s,oeA.b.(e,r') n

ItrrLs,a e e .(to(r,r) .+ [rê,r') ^ {ê,o)<flgùl!\l)

( 4 )

Q,,*à , Ao'* ,tr- J"rr,-^h*--Fi* ÂU31i,soQ � ** , tl ,u'* *.J^r";
J'J,0d,w c,.' "mâroe h^lr J* oLi"t T e.1.nF Jr'ff*"^^b, )otu' .!- fd*f*
â'-rd^rc-\-i.r"t (q) * (q) *a.L o,t n1n.-0o f*. . ùpù{t.^ molta e,rrdirs ânn"é

l" .rnârm" rnô(n (carvtr"c T, {, *,,,.) /trâtrô "ul-i.0"o"rr-rn" Jeo ùÀ"." (.rmwne

d ,  ro,  { . ,1, ,  { .  ,  *o,  , . , )  .

T\eorrrvrre- 5. 9.3 ̂ /.1
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D"ryanphna\tioo
#

cko',^{,' lo(A,r) = [({(e,^)e\rn rr I(r,ùn y(a,ôl, 4c$4"\= (w"rlr}) *rc.

r+w. , !o(a,a)-- ( ({,(a,r)e w") - {(e,o\lr),, s'{"w l^' .h p*0*n^f *,

[(* '=t r u,e N..)u (* '<,V,, ,r ureVl. r '  w'<,.w)].

û

.L ç-rft J. ""nh"ÂO" À, fF,rtÈe/Nvî..e ,.rnoi, ,orQ*n*t arrq f"ù àc

co',îtJÀ.¤- â- lou"?u :

(1 Kes, Ie((x<xs--{b,t{}), {e (rè*BuX({)), <e (foA()^ fot(4) -ls,ffU.

Ç3fuI 1s,4, b,e> (K)

*,e (fug(4),<)
I V 4 , r l e K ,  a f e s .

(e(n) * T(g,t ,a))
(T(g,ar,o,) ,+ 

u 
V(a,o,)

IQ(a,r ') 1 3a'Ls,aeA. bo(af r ')  ,r Va'!s,eeA,

Lola;o')o, 1 (rix r {(a,o')<f{a,r) r s(a,a',o'))
u 

ao"*K r. T(a,1,À') l)]) l)

tg nrteot' -peo ^J"eroein dlorrrocrau ,rn" {"n"fi"a" J. f*r*t^.ùrn â l'rao

(4)

rù, Ci*bf <s,4, t ,e>(r\  = [  l rss) rr  (Vaes.(Ê(è)- 'AeK)) r .

VçeZa<s, l ,b ,Ë) .  1r -e  n l .  f  e  K1

tl^t .^o*[1" d" ry""l-. J" -"f* ('cul-rE|') *F.rr e ,lo " J'Jl-'h q-

fâu^ ù*$*, à"0*l- -1. Jt-",h à'".,J,,"L *) t'4" +" o':0 \ aoaf .r.,re *lJ'rn
*{","'. â" f*t,o1Ètorr\rt'^e/ ""0.-"i 1omr.r.at d{À-lJ frr.^"r.^} rf* dr"

éT-cf" *1ç"^F.^."rrF à -?'or**rLl. J" loit''l' J. câtrfur&.
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ThJa,Àe ç,$,3 ru r,

ulrmonol-'.ef ian

cSoior.^

K =  S .

T. (è , Â, d) -- [ T"(è, u ) rr ,r= a']., fuX(.) = çsq("\, {.=1", <3= <r
eb

tr

l'r.h'-{- aFi.tn à". l"ont

t "n-fa^ââ rcnh ̂ff;a^,L
t )^^ m'*h +q^ô tlt[-

'aq l-oi
del'otrte, bea

( t f"W.f"à ç{.,^ "orn,roJ"o) r

ù d(*r,*) .^r.o.l-â-" )^'..loh'"n,' b{i"r 
{^J"t ,or.u- w'

Thcto.rÀc. i, 1,,3 a, I

*0-l','*

(4)

(3re 1s1-\È,{f}), {e (sd* &,q({)), *.(RrgÇ),,e.{ç\*lgff}).

I t , r . l e s .

(e(a) =+ v(a,l)
^

(Y(a,r) + 
uy(ê,a)

[  { (a,À I  la 'e5,oef .  bo(.arr ' ) , .

^ qrf (fux Ç) , -<)

Va'e s, aeA . (boç,r\ =+ Ls(è,À,) r. {(t,d)< ffa,r:1)}l)



5 -  1 9

uÂanot"ohlm*-æ

P,^*Àq.e g9(ç*{ ({,),*o) r^pe.'ye *fCeCXC{.),<,) r{tù,r, f*,r,*"
all,;,*.

,  f L  e ( s x s ' " q S )

p(a, t ' \  = ({voe s.  - rTu(4,arr ' )  v Y(ê,a ' ) )  ' *  o I

nlûtSqC{r),*")(f.(a,a)) *a ' À¤s ̂T.(ê,r,!) r.Y(4,À')})
.  {¤(s^s*  qg fxs)

{ (a'r ') = ( l*(4' l ' ) '  a'>
, << ¤ (sxs - {Ê/#}) hc?r. 1^l" t'< A zu'rl xlrtQ-*"t x [tue È. bu (a,r/) r r'g K1

. -<q ¤ ( foX(f,t- fuXt{,,) - lt,ff}) l"û. 1"" qw',A' � ) {,, <u,À> u t mt'1u^t
À l ,  ( ( w ' < w \ y ( w ' = v t  n  d < a ) )

P,l"1re *(CEC,.) f q{âff<s,fi,b,ay(K) "il^p0'1,rr*rl odCt,"t /y,ær.ô @r'd\^.ô

*fCçot{f,),**). s; ooct^ .Rorir.rnono T.,(â,r')= Llres.t (4,a,r)1 -0, J.in*^l-"oh}nr

e.Jwlrht-c e,o.^l-ie0"r,tJ ; ^onl-'ue. Ta rnrrr cr.rr6rr/s :

[ ( l r "es.T. (g, i r , là)  r  r f (ê ,d)  r  to(af  a")  r  rner l  +(ç"(e, t ' )>p(a,1") )

"h
[( l le s.T.(4,a, / ) )  n r{( t ,d)  r .  b.@,e')  r '  d4xl+ (p(+,a ' ) r ,F(a,r ' ) )

t

lÂ {^n.},^ à" t-er,.r*un.r".rrr 1"rth êt-^te t-.npà."lr 
+ar" ^^,e- ^relotl"-

ar^n^0^toiLr (*l rn to.rçpo.,a-.rro ^k fo, c.rr.Jv{y\a, J.b^e- ^ro^iabla À- ç'*g',a^n-re)
oI ^rol. r- âo-^ "0. J,rtnavùe, J'.r " r*"Qo.l{*,, h'-,-{.mJ.L .* 1* 

'JJ.^.t

obtr'cher.n.,.^l' *- .?.o1u" -{:aa J" fx.o{xo/wwr¤..
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( 1W, < e(r,ta* lt/.H!), Te (wrsxs + tL, ff l).

^'Pqw, <)
^ v

[Va,  Ae 5,  wew.
(e(a) o Ig s e W. T(u,a, t)'1)

^
(T( * ,  â ,a )  +  

uV(e ,a)
I Q(a,r) ,r 1r'e s, ee A. bo(,r,l') À

Vl'e s, c e r . (l; (a, a')'a L1 wkv . T(,n,', A, a'llIfl

(4)

fhdaùme r.t.3^,\

bj13"*hf&n
CRoituh

n
Wr= fuq(î), {s={, , { (w,4ra)= Lw={*(er5; n r,.(+.,À1

Pu*1"rc ie^ ',rPql'i.rno h'w-{onJâ lorr'.^th éh", t0\â Jo^- J-

to*,--.r.J"rro , -0'Àu-cn-ç[.r.".me àe lono - o.ott r.o eot- ,)).t^z t . {tt^

âr"'eyr"ro0^.* .f l- ^À)*rr^n e"nl J* tt p'.u""^i*rh J.

"l,a1;.u,r* ,9-r^" à'".y)*o[r^rn- , mê{r.ô,fû.,,,l*rt \æ^tr" ,rh'0^.^ .0" [*-./tJr*t <

.0" .i*o os J* y.d.àor.ro "1-ô{!r, -0* fxr.ure^ â" fahaeF" :
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(.f)

. ,
Thecnc,r$?- {,Q,,3 u 5

b..,rrnol..a[itn

u.{^; .{rrùe {^.hon 
'." 1 ( e (v,f, -r OJfl \ qrr}vvn¤ n^u.l- :

q(w\ = nbe q1g! r \wk\.[*rk".^r + g(ur')<xl]

(c.$e J.lrUl-"^ t>4 ù-['$" *ù.*"*l- çor" irâ""hon f.a^"t,;*" À".À <rr l'*1-.
-(f, col- ̂ rne '.0oh'*r Ert*,-{o^J"J a"r,l, wr).

otççrr , . re.r-  T '"  Vwr,ureWr.[(* ' {ow)+(e(*,àaq(*)) ] .  s{ . { r ; "^ t -auf j l r (*)*r ,weulr} .

c(orar,t r

J6 ( t ,4 , r )  =  [e (a \+  (  [T=o  r  y (a , r )1
u 

[1*¤Nr. ( r " (w,4, r )  r  \=  g(u)+t )J)1

û

Io .0" . I'r'or'- {^J"l ^rn^0.*,'" (N^,8gâ(+"\, R1q({.), R*{(r) a..ulr) ç*f
t-odau,u âF". "{rln" qrw\rhe (o*.d, a) ,*ô a^^Ài c6yvvv$e (s"s,-<) Ë <

.r{/v\c *"Qql^"^,, tùq;ho [i*- - f^J.é ^ru. Q- él.I^ ."rrw<rnabf ,."t\o^l ,9,,or'u" ,

(1fe ogl , T¤ (trx sxs *1t,ff}) .

(4.ù
(ES

Q,: 'a)

e.z.r)

(Vr es.  Lde l ' .  r  (xrr , l ) )

({,t,r'e 5, $'a f .

I(s1rr À,) -+

t Qf^, 4 n 1a'! s, q e A . bo (rs', d') rr Va'ks,oeÊ.[u*(rid) + ] xt ul r(xï r,r')l I

Ie1,n) + ] (,r,r')J))
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(3T e (s'- fÈ ffÏ), -< e (ssx s'* lÈ,ffI) .

dcs',<l
[ { ê , l e s '

(e(a) =+ r(a,e))
A

(T(p,a)  + 
nk(n, r )

IQ(r,a\ r '  ] ie5,,aeA.bo(,o,d) ^

\/e S, aeR. (Lo(a,l)+[r(A,l ' )  r.  <ê,r/)< <tr l>])N)

(4)

ThJrnÀn e 5.1..3 .6

È,nE$*rU
choiu- T*(a,e) = llyet. (e1g1 r. T.(r,E,r))1, (A',a')<1(ê,ly ri ef æl0a*rr"T AL

[eCl) n d=A r 3Tel,u.(r,a,a) x:ry(a,,o) n Vxef. ([vr(x,4,r) r'6;ol+ lt '<1.r.(xi t,r'))J,
E

Leo fù1* 4âà"h'^ (4) ; f4) ^f,y'l- hors Jy^rcP*f" à"* A p,^

ï" At ,Lt,v.e fl,¤ture 
q ;lJ {;l-e a)^ rrnatem àt,,.n, ,t^lt n fù*"

â'ÀJ*.Fion ( q ) arrnp*T-a^k 'J; 
, 1; , ,,, .Ao f |r¤,*rlc l".rf ah. ""J"çr.â

y fo,'f .-b* f*À .'P" d 'àd" "h o ( E) f *;1^^c Ti , <i , ,,, y"t'*eul ah.e
J;tÉ à f*i; J. Tj, <i,,,, ovt '"h'U"'i )* kd10. Je '*/*it'.^r,. J*ul-

àor,n -0* Je^n'qat-*oh'ano (4) :* (drrynÀ**.,.) =r...=+({) .

tl^r àr'ru,,.n* ,ànQfof *l- *"d^oit*,

fhlc..À.- trt.3 ^,7

I  rQ):+( f i )
L-
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uo.|r,r^ol-oaFios

cflo'.,rra, w. = EoX(+) , o-d ) 4n=1 ) ï= T* "l- { {a, o) =
u{ {  (a, l l )+. .1 :  (a,J)  {+ <4,,À>} .

tr

Eo ,r^|i{À c^ l- lb oe,rar',mr conl-*oq'otl-ôu ào ,.e^ 
td4* à'ÀJl,"hn.

rûo{.tÀ frr',-oA JJ*^l.*.r -0- 10"-pn'Jhi J" {"140,'1"' J." -f.co{'caran.er

fa/v "pta!".rr"J" , Po^ *.*p0" (.4) f*f iX"Q.^"^t ptuhi,* ,

(  1te Q!,  re ( t {xs 's * lÈr f f  } ) .

[V4 ,1 ,  A ' ,  A -e5 ,  ae  ô ,  8e f  .

(e (a) =+ [1'ref . r(q, a, a)l)
( [ f ( t ,  A ,a )  n ,  ' l>o l  =+  [Q(a , r )  , r  la 'e5 ,ae f t .bo(a , r ' ) l )
( [ r(x, ê, r) r. t>o ,r bo(r, r')1 =+ [1t'<t. T(ti g,a')))

^ (  l (0 ,4 , I )  +  y(ê,  Â)) l )

dont- It o<,trrtoo "o,rl'"epoifôo eol,

(1\ 'e o:Sl  ,  Te(ûsrs+fÈ,1{}) .

h l - r , t r a ' ,  EeS ,  qeA i  8e f .

( -p( t , r )=+ T(orA,E))
^

( [ t>o ^ (-È(e,o1 v V/es,pe A. .bo(r ,d))1+ J(r ,4, , r ) )
^

( [ lt, a, br(r, r') r, vxkt. J(s; A,l')l o T(1,4, À)
À( e(r) + [ lle f. r f,( Ir a, t)]X)

(E'\

(4)



t*'utaa'i"o4o 
lotfÀca/ 'r L ' yi*r\",ni^ :

5 - U

"f "c.it"e1otfôea àra AtàJ*t,'d" psn IJD\,^J\41â¤a
l l

rhâÀc 5,1,,3 a, E

ùe,m ""|-'t,at'i.m

(=>)

tr

i --,1,,,.,+

Chot l t+ I ;  = -1" , (e)  c îo inu q ' - î ;

( P;13+r_" ât*u +rpgTg.ssl_e ù 1e*euoa {qrtb:e *,!g;"sr^l

& tg{*+e J!Àc*t-ùb (4))

l"
,q/V\

an*.. -h'0.À"r.-o

T" fot.au"b
,-fentrea ;

e:ge& s,s,3-4

bq,rno .0a >..ih<' ( çe* ;00-h""' .0e *Jfhad.. à" s.$,ÀFqg0t+ql)

f\.oX!.an^,ûr" J1,^o"h"0 N.ùrr h (F,,.1 ùtl*40.r*'f J" s,rr,,otqe0t+ql)

ortLn* tùâihe e' Qta)" dl-unne 1iP. v{t .,,*yt-* f À¤À 1ùA^

l" ,ro0.,^- J. Qa .o-'rtl" Tr J. htp" "qrù"J -f æ,f ",ni0" Bo',I
({(r') . 'râ(T,L\) oà $Cr"l "f '1(rr,) p*h J^ 'o.^,!,*,o' 

, Q^ ,s|.,r.L à.
eê J" t-q4. "moY' e-nt- -rrrvr tt.*rtn" rncl-,D,e0 "f ,0e *o0.,- J. 0o -o-'otf" st

à" hgp. 'giQ"l ..1- /,o',-l- o ,-'i ({À(se).t0(su) ûù {ÀCsu) eot- "rrzn "o*\rz" "l

t0(sU) *\- arar.e '+iQ." .
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hhe^n t"*^ P,rh T"t. onfo sl;

rt '-- $(r"); Qgl'" Loop
.,nd,

e2oe b"qir, Qo z= Co + 1 i--T--

S fa t f  :  S t : - -  ( \  ;  Co *o1

Loop: il Tt.1 rni0r t

tt sF=( ) fhem gol'o Fr,^ioh ;
l - l r -

P"F Tz {nrvn sF ;
T'ûr= 'st(Tr),; ff|" Lo"p

* 4 ;

Fùnroh t

la"^" .?,a p^r^'\-c rv\ô{ra o,l-iQù*.-" *k ,o*^rtpl* 1'114* iQ!r,"t--^- ^ol*

{il"0i,ohon â. l" .rndf[r'J.. À B*,"l-qQi-, Pstu^. 1o,-,rnottn- m co.nç.^ar,"ol a,drc

I^ rnâhhod" â. feo,trA I *\âua "0*" *5,\!-'rr,n à {14t'J" J. "ol "^.o,,,p0" 1t'.ttre

f\eure à *"F,^ I'rT-q0" fa^ {- ^lF\oâ. d" F{'.trâ ar" ù L
**"he,.n"^'1- à Tptr'1,.^*- P* fù*t. lr-)'À"h'on (4) ,

l-- l\ahÀe à. l',.q^^.'Fi.ln <5,A,bre>

e"t d"l* f "n ',

- s= [sl-ar,"l-, Loof tFôh] x qtLrex .nJx liPe

c-oar ponJa^^l 4- .4 f@ft'tarrrn,ole

-  H= l*1
- b6 (1L,ù,co,  bv)r  1L ' , i l  ,o ' ,  È l '>)  =

[ (0= Slar* r {''Loop ,r btJ=l-.t t, cot=o r. lt'=())
v

(1,= Loop r bu+ roi0 x L'= l""p n b"= {(rn) r. "o'=co r. al'= (b",,rb))
u 

(0= Loop r. tt-=,rri0 r eF4() ,. 4'=Loop r. W=,rX(4d.(rt\) n "d--æ*A x ^li r0(^h))
v

(0= Loop rr tti= mi0 rr lT'=O I C'=FÀioh n f,.,'= lt r, cd=cor,t rr lhlot)l

-  e(<L,8,4,,o1->) = [4=sta..uF1
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le a5,*oh'* FrFaO" à" ee frtoc{,cq11.lrrng çeul- éhe lflu'fi'e[ fo.u
lt fqthA^'Fi à" V fu** (.s,S,z<s,A,b,¤>) , l"û" 7w

V kL,Tn,co,,oh>, a0', uJ, col, rht) = [4r.FJnah n .o'=l'is(f")]

où

f'1'o (fô = (rt,=mi0 * 4l(tif'(4fu't)*Qr(-X(t'"1)))

L" .,r,.lr-"hon 1o.nrh.I0" J. ". f',tXn-r*nte .6n4;f" J'ob^J. à Jrtro.tù\L

âea "l.^*^h'* e^l.F^"*JÀ'critt^ orrwucL qrr.( foiÆ Je "o,r\-x,ô0. Jr f"-o1!âm\,/{y\e.
CeÀ *rnu-F;^.r "^1r.-m"^rt' -0^ n"Qol-i^o îr'* nno.Hr"-I à t-ro,r,^rer o-,..1-* -l-

,40.^rra ,r-",if,'o0.o V, "g, o! àeu o""^'o[t T!, Co, St' J- -0"rr'* ^o0olo U,., o, nF

ïto^J 9" ".*Fô.L .of ¤̂ ^ ce,ù çoi,^,,t" :

rsr** ( 8 ,"e, êf, ,h-, .or,rl ') = [h=E r q=@ ̂  Àh'All

t rop ( lp,  "e,A!,  fu,  "o,  nf)  = [  ( l {bs(tu)+co+ lgo(hf ."  \ ,a l ) )= t f "Ct l ]

rp,)"ih (lv 1 e 1 ù, f^", ca, ,rl) = [ co= t'i1s (E\l

à

{"X (*) = $ IXCO "l- Àt {e (ailte- ,.r) .l al- eaf ,r.,ne 1i0" o P-o

ts$ ({,al) = ( rt=g1 * o I f {({d (rF))* *s (+, Fe (^h)))

P,,.ra ôn ^^\-*" 
l^^" 

ceÀ *^",..ï-i.^o r.mt- -nro.^'"^^h", c-tl-- q*-J;* ,

. Isro-f caF ,,inih'a?"*u.,.rl' nncoie a,Dec, f,"=t! ) @=e .j ph=d

. si -?r-n"r.F,'"n t^F.-ttliIùe o "".Ll qÀ f"it J. .*bô0" 4. à* 1to{'taninne
.ol o.q,r" j 

ï" !" omt-nË0. +^" À +o;À A. a-* 1o'r^f Q' ,*?o.^ Jh^"^},l'rn
rrrnoir) à &t J",f âfte ny.',)e.,

rs'o-F (8,?,1F, ht, -, rt) - t Lo"p( b, 1o, pT', h, o, ( ))

I t,.or{r.t, e1 ût t-,r., c,a, af) ^ t'"t,ni0 ] + Tuor(rl,*,$, .fi&1, co, (ft.rb))

I t,.rrtE, l,, rJ lt,co, *) r. hr,=,,,i0 r ,il'*O] o rroop([,"!,ù, uX(gd(rF\), co+a, it(aF))

I t roortLt ,c2, ùt fr, <o, rh) ,r ft,= ,rrit ,r rtt O ] * ar*a.U ( t:, çr lt-, 1", cot't ,,rt)

FÀqOr*J . 2t "4.-h* er':o c^!é
ô  |  . ^ .  t
Xq ,bPec4# aq-lt cm i

Ip;*f. ( b,g,Al', Y+tcot oh) + [ co= h'ps(b)]

cilr 1i".tr J. ra.ii A''J' ;o.n'fàg.,^
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/ *b'atL; fe".1d[Gl, 'fnaots "f F,rt^/\wra-l-,',^ ake )"oQk "ril-h !X aLo.u"ir1

fha-t- "p"R ,.\ "l- Ét. f\rt>ra/rn àer^tcu'la' ^rrne *,1-;l-g *[*oB ,or*nof àeùzaz;e

{Àâe4,,"it-eq'i tJ.'..a a,noc..rno J^" a,-- l'a,rl- 1oi,r,,"l- J" "tnl'.i0. L Àr. fuStcrume,
,.^nte {on.l-lro Wt àen ,rro0* fn,,"ur,ot- J", rax^'atl* T\, Cor sl d^^ ,s"oq,,arrr*e
c. 'r..!"0-t-of àat* 9. t"tr-*âx. (t, <) :

Vst"* (f'", co, al-) = ^%o(ft)+l

U toF (F,c, co, rt ') =,uri5c- (l ' t-) + o*g{, (aW'bn, ab)

s r*;t, (t'^c, co,ll-) : o

dù

n[e (tt) -- ( fn= mi0 - I I r*or5(t{(|tD+ ru5"(rX(t .)))

"F *o.nf',ar* î'"fù .,ïalu � e .r"/*h'on à'^r,^...r*rr're^de, lo ooQrro* ""ul,o-*E

d" lt f,an.hun rrrg, otn"ri.L ; Àwr .poi*Y )" 'aon-h"' 2' *f .^^+à'*^t â 0o

"o0o^n or^,l-nji*.. J. 0" f,o^rhln ul4 a,,*oubl è anm 4ou.t- à"'u,h*I' e i

L t"'=ft, \ co'=o r ol'=O ] + (W.r^,"r (lu,*,lt) > ulroo(ltl.oi,rt'))

I T-,r.çmi{ n Tr'= {(r0 n cJ=(o r. rt'=(ft.aF)l * (Wrrop(tt,co,,rh) > W6,p(fr,,,"oi ol''))

I Ft="ti{, r.. al+() ,r t'-'=q{{dtef) x cJ=co+t ,r rb'=f{(ah)] +

(N;ror(tr,eo, rrF) , Nrop(r.,,.of *,))

I f,a=mr0 ,r ,rb=O r. tz'=f,s l eot=en+4 r', ,rl'=lt] + (ulr,rop (ln-,co,lf\ > Nç;iot",(h.'rc,o',$t)

¤ "n cRolaialaa^k :

f =..,

T6 (x, <4,Yr,g, ât), ,  qQ",fz,co, l t>) =

[(4= sfo*) ( t=vtlg(ft ,co, rh) ,r Tg(!.,g9,f,t-t ,  "o, oF))1

I.o ""^J*'h'ctto J" '.1;fi.ol'iaq J" f{o,trÀ o^rï- Jîruo\*?* à (4) (fd T" n

"t'rotx4^Nvûe eo\' t-ol'q0 , 9^ ".^^$.oFi^o J'qts"r "" Jl.nnorr,ro a .0LJ,rrh'"l :

Vte lsharh, t oy!. [rg(b,g,S,t'*,"o,el-) =+

l0] t'r,',, cd, bY' .E (<4, t-t , co, Af )7 <?',fu',"of, rt'>)J

otr'ont- .,Fa,ô Q.-.rr dlêh',.),

E
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5.2.4 CORRECTION ET COMPLETUDE SEMANTIQUE DES
PRINCIPES D'INDUCTION ''A LA FLOYD'' POUR LES
SEMANTTQUES CLOSES

Y eat 
{.h'p" ^ôuÀ .rrlnara.rq'a^r ce àe F f* <5,4):.<s,Altrt>> .u *l p..,lo*e.rl-À

,t//f' deo f**t'- d'àd,."l'ion *f atpg..elle.

ThJo.rùmc- t, t, h ",4 ( cau.eeh'ao)

(,4) (9 *l- {oFo0. poqa rÀ*axr'arnca. Jg ô f* 4s,ft,zcs,A,b,e>)

sd+"o*f"aFioo

Sqpca<rno ço^ -0\"b"urrJ" 1.r';l edL ,oe Z<s,A,E,e> fe01e Vle[.pl.t(\id.+eqq\+

-f (ç.,ç1)). AQ'À 1o ÀÀ"lian r* i, (4) ;p03^'" Si.\11.[(V1e1.+r),Q(1,,ç;)) ,r

Tn(ç",ç i )1.  6t  Ine(q,ro). .pe z '<s,A,b,¤> "0* ICt, , f . - . ) , ,  rg(1, , ; " - , )  "F 6. \

uùçQi-e^^f l l 'e s, aeA, Eo(f,-.,d) , ^uv\e ..*TtqÀ'.h,'or. Sùon +rZ-<s,A,b,¤) àe.

,tcvh of" tou,\ Fr.,.} iew norrâ 4,ûou r"(ç,,.pi\ et b+(fr,fi*) "j J-" J+a
(4) 

îre. {. 
(f.,fi) eNt, {r,(f",fr*) "*n .l- {(f",f;*,)*n {,(1,,1.) .n, ..*t-.roL*,'a

@).<,c Aag (Nn, <n\ .

u

ThJrnÀc f , l ,qd  e , ( q. y{,rf-J. x^*'\i1,'")

lotra "t,,vwart*'ar.r,oe { afroua. 4s,A,Zcs,A,Lre}) + (q)

F*ns^t!l3lE
bJlÀ;Ao À

.  W  =  l < è , o y e s t t

' <al' ' l '>< <â'a) e)

w .-l <e(wr-Lt/{f}) f.0o ry". '
1 p e I<s,R, b,e>, Lel .p l ,  &eL .

[Vie ;.(t(t",f;) r rrylt ,fi)) n y(f",p:) r {=f. n o=7e1}
(1çe f <s,n, t,z>, ielç1, fte,^r. [Vi.i.(Q(t ,td) r. rrg(1.,ç;)) ,r

Y(f",il n àt=a=fo rr &*'rci rr A=ft n o',1a*,.1)
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uo,.y6t^/s O{C At (t),*) à" p**" T'^ .F,''^.* ̂ ^* t (r,,r) = [ <ê,b. fuX (+r\J , 0u
"*J*h^o à" *J*f,,'.of,'* Jz (q \ l.*nï' ,"^^l;"L

iill
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5 .2 .5  SUR L 'UTIL ISATION D 'HYPOTHESES
ASSERTIONNELLES OU RELATIONNELLES

d'INDUCTION

Si araua oo."t*ro 3i^,to.nt-tea- 1^Le Ito,ooJ,'.n y(a,,.) = !(,a) u>? +-l"lt r>ôua

4 ^lalq;^Àca à. { (a, o5 = {[o) .,satra- <s,4, !<s,A,b,a>>, ,* ltf "kl^;* J '; Jr"],d,,,

Ji Ja,,.^a -0* f*.^1- J'Àâ,.r.h'.on (4\, i=t,,,,t+, ç"rtr*l- ,,,re feâ J+. dr* à*
It-h Àilio.o. bo.ur .. "a-t,.|. .âoi'x. J- + Ja^.o êr\, i=.t,.,,h c.rcn,me ,r-. fo.ha^
^" J{*J'^'T- 1a^ Jeo éF"h" +*:f,'o-*q uY "\e?.rmrrt l^*rFll"erqe-ul ..x.npP"l.

(s; "^ 10,- Q(o\= h, rp(a\= [Vr'es,aeh. rbo (a,r,)J , <fuXÇ"\,{.) : < ofd, . ) o\,r^
l" çxù-p. Jl-;^ÀÀ'an (4,1 Jon nc -0* *dl-hoJ. J" tx'u,rr¤. d. f"^,"nà"Àao, J..

Lhr*a,.r,n - P^.r.Q.'- Sl-a/ri tsl].

Thecrtcinne /5.e.5 ̂,.1

E.ô Xrir'é',et , Y eoh ,.vne nu.Qeh'.* .artn !^ Jl-oh ,r^l!ia-un.f {*-o , .l'

l *)o^* ce caÀ -0'hrt\""e d'.r.âr.l'i.nn ààt èlne. *" n"0oh,'^ (,teQr'a^^f

dl-*h i*ifi".r.ru "-t- .o,^tor,^h\,'0"t,,.- tq^r^tr^ L *çprt-udu Boi*rh'iuc,.

ÈÀ,r"oh*oh.tlr

Cs^" iJ . l .^^  s= lo, ' t ,a \ ,  A=lg\ ,  e(a)- - [o<a<,1,  bo(a, r ' )=L(n* . r  es)n(a '=a+r) l . ,

Q (n,,.\ = fr' Ah^ V = tu *l {ol-o0e J" r**-" o. .f ia*^h, sgp'cnru ï.rn^ fù.
\ir,or.,.ue,r To J.- -0o {*" {(t.,1)-- r(A Ja^o (q), Afc- ¤(a)-> {n(r,.r), FuÀ1uc,

r $(4,.1) .f 13 1"r,a) ".P.* rterM e,.oduo T., (r,g) = I (e) = {, (o,r.) . tAarÀ r1y (o,r,) "}

$aoe5,qe s.  rEo ( t ,y ' ) ,  droù .or 'h .aÀ.h 'on"

n

ThJo"Àe r, {,S. t

b. Iq. nrô.n" *o^jù., J*^o 4. çr*ln+. J'^Ààuchr'an (E), L=4,.,.,+ , ù

,i"À,-,\ -T- .f;o*i. c6ïï\,'i$e- ,r,{.rnrE {.^"h'"rv, -..^oir.c ^^e J+" \Jr^rl- f^
.hÀ Àif,'o.r..o{ , (1\ ."T' (x."^^.Fiq"-*".}\ -n",nnnçàl-,

ôx
a '

l l J

I
aqÀ
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Dnimonot"otJoo

Cs\aid.tô^À S=to, n=f*!, Ê(a)--b, bo(r,d\= [a'-- r+r1 d' Q (a,r) -- Ë. e?",^

à. rma,*rù-e .i*J*ù*, Y(a,r)=f Â--4*r1 ,Y l*Y"?". ila; (S'") ̂ e f*'i ê\-^t"

t Fà?d e^ec !, J" lo f*" f. (trol = f {,.) . Pe^ -0tbr*J" , /ï\êru 6'uu'd\^Â

Vae ,rr. (e(a)-' ln(a,t)) Je ,o*f" T" 
tn (,r,4) ̂  .Y(o,a) ,r bo (a, l+'r) -trPL'f

{ (r,a) e uln .f {,, (o,r+ù {n { (^,o\ "bl-. a- ù* f{o\ e Wn e-l' f,tr*r)<. {(n) e,{l

ottr tna Ju.'c,F,'arr @.^)ec gS (W,,,*) .

t

Poo. ."stvtJTt, "0a tr*ân0ùoh'^ d. -Q* rmdfh,d" Je çaaûua J. .0e,

.^*.h* 1.n-hi.-Ql. J" ttaane[ggl à '0" "tneÀ'tr l'oFoPo 4'*p-e-É fe^
|\q,nmo-tm,re{^1+rn1 (t** -Q*1,,dlu "{e f"n"l','otr J" t-*lt1L,r\qvrcm do^ro 4* Itt"r4^

nne 1rn-.t-c T" ).rLr "0Ul-".1- -,,l,*,^l leo ,r,,o^r'.'blto J* ,0" to.r.?" Ao.^râ -Q.'arÀor

.,,,ro"iL\e q lcc -0rdF*h 3*tFiaQ J.o oo io[t à ?'*l--"é A" !o !rr.0e) o'*t 4*o

(A¤d,nlJ;?r^ernr*rl\ .,tmçQale, Cecr' 1"orF t" acnrrt'$ct" à" l^ rrno^r'e^Z p*^r*^l-c t

5i ôr\ F,\ç^F à ,,.tFiQù*^ Jeo fo^*f- J'-ià^toh'"nvr a^.^l'ion-"0o "f odYl

a,t.QoFionnnr0o., .'q fô{rr'rra ,rh'Q^o* -0L\{,'." L.'* o6{vn." 1^" ."""t1-" i ^k'L-r^

â- ^ro>,rqt\<^ o-**Ooirr. Jo^t i" flt$Xts/tft^N\e '

1"" ib'.-prr].U {.Fo!* f*.,^ <srAtZ<s,A,tr¤:> ,"*.r.^ f F ,r4acr,u trar *^l-

êFr.e d",l*^hr"L ¤̂ /r *oÀonno ̂ .f À{ <t',41,2<:'rÀ',b',t/>> f"0, lte r

s /=  sxs
t l =  A

lnl<è, À), <è', 1'>) = L t =â' r', Eo(a,l')1

e ' (1o- ,^) )  = [e( t )  r  {=AJ

co^

!3e Z<s,n,b,Ê).1.re l1l. t (vtre i,Q(;",ç;l) r iy (1,,p)l

V{ ez< si nr, u) e'y, 3, . h' l. L ( vi e i, Q {t!l) ̂  y( dr)l
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baua ce- @, i, /y\Brâ p-*t\. T" 
"P'. 

10oi â. ^re,qhLl"o "tt -Ùâuo

Ja^^" 9* t*rrr* fr\e doù to" âhn" flJ,.^l-l c.rïwyre .u^\e T-u. -{,n mal.,an A"

f"%*" r"n"r" d*fôh crrwm4 0rr"h L"h'^ J'rrr f*r-f" )'.nrl,.rll*,

ilff.j"^^}. Gc,r' fea-ce 3.re .0- nno^r'oL\- ouo,r0.'ar^n, pnF fù- df0. p-'

Àf,*âtÀ" dor- !- tt{4ur}eô 1*" 
J-* .0* 1b&oâRo.mMmpi 

(3,1' .l.nt- rt^t\L

,u9flkc"- *'t'J") E0 urhg, cc"r' 1",rm"t- À '*.,;ô^p D<trv -Q- r.ndl-L"J-
àe- treÀ^'e J. ft{rqRo.r{\^rm¤a î p"nr\- À.Uf *J"r.h, à* ,0.-^X"X* J<-

f 
rcoclrtarrnr,^nrua Hal .
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5.2.6 SUR LE NON.DETERMINISME BORNE

F{",trdte+1 a *oF"' T"'ri ç"r* tY\e nacn,tr;r,&

atJ** o.,.. -Qlc.^^o.rntl" (ro,<). J. ^otnrt^,^ ^al-*.0o

à'"tli lÀun àt *'Y** [ana-

f,cr,! -0* ao'.** )"

V r e  5 .  t ç g d  ( [ o ' .  5 ,  l q e A . b o ( n , a ) \ )  < t ] ,

( Ern 1a.rh'J* ,
.gg!(s)* - totné , E,n o<.J..xe,

o'^! *l- ,^ro- {'*^ê À .^,{

1xa^^d 1^," ,o ) .

le moqJJk"* unrarme J" <s,Art,e> *l- Fo*io<r',a

.1" mdtrJJlbJ'rû^ ^rn. *\- &,n]^mk"a\\. ll ù rr*8r ;

-\- -0. t0.* 1.t-; l- *A* o0 oft^ "lc,*n orf- ç4.^

fer.rnnÀoùon , biiÈ"fx41+erç.rtl q Joo d 8" *unf*- *.otrç0" 3 --Z , A-- l*L,
Eg(*rc\  = [ (*<o 1,  * /vo)v(:c>o r .  r i  =r . - r ) ] ,  e(3) = La<o1, {(=r*) .  Ë " l  { (=rn)= Li=ol

tàu;- LT"Q, !" ma.rrLtrz, J. \"..a,^^ai h'otr^ '&{;* 
t* L t-. ̂ À;o.ùcrr

,h'q.. 
for J. t.r, e- e^rpâdr^" lt.. btâ.t"." e.

,ç,^11*d 1-" îo^J .9. **-JJl-"n^r,nia,rnc e,.F {;^i, dy., f*tl- +qul- i*

t'te^ra'eÀ J. har.oÀai^on ¤̂ \ ..1-i0--^th ( ur, < ) ,

5.2.6.L Non-déterrntrrrr-. *-Oorné

l)'n ngrFeine J" f'ca^^r"ih'an <s,ftrE)e> c"F Àil- {|':,!4ngyâE rrl

V,res. t "j+4 ([r'es , la eA. bo,(a,r')]) < a 1 "h Ts.#b511a5gb eùan ,

L. ^"nlJFe".mu*-rmc, *\- ilÏ 4C (ui;bfta J[.t Lruâ) /'.

Sae s. 3m e ,l. t.Sd ( lrts '. lqeA,bo(a,r')!) < ̂ l tu , eY eeci . t- e'ît" oQ^l ,

Vaes. [çg*J ([,À'e s, fqe A. bo(ora,)]) <,o1 ù *-fgy p,À"n.

L" ^oqJJ[-.^n,rnà*e *l- âi"F 4stE]b33!J" ^*
Vaes. tggd ({l'es, lqe s.Lo(a,s)}) <,"1 .\- Uàôe!ù:st\." x,ù"n

Pl"À qér\%"0.*rt, ^- fi¤ ôJd *l- ,rrn ..,.Jôa0 , o0* mùua J.tr*

Î-'tre -I"" *onJJlz"nnt ùo.me à'^rrt nçl-ù. l. t-.a^nrF,'.m <srA'bre> *t- "t-b*d A;
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5.2.6.2 La fatalité peut être démontrée à I'aide du bon-ordre
.*lrr, quand le non-déterminisme est +r-borné

le çx.r*cfçe d'-'â^tch'"n Àù{r"T t* Je"lnont-* 9"o p".g^Jt-"{ J.

{"F.4^'Ë â" rc^**1 1* <s,A/Z<s,Art,e>> qrù¤c t"nJ/l-",'*, jr,*e ,ttr-!*o/, *l-

*u{<} (f**1^^" @\ =+ (d.')) "h æ**h'1our.r.,rh "a"npàf ,

(1re (nir*5x5'+ tb,{f D.

I Vè , l, A', f,¤ s, t<,rif,

(q) (e(g) *, [ l!.<*+.T(1,4,1il)
^

( [ )  ( [ r ( r ,4,a) ^ {}ol* [  Q ( t ,o)  I  l , r 'e s,ceA. bo(a,r ' )1)
^

G) ([ t1t,a, r)  n {>o ,r  bo(,r,a') l+[rx '<1. r(x1 A, r ' ) ]1
^

(d) (l(0, 4,Â) =+Y (rr Â)) l)

r; trt -- ̂  Àr '1rt<ù , 4Â+= +A N 4l e,l\' er^ *JÀ oQ, ̂ 1^ 'ceXuQr'r, "+

tt t -- +ti* l. +t1 -F * ." J."tq0 À1-,,i ,:^X^,Oia.

(4)

Fa,ra, dà^f* .lo .rsnpPi F.J. oÂ.,^ Fi oyt ) tlo.t^.6.rÀhnoJrr.ir.r* qu"01*
J"],^i ti"^" 1".e ,ro{râ *.1', {-* +* À r'*il-" .
Na.*a dÀ.*o i^r¤-

- À./n d.h*t À eal' 4lgLniàg3g ,1pÈtr,r. (s,ft,t,Ê> .Lu^oqr.'".0 "dL )L\^e ln-qtz

d'.".J*-h'*r ç"^o^k fo^- ^ t*r- 
.0rlrcQle g o,r'-h ç."o ,tnar'e 

È?'" ,s.omç..ia.

- {r '{\ d.l-o-l- e erl 'a/{r [3| CI"o[") +dr^.<srsrr,a> 4,-1*' i, "^ùt ,^^..

Vnarc- J'a*éar.hbr\ ç".,oe*k y" À t*." l"1urQ!" V *F nyrere f"."' À y-r^ià {o* e" r.

- ,u^^ JF"F a *l- f* {.s,A,bre>

âU. ,rrrn t rl-,

In"7r" ,o -f ^r- Jhrl- ^^hèr4rid.'d"
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( rt-oh àl-qrvt\éJ,idro, b"h "t q...ÀèiFle.)uâfùu,iFion i,?,6,r :,1

It tk!<t, \b,É, +,y>

- %&<s,A,brÉ,,Qryr ( f \

G^993<s,ftrlÉ,,9,y)

- +g< s/ N/b)É/ ô,y> (a)

Acc <s,  A,b,e,  Qry)

Thi.nàme fr ,&,6.?-vI

ôuÀ

-  bka.4s,A,b,9 t ,k> ( t )  =  l res r  1çeZcs,n, t ,e>,  ie lp l .
(1.= g ̂  Vi <,:.(ô(prpi) r. rp(g,, Fi)) ̂ f., =")\

u lfù" <s,A,b,¤, try>(ê) r Ae sl

{n .s '  1çe  Z<s ,À, t ,e ) ,  . r ,e lç1 .

(4,=+. ,r ril1<i.({(p4;) r -S(1.,"rp0)) rr f":â ny(?.,f;ù

uloga0<s,n,b,e,Q,y) (â),  te s]

I1xfur 1s, r,u,¤, 0,v> ( A) u Ggg( < s,t,c.,e, i[, g> (a)

rnnf-e'"1s,4,c,É,0r Y) u o3g! <s,4 b,e,Q,rqr)

lnQcz 1 e E<s,A,b,e; c^!r4 f* *a 1j f".^ d"È ,
No* a1a*o ¤(q"\ , Er,' ar.h. Vie,.r. (1;*r-<o 1;) ,

"ttNl

T*
l l -a e'rt

1*"1- ât-,'e aJtr;;l' o- l* t*,rR. J. 1),

( a* flJf"d. rJno o^l'iqu")

.ùr,aqXiau.{- Je t f""^ <S,A,E<S,A,b,e>)) :> (4)

Xuusrbshb
Pa.r,," l-o.to AeS rnàrr^ Ji{"il^^o ,

.  r (n )=  [ res ,  T1 ' r ! l (S ,A, t ,e ,q , ry>( r ) \

.  6 ( : , )  =  { resr  Og-T<s,A,b ,É,T ,y>( t t }

. A (a\ = r(e), G(r)

. ! e (s"s*lË,ff!), fu%f o'1o s.l 'xr{r 'nr^,f È" [reI(a\ r.. 3eeff.to.(,o,a)1

r.)u* Jâ^Ftr"o J 'a\J a;^." ' {aeS.. , r f i { l ta\ , . r ) .
bù r¤(è) o0"* À(e)=o .l- to.rt-. ""Ooho saF b'erol {lrlJeÉ rr. -0'o-owrU< ̂')oo,

S,,nan , f* lL!.*J., A.tt* 1 .'.1 e,.ùl'e r ^^e rJlre^"e d,4*. 1 d'ëfah J.r,ro A(a)
ta[ 1)'e Vier.(I*^ <à1,). SL re G(a) o?* aFr(a) J. r*f.. 1r. VaLs,-,(r '-<o,o),
u'où, a,l,cu^^ 1; ^. f*l *ppo-h.^; à ofa\, E,n ry*f;J"-,, t*1,re 1.e I(a\

fêqô,r\AA È"ft."r^ T" 1.-_ A- ( rù'n ;l *;l-. ï;W a=f,r,,,, fÈ=1o Atr^^"

rnê{-(ô

*"[-oi^.

b+.(fu,qt*,\, It. r'"^*ùf 1ue 1àEcs,A,f e>.
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V1ù Vùe.^r /r\érl^ o^kmô 1;e I({") *\',J.rt c p(q.,q;) r*.\g(i,r{i) on .ar,l-'.aJrrh'an a)tes-

{r\N"fLo* à. fer"{^H

Naur J' .rnl-.+u cnraùrt-eana^;,f {u,c Va,,"es.(cJE! 6Ê (n(e,\,*a)(a)< d)

[e 1'.eau" *l for" Àâu"\"on h"^^{*i" ,'r^ lo ,."0oh',rn <, bùn {rJ.i p,r." A(a).

5ù { ies,,o<"^.} *t  *J. oPro t&(n(r l ,<4)(r)=o J*. CSudC*(n(r),<aX"))=o<'<#.
fl,tF',.',roe^"1- Â'{aA :,*S'?" lqeA.to(a,a,) Jo^c eed (1o'.s, A'{ar}). çgû($'esr toeA.bo(a,r'})

<11r.<.mt "l' .gJ (*(A(e),-</)(o')) <în+ 1,or" -Rgp"fhà. dràJ,,.h,'dv1. ùarc t L'"rt

g/(d(À(è),-<a\(r')) <o 't xd (y("3(A(a),<aXa')) = f6qlu!(*Ê(n(e),*è)(^,))) <- < q'f ùq-

93d(.,9(A(ê),*êXa))>- ^.1.e0 c/L{ *d(.jP("{(R(,a_),-<{d)) = ç3d(S(n(e)r<+Xx))<t,ril.
Sr, ,n *f .u.^n "o^âÀo0 -À+,;,û dXuQrnr, o0* 1ou^ l-ouf ,o"\ahùe <t,,ie r> "1"

*àÂ*.^ o a^)ec t;1h 1,ou.r to,r.h iet o,h "3d(r)<,rn / ^e a )ô^À fr"r(i 1a. l/c,ri nnero

c.n'0.,.a,ro 1\z .Sd C* (n(o-),<aXa) = gIC (rt*&(c(r),<a)(a,)+,r r r'<n,r)) aaô.

":d ("3 ( i(e), <axù = :3d (.c l4 (È(4,<o_\(r,),. ak^ o\) = "gd.(.rlt-lv(.s (A(a),-<a),â')), r'1a|)
<+ni.

Fùq0",**.f ôo{rÀ J.f,Ài^"r. q tee ïrs sr(t,a,r)-- [oe A(a) r. t--.,$(*Ca\<gXùJ.
No.,.t ea>ô^À Te¤(ar,Txsxs+lÈrff]) J -|.o.o.,ùl'io,rn J. -J^rf,,'.*f,'^ J" ($") *ml-,'*.rf^it,

G) e(a) o [Ee À(a)l 'à Ll \<m*.s"(Ë,a,e!,

(l) Si [rr (d,è,À) r', E>o1 r0* t& (n(r-),,<a)(,o)>o J. r*l-. î.'*0 "^ùh" ,o' vuQ rn
^'tAr . C.; *p0.'1r" lae$.to(a,r') t le I(a\ J J.on. ôG,o),

(à si frr(t,4,r) r t>o r to(a,a')l oQo^ aer(a) l" p*F. 1." J'.çd I'qfrhht"

J" +ot?U'hJ , *a- "\-r',u^ e*"i ,r'eA(4\ 'F 1r-<"e .hJon. o!(r6a\,<aXa') <
"3 (p'ê),.n)(o) .l' u, (4(*(a\,<aXa,\, 4, y').

(d) Ir(o,a,r) + ("3(R(a),<a)(À=o) è Aé(r) : 'rg(a,r).



5  - 3 7

En *J;.,,,Ot^, +su,v J'h.,oh',4 ,^. -g"rp{f.l L {"he'U J. p.^r*^h1*
<s, N,Z<srN,b,?) , s ,,ce^rt- .lo'** À, tôA^- ̂À* ^""o^4L à (r,.) 1t.^J L

"*rAlln^.rnwir.*e- J. <s,A,t,e> -F +ù'd ,i L [^"--Jr*. -.^æçL o- (*n,") ï*,tJ
[- n^Jlh"^,rrrio^rn" Â.4s,$,t,ay ,ol- Àrl.,*^\"*$ , (-t ..rn=-+ p,çn[ dtù'.* L

,.1^" iu,e ,^rt=ro f 4--*.).

5 .2.6.3 Quels ordinaux sont nécessaires ?

Thed\ervne S, ?,6,3",1

Soi"^rf 'fi1

ttn,,'oil-ion Ja,,l-

JJ*^t* \4e

".e/v\ *JJn"0 UU-CI.'* 1; * -$u "f 4s,A,b,e.> .{r^r u{Ahoiz à
.[o ^^#Lrr*,nn-^" *f tr-ba^{, stç*^o 1,^" rr\D.tr^ ,.oh^

k *l {.[q0.o ^ê-uÀ À,l*o'*. J. 1 (s,A,z(s,A,b,e>) ¤,v\

-h'Ur-f ,Q" a*".,^*pe J'Àd^t.l'i^ ($';) a^t"c, f<4{rt=n, Cec* o'^T- 4*o *"p{.i.

S,a;m ,

fi\e{1,ô

uôs&el*u
C'-Fo,liJ*rl 1^ro J 4h=co eh f eoF 4,x1 *o,.,L"< ^ohl.nr.Q, cÆrài mo{rÀ fo,qrfia 

,lttp3,a+r [>,ul .

u"fi.'"^^o s=(lr\r lt*]) ù rf (t*,r), A=[î.], Nu,ro 4^rdv,^ .g,gl(s) .

(r+ ç.d(t'*.r\ = %d(ltr\ = ¤âl(f) ( ["<+.ltf=+rr. M^i À m6î1"'F*r*,,*^rm" Jq. (s,À,b,e)

"ot ,rr.-ta,"n|. N"!"Ir ' la.,o,.o t*(*,i)= f(*=I r., - '(F)v(ogt'<z.sf)l, e(e\= [ç=r-1,

{ (e , * \=  t ,  e l  V(= , i )=  f ;=o1.

Lt^" Fnq.e Jr"*J.,^hatt çe Z(s,A,u,a; .al- t-.1.0" 1,,-e l.--t t fr..o51, .te(-'o) t

f.rf"r,.. J" lc,l-" îre ,\\àua J*,orlo a^rr* {.bp.*..J- 
arl tr.o t^*f *:(rd,.).

ft.^\Ài y "oF {"fa0" lotr,o ,,.t+oxrb-.c- )u 4 1êt1& <srA'z<s,À,b,Ê))'

Cepe.J,.^J- ) &4 /t\¤- f"^rF âT-'." J-*"nFn" a.rr rrno{ean À. ($.')'

o^ào,. l- \-"ou^,J lc ,oai;fa"^'h -Q* ̂ À'l-i.^" J. ^.Jr.$'.o[,'rr J" (dr'\,

t* 
. "F.*^^r.,, *" ,o. 1^,"-* ,r^,+; nt-^.r:ltne^rh J-"j,,.oÀo^tt-" o(o>4,r>,.,

â'^o\À*,^ r c.r,v\rt*e- ̂ {ril- r }oooo d"=I. P,ràq.." e(r) / rno{Àâ .J"^t*n" ^r|* -uarr

! . t  d  ï l .  T. ( { , r , r ) .  Pa,o*o { . .=É,  P*ù1te-  - r \y( r , r - )  /  mètrâ a^}(Mô - f , . (o, r , l )
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el '  Jono {^>0, T{a; [n.ro r .  Tn(x.,r- ,1) , .  bu(t ,q.) ]  o,  [ ] t<<r.T.({ ,r ,ot ,) l  .  Pos.mr, *"=Y,

No..o orrc-niA f  = {o )  {")  {r ,  J Sa(ot. , I r{ , ) ,  P*"T* {o)o ,  N\è4a o4uql -y(rr<") ,h

/on. . f,6 ( or lrd.\ .i xr*o . Slpoclro 
ï* /\è{râ "{fl^" -*ofttF lo ;T^r.

S-1.r'* (i*. q,^'ce Pt, \ 
>{6*, >{ j*o ) o .F 16 (q1'*r, , r,*;) ' o '"Pô (4') Âôûrâ qtd\^a

f"1."ro ,r  T<(or6*u,r ,d;)  r .  tu("r ; ,di* , \ l=+[ lo(*,*r ,r . ( t rr ,or l* .) l  .  Poono où.=0. P'^ ' i1ue

nôï^)o rnètrô o^rcl\,\À .ly(r, di*.) J" p..rh" 1tg ç'>,di+r ,{i*"rno*. t o .l- I. (ota.*r,t,o(it4) ' EF

âÀ^r -0q x1^e^* .p.rt- âf,.l. 1*0.t1.â tÀà"'*;"^'r^r^f.

n

bier*qte <.pÆ', 2rrl- *hn.r^l- q,uq câAvvta.Lto( wX"0.'*a , l"'Lel{$af Q."h t"à

X;âqt fd1,.,." i. ç,.e,r,rie- "u^àÀoQ ^^Xr,0'.- ;{- *l- -- = L.**i
(î- *t hof Xn^o^J fô.i.r,, *oL L^\ ;l-*-f 1*.J.*1u" e,u *{.*t"f,1*r\.

il^ "oo t*l-i*0.'* àï-"',.,"q^rt -h ""Qni J. -0" *Jl'|,ool" J " K^*hh [eg],

t*"&.horrr- S,àu$"[+s1 tô{.r,t ^onh,pu -0o l-**,ù.r..tn 1^^4' ".J\Ààt' ^t ^"h'Q,,ie,,. ,tu'n

.^rvnpherrn to,r Lo,r"0. â" art'toXta,.nr,rw,c , # *t pF-ch"n.ttt' *orl^^rl.' à .Ro1r.

iF"Lh^,, àoruo .0r Lou.p. ..|- J ̂ h lo ^o0* *l- b*r'. (murro "rl^,'0ie,**nro t ce T
o*.'.-h * *îrwro, *n ac,,.0, -*ph" x ô'u.'*J" ô tRo1". t* h çro{^.e,v' n^e '}

b^^"' la,r I ec^r) '.

(1pe ,^ r ,  T¤ (cuxs , .s  * l t r f i I ) ,

(Vaes. l te ru.  T(r , r ,s))

(n{ lr , r 'es, t 'eco.

J([; ^,A') =+ f 
n( 

t'.< F n { (r,r'\ ^

l,rfàs, aeA. Eo({ r ')
^

Vl"¤s, ceA. Iro6'4")+ lt '<{l s(t ' i  a,À")])

V
ry(r, a')1))

(/h)
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Lo, rrnâl'\oJ* eol *J-" cq^, ct!\ ,oYno*r. (4 ) aql.r. L = (p*'; "-F tr (d,r,a') =

*onl.t-*^nni^*mno *Y +^ ( caa, on *ft.o*r" r0* (Str)). 1- ^^'^lW .'-Jero*

*^rft 1t.e À+è *J tloÀ ^'*k f* oâ",'rFJ1,re,,,rro'l' ** p0" l-. T^à !.

^"nJJh^*.^.o.*ç. ^reoh ts^ {.ini, Le Î," "^pù'1" 1,'S" ^/J 1o, -F,'t âh"'

1Â.-0.";" 
( fu^ *,.np0" aÀ ce! )^ f 

'.'rt\a^^n ¤â yr,oQ!d0* Jdl-"(L).
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5.2.7 DECOMPOSITION DES CONDITIONS DE VERIFICATION

La *JI-l'oâ" l.

tJ* A\^n'nc ^À^^har"
J"'..'"gfi^r J. l|\"hhùu J'r J*"h."n t%k0" ¤̂ ^ {*trç.ti^;. J'"ÀÀ^À^} {".oL
t,*tJ e^n \,3 *\- {^riJ.^^^1*^h â;+*r,,.-l- qp0^'*tL a-u^ trrc.u^reÀ À

+*F"hU .Y /\^drrD ^'t l* fLp"^h A^^ b..1* , *.$.
AJ.^*1.-i f, ol à- c.^À' *.!.,.^ At"Ll-,'"^,,1- f * Jrf*p.. 1,,'r" ào
J. ?{er-"*rkl. J* JF"b orr- J". oÀ'^^ dl* Npt-; à t-"*-.'h^ry\ (Co*,,,o1-etarl)"1-

Ânqqâ uv\ A^rn"^^" 1^*01"- ,r*-çL ,

i 5.2.7.1 Décomposition des conditions de vérif ication au
moyen d'un recouvrement de I'ensemble des états du
système de transition

.l*F*.-h^, dl-ur^&
I  l ,  d \  I

ofea.afrcrnrnckle eI

J* -Q'*,**hl. À aUn J'r^
(t/ tt ) F.0.0. qn ,

ol-a.nn .^*ernnb\" fil ^\dyl or.U-

"or.O "I"i.-a A/v\ !u-ceurnovne...i'

,m"tl'oà. Ja frtaadg dlr,^r*r,.'*".. à

t'r^^ j'.À*1" J'ÀJu.F,^n +or-

t
'îF

ffi
ffi"
ilL"

Éb*

*r".

ru;
K.

I

àUkh t"*d l* d"8- n;r'Q*t-r, Pe^ erca,w)pà * rg, Acr. 1.uh .-^e.l.rÀr^ À "tk;,
o^ù** .u^Àq, .,^ç^^*h "*haQ. â^ "!),

F{-".} J.n*J .r.r,rq ru-coq.rÀ. ^*} lutrr A, .,l.lok à. <srA/!,e>,

à. 
+h8.'1.' â" ry pon- a-'or.i*^.. J. 4 f* <s,À/:.<srÀ,b,e>> 1.'.I

A

f*r- "Ru1* bL" J" ,cer-ouanryne-,.Jt- )" -0'"-rr.^Ul" to Jl.oà |

(La ,-Da'z s â- Jt}, f*F eF* #**ç^"! ¤̂ \ J"^,'o^^} L ù,dyt,,r ouq L0oco

U^^ rrc,cou,rlre,ucr.lh

<s,A,b,Ê) *h ,r*e' ,  fa ' l , t l
lr

' rÉ (nc*(s+ L*'#9)

V.re s.1Êet. r.(r)

xpl-ùc do t"*r',r'l-,'an

J" rrr,{tv! L L{r*

â. l* "Q-r'. s {o JLf.rr..

ure f><uulc

êh* J"t"n\'o.L
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(1fe o^x!, Te (t+(t'x S ̂  S -'l*, ff})).

[^ {Êr{ .n- ,  ê ,ara ' ,  Àes,  aeA,  te l .

([e(el ,. rp(e\l+ [1gef. Ja(L,e,r)l)
A
([rp(r,g,a) rr ng(a\ r. x>o] * [ Q(a,r\ n 3rbs,eeA. bo(r,a')J)

^
([ trg1o(,ê,.t) rr rg(o) r. T>o r. to(l,a') ,' r'4 (a')J

=+ [1.f ,<t . T{({ j è, À,)])
n{[ruto,t,!) 

^ ra@\l =+ iy(t,x))J)

Th "'ot ine f . t .1. ,l a, ,l

-f 
{et-a0e norro ,ranuartt'aan.. J" ç fouÀ <s,,A,:<s,ft,t,e>>)

b-*crub.ah,rn

- Qr,r,r.h'.m , ({.^) - ({')

chorâ{ ,  f r= f ,  ,  T . (d,ê,a\  =[ {Se 'c . (np( , r )  r '  Trg({ ,êro$,

(4^)

n

ttnne 6e4,r^'c.rvr à" le *.[\oJo à. F0{J fâ.r^ ie"' 
frrn{nn,wvrae. Pt,^u. L

Jkh" J. !o 
{*" 4c,,rvn) ù ce,c[Ps] eof *rr,,.r fo*F 

J. "*f"il. .] *e ,[ *F,rn "f*l-

fî\¤̂ r,r;.^., ,1'u^rh ôFne à;i^r"L à 1-,1-^ à. Q.^) e^.\ "û.*i^"^* ,r.= chrn,

rrp(<.,rtrr>)= [c=8.1, F(<g,g), (crm))= r s(<c,rrn>) "F V(<-",,$>r<,rrn>) = [.s(<c,nnv) r. T(p,,m\).
Ptu, coc,,pone". *e, 0" falrs1'Lo.phe s.g.,t/ôù{1"ùfoculoÂÀ Faer P;(r$,,m)=Hc-eC[P.n.T."(<e,U>r<",tm>\1.

D

- c*.p,,0.[*J" .nmanhq"r , (Q') * r{.^\

choia.r^ fu-- { ,  TrÊ(t, l , l )= [n*(o),,.  T.(6,trÀ1.

oa otsea,ue).q l^re à. .*o^^eir J1.,r,',qperJ-s (q.^) Atr[h..rl- *' 4" 1'^ À.

(4') fr," Iq JJ..r.np*hivr t+.3,c,r.'.[,

Ece,"{r pQ"
q l *



Em JJ..r*ç-"*h lr\ç"$d" Jràâu.Fia,, X%1a0" s Ja,,a (4)a rd) 4.\^ r^z

âir[an"h,ao d'\p"$ù., J'-du"!i^ lo.ol- ^r*ç.^à*J o-.fia1nec.h'dn ae A Ju a^1p1"*e

âe f"a^-^Lio <srÈ,bra>/ rr,^r.e faerwe à" fl"Fot'r.- à" V Âo..ra .,r,,r.^re^rbnrar. J. 4 f".r^-
<sr si z<sr}, b,e>> terl} âl'* J.'r^p*é uA i

5  -42

5.2.7.2 Décomposition des conditions de vérification au
moyen d'un recouvrement de I'ensemble des actions
du système de transition

(tfe o;gl, Te (A -+(r'xsx s *[È/ ÊtD).

[ V q e A .

(V4,4, I'e s., f,e l.

(q) (¤(è)+ti !  e l .  To(!,4,s)1)
^

($ ( [so(û,e,a) ,r J>o r Lo(a,r ')  ]*[ l t '<t. Jo(rja,a)1)
^

G) ([ lo$,t,r) r t>oJ =+ {(e,a\)
^

(à)  (Jo(gè,a) :+[ .y(a, , . )v  po(À)) ) )

A
[ t aeA ,  be (4 "+ ) .

($à, lr l.'e s, te T, ue T.

(.) ([lott,A,r) r. Tg(or,è,4) A t>o i' Eg(a,r,)J=+

[: rix. q(ri r,ar1))1
^

[Vr  le  S-  . ,

( f l  ( t ,CqeA.P4(A\ , r . f (4 ,4 ) l+LaqeA. t [e ( ,1To( ( ,s , r )1 )1)

(îr.r)
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ov

Ê. (n -'(s-+ lt,{f$
To (e) = [tr'e s. . Lo1a,l,)l

Theâr^'Y\.e tr,8.*,1 ru'1

"^o"Hr*" 1." ;l-rf" J. 00"*Xe J" {l.h'nn e

tJù dr-^^rn Ju." î*À*t* d'ÀAl^.hJ.m (q) - (4) s*r ̂ ilà.^.l' .0" "[L*p*h^
¤rù [ ,3,1,.  h,6 '&F"

n

(4.r)<+(Y *h+bl. .,ôotr.rr -uv,rrqx.r'o.À" J" Q f* <s,A,:<srA,b,e))

uo**"t-"al.b

- Cù'r"cohoô , (4.r) * (4)

CRa,r"i,ç ulr; (A+ â), t'*, t - *^*,f"*Jo. (lae A. [(û]t*)r..($!e(l"a). li<xç)1)

eY T, ((,èrÀ = [.{aeR. TE4,(6/ è,^)l  ,

Co'rpPJF*Je,nÀo*l',qp, f4\- (4.r)
C[oraL tro"r(t,è,a) = [t T. (x,4,.0) r* -$(è,a) n t>o)v (y(e,o) r t--ol

B

Exr*p0"
æ1,,w

tLure- 1Àâ"bol-,'^ J. .0o ̂ dFhoJ" J. 1,too-c â. L^,ç^ftsol d lo çr.t,r^,e
J*. .."*.!,^ F ho0. à. ,fttc{na,urwr,e,o 1r^rQ0"L a,o.6n.Ar,** [P"o,ll,.,ll ÈtorrÏ 1.rf âh,,e,

â"j'i""{ à f",.f; J" (4.o). t Jo[i* J" h".q,^^r,.f,'"rrr aro.,,^.i aa arto{unuwc
*l JJ** y^L e,î\ q*d C+l 4Q.* Lo .,^"*ç-,J.^h d .Ro1o. f 

'\-ocrlrxrÂ P*o,

4ir.râÀ JXo ."t- *lr,\ ^L.,l"tial Xer[.0 f'.r^ l" -fnoeeaoru ?*o tùot- ,porrrn o "rur1a



T
5-4/ .

5.2.7.3 Combinaison des décompositions selon les états et
les actions du système de transition

IR" à"'r.mç;l-i"t* Æ0ûrr "tlo^",.nhl. J.,r dl-.b J p.Otn 4'"^,*[\" J- ,.h'^o

ferrare.u"t- Llx. .*n[ri'"L -t- "ppQ.1" l^ ^Lt^"ur.**'] Je ,o."1-" à ,ÀJuit* )*

Ju'o*y.,".l',.tr tA- 1*r J* ..ry,à[','"no ). "Jr'f,:"h'^. Pa^ "^-*p0. / ^*

f'.** cr^oiJJr..^, J* p.pl-Àe" à. t"q,,,r.r;htnn <s, S, b, e) t L fqiÀ
1y,r> rù te(R-(srs-+1u,f f Ï \  " t  $ceA.(qe ("co-+(s* l r , " f f ! ) )  o.ÀxÇ

{res, e e A. lle,r,o . "; (A . l* f'u^ïu J'.*,À"h'^ .,rl.l,"r p^Jor."f *T- ,

(q)

ô)

G)
(d)

f ife o;{ , L Nee S, ienn Tj e (rx Sx s *{t,-ff})l r

I V a e A .

(li, i 'e 'to'

(v4,r t , l res, tc l .

([e(a) À ]T;(è\l +[t!¤r. rj (!.,1,u11)
^ ' r

(i.rjtt,g,al ^ n!io) r', x>0 a bo(a,r') I' rri{o')l

=+ [r xtt. rj'tli è , À'] l)
^

([sj1t,a,o1 r rii(r) ^ o(>ol +Q(a,r))
^ (L{ (qa,o) n rr;1o;) +[ V(ê,À) " F"(ù]Dl

^
[t{aeR,,  i , i 'e,r ,o,  be (A"a),  ie tr .

(Vê, a, I'e s, {,4 e l.

Grlt,a,o) r. {a) ^ ri(*,è,À) n oito)n br(r,r')nrrica'il
+ LlK'((. Ij '(r',n, À,\l))l

^
I  v4 , l e  s .

(f) ([ve e ft. t(^\ ^ ù(a,o)] =+[3ae $.Vùeto. (nj(A+Vter.', rf 1u,4,o)1)l)

(e\

(4,n)

T\Jruinc. {t,Ilv't

*t {oh"Î. ar* À,ror,r'ar.ncc de { 1bèq/" <S, N/ e< s, A, b,e)))
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u"j*^"Itol-i"n

- Qr,.r.Fian, (4.") =+ ({.r\ i

cho',aei -{,.r, n( 6, à, a) = L3 ie ro, l njC^\ n lr., ; 1t,g,l))1

- c-\\ÉJkJ" xr^"^.h,^., (.{.r\ + (4.o)

choreù tr.o i(t,t,a) = trii{ol ̂  5..r.(t,è,Al
tr

Eo(.^mp?"æ l &

[l^e a6ÀâaùÀ "H^ J. 0" *"'F\oJ. J" 1'tor^, o )" t-aa"1"r.-l't++1 (.h o*i'f,.'-

eda[+el ) a 0o t\e!^,¤ à. ."rrrÀ'an l-Ja0" À" f*t* +c,xr-00a0- a'^.trr"R"a'.

[Pve"$tl.,,I P'oe^-.T f",.rf tlxz à,],i*L à y,tha, J. (4,u). t ne,{of,'^, J" h"^.'h'n'r

amo.iei q.n 4F¤t\pyvv/v\¤ *F JJ*Nrf.À"! L\l !Q,,^ vq dâ^sforyr J"ul à Jo1"o

:ftoctmua Pooo , ,.o.ot' 1'.^^oo*Ll. J- t".^^N Jo ^t-*ô0c âr ï\ocgrnta P** .|

rrj uok o.ai f.ï ,l<o ll-oh J"*f i* co*lp^"r^)? .*,1-ô0. 1-u ). fl@c¤l!1{r^ ho*.F

Jnal" à i. P*" ,r,.riL., /\è{l^ 
fè{u}ô^À arnoc"r".e^ r.i "^, çàu* ; )n y'n.u'tta \.

En arT-"e , l'.r.d.^.1-i.rn oF*rri1..n "t" *t-**Jâ à^ çntrorr*to PtaL .n" ç.rrl
,f* rtnod"$e^ ,!" ^t"6Q. àorto .!. fLoc?t t{^ R", J. Ê".}è 1^,. -0. p*0 .* à

o*n.'àâ- âero (q 
b)-C) *t ;=i , ilrr^o f***o a^rôr *f'Pù'1-- 1" f"lmp*him

t+3,t,r*,q (0,. q,r,l,q.r) ù l '-rrr J- f ',- 't*f- J'dd""h:^ (4) ; t4),

il
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5.2.8 PRINCIPES D'INDUCTION ' 'A LA FLOYD''  POUR
DEMONTRER DES PROPRIETES DE FATALITE DE
SEMANTTQUES NON CLOSES

5i ^er,,o *u!* JJ*^\'* Jeo 1".p*'il-* à* !-Ul"ll +'* )"'

tt(.trt\4^À/s^eâ 4tq^^f ,r/ùe n*À.-,h 1r" ,loro , l^ô{r.ê fe,trrx\rp t l;[-rU nr'À pe"F"

fû t.*i.,î* J'âJ',.l-,'^ (4.\ à (q) 4".- -0. ryt-*;" 'â. F'.,n -ih'o
*1-*â".i t"^ ".t".,oeJ"n<,n"hi q.e. .

Qsolnoe e% în.crî- J!^4r"!,'^ À0"-^T- -^.,rn" î{e.rrre 
à'<)n*o>u'ann,

mè{rJ ,,"t-'-*vom -0* Affi*.0f- Ql ,!a ,,r{, 1','n*\ J* cR4ih'.., rr ,xtrr'.nat.T -l%

r.i,"-'l';qf^eo rôôû &,,r^, \0 ,,t uj-'f. -l.o J*W,.r.0.1'"' 1.,^" 9"o +'e)a )% Je

lr^r^Ào,Jtr^ ,fa,r -04 *JH'J. )" -l'^L" {*'* {tnJi ,n. ponk t* "p0,'.tU- aua(

À"^b;1. rYrd{r .Qor- ..1,pm¤ û" rn*f'l" ). .^rnl-.t' *u^78. /tt;4,..},

ExEme0" { s,8-1
e l æ

P".^, .*l-À^.n -0'*e, p0" s"^.4-4) />r' MElrô ,r"o0.'* JÀ^l-n^ T. y

J.l*" fea" y(o\={f , ry(.r)=b eof +h0" 4u,4t,. -0o *J"'.^h*. <stl,z> e.î;'.

à o t ^  r ' " * r n , , t f Q "  z , ' t , g - &  ( s = l o , r ] , * = { a , [ \ , 2 - - l o  t  1 4 , 0  
4 , 0  t  o 4 , ô  

o , 0 . . , 0  * , o t - - * l ]

p^ 9" fù.irpe â'r;À.f,^ (4,) ,, aêtrÀ a1p16rro {o(o,o:<o{{r,ô 
.*nh"*;"*"-} C

se ( Sutq), t)'
n
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5.2.8.1 Pr incipes d ' induct ion "à la Floyd" pour une
sémantique non close définie par concordance avec
une sémantique close

\0 e"F hr,1*rra f^.itl. J" àdtzvni"" r.r,'v\e w*" liye /ylcxr ,.}nr" <s,4,!)

àae, .,*.^Jo-.e a^rec r.^./,^e lào^l','1r" .0o.. ("^y^À."1" .pa-,,.Jrrtr "g("1-Àr ).
I

t -q^o"{'[id ( s*,4*, u+, eÉ>) *t ^rÀe fon.fi^ $. (s**s\ -,],* iF"t" f ô

G? t,d{,i -a ) :

<s,A rz> = o<{f > ( <"I R#, zcs j *t e*, e*>)

Pqa. .^,,iry"*hr f* J"fn^h* 7\e Ys(s.s-1t,ff)) eot- {"hJ" 1'u.,"
<s,A,z> , :'! -Y bI* "rnr"l- * 1"*,[1. (J'Tô tr.t,{,,v3) S'r*F;br'" -l-trtn,

1J.^n1." )^ fdrt- J'Àârr.li"nn J* ta.,'at\otheo 6r,1,/ f,s.3, t,t,,e,L *rr,,+ g.,r.
<sI Ao,bI "*> .l- To â.f"il " +* '1+(n",a,\ = rr(.+G,),f^o(^).

Pc^ *p0., *, -,-F,'-Q,j*,.h "0. fù^t'. J';J""|';rn (dr\ 7 nrerra

(lsj n*, u+e(s\ s#* ft,ff!\ e*e (s*-'{t,f4i), $}e(s+* s).

<s,À,:.> = o<{r\(<s*,À*, zcs+, nf ul a\>)
[lle otJ, t. (l '  ̂  s*. s+-*lÈ7{fD.

(Voe s*. lte f. J(t,r,ù)
n (vo,r'"s*, t'e f.

T(tf r, r') +

t (qd.*(^),|fft\ r., i!'esleefr+.{Cr',o'') r,

$.dre s+, csR#, I t[(o; o') + 1'('< ]l r(dlr, e"\l)
v (.*G) + y(+*(^), trtr^,ùl)ll

(40)
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Wà a1 qt b+ "l- a#,r6qf à;|;ttÀ ",n \-nz,'neo àn s,A,t., e (rI A^ àn-à^^

o,,ro,^0r'-;rx), rnoua f*^t* Lr^tn ,a"t[sFiFuea. .gr-t* J"4.^r,'l-''^* Jo^^o I." r bhi*

à" r"J;{r.,."l';*" *Qoe.F^* 4u rçt-"r^o J. t-,.a^^^!io,, (.*,4*, L*,L*) ). /"* ù

Tttouar'l.,o,n "1"dÀa[ (s,A,t,a) ("t J.o ^ra^r^akLo -.'rr,r0.'o*.r), Ae^^ ) +,b "*of-.t'*,.,

"0" fùï" â'à J*-h'/y\ <ol- .,tr,,-J ,f I*'^ "^^I;r"^"* *rrp{"l-.

f*91q& 'tre.,8,4-4

Aep',rnrono ,0r*p0" s,+.i,t- g où !" nlÀ"t;^ aqv lro*o f.iLl*,.*rF
.lryit"H. W{ara,<l>(<t,F,zcs,A,b,e>>) )r-rrE À".f;*g <s,À,1(s,ArE)E>> n^X^àt*l f* *,

,oyf"i"" à" t'a^Âal'r'ôÂ <sfArb/Ê> ^V ài+,;"i" t"" .r"'côJan^'e d^!ec ,0o o;r" t',;r-"

.^1n^J+./. fq^ ,s ryffie J" F,ral^^'h'rnr\ <=É, h,8f,"6) A/+t to*,
5É= (A-+ro\xs

tÉG ̂ , l>, < nnt, J >) = [,lq " A. bo(a,a' ) r'. ( [.no>o,r nof <,rn*' ^ V ! e (A'a).(,mlr= "n 5)l v

Iv l .n .  (  pr t , t )  v  m5-o)  a, ,n 's>o\1) l

.d(<*,r) = a(t)

À rrrne {^.h'^ f ,^'b- ù"f^ f&à h"0h y i

4ot(.*, r>) = I

En ,l^f;0-"^.I- Q. f;T" â'ÀL.h,''n 6r'\ l* <t1*,tq, "/) J
.,nl f.aa,.'F ï6(x,<u/â>, <on,rù = {"( (,rn,A,a) , ôô.rrÀ r&hr^" ,,nt f**f"
J'rÀdr^"hd,, {"*^^ J-ro*t-n^ .9^ 1"*p-Jl-.. J. {"F"0'FJ J. À ^-,"-.TI*
W{-*(})(<s,A,z<s,A,b,e>) î '*nd ggl{n)<,^r ' .
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(3 feog!  ,  5 . ( f  x (no, , , )xsrs  -> l t , t f ] ) .

[ V a , l , / ,  Â e  s ,  x e f ,  p / , $ ,  $ n ' e  ( A - , o ) ,  a e  A .

( e(e) + [r[e t. T(t, u, è,è)l)
^

( [ T 1 r , r n , 4 , e , )  r  t > o ]

+[ {(t,o) r.. lare s,e e}. to(,r,a') I (,rno.> o v O(nn,,"))))
^

(LJ({rntr,è,,l) r t>o r. b,*(l,a') r. (t,m*>o .t .m'4r= 'rn1v[B(,m,r) r.,1(>ol)]

+[itk x . T(d;  ̂ ,, 4,.u,!)
^

(r(or'.n, è,À) + $(e, ;))1)

ù
Bûor, r) = [Sb e A. ( pr(a) v ,mg=o)l

^'t\' (; dr ". ,t lcu{tnno^h oi (^L.^o ,., Sbe(À,.,e).(*nl--,m5))

lrn'ro - ù e"..0orrr*^,1 pa (rtbe A. *'!ro)

Po.r, -0'*r^nnrpÇ. ),n.n-n , (4*) -Y ".h.fldt 4"^ Tn.(r,,,n,4,*) =

[(t--o r .  c,=.t)v ( t--  , tnn*,m" >o)) ,

n

(4"\
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5.2.8.2 Pr incipes d ' induct ion "à Ia Floyd" pour une
sémantique non close spécifiée par un système de
transition et une condition sur les traces qu,il
engendre

tlo."l foq$"or\a .XoQ-n.*f ".j"h,'8,.".r ltd.â J, futot..l"h. h,.t,,3,,1 ?"
c+nnÀt-<. À *u0o^ Q'&ÀFoi"e J"o "o0"r,ûo Jor* )t^2, -orri uUc orr*0,'or,c, .

Ern "ff4

7*^) -|", o"lrJ 1,." m'*h too 4^J fo* 4*h , lo .-'Â'l'la
â. rJ^i f,1.*h'^ Cc\ J. (C-\ ào',T Ll\. .ff-[],'" f*.,u'y* -0. f"-*{'"
âtÀ âr,"h, otr A;,f "*,t^ Jl1 ""* J .o.n glrF . E,n ef"h .lt^i*on'at,l J"f al','c
æat t",r^ Fouo .Q* Jl-"r" A- F^rtra.f êhnc, a,Uri^h ¤̂ ^ pt;-"^f 9" yr!,;'*
â'.u^e f*ocr, ûà y ^'*t' j*ù o"hÀfl":i" ,m*a faÂ {^; t +* !o*
l^ f*4*^ .'th*- I^ f",a^^Dil'"ô^o ^^rccr,,ù¤a ,.IaLo.

1,,o^â l* J,^Ji1*- .nt"ol- f% ,*J,.^^1" f^ 'iQ,Àôo-h'-r '[.

hruacea f*i+ô pl-*^"h , !, ."",À'l-i^ (t\ Ào (dr) â",1 âF"" n^t"',..J" 1..*
11^c 9. fd*t. J'ÀLô;^ oJf ../r-"1-. {8, W /rt* 1u. try
lno f.ro* {ù* , !" A',f y eol- *S.^-,f .*o^t .Qt 4^^ à" 9o t'oo.<. (ry

fr^rt /ï\c .faa êVr* -r.r^^ dFc"t â" [0o.aXc).

- qf'@.^) Qo "**r*,'ht-e, ^'*t'1ro f*é fr^ û;J1.., Qo *â,f,.rt (.)
â. (4) âot ât-',. 4fr.,t0.t (.cnlume -0" *anl-'.. !" ..*h*-.,*r*p0. r,s,a,{) f*

1u" 
p. 

f**" J',; â- rl-,^ r>oy *1" *^.^J.l "f""^ -^f -n* p0rf , (s^ n^c {
taâ ,*f^*^àr* 0'i)L J'a^. 1*^..1;F. t*. ào* t-,, *nLl. L{'e^,'-

4^U 
à "o0orro Àucrltrur.{À phtr'"FunnnJ J*;''.,-u",outl-; Ja1* +"o èL

!* 4rz{r er*c,,mt\. 'aFoh1"" " A. t"r,.rb J. -"f* ( ,ol-.1,.1"e Jt-" rf
c6rï\ iÂir^ crtrû/vnc. e^ T*{"e^^} T" -0'**,,,,[1. d- f"& l" cruf uÀ4, *l-
"8"oi* ,r^".'1".rrtJ er{r {^.b;on 

à. -0'c.,ùosvnt\¤- s )'l"l"h\.

CT*Ja-f , 
-J *h 1,n4.'t\" J" .,?'oi* -22r^"c",r\\e- Ju.o f'l^^h J. q,ryz-

\"c/^iq.$* ^rk , .'*oF- è - À;\& Ir,. 
-0" *tr,..r,t- .t{. )t T-"^tT;lJ J:"'ôt



aht"Fe^r,gt *h ofto'ra ,
**o <rtr 

{nn.l','rtn 
J.
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/nôq lL ^ B.n"h'*
}'X^;l-r,r'," *f}*.l^"

À. -0'Jl-*f *,rla*h J, ."Qrr-r!-,

à* *Q..'^p".

t'lono c..5ilwrr¤̂ ^ç.5.\^a yc,* 9. cq4 (. 
'*40, 

fd ¤eql{v\i,,vlô.\ô "1o1,r" *

ço^l-iJ'.,, o.u ,0e xr* *r,h,g,,." m'^F foo &r- f.,tcr,lue *ttZ*rt"^f

4'rr e ru. J*o J.o "-tÀ'h^^no À kl*tr\prmè $,6,f,ut'r nnc ,ttût î* ntt^f-L.

5.2.8.2.L Sémantique non fermée par fusion, non réduite par
élimination des traces préfixes stricts et non fermée
par limiæs

E,n F<^q^Àl- .,rmrgh<- J* l.-orîq,L1.,.eÂ 1"llJ" th^ / î1\ù!ô ot'l-.tr.^o !. f',-*{t

d'À Jr.l-iovr È.r^*a-f ( àù <s/Àrlie) "oF e^Xe^âoui foÀ 4s, È, E))

(  1H,  Fe(sx t t  - *  lb , f l ! ) ,  Ie  (sx t t  * l t , f fb ,  L ,Re (sxnx Ax 5- r  l * , f f  ] ) ,
C ,  è e  ( U ' n x S x H  * i t , # ] ) .

& <srArz)  (4 ,  F,  r ,  c ,  +) (L)
N.n"h4.s,ft,z> (rt, E r, c, S,)(R)

LSù:gf <trÈ,:>(t+rF/Tr ci +)

(lte td , re (l{rsrs x H -+ [*,fl]) .
( t a , l e S ,  t e [ ,  9 e  H .

(e(r) + [1{ér, {eH. (F(a,{ l  , ,  v(Ë,è,4,â))])
^
(r(1,g,a,8) + 

u Y(o,a)
I Q(s,o) ,r r(n,8)

.1aeA,,r ts.  f  bo(a,e ' ) , r  L(4, f f  ,a,d) l
^

VaeÂ,  p ' .s . (LEo(a,J) , r  R ( t ,R,o,  ! \ f+

[ (al '<t, À!n. (c((o,,n',R') r.  s(t]a,ar,* '))
v (taL n. (4({,+, 48') r., T(s, g,,Àf O)l)l)))

t*,l
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h"qr'\- â" â** -0", J.{;'F;,,*r *o.1,,.*"h*/ ,"(!/r0o g,*rr\a 1x. {*

t *l- -0" t*|*" d'*. h*o à. 2 ( I tt E. ç+f') h+..' LfQ {. t .t
m'*t- foa "-$eir^t- (vjelç1.',p(ç,,1;)), o8* fo{,,' t*,r *,.hl , ;9 '.dt r;
* .[; r.i" f {. ( {; , fo, f;, {) *t *i , A. ^ân" 1,," F(g,{"), r(il,f;)
"j ( c(4;-^, à;.. t J;t l;) u Ç ({;-.r â,j-. , ç;, {;)) T^J i>o , ùe -0o ^.o.h F, !,,

cet- è -ro**r^rt- 2Y<e c<"n/ùr^nqb\*J .R *i f*1^* l; ,\;t 9. *J
à" -0'li^Fr,,e À .nQu,},. *{t^,"l- '."nA.^','i"t L t. à f; ê",qx., 9. *?l-^t
D*^ùa-h ,

a ç

ba.,.ra f4l .nù.. c 'd'\a i

[ lgÉ ( . ,N ,2> (H/  F ,T)c ) fXr - )  =

(Vcm e (,o,uo) , +'eZ, leZq<s,A>, S e (mr,'rfl), q6 A, A'e s .

I tl+f' ^ F(t,,R") ̂  Vtri^.t1ç;,*1f 1 Vie("n'o). LtbeA.Es(q-.,1;) r'

(Ç({;. ,!,f1 , {1) v c(ff;, , t, fj , {i))l r't;(1*,-., d) n

L ( f * _ ^ ,  f f ^ _ r ,  a ,  r ' ) l o  [  ç 4 : 1 )

ôr 0  C  c
- - -  - - 2 - - - - - + - - - - - >
0  - o  ^
h o i . d ù .

i
I

, . .  r
I
I

f " t f " l
È - - - - > - -

E

{ m-4

q
1-- - -  -  - i ; - " '
I  l d r
I  i o
1 l1 1
l i
t l

i x r
Èg 1{

+ . -  - - = - > = - . ' .

F ç Ç C

R " { n * ! l
I,.. r

t^-t Eq A'
à . - - -  -  - ,

L

(J. a,o.-l-" îc L(^,{,+,,o') Àçt1o. y'J o',tr o 1oo à. Y',.are. +ùa 1 J" z y a

l",,r.oÀe âo ^.o {tl-ol-," al nrr'a11.",r-h,..^.f f"" orrq t-^,r,.-eo J" &S:(<",n,2>)),

tLure f*r*o{" f0- {*tA. o' 3 y^*À.- à !'^')" Ju oÀà* d"J,

tr fa

' ' :
u .
tà ' i

tj.
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( \ {1/e Z,  rn¤ûd/ lez1s,*>. [ (1*çt  n n ' r>t)  =+

(\c{  e (n-r)+ H),  a¤ À.

I p(f.,8") r vie ("n -.r) . r (fd, Ri\ ^, lje (*n-,l) "o). [r te A. bs(fo-''.,fil ̂

(4(8d-. , b, fi,41)v c (*1-.,, t,çi,{1))1 n to(f.-,,, f^,n\l
+ R(f*.c, *.-o, a', ç^-.))1)

F 0  0
I, s. .ff!

1 tl. 11v \ r Y
- * - : t r -  - - - >

I
I
I
l

T

4"'{rl )1- - .'.
lR,
l '

Jo
*;

I
fo fr f,, I fj,
. - - -  - - É - * - - > . - tg t}1-!o-*I*-'

Re

(J. url-" T" t R(r,{,a,d) ^f ^r'ar ,} f *F -0" fd{'&u àtr'^, h,acc Jc z

ftrrrnrha,^rt- Ja^.^a Q'iFoY a "t' *r,,,,r,ç,*J*,1' à l'l-Fo*" f ol* f 5n' ^l

{o0***t f"J{.^" à'* lnqce Je 2 ("Y 4*, '..u?'n'^* +'-l* )t^"

?nacz J. -0a p"*"^"Ht" r*{g3(<",4,2ù,

b:j:I*I<s, A,z>(H,F, r, cr$) =

[Sf . ( Z n zo<s,ni, fre (,o -+ H).

-L lnne ( * rù ,  ce  ( .m.qr ) .

(*o= o r,. Vi,i e nn. [ 1;<il * (.(i< {d\])

(r(1.,*") r {je ,o. rt11, f,1))

4 4 + c

E*

F

I
c

qô

f"

t

ç

^

À
(t ie6*",1. lq.e A.Ibo(fn -^, fn) o ,&r_^,r, fni ,  R*)])
( {ie to . [(Sie,,n. j+.t\ + (]qeh,(E*(1i-" r f6) ̂  û(a;nra, f;, ff;)))1)11

c 4 0 c 0 4

o(! 4*-r

_*._g_ ,._g_,. *ë_
(r
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(r,rT-u^ h"*J , ^l ^'t o f o.o J. f,.e.e, t{.t'" f et d'lù ho.i.z 4
r.-tr,r H ( Jarh go 

1,v,v,,ric^ lJrX ** *l- J.'|;n, f * F, It^ .*".^"h f* ç
o"-J fr,r^, ruv\ monnl^* {^i J. f"i,.'.,b ). -,.,1'.^-, ï n ^"t- J.4^; f*")
fdu. -0.r1un{.0* {rr^,or.io,^h r -l- t-",1".r,^ nr,ei. (T rr'o f* dl'.' à^ç*l

Jar- F, Q .-t' ç ,orrnrq r,,*crtl- .Fe/, e,sfiv,flrrJ"'l'i )),

Enrmp0. f,, r,. â, g..l -4

Si Z = E(sr A, b, É. ) ol- p' ,)-

e^,\ r0.";.r," "^,1 + -- lt\ , F(t, t) = Ë,
f T* (d,4,, l )  = { .  (T, a,  A,t)  /  N\ô'q.ê

tr

.aÀl-" Ke-s f"0 1a" ggbXf<s,t,>.>(K) '0o*

r (a ,4 . , . )  = t ,  e ( ( ,o ,a , .8 ' )  =  t ,  4 (8 ,u1 !8 , \= [o ' { t< l

otrl-"l,1"o ,U,À^e- "r.*iOn A" ( q) .

f héagime 5, ?, E, r. l  - .1 ( carr,zJon)

foFal" .r,oul ian,lou^o"\cc' J" Q -ço*" <s,û,:->)

berw, o,tot".c l.,",vr

Sufp^o* (d,,r), foZ ù S*hl.r V(f,,f;), Poaono r'w(d) =

[t{e1a-t),  {e (d*tt) .  F(f",4) r . ,  i jeâ.r(1r, f , i )  r  ,{ trc(d"o).( lhel.bu(f; . , f ; )  , , ,  ({({ i - . , , \ ,q,81)v

c({1- . , [ , t i ,R1)) )  r r ' t4eâ.1. ( t i , f , , f i ,û ; ) , .  $ je(à"o) , ( { i<(1- , )1 .  Nlaua o4,dv.o r^ , r^ r ( l .p t } ,

U; +*n+e ¤Cf") Jl,r,l 1r'@.{ 1"c,r âaÇ"i,-rl'i.* à. z, *0-o FG",l")ntr.((.,f",F.,0

.at- nlor J'î"À (d.") . S"tpd,dy\a ) to- r^âu".[i^r , Trrr,rr (^-l) -l' * .lfl .

Ner.nr o,ooro lo(ç*-.,,ç*) +.,4r'L r{'ne ae A , à,^ p"t â.fÀ'h'o J.

$g.t=<s,A,Z>(tt,Frr,c,ù)(n) , R( f^_a r*^-.ra,f*) eot ,;."r . l- Jon" d'qrd (dr) ,u ht'u,

ie" er.ùt-e^r\- $*((*-,, l*" ll F"-0" qu?- c({*,., *,f*, **\ 6<. 'u.' '^ t-= (,m-, J il r*;E

{*.rr  f . -0 1" 4({r- . ,  e,  f* ,  1*)  e,h J,ur,o , !^  )*n "ou Jr.( t* , ,po, t^,**)  .

be mou.ueo.r,r (q.).k rg(f",f^) Àp0.'1r,r^"h r(f^,i-) .,\ 'J^" r,n,u(nn).

5i [1!= nn e ,u

,L ( t  - " ,4 . - ^  ,4 ,A '  ) l  t
.6nF'.aÀ".h.tn cu,zc f ¤

*8* Tn.*(,r'r\ e,F (d"r) Àp0.1^e"^T 3oefi, r'e t.[bo(ç--.'ar\ r

I, J.4;tr;l 'o{"d

z .
J .  Qg< . ,4 , :> (H ,F , r , c ,èXL)  * \ -  *
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5i lç\=r^r o0.* I^rur(,o) ,t )a æ'1,.n*ez i4t" Jr-ÀÀa.lu \ ^" ,s.r.l- 1""
êl'.e ph'*tl-ame^rh àL*i- oul. à. È-,FL T' J t e' -r,r^,\ "^lru- 4;^i )'^à^o,h 4, eu,

r,erm, rfl\é.o ûù to àir"t,T ph-'.Fo^".h ,V 'ï c e,ot nner. P*b".tl- ..;Aeup c{.t

Ày[.1"- Eltz ô *l -.d , -, ..r,nFr,aÀuFi-t ùr4 k3gbd<s,l,É)1*,r,t,c,Ç).

tr

rhJar,û're

bJnnonoliol-,",t

f , r , , 8 , t , 4 p . ! C c* ç0; f"J. pÂ e^Fi1" f- tt)

aiayartr'c,r,rce J. Q 1bo.rr,^, <s,4,:>) + (4.)

1e. f,^.arr ) n$)"b fn¤{r* R(Â,4,c,r' � \ =Ë

E Jo,o ( 4.) .

.Ëi 2a À*rhg.," -l-noâ*h ç" .|,;.*t*hon J. \-"<"eo +*+;"* pl'-lt/ /nô'trj

Snpp^* T" V *h {ahafe peqa r^ rar..,'ea,..e Jc ? potr- <s,A,E} "t- J./d,r-o^

H--z(*{s,A> , F(t,$ = [ t= <e>], r( ,o,1)= [VrelSl.rV(f i , , f ; ; )1 "F c(f i ,e,a' ,8')  =Ç(,f f ,c,o' ,{ ' )=

[4 '= { :ço '  ] .  o tse, r ,^ rotn 
1u"  

t iâc(( - t r \ 'o) ,  ç 'e  E,  f  . : .&<s, f t ) . f  * f ' ,  {e(J ,+n) .

(tr11",û") n ttred, r(t j ,S{) r t{e(do,o\.[tber.Lu(t i-.rf i \r.(4'(4;*,b,f6,91)"c(81-.,U,q,8t\t i ]
+ (1--{)), Nroù r:_:rh:t'<s,À,8)(r+,F,T,c,{) fa^cÂqi.{r- V *l- f"taf. f" {tp"l-làe.

b. {q ,.nànne rrnq/  ̂'àe UF<.,4}:.>($)F,r,c,$(U\ à|*uf." )" L(r,8,erÀ')= t { +:.1 +

N., ' t<s,R,z>(g,F,r ,c,+XR) J" R(a,A,e1r ' ) - -  t lp 'e : ' . (q i rar '>)"r f '1,  40."  (gr , . )  * l -

ooFÀfJ +q," f=g + J.c((,A,Àr8\= [(x=o r ry(è,n))v (t=.t rr lf/e:.{*'q)r. tr,vne (ur*o).(ff1=r;

À 4o=4 n {^-.--t n [{ie 'vn. (ç(4,,8;\ r ' .{{,rl;\11:.

n

P',rn êt-ta, *pl.h, ii ^r^ l*rÀ"j"k .r.*Àe^ ,lea 4 'q." ,1u"^l'i*lr'.- "à l"

*^""h1.re m'cr.h 4* "0o*. fd,rc.lde ^ur\r.,^urY -0!o^. o* J*o J*.arrÀh'.rno J' H.eltuÀ.

r,,6,E^,b nrre lctï\h ,{'oa ao.b.a Iû^. Pa,.r^ ". t"itn,

si Ia ,u*\ q"'F; 1,,.e "aY X^"1
o} rld-{ s, A,E) ( H I F, r, c,0)( R) =

.l5re4^ô^A L(4,8,c, l ' )-- h ,F kâÊ<s,A,t>(H,F,r,c,fXL\=Ë Jor^ (4J



) - ) ô

6i Lq n"**^ll'1vc e:'Y 1"^','^"[ ,,1'o^ 4,-.ih.a, mxr fne,rno,ro {(*rc,^',A'\=#
eh *13hd<s, A, E>( H, T r, c,f) = t Ja^..l (dr.) ,

N ourr /n9

t  n .  ^
{>aa,fr cu.Vrc-r,o , Xea, 5

J,rn v,,e,rr-crra .8^

*.1-n ' J t-E^^l

Jrlnt"^l--h.r*

F-"rîld,$ ,

qoe Jo^,o g, J" cs> * ctà^

5.2.8.2.2 Sémantique non close, fermée par fusion et réduite
par élimination des traces préfixes stricts

't hJar,crrvr¤. 5 .1 ,8 .1 ,9  -4 6 Cou'och'on )

<s/ ô, z> ' gùp:1< s, r,:>) "0,t'o
({,,) =t (V *h {"F"Q roru ,r,irra.xlc,v\ca-

(4u)

( lH, p6 (sxH * l* , f r ! ) ,  re(sxH*f* , { f } \y c¤(HxAxsxH -+{,* , f f } ) ,

0 e (trx A xs * tt -- l*,SI).

Etnf'tq<s, Ar:.> ( E)

*,g*bgf <s,È,>>( H, F,I,c/ È)

(l l 'e rr3, Te (fxsxSr H* tË,ff$.
(Var les ,  Ee l ,  4eH.

(e(r) =+ tlT-e f te}{ . ( F( r,8\ ̂  r(L,è, è,8U)
A
(r(t, r,l, 8) =+ 

uy(a,,r)
I Q(a,r) r. I(r,{\ rr lqe Èrrres. to(.t,r') a

lae A, l re s.  ( to,(ar l )  +

t (tr'<1, fl 'e H, c(4,a,,a| 8')  ̂ ,r(dlr,o',{'))
v

(1{'e H, {{{,o,af 4') r, T(t,a,ri,8'))1[l)))

sù
J" { +ôu^ <s,û,2>)
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bdnnonoïna"h.rn

Suppcn.arut (4*) ,l- pe E. sf,.0 eo,-\'c ,ehl le!. TL Y(f",1r) o|'u* ç*u
o^ 1r1, 1?r fi-t^k i , t ea-F.- Ée(a'+r) "F {c(o'+H) d ?". Vté;Tr,i(6l,f,rf;,fi1)

.t- Ja,n" !4ei. Q(f",fi). \Q. ̂ '-F f* 1"n*itlc à'o^t'i Vùelç1. r\'(1.,f;). 5r,'ran

)"0 ""t-V"^"* xe(tçl-t) * 4e (tfl--H) t"r. ?" E(f"\ J^" r(.g",9.) "l-

tÀ"lt l.r.o(t1,f,r11/f, j) Â*" vjell\.r(11,Si) ,I *, 1Q* {ie(tç[-o)'di-. '-t i  . 9*J
t e"t {^i. / n\ùl,Lô ealc^À (rj(t^-.,torf.-.,{*-r) dù hT=rvn . Ac; *^p0,'7"

lq eA, Ar¤s. bo(ç*-., d) ?n "*,| ' .eÀc'h'on @^)ec (s,À,E)= &$: (<s,*,:>). T^L f
eot À{;^i. (*,1u"0 c. � à le rct3"r*.e ;{,^re À'otàr^erru \* ,ne 1r* 4ea êFr,*

al,,r"\-.rnn.,."t- à/r^ri^",t > '! 
l* -w\i\ *r",L" {; J'e^rJ*^ol} lieq, ie,m, méq,

ô,ù- tj eol- oF'.,.F-r,"rrh À'-r^a^'t-. ..f c ure,i , Po^|",.'f àQlu,^ + ou"JT

^ à ,

n
* *nl-'*â^"F,* o,rc p:l*l*!<s,A,z> (r.r,qr,c,Ç),

T he64/w\e t,1,8. ?, I o r.r

1s,A,z)= F{$(<s,r,z>) .l ' (s,A,r.)= ç!"g(<s,À,:>) q0*

(\r *f {ehe0" ÀàqÀ i,untastiat ce J" Q çau^ 4s,A,z>) =+ (.t'u)

XngrÛrebe!
Su1p,a.r,'o 1le Y *l {"n 

p" ,,rot^r ,rÀ,.raru^an^.e. J" { p*w <s,A/E> "F J.'4À;^.,"

H= z<o(s ,A>,  F(+ ,8)=  t t=<ê>J,  r ( r ,g ) - - [ 'd i . l { l . r ry1B" , f i , ; \ l ,  c ( l t ,+ ,o1 , f f ' ) - -4 ( { ,c ,a r ,R ' ) .

tf; '= 1 a ,4rt '>1. Si ^o.* fo<*oro )fuo*^to 4e(:42u4s,4>), f,s(,^,-rH), ,rne(.^.rn,o),

"(e (.rn+r^r) r{e r.h-floÀ*-t 1* -0o ..rÀ'h,'*r b;ghd<o,4,2.y (*,F,t,crr[-) o0^ r{\ô.{.rr

qrr^.u\^a F(rP.,8"\ .} J^. 4o=1o=f<a , Suçp,r,,r.n" for, -rJ*À'"t, T. {r= rtr*4 .

NQor r"t (j+,)1n, fôcw h,,rh ie,m *T& (û) tae A, Lo(ti,fi.) n +(4j,o,fq*.,41*)
À î0T" {i*, = {i*1-*-<q*,> e-Y 4= ài J'"i l j*, = f<i*a, S,,,r^ tis,,n.<, "(tr+r)

ào r*f" 1Ae ot i*o olonc j+o "f  (1aeA, L"(1irf ;*. \  rr  c({ i ,4,f i* , . ,41*.)\  ôpq'.y""

fii*,= fti*t, Lq ."rl-^.oÀrh'^ e.^rn,r- l" l** T" y ¤ol- f"vo% Aauut i*atu'oncr.

ào Q -çou,,, 4s, A,E) eot' ftn,a,-l-e.*q^.f f)'?- Vie ,"r. r(q,81\ J^" t (tj ,di-t) J'où



-V(t, , fà\.  Doqc t;SùXf <s,À,2> (H,F,r,c,Ç).

cLora *^* * ar rl-* o*f f " $ et x.h ((, è,
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r  3feZ.8+.ç) r  l , rne(,^r ,uo).( t f , \=^) , '  8o.g ^

1,8) - L (x=o r. 'g(t,a\) v

{..n =o 1 [vie,rn.(f ({",8;)r,rV({",fi))]l( t-- l

S9^À
I

(4\).
tr

p;*nbl" àe

)bf"^"à à" -Q"
t"i",h

H,4  r ,  C ,  ç  Jor -

dreq/ o&l-** t

a.rpp^a.^^"1- <s/ Art > =É-+*t(<s,s,z>) ,t <s,A,z> = eg!p: (as,A,z>) , d+ ^&W

Le *i"0f"f J. "*pU[-uJ.- "-.-âe*rp âf frdtt àor* ). B"t^ T.
J" *"t--" "{,o*i .foru, {o +Hetur¤ ). ..*FQ.tl-uJ"

1topnii l-.' V J^l- A,>rrÀ -f rto.r.oorra Q" f .FaelU.

Pa.r* ,^,ane .Q**. l^^": ). ^,1-t-^rhl1". mr$ .{.ot*, ;! ,* T.\".(-;
,p,'^iL\e ). h,.a"rrre- À., ,ua^lq[L .t** ù'"in " ,] errn o-.rnrL\. à. y"* L

-T^^*, \"4^ml5"r &r).\f.'4J"^J 1,^r ,o","'.-rc^^i- 1"c".^ It tn"r-t" J- t-"*l-e

1".p'od FJ à" 4"F"8''t-'l '

Exprmu0" t , t ,8 . r . ,g  -&
* l æ

P"..u <s,A,I): Y{**<*>(<s,4,:<s,A,b,e>>) ai <ar.J{n\<,^r, mèu^ f* .Rà^t*

H = 4 ,  F ( A = Ë r  : ( r , { ) = [ t / e s , b * ( a , a ' ) ) ,  c ( 1 , , a . , a 1 8 ' ) - t  * Ç ( R , e , ! , R ' ) = l f l ç o ^  4 : g ] ,

si ;/ dr^le ^as l4aca f +"rtL,"'J "i,il"a[|. ",t- 4e, (ltl--A)

^"h;1*^ a^rl' ae,o.o Qe ,o^â^ l.*^n \gkf <.rs,:>(Hr A,r, r,c,Ç) *4"^ o,' Lenn

Itl= j e (t^.,oo) è" p^l-, T -l;-. ent- *r,r' Ll"t J" (A"oXe.tat *l-*J.,'"1','.*

r(tj-^,Î;-r) , tu h'srr hl=,^, t ry"! ,.^ '.0 ,^;lr. )s{tL ù= f,n -. 1*' .of f-outr'ru.

t'.ôhs ('{i"ot*_,.(8,=a) J.. ,'uuF" Iu" r(q,fii) "*p0.'1" lrfes.t(q,rl) J À*ù
acl*.6 ( $1rn*_.. lLeA. (t-s(f i_,,,f j)n 0({r,,1,1i,{1)) àt 'n t+o), "^n ..mhnoÀ.ï-, '^

a),<. t'rttofheù I '.'14'f.' 
{"^tl. .

É,rr '.*^1P" ç-J
toog.*b*." q'- ÀsFâlr r

(4*) +e,,\. .!r'r"a J'fù l'i a"



5 - 5 9

o^ri , re (lx Sxs.t H -|t,ff!) .

( {g ,  r  e  s ,  te l ,  beA.

(e(e)+ [ t1e f , ,  !e n. r( ! ,è,À,1_)l
À

(r({, g,a,b)e 
uY 

(e,o)

[ Ô(t,o) r. lrks. bg(,t,4) ,r SqeA, nLs. (bo(a,a')'+

[(trix, b'e A. r(xj l,C,tl))v(s+c. rr T($,A, r',b))J)l)))

tt n" ^)e^/Lr'dy\

à. "*çOt"J"
o-^rh" à" !| .i

d" (d'\ a Jt-e'

æ"m *'hi ry. qF

Y "

ç',"ç'.o.â f*" L.l,,,rrro^^- P*c0.'- st'a,.r't'Ia{] .l

!ou'\. à "J"11-.," . cr.\lz 
+HAlte ert

.8rttn

t40u^a
où' Uçe^J

t
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5.2.8.2.3 Sémantique (non close)
fermée par fusion et non
ffaces préfixes stricts

f\Joron*. f,.9,3.9.3 q4 l cnr"ehoo)

fermée par limites, non
réduite par élimination des

(4)

(1H, re (s"H *f* , f f ) , ,  re(s ' l t+ l t , l1)) ,  L,Re (sxHxAxs*>lÈi f l l ) ,

c e ( H x È x s * H  * l È , f { } ) .

L igg <s,  A,>.> (* ,F,  r ,  c,  f  )  CO

Nl4d-<s, A r Z> (Ë | F, r, c, S) ('n)

( l fe o:d,  te( fx SrSx H * l t ,S]) .
( {4 , re  s ,  1 .T" ,  8eH,

(e(al  + H!eF, { .H,(F(a,Ë) r . r ( { - ,è,g,{ l ) l )

(t(r, e, r,8)+ 
u 

V(e,r)

t Q(r,a) n r(arR)
^

1oeA, u'es. Ibo(a, l \  1 1(a,4,a,ar)J
^

rlQ e n, rte s. ( [Ea(ar 5\ 1 ç(orff,e,a)]=+

[r t'< r, I L rt. (c ({, c, ol f, ') n r(t', a, ri â' ))}1 ))

4r\ * ( $ e.[ 
{alaQ" 

aôu^ .r^M}d; o,rrrz à" ë f.* 4s,ft,E>)

_ t  I
Thsal¤^È\e t ù.8.9.3 ̂ ,1, ( c.s$îQJt'.rJ¤. rcr "^l-, 1,")

h JÀ"*l-"*Fi"n not l"*l à +àf iJ"^^f-, 1..," at' co) Xââ"0 5,t".8,e,,1."4 .

i l <s,A,r> = Bs (4s,R, z)) oQr^
À '  ̂  |
tafall" aoua -r",r,^r q>..t'an^ce
I

J. + faû/. <s,4,2>) + ({.n)
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ùJ*t^^h4"h;,t

S"flt"^" 1t. Y -l- foho0" rruto e^po,tr'a,,^cz- à. { çeur. <sfn,z>. Pæ.no I

H .  z . -<rrÀ,
F ( a , t \ =  [ { = < 4 > )
r(a,4) = [vùe t{1. - iY(-r,,8;\ l

c( f i r ,o," t f  f ; ' )  = [  1r= {  o '<a'>l

L ( a , * , c , r , )  =  t { + Z l

R(a, f i,4, a') -, [ l  pb: . (A z s4'r) * t '  I

â. a^I. 1l," À "^^À'h'rma !g.<s,R,:>(R, F,r,c,{\(u) ,l- t'le.tl'<s,*,:>(*,r,I,c,fXR) ( }ù

$(fr,e, oi **') 'ff ) n'n l- r'J-;!"t*,

bJf;àô^. *<{' n^"1 ror?"^^tt e [lçe:.(4r*{.+.p n f çg'n rJieMl..y(f",fr)].

Soik "u,^Àe *il-. ,À+"i" àJr^nin^,lo 4")-R'>-fl$-.". C.rovme le ,rd*J'gr" ^V &"r*rtr

f.^ -U\ih,",, l" lna.. /,Àil-" À{,;.ie çeZ'<s,n> t"Q" 1o. Vie,.r. t=fid*)d ,l- g= (Ë\i,

"fp"-h"r| à : a)t?e Vie.g.-y(f",fi,) ,n .onh',-q{^'"h'avr errrr -0'0u41""fh"ù 5"" Y .t-

C(4\ -- n lae o'.J , '{RLH. [*'*{ - g(8')<< J i

u,h .{.oia.,m * i

r = *tj le(h"a ' {e H}
.  J46(1 ,a ,À , { )  =  (  [d=o r r  { (+ ,4 )1

v
L I > o  r  d = g ( f f )  r '  l p f . { * f  r . 4 o = ê  r . . 1 ' , r r e q r . l { \ = r n  n  8 , ' = o  n

V.<m^.  (0(R" , l r )  ̂  rp(4" ,q) \ l )

A0'Â T.. ,rohi{a^}' (4.) ca)\. VR', *e t}. t({kq\ '+ ( g(fi')< e({))l.

tr
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5.2.8.3 Equivalence forte des
(4")

principes d'induction t4*l et

T\,â"ttt {,à,8.3 ̂ r'1

"I

¤rv1 -palaa,r,h I

To.rh 1^r^u. d* f*h&'tJ J" rg 1bê{r* A^r¤. o*t o^f,'* y^8^1*
<srAlz> ,rl'i0.""r^f "0. td.t'. d'àJ^r.hr* (E*) to,f n *"|'t;nt er'

,rrr\e lFlrr.w\l* à {ahe-h" -};ba^..f .0" ,u"^À*ç. J'-}td".},."n (4r\

t l*1'-1,*r**h,

|>Â"olnahion

At"^h foo,r^rl "I ft*, E*, ,*, {.n, t+ .r r# o.t^{"-r^} .Ico .moLiF,'"^o J"
($.+)/ mo..,,l folt t*o h"Ièr.^^ "id" *S. ip't-r^,.e 'Àc 

f*hA'U vvt r.t/^e-

f,"^-^* J" P*htù'tt' ̂ Fi0.!*^} .1" fùt" Jt;J,."h,'^ (4.).,

H=  (s f "5 rÉ1

F ( e , < e1 ,r+>) = [o+= ê# n ê= $+(S) ,r e*(a+) ]

L (,r, (À*, a+>, e1r') = L a=f^to+) n il+! s*. bj{o+r r+')l
R (r, < èT a*>, 4, À') = [ A= +ot^ol r. 1r*'" s*. C tT f^l r*') n ^t$W))l
r(a, <ê*,,.*>) = [a=]*(r+)1
C  = Ë

+ = #
r= r*
T(t,A, /,,,18,r*>) = [l=$+{a+) ̂  ,r=f"+1o+) n ¤(aq n 5+(ô,a*,À+)]

Enr "ff.), /ïïru,ô e^)d\^a Lte^^
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{"to)= fi"(n\ n f"=++(fi,(rù " Vj.*.(tj=$o({i(r))) r', Sjeft^"o).1[e A.bl(1_.,fi\  ̂
bo (ç*-^, a') n f*_, . +^# (.9,*-r(/\ n la*'e s+. Lf;(4,,-. (ù, r*') ^ ,p¤z I , d^"
4o(r) â" o .R,.Ol ... à^-,r1.-.(.r\ P¤àa;..l- â -0q +"; -Lut\Ê- t-,.ace, â. z<i+, Aù, fl, e+',

cerv g"*(l1rl -F,">4(i\ ,,, *,^-srlr-.o)) =ç t Nl*",o1--'"1- À'rr^- l-na." J.:<.il,+lrle*>

(ra* 3a*2s{. Lo+(4*-.cnl, r+'\) e"., .,*\-*oÀ'.}".^o ^"- !. fJ 1* <.111 z<{A#,r*,e*>>
*t "0rr".

- tL"I4s,À,z.>(ft ,F,I ,c,ç)(R)

ea)v V*t,r^tt¤û),-peZM{s,n>.[(1*1'n.,,r>a) r.(V{e((^n-r)*s*rs#)raeA.(e*(4(ùn4o{ù={Crl ^f,=f^+t{"(, 'ù

.,sr" DrÀ.Nl mâuâ q,uai.rrrra ,.r./v\a tna<.e. ,Â P,^r. -R"o\ -t+ &r.t ,,, +ri $rr.rt .-, J. z<sf eftld>
Jo,,c "?aÀ, (4+) t)r& .larùno' ̂#À'. lT-"r''h^e,.rl' J.-J.r",.Àa,rh J'^oLÀ*^n 1o,,,,,xi,.,,.

V4,l  es, {e l ' ,  À (4n) ,

- T e(a) eah ^d, 1è*.r+.G=$*tn+) a e+(a*\) Jon. 'r.r*ess, (r={^+(ao) n
e+(A+) , r  l te f  .  s+({ ,è+,À* \ \  , , f  Jonc 34+ss* .  $(+,<e#ra#>\r .  t {e f .T( t ,^ ,à ,<a4,s#})^

a =f^s{est)  ,  * ' l  t { . r . t=<ro, è*>e *.(p(a,8) ^ T(L,À,è,,8)) .

- si r({, è,,t, <a+, a+r) "0"a g*,, Ai+;h^ t n=$(a+) n o={o+(1#) r e{a+),1

s*({,a+,.u+)1 , r1; r+(( , a+, b+) Àp2.3,^" />;* (e+(afl ->rp({o+(4+),f"+{o+)) r*.

g(a,r),, ,'," � ,,r pç*1n+5,$f^q) r,il*âsjeeÈ+.bj(AI À*') * J*" t Qta,r) r. r(ê,<a+,r*>) n
1r'={o*6+'\esraeA, (ro(r,N) n L (rr(A*rl*),c., l ')) l . Tl"ùFc^no*t Is(t, l-,1,<At r+>)

r Eo(a,À') rr R(,r,(è#,4*)ra,r')1 -i"È'T" h=|"+1^*1n o=J"*/o+)nr'={o+Jo+')n et+ônr+6,A+ra+)r,

bt(A+/À#/)l â^. [r$È(aô^ À:4rtÀË')r. e#1a*1r, l[lct.T*(s)aI o#'5f ot*-â -ruL

Jx '<6 ,  4 '=  1  è* , ,o* t  <  È .  l (  ( r ,  A ,  r t r { '  ) .
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? Ri.;y-3,rc^J; Iq^r| f."*| rf, F, r, L, R, c, è, F er T arf*f*"J
1* ..mJ.^b',*no àc (d'.\ 7 \àt6 f+.-*^" FoIour^ "nl.-;* o*. l*^t* L

f,".t-eù [' o,r\ r.r^Àr- f\4!^]¤, â. {.LEA'il Jf Q,"*"h !. fd*" A'.à),.'!,'n
(SF) J" -0o r*',*^nà nu^:or,f. '

Éh/..I J^^â f .E, rr\eua o^ol-n^.ro.tno ve (|.pl*-) .] t*e:.< (**I\xsxt{, S)

c6wrrwr"t t^"1- I

I",,0 b.'^-^Jon,ni ",,o"^ ,P'^À" -,0"i;-X'."1k?" X-."R"
,k aor^O.^.^"h Ë (l<t')v(X=t',r n<,n') ool- ,i"*oqh"

{'À.nm.ttpfÀmne à/",Àna r (<{,rn>\ = (a.rit\irn À*f

uY t'r0 l*" t = L(< L({\, s (r)) ,* 1 (<g o>) = o ,

Cù,nnrnle Ê (tù * [1N,. I ,  8oet l . (F(t ,{" \  r  r(É" , l , , lot f i " \ ) l  ,  mo.ua eRouiurorrn (o=0.

3r' 'r 'g(t",f,) <0vr T(p",(.\, ru bè.(f",f,,) .ho &(frf.,,&,f.) -l ^nù, N/TÀ (4)

r(8,,f"1f",{') -ip?,'9,.,r., auhb,vr 34<t,,4re H . (c(A",è.,f",{"\n T(xo,r.,f.,8r)) ...^1ot .*
/nûqô eïoLitot* 4^.A, t"# = ( È(( {*",0>), fn" , {"r, èl= *,, 1 au Ele,u

3{.e H . (+ ({",$",f.,4.\ ^ :r(ru, f,,t,,,8) ,
(,4.) à^-3u'à "$..,^A^' -0" É- t.ltl- o.iul4l ar,..0 ,,r.Àl-c t=l S,rn-
(c(81-, ,  Èi- . r  f i ,Ai) , r  u( t i , t , , f 'Ri))  "  ' {Êe,^r . [ r .&. i  + 1t{e H.(r1.ç61Rg\^

T((o,ço,fr,8o)\lt 'l- hûuô .âo*-o.* o(.=i ( � (ltl"ô)V&.er,r. foro<Ê.<x^ :,

tf = < n (( {*" , (<.-.r)-È>), fp, {x>)1 .

Ftd .,n*t-',^rtt- 4' .patr^ i=o,.,,rrr'-,r, nr>o, ef ti, al 1aru,.ù=0,*(r,-1i) o:+<c X-,e(l{'o\.
.Ï \-A jae. I r(t",R") r.Vie *^-. .r(f;,(/) ,,, gie (^"o\.t(cCq-,,\.,+*,t)n t+,n_,(fn_.,fn)) ^
vR'e,r'[1-.<&<x. '+ (ç({''*-.,èÊ-.,fp,lp) n L+n-n(fu-.r+Ê)\ll n :J(!o^.,f",fn^-,,,1n^-) ]. r(*o_.,f.,f0".,4*,)
ÀçQ5"e t(t*-.,R(-^) ^'Y(+,, f.r^-.\ ' * fh "i tun^-,('ç*-. ,fn"-"*) eP,,* R(ç*.^'4n^-., , Bo.-, , fn"-".n\,
Nrt^ "ççQ.'3".'* (.f,.) gÀ3u'o-'a$"ùâ"s À'irs..ùL ). 1Q' .ço.h.fi t"-l, 1* {^-.(t'.ltl
, r  â( i<{n"- . ,  Si . t t ' (c({1-, ,  lo j - . , t i , *a\  , '  T( [ i r .ç" , t i r f f ; ) )  r '  Vf t 'e,^, . (x"-^<Ru i - t  l {pe r+.(r( tn, fa)  ̂

{(fft-rr èÊ-.r,9x,{g) r T(tq.-. r f",ft,{p)\) ,, mûtr^ .ft"*ri.nr. o0t^ q"=d (e(lp\.ô),

$&.eqr. (n"-r..f.{^ ê (4[= p.o ^ tT.= <,.(({n^_,r(v;.1-gy1,fc,lÊ>), Nor,ra a\}o^r ù^i

axuh;;1- o! fa{,r^ i--o,-., m , .F +1 ,, tl çar.r,r, i=or,,,, (v;a) o,}ec- x^e(lçl"o) .

4

. ! '

^*' *lÀc0
( U,n)r {  <t t rmty N

I's= (,^l iF\ )rcl-
I

tÀ r re .we  !u  ( I+ - l \ r  I¤( [++ r )

[ 1 d i < t , ,  S l e H .

è(S*-r, f,a-,, r tr,4r.\ n
( Èt=è.e ^
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Si un F"ù À ^n'.*.Àf" 4rao, Aeu,! h",,mÀoruo .0a ..,*l-*rolirn dô^^,,$\r- l'ri.l- '

;l*;t ("rr.h -iiâ*^t ^r f .l- 4;" p"À^ J'Td s;SûH[<srÀ,2)(t{lF,r,c,0)\ ,,ln'

30- fÀ' l- {..h| t-e.0 1ue 
(&.e.^r.[.o^-^.Ê.i.- '1ftsetl.(t(fe,4p\n ù({n..,èr-,,f , t ,4n)^

T(dr^-. r f.r fn, fiê)\l ,' r I(.01, Si\, ,Lmc Y(p,,1i) , r'1". o {d* -0" '*;r,e- '%;n 1*
ci-À/r..^! e,,r, ^*'g0aç9t i t*[ * v&e t1\. (&',i * 6t= Be ̂  tt=<1k9o>)rfe,lot),

si Y(fr,fn^-.) "0^ ,0o *^ol-.r"l-i* a<, [."^rt"ire' c(m\n& cr'-"U/t{râ (+trt

> +  =  h + ' t t z l
3 *  =  S x { , 8 * r t

6 +  =  A

çt* = c.r i l

a+(<è,rr ! . ))  = [ . I= L,p*.z+, f t ( . { \ - ,è}++ r s =of
bo+ (À,T1rn)r<,tr,T',^')) = tnnr=m+l rr rtft+6ar .p$t\=o n 4f=c n -pf,,0\=a'\ 4f 1

{no 
(ao,r,n)) = A

f.r,a,.rh i=xr-, ) .

P-ot no-rll-.nn*h t

I+1x+, (a,f ,$),(rgn)) = [e+(<gf,o>)=+r--11*.>'*,  nrcl t*\^f}( ' t \=è n{tnl , l^1f,rO-:t*}+O}

aQt*

Paa, ,,NoT'rtrrcl-,0^rl âe ,*, ft*, z+ * $+ {\ôwr o^}r,'ô <s,r,z>=<{,.,T(<.+,ltZ*ù

" Y  z * = z ( É + , t + , r + , a * > .

- V<l,T,,t> e s+. Ie*(<è,r,,t>) -t (r--h*.t* r 4fC^\=a\*f ,r ru'o)l J.t\.

V(r, ,T,o) ¤ s*.  1!*= 1ff"t  < T*. Ie#(<g,T,t>)=> ï=lfeZ+, se h+l n 4[{o)=t# ^ {C,rt=r-}+O]
" 'aL- a-) i^" t<a,T, g) ¤ s#.1 t t  r*.  T+(t+, (è,T,rt)r(è,r,o>),

-  s i  5+( t+r  (è , r , rû) r<r , r ,m))  J , ro  Ie+(<èf , t r>)  'o  r=fç$e2{ ' .  * . \++ l  ̂  Sc. t 'o-
À tf (.r\=a r' ,p{fo\.'t*}tf l, Si t*'o o0* .{*^ ..^rl-"t.},^ Jr f+,, .*({a,Ir!>) +
-V{{.*{<lr!,u>),{o+(<o,t,^>\). sÀon [#+o "l- XJe stqe*. bf,r,r ') Jo'rc. [1*er' n' lt11+[+f

f;oL*.*.h f ({^*(<rl,r)ff(<r,1'n>)) r 1(af,rf,n't..I*"4*.Ef;(<o,r,^>,<at,Tl,n'>). M*ul-.-*a^^h

[r+ (< r (  è,T, ry),  (a, T, n>) À bt (< A,Tr n],  (Ar, ' r t  r '>) l  =+ [ .*(a è,T, o>) 4
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[ "+ (<è ,T , r> \=à  t '=$* "2# .  mre$+ l  ^ ,ç f t ^ \=a  n  fT , ( . \=a , ]+d l  J . , r "  .?aÀ-
o"rh*Ài",r )^ t^ocr, t* ., 18+'< t+.[ e#(< a,T,,1>) + Tr-- lt+.2*,. ,nr.h+l n $t.,\=l n

çf;,tô=,. '  r [+'=çf,tr l ]+ +] â*" t[* '<t#. tr*(toi <a,T,s>,aaf rf rn'>).
n
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5.3 PRINCIPES D'INDUCTION I'A LA BURSTALL''

Norra Q+r*oQù*p lo nnnJFf'oJo-1

,^i[ieO.-rrorh .oqgre fu.* -rth-, -|.a

N^* % 1Â*<0ô.t"^ lnn Jo.,*\-nr"- -l*

."n -JJLr.'*"U "h ,p*.oQl;0-,

J- o^.^F,*o ÀFearmitt*rt-* ). È,nFqQ0L+r,l

..r.rre$,'on t-ot-cOc J" 1"o1tar^** ^4er^h"0..

1'.opn.e l-ea J. {"ro{r'[J J¤',F\r(r¤JnÀ,ffrr.

ba.rra ç,3,4 ) /noqÀ Jt*"n À as"^il )r^ **p8^, J. ts""ohaQi- t+\J "F

t\qz,nnc-urq0JÀt*t+al ., M fù*t" â'ùJ-.hion J. bc e 1,^,r'4^t- nnn. f,.,,mo0"hou
fl.,i ..rn.ùe À4 ta *étl,"J" J* a.,oerh,'mo ,^.1-*rm;tt"^rl'¤a J. B*T-o00.

Ner.ra JÂ^lomo tue- Qo r*/b\oJ. ¤,oT- c.À*la. ufiba^L? l';àu.fi,n ha,'^r4*,ie

(1e*t';t 1. f^r.) faq/" l"a"l-.," ,!" m^'JdFor"^*Â'm. 4m; ) ^&
J.m^t",no y'.0" *l- nrtn"^hi1-n"^F ."o-ç0" F. ,êôuA ̂l,n^e *n l,'h.m

*N{^"^^L (** ryrô{\ ̂ut*";n ) a"rr" -0e, fre.ru Jt*tt^th'^ t .0. y-pa"l"i J.

{"t-"Q.'l-J. cujt .-,À'h'.^n *\- ."li+i"J ¤̂ \ 4."h'J'.- T^^J ^Aêuô ""wJ*"*
"9o. carrrec,l-r ocr t-"ha0. )" fh"otRe/r"r./r/\¤a eûïv.rrt\e Jq^^ SQttÀfaQl,t+hl , Ede .,f-

-,^Àâi rr^i4i.â f* -Q.u 4..oç*dlr"J, l. P4F"0iU ;r,noir.ro 1-* ^\s J+".J*"|-

T J* é1"1" {À*r* 
(.!,,ne *,>l-'.^.t',on "ontiJ.r'& f"^ P^u"?r[++],

Spf- b<-Qfnl-" [:e1., Momrvrc - P*..e0. t sr]) ,

l*1,.1t^ ."*o.'lù" àpo "f*oç"rdt-e" J. $*t-"0ik' ^rnel"r.no , )o *Qof,'^

",h" !* ,oQo^- 4;-il-,bp* -F {.nc0* J".,r ̂ra.ti.bla J* g'r{rt^a,ww'a .nc 1errarc^l'
âFtc *1x-iel 1u'* "ff.Ja^^f -0* uoP*r^,o -n !,'el- e' )- da,,'a[lco ..un^'Q|o;nt

-^hoAul^- Jc.^* 0", df-"h, Lr^'biQÀoh'^ J" ^ro,^lahf* a.,ôiO,'aù q. 9.

l.i*.>o l.lon. y" 9. lbl,,t>.o/Mru4 J;..F LY'.L h*"^-4n ti, È8^o *^l*h*F,

al-,Q. 9"-f T" -0'^,-h Q*"h'^ À. "o;cbt o^ro.rQ.'orr- -h * ^vn Pel'^A fÀ

Ào,rp0e ', d{\ f.*F *.,8.," à* dl-"h j^l-""^^dÀ'.{rà 
1r"0*5u"r, t"^ J\r',u

*0*^0 .} .*&oe *J*^d*, forF ?. ,-Q*2. tl^. 4-.d" .0.[a,l-"'' J'J,:LchrM

dg n o,.r'akl* * *{^ * rn tt- .1o'" Jo^^ -At'f *,t- à- B,- FaQ, [+q] .l-

Ma/Àr\a-No0J"Xcr [+a) ôù 9* -0o*** *xl' b"tb..,r,o J" -0r l^. 
"i$ otn.l',^.

Q (X.,,,.,, X") À Xn=.. À ,,. rr Xr=.^ ù e' Fte,n Àocnel';"o" Y (*nr,.l anr X"),"/xô) *l L' '
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(aù. Kn,,,,,,X. Nmf {* ùer,at\&o d^{ f\ot'-qr^un{, .Y *^,,,,12^ .8o-,r'* to0*

aynt"Ù.1- ,tl,ope"hlao q.rr 
1i.^\' {' À 1.-q"o^nt" ). Ceà ate.,'px^rme

Jo^^o .o!*. tû"f" J'*t'Ji^r"h,'ao J" Lerc 1a,r, 
l'r.h'Ùùo[i.nn à* ,çnrç"r'.F.i J.

+.hfuhJ t*\À* ( ,mie'u 14r,^r ,Àg^o "i J* *"t"o'À.* oJ+.L Àu,r
-Qlrrl-ifu"h'^ J.o ^r*'o\\- *" *'Qr'^À, ?À' J"e*A^-r'J J. !" n\arl'e,r<. J*

ç',o1'tarnrrme"), aeç*J"^}, **." foù.t* 
,. .o.r[."h*x" 

1-.r " ,^*ô*o f"* 
'Q-

f.toftxa.,"nu*ra JdF.^rry\;ûf*, J *;k J- j,*1""..'nnkl J", f*fat'l'.' f*
L"1"Ql- ,0'rrl','{.*r-l'i^ J{"oe^h'.t* t,r',\"rr.4" *r*t 1-a r"rnn^^*}i1r"',n"^^k .^tnP0Èl-",

C.tt . ..mie,"ho* /\àcrÀ ".m àr ;F, Ja^* t.a, { r
^Jf\oJ" J* a.ne,"l-'6.16 â^-Feaomilforhau J. B"r*F"0L

à Xx"^â aQiuu. -0q

tu'.al^"{*^j" ( f "*, l-.arhe,ç !" ^on-JdF<^rm,,^o.an*e

ÀV*nrn,tt*k* t-er,'v,arru" ( -p.nr*.-tTa1.k a^À"^ )^

</{\ rh'0,.i o.."F .flrrJrr.,F,'.*

f^ I "Y J* ^,,r*h'^o
lrr*** )tn u f^r*" ,a., y^r^t2.

'  i l  po* . l -^o"  f  ( f .  t , , . )É^, \ , , , , rX.^)  Â X, : r "  À, , . r rX*=rc.  q l  X.  fh"o r , ' rm" l -Àe

Y (*, r, , , ,  3m t!^t., , tæ", \ , , , , ,  x,n) oj l '  '  èl". Tnt,,, t .n ( ' , .*petl-*re"vt '""f cnr" 'r e.) àÂ"la, ' t  !^

toQQQQQ"'r* J* to.,n'oU* â" f""t**e 4-Lr -,r*! à'*!""L (^ap""f,,^ro*e^tl- ar,.

F1-'^f g)). tJoua Jâ^t-"^* Tu ee. f*^".'T," J'"Àâ.^r"1r,'an 1.ltta.0*J -l

*J- .f ÀÀ' l-i+.r*^.^^l q"rîp&}.

Noua J"in*,,*^, Jor- f,3èr l^^e iri".'" à.f*)ï- JlÂÀ-h'^ Y
xnnt- )^ ?er\âa'0"^ah',"* Atr.ccerôrdeâ )* fd*F" â'an|a"-hl^ .t- Je,n,5r-ra,

A; JPo,'Xi,T- -0" .âo,*ç J'"ppQ^.*h'on J. 0o *lfhod. (f* *p0. .0"t^",,u'oa "h'tj'"

J* n^^or*b\"o L,ero,-J*"^..1, ̂ f,;"i" Jraa5enÀ'om -14F<r,-rmitf",^l-eo (.,.1^z?^ ôn pl

â^** J* *.4'.r^*Fo[i.^o 
4ù* 

d\ rcrrot{em à" ^rc,ri..\t a.u*O'orL à-

F-m,^oÀ^), .!". *dt{rL Je Bototq00- .,tpe*l- ét-"-e Jh'J'" J" l.* è

À..o,1."e". l" n"Jfï.rJ* J" FQ",6J[Ê+1). be. 1"0* , lo *^*J".ol','^ J.

{^^".Q-"i-,'o^" J" d^,, ¤iv\ 10,.- ottl*;Foo J.ro'no^*h 4*,m"-** ru"' � ^s nn...0"'n'c

."*ç*.i1..,-ion Je .8o *JFh"J. J" tsur."l-qO0. (I* .,.n*y& /nn,r r*ornhoo 1r'e
4"/uo{{*,zir,'oo "..X*t"L9 "{. * ti';À"À ^ Àr^- ,. Jo* *â" 1"r"r*,rt tY'u; ..r",,fùe,

ât^rnne .^a^ i"ir. ^,^n'$.{ .} *JA'i\* ô .^. e. ;J*cl'r'oo È{,,\ "[c^ *0J) , Q-"o
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?e"\LcQ^"a.F;r,'(\À À{cc.(.^ri^,reÀ ;l-""drù.*h fA.* 
À" l"çl*^. àauo Qt"r^;laxe

)* t\crr,tl¤Â rma,o +aÀ Je. çdvrca,,.ce o*ppQtf^.*f"i* fdlrr" mcxrô
j"i6.^11t-'.ora 

T"* hr.lÀ l"n ,,F.rlq*f* J" frre,u,rrc ,onol.'Aâ-.i .rortf ..*&, *

ot^n" f,1u.,*o ^,F <"ngO"b. Jrn. J?^rr^,e{-.h ,

te 1"Àdç" d'ôÀ"h'.^ ,,q' -0a Fe"qJ " .-*-p^)Z {^'\¤- Ââ"Â'rt'' k !*q

â* F,.o,* J'noo.rtFinn i'*^àl ?"" .9" t*À.*lr" d',t,nJi,,r"F,'att "et ?q S,,loFtP,t"

*p*l'. lt **L; a-an J'rrrrt" À J*th'^n -0. .0"tq ( & .Po-i'r¤a \ à. t-oe."â

dl.,tiJin, ("r xc.Qoh'o. *1"" 4"'rlx{-*of,'"n l1*["(1n"' Je Brrrral-c00.) .} /'A1-

^"j.r,,.^À'l-"' (.^ ,.Je.l-,rm a)).c d'^t[""fiort a.r^ '0- J^ # J" B,ra,ol-o{0-), AÀ,'i

)e f*À.t" 3 riÀ.^cl-ian " à 0a f 8",4J' .^*p^J c.tt ca-À f"^h'c'r.0-r'* À

trr^ -fe d'r^Ào[i^ " à Da B,rrrol-o&. " ôà ,!" nlut*t*lrt r,r'*F f* -l-''Qr^rL..

l'",tX,r^met J" .^np0"l-"Jo .oulÀùh ai J.Â"nl'".n- T" -0* ,poerr r*
,,â 0c f-["qJ" 1e..ror"^rl' ât-,,r. 4*& ¤\ ,J* 

fr\.cl^lrÀ
"à Qo suaofe{l, " (i,r, )'Àâ..ol-,'^ "*^^ -0* .t\*L f"..1- ê?x2 *eblril'. à onn"

"n,J*"\-i*', A'r^ 9^ J^^.â ). C.1e^nJoJ, ,"* o.{turne*l- *'^h f*

a"0*it.^'r*r..1- n"h;{";^.rJ taÀÆ1^tl- -8. ,.hg0. à* fvet*u 1er,r*ôa. ^Fl,k;.

l* ,rk.O*oF...* ). -lo .^dFhoJc J" B,uæto{0 "nl- t"^rr,r,t à'tunt '{r!*[f"] k

cs{',rpQi fqJ " f tu' )Xo v. � -Qr^t nq,,uoL ,'r À ./"^*rn * 7^' ;A

^ro,^k -t'h'.[Àua. 'A f]tr.u^]¤a 1.*o. rl- ho,1xr,u aftr .{r;à t[*a*J,

Ll^. 4,""" rff^**h*. *l- Jo**{ àe,...o t?.q ( o,.,ec -P" cu,nJr'1.,'.or ^"Ço^o

"h o*{f;-^F. T. "Ro1o" .0",*. cd.ocp^'ï\e -tr,^¤, 1'-ç"^*l-d fl *h 1'"1-"0" fèqi
!" +t.ol* ,rooÀ a.q^.i *oQ*to.**F arrq *rh* -0" ^- A^ ^*l- ,"1','eù,

Joro A4 4*.r-,'^re-) '
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5.3.1 LE PRINCIPE D'INDUCTION DE
LA METHODE DES ASSERTIONS
BURSTALL

BASE SOUS.JACENT A
INTERMITTENTES DE

DauÀ q- 
t*X*f[" ,, Àruâ J* "no -un -f.u,rac-r{:e "l'.ùJr.l-,'an J-

I'cA¤, î'" *k rtMe {r"rm"Q"h.^n fù ."rrro.ie J. po *lt-hoJ. J. B,raal-,a0Q., D* Jo

Iù<1*P\" Atirr-^F, Àetr^ oQl^o ^ffd* ."^I"ra cnnnb',e J" *noF*"F,'a-

(J^t- ^"uo o.ot*o 1^^'"CI"0 u.,.X"rJne^rf L 1notlfi* a1*",rç0ll.-J.) "\- ââùo* J^ fù+""
Jlrnâ'.h'on pt^, Xââer^" # É^o +!sfto^"h fl X^LQ-.,'F !e ^/l'LoL J" B,,r*l'o{0..

)- .nre^{re^r,r rmo\et J. ..m^rarrnc,u. -0. -0",}.t.u 
1.u" 

^ol-'." f"ù.1'" Jl;Jtth;

J. ba^g "-.,'*ç*J "ff,".F.rr*r,.r,^,1' â {" 1mJl-hoJo J" s,'r.al-c{9 p.,^e*f )" !" )"r;r'*,

ar*^^\4 {^*o.Q,**h'.rn JXu e^-*towl-. ). .0a */l-hrJ" . P";ï'J ^'"Àol. f"" Jo

E xo*uQe, { ,3, , t -4
^ e l -

4^o.0,^qh'"ô e*flrir"*r*.-\- X"l^Lq?" .F .!*Xe,*.^"h oâ^À" , .9. ^,e.,ro 1u. rh,{r,

4,urnia.^,o {*ih!. *f J. 1a,"T'* J- o"-ç0* oti1,,n,r r" Ju. B,',,"hq98.L+hl. tloto

â. 0* lbn.cr$,e J" Ètrrrl"{Q. f+,.f J"a,^>ô^ô .Rrùi 4r^^e De Àrérî r.j^FA$"é

f \r?,tq/{y\rn^-{, p.r-tq^"h 1^ "cQJ. ¤,ft -p"*I,.*<, tt>.o ( "* .rl.l-J0.a n* À ^oFoh'*

J. nqiwv\a- trJa0J-Àçu,r t+el ) r

6t-qnf : Pr=.1 r

Loop ' iP u>o Fhe,n leqtrar - T P r = l x P ;  N r = t t - ' t 1

9oF" Loop
r I

s.à i
- .  . l

l -unu.h:

a 1u1,.a,*'^. ).T.*.f r,^ a.çhôe 1.. f"c,n.-h'"m <s,A,brù> c,sryw\e a.rr-l- 1

L^ [l.h J" f\ot\4,.wvrv1u, À*nf J. h l^'^t ;c,m,f) ôù ,0r"'l-oF J. .".,fd.0,

" *l !,,.,,,/\e dFil""lt Jr f\pttnn,,hc ,t .0lJl-a,l- */*i*" arttou'e )* ,o?ot^n *rh'.^;

m, 1 eZ .,uq nlq^a[\{o N, P Àl., -t\otrr4rcr\r^e- r

S= f sfa*, Loop, F' 'mi"l,,\ xZ"Z
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r= l* \
l-'n./rr*F-.ar c<nnvyn </v*c.o- q.^. 

f.i,^rl- 
'Shani" & 1to1'.ar"r,.^- a,ac< rJJv\.

uo0"... Ài[1.$u- 1.atF,,^re ̂ J" Àl ,\- q,^ne ,o9rrr^ ""!r'1";* ..,r' Jc, P. b.vrc

Q (<",tn,-p>) = f c= slo"l- rr r\>,ol

L< t'..aXFC4^,'Mmp. -T- bFa[ -F #t-e..rmr^Àt-e, (lo"^ !- ll-ab",, à 1c^l -0e"

èlah f^*tx, ^\- "r-rr.r ,"t"!. Jl-"l. r*r".r,.^rorr,n.\ '.

b" 6<c, mr f), (" ',, n',f ' t) =

Lu(.= sh,!t ,r . ' . Ltrp n *! m ,r 1l. l\
("= Lorp ^ rn>o À c,r= Loop r. ,rrlm-.i ,. ç/--rr.ç)u(". 

loop ^ rrr(o n "'=FÀ-h 1 nrt,n l çt=rs)l

cc 
1"o1ttcxt^n" .eQ",.rfr" P=$d luaa,rJ la uoQ"tu j^ifiq0e rn Jc N a"l

ptF,,^re. |a ç*,c1n^"'lr.J àe *oh'^ F"Fap. forl' th,,E ,"pr;"J t*.1r..n*l
f4uv ,

Y ( ( " ,nr , f )  t1e ' , , t t ' , f t t ) '  [o '=  FÀ-h r .  1 ' ' r t l

*l- {et-aP" 1bêu^ <s, A, Z<s,4,b,f)),

n

t* fto-.}-en u.*,'h )- otlr*^ r..t*pL à È.rral-n{0. *h n^i?*; ^"ù

aÀg0"^J [.or, ",,,q f0,r" l-s^X

5.3.1.1 Preuves ds propriétés de fatalité des programmes

La ...r.r',.ucl-,'aln t-ola0c d" f\ot'ce/c^^"{r¤- r,3..t-4 *h ap*f.'"J +a.\ Ie-

1vrp.n"'l-,'.^n ,
a ;l a.rcnc.hJv,,e (nr>o r,.N=,n) *h s!"xf ihevl o,rmel-;,ne Èg* al F;q;h "

h f'rr.rrr," â". eehe ,p'rc;,*il-i,rrt r^l-iQ;. .0,o .0e^n ," pr|*a.,.r|,
' il Ào*eF."^e (^r,o ̂  n=^ ̂  P=ç) oF Loop fho,r e,smel-Àe (N=or. P=çraû) oç Loop"



5 -72

B**TaQ{. oto¤,n,^rg ï. Jar ,0.eo "}^^rÂ .1'-Je* *"f t ,'"oorl- Je"

,rra,u'qf,lç6 *.Fl*-r"h\ 1v4D *0* T*z N ek P ^" J. ,^l f* @f" Artt^

,ttry{,c-\-i"rn J+.-â J" ..mk"*h" . L'J;{,;J^ , )o-^- *r,t r*à^e ^^;, L
ruo^^*rt\eo J" f'.{Dt-rq/wv/r^" J Jo ,*-.'otl.,o *..k{*.1Ji1uo. 4r,-,ràk 1rt2l'c^ ô
con{,-r.an . Cetf" *4,t*^ ç*rk êF* â{t-; Ar /nDuA ,.^âua J"tarr"à,s " J*

^o ^a$e, Jt ,frroX-toaruwe e)^ "r,l-i.Qr,.",.^t Jca ^,q;at\eÀ ^ahl..^ohiq.- J'J?N"i*rh,

fa{/" JÂ"ht- .!* ,o.Pr^,^o J* ^*.^'.LI* à" {vc{ra,uruvre â "UW;a,'.b ùÀt"^^i

â" .sQ.r..0.

> rr.k t

Po^. *""^lçà , A !**^" ço.^nnà,f âl-ns i^;f cdyn,me

'*{ xmalÀe m),o ol Loof ç\sa1 pornel-Àe (,nto r. 1r=7^tt) *f Loop "

1".r ̂ td$'" eyu
" 

qa<t* lo*f m, Ai '(\>,o eol nrror .F -0tr-l*'l'i^ J" fltrtÀtq^'^,i/vte c,tawne,rtce

à ltëfiqrr-lle Loop o,^lec .0o ̂ ,o0.^r^ A J" 0o "-r'oLl. N J" lbhoXt4^r/u,e , tl*

L'.o,J.rrh'^ f""* 4*h0-t.^l- ¤in boF eùeÂ, J.. ,o0..r*o ^'* f' J- ^o,.'oLl*

N sf P À fuX',o^r*u t-"00a 1*" 6,rr!o r, .gt=çrr,") *t "rto.i',

Nt^ ,1" -0",**" Jl-e!0;|- r,^^p0"*' *F 1,." ,
0o ((",*,ft, <.i nt', f 't) = [c'= Loop À cnr=o ,r ç/.1xr,û1

1"h0e fil^ 4s,A,t, e) , d '.

¤" ( (c ,nr t>)  - -  [c=Loop r .  ,n>ol

be "Qe nnâ^a rrnc^^iâs , lo f*p"n"l-io "fuA;Y 'Q" l*l"Q;U J.

ù^(<e, n, f), 1.t, h'rft>) = fc'. F,rnùh r. ltrt 1

t ê u ^  ( s , A , b , É n )  )  o r L  l

¤.{ (<c,n, f  >) = f". sl 'drl '  r '  m>,o]
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P{r" Xe/"âcle^^nr^.!, fo{- Jolo.nnl-t " fL Y ^Y laYaQ" fârr,L <s,$rbl(D>,
,ga *J,t'\oJ" d" B.ruT'oQQ, .o,uùl-e â )"î.,r^nin )- lnrp.uËil a.gq^ûhi,,.s,,

{0u. 1s"-- i*,ff}) , 4er.} .Y )- ..rnÀ'['"olo Àil-ieO., "n.xpooJo,.,,tea

{e*e( 's* | t , f f } ) ,4e1} ( tQ4..  1"  3neÀ.[en=Q r '0n=ry1) J" . ' ,1-  rn lJ*r^ l ' "c
Qa. {"Fn0.'l-J ,

V{s Â,.t1cZ<s,A, t,eQ). 3ie 111, D*(,ç", fi)

bq /nç. 4,r*Y .cl-l{,*.' 1rr'.um ^"*b* f,ru (&(.ru)<,o) àu {r***.

Ra.n o,rg*
e 4 l ¤

Po^a1,re O,ul'eQl-[+\] nre qma-tàùn- 
1" 

Jeo 1b,\D1>colrw\n¤a bFelq "]

Ut*^r;ùh* , n'é^nu :
"àt ,ooone.l-&nr. P(nn,f) a,T' t- Fhe,vt ,o<n.Fù^" e(m,fr,'n',f') ol t'

fart âhr. u*çn'.; "11c0".nr.* ..6rwme 1

11e Z<s,À,b ,e)  .  f  ie  lp l ,  0  ( t " , f ; )

oti-

Ê(<c,rvr , f>\  = L.=L  ̂  P(" , f \ l

0 (<c,,rr,f>, <.1^, f ' t) = fc'=Ll r. q({rf, 'ni çt)1

Tata {.o tl".*r}oh À ." f*.^tq'\" aoaur.^ f él-,. a.-*tt*^h aJql'* fo.À
cette Âl-e,tçtet-"h'.n eo;l-e^.1'''e0e. C"f"rJJ A\or{2 q.^}ct\^À "Rrài J" J*.-0'pp.,.

{r;t-"^f"4t-*h,'-r -.rrr,ioeæ"Q0e +^- T'&u *h t0.* "Jo1\-"é a.' -0o .-lru"l','.rn

hrh9" (.h ç0,* ff:i^¤le^t"*h d,ro( 1',.y"^Jl-* J" {oh"e^'hr\ à" f}r4Xx.q/{fvv^2ô

1o'.cQ.0.'0*.
n
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5.3.1.2 Un exemple de preuve

1T\oi^Fona^"t- , $e{râ r00.r* *o,t.^, 4- .Iîor'L A. Qlr'"^^npà,
àe paiari )l^^r* &. {. ^Jl-hoJ" J. -pr.eu^x- À. B,rr"l-o40 i

Lc frtel,uc â" .0o 
1t"ç.,"i[i.ro \ *l- -!.o f*rjrte,^rle ,

6 ',t.tl5èeô r
'1.t-eFrrne (N>;o r.l,l=nr) o,t- 5l-o.t,f" '47t

e0-tt^ tqr" J,-eQ.r'.J,"^ o1*tr0"1^" '
'hc.nel-rrme (tl>,0 lr N=n l P=a) *l- Loop" '4L,,

1*" â'ol'd .,0" !o,*" ûo ,
"a.rmehixre (N=o a P=t*) "l- t-op ',n)

1u- fa^" *aQta.h'^ ,u..tr"rn!"0.1*,
"Arrne$rne Ègt .l FÀôh" Qo)

q , E . b .

La 1',crne 
l^ .Oemrnte q ^l 4a, ÀÀÀ'oo p{rtL /ï/ qnnw" r.^if ,

tufP.t.^ ,

%ocrreFt"ne (Î.Do a NvI\ ̂  P=1) al bop "

rcù N{ o 't- e,E,D,

ùrr N>o "t- a0dra fe,r" *Lq0..ah'an ,r5*to0.'1r" r

ionnet*e (N>o r' Nznr-,l  ̂ P=çx9) at bo;"

62,

,on,

60,,

q{,ru d'Tù 0. -0.rrv*" 4 c{.À'.ne Etrfhde dri"lu.l',.rt foqÀ .n-4

(tel ry" 61vrn-'r>.o) i
'iorneirme (N=o r P=1xf) o-l Loop"

Q.E.D.
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Au farr,aXrraf\a
çarrmeto^"h à. ç*"l.rrt-rn

r,6

,t*
/xou/l ,rlri0;*,t*

. l

fterr^,e cr'-deÀà.uô

J.o "Ao'rl, âe

c{S{l^/tne , t* ,

lbt(tl,txa

P n n n n e  i  t i  n n  ' 1  .
r  r u P e u r e + v ' l

a t  Start  A n)û ^ l i l=n

a t  F in ish  n  P-=2n

at  Loop ^  n > O n

?
lLermne 0
I
Y

Â  N = 0 À

I

N=_n rr P;1

F=2nat  Loop

at  LooP n  n>0 n i l J= !  I  F=P

a t  L o o p

at  Loop

, ' ' î l ^ N = n n P = p â 1 Loop À  n=0  n  N=n  n  P=p
I
n  n > 0  n N = n - 1  n  P = 2 x P

?
lLennne 

0, 0<N<n

a t  L o o p ^ N=o n P=px2,n

5.3.1.3 Assertions intermittentes

J",J*-^k
.f**.

la fteru,re dl+.r .0e,.r"*(, eaF,tr^e É1u^. m.rn-+,J" d'orr!.r.h.rr\o Àt-elr*ik*fc.

!<a .u r\eâ â* a"uliÀ f,.., nitqt oh,'- r.tr^u"0.5u. ûrf f"^ *fpû.oh'* J.

I0 *f .0"ù 1o. )ru À1ur^r* d. JÂi,^t*F,'^ l,^{.^r* *nâ'^rrrrro.f cl

Pqa,

[ ) '  ,
T!À^r1

)* ,pF@u^,eA i^p"QC* (ç"*qo" À *"'". l1.* À+"^.e" me. pl.*r^.f çr^ .'.*hô,

"mo"1"'e,^"F / ^r{\e fktrrre J'^r-e

^g*a d'ar'ror,hiono irr'l-"rrcnitf.nrl-co

-pxofot[,'an ÙL Jof *^p*l'e^ .rr.,vr

î. mo{a J*,y"rt-r,.a .{'ea, i; ,.,,,t'r,

,o"ntb*e

rL
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l"eo am.,l-io"* .rr^Fen-rmitlorh^ t^f,'tÀrL ào^^ !* f&'^re m'avrt- aoeo k*ora

à'âT-"e- À;FÀ'1'* c{çîrv{*e /\è{rô -0" ,uot{cma ào"- -!" **l',,o-*."r*p0" ".t'-J.aær,o

LuJ eal- ^rle f\aru,e oq0d" d" .0o 4x,a pc*rhcn tn +êrr,r, l-aoï' Ar-.t +;"t :

"l,xr.t"h,.,tt.re 
(Nt,o r.

"Àæn" 
l"ùm" ( Nt,o n

"a*n"Fr*" (t l=o r

N",n) af sha.r"t'"

N.rn n P=l) ol LorF"

P=e^) ai L"opn

( P'.enm*te)

6toq"o hion 4.1*\"Q.'1o)

( Lerrrme)

,rr^rr,ra
(Cm"Q^*ian)

Nonc "t'Ji.0,i"h; J'r^ô ^"m[... {,,^^^ I'qlô¤̂ l'i.r,,.A r,,'\-e^rmif}"^rl'* ,n. luoa^Fif 4oo1".
{' hffi- J. $o fhqu,e Àoif +^ie. Pq^..^*ty"^f / ^\ê{n J.o.*. tar.o^}; 1u"
Q. ouwrbnr. J. J".ti^tol'irnÉ, c"f +;i. Po* u.Q", môu^ ir*1'*",.'^o T" b"f"o
lru osrJlbt\cu J* -rrur,h'.^o ,^l-"""*iForl-<a *1.'!À"L Jqr.^n -ury\e tw. ,
.aoie^r.t- JUX^"â fo-r J* r".nks ,nol-u.r""0o .-l- Àrlir*L Jo^ro tttt. e.'âxc

ot-.h-tr".rh âJ*r,or-f

"aonneF,,nre (N=rr r. P-,a,4) a.h Loop"
"Àornei'ù,ne P.l,o al FrnÀh'

J- a."-.ii"no àF"""mil+"^hQo /r,tj*at- i

I] 6<",,n,p>, a"io){>) = [c'= sl'"r,,|- n ôr>,o a n!,n ]

f l (<c,s,f),<ci 'n',1t) = [ef= Loop ,r ,nr>,o ^ rnr=m r,, ,pr=r1

Ij (<", ô, f )z 1c', n) y'>) = [c'= Lroî r ô'=., ̂  1r= f 1

li (<., h, f ),(c'r*', d>) = f "'. F,,'r,{i\ n .p'=&^ 1

Po^ *o",rpQ", -0e f,taure J" la +*p.t-rlnn D. *np--L go )/*,u"rr'F.

t a n r â , a 1 . , ! o  f l t l r r ^ ) e

Il (<",,n,r>>r<.', ^' f'>)
rl (<",m, f),("'r., f")
Ii (<., n,f), ,1, ̂ ',f >)

..mp.trl-. -8* JJ-**h"

^ '>o n , , r to , .  1 '=ç1
n,'>o r'. rnt,n-l r4t--.p*r, 1

ntto n f'" f *rt l

$vo

^

d" .0atnfrvr,e-

I c r= Laop

Io ' .  L r rp  n

tc'= Loop ̂

J" ',
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&$gu1tç,
otof* B,r"r"FaQl,!+\1 , 

"',-*"lrre potL" Aûrifô fha,h khe^s .ajh " ahrlr.
d"xùt $e eæ",rrhan ,^,krâ ,i *l- L or,rJ *aÀ gop"r.l1 r'i A,rf',zrme*h )tt F"olu

9a q,,oe^h,tnÀ j^,"\-e,.rmitk^rhô !'e "^h'Q";à d"^o -Qo f\srre, J" !"t^r*" ù(.

J.,n"i*ù ét-nr, {oFe0* +"u^ <s,À,2<s,A,b,e4>) , C-e-lfz 4^fè"f^"f*l'""t) À^
qaoe,rh'onn Àl-r,,",mi t|rrl.¤,o *t- ,,rÀ"^rrol'., Po." "ormpe" , TJ m'eol- 6*morÀ n,'o,

A"rr"^,* .?'J"rrl-i^ À"1re -'',k'qlrm*h N=0, e{.- Xôàtl"*rt"i, ounat'e0l.t+rr]

h"ûFe "0^ h^F" f" çoÀ J" Â*lz y" !^ "roo-hano Àl-*rntitto"Tz" ""|;Qu"l"

dau*.o "Ro5.." cq^ ,g".rr,rra.re^r\- r{\E foô ât-te foha0- feu^ .ceuo( Jao Jl-alf,
j^'Lrar.rq mz .u*rg.*J^^f ,Pe a^^ cnA ,a,Nilé^i. Natr.u "Ro.!i^ano p^p, atth*

r^l--4*.,ât'oh.m J* o,noa,h'^o ,tj"T-*rttri$.rhæ à. Àrù}" 1uc -0t*no?*trr. Je ce Ne

fooo c?^r,.r/o .pxrtlÀ" ,",.r^1ue ,oo"O,r*J- -I.e Ài,6^"f ,an J* *o-J'i*

ÀFcr.nni$"-h" *p^J*^^-l- ô b.- I- ^, d'ù ét-",o l^1"8" f*- [o* -0.^
dFEh .raniLi"rrq.

tr

5.3.1.4 Conditions de vérif ication

ba..ra .uar.e t^&u,e *Q*C" J. {"Fat'Li
a^.aÀ,"* te""ri T{.r.ha^ aia,.,, ,tn,{, Ji^j,r*t

J" ùg ,l*,*
-0"o **

4 s, A,E <s,Art,Êa>> , !^

J* ,rrh"t ÀdtorJ- À

^tl,'X.tÀr^ -t-,

âhu, antr p'.rrco

e,naLFl'.m/,

,éni$'J'al

J" o.Lif,,'."h'orr f<, J"irnJ .,i;f,''" l-
"^.tvrm.to *"r,l,^}e^"r,,h t @ "mJ*'h^o J"

Rùne* ( 1ot^^ *QJnr ,/.t"ffù dr*r.*e eff.'h"fJatr "u à't,u,t Fo>|, {**
0r  r * . ,  &. ) . le^ ,.ân?* t4* "QXu à. Èur,al'e0l-t+r.,l Jrù¤̂ 'F
cûïr\,^fi\e J* .-*À [r*o

.{^h^,t\iiF"*F*, Norro

fr.r*"Ql"on.^^.1-.
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5.3.1.4.1 Prémisse

Torrl-ro "0o" f,.t¤ureô Jr.^ur g.r^ÀhaQi, [+q] .arrrrm"nn.c,^rl- fq^- Àïpaà¤,{-

Lo" 4o*n*o" ,e Je "0o yoprih,n è<L À 0"*r*" ùL îr'^ J.,h*ln ,
N."k^o*.^F Àf , rie Jot êFte ".l{t"L ,.Fa^ -0* àl'h j*^l-iarrn,

*h ,À 'e  s . ( t eU(a )  r -  r . r= ,a lo  t ; , ( a , r , ) )

D1+ .ç û^ ,'.,* pQ. a^i ,

fa. s. (1C":=+ rie(,r,r))

h^ eo*.,mpQ., -0o fR¤lr^,c d" 0a 1r,1,,>t|ir6 a. c-rrnvyv)¤̂ ^ce falw !"

^"{,i|,'.ot i^ 14* |

V<c ,nr r f )  e5 .  (en(<c ,mt f>)  =+ r f (<c ,s r f ) ,4c ,m,ç>)

(ô{t c=ËhqÀh 2 $10 * .0o "mâ.fi"rr Ju niif.''.*h'^r .ol'-,a.,.

Je rmande.i.r- "]il Jo,"h.)

t"^âù qfe 
ç".r" 

-0" 0.^r,'" ùo t me.{r,ô 4}$rrô ',

V <", nn, f > ¤É . ( eoç<.,^, f>) =+ foa(<", b,f ), ac, onr 4ù

(ôù c=Loop ) n),0 Jar- 0" "* r^t .l*J*l)

5.3.1.4.2 Evaluation symbolique

a"fp^^o fz "l"s fxsr^,e à" Io 1..op.aih'"'n 0{ a;Y 1'-1",*/ 4ùï'i
"ft*t\àr* ",0'qrÀcr,.,l'irnr tr.ronitT*.1'e, Ii ït r'-F f* -0* J*^.ù .

fa.o p^h âF'cc, l*if.'fa/" ôaQr*r[,"n rrytrtrt'1r.,

À" f-"lar^r

Èor.r,,, -0"r, gto{^ta;"n4nea fol-rq JJ|-o.rrnÀ;1,e" , !^ ".\Qoa J. guÀàfEQl.t*ql

î",r^ *QJ.' O'"Îfù Jrrra,re "ff"'f"h^ ô.. dr*r,n h*h, *141"*t îrc -f'"nl-al' .o,u,a,^i

A' Àthh1"ù ar^t Tt a ,urr4 Àuccemeua i' ""-h;{o; orrl' ,r . .r^l-oJ,n" q-roo,.l'.m

rrr"heartrite^^iz rN î^ drù aha 1u)rê ovr crr,rnr'J"Lh'*r t{,* l*tJ ào^*lo F*eure, db.r'i.i'

I ri Co, r) ,r !o (r', ,r")l * li. r,, ri (,r,r',)
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PE, e^"npQ", J-* .0a th¤u^'¤ d" 0q -pxop.a\'^n bg., .ILff*I"t;n È,.1

c,nÀ;h àE 'rr, â. 'nzt "f "or"rry^d â 0c ..mJ*h'oq d" ^rfu{i.-l',rr '

I  rr tç<",^, f>,(c1*' , t ' r)  ,r  Q(<"1^,, f ' ) ,  1.c ' t ,r1' t , f : l ) ]  + f l (<",nrf  ) ,  (" imlf '>)

(ù c'= Stor"l, .,nr>,o, nt--rn on la "mfuh,m *f ^aL'$"J dc rrnea,r.r'ât.

otiJ.^l-.)

Le l-eoF N<o .s.râ^ol- àe Qa,t ù /.ro; e| onn.rponJ a -0q ."màfio J. "Jrif,'.'f,'an '

I  r j {<",m,f),  <.f  ̂ i f '>) ^ to(<"l ,mr,ç') ,(c ' l^ ' l f">)J =+ r i(<crmrf),  <c' im', ,1o>)
("t  c '= Loop, r \ t>,ot f '=0",  c"=FÀiah, f f"=rrr l ,  1tr1 ')

bqr,^À io f*^r^,e d., 0**n" ù" , !" .rry, J. lo trr.0" r,nàr Je /ot2 â
'o, , ( E" oo^À d^t?Â. "Q" ae-l^na^/,lil?<. "p&^al'i^ancP.0. A" 4xo{tr*rwrn " t,r,r-n., l"

-T. J" .0* tou"0" d"'l- âh',2 f'.^eiU e.rrùivne, -u,u,E q.hrn al'amilrrc-), l-a .onÀr'h'.rro

ô" ^l*Ji{i."firn c{rtÀÂfôr'J*l'e eaf i

I to ' (<c,nnrf) ,  <ci ,n ' ,1>)  ̂ ,n '>o n l*(<.)" , , f t ) ,<" ' l  * ' lC>):* t j (<. , ,n,ç>, <c1n,,1ç, ,>)

(ê,i c'= LooSr on'=rrt, 1'=;, firl>g, oq=Loofr rn"=^l-{, fr'=xx1' o.. {r "mdr'h',m

*F F,rryioQer*errl- æbÂ{ai\-.)

be t'"Qieo .sn"Ll-io,.o à" "*{i.-F;^ *" ,o^F f* *ff;*'F* -0-,1u. !^

aff".FeFio,ro o.r )- t-^h" .o"nç*\-errl' J- {^.!''^* tax}i.CI* . ba^la cz c.eÀ ij

!"t"f J.*rnh*n. 
1o'*r".,.^ Jl-4F J" tQ,,..1q. m'aof q.r.r,*'k|.. P{u^ q*'*c0, .^^l-,

T
l t  r ' l \^T - X o matr- J.l-^,mirn,ar*e , !'*o?uol-^ o1*b"Q.i,* J;J Xaraæl-.^, !'r'rl.!r "e

âîar,r rm o.a,".. rtl$ dFeh Àuceer)clu- i

Vl ,  r les. f  I t  (o,a')  + 3a"es. Lu (r1a11

el ?," .* dl-a,h Èucc¤/çelr^ auona,tlca æhiJrr.b rrare ce^t'rù/ne .a.rroe^,l','."tr ,^Fcnnril+a"l-c

ll Ae^q .-^*'â*â f A,- t*J :
Ya, l', r"es. [ ( rf{o,o'\ I !o1a)r")) + (rici . ri ca,r'r)1
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5.3.1.4-3 utilisation de lemmes dans la preuve de propositions

DcÀ\À .0e tlrtÀrat{. à. !,q 1.,ap^.1-,rrr, ù, ., ,0terne-hoo ÀFrrrmitf.^l-e 7y
Jerur.'e àu '4L, 

f4ô 9" .O*r.rrn" 0" , oyt Jàk d'ot^J ^.j.^$'* ïr" l^ él,'h
*"rln"^h À' ^.rl*{*ito^"y c.t\ n-b*f^h .'Xc0e,*orl- U lxJrmurr. eo J^, -P"*"

oo. Atfl^, ag"Q.1c^l- -!. "0"*^^u., Â ào',* r*anFrtrn- 
T" l.^ len p,..ccûtte,)ÀA

Ar' J" Àr +* e" lo-LJonl- ,,tV. &" *À'l-,'* à. uà{i.ofio "rrup"nJorrt

Aonh r

nL 
t t (a",m,f) . ,  1. ' ,û ' t f  , )  o a"(<"1*: f '>) ]

L I."(<., ̂, f), <c',,r', 1>) t ùo(<c',.', f'), 1e", û]f">)) :+ l{<r,.,f ),, 1c',h',f")]

(ori dar- 0* c{aô m.m tqrîa0 c'=Loof, ^,>o, mr:m, 1f-.1 , ct--Looft

t\,,= o, 1,,= 1rx r,.,)

P&" X"r^e"n0-t;, Qe .*rnÀ'!,'rn J" ti^.,Çi.ehavr c,fl\rÀpcf^ ào*l e'
gll-i ù"oh^ à'rr, -0*" Jo^ )o fh4u^/¤, d',r.rrnre 1r*p*,'h rn eol-
(helnpoaeucerm¤̂ rf) i

Vr,À'6s.  f  r i ( r ra ' )  =+ ( le 'e r ' . [er , (a,) , .  $rr les. Ior , {^1À,,)  =+ r t r<r.  r i (a,a, , ) l1))

O[so.nr.,t 
ïe 

(..Jrnh"oÀ¤,*rtv} q* r".t à" l'...tq.0*a,fi,ort

è1"h, **o^^lt A' a".h"{^F !.a 1',r1**. xe, d,., lo,*r*e 0e,
r.f,rn!ot,quc) A h"h 1t. l-

.mdk|'"J"
-0'e^rennn bl"

t".'.,ah't- ,0'"o-ï-*..
à'att rnoi.,us .trl$ Êrlcc-,./yrcr,,o ,r" â at, ceq. 1o,"""1^r'"* q Jo,,i,^l'n.' *1*i^r"rh

1^te l. !*" Dgr eol- 4.1-"0 ,f,xu <s,A/:<s,A,t,É,4r)).

A 1'top.n Js -P'^rh'.Qr.oah'.m )a .0.r*** ,, rnolu 1ae 
g,r^oFa{l t+ql

*urpl" Èu.,r -0q Jl'.n" ^otà.".io6,h'5u. J" yr^ 9"rlo,rv .l rne y" à 4.^ -{.*

f*" J" 1'.J"*." I-."-1L l"Xrqoe^ ;0";"e,*F*; t-"01- 1,,," 0e^ 1,tr,co J,.,o
O.^..*r, .F J* 1'top"'"F,."* ̂ " âo''*-rt ç"^ êF* o**Qainro, Qpun^ àt , J. td.0,
'rr\t Jow*l âh,r fd^ erv\ c<rcnffc Jo"-, Aa {"r*o{û*h^^ Je lo

J" B.uoFqQl.t+til. {.Un" {a,*n ùp!. .+n^ùF" à *J*^e," +o^Fie0a,,,e^,f
^ Jeo .0*eo +q," ,-* o^Jr." [ian- 4^dd <
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aornptra crffrwy\r- t la 
tH4.utl{. 

à+

e'&à?o\'h.L T* % oF 1*\-'t,
( âJ{.^r$e) câ\^àpcfnJ*^} À .e '^'h{.J.*F,'on

d',,,ne ç"op*nl-'^ cok rtn.t^he^o^"1' '.

f*

L a ."f l-i.m à.
àttnr, ,9*-^a

+r" â-
^.!f,r'"ol-i^
âo.p" Q, +l.r:rl.,re.

Vr,rre s. Ir l (a,a')  + ({t , 'el  . ld<L ,r  eu,(a')  r  $a're s.[0,,(of r")  âr j<i .r !(r ,r") l ] ) l

be ,*tro, f,rr.ll" {r*,"*bl" Jr eaT- {,",i .l- < *T Eu.nr -!nài" 1 n&trA

t-odatrar ( à ,lrzur .ra,r.trcn1luà'rnc * ^rrn" f,"n.h'tr'',e^X +,tà \ "Ao'aù ^

crt$^vlc x/v\ "^,rrrgvr[I. dlt^l-i.o,^. ^ot-*ni.o . � ] < cûwwlc .Q.'mà'rz .ol'.r.t"l' <

4^* à"

à /'.r.rnny0. o^o Jl^- r*o,a

*F p,rr. ,"^ J*-J , P",3ue l-

I'fp0r'r5tre o.rr0\ /ïrctr,nb\iÀ m"|t.ng0"/

J* J*./, )crr* !- ^oc,,to' noho""|.''

t . n ô ,N{Je.uenrez

à i

f ̂ ha e. FJ )" A d /\.- 4^J

c,t^x prm J "-l',

5.,3t.L.4..4 Ptt; par inauction sur les données '

BrrrÊ1'e00,t+tl Jrin ̂ f". 1* .0.,*^,ro o\\,rl-i0À"rr\-

0r^à.l.bi",, "rohh.-rroll'1u" , fi r,.rvrt- F",rhao "t1o*a0e,''l'-

Vrn'e..r.  L(V*.,r. ' r .  P(m) *p(,n')1 :+ [Vnnre,",.  P(o') l

Cuf{.e. ..rn,À'hiac, )e "zuf,,'^h'^ *Y f-f*
* 1t/".^at 

ôtu.rT-a&L+ql ,f'rr-cÙre î^" l'-^ârrl^i^

flù*f" J" lt-itÀ.\' ^ *"fk* oL,'1n^. c,'-Jotr.r.o

l';Â^r.l','*l o^r",- *0* J*.L ., 1-,4*" ̂ " {*.h ^ l"

Po,n .oa,,*f[, àot* lq 1bh¤.utr- J" .09,*t 0o, ,ra"t¤̂ hlr! à\-e'umi[|e't^I. 'oot

JJÀt* J. -0L,oe^\'oo ,o,, e,n ,,.F,'Qù*.f g. -0"*-r" ùo cdrr\^y1c 4tf.hhà" drrjnÀ.f,"o. c...

eoï ""0'J. 1bq^.. I\r& r

r l  (<c,tr,1> 11ct,a\,t ' t)  * [e"(<cfrn]1i) n ,.r '<.)

P*-, çc,,, Àtrç"ft;e J'ÀÀ.F.an, ^o.- J*^r* .0!.r.,e^F"on ,an\-e,.rmitl'o^t I: t-.-û.0. 1*,

I rJ(<",*,t), <") ̂ n)t'r) n %(<"1*f f'> t(ê",^'if'>)] + rf (<.,,t',f], (.} d,+,>)

(or! e'-- Loopl m!0, mr=rr\-"{, 1r;çx{,, c^=Loop, ,rt ' t" o, 1'= 1'tt* ')
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:  d L :

Pe"- e"nrw,tpQ.,

Tl(<",*,f>r<"tr.,, ',ç'>) =+ l-eo(<"',*',f 't) r fl"(<.'r*',,t ')).f"(<.,*,1>)1

fo{.",r,f>) : o

Pu-1e -0ea fxerue^o à. 9rr*,*- A,'fi?.-r"h p,nnh 9ql* [u.CI.,**J- J;lP",t-,

JcA f^.l-irno f, *g;-5 g.^*"rrt- êl-À4 ;uliQÀrl, â/"{i f,.(,t-+(s*a.r)\.
fl" .0. ^A'ï.,'m J" "â.i$-t."h.m +,,,..*L

J'rù,Àrha, J*." Jo 115\4/tJ)'s J. .. ^Ln"

NIN- ,r41*r,*, o' 1a+brr' J" -0tn-.,*g0.,

''rrFiqo"hto dtrru,'[** cd.^^/vte "8lp"l'l'ta"

0rrrn^e J",rtorl- âh* J. .0o f.v.ne r

tÂ,.r 'e s. [:f (o,a'):+[e*(r') ,r {r(^')<frcol r {a'bs.[De(of o")+1À<". ri(o,ool)l

5.3.L.4.5 Conclusion

Grovrvre^ga^rl- fa,L 
'!^ 

"btarvri.ao<- J'.vn -|:*", .u,r^e fÈteu,t't 
à" o!*"

,"\- {*i " hT'at q à"^i4é ul1z qÀ\e^Frôn ,rJ-"..rrnilf.r^h fl -tY}p0''1u" Qo

cono0up.on à. ct -0o*r*n ,

Vl, Ite s. t r; (a,.r '\+ Ôr(a,r')1

Po^ er.arnç%, -fa Itctu^r. J. ,0o 4n p.""h,^ \ ,re ha.rro,.m: fe^t
Il(<c,rn, 4), (c',,rr', .ç >) ==+ 0, (<c,m,1>, <c', rrrf 1'>)

(ôù c'=F,mrhh, ft=t" â^tt .tr. cz-À rrt.m lt.ila{)

fqnÀi îu.s "!E tveu,Àre i^, ,0"*rrn" Do p Fentm'rv'" ,t;t ço* t

I  r"t(<",^,f), (" ' ,mi1i) ,r ,nkotr+ Q(<",m,f>]<"i^f +t)
(où "'= Loof l ^t>,o I nt'= rn, f 

'= 
f )

ou, farr :

r j(<., h, f),  1" ' ,  ût,f ' r) o 0o(<e, n,f ),  <") ,n',1'>)

(êù er= Loo p r ,,rt o, 1t 1* r,^')



FÀaQ-m.ù o&"t^,^o I"" 
àot^o tnre fni,lute, 

l''ah'a -0* a"'o.^h'ona

4;Fe^,n^.',tt*l-co ;\-eruqââfoin- )r^rtr^tk âl-nr F,,.n,FJ* (*J1a" ùoQ,rof;on o.XrnbnQ.'1n"

xr,l- na ,rt-''dÀrll ,r, "0o^^e (àa^* -0" -p^-r^,s )Lune 1'.op.rrtl''.^n èu c.lûvvne

{qpoiher.e, Jto,râ*.hinot) ar+ *Àp0,'.1"e ̂l "lq c.roc,enot'ôn ,

5.3.1.5 Le principe d'induction de base formalisant la
méthode des assertions intermittentes

Næu +,r<ul.x\À ,rna.-^\-.*arr! *â,"*u,^. a- 1* f{\êtrâ or,oûa tfP.- o- -çc-l-,,u J-

lL.-'pQ". Po*r,t âÀ^ft* ï. Y *t {tkoQe f*t* (s,A/:<sfA,È,Q>), '!e *uHoJ'

J. Buàal-aQl,f+,,1 cc.rrrirFe. À d ' 
.^ln* q(e.1
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(P)

I lÂe ', ze(tt+G+{qff}), 0e(,t+çss-le,{})), {e (l* (s-o)),

me (.rt+cu).

(1ne. r t .  Ien=Q , r  on=$J)
^ (VCe ,t. i ltse (.oEr -6sr*ft,{f J)).

{i.< m, , Â, l'e s .

I er{o) =+ riln,a:)

I r! (a, a') =+ 
:

( 1a"es, ae A. ( bf{r") r, $r"es. I bo(o) r") :o 1i.i' ff to, o"N)
v

(I0'en. [(reto v (4=8'r. fa(a'\<fr(a)) n ¤o(r') r.

{r'ks, (ôr,(alrn) + !i<i . riC+r'l)1)

0r(a, a') J )l

(H6)

(LI)

(c)

(Ê)
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5.3.1.6 Quest ions
complétude

relatives à la
sémantique de la

correction et à la
méthode de Burstall

!c 1..*l-;^ 
)" Qo c.r.r.oc\,.,'rr .Y ). 0- o*'pQil-uJ" ). 9o ^J|LJ" ).

Bt,nuf"Ql 9 J.ùd dU .çar.l-J.Sr*q"^'F oi^à"l. Erq "1*ir-T'"^"T "f"o fùt,,t'.¤{nrmea

tolr J* '..Q*l-i^o à. f..**i l'''an J^f 9u nnoyt- ddF"*\'rrr.^*. *f 4J'i ù ^

J*o*h .u^^s. Àl-entt"J"l-'ô F*mp*"Q0" )" !o n*Jl-h'J" J* *urj-,'.^o

àhe""mlff*^h"" , Fn u"0. [++1 e. ^^h* 1* *h'nn J !* *f0.'l-uJ" xJ**h1re
àt"r^. de,tar'.Nr J. lo ^J[|'oJ" à. g*oLQ!.. bea ".;rOf"h

;À'Q-; )" .*-o"h'on "l ). ..r^pQ"hJ" onl^ .'l'.' ,lrl^^t tr* sfh-ue0p."hraal
i"^j,bi" i"t-¤â rt-*th*À. be. t...I^ -;^rttkk

"^rV )u ," ^"^t-^1" J" rlq^^<-da?À;1"r"t+al

*h* yttl tfu" ^th'L-r! fo,--.Af"rttt%
l. tneuÀ'.% .{"r*.1.^^r^ na,' Ocr F%,4J n , ,LU^& ,r'.lFh.J. ï *h *in*,}i1"r*etf

.u*rfQ,"'l- q T-h"/a,-eî"ro c,r,e ,t'a ).

CT.^JJ, !'^.o.Y. 
fr'Ll-"É 

à, u;''&Y"h ".-â"nu* à,'^oJ at-^" ;t-*ro"ih'"
q.,Jec beel.o.rç J" 1',,J.a.rFitos fur,\{ue c¤À f\sr^t¤â f"e^h*f ^"rr0f^".,*F -0" rér'

Jf^^"^h'o* Àf.^^^iffe*t-* ,t-.dal.,. (.'eol--à-Àt î^, ç"r"f-o,'"I- o"tn \* JF.b, ccqÀr¤.

'{ a.tcne\',^rle P(r) e-h L ùhw, ,ro*"\-ir*u e(o') à U " ) t-" â; y. !" ^/HoJ.

Je B,ruFo0Q. .F "Q" t*À..f" Jl;J""Fi^ (6n) ul;P;",'& J* crar"enl.r'cma

ÀFu"^n'iTl-.^r\-* tÀaU* (c'*l--à-À; ryi ,."8.*l Jr" LV"l", c{nû/vï\r, ".1 ru*nFj*. Yo)
a-F L t-h*rn pnrcnel-wh. Q(arl') ol- Ù '). ôo q ^"".^r.^rF pr,"F* 1r" -0* J*o
o1p'*rR* ,o"nh dï;.rO¤r'tà. c.q.L Lt "fft J'o^^[,^r !.ln*j.* +"ù êf\"

,?rl=^" ¤̂ . "*hL""rf J- ruorua[L ora^Q*'oitro ,] J* o,t*h'^ro .rra,,ar.nr.o. E4r

"H* -0- ,,rcPerrna -choD.* êsr j^tF-"réÀ'oùr, d* tor'^'o[l* J'rrrn .F''{otFLa/\^}ne

,te*.-^"f âh" ".^ t^t"; Jor,, à^ n,'or, o\1,.o or^*'0*'o-vr- J^\- !^ ^oQ.*o f^f
p-Fl" J" 0r"'l--T-. E^ 4J, -l'r."F;Q;"1,'^ J" ^ra.u'aLleo "^r"iQoi,t^ .l-

J'a rrl-i.nno 11mrr1..e^ -T- ,çQ'r" f.r-"^rJl T" i'*t-;-Qrrlal,'^ J'"ro*f,^"

b.^*; tsrt/r\^c Jo^t (6"), Cc-c. 
f **1^ '* -t', "0,;o-t- J* oa,..r'etlco
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aAd[,'arh%, ^ f*F erl'u-,,e,r- J* ^c"Oo,!,'tro *rlb !* toQ* à^ ,.ra.c,'a[f-

à J.uo. '*r"^^h à+{;-rh 1^,9^1u* a.\ cotrÀa J^r *8. 9- (oY mâme
"rrnnirmor.r^e,n n len l..acco J!*/"ol'i^'' *"h'an" )ar,- à^ "^'otl* "t/4.iF",,t.\'

Cuei m'c,,| ,,peÀ f"^ttitl¤, e))ec J- arvrer.À'on^ t^\"À¤, f*T- , f*
n-r*pQ" , x;,lr,"nnY Q* .,tst"ç"*I'^r ft^l+qQ" (.1- man lvua 2"o -0r",wn*)

fan} J{-nàn<, â* ur0o-o Ài l-,'el* J* ,o^,'Et{.,n )* fx.r{"tazrnrna
àor* 9" f * 4" J rd dr^ch,'oo (ôn) , cîe^^J"-i ) .l.t'.'I;Q,o "-\-i .nr

ârqrn",r,\-,.^^ bÂQiÀi.Â o*bl. êh^r, lgau æut" f A'',o ,rr,mpQr- f ôf

.0* 
lu"ohon 

J. po1,rro.a 
1"*^J 

ôÀ /^à,f ,,^th-oÀ"Àl, J. ,ro^^'atl"o ouÂAoit*

*F d4". ÀÀe +* tè{r^ \-o,r.l-eo.

l. 1rurno1" d'r^nJ*"Fi.m (ô.) ^t- ."*.* ^À rY\ô'tra 4*t^t 'A

"m$.'}-,o, 1^^'il ^'^l' 4uô ^ÀJl1"n^*# ..,*'pQ"f,

5.3.1.6.1 Correction

T\eirnrd,,o.e S,?,Â,6,1*4 (carn-echao)

{oho0. 1bà{u, <5r4, Z<s,A,b,Ê>>)

b"^.on"h"aFiao

N o,r,o , F',,oJ"r*.t* 4Q^" l-4"â ( 6û) / Â,.,re

(Je v'l-.. T. 
(ên)=-' (ô") .| Jrl"^t".>..n* 1^^.

û

2ââatùo-\-,^ "-{;Jorl-. ù tt^l
( Go) *l- .æ,"otl-.
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5.3.1.6.2 Conjectures à propos de la complétude sémantique

Bie^,'1,ue- .0" 1't^*1e Jlou'd*,"Foo (ô.) tr'r'l'iLj. îue llÀlt.l';^ all P^

e^^hi*ro ̂oh*.0o (.i-.tn1'uÀ*ne^rl' à (4,), t,4,6,3'-l) r0 1".o^-"i J" â.h^t'nt* {e

t-*^w*t)t^ {-[1" J" +R¤tr{o'^1^^mea q.*, /\& æ tot"m,^"^'| 1o" +^h-.*l-
("qp..[..ru 1^"rJ'.\"d uiiÈoh'.",-0c t=^^^o;on ooh 4d" u 'n lerr]- don^tr, rl.e t,t",e

1bo.à âu 1b\otxorruvm¤. * {^t\'^ J" 0l.tl'*l- Àil'i"t ,f

Èosa- 0. ,*4.,t-æ^ rnooô -l'lQi'*. -8'**nn78. /tr^;""^tf

ugfuhta Ias, p.3rG ]) ,

l" 1'.'",1***r*r- p.rL;a,u-h (* .h y d[q^rF J* .*o|"rrl-.

fil" ,ô\rrv !" znonttn* A.

1t'o& *t {"rtl. ù."n) '
(1'ci, {tl+*".0.^*J- J- "

Eot-.ns0. ç,1,.1.6, 2.  - ' l
æ l *

Eorr Xââe0,
^oF.u.eO0-) r

* rÈ

ào

l

oà

x->o -+ æ/(à t: r,--1 , .un *anlt*.e ^al'*."Q, 1u"2..onq,."

l  ro *  ï '= I -^

{-q t-"^,.rrÀor.rn J".t\" f".tF ât-'.e JÂo.l-t L *^ /nÀote^^ )" 9" ^.'ffoJ-

à" FQoqdtr+J e ,t,,h.U*"f )tnà^t ^{â.'trïf".ï. \auoR. À{ri Jeo 1oir.- J.
nn*rblr- ^a'l-rlu0o (*,t) (*"À F- +* Ài^mîU. ÀÀ^rol..'.nrr ,rrr^ g* ^al*r!")!

80" fuol- êt-^-o J*^^l-"æ "J1e0-**'l- "^ ,rHQ.o-f J" çr"ù.-i""
Ner-r, arr.nnp 3=zz) En(<*t\>,14T't) = t(c,>o ,r .cf=r-l) ' l

g(<*rtà>) = [. <=X)o n t=yrol, Y(<-,q>r(*',T!)= [æ''--g'=o3 *l-

"**= Q , e'(1*rtr)= [t=0] 1",r^ ,le(xtr), Ôg=y 1",r,t {e (1+a),

+ouJr. Qe(x*>\, ilo=$, r.t(<*,$>r(æld>) = ( zo(1*,X>) r. (r.i1'>=<.c,,f>)

G+s) T,^A X'ro1, rl(<'.,X>, <.',,{'))=(*=o ^ t)o r. Lo(<æ,{>,<*1t'ù

: :  X ,  Y  I

J'ÀJ.."Fi^ (6.\.
(g> o r, x,'=x ̂  ,1'=X-l)1 ,
"(o*" i"r  *  À: X+1,,

Tr--x+4, Nr&-,tr) = I
[(P), (c) T^à *r.o,
[ 6tr) e,ùes lr= 0=o1 1 rj= 0o [(c\ 1, 4,t*1"" P,--À,,,,] , ûL=L, rf (<*,X>, ('ll 'r) =
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(zu(<o,Tr) n <*',t ')= (*,$>) L(P), (Hs)l / TLr(<*,q>,.i,t 't) = (ea(<r,gr) r Yo(<e',4>,<",t!))

[ (LI) a/ùec 0'--8q T^à qi=æ-4 / (Lr) a.,rec Q1.4. q.-^J or''-* .l- ,tr''g-rJ, ti,--tg

[ (c)], sx*^ -- 4, rl-i (<nt>, <r1l'>) = (Éx*,(<*,t>) ,r (*f 1tr')=(*,T>) t(P)(lr) a,,xc L'=xJ1

ri.., = Di*o 11c)1 , ( L" 0e.[2.^.,, faq]^q tarF"i0.^ .^,e 9"à .ooful.'.r'^ à.

t.^r'+s.e.l-iru* eJ*h o"Y^làt^. r,lar.ra a.rôÀa ̂ À1".1 a1C "Ro1n. "ro*F,onr

, h"a"nn;H",rF" , I'ohlut "l-, ,. g\q J*na-t- ât-t" .Roi-e ) .

tr

cocnrme ôq ,!'o. ^xr Jo.- .0'*vmçP" ".-J"*r^u , lo 4et^ X"t J"

{.*d,qQ^'ll J" 0o rnr"tl-f,ol. àe Ècr.nuF"0Q. 'qnl'*^l-. ar,d\ ^"noLn- ^ofur,rln

(ry f""l- â-lqt -t''|.'.J'r', fô{,t^ 'L**t-n* Jt F.,**o*^ f,;tl. 1

ta^. **fp.-l- â .0o ,^i [-\.J- J. FtoTJ '*oltrr'ùhe 4xo\ -^nbnl

^rt'*Â ( p \c çà*h aT-^e ohi0,".'. q"* fo,"'r d^h"-
!" b^*; o-^, j^la) *l p*Q.r,o..h ,opd.r",*e. , f** Tr. -l"e *JHrJo- L

È*uFe0Q' eof Àp8.'*l-cr*.*t- 10il'i ,o* -0'*J^" 9.L;,^t*îUgu" J" t,,,',^ ).
*.n*l^r n*lt n-0^ c{mvy\^e P. **l-,*. I. +ù "t" J'à J,r"h,'^, (ô.) .

rm"Q,t,.t *-tl. r^l$"-l-.' olpor.o^h, l" '.o",rX J. ,'^J*
0eâ.oX.coç\^.3u" o.t\ J* 4auo )u ,n^1t'*, *oF.rnoQ, ,.1,'U: âo^^- Q"

t*^*î'. Jl.ÀJ.^^.1;.n,, ( 6n) .'*l- {,4â 4rrÀt't' t-t^J y'J *F nnJto-.r''Q' 1"")
ar\ ..^o^â,i^" r-&\^ ^.rn-J"T-un mt* *" q^L'l-"autn*\- ;+t^,, +u^â{' n,è1ta

4*^" Q. ,

Gsnj.cFor+ 5,3,.{,G.g ^rt ( Im.-,mn pP.'l-uJ. p,J,^*tl-,g.ù

fàu/" (s,4, z<sr$,b,e>>) =+ ( Fn)

Pqp o^oQoX^" ar...oc -lo ,*"'tf,oJ. J* fQr,trJ , J.r^u noLfi*o 4e.*er"f
âF-.e, .^"rà"6â fl* nn[ou[n" .l*^ lut\;^ J'À.om pQi t-*J" ',.0,,hr* a,

n1^-JJk-rnÀ^irme ^{,^, Lo tt-.^t¤; â}^^-Fe à ",*tt'Ut" n"^rP.- t l"

^an-âÉt-.r,.^,vr.rnJonne +.,* . Ltortlr',. .*^ùç" à ",*"iJ;¤̂  .0'r^^À"h'^ À{r,\- J*

trlÀ-".Ào. "r'tlFdr* ("*+ ,i ^^ ,o^*pkÀ*" ç"à >".- â- .,..â.aalu ).



C.f-^J"^'t-,

tu *fu J 'rtnâ,r.f''^

,".^pa.$'".F*.."o i

Cori"cFrx.e. 53,,T , 6. L ", 3

Corietuxe 5:,'t,6,?,atb

f*
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/îâuô /y\aqâ Îo.*J^ à +d4 ," .ot[ec]*. 1*," .1.

(6r) tn'^l- ,.fe,a ^PP.l- *ir*" qÀ,4-c cp^ 41.p"1-f'ào

lr,nco.nçQefud" rima^tfiry" ç*r,t .0" *anJJl-z,^r^L*. 1*r.)

<s,Af :<s,A,t,e> I $a¤s. (cq*, ({n'es, bo(n,a')})<*))

(rmcocnp0dl'uJ" pô*"l-iry" +r{* J* uon.-arâr^ "n[iharxr^)

<s,A,Z<s,A,t,Ét # ( (ô") "ù fe(.t*(s-A\)r A.o:d)

C"À c^n[""hrxe" Jnt.-r^O*t- Je .0a r<er*ra,tltrg 
Tr 

,eÆ.cÊ.ble' ,15àtr/. "8*

*.r;* pQ* fxuxatru ( Tt f*-e,.^} ôbt.c' h"tiF"{ y- l*a}''o!iar ,ulmbo-l^'5u.), lea 1'taruea
.À'h.0-"*.t- .u^^& *Qrb,'"* L*,-{^J.â a',r,, -0L^*[1" )* )t*^à"rth à^ '"I^t^

i,"ri[io^^o. ..l^rp.^âJ à (Àxs,<) À 10t,t's*(0,À) r* "l' p.u0çn"4J o.

(L'<L v (0r=0 r {r("')<{r(^)). Èie,n y' ;-l e^cùl-c (J'"fd -l'I.1g"-{-hù J" l"EA'lé\
-,rr^^e r"r"l-t^\ l*'*t-{^J"i Àu4 "D'*",^fL )* à,*^,à"".8 J" 4e*1*g dlot à l','o0,
i!. f*r\- zne ,[aa.r "oLL^ J. t-u00. *0"1-''^ tirn-{"nJ" { p,'* -0'**Ll. )^
à.,,""ilor"k à" Egf 0* Jl'o,h ,^l'L'*^q ccr\À/yï¤, ''*t- ^"L-"it* )*J. F**it.
J'ÀÀ"cH^ (6.\ la^(r.1t^c f* r$e à.1"il p"^ J^ "'kh -r^r'florro(, ctl' J.

@^ f"u- 3=e),  Eo(e,4\=fzuf=æ+{l ,  +ê)-- t ,  y(* . ,* , ' )= fJ=trc l .
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5.3.1.6.3 Un résultat de complétude sémantique partielle

L^ .cld"t\-.t"* c..-Jem+ra ,n'tnl- 1-" J* c.rn^a'1.r9,v1.so lÀil-.e" ,.n "!X'^

rrra ,r'appfuîro'l 1a"À fât.r^ ,^ n"-^J ,n^nt*e Je p.l-roh'"nu 1"ak1u*.

Cr.,"T- I. .oÀ h3* 8. ."nJJt--,"r,, ra,wre *F {',^ù oY '0.

nncnnn\rte A'"^lot' ;'l-io.r.ru eol- {,* J" o*}'" 1.r. (cil rmrura ""r F}.eb"r'") 1*o

ttelrrreÀ 4"rr^te^'t- LF"<. or,h"Èerrn.^,,F 4ù^ f* .!ae.*h'^ o.6t[.{.9". '

bsÀ ";fqFiar',r f0"" i^l-';t*r-,1-^ l*^F Jl. )" .Do "o.^ool-,'"n l-oFq0"

â., fxo{xan,,nnc" i1..^h"J" ."**'Jâi. to'}c 
gu,..l-qQQ. [+\] .tt L*'eryr 'l*n

crÀ*^h'"^o "r^l-.r."* i ||.^'l-* ,ô "iJ*"; tals P&ueft [++] eF Apt- Èe?pa'l-e tell .

J*q p*h^ J. p.ltro\'''.^ 
f o-e*l- âh" F',-,iF"â cd. /vne J- c{a,a

Je lo pnF.,oT','on ç,0- X**a0" ".r- Ie f*hgE à V :*!

bfu .,!g& ùS!k#S 4>è1tv <s/A/ b,e> ("'co!- à - A'h;"- 7t' ettuutt

C%

( r*JJp"nnJo*r" J^ Jf.h' ,^içiauu)

rîdrt one.emait e)

/t\àtrÀ 4è{Lùô^A

J'dqe' )*,n

4.ù" J""

â" lbrLot.{aiv,4/vne ( fal. opp*. l-,lx alt{ "or.o<zl-*,l-*F,'.^o &.o 0* â"

fr,IirrL'*"
Àâôe^da..b
A s - l æ

dl-o\- j^l-e^".Àiùo.ir',r. ,{¤- -porl êln- -dlvl L,r"l') ,

= [  (bbg <s,A,b/É,/+,V> n ocol,(5,A,L,Ér{,Yi= I  ]

g,.*À ".Jt-.^*àl-i.rn (r.r$Ào^l-. cmaÀ

ft" *t\"^.k c,u( Jfa,h j^, h'o^rq *h poiô$or'F",

f!tetr^'¤à
."^l-.j.

?" oot

X%ta0
.n"rrà"k-n,lrnir,nvre c{N\ llnne ,9. m"nJi k-m*^Ànne

Notra JJr ^F .*" J'o[^À Qr, i

Je, $-klr'k' e,.{r ,,h'lda^t (8.) a,ueê fe (rr'*(s*l)) +ê{rÀ a^
À e O'tJ,

S"c^^t- J. J.l^^h"* .. **, ^^ôrr.ô J. tt* .t .*.h,1-* "0/^âÀ"{ I

nu.1.4toiz, orth*^*tF Àl- t*oç"e^ .u^r\e "N\eo{Jrr." Jr, .^-J.'f'a*rtrrru,t,

odf,aiiFion s',l,,t.6,3 :r

< i ,A , t rÉ  rQ ,y )

Jùl 4"il)
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Ler.n^e {3,.1,6.3 ru Qr ( Eo,ot-r n"c à'^" rePal'ian tr'an-f^rJ"l ao* .0* ç,,r,r,rea J.

f"F"?.,'kl (-,"" r'l$"Fhù "lldJ+*J^n à. r'LÀ inil-i*.x))

L(y *t1tFt0* !ùu.ô Àr>a).'a^^ce J. 4 1"... <.s,h,>.<s,frrb,e))) n TëU4s,A,b,a,i[,g)1
:+ 

Ct ç <sr l ,b,a, ,9,y>, Cl l lkr  <s,A,E,e,F,y;n)

ui-n^,,^hnq,l'ian

Sulg.non qr^,pto[*J* To lpe (*+Acc<s,Arb,er4,v>).Vie, , r .

blrU&:<s,A'b,e/?,!;>(f;,f^,*.). No.ra 1bô{À^}ô^o ePpon" a(f.) (*r}^e^}te*l mô{.rrpor.r.^ro,ro
"Ajo,^J*. à Xa^^.*. J" 4 ,ur^ td{* \o,-,,+p Jfrr*" k,.o"e. J"

Z< &fÊ(srArt ,s,9,y) ,  f t ,  L ' l Iæ!*<s,A,b/É/{ ,Y>r.> t -"J.  que e(n")  * \ -  o,oi) ,  Crwn*e, V
e"f {*faP. asu,ô ;Àpar+'a,uce i'* -p, t-t r;F" ,Lr^^ 40.- 4.1-;l ; ) ,ehl h"0

tÎ." Y(È,f;) *k wroi. A?^ô &, G#<s,A,b,e/q&>. 4.,r)!. t{TlLg;<s,A,u,e,p;g>(fl,f,+)
,^fhf" f; ¤ Tl,@u 1s,A,V,z,f,y> .ln ,ont*.elr'"h'r'rr ereL ruild4s,t,u ,",Q,y),

î)eÀ{rh4/

àe <s,Srt,E> ,.o0ah,rrennnerrl- ù t "F v 4.rrl- ah,.

Jo b ',ro\-'"e;l-. q,rro( d{-eh ,i,\-",,.rmâÀ'oir.ro r

( R*X À '..'ôr'àJF.o^ir.^r,me 1¤"t"4 (-0.. "A Epof'here
J!Àâ"F.^J- "e Jc, db,h j^il-la.rq))

T^à Y -F {"trP. r-lr" jrwa}u.a^^ca J" Q 4o.. <s,A,z<s,Aru/e>> et'

Egg| ( s, ArE,É, t,y) e.ol' n,tei / rv\êr{a J.'{^^r,oorro ,

Obsu-'I ,{^ 1ue

ç${d <s'4, b,¤,?,v>

Ë !c. "*JJ T-.,.rr,,,"r*r,o^rn" ^Y .(,o"o?rn.,",i- 
{^. o 0r,o

be l* r*ô*e r*a^i;.,1 , À i" ^rnJ..l-...^rnô.*e ".* O'.ol"**Fteêâf 4s,4,t ,É,{ ,v> - '*  ,
d.ln.tr"t",.a[\e "0* &d 4 t,À, b,erip,\-) ( or. . FÀeP.^r.^F, e. b *\- ,,.J*^loi^r"

Le

fq^

m*J"Lrm'rl'À.me- X0"["Q
)u ,r'ta^ q àe .!'t^rr"rrz

d

(i.e. dff".|-ôe,^*rl .etJobl") u8"* -&d 4s,A,t,.rlp,V> ..*.'* ( ôù -;*
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*f )" 1"-miur, ^J,t,,,l,a0 ̂ ^-","t.rtn^.f d. clrrl-R-*¤esne

1o*icù0"

ri otro ,fou,rron" ron.i^F" " "h . fa $ô "!. nnWol

cooctaano,u,\- "Qo *Jl-\oJ* J" Èrù*haff

t (v fo,r^ <t,A,E<s,A,b,ô>)) n IAId1s,A,t,t, 9v>]

( C*np0"'l-"J.,nÀ*.*!,qu. r""xl';.80;

=+ [ {an) arec {. Crt -à(b-à $XId<.,n,u,{/ Ëiy>\)]

xj"n"nol-'.oFi"rr

Tjle.rtàe 5,3,,1,6,3 N \

( ÀFh- PPof R h ta{,1)),

J. .," pQJ f'J"

5"?t^^" 1^t" Y of {"Fo0r fou,t (s,F,1<s,A,F,Q) *F f*ld<srArE,l/*,y), Choiri.'rona

N --x, eo(a) = tae lg<s,l,b,{rt,k) 1, .â,(.r,1').[11e r<s, A,b,{), ,¤hl. (vl � a.rry(ç,,p1\) r, y(1,,ç;)  ̂
(1Ê ( i...eo= a) r. ç.=À'1, {""(ç' <s,A,b,ft/û,r.1"> * {XC <s,A,r,t,*,y)), {.(o)=
"& (tg (srA,L,itr,È,Y> , b1 TgIçt <s,A,t,{,*,ki4)/ /rlo: e, ros(a,rù= [e"1o1 ,, a'..r], {(a,r')= [ eo6o\ n

-Do(r,a) ,r lae A.L*(a,1,)1, roo=Eo , e.r=Q, ùa=), r. ' :.r, r j(^rd)=Ler(a\ r, atal, r:=8, , fr--4.
Tou-l-eo ,0* ".*â.h'r^u J. t.1i{,'.ol',^n nrnl- t'n biop.^,*.|- æhÀ{.il'. r^r! qo.,^^
Vara'es,((:,t(o,r') r,, .8,(a,a) e ({,(a').t(") n É,(,a,\ 1 {a"e s, 4(^lo'\ *,ti(a,,r',)

s; rj(a,r')rrlo(a,r') ",.l'nn jl Â\euÂ or)ôr\À fcÀ Jr,f*ir'L'^ J" r], "" "l- -0o

f"t"t 'U'J" Y îrc l .peI<s,A,b,t), iel{.tCui<;,"y(ç",pi l)^ ye.,f;) r. r¤.(a--ç" r (*+,)<L n
À'--,Fê+,,\1. P,u1,r.te a,areIIb<srA,b,il,t,Y> tl bga(o,o') / mê{ra cc.u{r$a f.6r).{,{")
a, e.(d).  si  ào(a',r ' , )  o?^o 3qe z,(s,A,b, i [ , f r ,v>, i ,r lql . [(vi<;, ."11(p,"f i \ )nVCp"rpi,)n
Ak'<L'. (1p,=o') n 1i = A" l. trî",r" crrô'\a vi.(*,'<j<r')+ -ry(.1,,q;)) .q^, Àv$dn pou,, 0"

f0.u f "h"l- i not-{o-a^"h lr(/<tr<i'),r\(f.,qi\ meuÂ d,rÀh.r'cMô r1!.<r, A,E,g,h,V> n
Gd-<s, A,b,f,tr,Y> . O[sr\,]er 1rr. 1it e Goee <s,4, r,!f ,\[) d" a.*l-" ?r," 

'V(t",9i,)

"ot ^^{2i "o^ r,.ir"n f;r ',"jJ ,*r' ;h"k à\-e^riÀ,.r.r. J" Qo rnore

t,,"', fe, 1ft., )"'t1.,,"' P"rarye A=f& 'Y F"=1i, Mâqa *tJ.r* 1;uz âo (e,l ') t
J^n. ri(l, a") *f "la.

D
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Le

1^ç-;'kI'
È.UCétÀô¤ttlÀ

^.â0iol- )e
J" .P" l -oQr l -JT

:

".*np0" l-uJ" lrlvr*^ll'1^r. .rpo.t l-i.CIe ^'o{'Fù't^^E a.uu
l-.Q9* "fu 9"^ dLh 'l*h' m ,avrF 

1,r." )';lok

fhJaur'.ne t,j,.t,¤,3 ^, t-

I c Y for '*  <sr{rz<s,A,b,Q>) I {rc s. (oggt 1s,h,E,Q,Ë, y> (a\ + ù! s, c e{. -r Fo(r, r)l

,:rlr

ù *,.ro e.rrano {atS, ae| , -yo(o, o,). It a'o.^a-.l-

*ù[-t^"if rne(,^r"o), féz'n<s,A,b,gy FeJ. g^re

/ fï\èu, oQnl-*,.n* 1^re -0o nndHoJ"

+@o T,,' :& "^*^'J;o* pc.r0a"n"-| àen

o,,nonh'^no Àl'*^rrni$"^rl-e^ t.?oh'^^rQlro

to^^'ctl* a",rnlfu*ir" daut !* ^o2rrrno

Je lsrteu,ue à. ,artethiao

(t,e, (ên) qrlcc.

9- .jt-",b )" oavh'e
,*+'N^/u /t J.rvl

o^elr.}1'rt *^g r,r,rl-c^,,wri t1¤rh,"

oonh .aF-"Â""l e,{\

Ièid <s, A , E,, P,t, V>

ST'F** ,oe Q3g_0 <s, A,b,{,t,ig).

ïre I t h"b 4s,A,b,ë,*fg,) .q/" ^ô.m ;Q"
$ùem,"Y(1",ç"), o* o l-r.raJ*'rF,'o or.. J'&Jprl-l"rà J" fqLg'l'r'J" V {àoq^ <srni:.4s,A,r,i[D,

Conrrm" *.,oQl*".

t'ol-ate À" gu',"\-cQl,t+L,l 
frlu/" "[* ,,|"*1a&^rurlea êyt"u}'4"

{e 
(Â-+(s *,.,)) *t "*r*;t or.*,h .omp?i|e ,parwc.e,A)s

n'onrrF faÀ Je Èucc¤rrer.ul "h T" .!"., 
f 

lLotR-c^,urn^Æâ

dJfa^ ,,r;r;U,

Npf- se0pad-c Ia:3

Le l-f"ot"me f,,3,4, G,3^,q o'qph1.lue lXa0*.^,,1 d, P*r"Q, !+Tl at

,r^,4;.- (i,e, P^

4,h'0ù"^^h J*,
"o'dl-"i) ,

4^F 4alio J,
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Thlo..Àe s,3," '1,  6,1ni 6

Va,À'e s.  Ig(o,o):r  (Va' tes. ly(a ' ïa ' ) ) ]  ==+ IAgU <s,4,  b,Q, È,Y>

U.l*""f'.oFi"n
si  A e( Sh< s,A,t ,S,* ,V) n e^9g-04s,4,b,{ , t ,V))r  q0^o )  "--}e A' ,  b"es

-ty(,oir) 'l- p(,rir), ^^^. **h"*"L"h'art,f¤l^ T"
u
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5 .3.2 LE PRINCIPE D'INDUCTION DE BASE GENERALISANT
LA METHODE DES ASSERTIONS INTERMITTENTES DE
BURSTALL

Bi.n 1,re -0" fùdf" J'Àâr.h* (Fr) pu,.l- *.t ,t pe.;â^.1-,'q.,*no.,l

csl\

À

*.np?.t Ja,.r" -À!{\ t"o^J ^"rrrt*" J" n,Lc"[ion 1.tof,!^.,* t MM +"i,ûro lc

fj* gfu'J t'-h i* n" ff;^""*** X"^é*eQ f ùu,{, l,.oi he.,,- .-*}"^^,^ t-,41.

1.,,rçt*dl-â J. {.h"&'L' J* 1"-X}re.d\r-v$ao / crn\^r{\e, *CI.o ^*ilrLL Jo^r,o
{aar.,^,.c-NoPJ-,,X.,4"t+ri f"^^, J* f*X"-*r*- t&q"*. u'À ?o ^,\ui.r.'il-i J,-

fth;*e,r^ l" t*;+ JiiJ-À^ (É!\.

Lq #Ar{àq.f,'ôn f*ç"o"! *t- t,u} â H * lL . Por.n- 1*.^^1^
2'",.Àf'"nr.* )ou [o*-^Jt*^ a ,rf,fuo* J.,r* ?14,r-t'i^, !* !r^,^^ o] )e^
c^"rF,^o i^l-"-ni||-^F* Jr;.-,i- âo1*A'* à"" dl-",b. -^^ih'or.*, Po.r^
t.aiF". A *^#L.r.n r.^o*" ,-4,^, J* Lrn"_u^J^r^ r*^*{*b )ourr,rr ôF,,e,
,Ii{*"i . ct' n4m4^îu{^ /1 o{ À ..r.,^dù*} J" (ê.) à (ô.,) ,} ^or- )/,*^l*

fl,- lo.J 1N,. (ê") n t- D;*o^J''1*oJ- .-npQ*l-.

[ ]Jre,o, e e (],* (so-lt, ffD), 0e (tr*(s3. gn,]f tr11, Ae o,gd, f e (.ru+ (sù-,6\,
n e (.rL*,^t).

(:ne ,r. V4,rra'65. ( en(.t,a)= f a=4 r.. {(A)1 n Dn(A,a,.d1=[q=,r 6y(a,r')1))
^
({tel. 3r, e( qo+i à {s'-.l*,ffi)).

li snrr,, ê, a,a'e S.

(P) [er.ta,r) * q*tn,,a,a)l
A 

'('

I r i (  e,r ,r  )  +
(t|$ (lr,ksrseÊ. to(ald,) n Ya',e s,oeft.[b*(al,u',)+ tjci.rj(l, l,r,)1)
(LI) u(10'.Jr.[(4<e)u(stg 

,r {n(+,o,). f.{o-,o))) r er(a,l) r

., 
Oa'ks. ( 0r,(è,1,A,,) =à li.i. fj (g,,r,r'))l)

G) ïg(+,t,r) l)l

(é)
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ll"r"""rn p0"

Po.ra. ;Ql^^^h... -Q'u|,,2Àahl^r Àç ce f*^*p" J'àâo,h'^ , *'J*^o

Pur*arrl- :

qgnrk s't' s' -4

$(æ,*') = fr-' '&æ1 ,^Y +oloQ" fôu/" <,.,,1g1, Z<^, Lg\,b, 4r> t-e0{. lu"
E*(x,æ \ = [-'= t,rr f "f f (*) =t.

Obser,ue.r, 1a<, rnerrâ aare^row: f3f gf (k (s,A,b,f,t,y>rt4rtrkl<s,l,b,ip,t,ly> {).

La {a\-"{,'tl d. y ,u.,.1- êF,., JJ*^F.g! 1a^ l" f"r^-f. à,ù)*"li,n
(ôr\ er\^ .R"i."irac"^l fu=L, T=\, ¤.(a,r)=L 1çæ6 lç], 0,(1r*,*)= [* <-({,,c .a/] , À--,.1,

f.Gr.)= t:,Ttu.l, ÉnQ,æ)= [*,"c1, ûn (p,rrC). [ç=*- A *'=T*.7, n1o=.X, r.t(1r-r*) =
[1(a=., '<eç1 (aoti; l*t (P\ e,t- (c) 1^.o^d r)=%? ate (ris\ q,raaaà *,<z,n-),
s!(* ,* , r ! ) . I t (a<æ+,r=J<r?. ]  (n*h; f , "*a^rt-  (LI)  orrec 4!0=o),  r l=ûo (c) ,  r \n: . t ,

r ] (* , - ,* ' )  = 129=æ'="J]  (ce1, CLr)  a,uec 4 '=o),  r ;=4 (c)  .

t

J"{"iù"r^

fe 3't"',cr.1"e J'r â^r.lri^ (6.) eol-,^r^" X"r.^"0,;"h'^ J^r.'J.r[" J"
(6.) :

ThJv.i^ne 5,3,1,,,,.,1 (einiyse'^oh;" J. D, ^/[hoJ. J. B,'r*la0l-)

( ê.) ( e.)

flrq*h JrotnnJ.^, ,0c 1, *\-,'"r, J. le ,,nnpUfud. À.ÀJ; T* t Mê{rÀ

ï.!" ,nÀ-À*o( À.old por,\- ,l.1.1fllU* J-^o ,u^^e tr.euÀ'¤. +u. (6o)

U{*r[ion r,3,r :4 (Ro^t À r*dét-"nttr,hÀ,me X%["0 C"ar 1ôl'a0))

fuaolt" Y *k f"h{" ,oetra -rn*q}.{'at^c". àz t lw <s,A,l<s,A,b,e)),
JJJ"*^^^ '

t&td <s,A,L,e, f,Y> = iri [.&,Ce<s,A,t,¤/È,V>{a),utr11S,<s,A,E,e,4,g>{e\ 
n) , 4.s}



5 - 9 6

(c"-tte à"[;^ih'rv.' ,n. p"f'{1" .,for Q" f"^} f, u} aes t
HIgS<s,A,t,É,{,g>?o) *f t'",$ 4^d"1 p{r,- $99<s,A,b,erQ J.Âonol-^.h'.rrr À
Fhd"'..ï^e ç, $. e , ?, - a )) .

Lq f*e'^r" J" !" .*npUt-ud" ̂ o;*,Iin" J"
tarnor,ye T" (G") çerrl- ét-* ,rl-;{*l fê{,l, "*p^À% J)*
F{oXd'  ,

(4") "x"uF J. 0*

ftoer\,{a 
'à b

I hesr.crilg f.3,9, ̂ r{, ( Cs.np?i fuJe rcitro^"hig"e)

.fêq^ <srA/Z<s,À,!$>)==+ ( (ao) adec À='cÈX"d..,4,b,Q,b,1f>)

b"ivr.nn l-".ah.m

cl'. 'o'tailr" , lu=1, T=rt en(a,n)= tq=a r. {(a\1, û.(a,a,/)=f 4=r rr rg(arr,$, Éo(è,r)=

[re 4"e45,À,t ,Q,4v>(e)] ,  to(è,a,rr ' )  = [ .11eE<s,n,r , {>,  ie l .o l . (v je. t - . - rV(p,ç;)  ^ v(È,f j \  ^

À=t"  n 1&<i.4U=a À - l r=a')1,  {* |  À"F, '0",  f t^--4,  I l (A,ar l , )= f  g=À=o'  n {(a)1.
tmi"{a* (p) rf (rf) o,u.. 4.'--o\, Il=4, ôo:$, ïo{(è,1,,r')= [e"(4,a) n ,rt=al (^.k;1"*
(P) + (c) o.+ ($9)) , rl(a, A, d)= [e,(a,+) r - ôo(4,a,a) r lae f,. lo(a,a,)] 6a"bf.if Cul
a^!ec ,Qto), . {"(e,o)= .3(ùse(s,fi,t,{,t,rg>(a), t,trtby<s,r,b,p,t,y>(èT^X^) <} r;=8"
(,*L{a.i} Ccl) .

I
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PRINCIPES D'INDUCTION EQUIVALENTS GENERALISANT
LA METHODE DES ASSERTIONS INTERMITTENTES DE
BURSTALL

î,.Io.^ J.r"i*,^o Àoli. J" fd*t* 'l'âJ"tl-"ô'" &hf

/{\ôt^â .*r.nt-"r.rrro Qo *tF, uJ. nÀJ;5t" J^" l''i*;cPe^^""

q! 
tù..f" J'-,Àl.r.F;^ (êr). Pru éhno ..ll.ôr $o<rl,* î-J-^" ,1'*

ie. \r*h^ -D* *Ù\^e,r^ohr* ,,.n.-"^rotl* . Ern 4*IiJ'.^ , -0t F"'o *f^tol'"*

+r**.Fâ .,{1 l+,x,{,r, 'h 1{,3 cte n^^r,,t- 4oo 
"tjfâl-ol û'h I'n,k à- '|.e

\
olUo J. fù1", dïÀrH* *l- ). t\rpcÀ¤,{, J* {^^"[aJ,'.^, À

fb * 1Ù- ot.l-**k, ïr^ J"^r**,"F -p*^"tf'.e r'u.,û\¤- *"iQfn ''.."

o"*p*i.%--.x J" -0. c*.éhhoJ" J. Bo.r'rt'c0Q.. ,l-'q-,'t* !J o,l' J'",^1*oE'

9e *.*Lo. J. f^rm* J<. frterr,uea lo,tnnotea 
( J" ,mc^.^'e)u â

J. -,r10.r* Jo '.o ,0'"L*L,o,. Jt" f"ter,,.rt,o , *ù fq^
*rçp!"ÀJ^; fl,*1* l-r,r^ c.eÀ ,"'erùr +e" J'âJ*,i','",t

,^F'* l"..i* çAr"
@+rrÀ aJ,^u-

n"nnt' "fg,r*40*h\,

f"r^-t ét-u. -*h'0;* Jar*

,u^Àe -9*9-.'L' ,n ^+"" "U*
l- ^^lt'" J. l. ^n* 1.(,ù{r, l'e}'' 1^u

l" tù*" J'rrn,ÀoFi^' (ôo) ah f; A{ur'{'

f"l!. "y.
' i .ç Àr.n" l -ù*e (g(x=l ' .<t?9\ l -hon n*"FÀ. (?9.<*-<aÈ=X)

dô-F eh* c,scnf,ura c6ûM(v\¤- ,,{r,\ ttl.erre !*" J. /nô{n o f"^ **pP' "V tej-

l *"  
"o(e,à= [É sr sâ31 "h 4(*,* , . r - ' )  =L3(:r-S{ n==dL Si  MàtrÀ d0;* ionno

.rtte ,oh*rl-i,"0 r,r, -!ao /nctmô J*o lerwv'rnea , lo 4"oç"-h'^' - f^''^40t 
"t'

J.arr^lo fu.rF aur)âi ël'na .*xnpnr,be- c<s{Yvr{\\r. a/^c '*f^tl,1orFoh''^ Jl*r,,n *arnto

Â{;r' J. Q<l*r** J. mctrrns T t-.0" 7"" a=(o) = f 19-.r,...{çf t Dn(*,-!) --

L¤.<* ge.1=*,1, Ca frù}- J. ^'u.e -t ,*nçcFiLL qlre{. I- {"t} î. 
2.

An-e Lul J" .0ul-*h j^it'.0 a À 1bû'tlLq/,/w"- J"^* ,. 4d+.
d\ÀA.r"h on ( &ù) *\- Jt "ff"; .0o. f "t'{'h'e,'U J'-.,À'h". L L'*"' "'tJ*

faÈu- I tÀà^r"l-i o..r Èrlr .8- J,r"^.1" ?* dJpo^J"^rt- à^ J\-o}. in,-i [,'o, n J'

{*o{xaanrvme. a^ boru-a&o f"^-r-*t 
J,XaP-mJ Xt-'.r, à^ilff; ^ -\r'u

ât-r^*.^f Je.o rr\ôr\\À ù11*-^h r s ,Pa^ Jl-*h 'rilt"qQ' J" fHot\4/th,r$e'
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Au ,ri. , )o 1',-og*ih'.rn -ç't ̂ *1"0. ({,Y> m h -ço^ t"^oÀ ol|âF^tl. J*

."xrrtq1e^.. â'-.rur ^rrr, -0er*r.ne (Ên, ûn) é4srr\ffne )o * (êo) cmoÀ P.J

"rr^ài ê.Yrr- .Pq **o"1r^.^^ce à. &ff"\r^û -0n,* * f*,,^ Àt{;t k àuh

a,^niFia.rra Àu flLoft:ta^/'i./rn.<.. eert lt44qa 
1\tsâ 

-"nJ*o.r*| art fd"It'

â ï À" 'l-,'nn

I ll.0Jà, ee (N* (s-+l*,{f}), 0e(À*(sa'-1qff})), Àegdr {e{l*{s''lt\,
^rr e (1,+c^r) .

\ les. 3rTéJi. (en(,s)= Q(o) r. {abs. (an(r, r ')=ry(a,r')))

($ae Jt . I Iu e (,,,o*.t "'+ (s&+ f*rtf])) .

YÈ < ,rrn., À, a.¤ S.

I e".(a):r r]d( r,r))
n 

t tj (r, r') -=+
(ia'Ls,qe A, Fo,(alr") ^ v!'e5, ae A. Ibq(ola') .+ ljci.rl{o,o'>])

(ln'..r.. [(xk<)v(q:o( n {n{a\<{n(ô) r. ey(a') ^

tlnes. (ôo,{a',1") =+ l i<i. r l(n,r-))1)

0n(a,r)l)J

(ôr)

TUcnùme 5,3,3 ru4

>.,.no"k"oh'o,r
#

o'*fÀ -0fqo^'^ç, o\, .?,,*, -0 *ù\-., '^r'N\ tÀ';*"0 t' th *^^t f*"fi'nn

Àù.À". S dg Ë Ja.^u S . l*Ào , bi.nr, - ""Jul"^l 44,^, ,9'r ùn -Q"";,-XxtPki*

1b,,1')<, 1^tl) e,',k 2"^rQ^**r| />i (at<a)v(,a'=a,r 4tt)) , ^l ,",^t.e^çf. à JL&it/

1i "aT ic^ l, ^,r.0,h,çQ..t'on Jt-À;â!q) fq.{, -0Uro.n.^f.à"me Jr^Àn, r-(44,0>)=

t(tuuip)+0], (+ *\-rc, -0hJÀf,'^ â'.t lo[.,0)ru^q). sd't- <E,\> -l '^ir*".*" L L-

(Ér) + (ô')



àu Bo-h" la'c 5 e((Juol[)*2i1, \e((,trxË)tÀo) "t Vqc(Jr"i i) ' [* '!(<s(*),U"(\]$'

Notr,o "Bo,otr.,r^o À3= JLriÉ, e.o((r)= L""l(ol(E(E(or)),4)1, ?.n(a,a')=[or^"r(a(e(u),À,r')],

Àg= aa, 4.n{o) =L{rl*t '5(g(.t)), ù1, mr"= mr;6n,, r ri!(a,où = tio."(a6s-1*)), Ar À') '  Ig

a'n -r^it- +. Ér.(."-o(o), ,r*> (o) = Q(l) .F â.g..r-.go1,n >)(^,o'\ = Y (o, o') ' 14" *^'l'"'

,"$àlr.n* J" ^re^"t$rcefr'.m r..nnF J*,iJe^h"" à '.rrlhô0e^.

t

1." r$ôfi/\ oteÀ â.o !*rn (¤or,to) àaxo (ô.) a.rnl- b^'e^-^d,tr,^ri. Pou,t

r.r,^{\ -0en**e Jô^"É 1rol,ùn) ,0" ̂ i0t J. tu *F J'i^h*À"'^e '4't,ur l="tn'o"Jtt'' n",+

t" Jl-<h rinrk'o-r,.o À !.^r*" (êor,ûn) , l-" mrtôntt "fft 4-'.tF âFtt û{"l"tt*

¤̂ \ "^rriJ.j,-".h $rvl faÀ J,u^ "J -0r**. (¤o,ân) rrvro,a ,tr.r,r\e {";a0" L

{ e ^ n * e ,  \ < t  I- * , { c ^ \ r â o r , 4 n { o ) > r l e s } ' c e ' f " i * J ' q x r e n " . f f Q ' t ^ o � t s l - * J J *

{"ik T. 
*c*[ mlq,,kma beaot.,r o*. dt.cv* ,tX 4+r-rttJto (w,-<). r{ eal'

àJqr r +a^ (nj{n,(ol> < (q,fr<r)> e. .t- ,l"^,?-rnJ "i (o('<d v (ottx I fJ^Ùtït^\t)
a{r, W= [<*,$n(ù>, *eJr n res], Nlllr""i/ â er,u Àocn^1hÀ'm<- 1ttà, 

cYrêtrâ f"'t&\]Û'\A

-F;Q'À"t à"o ^J'-*q J *lo-"''nQu 'pl.' +\{/ncr'lâe d'-"Jt"ll''m (8t) c"rvvvY\{- o"tif '
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[l leû;y! , èê(lu+Cs*1*,{f h), Ee(tr* 1sÛ+1Çf{})), nre('rt*o)'

({res. 1 rre rL. [ {en {"\ =,pte:) rr lares. (Êo 0r, t') = }(a,l'\)l)

(Vl et . Il1e ("r^*,r + (sè-+ lÈ/ffi\).
Vie ,nr r À,Àt¤ 5.

Ie^(,s)=+ rlÀG,ol
^

I rf(a,rù :+

(la'k6, a aft. bo(,rf a"\ r, VÀ"¤S, q¤A'It4(Àf,À')+15;'ff (a,o'ù)
v

(lÀ'<\. Iey (r ')  r.  $atks, (g^, to', l)+1ù<r, r l  (a,a'))1)
\,

Ô^(r', a')l)1

(ôr)
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Thi"tù, f .3.3t, e

Dejmorof,rahion

(Jt.,À*) hor,-^J*.i l* 
yaà,n l"l-X""tIU1,r. X*À" -f Ào.^op(" à À3i^3

f". ,lLi"nr^1}..-.*" àr^Jn t(À,(), [{1.,i.tr)+ Kl Jont !tlui**.-e eaF <ë,I>. Naua

c0ootaa* JL*= À3i.1.1; e.r(ô= [e.our(l) n {.^, r(o\ =E(À)1, Dr^(r,r ') =

Iu.our(r,,r') n {.1tu(a)=f(DJ, n\,1= ^.trtÀ\, ï.,1(4,"')=tr.;(À9,4') r' f.^,^l(")=5-(À)).
E

f.. ç,tog'CJFul e. loloÙli )^ ftr1'uaiwyn¤̂  a*h Jl-e' rpt"'$"J" fa.v
J.,o +^tt <Qry> ù E -t' ,.un. ."oc,fLi^l >,rr, !^ éf"I" iznil'ierro .l- Y -ur'r\z

k,rg?al-iocr "thv. �  él-"h 4^*^.. ,h ,unit'r'auor asû^wÉ, âarro ). ,tn"f}''"Jr.

â. È,rr,rTq 00 [+q ] . ôp"^Ja^rl/  r,^E 1*8" *.!o!'r'^ !d";"

y'(o,n') = [ p(a) * ',y(a,^$1 *h ç*h.rO" fM (S,4,14s,A,L,Ë']). S..v,t '  t tYtêl'a

à,,hi^r*A 1. f"i^*t" d'{rnÀrrF,.n'r 10- attho^}

(ô)

(ér) =+ ( 8,,)

I lJr.eorâ, ôe(.t- 15r- l*,{fb t ^ê(Jt* o).

('dres. I rr e À. Vare s. [ âu (r,x) = ( { ("\ +Y (o,r'lt])

( Yle l. 1I^ e (m^+.r * 15r-' lt,f{D),

Vi < n* , A,À'e s.

(r) rlÀ (r,r)
^

tli(r,r) =+
(Hs) 

n 
(lCks,ae ff.totor,au) r {r'ks,ee A,IE^(,tir")=+]jd.rt^(l,À")l)

(ur) 
'(11'<À.v,r 'ks. 

[au,{ofa') -+3j<i. r i  to,*l))
(c) 

u 
o^ to, a')l)l



(êu) + ( ô")

S; J** h tF.,.^\c-.-rçe J'.^J., "hi^ ( êd) /

t4eu,tre J'r,,u .0u**o % J.* É .h 1.^e .".S" f *urtnr* f "ttt'

(LT) r o0* 9* onÀ-!,',r*o J* ^l"ii{i.ol-,^ (p\, (Hs) rh (c)
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ThécnÀe 5.3,3't'r

>"*^*f"o,[;^
Cho,ori Àr= Àu, 8u^(1,,r,)= [eu^1^r5+ â.,^(a,l ' \1, or=ar, "t t i(a,rr ')=

I e,,^ ( a) * ,,, ï (a, r,)) ,

n

rnùqÀ.o.q'J"^-* - | .o

âh.,. {*b ^o..{,a

',zr,.o*ntlc^n t- {atl-e*e^,, I

âl,.q crnJ.^'[,."* J" "i;t;.oli^, J. ,.,? nnJl'hoJ.o J* f q¤-u^:e J. r'0o1J t<+:
tetÇ;" 1^'S" o,oh {*o U"; 4e^ "le fù4" J';Jr"F,'^ (-dr) )o'*

!. losrçt**f\" t&,3. Aut-".e^,vret h à*, Jo^* {''P'ff"fLà Jl*- Ào "l'*n, t | (a,a'),

"1, ;^ru" 9e \i0" J *"\ n-H* ."n-.n.\oh{ 1,.t, J"'^^;,T Bh*'.-lur* *} à ,'Êo1u"

f^ 
It f 

'@q'ta^w\+ e , Fql" .xtnpot a^o"n orsec Iq *Jfl'"J" J" Fto1J ,
/'\ârâ c,.8o*oto"ro 

1.* 
(ôc) À^\f<he J..ro *^t*'.\-,'^* .^*h;P* a-u^, ; :

^À *oT- *"ne 4oune A^- pna.ntt* Js fal Jr t'*tr'carnrrn^rs -F eQ- cno*rt*re *t-

ÀLi"erJr^"k J" l'"'foi j^il-iqQ ,r,il*L, ^À ù Jonc. i À;,1 êlu-. -e^'ï ̂1|*
(J" p,l-r ?r", 1* ".c*ngQ*, )" ,runJJl..,.r*rn,;.r,re , 4^ .ne .çu.rare ât-'.. t'.*l'J

Aq^^À (rr)).

No^^o rjpn-*- J'at^ol .0a tk¤rrrtiÀe 
"c.ofxr'aFion, e .{o*,i*"J

fnÀ c4ffrvvne .j l-*rt- *r o^.\rr*o[ i

Thévt'erme 5,3,T { lr

t (é) =+ ( (6r) o '¤c m e (I--à 0'.d)) I , i-- 2,,,,,s

t ( (E a^)eL ̂e(À-ojd)) ==+ ( (ô;*r) a)?,<. $e11-q5J))1, i--E,3,q

(+)

( t )



5-102

ue.ima,raTr.al'i.tt

(ô no\- hHj^)i,.e f*u Y" - e 0d J^no ,r e og! '

(b) *uW )* ,pÈûeu^r% J* Fh"'fl.ùr% t3,3d4 i â:33!9 'l- r.t.3o I ry

^ 'rr f i .0*.^ ' l -  +o ù J. $orf f"  ^e.,  rnna* p*p" . lJ ) .4J\"" (nr+t,<).1-

[iurn- lil; ( ceà àe,rv'r^nu *'roi y.^à ,nreÔ'.J ,Y *{*n ""F l'^À;"0

À{^ccâreu . d" mr),

l

i.lour arqp\!*n(m^ .r^"&^k -0e À..,",lde na\-x-r'#,'.m, ovr c{"rai't:e,.tl ru

"rnomLno- ."naoi.^.n unrrr d. 1o, J,, fuet,-Lrâry\Àrrqo ?. +.^.1- ât-',". À'fâ"*l- 'Pô{l/-

"Rorï-" ét-F i*ll"û, è . ( '1-. "rnowrf,^s â" f. d" p.X^." *e." n" J-o,j' f* alt'<.

Àf---péhi à la !. t f*" r, .ù cf,f i ïwne r&(ry*<s,4,1,0/t,k>(t),!1t"rfc,u1s,r,E,è,tr,V>(t!tXa)),

[  1tr .e0;g] ,  96(/1-+(sr+ l* , f f ] t l ,  À.*d,  I  e(Jt '+ (Âx5 xs* l* , { f } ) ) ,

((re s. 1uett. Va'e S. I gn(l, , ,r\  = ( Q(r\=+ f (. t ,r ') \J\

( lÀe  J r ,  h ,A '¤s ,  I ' e  I  .

I  lEe  A .  I l  ( 5 ,  r , a ) )
^

I t^(riA,.r') ==+
( 1a"eÉ, e e A . bo(a',,t') 1 \dlues, ae A.[,boG',r') + 1À'<à1 r^ (â ] r, a")1)

Y
(1 I '<1 ,  $a"¤s .  [  ôÀ,  ça ] ,u 'ù  +  lÀ ' (51  r^ (a ' lA ,À ' \ l )

\
0o(4,.0')l)1

(ô.)

Thl"ù.^e 5.3.3d5

,ne(l*qgl)) + (éc)



Ëna I" utl-" .v\â{ra ..'hiQ^"*.r^o -Pe -ç0'* p't'oe^^f P.

â !À Àr"f,^n A^rbo"*f 1

{3.3'u 6

(6) + (6*)

pvrtr .r.pe
l l

àd. [*=Àe r À+= (.rl.uLnJ): Jun+l, 0*^= ô.^ 1"^J Àt \ * {or(o,o'1-

, ,  Àr=(À.uz) ,  rh la f  r ,a ' \ *  TcA( t l r , r )  11o,^nd Àe À6 i  Lu*$ ' ,À ,4 ' )= { f

[ 1lr, e fi,g!, 0¤(N'à(sxs.rlÈ,ffD\, tle.tt , Àe03], r¤(JL+(Àxsxsr$fr])).

(6*.1) Vr,.r'e s. ( 0r(a,^') = [Q ê)+y(^u, a)l )
^

(ê*.4 ({Àe Jr, .  t reS. lEe À. T^(8,r ,ù)
^

(ô+.o ( tÀetr . ,  A,À'ésr > 'e l .

I , . (à ; r , r ' )  +

(Q.l,a) [ (lJks/e6A.bo(rfn") nndar'¤sraeÀ.[Lo(a', lu)+15'tt iI^(5ir,tu\))

(6*.r,u1 
u 

(a^'a À. Vr're 5. [âÀ, (rir") =+ f,5'<5'' ÏÀ(âi,r,a')l)

(ôr.3 ' c) ô^ (a,.a') ) )l

(a, l,x) = f a= À'1, I lor(o,#) = %n*(l, l ') .
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Lr"l'i0ti'eFi^r J" tmÀ-ot&tt (*' ot Jto 'r''*ttn{'na^ua J'otÀ"" fù,

JhàÀa,.rq) Jo ̂ o (ê5) *'*l- ,1e.0 atl,.'Xaha,r,o. beo *eQol',* E't^'l^Jr'-

f**orh qrDài l-.er,'t A¤h^!t^ J" lore fe'q,t 
-0'-tâ""h'"n.

Mth, c6.,r.,vvt¤ ^oh-' ta/, scf.lo,5[++]/ -04 r*l"t-}roJ" J" Bû,al-a@ +.tl

â1,t" "*yh;1t". cs.À,*e Qa J.lJr"f;rr.r *at-h.,*cl-i@ +ù
dr*'"^eo ryebf,i",,,"f "0'uf"t- J* *nrq"nnJ- J0.Â" ̂ l-d- Jr fluc$xa:rrwrre, c.lfe

jQ.elixr .À{^r**Qr" J" 0r rm.F},oJu J" ts,ruha0[ j"rt- ât-ne q"^r*r{ô;- ?rn

*"rid¤jrq "l- lq ,c"Qoh ̂n àu l-.e^ o^ hi,^1,,, ào^* 9^ 4'r*rn ct4.ea J'-r,nÀ"|",'^

1b,-l"JJ*^"b corruîe At{\ o^rogrnHe. à(ol,riu*Qa à1L e,^cirae c.srlv$î(, .^nn l"r**" d^^.td e",}w

À1t.0 .I^ *rk- 0.rn^0,0 Jâi^to"f ' tfne à;g;"^* ( 1,'i 'nr*l- 4e^o

fù" e-À^ ".r,rgT-e- fe^ schr^rar5t+il 3,rl" "t"Âà^L pe^tQrttte.t e" fÈætlt4/^^,rnea
l-aFqrro( J"Fo.ml,*i.l-*) e^l qæ h {.1-e0,'l'.i d(. L W 4s,N,Z<s,A,b,t>> 'n'eol'

,\nar'e qo. 4* .0* dl'cÀ ît 
onh aD nno',^p rrn [>r.Lcc?/ur.l)^'. Ne 'pQ'--t

"0e .ft<ncooln J.. Ju'âl.."h'r* ( 1o. 
sctræar.3t+ll ft\e ap.L$. f*) *l- fo'r4'atr't'r

ri â"cLi\\" à "0ta\âr"h'r^{t F*^ "{^,e .

Fw,A0r*.*h, )a 1'-p,"ih'.xr ç*,^*ç"0" 
Dn(a,l'\= tQ(^) =+ ty (rÊ')1 fu}

t-od",ur êhte .Ar*i. <d.n^,.$^e ,lr/n à^ 9* rna rnnF*^ott"r l Jot* -0" 1t*r," '

cea ,terûq^Î'oea to'\â^^Ào"T- 4r f^<.r l+e J'tj^J"l-i'lt\ À+d)q'F î

[ 1Â, <, p,¤À, ne(I-^rp), À, <) Ûe(À-(st*lÛ,#])), Ie(À'+(axs'3'{t,frD).

ç{g {rt,<,p) ,r û^=(loe À'l*) n ,gf (t,<) 'r IV'r,r'<s' ûn (a,a')=[Q(r)+V(ol[l

(Vle (.1-"p"), À,À'¤s, àt À.

I lae t. r^(ô r,,o)l
^

I t ̂  {ll r, r') ==+

(f X'e .r t . I l t , t  , r  ( l t r / .pl+ [ f  l r fe s.0^,(r l r") l )  ,r

t l ' reS. (ûu(af r ')â[ iâ'e À. (5'<J'n r^(â', ,r, l ' )) l) ])

V
0^ (t, r')))1

(6)



Xi^^"k.q[+

Àe"Ju* a

"')

cflor*w ,u,= À+ , À, = (Àn u le!) = (Jt**'r), t|-3 = 1l'1,

((À!p\v(Àre l* n I<À\\1, 1s=1q21., 0r^(r,r ') '  L(À=p

.= [ (Àe À* ,r r1^(5rr, A'))v ( À:P)l '

(af rùl
çtriÀ'h'o à*

f  a=À+,  À ' { ,  À  =

rr laeft . bo(or o$v(le Jr* r. 0*^(t,t'[

.{e ..tâ, l',.tt) â. "J;$'..h^

^l- f*h0 fa* 4s,A,E( s,A, b, b>).

..-tt" ..rnJuh'ao .nt*h -p-. ^ui',d,*,

bor.,a l<, 1n-n"tpt 
ârÀâr"hlrn (ès),

tl5el' r1(5,r,r)1 Àtht"t 1'," -0" -0*," ôÀ

Exr-çF"1 f".-, .0* 1n.oç*^'t-i^ f*r'\+40. Dn,
tlo+.u q^)cr\^À !*o,r,' p*.P.t^*^h J" $ î" &À âd,h âh. 4tk0 f* !-

éF".b f"-h,J.- f* 9, y"X. ^I .t' "*h{*J, A{^r,i/ lt *^"\ih'^ L
"ù$uh^ tlxel,r^(tr,r,r)1 À. (@a) ç,oF âl'n uff*i[u\. Jo^- :
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,t 3[eO;gl, De(1'+6ss*[\s]))., rêJ1/ ÀeÔjd, re(l-+(6rsx5,*lt/fr])).

(Vl,,r 'e s. (or(,r,r ') -- t{(a) +g'(a,a'\1))

(V,te s. làe À . I,, (5, r,,r)
(VÀ eÂ,  À , l r¤s ,  5 tA .

i, r^(u', ArÀ') +

(11"e5, aeP'.Lo(l,a') a, Vr"es,ae A.f bo(a',À',) :à l8' i5lrr(ala,l ') l)
(rl '<f .II5e À. r{(5,,rf .a') ,r Va'es.[o^,(af r,)+ 15'ts'.TÀ(E]A,d,)l l)

0^ (a, a')))1

(ôs)

rhJaÀme t B,B ry8

Dri*t.nofvq.hoo

No,crr  ̂̂ nh.,r* J'"b,nJ îuE ÀL o<e,<t J o<¤{<{ ,0^o ((xx4)+e,)<

(({ xS.\*e; d .f aa;.0er* r,t pt ((5,<t.,\ v (X"=àn a É,<e) .

S; 5,<t, "0o* ({x5,)+e,)< ((xx5")tô) = ( '(x([+r)) s( Éx3,.) < (frx5a)+en), 5i

(4-  4)n(e"<er \  oQ^a ( tx5, \= ( !x5, )  o l -  Jon"  ( ( txà, )*É" \  <( (nrà, )*e) ,

5i "tiwer.,romoi .(4<4)v(ô"--à 1 e,<e.,\) o0* 1oil 5o=3.1 "T Éo--¤.r )"

, oo rh  T .  *= ( ( {+5 . )+É" )= ( t xE ' . )+É4) !p  " f  q {P l  a , tb ie rv r  ( t r ">F . ) v (5 "=5"^Ê">e )

d" è.,\h" T" â'ofd )e 4rctnie-re 1a*l:o à. Qe 4auure (a,o<<. o ,l ,t àt-o..l"r^nâ)

mor.r^ a/ùô ̂  F<( doqc q d È.

p1o'nfnyqa nnai^ F.^na*h f 
f.t*r[ Jnt â ,,,tn" ,*0oh'"n btar^'{^rJie <

i! Q^ilfe -u)^e 
{."r'ol-iaq 1(N,<) ,*anot-"nne ..l- ;.""t-w" à" N Jor- .!o .Q^.

(d@ ,. ) à- -Jà^^'o( .

Soil- F(vr,<\¤ (1$(nl,*)*lx'xçt^ll) l"{ù' y^ e(w,<)(<\ = læe vJ : t$(w,<)(*\=q},
Noi-ea, +tÀQ. ïu,ot'e t^!(w,<).[x*.r'=+ e(ul,<)lx) rÈ(ul,<)('r') = 4] .f $reul,l*e t$(w,<\.[æeE('rJ,<Xx)1.
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N/"td "Q'.arr.'ôn e À .&ot, J .'tro ,,,n ^)r* to\-qL <($,<)(ù /n.,tv
e (v,1, <x*).

séN,,'^lnc^'.l ç(N,<\(.,q\ = *$ Le(nr,<X',r), <(nt,<)(o-)lITJ atr !{, .rt- "S(ofX")

ef e(ul,{X'-) = (q(rt,<\(ærz)r..r) àc a l-r aLte $èerr'l. fo< e(N,<Xa)l, Nelfthi',r on^

X(\il,<) = *fll.Cut,<Xa) r e.e N] À" a l-" 1er" $æeul.[e(w,<)(-)< I(N,<)] "t-
1(v{, -<)(æ) =((l (w,<) x +&.(rrt,<X,c))+ e(ul,<Xa,)) .

5i *<{ o?^n x$t'rl,*;1o.;<',^$(w,<)tg\ â Jon" J'of',À' -Qn Q" -," r(,rJ,<)(à
< r(Nr<X{\. Si, rrc = t(vl,<X*)= t(rl,<)(,$ = rX oQ* æ { r.$ t rX{ r"c À n*h

Tre d'.çO ,0o "0*e ^.4(ur,<)(r.,)= rcA.(w,-<X*) t e(ul,<)(.c\= e(ul,-<)tX) J;..*

((Nf<Xa,*)= e(ul,<Xæ,q\, CeÂ -^pQ^.y. "Y, ^\otr, rnra,.,.,,tra nni * <(N,<)@) I
^\r I a<(ul1\('r,r-) a' .} 1etù.rye 'c,qe E(ut,<X''r) f -t l-"t'ql"*; ,J*t^l

fa* a(ut ,<t'r'lr.) dIærA *l.0^.* T* *-- rf,.

Lq fxrrr e (6r)-t 16.1 .ol- r*aÀ\-e,oa^.l- .rrrntrm"À'aL ar,' moua .RotouÀana

Àu-- sN'Jlr(.1,r"p",, <a)(æ) r ze (rr-r 'p)], ,  rr=r(lr 'pr<aXng), ô.^(r,rù= t1q.e (trs^p),

(À=1( . tur^rF i<r) (a, )  r .  &eo( ,a,1 ' )1 ,  A l= ?gpj ( r (ar r<aX*)  : :céÀr l  e- l -  rs^(5rÂ,1 ' )  =

[ lee ( l r . r , . ,p) ,  ÀeÀr,  (A=r( l r 'p ,  <) (c)  n  â. r (6r ,<sXâ)  r  t *o(d. ra,aù)) .

E

;r*^5,'[af,'.nn )eu -f** &^(a,a'\ J*- l" +*n"tf. J',rri.t "l',.rn (ée)

etY t"à.nJ"^tl-" 
f4,rccIue /\ùuÀ fê.tr,ùdï\À -^th'0t.oor, qt l* 18o.. rlrue enltar,rt.e-
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[ 11,,¤ |JJ , 7r¤,À,, 4.0*â, le (À* (cxsxs* l*,#])).

(Vr,.r'e 5. [ ïn (0,a, oi) =( .}(o) -+1, (a,r))1)

( û e s . l S c l . I o ( à r , t , À )

( tÀ e ,t, À, Àf¤ s, 5â (4" o) .

t r^fajÂ,.r ' )  +
(3À'ks, c e A . to(al, l"),r Vr'k s, a e È. Ibo1rt À' ) =+ 18"<6'. Io (5i lrlù)

v
(lf'< f . [l l e À . rX (F, À1 d ),r VÀ"¤s. f t y (o, af,,r") =+ ]5'kâ'. t^ (5ir, l")11)Jl

r)

T\âô$e s,3,3.,rg

O.inno*Tna,h*ro
^*#

choiara, À^o=Jigr Tao=[sr À.0=Àg, r .o^(5,À,a\. [ (5--o r ,  Ee^(rr l t ))v(à>o rrT. (5,r ,4)] .

Cnnnme. .0" *"^1*" c"lf. p^t..oru'rr J" har^"{^ ah'"o^, )o +tetoz Tt^
(ê,0), nn ë1",I Ë nok-{*"o-l- I;(Ij^r,^r') "*â^.i} lrk&^*} e-*ù,n dFJ a" h"{.

T. D^(n,r'ù p,t ,srà t*.1 w6 ,1.'r\e * ÀÀ;on Atr\. J* ç.ru|^,L J. J-t;

â'-rJorLian , t-çJ.gl-s -po.* E' o,l- .^rrne, ;â^rÀ; x," !* dt"*â F*J,,if. fs,c A.

Po,rr 4.xr,*oi,r. Jl-ahUr rure csrr'p^*Àon q)q -Qe ^*JtL-J." J" r0o,6dt6+l/ 0*

â*r* ca,. f*^,e*h âh* Aià-;th' à !^^e ÂJ"r"l-i"n r4!r U .eQt^')^, ^'h'0-*tF u'

fe<r,, r$¤Àu^.¤À t omav,nt-ru- àu +*' à {"-. ^tt- À'"h A" :
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Thécnùme d3'3^"lo

>À o*\-"ofirn

Sd"f I  (<À,â>) = [  ( l .o i  À\+5] . / là*r,^çhùttno à'  , - . tàr.  - , t"  JLaox Aao

kh"-d,l,.tl"J tc^ .Qtnàu* ,Q.J'"i.o4,r.a?l"19. 1^u.Q" 1à',â')<(À,8) Ai .l- ,otQurrt*t'i

,>^" ((À/<À)v(À'=À r* à2u)) "Ï lln=(À.oiJtro) tr*, J^^ef ta^ <. s"f ({,â> l\m:une

â" !  à" ,o* l -"  f  !Àe\0,  àeÀ.o.(r=À(l(<À,8>))  r r  5=f( l (<À/5>)))  " t  VteI , . .

[= 1(<g1x't, I([)>) | ch"Li, Tr. (t,1, À'\= r^o*(d1(I(r), a,a'5 â c(x\ -- !(<s({)/ ô>).

n

En ^"l.i{r-;*"f h Xr,^uaè-*H.t e[slaa.il-" (ô.n) ). -0o m/fh"J. )"

b.r.r,rFaQ[ / rv\Duâ tèu/]oh^D -L, é4trûfar¤,r i1* l-ob{omu rF q.û¤c .Qa X"ul^a0,.àoh'^r
r.r,t'iQ"; (4) J" .Q^ noJl-h"J" À" rt"Xâ. Pot^ (d6\, -9o ûif" (tr) .F
,+p-À"â ( J" ,l.-l-e T" mo{,a {2ùrr^rûr\À t-o,1ou,u "â"irù s(x)=o). Pq^,."or.h-J

& Jig?*'** o,,r.^a0." ̂V* !^ *él'},"J- J. r%,trd "X L B.'u^lu{0- , mtul
\i l'r*h;.[of;^ Jf aror,,]i^o Ànro..'q^,ï-* t, Q^'* J(*" \-irn- Àl-er.-,rvr'ff"'.^^].,

i)

Ll r" Bà , re (Frsxs --lt,ffl), s e (t'*f).

(P) ({re,s, lSef. It({,4,.u) n {des. (r(s(d),,p,rs')=+ [Q(ol+f(a,l)11)
^

( t { t 'e I ,  A,a '¤s.

t  I ( t i  A,  ! )  +

(Hs) Gr'es,ae ft.to(af r,) r Vr{e3,eeA.tqC^il'l+1û"<d'.(s(x}=c(r') n r(d'ir,a')l)
v

(tr) (lr<ti[rtr,r;r) r. tarres.[r(s(r),rfr')+1t'<t1(s(*')=e(r') r. T({jr,e"}1)
v

(c) I (E ((')/A,, d)l)l
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ôr -0tti0.;oh^ à'^r.,nz ;ÀJ-"[,^ * -0. "-Qr"tr^
A l l

À0oÀ tet c{onrvreza mnanâ bi*, /L"^l-"-Jtth'^ J"
*, -l.t t Jl.rrne enJr.cl'r'arr
lA ,d-rrl^u)i U.

Lf eJlwe0^* J".o fù.f* d';â""h.to (éo),,,,, (ôr{) ^A'"^^}- J" ,

TIJ-À" t3.1\''l'l (Carnechion)

"ol- {ah"Ot fôq/" <s, A/ E<s, A, b,0>)

sÀ^ Fna\-,.rt

Fqrar.F {Co't. r((/0,!), ^\o{r^ J"-L^l'o".*o f* ÀA!'h"/y\ ëv.- (f,<) T-
Vxe l ' ,  pes ,  çez<s ,A,L ,e ]> .1 ie l t \ . : (c ( * ) ,A ,à \ ,  ¤" { ' t - ' ^ '  ' f .  o , ' r  4o . r , ^ "  { /<x ,

Pc^ lh[t^r^J.2 ,roie-uh Àés., t¤Z<s,A,b,e]> f"!" T- t 'e[11, - 'r r(s(q,r,f;). Por^-

"00r-l*i,r' ,r.r À?. ""nnhoJo'.h,'.rr, , rYrôtl^ ."ltuhr,.ro.rr.o r,\ 2- 27.çyr r* .i19,^"^e <<ap ,(p>, Ê;,0>

f"Ql. To $Ê>,o. [r(xor /, f+Ê) r, s(to)=s(s) rr tp>rg*..l. choi-x,L to=f, "l Lo=o, si{e

ËT'.^* .^T..n*lt^ihc. ùî'o^, -p"i^r-l- & "0* r((e,^,fj*) n"H$^f (Hs),

(LI) ao (c), (c) ""t- Àp.a*bt. (.o- r(s(*6\, l, fiù ;d.'l""D";f I(s(x),5,fto),
bon* -0" cll'À, (Hs), l,sse 5, ae A. bo(f.*,n") Àç0.1^" 7," /**. = (;o+r\ e ijl. Donc

tU_u,*ro, fr^*r\ ÀçQ.,'1-" I t*.*,n.sa.(r(É**.) = s(t).= s(r\ n a(tÊ*r, A,fi**n)). bo'o

l"'* (Lr) , ; l-ùF. x2{Ê t¤I. 1^r" .(\ ' , l i t ,frp), bonc fo,r. \p"hhÀ Jl; lr.hn

3ie;1>i*1. r(s(x ') ,Qoto)",  ( f%\),  s i  mo{rà f^clv\a 
jÊ*4 = ( .o*{)  cQ"* rûo+r4 eu^dvrÂ

r(s(t ' ) ,  f ; t , f .Ê.*r \  J 'uù 1(u*, a(u.[ I((a*^,r,  f i r+) n r(da*)=s((u\= s(t)  1, e,e.b,

rl",-h.^a^,,.1r * 1e Zcs,À,b,0 ) qQ* l(e f . r(t, f,,f) à" a.r"l-e 1n"

f . u. s, s, b, + > + à' +u -0. -0. ̂*u ".'- Jer,sr.ra , 3re hT, r(u(<\, f,, f.), b'Td
(P) cec. ÀpQ,3"" f(+)*yQ",fj) J' 'ù k(+,,1").
I
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B:nf& s,3.3-'l ( Ptel,^re d!^^tt ft@t\4,r,vvne à. fa,rcotrnr d'tÀ"r-

"o ,.fi0.ia,.^-l- -1" fù4. Jlrnà"h.rn (ô+) )

S,eihc À .01*r.np0" {,2,3-.t J*^o .Q"1lu"Q, rnà"tu a/}ûnA Jr}n"nI'," .0o ..*niirtr

*d

loYaQe À fl{"o^nne rr,ui,ya^,"h r

s iqh i '  s t=O;  Co, , - -o i

Loopr  4  T 'c ,1m;0

!!! t-gâA! F.r^oL Tt ot\l'o sl';

T-r,,= 0{(tn\ i ft'b Lo"p

4 sF=() [11 t,l '" FÀu.h;
Pop T'r. {*rrr st';

T'c- ' -- rt(Tt\ j tlho LooP

* d ;

FÀÀh ,

.r,,,^l-i0,;*^Ï )e f*"f J'àÀ.b,'rl (4) "^^"ç,r,1J"*f a',u^e fltz{tt}e -f.at"

{" rnâhhoâ. à" rAortrJ,, màqÂ *^t** T" 0o frLa,,dc 1.r. à"r,rnc Bu'.ahqQ[.É+ll

J. cL 
f*tnb^^. Ae nanv'Àe. 4u td"+. l'<rnâr"l^iao (6+)' C.Fc f'{or/rc

p^I pe {t m,rP"^ ô )'oià<- à'^" .{oÀ-l'a àu fn "^'. ( yt mê.r,o

{^^"Q,,o**. âcr- ," f*î*"È" a'uioa,.^"l- ) .oon*" ,.r.rtt- l

Pæom lt-'cl= ((rt.rni0) -. o | (lt lf{fi.T+ l',,X(rtll))



[ T r = t r  Â  C o = c o  n  S t = s t J  a t  L o o p

t r -n i  1

;'Hartd-simulation.'

( l r e ( t r l l . l t r l l

I T r = n i ]  Â  f , s = s s + l i p s ( t r ) - 1  n  g 1 = = 1 J  a t  L o o p

Théorème0 :

Théorèræ 1 :

5 - ILZ

Nrz lfrrt)

t*.r..n"i^ro À FL'-"À. ; . P"ù rye -l- .Io}l- Jc pvlloc

, "Ro3,." anrea,h'on ;^|.^r"nitto'l-" of p.r*h à A)r\e

dr lrir,rF J. p^F/" J. -0* rû",.1-o J" -p **-", ù.r*rc

A.,û lo f*. '

Lq 
fhcrwc Jr fhJord*e it t'--0,,1

l*" "
I T t = F t  r r  C o : c o  n  S h = p h ]  o \ -  L

elrwvne,^Àce .fa.,r- -u,llle- ,Q,p"H."-e Jo 0o

,F 1"o oàJ" +a* #Jr,"h'* Àqcc¤À'q;¤à J'-o. f,'^n ;l-e^r*i$"*h- Àh^rmlÀhi^o.

fa* e,ra0ua l'i"n r,6*k"[dle, fa "gpQ.'..bian J'*"n l-hhdm" J",rl'' anh*' ony^^ro*}

ôr! +tu" a1p4^'.ahi.m
J'ùr ¤/".1 ôh¤,
A-h"^o à. e
.û. f *"1- A

[r'c= +{(b,)

l;'-
[o, ,n -1

'; 
"^),,1

I T r = t r  Â  C o = c o  n  S t = s t ]  a t  S t a r t
.t r, ttiland. - sLmuLaxl,on

[ T r = t r ^  C o = 0  n  S t = [ J ]  a t  L o o s
7
I Theoreme 0.t,

IT r=n i .1  n  Co=t ips  I t r ]  -1  n  S t=  (  )  I  a t  Loop
o-,Hand.- simuLation"

t C o = t i p s ( t r l l  a t  F i n i s h

l Co: $1( t-"c, co) ^ sl-= {, (to, rl-) J ol' LÀ
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ef Jo:"i

"ùg
Jl-t" ..rtnp\r;a arfivvy\?- ,rr./v\e q$*.rtaHutt J.

a.rme h,rme. [r,c = lt À Co= co r, Sti aF] of t-

fhe,n >crn.bjm" [r^. = {o (tr) a Co = f,, 
(tc,co)

'L,- .L*f. l.
toQoh'"n^"Ql" a.t /,/\e{lô

Àl6rn'l';",c
PLi ( à |, <{,,h2, o, Àl>, 1 {',Yd,.ot, rt'>) --

[(4= L) - ( 
J. t 5'=d n 0r=Lâ ,., f"'"$(ft)

PA^, lxJc.i.,*n "r"l t rnê{.r.â a,^}rr\M ,.

Plo (3', 1 !., fz, u, rI r, lL', lv',d,lt,)) =

^ sl'" 14 (f", el-)1 eh Là

tr cor= 3a 
(to, .o\ ,' eh',16 (le, aF\l)l

f.rr'= t't x cd= co r. il''= rhl

r/ '$f..) ^ cot co x olt=(ft, .at) l

l-d " 'e6(h") ,r co'= (co1 Tt ({f f"tt r. . af l eh l

ht'= nri0 n "ot= (co+ hirs(ho)-r) r, .,ott, rf ])]

K
llp

PL4(5',<!,,r.-,co, rf >, q2t, lv:,.o',  d- '>) =

[ (0=sl-a'.l-\ ==+

( f t'= I r. 4f= st'art r.
v

II'= a ,r gr-_ Ioop ^
v

lô' =.t ,r 0! Loap ̂

f5'. o À Lt= FÀr^h r,

le', Ft À co'= co I elt=lF I

hj= ft r, sot= o r* lh'--() I

ff= mi0 ^ "ot= ( l-r'ps(tô-.r) r,, .oF, ()l

c"r= hti '*(Ft \J))

Nal" 'Qe t,t-earr¤. â^, Ff.laÀmc-r , ,**o ,r\-i{,ù.n* "0. FUnc^ie o o.l- J*
.0" 

ç"*r^t" 4^^ hhJoÀe o f*r^ rrv\ o,rt*. Y, , Mer.{, ^.rtrp-.,* y,,;X *l-
^t'o. +...' àea o-tn"^ Fd he0" 1ue lhdl< lh?t , Àa.qc ,Qo tl,¤t-,l'c c^1, +aç
a"rr À.r.fion À{!\. Q"- [rn - -Jr.e ((ir] u(o\x*)) , < ) o^r"".. * et$ -fo.v

[ (r= Lrop) +

v

v

[5 '=  q

[à '=  3

[ t=.r
16'.0

01. lool

e'. bop

et.l',ap

of= Lorp

turr,uo "Qlu- *êrnru fJ Ëq-Àe^ tù.l � cu �  .tuv\<, 4^ "

1,rp"f ,,* ca^ aor".h^,r, àJ-er..^mi$*F- ,ùuâ {^,^,nR-

f 5'= r. ,, 0'= Lorp ̂  fd o nrip ,r <d= (co+rips (4f (tt)) -l) r aF! (Ft. ,.1-)l

^

^

A

^

^

^

^

^
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(0rh) { 4 têq^ l'"d} rné .o "F (0,^'){ (0,À) pi ,t ,-t\*nrt,l * ,'{t'<,n,

B,rofo[. L+rrl 1*^P. à' "rr,âr,À'avr nt àala" ù /vlr- ..r*r.'Jà 1oa vophcih*o,f

,^ ^Ju* ld(r-{ D* $reta.o^r fr,;.tce y'-J .rrnçho >rr* lo *{f.r,r<. **ft*Jv'noh1*c

Je * -0""F",*, 1*l.* Jrr{L ).n er.v\ar)\a c$û^.rnn,e /e. .f*cr.,^l*" *i*0*l-t",

t" tùop d'Àâ,r.Fi",nr (ô+\ X-.r^h;l 1u" -0'àL.lrian *l- {"it
*.h^urrF f"- 1u" .0" t{"|"à.e ûX me +o*Y é h* "'liQoe' Jar* .Qa.

t',err^)¤ )t tfet"r.air,u tA T* tt^) a .'t-. J-r*l-*. *to^"F DA (r'.e , tr/<I).

leua -0* c<.t +.^f', c',0,t'o* h.I" )* f*rrrr* t<p-qr,udxa èu ^^*ltuQ0e,nn"r^f
.J*^d,{" J. f'klnaÀr" J.a- 9o mnJl'L J. â" Bonafo¤Q- ry,r"re*.l- â[to

f,ù a^ "*n pL foa, a^\ t?rj* aà,/1ua.Y J" Lm - otJ"" ( j', .) , g .rvn

Àocnarlr\'L,,ne fd , r^ê{r, ,uotr,uaruo l-".rdoa.ra Â;*i' I.'}d,

Paa, e,re^rnpQ. , * 0.er^ â.r hm--dto ({,,<) aù N=([,1]"(f"]tt)) , ,,ot o

f",r^,*, *'h0de," (rt,<) ùù À=,^ri,t d -0'Àr",,""1hrit"me e as"À à"'{t;n ?a*
¤û\=..1 eF e(<o,rn>) = m,

L" -0""F. ̂̂  fu*F .maLl-<,'no,^r,.F "i^r$* 1,u1. Qa t\¤.u,Je à" B.r^"hæf+q1

..''rùF" *-*.,F*.-l- à app0'1.te^ P" fù4" d'âlr,.l-"nn (F+\ erûac .,

À = rrl i l

ùÀ (<[, Yr,-,rh>, <of l4,,o'1ck'>) =
( t C À= ur rr 0=sl'ar"f) + (0'= F, Mb h r. co'-- l-if.(F,r))l

^
[ (\t-tl=I<r'o r', .Q,=LooF) '+(t'= bot ,r il=,trî0 ,,, co'=(.o*b,is(i,.\-.r) r. rh'=of 111

lf __ co

A--  s

IA( à; 1Q',!w,.o, Pl-), ( gr, F;,cPrl2tr >).

(  L(À=,^r)  =+ PL{(Sl( t ,h,  u,r l>,  (0 ' , r î , ' , .o ' rRk'>)1
^

[ (lt.rl,l= À <.o) '* FLr(<5t, 12,lv,eo, rl>, qQt,lv',.o', at'>)l)

Pqr' nn,,*7Q'-, à ff-b; J.,

-lro1 (,, <0, t", "o, Àh>, 1Q', W,.of ,of'>)
= l(Q.=lo"p) '+ (0'. Looç r' Tt/ * 4{{t"t " cot=êo r. p}l=(Fe.rh)l
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/îouô r-lifl^^ î. lrdl= t{(t')l .lttl .l- ",n .ah'0ù*.} *0" Fh"'.e;,û. '
ulr*rl (q8",ll,ot, pf'), <L'/vd',*1 pl'o>)

= [(0'= Loop) =+ (,9r'= Loo ç r. tç"=mi0 r. eo"= (co!t'i;s(tu'\-a \ r put at')]

&\ôa'r^ J.jtiurno r

[ (0= lrop) + (0"= Loop rr tf'= 'ni0 I co"= (.ot l-r!t(((rul) -r I Dt-"= (ft'. oh)]

= Ilrol(4, 1r,f ' t, rc, rh >,<'Q't, lv'r,.o", lF"))

se ^ê^^1 , ; ,tra^hi Jr ,' l

t ln,"\ (z , <L,l+, æ , lh > , < 0', F'"'', to) et'>\
= f (0-roop) + (.0'= LooF r. fd= ̂ i0 n .or= (."+ hls(((h'"\\-r) r. pft (rt,.eh))l

d

bo(< lo"g, oi0, à, çvu.aF)>, ( Loog, 'oq(ht-), co!.1, aF>)

rylar.ra âiri.* ,

L (Q= Lo" ç) *, (0'! Loeg rr td'= 'cXCh.) À @"= (rn+t-çt ({trtg r,, rtn= ,oh\l

= r [ t " l  ( ! ,1L,Y' t - ,o,aF>, <41, ld,"olr  l t '>)

h æ:",.Q" d"'f*o^ * *l- quc îe "'pruetrnazvwrnc et\-âa/rrtl6 -t f"FaÇ J. Àô'h-

y'^r ,n'a pa, herrorvr J" .onh"o{rr e^1Q.ohe^^4-rtt !L[s*." dtrur,rr^ e-t I'*riJ'o'^ Jf
^ r f l l

1ft'â 1À.,1.oP".^-"\- J'i l",h Je. t0o.oXr. ( r^taf e,y) =+ lr*es, t*(.or,on\) ,
D
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5.3.4 COMPLETUDE SEMANTTQUE FORTE

l'o1,r,wrorl- À. o*çQJt"J" J*;or hi?r" Jr*É )a^,o Q. thë^;r"
f,, à, t ar &c *Y t-."; {*'t[ +** 1yu';9 .onoù 1". ".,n^*; .A**.^r.} à &r, f
(è*) f",.1- t-rutru,r* âl-*. -h;$J f** {^"r^"0* 

-0<a 4'tcl,uaa "ô 0e %tJ'
(c.s'rnrwrc n*tX.* f q,ruvre- ,r,t*lAÀn*. tlsl), Ny^"h âh*â^" -0o ,,nd.l'l.oJ* J.

BuutqQ[ J" 7r.r,l-e. 'J]" #*i* L rrnékhooL Je Fetd q s,g.:'q eF
(66\,,,,,(8,) , )t*X,r^."|- fioL.f""O J" **FQikJ. ÂJ;1. 1.o.... -0o
nnll-hrâ" J" Fa".ÀJ f*rt éh,* l*a,r^oùl- 4,-*r^ /" c'.td-Jo ). B,'ul-.0{.
( t*' "on,rnpQ., (y *f {.t-aP" fon^ (s/A,z<s,*,b,{>) +((F.,) arcc (Lr) ar+F"imi.
g.r e(x\=ô),, "{. r,r,,e,r,-r). C"1<^J*.^*, J" hA *.1"^*rf" â" ."tngP.L"Jz Az
p.^F +oÀ Jar- -ptfrh )" g,r,r'^FoCI.t+trl 

1,rrr oncaurcofte *- J"'...,p*v-

frt'.0", atoe^." d'Jl-",h, À" bP-ce1c .l l'cumàqr,oan t w d/..*;'^t'l'^

1* f.*l- \eAr ^e^^f rnaçyQ^'1*^ â kûl 0",*^" d * {* ào ,o 0"
"nd l-h, J" J" g*x"t-a0Q, ) .

".tnçftl-uJ"

f lterur¤AItl*^Fi1., *"nf'.or.h \û<.
'/à 8a Èur"\-aQ0 o .pet*o"-V

Nor.,,o dÂonf'rn,o *"i^^F*^*.rt ,û n*"QloL 4!t^ 4"+ à*
-0"o !*^ .tr'À .^ À-. do^, J.o

âh..e .f,o,r,o +0,- 0.t"*..rh,

trlu.ro J.^ro'* â'"b^J r^h.à-iru, r.t/{r a"rrn *i"" d 'àJr"h'an (Qu) aù

Q" "fta',,r e^t*e drq0"ah',rn q^b"(q* (Hs) + ;J.^À^ ,,r*lnn J*é Crr) ,ol- t^J

Em 1*..1-,'*,-Q..* -|.^ 0"r*r*, qr," r,nnl- l^l,'Uà d** (rr) J"ùte'vi

êYxz -.rlp^;. Pu.r^ ,.la , rrtèlrô ."^-'Jol*. /,tJ\^e ^r,?.\À{'crvl J. (ê5) anr*

^n&u, .i^l-.o4.r.-ono .ut/^^e ttQ"\-,an à" "8o* l^(,o,lt, À') J" ,'rt.l-" q.ue

i '*^u^|i"n i^l-r,.r.n i Tf"^rl-. 11 ( If a,a') 1"-tf âl-'"e t'"t*'|ef e,,t\ ,,h Q.^*T -Q.

!*. À'<À A" "F por0*rrJ p" Ir(rr,r),t') eok ,v,cr", (uob.^, 1,,r.c f"i,..
Jlf* â,,,e \ Je I' oe ";et surl ^of;Qo ï," t*.r^ -inp*e^ -0"o .0.r*r* ̂ ;àet'IiV ,
4u\ caâ )z 4àeu Jt.i^p^L^.. W nreeo ".0-^^ fô4^,,r Àd"pq{t'*\.
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Pa<la. "*,tpQ.''!.t^ , (î\s) hùe f""il-e! àa* )e "F.tr0. Jc (êe),
c6ï\.^f\Ne r^x} ca^è ,F"^l-iJi., do (ur) e,l- âonr" ,!q n+oel-r'av\ à. f"q^^rr."t'i,nn

leeÈ,Fo Àr^o *'Arj*'" c6yn{y\r, ,r,r^ !*" 4r^}iJ'* , ÀÀar- ùo , à.'ml .,xwfiL

a.xiatnz,

bc. 10.r", ccnvme /vlor,,t ,f fq,,l,nro moU ,pê{.r,r (ês\, ?. *^À'}t'.lyr À

rff,i.oli l^ 11)eÀ,r2,(5,a,r)1 À (F6) a,tt(6s) *ÀpQ"'1*e 1*" -0" 9",,-n,.

% -l- 4"F"Q, fât1^ (s,{r2(srA,f,Ê>) **, meu,r eq e.À}rma b.^",,ir 3n"
t** ,- Jl,^h ,."-HJ'e.s A f* L1"û E^ eoh rrh'Q,À{ , c'*l-â-Jr^4
,r"1,rra l I / (À, A'e9.\ tr ,  ( l ' ,a,À),

F^aQ**r,h, f.^r" lot t-o,ro 0* .0"^,,,nn* {,o.-b"*F À ^ô*e^ ç-por'"F"i
"1. l"ke'U/ Aù{.t, ,q/*).r,no f^ ^r."-*",.^f L*ovur àz JÀh,ùîf""^ a^^e

4'.oç.'..L,ro ç'ù TqP{- +"J{Jâ .

C<" x-erme,u1ue. rn,>{rA ..mânr--t} a}t fru"À+e J'ào\*tÀ'"r'' è"ir*.k

(aù I . 0*d , tr(.tr--+(sÙ-+ltr,tf]\\, V.r,r'ei.(ô"(r,r')= laeÈ.1o6,a,)), Ie((iwo)*(s^5'1*1t,ff)))):

[  1ne06,  rE  ( . t rpo)  + (Axsxs+th# ] ) .

(vÀ.6'o), ,  res. [ ( l \ 'e (^ 'o]  eks.  11(a' ,o,r))  =+ l5eÀ.T1(5r,r , r ) ) )
(V l .1 iun ,o) . ,  A ,A 'e  s ,  l k l .

I  r^(a iÀ,4 ' )  +
(  [ à l ' < I . 1 * ( a , l ' , À ) l
^

IVÀ'< tr .( I ,  (o,r ' ,  N) =+

( f f '= o =+ 1l"e 5 . ô^, (lr,l")) r'

" 
tYl"es.({,(o',uu) + 15kt,1À(81,0,1")))))1)

0^(a, a')l) l

6r)
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\lt- nmanltrvto àl

{^r,r'..0oLi^ â* ft ^.nt,

Ilte-æattt" f,3.trt1

a[^d îrc (êiù\ *l- -..^Àe, er ]"*-

d'-wdrr.h','n q.i^â*e.;*'f A *JILJ" À. B,wla\!',

( e ry^"e 0*,* J e" 1xÀ crP¤a J 'â â, " l, ,rn)

(é6) :à hJi,o,1.( VarlLs.(ô.(0,6r) = loe *.to(a,d)))J r. (ôrù))l

N,j.,^onnl',ah.m

CR,oiî^,v Àaa . (,1+'.1;1'c),, À"r= Àe r Vl,,l 'e s.(ônro(.r,rr)o leeA.bo(ard\), /r+ À, \/e tua

"h"  ô .0 . *^=  9eÂ ,  T . r ,n* r (5 )À,a ' )  =  [ r . ^ (5 ' re , l , )  r .  $3e4" . (q^ (E, l ,a , )  s ' ' . .5 ) ] r  1 ,o . . , ^ (a ,a r ro )=

[.14'e À",(r ." , , r^ (5r,  a, ,rr)  r '  r  û.^(a,a')  l  i larr¤5ree [ ,  Fo(af r" \  r .  $arresrae A. ( t 'o(.J,a,,) '+

[1à"<à: 16À(â' i l ,a.)1))1 , f  l r*n.r(o,À' , . {+À/)=[ratÀn. (r .*r+l(s i r ,a,)  r  rD.^( .a,a) rr

tl'r¤ s . ( D* (a', 1,,) 'È Llt"< à/. 16À(â', A, l')]))l .

tr

Thi.r.Àe f,),\.u1, (elrlele*r.. Jea 4*hetleo dlrt,dr^.h',m (auil-ô

[1 r r . r4 I ,  ne  G"o ) . ( va , l f es .  (  l r r ( r , l , r )=È ô,r(a,r,)= [{{O + q(a,l)1

0" (,r,ar) = 3q e A. bo(a,a') r. (ôrx) 1

(6s)

bé,nnnoftah'ao

Cilo'rtû,, trs=\o,

(À=o -  4 l  rn "^ (5 , r , r ' ) )
E

ûu^(,r,1,) = (À=o+ t | ânn^1a,4,)), tn=T.tt,, Ag -- Anrr, T.^ (8,'t,t ' \ --

^

À

*urrlc /nru^

J,eÀo (ôJ,
.'re Ài hrn t,**

.f" .-*".h.t J. (6.iû)
40- ,ruv\e f*î"la til-,'tn'1r'q^ ".tt0.

9lr c{ro\r{ne, |  '  ^  ô  t  . l
eal- rn rc,r,1 q 4atr-mnUfrc c4lovYvtc At'lrl ',
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C"nàh',cr' r,3,t,, t (bdÎu,"rh'^ J. Qo .rnu"Ii"n G"eeb,r"*rc^,.h i b))

ù e^(r):[1I 'eJr,rte5. 1^,(rf l ,À)J,dÀe ( . r r - .o) ,  f  ¤ I (s rArb, l  .  l ie l4 l .  01(1. . ,1 ; )

Thltnàma 5.3'\ ̂ '3 ( Canc.troo ('r.eQahrle^rvre^rl- a tt)

*rl. J* h\''da,,ùwre. 5',i,\,r,rf eh f,3,r{0o 6 q;uz A&tra d"Â^l-*^oNd

1ù- fa^à,
tr

ber.tt^ohnaFi.nn

Noun

Lq ',J.i1"o1r'.

+ l l :lnec'tc,r{yle tr,!, \ o 11

5.!,n61,5f,.qhi.n
#

CÉ\"iJÂ* h
(o=b r,,  et--c)],  À--3, q=

11(4, nt, À') = t(À=,1 À |=e. À

Lq ."rrÀ'h'ra1

4q^o /\ètrâ qrrniorro ol

ù^(c, c) /no{r d!.Àl'(rrlr^

*tme. cnml-'toù'"f,'^ .

I

mauÀ ÀFen ,^or*,0 1*-lePrre,.,tf
A" ihJolÀ" tr,3,\ruB o'eof faa

(ôr")

à "0o ..r.n g0.'L"J. àe (6.J .

4r.l-org

( cô\âi l-r.ry) Àa*ff i.^^fe- L "oru p0" f"J. \

*nF*"-"æo*p?. .. s=fe,,b,"!, r=l*,\, tg(r,.^,\= f(r,e, rr,s'--L)v

Y*, D,, (r,x) = f.r--q I ^r=c'J , ùo(è,,rù= [À=Q' À,rf=tl ,  L*o,

a 'e f<,b\  r r  Àto)v( ) r=&,r  ar=À=c,  r .  À le la ,L})1.

({e,\,.r) +ok ""L'$.d f'dr}iqpr^,J\e.^h, si (ô.{&) -l-e/'r "rtr"i

I* (4, a, t) Ja,rc 15. e À.I&(5" ,a,ù .T "pr," lo(a,a,,t\ "j

cÀr  1tù<5{ .  ro(5r ,  td ,c) ,  t44,â "ûr(a,c)  e}  \ I '<r . r1*(a,c , I ' )7

(r.r, q ,, r)
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r:aar,o -8a ̂ Jl-hod" à" Bt^rrol-q{.0-, )'rnl,'Aàah'^ àt -t^ .0ow*c % J"r 0o

f\rtal lc de -0a t\rtothdr' Df d. -l'.ff"Y )e ,â;ulrtit" r^/,a co^.fq^^ rvrq,vrrlru.

Jo Fn.a,^^a.'['ir*" ¤̂ J\ ,rr.Â/l ̂"*[ fq, % *u^.]i i 0( 7",rt] ilw l,I,'Ui A"*

.l-e f\¤!^)e J= gf ,*Surorl- Ài "&ç 'ri.à.'f' "n c{M^er^}c ,Q" +h0,'l-.'
J" Df . fr,rhrcrm*rh J;l', tf ârù dl-'." {*Fe0 1bo{.r^. ,f*" k"o"^t'h'",r"' 0e
rârr,Qla,,rF âro .0.*,n^r, u!"'r"Ur; âo.,* -Qa -p'.eure J. ôf . Ceci ,,rea.ç,.tnvre

e s. [ ( iÀf é ]r,rle s. \^,(r ',arI)) + (Vçez<s,tg.],e1^,e^>.3ie lt l . Onh",f;)l

en(l\ = [,r---,rl

tÀo*(I, /') -- [ I À'< À . (Il(", l', À'),r û^, (r] r")J

Lq qNrd^* k'ôû (1,r, q : a) *l- ,.,.^e ..mJ" hian nirzroti:rt J. .ortg0dt-,rd" ,

ThlrtÀe r,3,t+n,s ( Catr.-ech'an (telcTùer{e&l- à ù Cdy'ddhor ^"âro*" J" .rnrp{il-ud.)

(ônr) ( c r , q , t )

b.,*""o\-"qhon

Sutp^,r- (êro), 5i À=,1 aq rdÀf ,u',-r t^,(a',r,À) r0"" (r,g,\ r{,) * l- -*

f'*iqPrrn.^^F o.nn^ ^* Joln^fn.*" (s,:,rrrt) 1", Àâr"h"n f"aiuâ+À's A{r^ Àe (r.n,o).

EFa^.} Jô^^i Àe (.rv"o\ e-t peS, À.qff"ô,^^À 1o^ -0lo\srv.J.c. ir. 3A'eÀ, À'és,

f ¤z<srlflFr^rÉÀ) .(-L^, (lr,.l,À) ,r Vie[fl.rô,r(f.,f;)). Pe,r^ q^rol ,r.r^e ".ml'".aÀ'oh'otn,

r'o{rÀ rnnl-^,rn, q*^';/ -h o?^o ,""vr.'tlc à" -mt-.q"r,r- J.e^^e .Éy^." ùfài."

<<5&riÊ>, * ,>,o> f"0.0.  ry 
r lÈ>,0, IÀ(tê,À,fd e, l '^rai  . l  (50,  * ' .o> eol-  , r ,nne.

"{oj^" À+, tie ph*.'.hr*.rrh "U.,n^rÀ a,^rl-o J hJÀ^t*,

Nau. apona ly(,o,1,À\ àe ,o*f. g^," 1e^ 
(ê1r\ /ne,ua J"j**" r1(\,,r,1)

lo,f IÀ(5o,lrfi") s-rrv i"--o, si aratu arlc,\À *o*l*i,h !e n"'1ur^* ùJ" 9a'^ 4, ,

vÀe ( . rL"o) ,  I

ot



La "m â^ h'an (r,r.rn: a) (i,e.

0*- ,ul;{i; f*^ /'a 4xe^ure)
.0o**. not- {.1"0 ne0of*.,*.rrF arr

"Quque -0*. ^h +*1""0 '.r0af,r"ot"^* a!^ol
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oP* J' I* '  (Fas), rr(Ëa,r, f ; .)  r^f0t" ( t3À<À,\ l(r , t ip,L)1^fVÀ'<1.(\ l (o,ç;.rÀ,) +
([À'=o + Iarks.  { , ( f ,a,1rr) ]1,  [*a. 'es.(â,r , ( f ip,r ' ) '+ ] )15e. rÀ(6' , r , r , , ) )1)1) Wy* t tè. lua

â^rôr\D rtP*d .ùl(&,f;e) el 7o=t. ii À=o o1ot {r'ss, E1(14,o'') Ja,"

lr 're 6,81o(fi*,ru\, suno o(À<À Jc,lcrul-c 1ae .iro,r À6.go\-hù à'ind*"h'xt

Sat s. [(rI '1A",1tr,(o'i r i \\) .+ (d.pre :<s,A/ r1o,, Éo,>,tiel-p'l.uô(tr, t lrtt. Ern 1a^];-,^0rU

fûtr^. l'= f*&, \À (0, îiÊ , l\ .ol ,vtai oY E< s, ff, . 
\ç;g 

"frp) ,'uY +a, ^'J" , J rê.i

lailc Ê. 0^ ( j;U , a") J,r,n" 3À"e s, c;o(.f;a, ,r'ù , Pui1.e f;o o '.oh ,,,r'u, ..rrn d hoF J"

ù..a ff iru = iu+.r "1pJle,^} a hl .F màuâ aA dv\o rAo ( f;a , fie*.\ , 1t t'r,r*ri.t 1*
IX<r. (r1(4, f;o, N) n àX (t;er f;p*\\ J b,i

tr
150.n .50 . t^(àg*,r, a, fi**) .

ùlà7^r,c ,?q *^d.'h'*t 1s,r,f :l) (r',e, cl,aJrrc

A..à,oh -tz J" t-x.o,^ra,'h.rn ) ..

Theote,rv{\a î,7,\atÇ ( lq fal-ahl-i '."O",hù"e^no l- à r

*;np0,'1u" /o {cfoQ,.'g ""0eh.,oen"rl- ; i)

( q : , q : l )

5/r* 6.xsfq l', an

Supp,r,.rno (t,3,tr,, r)., nn",- Jr,in*,ï-*tno lqa,rr;l) 4o," ahâr"h'cn f"ar^,t+,r^ie

ur,v À e (-tr.'o). a,rfp,â?^\A fa* ,0 h!t*J" f" l1e ?<s,A,b,tÀ). Vie ltl, -r â1 (1.,ç;).

P"ur,' axo,,. u^^e ^Y*À'"Fian I iv\ù{l^ o00^no .r-r./v\e Jf',r,r^* <i/-',&>,o>
heQ0c 

1o" f;" 3 t'j-., pi,i -^!'n "*ht"-.*ernrgQ" frt^ t,?'Irrù o'-F â- J,ie

llt,ar.t^, (,0f f.",\) r Vâ>o.[Lr1n(f;*,f ip*,) a -r Dtr(rp;,,pp\1, Pocr*a lo=0, si ?q

ae-'1,ren^.o *rT- ql*"ft^it'" 
6rraql'ar .i-g r "{,* ..Q,0. f*'l- âh.c 1'.Qr# ce*

iip.*o >ig. "Àçr,(f;o,fja*^\ (el-rÔ1(ç;,,t"r) +* q,T"f-hù "l )""o),

St,lÊ , ".tp;" (f;p,fi) Je nuol'" 7* fa* J.}ùl' 'an d" .^fr, )!
tÀriÊ, Y [ '<À.f.\ l(rt",f ;o, X\ v r 0J (f;s, t .)],  Si TÀf(Â,.r*r(È,f;p, À')

A"l-rgtrrer,l

u'c^rÀa.Ll-

o0u."o

(s,a, q: 9)



Sa'es, . TÀ p" (fiB, A) J" e^f. 1o" fto3-, f;.3,,,3-*f.t e E(s, fi , tÀf,", "+rj,t Q

^F^,r À'rFi.rn a,rlec 6r"l,q I a), Srq^ 3À'<À. ll(f", f"u , )r') â" p^1. 1u" 4pstr^ c..

À'<À ^nèuÀ d.jtirr'"^" td >, ep ,.9y(fip, fi\ Ja,,c +*Êirflo*..,, eî.<s,Èrt7Éy) , en
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arleç "r'qp" f-hs.è J â d^r "hU,n (s,e, ç r r) ,

(côndrl-iôo ^".rr'ro;" "f Èr.ff;a^h l" qrnpP"'l''.rL s*-rF;1u. f^)-..)

.r,th*âà..\'^

n

Nouo f u.t '"ln" rma^-l-o o^rï l.nnne^ J)J,\L *mJr'l',cn ^J"-n* J t"ff;*rl.

à" **p{lfuJ" xnrn*,h,'q^r, tr.* 
(&as\ r

ftxi"ràme 5,3.\ ̂ ,,+

uÀonotna,b;^
pqa"

E farth J,""rno!

ïrn =* À r

(6. ")

À. i  lè  J .  t .a ,L, \ ,6, nÀètr, J-)ô^n âJ*anhr,l" o."0"tn.r'h 1^r. (r.r,q:l)o(ê,,a),

À e  ( À u o ) ,  A¤s /

, lqb* (srle\, r^o,
ûe{^ J.j4^ir**" ,
w t b, ùA>(a) , lÀ'e l, I'et ;1^, (,rl a, À\]

uJ^o = u{e^:eg<s, [g ] ,  E lor  t , t ,  oÀ>(À\  r  3àteJLr , r 'es.  1*( ,0) r , I \ ]

k , , ^  =  b À o u  * À o

N""^ â.j ,^nntiano J'ab-J 1re 
(t?,\: !) + (r{A¤(^'o)rÀés. Hç(kÀo/u^À{Ist;{)\ .

a.; -h àâ.;f b3". sÀ'e À, Àr¤s..r^,(rla,À) 1u.r-1r" Aclo of r,'J-,

5ôoo, J.Fo^rt )", "; À<(.r',"e) "I .pes tÀ y." ll 'eJurr'es.\1,(af e,I) , D.fp*N

f"^ {lot*,+.â" 1,r" 11e(..r- tS^o). Vieql. rro,llg,t^(f;,f..*.\. Nar.r,a o,,.roo $r'e,^r,

(f; e IClo ) J" 7,^h, 1. . ù^ (r,1,; ) Jonc f;t 9ptro , PdT" f.. Ipto ) riâ{!J fou,lû\â
,.^??r*^ f.., (^À^ ùô.uâ fâtt,^,{tt{Â *{ori"\r," e- tor.8" à. çt 4e +qrb
to,.,.rtA â'^vw æ,.-I-arrie f ' .o.r 'c¤Z(srfS\,r^o,û> t-.0, 1u. to:,ô rtj<e.-Ea(",,rf ,r,

lg=1. J" a^h. 
1"e 

Vi(&. =,iJhfo(1,t;*r)). Notra a.&rrré ?Àtr, I 'es.1*(J,aA) .I

tet<s, l*\,"Ào,t t "h $i. 1ç1' (fr * u3lo) J,,r,c .àl(f.,fr), e,,r ..mF*eÀ'..1-,'rn e)zc

( r , : , t ,  r t \ ,  q .E ,b ,

(r,r, q r e)
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A  =  * f : t 'SC&ro ,
rI (5i r, ar) = [ I'e A" ̂^

S,rpp-orr} (rr,q;a), à b.çn; g. le,** "^'-àe:lv.r.w � t.{\ê{r f** #tùi^ '

e^o{ Ug^o]^ )': 16 (.1"o) ̂  Àé5]

,t >''=t$ (kU, rÀÀ4 rg^o-11(r,)1

Si À6 (.t,oo),le s "l- :i'e (Â.o\r afes.1y, (rf ,t,À) a0nu le bÀa J" ro,h 1't. r^(5,1,1)

eol ny,o,. areo 5. '.È, (k^o, "fJ TfnU t Xo) .

Sulpoono Àe(.tu"o\ , À,LteS, t/el ¤.l XÀ(ËlA,À'). Natln erron'rr I'e &^o ' s;

,rté 9oÀo o0r* D^(r,r ' \  . . th oar. 1À4,, pte Tslo à' *, J'a1'ô (r-, j , \ ;ù) ,  ' !  -"at

Àrrés d 1* r,1o (a'7r") Javrc ,lnn .¤,\,koÀ \/<A t-.1 1* 11(r,a,r,N) I Etrr (o',o"), â,

At=0 rnêua r &"^* qu" . l ,r f les,qe[.bo(rf l ' )  fo,! d" '{,r^^k'tr À er'  É"iat I , '*o

e f  ù i  $ , rn¤s ,  4  eA , ' r  t o (a i l a ) uQr^ (a') e z<s, A, t / ¤A, > ,\- Jruc J '-fd (r7,\ t t) al'

-4" F\d,r,e^e t 3.\D 6 ,,1otrâ .^Jr.r* t ça^}* J* (o,a'\;'r) 1* 06, (r', a') â'où

r ,f o (Àf,l ') . It '  a'e.",.^ h df'p r- lre t4 ro lu" 3 t,èr 'pe Z<s,1n\, ",ror É,o), i .hl '

( \1(a,r,$ n *i<i, 'rs1(A,f i) ,r fg=-c) J. n-h 1* ' | ." ht* -;W"

fo r,,,r fg , l1 al, ,., .at- r-r .,mh*- "'"-rayL f*r^ ( {r,q : t) , û.rnàt Po^ 
p bttnr^Je,, cnet^a

*CI,^.r* l.rt'e 5, aelr, la(ati a")'

\; (r, lr, tr') ,l- &0, (rr, a,'\ ^\ù&l

FÀq2-^t, /Fa^.|- ât*"d" tr21 t n"e s feJ, 5*
e^rd\^D EAol rA 1o (l'rl") Jan" l"e tgÀr e-Y J * ; t

ân= v$(kro r EAo4 rg^o aXl') < vi(kr^r cÀolrsÀo-a \4r') = E' t"0 3,r rr(t i Àr ̂ n) , 'oil- o'cr.

n
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5 . J . 5 COMPARAISON METHODOLOGIQUE
FLOYD (4) ET DE BURSTALL (ë+)

DES METHODES DE
GENERALISEES

Cawne mor.^â i'*^* âFrf Jo.rro )* <,o,aa6rp* r,ù.3-{ "f ,s,r',a-t ) r.Dv\e-

J"'Î{-;* c.natre-r.r,,o *fi" lo rrndt-hod" à. B,ruFa0l.[+r'.] (-Jr n- ^{rô4^.-|" <4rr\^!rw\e.

O,lic&t- [zrnpc'titar,: p{r }4a,$.,onq- P^...,..8, [r1,1 ?rr. fl"j,r.f-] f^ t]r¤lqrca a1 cmor{<.r

â" {^'me" ,J.',1-à J" "Ror'l'* â" 1n."r-*)"F0" loù*J'" d'ô{r"l-,'rnn (ér) *t- 1ne B,rul-off,

uÀÀia[<, /xrr. -Do 1'.0Àor"f"H'm {,"rie )"o f\er1^.r¤a ("" Ju ma^.^'dg JS"iraP-rl'"

d conat'à "* Jeo "Ro,r}eo J" fxtu^rei ^q^râ t.Qe,o t \eto ,ou -Pr'eg J. le OtJ )a^
(0à) t-"^âÀ 

I* 
(ê+) ^'dt" f 

l*nrc xeOoh'^n hiavr-{"0J.â. E.a çr^b,'.rrLL,
(é+) te^f âh,l- 4"r""^rfi rr cwrorle//r J" "Ao*l* Je f'reeurer *nç l-",l,t- Jeo

.l&* e hq L1& .{!,,\e .r^l-orire .^^F;l-i (,."1*o!"."F.. f* t Jor'^ Q" e*^.rp"
â'r",ràrr"$iar' (é) à;t JJ.xoif"e,uh-,.tàhr*"rrF,

U.^Àpa\-ar.^cr. J. *JS<. 4¤lr{14^Irr.c. *T Jratf,n, .P'q.tler,"F,',m pt* 9. 4J l*
"0.*1u'g!J<, "rt- a\^)¤/v\"$.^.r"1- \hi^.U"â 1.""**,. 1c^ (F1)) , ,le *dl-ln"J- J.
BuuF"Ù[ .o..l-i.^rl- .Do *iH"J." J" f%qâ (t0- 1',i**r,*^f .0" g-,,,ç"
â âât.-l.ior (41: c{wvvns ^l.^À <âÀ 

1u^F,'.j^!/'.r 
. cecr fa^@ 1ûe. /h â(vJ fêurôa

"Ro'*o Ju= ,1, !o\ , ùo= r1', n=o Jar- ), fl^+ lâdr"t,'on (ê*) "1. pc'F" 1*"
(F+,1) *l' h\* rro^ + (F*,r.r) ,{\e a1a1y0'1*e 5-un"r" , *q*-0 .".o (êr) /'e
'te'Àrrl' "ræa.l-.^'..,} ; (dr\.

ll'^ro^t-"n. roh â" t"Àg'. J,'*.,hÀ"f ion (ê+\ ^{r^, (Sr) ^l 1t 
(ô*)

ÀF"-â.rrt- "0q. 4*-b,'.8,.'lrJ , i"^r-iAl-rl" da^o (4), A" +*nt"^r^ */,rr""ur"r. cecr

{r^.^"Q-. oQ"À^nnr-Y 4* urrr\a^?ù¤ J" b.u,.,rl-eQ[t+r,1 rue J- f]tl{^tsea
(gLùÀ.I^I<â pr^,e^^| êft " ,..l-e^r.eo tdu^ J?-à alear,r'"rvra il-elnh;* d" çnoX Frq,,{r^iyneô

d*r,,rri{", Beo'**f tQ.* ,rrorç*l'or^k "^l- ," 4*.-l- 1-r'*an -h0,t""..h (e+)., -u,,^r,

/fr@ture -p.-i él-"" Jânn1"^.L xrra.,n**rrJ -n f*tgu¤À J. .L,n^ ,*
àâ"çe^^J*^,b h-^ J* î" 4) ^.lshit" -u^ÀÊ flre4.uc titt 0" . Lr*X**",.^l-
heâ^L".*.0 J. tr.elola\tn 

Q crnc¤/Lin't on {r^ra*, A" f*rù".t. d'àâ*rrh''ao ($à

""\ i,l'c e^r) !" hq"[h.*,r.0 J-t.*p^.'h'* J" (dr) o.r ,F]r4u^reÀ J- ".narol'r'"m
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"^az'l',.m 4ol.h,.0tc, d. tu,r"u'Àoù,rvr, 6lratser.rce J'dl-oh J" b%*X"' Ccrwvne

te,m a-,r-1rre, ê'q'¤̂  [+î]

c"; ro'eol- 1'rr*e
*ù.j,"*.1- t""^âÀt.^

, hool eak î,-,1l|* Jot^o 0e *Jtà"J" J. B.'rnat-aCI,,%*J
1r*Fi^ àu 4'.ci"rthab,an à Q*3u"10' Nêll f*

f,r-1*" -0" J"t"*1ca,,r.l'r'an ¤r\n fr{cu^,ea .'nd.\"ernJ.ntea Je crnex,\wr

9"

,tt|,

+""$;JE" , àu t.^^\; o*^ l J'otrar,.,e àt ël"k' à" .l'?o.eq.c ( * à(atse.vr ce

d/Àhe-{.J.e,, æ. )auo -0. coÀ J., 4xot'.-olv^rvncÀ ç"^t00;-0.)
(4) to"l- i-"o| ,axrvrr a'*çpl^q.ru^ â cRn-1,la -0-*,*. DÀ,

n'"çp8'5n-^F a

Àe Ju J".^* (ê*) '



s- t26

5.4 EQUIVALENCE FORTE DES PRINCIPES D'INDUCTION
(q)  Er  (4)

Puù1ue, (.^,.po.o^F e=[ "F Q.rt),(4)* (ry *f {abe0. Pùu^ <s,A,z<s,A,b,a>) c*,(ô+),

,0* f*.^f- d'-,tâ""hian (4) .,l- (6+\ ponh dî*t40-rh. ceca' n.'qt"'{,'e T""
0^ ?l ,r^" tà!Àlre fer ,r.rme .^d[\oâ. or"Jrl-c ) ^)/^e frrcrule 1ol f lo.ut-'ce ̂.ifhod"

à;I <oùl-e-. C.porJarrt- âr.^rm tr"J- Je ,.r.re ç""h'y^ , ,t;U% (4\ t*
rr^^ fFb{r-l4^.\^rrttc 1r^i a ar,^e. +,<ag^t1. 

/'moh,rÀcQ"" 
f* 

(ê+) q J.lé ,ot^')L/

îd9"r9r; <rrûvn.r- ̂̂ /v\ â"'1; ("+, l4a.ar.nq-woQÀÀp[ta1 , I'..eaf+tl), Nùua

dÀ^t-* rmoj^ k^*.^r\- .r.r.M ,'rl*Ai*F drdqi"rrrroP.^^.e, 4A- {^} q*u' ..n",vtt*o ?*
ee J.?i 1""*t toulatr,.r âl-',c ".l}."â f ^* yr .trane +Reu,^re .fa., (&s) ç- l aFnc

"..;l-o or"1tl-À*F''1"cl"t<rr,h ¤̂ 4 f,r,^^a ft<c'l.rre fa,! 
(S.) J nrtct ateaac, ("t Jral^i

0* *l,"Al"h J., f*o1,*f\* cr.,r c.l- r,3,8 / .ro'*f *"r *.tf^,. (4) .f (F;)

?*?*1ura), l,q f"ar""+""",ttalirn *F* l"u â" rn t\¤rr,\r¤À <"k h^i xrn,Qoi. à

lr"Qr;*ofiro "t lc *".rr*r;;U Jo^^o l* zfro{.r,oaavwrea -l .0q l"olJa-ll;
&:u^/,i,.,e Je t!roq'-,{a^hrv\4â ih1ol,{". À..^arrt'r (q.rnrwv. 

f* -0* 1**1^.a nn-),

/\orrÀ rne 1".i [-^Ja* ,îoâ roh-e8.t.^l.r h, ?e *l]" t..'t-^-f*,vqJio 4.nJ*.
)" " molqas[ " à, P^e^lr%.

s .4.1 (4)=+ (ôJ

Cawu^c ry\o{.à ,f 
',a,,oon, 

{"i,f 
"8.*t*, att fo"oq*fke 5,3.5 ) (ôr) cr.F;arf

(d,) ctyww\¤, .r.r.,y\ c^a.à 
1*l';*r$^,- 

( on .Èoirù 4^"f À = 4 -- [o] , âr--Y, n=o) à" pe -l-e

1^rtrr^e f\tu$e fo4 
($6) eol- o.!rô{ ( ô Je" JJI-a-i0" rrnr.jrre-r-r- tù ) r.Àrv\4- f reulrc

1ba^ (ô+).

Cï¤̂ Jq-Jf, N\drr.ô a^)c*À [*où J, Lealcouf 1ue- f"gÆo.u]- 
fleiatÀe

f,\,4o a fou,r, 4"^- r^^Æ, ,,.rnr1o.r,oL.m .'1r't"tlc ..^,t* -Q* *Jk\oJra à" B,raal-a00

"tJ" f{"1d. CecÀ' fa.Lc&1xe/ 
qMN r{D-trâ ï'on,rut 

i.p.,*r*'.l. +df "Lrruo,
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anr

a.u
f*ut"*ft r,?,t ) "0* *JhhoâR, J. B,rn tqQL "",rnrç.^nJ /- 1'.e!dant*^,f
cz-A Àe rrl 1at'o t êq, Nugd Jor* (ê+) ,

r%.1J te+1 "Y BuÀaFqQ.[ L+r{] -},'0^*\- -p;d""h d.n
o.-0t,*"^r\' Àûi.ta & f*"'ne )',r"^. ÀA"^"hdn *ÀÀ4;" pr- l^

; dv\ f ".--"if 6$eâ J*o-J* J r*["-.,li- .0"o nrl-'q''h;*

*t À= .o Ja^to (6?). No.rra Aû,,ô^Ê TL O"^g*e A.

P.^^rf q^te.
I

*"l-|,qjrt''oFiew<,
,t

6.n6nhx .noh^.{o

Ir= cu ào"^n (4 )

*"n Al hea,.m Ln^" rme

. r{"t
arr.ott.1u.t

rQ",1â

s" 18^, -?. ç".dt .oxhc;* T*{ eoF br'c,n -J*^i 1* J'*J*
lrh*X'..a1k1oe J"-,f <
ùrr nùan E'=6 el x<{'. *¤-,o ,l* f.*rFi.* F(< t, s>) = ((tl6')+ t) eol -0'a^^1e

*Y À{-, (dr) ,,,'.oF 1baâ n*tt"^.h;1"^",.f "*t?.t @\rec
F: ro -h mat,n 4d * .Q^ u*;."h.u" 1^r. (&1) m '.oF 

f* ,r.r*J, 1 ut tne^*
"r"nçQrh aar&c À:co Gh Àe,^r) . C"yanJe^f/ ..^;"r'Jr., 

T* Iro:.d àat,a (frl

"h ..*ilJ;¤̂  T. Ju.o:C do*^o (ê*) F.rnt- d* Xhdnqlôah'^^ nxpe..l..,ir"*,o"1
Jeo md F\od* à. J t È,ra"l'q0.0 J" rmdrne me.l-ur.e à" p-t l-<, 1,trr.. r,i6*râ

Jù^no 1rr'r.r,,u.e
Qa ,^**j F\rd" à.

B,r-rrohcQ{. :

tclunucr J, t4r.ah";^s s,+,,1,,,4 oaF |'ttt,r,ne f*ur^re 4>arw

f"rt- As "l:lrrl;," ¤̂ l l.t^e +t<lcu^)'L ç* 9* rritlro L J-

l\Je'r&rô,\rc- 5', \,1 'u 'l

sôt 4s, A,t,ey, AL rnotra a^rd{\À JÂ"n1"é q^t. Ie0^9, Te((ltr sxs+ lÈ,{f !t ë,û
(Q.l) e-Y (Q z\ q ?"no "ri,",i^n,t 0e .\lrneu,rrc, ûrô{ri frtq/}ona ho,r^,c^rahl'{onl'

Ju.0$, û<(l'+6sxs+ lb,#ï)), neÀ, Àeur, Ie(.rr+(Axsrs*ft,,{f!l l  ̂ aL;+"Àa" *
(ô*..r) + (q.â) ù

SÂ "'nol-'.a-\riavr

S Jt-.^tk {^,t

a.âÀ"Q Ë .}- Ame

.^^aaam[\. ., )I aoraF" (Jt 
{,^; 

.{fa,x.e'ome â, .Lo*)

[rd"cbr'ae1 t à. â J*r,a s,
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* ,* *pl^* '*" *l',." ( f ' 4, -<; at (f * X., <) .

M A'e^^./ut^l- ff ).e(sxr\ + n) Jlf.^. for n=I*{ .\- l6<l,t>) =
F(<Y, {-'{a)>) *ï ,^rq à".n^phù*". A{u}lr'  ̂ iê4r^ -1*r,.rr* J"?il d,< (7-rs)

eh  te  (n ' * r )  , foa"  J ( r )= ,a  ek  L(À\=x  l . . l -  neu lu  " t  a " ,  0 (< , r , t> )=À,

c?,;tr"L r

À = n+i  (= nrfr i \ )

ù^ (r ,  r . )  = ( [À= n r .  ry(a,r , ) ]v[À<n r  ( r ( r (À\,  d(À),r)+ y(d(I \ , , r ' ) ) l )

A =  3

In(z , l ,a ' \  =  { f
Io(4,  a,  Â' \  = [  lYe I '  t ( t ,  n,a, \  r ,  , r '=al

r ; (0,  À,A,\  :  I f  (a, , r , )

Paqa, F"qo À<n ( o,r a\.. ,*a-r'¤À .1*^,o&-F" Àen) ,,

T1(rr  À,  r ' \  - -  [  r ( ' " ( , t \ ,  d(ù, , ,o)  '+ (a=a' [

Tl 0, ^r  ̂ ' \  = [ r(.c(À), d(à),a\ =+ (ra,X(r,,r)^ -rv (â(À\,r))3

I1 (0, À, À') = DÀ(1, a)

n



s.4.2 (b*) + (Fr)

Ltrr. ar*"d?r¤̂ ^@ â,

^âlLJ. â" S,r-l'qQ{.

à" FAtqJ, tq^- "wfr"" I Qo hr.h^^r'1*r-
1* .0"
*,.!f[oJ"

5 - t 2 9

t-tit4r"4. 5,h,g^r1 ^ui.^'a,-rf -l- cï,u'ttt*e f{¤r^}t,

f..r"F Àe t .Jor;.e ¤r^ JJr^a fQll^tz 
,l>a.,, b

n"F *noQrqr.^" e-' .0o

ft ar.^^{,n "tr Ah,m d',t^,,vt +}r-X,la/rnt/m& -r..r*"1 ¤/û -rrr\ ,frlrÆtÈtaxr^rr{s tF.,l4h?

dîr*el"J. F",'r .fauxr a,u"F ."1f" <rnpoNo- nn b-1.". 
'o' "Qo *x^'.*Fr,r.r.

c$rvvrl\r, r,r' ôô *^ AfpqçôF Fpuo 9ro $J.llÀra (.| r*!tr -prtcrr*ta) d'"rtt

â" ^oFf*À e,Fi1"* tq,! .tr^.e- ç'-ç,- ftta*r (.F ae .f,*,^*) t

ThJ*À. 5.\,x^,.1

Êi ^^àlr./r a^)crt\À Àoln^nt-*" ltt À¤0g1, De (.rr+(sxs-àl*,-tf ]) / reN/ l.0jd,

re (1+6Axsxs -+{t,{f })), {=¤ À*}.;1o f ' (ô*.r1, (6*.r) .F (61.r) fôtrl l /rr

l{rrhÀe J" F.qÀa1h'/î, <S,À,trÊ,> , a?^a ,..J.rôer } "e*c -Fn<rrarcz 6ôna +ôr^rdnÀ
l-n'u.^re^. t.o;g), T.($xsrt -'ft/{4}) À".b.i'+"n4.^f (4,r\ "F (q,ù ù {.Ë,

Xru!ùsbs,
(q) No,.ro J"F-t"". 5,me(tç*(sxs-+A)\ t-"00" ?r. ,'orrr" t-"a.t- )\el ^o{.r, orror,o

àge(a*(À\)-- laa,a,) ¤ st r 3à'el; r^(;f,a,r '\] "F t.m(À)(a,d)= 5 Ài "-T- n*^0"* *rJ- ;

[âe l  r .  T^ (5 , r ,a , )  1  , [ô 'eU. ( I l la f  r 'd )+ [a*à '1 \1 ,  J "  ^ - } .c  S . rn ($( r ,e r )  eoh,0"

1A- çel-i h I I-eI, 1,," f1( E1 r, r') ";f *oi .

(t) 5"ia.rl- HS e (J. -(s3 -- t*r141)) "Y

HS(A)(a, r ' , r , ' \ '  z  t r l1S*( I \ ( r , ,n) ,a ,À\  r ,
çs " ' es r  qeA .  ( ro (a l , n , ' )  *>

lI e (Jr*(sxs xÀx s -+ lt,ffg\ û 1*
1a eA . bo (,1, ao) ^

h5'o< t ,wr(I)(1,  ar)  .  I r(J ' l r ,d, ,)1))

n(A)(r,a', À1 r'Ù = [ rr ( a.n1À\(r,x!, r, r,) rr ÀtÀ ,r 01 (a]r') ^
Vr"r¤ s, (ôtr, (r',a"')'+ [à 5'< ],rn0\(o,u). r1 (5"j a, l")l)l

, ..t*l-

l,;",
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T^nl.rrvyreQ.tsvr,¤̂  J-r ils (ÀXÀ, Àr, Ail) xotrli-|1" q) z Jo^* .Do ç,rn ure Aa

0.r*^" E,t, rnê.Lta fou>orus rmrnïr,*,. fa'.- olrqP*rah,'no r,ymltoQ"'qua 1æ tui .l'-rlrulr"n

crrn^/wl¤rv\ez J"^- *l. JFa.t ,r "l- .S.r,*f 40,- Fa^J -0'dl-ci l' o0.* -0{c^.*r.l-,'^ Jll^,t

f* d" fbq\q^^m. f"F ".tnJ-^^ia" à .1". se. tmaarÀ¤,ù pi^ î{er,^r, Ll(À)(r,a', À', r,')

Xtd*$" q-ue darra 0o +tteJ.ure J, -0"rnn*. ÙA, ̂ ro{r,o ,fatraro,ra ,manl-rc.o,r fa^
i^d^r.h'on *u, 0o J-"J, 1u. ur lf"r.i.t h^ c.rn^^rl¤/v\cr. à.'^u IEI"T I .T. a.t*^F "*t*

t-qr,.J "lr.iL+t'p' q0û,À dtï* -0.0.^ r. 0A,, "-t. fo-l- ..^Jr-, ù l'.tt-af ̂ ".

G) N..,r.,ro dJ&;êt\^ .0q t"Oo-h'an > Ar,v Juxsxs t-e00c "*
< À . ,  l n , a l l  >

^{ e,}' acu0t n",,^h â+

t (À1=À^ Â Ao=an ̂  Hs(Àr)(Àn,atn,.a!))
\

(  A! ,  À4 À As: ,Àq , r  1À/<Àr.  L I (ÀX1, , , , r1 ,  Àf  l 'o) \
v

( À o < À . ) l

(d\ Ls '(. ?"F,'*r >

P* .PL!...,^À, o'J <,r<aa I'qil- .o,^ne "lo.i^" ;{;t t-e00. T.
, lLr .o ,  (<  r ;  ,aù,  A)> > <
(À;1â,rrr(À;)(a;,1!)>, ir.o Feàa, nl-'.rll-e,trr.,^^,t- oU'o*a^^|. fau,! -lb.râ^-

Q*!-X*pfu3* tr*^.R" Ar^, ù çorru" J lorJurn*n 
.Ltl^!. q^r,l'.oo[ta,r.

G) X{ Âreæri'k o- f "..h À (À) T* /\or^â +erLÈr^a d"4À,^
se (.L* (s ^s*' 01gl)) 1,ot À J,r"-\-,'ao hdÀ"f"de ). oot" qnt to.r^ Fo.rl- Àel,

IA/A'es /Y\ô,u^ "rt^ ',

s(À)(r,a') = èSt, lrrir r rEtr(a,r'\ r, (ClÀrr¤S. (Hs(ÂXÀ,À')À") ^ o{=s(ÀXr,r"\)l v

[1I'<À. ( (la'ts. Lr (I)(^/ d, tr 'rr"))
Â n = ( rSF, I s(ÀXr, Jù : I ark s. Lr (ÀXÀ,À', lj r,ù\+ 6 (À')(4 ^l)))lù

tmF,uhôoona"l-, a -|'n*J.. Fidy\ ccylws¤,rlr". àa.pa,urnr etFef ,À "F 4heiar\' ,.rrn dl-"l,al

*0^o " àd,,^o *^ tQ^- s(r)(^,À') t"r'* -{boirrrh^ q*e^ÀJr.e f",t^r0cme^^.1- *"n *}rù /l-a}a"

^rH.+"-t*h e -D*" 9^(r,rù, Uo pe,.li*,.Q,U' t)4(arr'\ ,Àp0g,.'c s(I)(r,d\=0.
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r ^
Naun cKooLrncmÂ :

( { )  T(x ' ,  A,  À')  = [3me(ooo),  Àe (n+.tu) ,  A6esr, , , )Am¤s) 4e (^-r-  oJd).

( (lo= l) rr (lo= rr) n (a^=.lr\
^

\ ie (n"o),  l r t  es.  LI(À;_n)(1 _^,  Ai ,  t ; ,  t ! \
^

IÀ._., (tr* (À^-^\(r^,,,, À.\., A^-., À.\
^

Vre ( ,rr"o).  .DÀ; ( ,r1,  a;r .)
^

{ie('r,^ro).(l;-^ = rf*g-ts(,1-^f (a1-.,,r"): t-t(À.-^)(,rr-.,,,0 ',À.,o")})
^ 

{= (É,+ .,, iâ^-r,+ s'(Àr-rXr^-ara^\))l

(X\ I" = 4gtl lt'. oJ*l , ir,a'e 5 , r({i,l, a')}

d r(cjl,,r') eal- ,Ro^r à. {*ut o' *îù* T* 
" r; 2t ,iu*in *a.À,v,'enêe

daro .P'iF t- a # at\"rr*t- 1Q^r" \-o^l L\ila.Y p' "0^^ i,t si+"ddi^E (a.:Yole,nurf " Jaue

* tt., r' f*" *tr\ dl-o.h r" ,l"li.{-d^^^f g(,r,1")1. Pd1^r. /yrcx.^^ crmrr'Joi.^o !.

,rtd.râik-m*""^. ^^-Uornl., À F.,.mrÀcgdn 4,".t* at'*. {"-t!\" . Nou"' .A* 41""*
"àatp e.u d- utf-0" /ïle Jr..F fqâ ât'\s t*i" I'V^A\- r* Itn^3..c ftiùu, J.^n "

\q,cou^; è àr" -JuÀ *,n F't"l^"+drrÀ T!o. Ba-ua cz .âA / N\êq.a f @

àrÀ^nh* U. t?"",\,r^qùo {tftl. 40.^"u.h oLl- aiâina h'.o,r^,e.r" r^^.e- ,X-r-"

ile^n 1^& 
(w,<) + ,u,.nr- {^.Àa J. t-a.rmàcraon {e(s*s-tt) t-dJ. 1u"-

lqeÈ.b* ( r r , ro \  -> ( { (o ,o ' )< f (o , r ' ) ) .  NenA ,Q*  fh*  
oàa,u '  " r , f0 - t ' - f * "  co1 '

u^. olr[^Jrte.h"rrr t* !* tt""g "h0r- mdounorac- /' {' eaF 0., ".aar{ t(9(",À'\)
à". f(a,l')*. bc .fQu, mùul .Rrri.j",^o (f,() f*- (U,<) "I -0ou:tao" +
Àp0d.jF". (o^ arnalF fl, d"?À,^ X .,'{w'm.è Jf"^,} ",0. +2'- 4¤,h'l- 'nJ"ù o0
tr "lpa'tr,v byL r({l, r, rr') e"l- nnoi ).

L? {n m,rQ- ({) "Frrl- ât-\" "-#^'?J *À4^r*.00o.*h aq cmo{e,vr ^
À'eXno.rr*" 7.^4n a^,f (ôà i.".rQ.rn" ̂ l l.zo ,1.^ù )'Lerr[ian cdr^/yq¤̂ /r g".,J

a^ A a^\- ôU "M"id"il ) i
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I
I

t
t
t

! t
t /

n - 2 b 5n - l  n
-rr ^1, ^ r l  ^ l )D ù - D

n - l  n - 2  I  0

ba,ua .0q t\4u^,E J" {atq0,'t-j J" .0. r*. D^, , i:o,,,,rm-ù, ,.1 a.li. .^fnl

T" "on*,l*çor^f la,^,o .l'ëlak t ' , rah| +ù*f -\t*an'uhian ;l-.^\ itf"erF"

r1. ( 5,.n(À;\ (q, Ài), À;,,r;), .l 'r,,-" .1'i^n .tl-orin Ào -0'il-"1- A.t'+.{ ,. 't ' +ù t

ï,1, (Ern(À;\(Aj, Àj*n), À1,4".na\. npçQ.1-*th ûÀa*^ e^,\ c4, f"it, *0e dl'."t -^h/

?,* -Qle,<.*^fi.rn .a\|.-,J^.e {ohol.^nn"^F ,.."' ""^foÀ JFaT t'r*^ t-e-0 1'"
&lio.u ( Àd*^ r o!.r\ pô,T -"' "Y n"**\f*r*'l- 'p'o-e^,\'i^ àl-eazmi+Tcwl-"

T1, (E,m(I;\(U,À'1,*r), Ai, of*.). A&ttÀ Lr(À;X^t1À,r.'+' À^'*^,o'!*^) eat 'oat' Fd,

À çonf^ àe Aa, J. "t^'nà exte^,hi"o Àl-t"'*i||eth/ ôYl a J.'J^'ùl 9u"
:lr(5,nn(À;)(,r;,.4j'),r;,r'!\ 1,,, '.  ̂;^*f* E1;(,0;,{) "} T-e,"'wrÂc 1o f }IuLùe'

N<, f0r* ,Pteol.t'f,'"r\ .".,À,^'F àt o5*, à { {rv\ "*r. 
/^,o s(,t;Xo;,o'l*r\ -Pd'

dan. " e.r^ at +0^ Ë; f*' 1r*J tn "onor'Je)a

F^aQ"*.-!, J.o*)o flt4,u/rc d,r, 4.^n^"

T* 
qr.r\rrv\*q""h Ja^rn ,00.'l-e,f Àn..-a, ,tteo/.-À'an

-t À ,ço,.-h; Jc r. , oH..ÀÀ.1 !'ël"I À'1,*^ *

Fr* .0* dF"À A"i*^ p*tn'bf"o.

û^"-. , J " éFt' r* "n l-"1

"thoa,,*dr.* Ltèl-"-f Àn,: Â'

" au f0ua r(À*.n)(,rr-al rr\ 4rco".

Aîô'é!ÀÀ*hiorr À 0o ,rlur',^;*tVo, x ltor*/ruliau cûô\,ffi\a^a¤. ?.tr\ bo=À eF

q$|\e;l- Ân,,,,1l,rr-a,46=Àf o|o* 
"^ 

* pq- I ' f*" " i l"  tr.qre,loo-ne l.-n,., ,1' i  h"tro qu"y(rr, l i ) .J
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(8) Po"^,^,"e J. {Q,r)

O "t* (B*.4),

tle s. f n (tnn (n)(r, À),r Ar r)

À o =  ' t i  
/ '  A o = Â n = À ,

(r)

i

rCaeS.1)eA.Tn(5,r,r) ).  p^l-" 
1û^. 

, ,TO (") ûotr, a^ldnâ

1..,'{' ,i"fùry ,{aes. u(s(rr\(.r,r), a,a) e.,{\ 'tr;^io*l- ût:-t,

Le ,çturoe à" (4,a\ * à"Lr*tya" aaq 0e^vvnl¤̂  À*;.e"t,

l \e  . tv ,  ur ,are 5.  ( r^(5rm(ÀXl , r ) ,ÀrÀr)+[ .11"¤5,  ae A.bo(r i rv)  v  0^(o,ô1)

Pa,u Qfq.[r.^d^ /uri 'p^ 11(à,n(À\(a,."),.a,ar\, . t ;( l1aÙ ol Tr'ra6ree S.-f,(r ' ,a'ù,

fq .d.r\'.o À'"ht*t e,ôh 7q" hê{rÂ 
,fèu,ùcrv\a 

..nnù',rrb,r. +* ^À6Lgl','r\,, &n^e "RâNo

,thnrc,heron"^r| Jl.^r.,^"o., h" A) [r,Ir,,,, J'^A.rrorr" , cdwwte À"iJ. i

FûÀïre, 11(5"0(A\(o,u\rar l)  * t- . - ' tar rrneÀ rni  (61.a,a) / | \ r  (8a.r .c) oe

,"\çQ.'g1,tr.*t-, (F1.a,1o; -lnç2r3"e )t,n;n!r rt )" Àn(À F4 1,.," 
tlares.(ô;.(a/,eu)

15"<5.m(àXr,",).  r1(rnr,o1r')).  o'a1d (F1.r,) J (o), r; ,n(r,m(4\(a1l),efr,\  -tnv.ei

qfl.lâ * F,r-t\" f - a tr,. P^n(rt, r,) .rr. *^h'*wre..i f,)',< &m (f)(a,l'\ , IA(5'lA,À') ,

..r,rhnoÀ'"b,'an o.tlce (o\,

:>

J

e/\6

fau,ùotô ,,0o t*[rxou +*' À;*n f"^y (6*,a,e) ..1 (6*.r.c) me rr.ppà'1uo,'l- p"",
(e+,.,1) ^,10..1* ,,8'"*;fr^* à';un Ài*..4j f'"-0 1r- Va0es. (â^r*.,(,r',1) -'

f 5" < 5,m (À;) (r',a,,) . rtr. (5', ,af ,r")\ donc -t'i*^(r', a,) , be dLn t^r*,(*Gr*,\(,:ld ), r', r')

à.iÀ" J" (0+.r,) "F (e), e.E,N,

([) {xef, l , .o'es.f( l1rï l ,  r ' )  ^ 1Y(o,où -> f, l"esrqeA.b.(a', .un\1

lr'o1.tc 5({f r,l ') e,o\- oroi, rïàtr^ e-*}o À tÀ,o-n(5*(Àr-.)(r^-.,.t^),ar-^,4.), k f?rt

.ûÀ*_. (o.-n,Ar) e't arur î"*^à rn>4 *.rb ".rr"tr T^à o:,1 ca* Î1(a,,o,t)-- Eu(r,a') =

EÀo (Ào, an). r1o.^ Fcrn ar't (l) JJ"^^ne. à. (ô q.Ë.ù.
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(0 )  VÀe 1 , . ,  5eÀ,  , t , r2s . I r ^ ( : . r r ,d )  +  1 i l res .D^(ar r " ) ]

Lr(À.-,r)(r*-.1, Àr, Ir, r"). ùq,r,^â ,0eo â*^o .a, (t) r.inp2.ju" t^^-^ (E*([,o-.,\(a"-. rÀ,,),o^-.rd\

"k d f"^hÀ Je T(tr, l, N ) â,l,c . 9À"-n (r.-., r,) el- (e\ rre{rÂ d"jrr,'"no

s(Àm_.rXo^-. |  ̂ ' )  > c( tr.-nXo"-r, d'\  ,  ,

(r,t.r) C* .tÀ._. ( l.-. , au)

Nauur arem4np J. Je^ rrr.rl-r," fc s-(À^-n\(1.,.,,a') > s(À._.n)(r"-., a,')

â.r.nc ("= (É"+... i{^-.,+ s(tr.-")(,r*-^, d')) < (2"+,,, i  {^-g+ s(À*-.)(a.-^,o')) --t ' .  si  m,x,r,

faÀr{\o ?rc 5(6'f l ,a' ,) cot eXe0 À y(tf l , l ' )  orec 6*, À" e* trh, 'LJo ô {,0' "L*

rnùrrâ odoup t"<6' I  tr(t ' l ,a, l").

Pq- "r.ÀÀ"F,'al t'.**4À'" ar.r,.. [, ^,fF^* ({\ oor f".* VI/<À. Nar.r.o

,mar,,hr"no T" (ft\ n"h nsro, f*- À, 1"^ {t<tou^J. s.rç p^* Jonc tr'bs.rD^(a,a,,),

tlæ.ra q,Ddï\D Ttr(t", l,al ) d)et, 5o--5 .-t- l!.1r, Sçpaolu o^,rà .,rof.uil- ,tn" "lraî,,."

50t, , .>5n o.,rLc 11(Spi ^,À[\"  P*À1"" .D;(, t ,À'r \  , ,  a l^a / ï \euâ er. l ,aA J'" f tù

(ô* r.a) o,r (ê*.r.[) + .0'{,f fr l-hù àLàùtA^, 1Sê*^ < ),s.rÀ(rn*^,A,ol*.), ,-"
.".'F'.eÀi.h'd\ c"Y 1.uz I 

à" c.$. rrnonuà / mou"ô fô.u/l,lr\a .,r*l-uoin -.rr,no .ûoh"

À{Ài. ot-',r'rhr.orF fi r";*^h Jf,rrJ..Àa^rq, q,E.b,

(t) {X'e It ,  À,À',1' lcs .([d({;À,d\ rr rry(a,À') r i lqeA.h(J,À")] + [1{n(6/.u(t],u,r ')1)

S,rpg.aa,,.,,l I I(r',.r,À,) r. r $(.o,,s\ r lqeÈ. bo(niaT)] mùuz] arùc,\^a An,--À',

rLnn-n ( lrn(Àr-r)(Àn,-,r,À")rA^-^,À.\ f  .0^^_. (rr-r, À"\. (e*.r.c) N\¤ f  ry7Q^'Va,^h t^,
derr 0( éd.rr p*r 0"* * ,t- prvr l- q.- ..$M'â"i.¤̂  ,,

(r.r) (&ç. a.a) ,r' .rap0.'1e à rÀ,-, (E* (À._,,Xr^-^, r^\,â,n-.1 À,,,) / 14 ,*îrn"
(F*.s,1) t+rr! )^t^ tr'< Àr-. he.0. 1"" ùtr, (o*..,4").

bq,^r" l. lxomi e^v coÀ mà{.u q,rJdl^, HS(Àr^-,,XÀ,\-a1À',a'r) "f àat* l. p"ntnà
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(t,t.t) Cat, t^*-. ( À._,, rÀ',)

Soik [ ). ç,ù* frh'l' *.rrnbng ̂oh,^tn0 ht 1ur .0.<,n t

0^u (aa,r'ù mil- u,ar J. p \-a ry n !-ro a04u môu, 4,rtc^Ââ - U^*_^ ( A,-., r") ,

:^nl-,rrhùe^me,.^i, ..mtiÀâr^, 'I". h'-r-,'!'.^tt \-o(rt,ar') )or- la 1rtau^r¤ lrtxr)o1ut- anl

,u}o.,," A* l*,, DÀ^-,. ,,,,, &lg ,^Li0t^.i ,,-r--t'*"..k,

Not-.lno qr" J'a.p.'À (.\, relqâ 6rld$a s-(li)(,si,n")=o

P  j =  [ , . . , r  m - 4 ,

tl.mtqmo *"r^^F. *f (- 11 . (tro(I;\(ri, rn), q, ro) o^\- rrrai

fàu/"  j=  q4(g-4r0) , . , , ,  \ -4 .  L  cat  ù- -^- ,  a  d l -J  d"à"  * l , ià ;1 ,  Ë i  H*p(o,n-r1(4<rn-a

qQ^o s( t l , , r ,  l ' \  À1t '1ue dr" '¤s,  11(Ài ) ( l6rA1*.14g*r , rn ' )  ârn"  ( [ \ ,  ù , r i * . (A;* r ,o ' ;  ehô

.nb^-îre,rh T 1, ( 5,m (Ài)(a6r ,ou), ,o1, d') .

(t.r.r,r) Cq.À Q,--o

bif"ir.À.dv, tr(d'ja,a") 4u dn"X.rn âc 'Ia {u.*ul. (f)

^  , { r ;ùo^r .h  n r : - t ,  Àe= f l1  Ao;À,  A4:Âr f  . }  tn=  s (À) ( , r r6 r r )=0 ,  T(x ' rÀ ,À" )  * l '  a " i

l*,  Îu'J xe^rt 'e^rl- à Ttr"(ô'r*(["\(r, ,1,\, ,ro,,r"\ . ùg f{uâ T(u', a,l') *À pe'guc T"
6l= to+,, ,+ Z"-r i  c(À*-nXl"- . ,^ ' ) .  bonc ç(À,n-.)(a^-r,  où> r(À.-.)10^-. ,o") , inçQ' '3"e t ' )o=d".

(t,,r,1,,x) CaÀ e)o danc cr\>4

eM "â"àÀ*^.,h m--r, \, ., r{.", ^, :lî ;::ïl :"îfri*i^Tl,
oL--n" .l ("o (u:+,,, iZn-"; e (Àg-.\(11-.,a"), [¤-.l.^ 1 ( t",a,a"\ *rl- or,rui (a* /nê-.râ

arc^ô à"Xà r.*atnel ?o. aÀr-^(E^n',(I ,-^)(,u&n,^g), oe_.,og\ eol ,noi -F .t^r-n(or-^,og)

àJ-*Q" â" .0* U{*t' t,X À 0 4- À¤.
b'oP"t- s (I^ -.^)(r.-r, où > 6 (\-. )(À.- n, À" ) = o, t\ t).,.tt ' l ; ; ' . t

(foi,,,+Ë*_"i s(r"-)(t.-^,r,'))>o. t'ler.u r!o,r,.r.lra 1.. ùl.(ot,lr) o.\-o,oi .F1.rc, l(tfa,a') -irp0r9ur-

lttf es. ur(Àn-,)(1-^,."",trg,r"e) Jor.. d'apÀ (b), ur(ln-.)(,ra -^,^g,Àa,au). Pa. J"$^^iL'r^n à* tt-^

r$o{r! âeâr ùo- Ëe-n t, c(lg-^)(aa-,rrÀ'ù, \t pl^^ri"l- 1ue {"= (U';,,,+1r"4 e (Ie..Xaf-,,4n)) (

(â,+,, , t  Ëe-o+ {e-.)  < ( i"+, ' ,+ {{- .  + ?r+,, , i f*- . i  s(À,\-^\(Am-.rÀ')) = ( ' ,



,0< {,,-ruL
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e{\

ôÀ'

(t.c) (6+.3. t) l1a3p8'1r" à =À.-, ( a.on (À*-.\(n^-.r, Àr,,\ , A,n- ^ , r^) fe'{.r- rr}t

Àr ( À,.,.,-, F.Q 1ue 
'r &^, (a * , À,, ) .

f mturli<^m.rrh, Ad{r,ô ,bl-er^,fr\o T(X'r.,,o,,r,,) e- 1J; J" T(tllrl',)

.ovrea,ua^^h ' da.r.ro ,t,,,rv\e ,piQe " Fo,- l* -0g,*** afp['.ebla ero Am ( aoul l-

El" Su" ù^,(,r^,n.) oq b.'err, &tr, (,r^,au\) ù Lv\ .^-r.'â.t'"-F /a f'.dA;h'av,t lc(o.,o").

Si morra ,F^^ À" .\a0 à À' ,, *Q* Jt"{t"i ('r,l) mô{,,, a,^rdy\a àr{Àr-.

ù *tou'¤s, It^^(o^1Ànr) :>' 3)"'<5,rn(À*-^)(a.-.r$. I lr-^(5"', An,-n,o.)1. U, a'o.ru.orÂ, lna
-t ùÀ*(A,n,Ao) cen pnttot't 1àu'< àmn(I^-i)(o^-,,, A^\. TÀ*_, (E"f l^-,, , À^\ er',t ..nol-,.aâ.'.f i .rn

a^eL 4u J.'1'^^ t-irtt (a) à, 5,m(À*-^X.o"-.,À"\. se fQrro (ê*.4) *.*-1*

Tq ( I,m (À*X4,,,, e"\, ,r^, a^) ,

ao?t*.n* *"'i .o*tht^ rl- ,^r e .âai^r \**A (.,,( À.([".. c.;ozc l',.o

l '"S" 1ue Vie(&.+a). [(Sou'es.[&tr^*r(r^,Â,,r) '+38'<5,.,r(À^.i-n\(r^-rcir Àm).TÀn*j-.(I"io^,*1, r*,)1 r

.Dl .*À(À.,À^) , r  TÀ.+i(5*(À^* i ) ( r . r ,ar) , r* ,a.)1,  *-  *T=(d=L + . r lo) .  5 i  (ô*.r . r ,1

, .1qp0,1ue q. '  rÀ.* .&.(5"n(\"*g)(r .1À,r , \ rA^,Àn\ u0* i l  ro;1.  À^*A+r(À"*s l -"0 3ro
Va ' r 'éS,  IE I  . *&* .  (1 r ,1 , , , )  ->  1 t ' '<  5"n(À. *6) ( l r ,p^ \ . IÀ"*x (à" ' ,  Âr ,A , ' , )1  d" , , r "  rà^**g1 .  (A ,n , la \

d 'o1''ù (o) e\- rtr^*A*r( 5q( À.*A.*.,)(e^,n^), a., À^) d'ofd (en.l; .

Èoù1oe "Qo "ft ol*" Ànn r,. r \m +{, r .,. d 'aÀÀ q'q *h BFu'rl-""tr.-,1-

du'".oùqrrb", .-Qj. àôt âh'u. {fu" à" ,ro,uf. 3"J 4"eùh. u k a)..'' /uêr.r,o

,not-ons K f*r^ .Q"5r.! (ô+,3, t) ^\e atalp[3ue fcâ â rl^**(F,ro(l***(o,n,r,,,\,o^,o.).

(¤*.a. c) r{\e nlogg{^'3r.. ,?at, m,rn çQr" cr.-^, D^"** (r., 16\ m'*h 4,aa iurat , Tg

Àir/v'.r". t- 
9u. 

(b*,r, a) ola pçL'.1,,,. à p"r.l. 
5* .ne(r, el0^ a 11s (Àmt*)( rr, o", Ar,),

Ne 48rô, lÀh*1*.,es. Lr(Àr*r)(o^-* i ,  A,nrÀ.*ô*^,Àî*{*^) Ji 'ouQ"'àe

I l^* { (5 , .o(À"* i \ (o^-* ï rÀ^) ,o^-* i  ,  A. )  f , -  {=-a, , ' , )  K ' l  eh ( ( \ ,

t,lorra Je+ann frt-ou^rer, r,cn*ùF.-a^l- U' .,1 y(t", Ar^o) J"'f.^r; Jta*r"i
I

ù(+)
('

Fu,[" guo (t"< û' r, T((i r,l"\) .

e.\- I(tr',l, n') r.rnnrrne u*l- ,f"^U Àa
tlauo 

1-rn-^r, 
)^ à.;^l;*-
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(t.c)

conoea"ua,l^f

k-4. Su"

Si morra ,f^^ À" .\a0 à tr' ,, *0* Jt"{t"i ('r..r) mô{!, o,^r/y\a àr{À.-.

ù * t ru '¤s, I t^ . (o^1Ànr) :> 3]" '<5,rn(A*-^)(a.- . reJ.  I l " -^(5" ' ,  An-n,ar)1.  U, a 'o^^arÂ, lna
-, ùÀ*(l^,46) cea -rn^'t 1âu'< àmn(I^-i)(o^-,,, A^\. TÀ*_, (E"f l^-n , À^\ e,ur ..^rrl-naâ.'.Fi.rn

o^aL 4u J4,^^l-irtt (a) à, 5,m(À*-^X.o"-.,À"\. se fùr5 (ë*.r,) *^*-1*

Tq ( I,m (À*X4,,,, e"\, ,t^, a^) ,

aott*.n- *"'i .,,*th^^ tl- .^r e .âai^z \**A (.,,( À*(["..r aoec 0.,.o

l-"0" 1ue Vie(&.+a). [(Sou'es.[&tr^*r(r^,À,,r) '+38'<8,.,r(À^.i-n\(r^-rcir Àm).TÀn*j-.([ ' io^-*1, r*,)1 r

.Dl .*À(À.,À^) n TÀ.+i(s*(À^* i ) ( r . r ,ar) , r* ,a.)1,  *-  *T=(d=[ + . r lo) .  5 i  (ô*.r , t1

n'qp0,1ue q.' rÀ^*ê ( 5"n ( \"*g)(,0.1À,r,\rAn,,,Àn\ u0* i l ,*;tV À^*A+r( À"*â l-et 3ro
Vl ' r 'éS.  IE I  . * * . * .  ( l r , * , , , )  ->  l tu '<  5 , tn (À. *6) ( l r , l ^ \ . IÀ"*x (à" ' ,  Âr ,A , ' , )1  J "n"  rà^ r *61 .  (A6, la \

d 'o,fù (o) el- Ttr**À*r( 5q( Àr*a*.,)(e^,n^), a., À^) d'"fd (en,l,; .

Poù1o" "Q* "ftol*" À",,., \**g,.,. d'aÀÀq'q -h BFu'rl-""'r.-,1-

du'"-ùqrrh, .-01. à"'l âh'\& 4fu" à" ,oor.f. 3"J .e^¤.^;\-s ttnt &. d)r!'' /v\êr.ra

,not-on s K f*r^ A5r.! (ô+'3, t) r'\e atalpÙ3ue f câ â rl^**(F,vo(r***(o,n,r,,,\rÀn ,Àr).
(G*.a, c) r{\e nfogg{^'3u,. +al m,rn çQr- ca), D^"** (r^, rm\ m'rh 4,a,, o,ot , f C

Ài//\"ut- î. 
(b*,r,4) olapçL'.1u. à *r.h. S* .ne(,r,, clr0^a 11s(Àmt*)(rr,o",A,'),

Ne 4Qrô, lÀh*1*, .es.  Lr(À.*r)(o^-* i ,  An,rÀ.*ô*^,À' i ,*{*^)  Al ,ouQ"'àe

r l ^ * { (s , .n (À"* i \ (o^ - * ï rÀ^) ,o^ - * i  ,  A . \  f , -  {= -a , , ' , ,  K ' i  eF  ( ( ) ,

t,lorra Je+o,na frt-o,r^rer, r,nn*Àh^o^l- d' al y(t", À,^o) J"tf.^,;

(6+.3. t) lîa1phry" à =À.-, ( a,on (À*-.\(n^-.r, Ànr\ , A*- ̂  , o^) fe.u.L rrrt

À'(À,.,,-,^ F.Q 1"e 
'r&^, (a ̂  , À,,) .

Imturli<^nn.^rh, /\d{r,ô obl-e.vrono T(x",,1,,r,,) q- 
1J; J" T(tllrl',)

" dauo ruv\e ,piQe " Fo,- !* -0** a1g{.'."bla ero Am ( aoul l^

ù^,(,r^,n.) oq hen &^r (,r^,au\) ù Lv\ .^/r,'â'i*^l le lnaUh'rlt lc(or,o").

,0< {,,-*uL

Jta*r"i
I

ù(+)
('

Fu,[" 3uo (t"< û' r, T((i r, r"\) .

e.\- T(tr', p, r') r.rnnzfle u*l- ,,oo^l-"i Àe

tlar.r^o ,1-t -^r, )^ à;^t;".-
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|,^L1*^" -D1"(lor A") ert 4 à qP"o il n*1" ,.,r\A f[r^ ?"^^J
^r*b^e *ql',rt""[ J- h"gîr o(e.(K "F.Etr**c(.u^,ru\, si{;. in.rn" r(t i,r,x,)

4^r rn\ot?,^^ â. ro {^r*u0" 4) "ù ,,n -f çnçl+4; \ ir je(^r+0*r), oô,[.(m+.r\,

4i , j. (*-^) n.^1- Àtt*'- c.d$^m\e cr:Jtæu^o \-^1, T* Àt r'= À^r+.r =,' -- A6e[ ,
o^rern=oo ,  4 = *p ls(À1\( ,1,n1, ' \  ,  Lr(ÀÀ)(oi ,  oô*, ,  Ài* , ,d ' ) ] ,  i= m-.r , , , , ,  ^*0-.  .Y

x u= (É,+,., i Ë"*t._,, + s-(Àon+L\(^.*e, À.*g*.)).

aru\'\D Àia à"Â^thli. 1^. Vi. o, ,,,1 u+0,,,,, rrrrK. 1a'ie s,

e l -  { t=* , , , , ,m+0-4r , , . r rn ;K-n  .  -ôÀ, ( l ; , r *+ ) .  s .  1 t , *  r { tâ< , rô

N or.ra

Lr(Àr_.X1 -^, AL, À;, ,.!)
crcN\À . EÀr*t (À"*g, a^*t*n) fq^ ef^ ht^t J" 4, À.*g * Àro+e'. No-u,, u)ù'v e^^;

T À.*g (S.rn(À*na\(r^+ei Am+cr,r) r Àm+c, ,ua110ç,r) 7u e^l- -d , û - l- . inç0'gr. '  ,1.*

*s(r"**)(r., ,1^, oo) T^à L=K , o-l-"-ern,e^tf,  0<u aI &À^*0*. (A^,1") "rnpà3"c

â à'' , rÀ.*0 ( à'', l._m[*,. r A'Ù Janc J 'o.çÀ (o\ , rÀ^*t (s,tn tl""u\(a' r"), À,n, Àn) -Y ,,noi

Nerua ^dr,^o tt;r?- r(8'; l,r"\ er.h n"ar,

XC ',e"t'.. à ..*.nnh*a,a, 1,ra {"{{', Notra e,uarna r*^nhJ ?. Vi=-.,t,,,,y K-{

^) tt;|" ,.r^ ""^ha^rn d^*i*, t"2 yz ur(À*niXÀm-$jar Àrnr À^*{+r, A'l*i*^) =

ur(À^*r\(l'r+{ r ^ma{+ .' Àm+[*r , r",r*;*,r) , be 1ù* $ù --'t,.,,, n*0 nr\êtr^ arrona -0t. 6;,r.,*,.\

àz pol-o 3uo d 'aç.ri (e\ , 6'(Àm+l)(Ào+[ r Àr+i*a) > (^gt- [ s(A**;\(am+{ r A,,,) ,,

L t (Àô+l ) (o^*d ,  Àrn*{+. ,  Àr* t r * . ,  À" ' ) }  *  s(À^.*d* , . \ (À** i * r ,  l . *6*" ) )  =

18^+{ i  F(À**ùn.\(À^*ô*r, rr*5*.r} +* Fo*t- ;=-.t, , , , ,Q"r. Q".ô* à ".$e .onr\c Qt't i  + a

Àxr+jr,l = Ao*1ns f*l^ 1'= -.1,,.., 8-t, flrâ{rô aftfe^anp r(À^-.X,r^-r,Â.\ , (l^-" i c(\.\('l^,1"r^)

l< K eh ^or.r,o 4^!ôrrÀ . 9Àr*g (r^, 16) I

l,re d '"{,ô ("\, s(À**,)(oq,+gr Ançg)

t- t( t r***X,r^,  À^, À*agç1,Àn),  o.*g.4. à.  o* l- .

= À(Àq+c)( l '  r . \  > s(1.*"\(r . ,  À")= r ' ( tn*a)(r**g,r" \ ,

x'= (?"i,.. i  l"_r,i çCAn_4VÀ,n-'À*ù >

=  {  n ,  q , Ê . b .

.âÀ"*s( a^,a") .l- (") +riçP-.'1u"^.t u (À"*s)(o^*c, or*.c) > s(À"*.\(a^*c,À"). Aul^ane..Ï

bqÀÂ ,0* àrr^* % r nâLlâ "*&t* ?ue,
(1, + ,,, i â,-r, i d*_^ i,,, i l"*e,, + s(À^+exa^*4 ,or'))

E
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odd (x) anà x>,3
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L o.yy:l-*ù* J. T"-cn^a.t'ian (srA,brù> *,nt'pnnJ*.T' ol +tutX\evvnto
( t*" 0,:ttu^,"Qonne.rF Jar- si[]-af'rat++J') r

X r - - X + l

X r= X/t,

âJ{,;d fo^. ,

5  = z
r -- l*.\
Vob,æ') = [(odâ("") I oc.>3 Â *-' 't,+ùv(earanG) r r>,1, ,. 'J=a-zôl

lùne fxetuo ?" \g(æ,C) - [.j<al u,t- +*]b0" *h â^^"1 4ea, !a "8,"^1"

J" 1trr.^^re n r^^to*F. ,

Thiatirm" , (èor rytâ^tchon alru a-)

xodd[X]  n  X>3

[even[xJ a x>2 n X=x]  [odd(x)  a  x>3 a.X=x]

| "a*ra- | "a-rd-
t ei!rutatint" L einwlationl

[ e v e n [ x J  a x 2 2 n X . x / 2 3  [ o d d ( x ]  ^ x ) 3 n f , = 1 + l l

rhéoiane, | 
"H*rd-

(xlZcxl 
I sirmtLation"

foddtx]  ̂  x>3 t) l - l la+l) / l l

( ( x + 1 ) / 2  <  x )
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Naua .fetuto,vu- lXa0.^mo'f *h0u;". .!" f*idp" d',,ùàrl-,^ (ô+)

@ù<c ..

À = co*,1

0t*, = lf

Dt r ( . ,æ, \  = [ ( l=À(q. ) \==>(4. ' ( . r \1  rya, 'nd À<,o "h I ( * )= ( "c(a + Ol .c- . r )

T[ s trJ

À ,= t+

f .a r (5 ,æ' ,c )  .  [ (5 - - ' t  I  æ '= ' / ) l  (5 .o  t '  æ ' ( l )J

IÀ ( à, *, d) , L(À-, À(a)) =+ ((â"a r, d'c.)v (5--r. À Tg(2,æ')).r (5=t r oâJ(,.) r. Ç(r-,æ')) v

(tr'=o r' oulsl))l

b'ot^i lo Jl{r,;"'l-,'^\ (*\ )" 5'm e (r\*(sxs--r 611 , /\o{rÂ "01-*ano ,

Sm(tr\(*,C) = 3 aal [ \<,^,  ̂  . . '=d I d>r]

= Q gr [ À<ql r. b*(træ'\ ,r æ'>l I

= 4 .ÀÀ; [(tr=ro rr. t=y'>a)v(À<,o t', odd(*') r,, \-ot(e,,i)r. />l)l

= o sù [ t 's l  I

Le dâ"Qopp-rr1.-,\- à (t\ otrn,v,c, r

Hs(,^r)(æ, d,*"\ -- Lz,=*1, ,. bu(a-f o") r x.o<.rl

?a,nd À.- ,

$s(ÀX"c, , r '1 æ" \  = t [ (z=c)v(tgêr-  )  r . [ (  À=à(ô* (oJd(æ)'r  x 'kr) ] )  v

lodâ(rc) r. Fo&(t rdl r [(À=ô (.)) + (t'.<r)l)l r, E* (.)a') 1

ue ,0e ,vtrôtro r*a^,tù i

tI (,oX z, z,', À', *") = L y'= z, > I ^ À'= L(c) a q.n(t I

1^ror,d À<t,

Lr(ÀX o.,<),\ ' ,o") = [[(*=/) v bu(z,C) r (o#(q,\rbatl*r*t) l  * d>t r l>X=[(r) r.  e1<'r1

gNloFa, 1" À""1* (ô1,r.a)c-f (6n.a,b\ tn|;-r,o âorr* ^i^ai," (t*-.o*ç0" 1^o^^d

*odol "t-e/!.r) "0.* ns(l)(o,d,rJ') "l Lr(ÀX.,y',N,J) & pF et;a.*' cE* i,0 ̂ 'qc,4czr cmoudcra

âe mÆow .0e1-eQle J" {LlrsQrrh^ ",X,*b"&5* o,r â.. tlÀd""Fi* -u l*}.,',^â o dh'oh'0"itl,).
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Neua -fetr,urmo *o.r^^T-*orrt- Jd.h-muù.,r, c(À\(r,d). Po,..c3..e

Lr(À)(zc,É'lÀ',C') À8'+. D4(",*') Jorrc s(À\(a,d')=o, '0o {^rrnu0" (c\ le dJ^^itàt

s(À)("c,2 ) = ÈSt lot+.r , râ1(æ,x.') ^ ( IHs().)(E,L',"J') r.. v: s(À\("c,"J)1v

[1À/e .,t,, C'e s. Lr (À)(æ,crÀ', /') r r= 6-(N\("/,/)l)}

ce m'eol' t* ro"Looùu à. J'e,.tn* .u^^E JJpi"'l-,an ôAôn-'u.!!ru,i^,e ù t , ce)L

fhet{A n\ 'ar,tttôna ïteaoW lro À^ ,f}roptt'e kI fu^ra,^^Fco t

- Vg(*,*') :> f . D;s-,1(..,z) rr Hs(Àc-\)(xrz,,c)]:> [s'(À('.\)(a,21 < s(À(æ)Xz,æ)l

- Le^tern ê) ^ bg (oc,*') r'. igt*iæ')1 -> [rE11--,) (c,4\ ^ tts(À(a'))(|,,y',d'\n .0ô(*:(x,c)

,r 1C". rr(ôe"'D(*,y',\,(e\,*:')]* [e(t(ru)Xd,z") <s(11"r1!e.]z/) < s(è.(-))({,t,,)l

-  [odd(r) r Fg(.,* ')  l .EqQld'\1+[1rzJ'. LrôCz)Xa.,2,", !ê'), 'c)r ]1*1(".,*"))

I Hs(f (dxæ,J,/,) l  .+ [( c(\(r ' \x4 J' � ) < c([(a\xd,"j ' )  v s(\G,,))(2. ' f  æu)=o)

a c (à(e-))(<,,*") < s(\(dXr,,. /) l  * t  r(À(d'\)({ i*")< s(l t"c\)(a",C)1

- [ oâd(*\ r '  {  (-,-.-) ^ bq(zt1c')]=+[-EÀG,)(c,ai\ a Hs(ÀGc$(e,td,J\r rt tr1..(a,ad)

n IJ". rr(ôc*tXz-,1, 1d\,a"') l 'à [ s(èC--lXa',.o) < ç(ù(".\)(-,C)J.

uoro ie JJf.^*t-'; ({) à l(d',æ,x.'\ , 9. catt rA=À ,r. "d[il' d

[12.="u | *'<4\ n 'tr=s(,,r)(æ,r.')1. AuFvr.neu'l- rn>,t -h Tou,À, \lje(,n"o) ^rê.uâ ordvta

l..n--o -1çe,,c<1À^e LT(À.-,,)(o;-",41, À1,a") -ÀpP^'1r" t ' tt<4 Jonc e(À;.rXa;-.,â"\=o. bc

tb, A .ah ;r^e {^À"n J" e ca,r Ào=ar * lr(À;-.Xa.'-",a;, À;rr!) À j0.1"o^f

À;=f(r ; )  f ,*  l " " i ie(oro).  1arù^à r :=, t ,  "eâ *Àper$"cau^i  Ào,À<o:c>,{ .

T^à ie(2,,,,,n.r) , )^ l '*., 3r!e s. Lr(Àj-,)( A1.^t A1, I;, a.!) nc-61- L I* J^",

À (oi-.^) > À(o) ^ Ai>^ n [ (ot-. -- ar)v b3 6;-., 1i) v (oJJ (Ài-n ) ntj(a;-, ,r;))1

= G;>n) n [(*.^(ai-,,)rt*(or-,,r;))v(adJ(o;-,) r bl (1-,,a;)\1

-la*ceTc ai-^= ̂ i èq È1= La;-^+t) (ya^à ,JJ(1..-"1r bo(a;-., ,s;)) me a.rvrF 1o.o
atnpal- i t l^ q^)¤Â \(ar-,\  > \(o;) >Ad)4. 14 h-me tù^,(t; ,Aj+.) *.,^", 'e...h * '  A.f*.rn

,fau+ ie (noo\. I8 a(e^^o.ùl Te r
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T( t r , " r , , .c ' \  =  (  [ (x .=/  r  C s . r ) , r  E ' - -c( - ) (e . ,x . )1
v

[  1 m >  4 ,  t¤( r o + 1 " + 5 1 . ( ( æ = a r = Â a ) 4 ) ^  ( ^ m = ? , / > 4 )

rr Sie (r,r,.,, r,r-a) . k<^t ̂  1o;-,,\ r E*(f-^; a;\)v ( aJJ (a;.r\ rrbgs(a1- 1 r, \\1

,r [ (À^.. = À6\ v F*(o^-n, À^) " (odd (a.-.\ r, t! (,s^-n, a^\1

A t l= s(l  (rr-.ù(o^-^ , rr))))

Si rno<.r,o f^* E'(*,*'\ J1o¤ t [(e.r"n(o,\,r bg(2.,a-))v(oJJ(æ) r'baù1""ru,\)l t nà

f.-h a'.'r,rr^.{. fl"" ÀÀTa.-t",^k c-qr\rfte p.Lh ,

U(tf a.,.J\ = f 1c'es. (U*(x,d') r.((l>r) -> [(t."=aJ)vt3(*) d,\u (oàà(rC'),r uorti ' ,2Ul

rr tr= s( l(-'))(æ", r' )))]

tlo\-ea, 1ue *\T. $"r,rr,,, uQo ,nn"F or, qxJ. .. {|.^on." à 0q +ru.u^re +* P" r,tlll*L

â. B,rnoFo¤Q, qqr ..nwàlrc q: ,'t"."iài"r- o fr, +tu l^ al"h 1,c.r|- "f à"ox

t"" t** ,0* èl"h Àffu' lQ. ̂ th e' r.manl-oo,' T" T(tr,o', *\ r"I-NJ
($6,r) (c" 9,r.,' *h -ril"*ll "I (S.,t) . \c ,.narnreL .if A.-ta , y .rg (æ,æ ) o0*

,-'>.t J^. !C"es, bs(/,"J"). nq- ^rrnt, , N tgLrJ,/ '\ ^Q^* 1,rah.e .oo à;ert

dlnc ..,'"nidi^â ',

- Si - '=/ o0,* Y*ço-,4)ato(d,d') ôtL'1l-e ' r(s(L(zr))(/,d'\,1,{ '\ .F

s (,\,c2,))(z"c'\ 1 s(\(æ \xcl / ).

- 6i e"lEn(- ') al tg(rnra') u0^o V*(ay' ')r.(eue,vrê')^Lg(*' ,d))nFo6,'cu) ,r"rgA.grc

U*(æ,c)^  tg(J ,c" )  dorc 1(e( [ ( .Ë)Xd,4" \ , . , " i ' )  e l -  s(À( , / ) ) (L ' ,1" \< s ' ( l (a ' ' )Xc ' , { \ ,

5i o � àài..*'\ et- to (t,d) o0* É*(e,d') r("àà(r')r bo(<j',/) n bstr',c")) "'ngâgue

L'*(a.,{ ' \r .  (.r" '--a/ ')  âanc r(c(L(rl"))(e,"r/ ' \ ,x.,rc' ' \  eh ç(I(q"')X","rr! ')  <

c(Àtz')Xzi " i),

- si oJJ6o"1 ,\- { (l'p,) q4* t'*(..,r.') ̂ Qàâ(t')r. **G',e/))^ Vutd,-u'\

u"çhgu. b'$(+,al) r, t(C,t"') Janc r(s(À(/)X",',*"'),L,1") + e-(;tz'))(z',{ ') <

tr
ç(À(i ,))  ( i"4\,



J .5 CHARTES DE PREUVE

AXa,^,rt *o,,1*. T" 0a ^néfhoJ. J. rAa.trÀ *l- rrn caÀ t  A '  t  n
)>A:.ît atbg+ clr. J6
I

^nlF\oJ" J. B,rut'"Q!. ("fa àe,. Xââ"0;',1'i,^n" aàl"q"I-\, ),0 no",o *f. ô
èkÀll ,r,\À¤. ,,',.Âe^"Fa\;"q 

"^^ ̂ '{*r^u J- ftr.^"." -t*, -!'^-^t o{^ -.plo',,fn- A^

^it-\'L, N ..f n,f{".h ^\eq^ ,..1','0ùo^^* Dr^R. 4t-i"*l-a,h'"n t,..,.tk'1"" à-

"F{PY-

L'^'àrj. A.o g.-*tb.^, -0* 4*or-"* A" t*t* fo- & À'c1r.arn*

"1$^ap^ {.$ ,*F",cJl'il- .tc,À- Laa'^1.'r-F E+11 .Jr â**Q"çpâ ^,0,h.}i.^ro,,.J ff.
Ouric0*-La,^,vrç.tf tar,1 a\- Mamrna't*rrreQitaÂl . Of.J*^h ce^, *ifl"rJ"" "'iF*'J.po

A.;"""h'qi*rtJ ."rç{àL à cotr^e â\*o .*l'aÀ ..oo*t,.e J" r:F"",-"hl.mo (..xw,v,rc.

1t.]f"r{'Ue^'U J" 4.^" J"^ oirâ".LJ"n" -\4;^j* elL 0o ts\-ntLh,',nn at J*

truotxa,nn ,,'uâ JonF l" ^onrLo J'JLh u^\- {*t (.h ç-f, t) ., "h"). Not'"e-

{**Qùah'r, ^Y d*t" X"i*J'a?. À +c.rf 1.'0" .^^/}.;h" à ^1,.-à-;* â,^
rQ*h* à. ,PÈa1^J¤, tirn-a|,..r-l,.uol" f"d*.h"J "r,"^,hu"00.rnr"r*F b te ,t

Jô^F hoqo ,IÂ^l-*^o .0e "^no'h'o*r t P" ..r"npUf"J* È.À*.^.1','î.,

FÂrl. n^^.l.,l rï1&cLô **[6.a 1u" -0* "R*]* ). +nÆ^,e- pcv,t' odo.ioot+

f* iÀ^t--, -U^ f"'pdJl-rl à. {n.h0.'U à^ 1ur{xa,,mma. 1,oæ@â0o,

5 - L 4 2

5.5.1 DEFINITION D'UNE CHARTE DE PREUVE D'UN
PROGRAMME

Llt^. c.{or.}"

{^"*aQùâ 4}t orvror{zvr

ztlJvl

+,^
lh*^r.-Fu,*l t *{d 4r^^¤, "*.CI. t^* #rrr t *-0" p^,F,L. Nar.r,o J-;^o

1¤ ----> 1s tôu^. Jn^lrTè* *^ t=0 X"C* asroc r*.A p^*.t- àtr'rY*; -^-u^r\luz ^ol

re e-F .rr.,n p"l.w*"\- Je p^F'" q,*;qt - cnoh/ 1ç,

J. f 'teu,\rê to"^.
dl,.r,rvr .^r:.r*t\"

A.f\-À. â. lxo.^ r."'N''onr <s,A,b,{> Àe.!c2

à" X"'1h* 4*ù /l-|T,h; !"u^,-
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No'uo J.F ^^ {'n^*r*bl. .*.'L\* fer unr- T.n^^t;h
l.-oo çt\* J0.i*"*hti* ,'.^F à- -?* J 'à I 'l- L x*'h

J\o-h*! , I .9. potwngf J. p-|i" * )e nnln .ioL c1^r t !À "",tQ d .c- *J*

I e.t J-. rlg ,À o À.ff.^^rh" htf* d{e,.* (1u" ^"r,r '..pL<^rboo ù'F;.^^J)r
"J"r,* f"*^,"r} êf^o J[i 1""1J ( 4' dFiry.,"t\" ̂ F oP* ;^jl-" boJ' Q(q^.

.^^sp*J"r^f), P*.r., c..s^^fcÀ¤& ez X*açh* / M>trâ ,^Fih.^.t" !* opnJ.oh'r*

A" r.rmço,t harr p*rtcr^F*

- S; I ævw>J Ef l1--æ->1- pon\- J*r" 
X*1h- 

fÀ 
ï- 

rF=K o0*

I uoourTf, --v,-yl- dÂot-" !" 1"op\" *ç*é "&h^r+ * ..r",{^J**f 1" ^*^tt Je po'l^r'c r

q,^'¤c I" n,r*rnok J'"^..fio, r. \8 r't o fa2 J'ar[,* fi*-'"^^ 1"*'bl- J"^

xrn*^& J* X""+* o,'ldÂ*^r* .l- -!. a^n-*.t' J'"JûL (op*I"!'.,^ "*V L othl)

t^t\ L .r*t"* *h ,. a.rnwof "l-i3ut[ ' r ("*9.JùN"*er* L).

S; r oo*-*> J Et K &èN,r> L ,n f A*o 1,.ïheo h.0" 1. r= K ol' J=L

4h,À :-t::}t,r J"inol^<, !. çaph" .".ny*é ù -0- p*"k" dr"*iirL (""ç.ù"it.^"'1-

Je. À.r\.h'e) a"rn\- ,*f.^âr^ , !* ""h" È.**r",h^ *\.*.Ï àure { ,leur* Àl-,Âth.

"0o'o .la

"*{.^À,

-0. /."*ttt.l

N r* Jo,r^ro". I (À", A , i, l) ("r^ç"th*^m e*h r (,ro, a-, .tt Â, r) t\- I(ar, er4)) 1ur^

i*X*^$w î. 
"0!!i1.\\. f aasoc-'eL 4- l'\x, n""*,'o"j J'"r,l lpql.. "fp}J

d. (srs*Smxs-àftr{+} àù nrl:o (,u,ç*r.l.*evy\e^^N m--/nr.4, ,6=o), m Jl-a.f ,. t*!."

J" tr.r"Q- Àh"i1"; & t""ph. ^c,hrurqt "c pomrwraï. NLule mno^r-ù d,N^^"Q0., e" *k ?a

*oQ.^.n à. ltlYay d'.rrhô à tt -qrtây'ÂÀzvw!, A (nxçu"hut.*e..1- ts, )

à" ,0tL,h -,,^*1*^'.)"t à ,r"'tbi J* fffL. (oç-'l'oe.^o^h ê

.0o iÀ" [o,^.!. s;t.rq,reâ J" o5.qLc) .] I *\- A ,"0.r^r, J.

"ol- -0o o.Q" *

QLr"haa à-

,Q';['o} ,o",ta,.rL

ç^o1l* FÂ 1-'. r=K
r'*r*'t"l- àl.t'}f- r

^*J orr" *"Q^'"^f

-0.
,urrl
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Ud{,^tf;'n s.f,"r:.t (C{a1,|,o do 4"..t^te)

Ig1& & Ëgds .1ot'r.r" 4Ê,À,1,È) <rh 'um" lair'e <('n',r), {{ou,{ft,,w+r<s)) i {¤̂ }>

ùù. (^,f) eoh.arn e.^^À¤,.nll. |ti^r bi*\-{r^Jl (de norvrs d. 1ap\*) ",haù t0eJr, fae(t"r'lt),

gÇ(nrC,<+) eh o, erlel e "â*h bi.^-{^râ r¤,{(.r,,1,4) tpoop',If,e(r,,èrr) 
X&td.eL 'f"t

0c q*"^,nler . Jc- ltaçl'ra ,o.riu*l*lt '

+
J L S 0 , S , S , S J  d d - r u > K ( s g , s , È , s )  : : =

J I s o , s , È , s J  +  K ( s o , s , È , s J

a L  V s s , s , s e S , â e S n . I J I s o :  = l È , s J : > ( J s ' 1 5 , � , a " e n . t  t r , s l  r
Vs 'e  S ,  aeA, t tJ  s ,  s  J  :>  K  I  so  ,  s ,È ,  s '  J ]J  l

J ( s s , s , È , s )  r , t ^ - i +  K I s s , = , à , . ]

l - 1 ,  n  v s 0  r  s , s¤S , È e S n . [ . r I s 6 , s , È , s ] : > t r f i , f l  ( s o , s , s ]
V s ' e S .  f I i , [  ( s o , s , s '  J  : )  K ( s s , s , È , s '  J J J ]

J ( s s , s , È , s ,  *  [ ' ( f [ ' w g ' - < ' Q ' J  ,  K ( s o , s , â , s )

l L  V = 0 , s , s e S , È e S n . I J ( s s , s , È , s ) : > ( f o I s s , s J  - < g

r l o t = o , s , s J  ^  VV s '  e S ,  ( r f l , 1 s o ,  s ,  s '  J  : )
t" t"

J  ( s s ,  s , È , s )  : = : >  K ( s o , s , È , s  i

;  v s s , s , s . s , È e s { [ J ( s s , s , 3 , s J  : >  K ( s q , s , B , s ) 1

J I s s , t , È , = J  - >  L ( s o , s , È , s )  * - - >  K ( s o , s , È , s )

,a?'

- P ( = 0 , s , È , s )

r ' , ,  Y s s , s , s c S , È e S n . F ( s o , = , È , = J  : )  . Ï , t t f  s s , s , È , s )  J
1 = l

9" f ^ ( s o , s J  n
L _

K I s o , s , È , s ' ] l J l

1 i ^  ^  à  ^ 1J ( ù 0 r è r U r J J
/ r K ( s o ' s ' È ' s J

A\,

f , W r <

f e  ( S 3 - + W l  n  W f î . W , - <  J  n Y s o , s , s , è e S , È e S n . (

I J ( s o , s , È ,  s ) : > [ K ( s 0 ,  s , â ,  s )  v  L ( = 0 , g , È .  s ,  s ) J  ]
n  

[ * [ = 0 ,  s , È . Ë ,  s ) : > [  [ f  ( s o ,  s , s )  - <  f  ( s o , s , Ë J  n  L ( s o ,  s , È . s , s J  ]
v K ( s o , s , 3 , s J J l )
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( obsaurano

1"" Alu^ carO,jurr,.o P"

a/',r'e, 9ro "Q,o/I|. Je frte'*c Â.dlnl- à- Xr-çh* "cJu."F,'bTo , )xu

a..rÀr{' {^^".0;"" .- .0'cr'J" dr*rrn -Oo^X"ç Lie,n phntr"f.r^L).

rtl"tro 
tètrtô^D &À^F*

r l  l rdc,*ncmT^er,J qfe:

CscrJ" !i"rr s, f,i r t ( P'.err^rel 1o,r.

{0 ta.rll-e "rr^. .Ro".h., d" 1u^^ re

* ne { t"0^ 
iLre 

:

VÀ0, è, À¤s. I rln(ror4, g) = [ao=4 r. {(a\1

?-. V -l- f*l^oO. tecu" <s,s, >.<s,Arb,t> e^/r

"R*J*)

< (Â, l-), [( rf't n,, ̂-, o; .-'--, {446 o, t,,r), ({e,rrs,n)), 0 e.À } >

n rf"{o",e,À) = fao=4 r.{(a,l))J

5.5.2 CORRECTION
PREUVES PAR

ET "O*P""TUDE SEMANTIaLE DES
CHARTES

Thôa'.,ir.ne î,5,2,",1 ( Carrrchoo deo ç'æ^rerer 1o^ .f,.r,}*)

(s.r,r:  f) :+ ( (Fo) q,^lcc- n¤ (rt-+ Ogf ))

bfrJd:s[e!
Sd,"l- <(iL,F),, l(cg,(lg,Ng,<s\\,0e11> .4n^" "Rq,"h d" f',c*^ru Pu,al'tc eN(T'r,,O5

/\E{r/à tê.u^}<r\b A*tP**" tw "7-Y. â. 1ôe^a['fJ 3ue ûgro$ ,} -tg--<

(ar.hpne.,^l- ̂ *- fr* J;LU ol* {"*.},'*. xa"^{) , tlx, f*rrr.,*u "'1"0"-*^f

È*l'* 7" JLc,e eh t'=( furÀ1*e À.oF 4Â"i, cfla1ue xr.Tl^e, n(, JF.^'f '$"u,

l'roru t* ^^^fP*^" T. ,o^ô n-*.^n.h yrrlu".^^F ,"* ^ ôôôù\^ J o,^ o

"^,*^nnb\. +À Nq, /. a^^r*.,l- i Jl-*^! dl'i1*.,U 1o- rf e(s.s.s"({)*s'* lt,'$}) ê,.t

e(i\ *\- -0. /$d{y\\nc âo b"ucQ- "*{*^"^} i' Srie^.k "e .} t .0* /nôoa
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**g"À'fr J,, Bryyv$rt.l- âl*r,bô -r.r,lrirl1,re. "h â^, p.n*rme.l. à l-l-,'" eraa.liur, Lnr.

Pocra. F".r} 4e-1., r\\ùrrâ aN\è.\iUcF D 4f er a*t\e TL à h*p0* (j1Âo,Are-,r)

ti" 1*" {. Ne, Ao,A,} ¤sr i.suQ) ..h lf (,0",a,1àrr) r'0,"1- ,,rror. be&Lr\âo,\a -& *lahh

tÀei/,c <e x,^, Ta (r,n^/nu a.rr.l , <i) l',, d,l'ro's 4g <i,o,,a,3,1> ^i ".1- tntQ"n^rtl,

r i :
. ,  - i  i '

a r r - f  J ï  - - + J j  Â  s ' 0  = s 0  ^  s ' = s  n È ' = È n 3 o . e A . t o ( a , r )y, y"

d w  J i  J f  Â d 0 = s 0 , 1  s , Ë n È = È ^ t | l ( s 6 , s , s ' )

dtt :; @ ,/ Â s'0 =s0 A s'--s ,r È =È n Jouu[so , s, st J

M tr;/ : :>.r/ ' lvf .r/  F=+> .r/ 'rvr.r/  >-- 'o--+ . l f l l )n ='o=so ^g-n È =ln s'=g

oq .rN o-> .Jf '  Â s'0 =s0 Â s'=s n È =È.s Â s'=s
.  - i

Ati$dl J;
L

. l / ' n  s ' o = s o  ^ 9 = =  n È = È . s  Â  s ' = s

Suçpoono 1.u" <<ip, t"g, Ax,ix., Ag> r A'-o) .e,,.F lr,,.e ,."c1^r-^,.a dF*

,Fa.F.*rt A/",.wilr'c^l^. f* 4{, IQ' I L,"a-iF Io" 
(ip, &'.o> *l' errrr ..R.*-

4r^^ àot- "!c. t"oJ"\. {,n' t*, , da| J.'. ,^ 1&. A{.* J.uk 1,{l

aoovrne.t { à "a ( â.fçc rj >-'o) F"! 5*o .0o ,*\*.^"",
. t ,ora,a;p, i4 ,4Ci l ,nJ,  â ' -o> dUAr4*^h J . .  (< icrÀ. r ,âo,^ î . ,4&) ,4 ' ,o)  F4"  1 t<-
j*. j *Y À1"^i.. ced o'h " ..rnh'.oÀ'c,htr a))ec. Vê>o. (16,ro,41*, À;*., <

{(""r. , è.ih. , {O)l , {e (s?+ w'1 J' ,.ç (u,,<) . Pa^ 0'qLs.r^J" i Mê{r, e^}dré *l $0,"r\ .

Nar.o "Rr*rà.nn ,i 'ù=JL, Étg(,.o,1). rj '{0", o,o), û"r(ro1è1 5) = Jg\oo,è,r),

Ào= qUF.*14 (çe,*.\,0e l], {o"(o,,r)- 'c$(wg,<e}t(,\,À))) "e= (nS(r.,<..)++), i(*--Tt

t" iCÀo,À-rÀ\= lr ier, tr ,  Êest(\ .(r i {o,,e,Ê,r)  ̂  i=r8.(rs,or)(<j,1,,a,À',a>))1

rol, ( Ao,,[, À) = r] {r", a, r) .

tr

1..,o^d Lcnr rl
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( CtrnçU t',rJ" lÀe^-l'i1. ârÀ lrtal,.lea 1.c,. "Roil-e.)Thiorùnn" f.5 &^, e/

:&)

n**tn k,,ah^

Nara fêu/tôÀÀ -te1t(e^,h. arrne fï¤l,r{. ço,u (Be) p* 0o "Ra,^}s À gcr"uc

<(rt,f), (eg,({g,Od , (\ , 4e À> ;tL .la1.re ?C" Gg , QeN ql- lo .â*.1'. Ar}a"L '

e n ( s 9 , s J  n  s = s

r f [ [ s e " , s , s J
L -

f f i a n. ,... ' ,e,
n  r 0 U (

_ i ,
. 1 o t S 0 , S ,

L -

S 0 r S , S J  ̂

s  J  n  V k e n l
s = â J

'il'
r r l

L
( " 0 , = , s J : k < i ]

r i ,  - 1 .  - - k .I l i e n  I l t s s , s , s )  n V k e n ^ .  I I ] [ s s , s , s ] + k < i l
) L _ L K

^ s=Ë n ldeS,cel.to(s, s J n Vq21æt" [t ( s,s' ):
l j . i - . r j ( s o , s , s ' J - l J

t J r ^  ^  ^ r  ^
J n L J 0 r c r ô J  r \

L -

(  J i enu .  r l u t  s  0  r  s  r  s  J  ̂  Vk¤n t .  t I I t  s  s  r  s  r  s  J+k< i  J
n  s = â  ̂ . f  g  < . 1 , .  [ e O  ( s  e ,  s  )  n  V s ' e S .  ( 0 0  [ s  0 , s ,  s ' ) = ?
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5.5.3.2 Preuve de propriétés de fatatité de programmes
parallèles asynchrones

q{u
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f i ;  g o t a  1 2 ;
1 6 :

l l
2 4 .
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4 z
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a t 1 3  ̂  a t 2 2  ̂  ï n v '
^  n 1 = n 1  n n 2 = n 2 - 1

a t 1 5 ^ a t 2 3 ^ I n v l
^  n1  =n1 +1  ̂  nz=nz

,,,\
, / \) / :

a t 1 2 ^ a t 2 3 ^ f n v '
^  n l=n1+1  nn2= t

a t 1 2 ^ a t 2 4 ^ l n v '
^  n 1 = n 1 + 1  r t  n 2 = n 2

a t 1 3  ̂  a t 2 2  ̂  f n v l
^  n 1 ' n 1  ̂ n 2 . n 2

a t 1 5 ^ a t 2 4 ^ r n v '
^  n ' l  =n1+1 ̂  n2=n2

-,,,\
/ t \

1 / \

a t 1 2 ^ a t 2 5 ^ I n v '
^  n 1  = n 1  + 1  n  n 2 - n 2 - 1

^ e t 2 3 ^ ï n  3 ^ a t 2 4 ^

a t 1 2  ̂  a t 2 3  ̂  I n v '
^  n1  *n1  ̂  n2 .nZ

a t 1 4 ^ a t 2 5 ^ I n v '
^  n1  =n1  ̂  n2= î2 -1

a t 1 5 ^ a t 2 2 ^ I n v '
^  n 1 = n 1  + 1  ̂  n 2 = n 2 + 1

a t 1 3  ̂  a t 2 5  ̂  I n v '
^  n1=n1  n  n2 .n2 -1

a t l 1 ^ a t 2 z ^ I n v '
, r  n1=n1 nnz.nZ

a t 1 1  ̂ a t 2 4 ^ I n v '
n  n 1 - n 1  r , n 2 - n 2

a t 1 5 ^ a t 2 2 ^ ï n v '
^  n 1 = n l  ̂ n 2 . n 2

' r  n1 -n1  t r  n2=n2

d t 1 5 ^ a t 2 5 ^ I n v '
n  n1 ' n ' 1  n  n2 -n2 -1

a t 1 5  ̂  a t 2 2  ̂  I n v '
^  n 1 = n l  r , n 2 - n ? - 1

,,,\
a t 1 4 ^ a t 2 4 ^ ï n v '
^  n 1 . n 1  n n 2 = n 2

a t 1 5 ^ a t 2 5 ^ I n v '
^  n 1 = n 1 + 1  ^  n Z - n 2 - 1

,,,,\
" / \

a t 1 4 ^ a t 2 2 ^ ï n v l
^  n 1 = n 1  ̂n 2 = n 2 - 1

a t 1 1 ^ a t 2 5 ^ I n v '
n  n 1 . n 1  ̂ n 2 . n 2 - 1

a t 1 1 ^ a t 2 2 ^ l n v '
I  n 1 . n 1  ̂n z - n 2 - 1

,
ô t 1 2 ^ a t z 1 ^ I n v '
^  n 1 . n l + 1  n  n 2 . n 2
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5.5.3.3 Preuve de propriétés de fatalité de programmes
parallèles faiblement équitables
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5.5.3.4 Preuve de propriétés de fatalité de programmes
parallèles synchrones

Ërn æ. ?q cr.nÂca4,nR ,. t\rt\n/w\^/vr?j 4a..e0.'0o n1n"R-,une" , pt^urrt'û
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"]Fq^, rt/n J*^-**}-

Psu,r, fJ*i* ?l**kl" L t-".4.^ Z , mô{r.,t a,rx4^ *À'{^;J

Q' iùr,r^*À'4,.o Jr.rrrn Attl"^fv\e J* lu^ -ih'an, be- rmaan^r,ù, f0-" 4À;tQ" ,
ôq f¤̂ il- -r,^"aX,r.,ùe+ (C Qe x*il-" "\e L-n'n*f [rlt) & J"'Pt- nA àt

,p" H"Q ^^k- d- ;i^*r\"rrh ( r**.1*a,^,l-
ao\'i^1 a",,h^{"r'"-F il,^tt .".kd..n^ mrnnt*,.c.

(Àr t*,t" ,l* "l*. *h. ""Q"!i{" à ,u,r\

fl*-À L AéL..^l J- ao ',"1""çfi^,
cta ùffâJ-* -id; a\t Jâ;*"t

.u/v\ tqc1qa^À/r'w 1or.o$;Q" À 0r".'J" l'.rrn o.lÊl';^." à" f'.^earjh/o io*
"[o3ou fxoc¤̂ àuÀ, Jlrrru ""d". 1or'[;et, Èu,w J* ôi" "^-,t c^pwrma^r,l- J"o

,*Je\u* à. *X.."Rr,",,-o\i,* .F )\-rrrr,n ".nnÀ"l.,avr X0oto0* 
pr!^, -0* F*o"eo

,"'p'.À"^^! "0* futrp"f|'ni* J rdT,iU,

," iJt*h & l" pi, & c-Rc\u<
J. *th"oa;I.ea )t nJ,*o^rrr,ant

*ôr*. trrrc.,y:.uÂ po1l- t'ot-q&^"r..l-

,nJ^d*.lo, lo $^ J* !.tu^^ro, Jt*rur ^r{\¤/r,etÂ

"b,,,\ . (tn -f"-* .j"iJ-^r-tr"* ."r.ntuùe,,,
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6.2 PROPRIETES D'INVARIANCE ET DE FATALITE DES
PROGRAMMES

Noqa a^'ùoÂ rl-,rÀJ

J.. frF"t"!" Àù{^n ̂̂ oo,..'a^..
'  f \ .  . l  /

zrt/v$p<rcr re . Ë,n "r*!Àartl-
I

J \o4".Àe^ -0e

f 
ruotrq^À^$4À.

U *rr"a^i
J" *^1t .o\, ono

fA,ç*F J",

I- ç".cpn^'.'k1 drrrpqru'q ^.a <-onÀ'l-r'arvne{le .y

ô cûrrAe J" 0¤rra- -vmputT-c,,v.ca "l- À f.rtt

ceA oLr o F,peo d" 1t p",,dhl , ).t *l lawtbL

ç'topar'ef hlr *oQohù- à 0* ."o-ol.Jno J"

arÀJ J" ," X.l^r1,"h"^ r$a.râ et q'

p"^r!\.À ;^^"h,'0*,

".1"-J"^rl

1*^ |fiô.uà

êxrrs
I

"tJ
*h

Pq^ e^er{{\FL, ly\ô{râ orr^{d\ô frL f'*^^Jrra ccxrr.rn.c' Jfa} i^, f tq[ m/ïl

ta^D 0riF"l' J* 4*k à. !a knq." r,,* rL,,t\ JLh ;^1"^^LÀ'ù' yt?-*y. ,

V p a : ,  t l t e \ { , S 1 . \ t \  ( i o ;  +  y ( g , q \ )

ha^L ye- l. I'h"O*'t *0o!''*.{0" /'"r.'il- Ll^" f* ,
V1ez, viel l \ ,  l i . l t \ .  ( to;  n p(ç;, .ç1\)

^tù (4. tW L f*"L 
,.o^r.'J à -*.'Ai^"^- rr.^^e 1*"pr.:U J !r^+u^,'*^,^

dr ào. +"F"U'fd l"S* 1.'e nêua -Q- â^)d\À Ll.,id* f".* Q" f.^^.,"ltu^u tq
,*nà"" fu(f c. s,h,z>).

lQ. *h JyQ'*.t a"no,t tl" i. q,*)i$s^. L 1"'g- dLi *QofÀ*
4u 1^ro" lreJdh ?'* 4"f,r^ c.rs^/vv\g

V1ez, , " l . ç \ .  th " t t \ . [g . i  n  ry (1u ,1r )  ^

"nù 0q- osc-r\e. ;,0 ""ff;f L ,.-al,nr^r^

aJo1h. .0* 4'tranôg. J\;J*r"F,,tn,

ç.- 
""".*ç{" ( e%^È. - eQ, tart) :

* Q(tl,ti)xVje ' .  L&. i , , ;

orr,4- Jr^^c r.À ",^t\-i1,,^o l--r^*f^"^"â {",*
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l-* ,btï.'* Frwrl^.Q[- (ra nçJreol) l* fgçe * QÀeo,. l-..tr1e Q"X^t"
^nlçto^rn*^!'Jaa 9r.l.*.0* 

À deaua
F t r Y  , x  F o Y

1^,^ otÀt ^1Ufu rF,,yèu,u .{J^nc lrrn ̂ ^}iyl- J*"1 <s, $,T,>, t",pechwo*"."} {"a^
V1e z.  Vie l t l  .  V( t " ' )  + {1ez.1 ie h l .  . f  ( f " t )

t"" -0"X^1** l-eor* ço.Q!* (to,^^nçt taol) À i",14r" " ['çano,f;,Àt {-q1.
%*." .,* p'*^rn.^rh d- {^ uQ* J" x*.*"

F ALL \y Fso|. E tf F PoT V "F Pir.rev q

1^ rn*"k^1ul*-l n*ç."F*.*.-t- to, I^ {*&
Vre s . ftez. tieh\. t (t=^) rà Vl.ltl.Lrir.il +, ç(1i)11
Yre s, 11e2. 1;el.pl. [ (f;=^) r vjela\. [cp,i) + q (q\11
V,re s. 1çe:. 3iegl. [  (g=r\ r t ie l t \ . [Q',; l  r.  9[1i\]1
Vre:. V1e :. VrE\t\. [ (.q;=,u\ +r 1t"\t\.[(i>il ,r ry(q)11

A^ 4"t1* o*F ,'F;U.* f"*^^ +*ù J*. opi"t$'Ji^" *
{{4r;o Jr.r" 1b,t@lr,\}aÀ. E"rt ca T* crmce^/v\s 0el 

d"St crz}-r'orta J ol "X.t

J' *t,.À,^ J* ç"rp*'df".i A,o koo.eo, ac. f*^h -De ++ a^).c 0"
Q,q.l,.^" ^Jr;ào- 1-.^. l^* J'*1".,*e^ J- **lri"* *'hil-"'; ,.t,v
.0^ tna.- â'., ",'li^n. L"^ à;/.r^orr** J* l"t1* t-o*rç^.U* +".,*"'t
1-. ..tt tâ*ee..'lté ,n'*h ,f4À nnâ.*."i'. * ï'^ ,1t"-T- * "".1""-.inJ"*
â #1-* n,roàoù'U k'er4 .âoli*, soara "^^h* 4'Jt"rr ;oh'r,
Ae. l-o*l* l* ,*oJqO h; 4"rn.''[\^ / ^têuô rt\èt,, ork, d'l e ,.rnçrdoo

or'ec l* A6a-u, ,ù.j; J *^[an-*h* d. k^l*Ftao], [*.ào*J
t"rik d- Â.rè,.r"

Êe,,no^1..o* 
1rr' ;) ^'*b f^ ç,*,.'U" â" l*'* I'al-o,l- .-,-o*f- 4;

, à ,0';tt .t,.*h of t, 4 s^^ "rrhiQ;"^^l- J* ^)o^r'eU* an*-0**ro.
(c.rc'rannn. âo,,.r,o !-, +kzrr^ra. â" t'h"l"r-À*, h,s,,{.\ " {,) . Gq urre{r *.ar*à"



6 - 7

À A- J,^l.,r,nrt'.l^o "'*Ârtt*" (4, U.s.r,.q,5, f,3.1,6) st- à ,nohg t*iffu*
tot^ Qt -h',0ù *h ^ "*fU* k â" t;q tl¤o e^t* 0.'rr - Ào"* !" 1b\¤!r,¤
d,-l'àk ïl'à {'"rfi{ùol^,^ ,^f.*L J. ,'o.,,.r'qLLo *.*'0,''or,* Je^o -ulvr

f,toXraarwnc t'"" ^,4^r# ,

L* tx^op\,.dU *,^i,"*"Q0- J" & o,{ùeo,u Ft?" 0ot'" p"*F h'en
.àqht +è.t,1 *tô* )"" lrg^.'a[* L "-n"cl",'an J" f*t*
mon ârl-.r"tniruoF* *.t.r*Çj e^^ 1{*J** ( -wnv- *0h,n-oh^" *l- .É.rtàt.

?- ^o^L à p.r6 \-"...rme) ôu. J.c- f \rtrd/^ ^^r> 4po.^,c &;Q." . c leal- æ-

ry â- j'-ç-i ["" 1* {e{r, aA{,M,ô "*h^^^- q, c8. a) , ¤rn
Àr;Àpù"^rk â'" 0^o$1,r- Ji" f.ff" '[x,.r*'R.hX fÀe" , J *l- .no0rr*l
-,p'"i\\a J" .^".J; à^ 1""poJl-.l ). Ia {r^" i

3t . E . Vr'e \t\. ,i Cf.,t, )
i t .  z .  1 { u \ f l , V ( 4 , , ç i )

N atr"

4"u4.
^r\' a,u<rno f o.a

â '  "  JapL
il-"ârl c¤À

æ. 
Irl¤, 

rv\â{lD

^^eu,ê 4 .!"-rtt\a

'*A^ F* .

4',oç;dki, *ùl-*I^.00- * ,D *t- F;
a,uovr.o l"t ft* h f*t*'JU ,r^ir".^""Qc
ratr0* ;,i h^ * # çJ 4"^*i l-.,o.c.cn À ç""â"-h* ..h

ç.,{,,\ N*R. I' J,il.^rL*

I0 *F M'e,u <<rc/ïu! I..lt-P *;L )"" 1*op*'dLl J* fwc{tto,rru*nea

ï.r' cNr f-*h ,1"';$.^ ûr+ec rr^\r- L? 3* à hàç*- " ,|;À*r, fl^" " ".l- ç*
q^'ac. ,{r.^{, {,trt3". â" ftt. '[xqnn.Rrnn{ t-À.n "} .^Àt^"rnou,^f (Le/^ ç-,|'Ëao],
.*ltaql), tg *-ùtc .'1e Q,**^k J* {xo?^rdu À f*t* T' *
f er^^)t^-h ̂  tu,*p,"Ào ^ ̂  fa.t" -0r-r,rrnr. ^^i 1e^ .Q(o.rl'æ, À ct^ Q-qr 1"*
( c Qe,'&c - o0 ce11 t, , crc.' cqQi3"e Qo *Jl iç{,'.J;^n J" 4*î*n h'"n"
^.- or^.F ,0tàh,oâ""l'io )* *".r^nuQl- rnnoJesr'l* t *^h* {ue l"

. R, Lo À.,. 1oJ 3*" ..noJ q ù fJ a'ot 1u"0$e^o ô*, ft .D.L "gh"".- J"o

^'^h f"" ,or {o.rQ" . c'*L 4or^ 3".o, r.t1èira ou oqM -t},' Ui . âr{

r.r,{,.c .*itt"clo- âo "P.' � *#.cuh^rn 3"i î auÀ on n[1"

lorr^ lo fl\¤a{r4.e. À /v\ô(ra to,-oou^noa,. .^d-Uk-"*t-

.?',o1iF^.c. 3

x"'.'."a",
r""h ù +,,1-



{l"""o^U" À*
; . \t\ fù{,,r

t-*.- f
A;^X^"^
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â" 0o nrï"^"1-;1". ¤/vr *fiQ;a,,*l J-" rÀÀ'"*
"{'dl-oh f; d,.{ *0*'0. à lb^ ,;t-"J r' 3,,e!*mgue,

6.3 PREUVES D'INVARIANCE ET DE FATALITE

Gn f"*l- dta{e,m¤̂ # ,,.h'-0*.^ .- I"q,i1"* f* 4..* fr" g*.ux^ .}
aà /nêuâ 4,,ùs à ,u^Àe. ."t*ç"r,*L.m *" -Q* r{a1il-^.r tt * f , Ea
-Qrtl* , .I* lb<r,,^)r^ az {^Y à Pf*'Ae à" rtnâ* !^t
"o*ç^}"^* à"t orcr'.rru,ro ( â*f *^]"; "^f.-r"*t- -trt an^J,,3,'* J"
,Plro$a/.\^/$^c) .F â* "-\e* Jh4",-L-.u.

T{, r*^'h\" À'f?i"'0" J'r^.hi0.Àe* *Jt" -d l-loJ" fô{r4 f,"'.,..n0ù*
d* ,*ii-\oA- Ju. tre!*,e L f".t rre/r{/waA ;AJ1*^a-r.,^r.n.^f J* !^XT
Jo f*1"o^^ oFinn "'XA;;.. P..^. *rç1. \F- DeA.F,nl't-[as] onh * o1ô
d" {rtmnQ,oo^ -0o *il-h'J" â* aro*-fi^^ i^l-*,*i$urrhe^ J* È.r,,,ohq?,Q- à 'era,'J"
â',r.rn* Q"t1* l-.,mpareCIc têu4 c,.r\ J*À^1'^-- k .-*.liao .-\- lo
..'*çUE"L --il-l^''\JHlu- . co\+u "tkL *l- {"Jt f,){r/, 0* *ol-,'^r
btpQ. à f \pt*t ^^^'r¤â iF¤ir[;4. ( J* ,fq0" & cc!ù .-.*o,'Arj.J,. ,ry1 r,r.r)
"l- on nr.a. "ôrk l^, FoL erxe/t\fQr, ..*^.-l- 1âLc{.àe* à J'e^rhà

t-.op*'dt"; J" r*ô*e ç,^^* etr- a* c.aa d*" f*to^ * 1"^*Q!;0-.
14 {**Lloh'^ J$ *JFh'J- J" 1u,rtaturc à 0lor,Jo J* /\1@â ,p"*,"f-
d tÀd.""h ion ri\êqâ ro* [\. Jru," d* ek tF '*^iL "y X" ]^A. ,

Fatu- {^,*o0.iu^ -[{àJr^r"\i,tor *h..U.i J*r^ l- f \srr}% À

fqotxâ^(\^^\^e,ô ,, !^ -1h J'ri{*æ^^"e f-*r^ eA 0"t't* ;.0."*l-
ffnnâ"U"^*t -Lr^À¤. ^qa. Fd qÂr'"Q* â'; â^.r\'i^ *ohl*-- *!i1** J"
0,o +^r-^" (rlear,a,re t s.tl ) r

ttV(t\ n {n.*. [V(o\ + g(" '+ù11 + V,$e .., ,  y(^)1
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d{r *à*ê "{lÀà^^"1^,^r f""^"4À'" AJ,^. !-,^JÀa^^n (1* *t- 10- q,{'*"0"),
[ [V"te5. ((VP.d. V(ï\) .+ v(*)\ ]  '+ V *e 5, g(.() l

Lr^ "r^F^,t, 4/'"^^r, d 'à "\"$i rnr f"^- # J,ti â"^ *.1- p'-r J-Ltù" (1.1* 1"l-
J."b ce. tù*tr â I À â""fio 5,^r- /v\o-uâ a.rc^^ô t,I;Q;": f u* Jrl,'"nl"^*
.0e ..r*o"b,rt A. t-r,t, maa +,{-'\ +* J I -laaJ* "hi "n\ . C"$. {^r*" à&

Xr;.aiU 1*rrn"l- ,to^, *oar^çL è ïorn nc- F*e0' [ fl e,L] J. {r'*Qù"
l* n*{t-\'"A- J" r{"qJ ,k bu-h &. e/$ oir^lo".F ({""q,* ."..0r^,.t,r-'*.tl

5rÀr- .D<a oro.*!16n6 .onarJ"^.L (y"ru Qt fraffr"enr,r,me"o /4"-^h;.-0"\ ^*l
A' -0o {*u

F ( a f  0  n ù )  è  O ( c f 4 ' ' n q )

A a,'o[tr- o^";i *S. '4^"^e J. Éô"U'1.! m'e1pu",rJ +a.a X*r*J .A*e t]u^
*i*n ."*ç"r-J^" ..p. n /H"A^ *0na ,ï.c- ^J-* 4*u0;o'h^ J-
"àqlL* î *F kr.^,-o*1 1"0- 4.r1ù". Ne d"" f*<tr- E,lÀ.r, À
rr.^ "uFI"^-" "\" À'J*"lla. Jit-"\\" a^ ç'tJl.1*r., J ^l- ^**-*^-
d-r Àât^i- â* aar,r'onnco .J. ÀqQe" J'r{..,,1'e^.e J" Leae , )-vq "t^* d

^^*h* â" ^r\qQ* Uir*t (J .ôo L\ oo.r'orr,æ / L+dtL A'"^NJ,'-^,z J"
to^oc. + LL ,.r\A% )ri,iu"L Ao^u, dqn^rne [ar]\ . C..\|e ç*{**'^ J"
^4td* .^k à ..*Ft-l'",, a.\r4!. À ,"n**"ion A^ fn-,l.rp* à'À&r"l',;.l,l
â, "ù"çil-^* f ,

à0 *f t*'e^À *tif.*f 3ut* 1*clJ1,re, / n orùl-.^on è -Qe. f*,',
"^À"!-|**i d" 1Q^rz'.'eur.o çn-p*Ulr* à'u,r +H.oîlto/l/nÀe. boaro ca. ca,.t

ôq al"fr^.e â' *,jk^ l.- "'f lf i Fiano ¤.,n ."0*\ù"-l **F-.t 3** {-i^"
cr- tert Îto JdH.,l*^Fe, t* . N.vua o^!{^,.p *U*# .- fQr-'{'¤̂ ,r^
{e{,n.las" cL ç',.b1À" (4. fo,n. -*r*lpQn- r,0. À;cu^ê{'r'v\ ?yr q,r,e,r,,e ) 1*
n *nh\", âl-n Jî"d âo^* ,Qn, '[.,*no^rùe A. L?1.* t rç*"Ql* ( 3* nnc

1.^".^"\trh n-.r" J. J-ln^ht^- l- tr + n ô \t, 3*'* J,^,i *Fn*k t- u +
,k f0V aeç*n  ̂ "^ t | \ .
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Po^ o*ho , )^ 0"ty" f*^g^CI- ç-r"*.tt"-.t- d'*f 'rlr,*,
"^b¤À.*F Ar ry,"1"rlJU Jr \,1re I- B O V .*k^ *^h 1u.{,rr'"i.,
*,Ao['U, (J'ri -0'o..]o^^l-at J* +o,Le f#* V (err,.nr'h,uvr g,^*
$v ) À{r^. â- ( -#.^-" d" \ F*"Ecro "çP-l-,ôt' qq{, ptr.t J* ( çerto. J')
J l,rh ). rt"0û" r-^,^.^ n"^^l' , )) *\'.oV o^ &o Q 4o.o +"irr* )t ao,..,t,',nno
o{t A' *h(L^ d',À{.,lo^.. f* {* fxau.{,eÂ *çJJ d. t-"Q0a.
.".^bùoùon" J" ^odeQ,'\â. rrlouo Je,^r.n,,a ÀL fu+ ,.^â.^./J &'o^r.Mp fat
,{tù{rô rï\d1\ ?h, eLo\âl c.4 ;çtr.t\e,ùe ,

czd rv\+rrâ q^rûÀe .^+,r" er^ f".tt^re dr 0o ph*.}.^e,hl^ J*

ft{!ll^}¤a ottl lfra^,[ior!^'.. fr"^ 4, x^.a. .,fro{rtam,wvrao, N"tr,a o$c^,\,À

t*t.a/ Ar.x.l.t* *dtl.rJ- J* 4"'.-*p.r,nh'anu d* ,î,rc,rrÂr4a , \urbâ Hb
,. æ,[^ *,'"fi1". â*
to^;"e^;f -01"'Ar/ J.
A"ir^mp,^i h r* d" A
c"tl" Jlt"L A.n"-f
@À à- .fxo{"raannmo

f^r-rr* )'r,,.^

ço'tr",uoi,t d-*

Ju"h*'tÉ

tl,qlruryue ô
*fp*f^et

( f* .i,Jf*
rctr"ârr?"r;

Lt";L L -[*-*,
n-Fcrnwlu^^,t' J*,. A"

,A^ 4l."lumÀc.

,fao{'to,raamea q. +a,r "*-*pQ". q,s,&,! e} t,c,+\ cP
B.uahqQQ. , "0'o*-,5ro er't1 l*ol]*ro[ig,r,o , L

A r"ÀU{."e^o ) e} {o fxoftuaauneo
,t* -4.^^" r" o'x ç*oÀ[r\, P"rr+
a \"a*1u-, ù Tunea [er-f ,

(+w {.r,.o ."t'nprd^r.
. 1Qzt * *X", ., n +r.,al'.irl-^toie
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LÀ$FoRT L. fto1, " 'som"L.Àe' À ao.rnelr"mg, ',rrol ' naro,1 ", +F\r *^^o0 ftcrr

stht. ôrr f*^^fQlo "4 g',æX"a*'n,,ùn .0anquoqo , L-rQzo\, Jî\-.{8t.
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ANNEXE I :

NOTATIONS MATHEMATIQUES

r.1. NOTATIONS DE LOGIQUE

tlou.o ,rh'Ot,.a'". .!a &xrq{= J^ fnsn "r^e4- ^J^o q^)ec lXoû,Je' J "
nma,^^iæ,,.*e- ;hrjF.æe. Lea tq^,'o.tl* l"ç1tt.o p^.F n"F"L X,nt ,,,, /^

1*'J*'.e,h P, Q/ ,,, t ô\o.*,: ub;û"^n* lq .onnr'uh'n Rou^lur0!" 1u"
P (*) 2"'a6",,{"e 1u" d- 1"".h "ypo^rr.il* c,y,uv{h o *.^,,^'o|,l?* /''".çt )*'a
P. Noua -.hl-,.o"* -0* 4,.a ba?* -loq..1"^ PvQ (Ài["'t,]in\,

, P+ a (","np0"Jio'r ) , P+> Q
$$"". È(e) (q"*J'4'"Jic", mao^oa.Aj")

.0û") t À^re,aer (^^ Je

^â lnoFnn Pe 4 , ?1r Q, P 4 Q,,
ar#r1 r ... r,^ç."F*"*.-k 1o*u Q-+P, -(P-+Q) t t (e=> P), l(*=t )r.., .
(p,+QlO) * t -  4r  " t^J '*h*  J"  ( (Fnq)n( .Fne))  )  q=(P+t l l )  , * - ! ! "
à" ( P+ .= $ I *--b\ t I l-. P(*) *lDu Je IX.Voc. (*=t *> P(ô oi, X m[b

f,pa^ {i[n. J",^* P. t lo..ra lr.ùolu {*oêXo /.,,r æ4eY; 1,,, , P(uo1,,,tLtt,,,) .1",," '

ta .o . , , .  {o . . . , .  ( * " .x ,  +  , , ,  ( * ;eXr+ . . ,  P(æo, , , ,7a ; r , , , ) , , , ) . , . )  " l -  J "  r *â* "  ^ ru  - I ^

?o^ aL- J. ^o\-ohon ,0* 1u
ôù. L^ uo.0*rro à" ,r!J.' fr t +f

*" !"t ^ ;^,À^p*"r*f,'ôno , ,o'*F-à-Jio

iar.o J.o Jrnnorir.o J" ,J"tn* J"
. l*,{f } J* uJ-,r- J" u"j,J"' .

Dae.ra ce ea,_ | fi0u,5 ,nohe** P (*r,.,,r ,(; , ,,, ) *' Éo1.., e, ,.. ^*f l* l*'l^

rue.^^'o.f8a irr{
O'r{a.; J. *

I*tû ^çyt^,;I* û'U* Jo^u P ,k àa'uo "Jà; ca^
P<+Q tl' mot'".' P- C .
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NOTATIONS ENSEMBLISTES ELEMENTAIRES

Noq,r ,^,F,'t.o^ -|-'o-,e,m"I*oÏ,'^ ). .0o h[r"or'" & .-âeubb -d.
lr." 1q,,'J^rtEo 

J" ".tre*"u-,me|.n- r*""En&,.Q. "I ad,tne,hal^n Qt ç,xla-n.te àu c,hrlx,

hl,,Jar,.'s /.*h c-e*ô( Jlr^" 0rt^1t. oN?.î- dXa.0-ilet où !* rnal'r'auo Ja ,Mg
x ,\) X0,,,.., X;r ,,, t o,*)40),,,) *i),,, t J'3ppgb*:s e ês^I- ,ll '^rÂ)"lr"j
c"ùfr^^ï\e j".rcnihwq, X e,F -unr {glsrgb& d "!'1*J-"IJÉ J "*;F" y rr!

1*"  XeS. odC*) * !  0 'ob. .o l r r ,e l r , 'so J.  t$. (x¤$).

Â; F(*\ s,f /..0 4"iÀ.a.l ,i X .'-l' 4o".0*f* ào.^ P, a0n"o fa', P(".)]
o,t- ,0'rr^r'1.r" .0*" X F.Q.0. 1.tu. Væ. (*e X <=+ ( el'(*) n Pû*))) s Ll'.à - J,..- '0.a.
J*. d.," t'o,-,0"o o-".rrL,0* æ Fr-|., �  1*" P(É), rJo,ra J*ù^o l-0,,,,)Lit,,,\

f  o* [* '  d=¤o ! ., ,  v *,*, n,,,] .  "8,^ 
Xâ.i^l"**^f p t (4o ,.*,æ;,.,,) .uF

*u* lc,n.,mo .I P(*,,,..ræ.,,,,) * 1u.L'.t )" lo ili"u'" â^ "rrv.rzvû6|t.. À"'"*
O^yln x ^n\ga^J t*, ^\oL* e"fÂ,**^ l=(q,,,, ,  æ/,,,,) :  P(oco 1,,,1x1,,,,) l  --

[x  r  l ro, , , , ,x ; , , , . .  (P(n, , , . , r ; , , , , )  r r  *=z Gto, , , , r* ; , , , , )U .  
l re v t  P]  * l ' lb t t*L ' "h;

J u  l . r  t e $  n P ] .

Lh.laoo *b J":+;* Tarr X s$ <=> {g. (1e x *> T"s ),, |'*lfug
*"È  4< , . v  xcv  < :>  ( xcg , , ,  x+J ) .  No" ,o  J *ù ,na  |4 t [ ^ r . ' t  x=y  f *À #  I  

-  \  -  '  -  ' '  
0

: ç X ,  x + t  f r , - -  - ( x e V \ , , I " , . . ,

Lle^^o"rmhl. ^-Je 59! ,rt '. ' 0 ow $ *l- {o.: ccl*.}.

N L * o  â 4 ; ; ^ ^  " Q ' * g b  x u i o f - , .¤X  { 2 ,

fx :  r ' t rex .1* . ,1) ]  "F  i .y rA i= u{or ' ie r }  1uo,^ I
Ààroi. d'ur,*.rn tQ* . be nnd*e f o* + '**k*5|b xnJ = l* , * er ,r ze YJr
/ rX=f* , { , t rex .1" .X)}  .F  ; t r l i=  n lnr , rer } .  ! -c  g*^{1 l9g à .  u \ *n^
*\- xry = F. *eX a, "cfvJ a^toc .0q ̂ ol'J'otn F^y,r^'-ûtL; X-cc = Xru[=]

fo,* 
!" 

. 
t,K;"^: ^: 

: **r^ La fsgl.r.qgj:r. -l zx =

l*, * * x] , Â; 5 e"F la fgE ùfl#* (a,t) = t[*],1*,T1] , N\ouÀ
^o \-tn^s !"=f (o)= * ù 1,--5(r)=g. C4ci ç**J J. A4^ lo fyd*t M
XxJ  =  L<* , r l t  :  r r -¤X , r  { eY } .
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JLnu "io " ,r. .r,l- ,^^ E "dg[$ ( bfud*) h+ [o.,,9- r*.r^hn< n àu z ^t,
),u\e. fdo ^J^^J" or+t--â- Li. 1*" Vo,.[(*e ,g\ + (:t,â.(*=<1,â>))] . L-
4ng*Ig â'rlne- n.!al'ie.,, tr *l- 4ngC"l = l* , 1g. (<*,X> "o)\ ) tr''v. g-J-r,Eâg
*b k"t@(n\=lT,a*.(4"c,t>ex*, pô âsarf-  *h f$t" l= J ' ' r(")rr*y@\.

, 1. V.,t,b. ((<*,t>"9 r (*-,f,) ef)=>(X, g))
)ô 4*.h"r,,,"r.0r" {(.), {* o., {* f"*
I*" <*, $) 6 {. Not a rn rl 'an^o X -+J

x Je^s I Ju"f-â -À,i,e

1.{ '$*t- ,*e{^. . ! ,a, ,  n {g ' ({)*x n z1gt( f l=v} .Y X+Y l^.0*"J,
P^'Fio* toho-0eo àn- x daua ! .'rl--â-Jua<. tf ' {e (x--!) ,.. Jgtq)=x} . Lc-T æ æ

:lrpsù't {sùsdL '^V A;+;';" f* {'X (*\ t f (tr*U '
, \ i  +,  (X,* , , ,^x,  -à S)
4k.. '  (1t-o,a.n)t*z) y,,,  a^)),

moû) "'.,.-ùa,na Q G ..,,,."-\ a)^ {.,io J.

1"6-*Y) *F àt15![ (rte.p."Fôe,*r-^'h ry"[fu",,
tril*&*:) t; ,y pJ,,""t * Vo", I e Jflu(t\.[f**,{) + (fr*t +f(t\)l (".,ç""[.^r,,'n*l
Tc!({\ = s, {.Fài*I;" *h p.^t*h;.1. Lo. ,r^lw'J,'r." +1^ à. !-

,?^.h- { e- x *l' {n (t*'tCX ({) . A; z(*) *l- .^^^ t-n--. q"a^\l;h
(lâ'p^f -,'.x^...0^") "i PG) ,-^ 1*!^'.o1. Jr.o (r(x.) , p(*))
àÂoh" lo 

{^"h ^ l.< *, e (*) > , P(*)} .

ôa^- l. È-*E /né\,, Ji ^rito" y",*trttf i^ **n[0* X ag- nnor{ovr à.

0.',- +UùgLg9U*tL1*â, JX"0"**^.F *rl-"â x k0l"r1*,. Xe (tf -tÉ,fft1,
U = t*, .tI .^[- "l'*^-"* t V*. ( XG) = (ee x\ . L^ "y^^I,u* l"X^1,r*
1'r't JF*^â^,A f iJ fax ft** : Xr.S (o) = X(*)nS(*), ,h, h fd*{r*

4o.* -0- à:$ù"r"^ X4 Cx,,c) = [n e (x, x - tftr f{ })l J
.'*** 1t- ù>e tL q )Lù .l- r-lt - ,.,\ - Lo *l'-'"1',-

(*ç."Fw.^o*l XEa.9L. , 4tEi& ) â,u jE ^"-Io.l;on ,c à x *F rclx (.,$) =
[*e X n t(*,ttr) ^ $¤X ] (*"p.J-wr**^] 'c1x (.r$)= foce X r. rû(c.rT\l , tl'x (e,,t1) =

t o(u-,t) " t¤xl ) , h e1peù.T * d*r^{3 *F ne.A (nr{ ) =
15 . tn ( " ,X )n  ,a (1 ,$ \ l  .
,^hoâr.t",Q,f.^^o.n*k\o !ù

Lo *"0o1-, * ;àrulil"' *l- I (*,'à) = [*=X1 . AI^t
J- .^^h..",.0 nn"h"r""0a, r\\ o uA

l ' L + =  I * e ( r ^ l r o ) . t ^

Jr!tti*,t* L"' 1", {r^=,LQrL)

+ -0.o 4ç^* Ju-n ÀoU l';.
i % e æ

A" 4^^.,1-* -h.t^*là"
t\^^^à* 4^-s ri^^ -
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,L* = L,t ,L*. t#gggt à'r^c ".sQ"h.ro *h t't(*,q\ = a,(X, *.).
LrÀo.aç 'alxl Je X f'- r"L *b {g t l*eX. (*'c,à)} . (À ccgq{',g3us ( J.# \ l ù  b  .

.0o '*lJ,on t J'^^o 0o *!oF,an 'ti +!' I-J 1u. [9. ({${")*{Hf"')) ^
So,E. f$(n) .[crcb = ("),0'(?t)l]. C'gf .{/r {4JI33f!4: n. 4 *l-
bitrLÀôe, "*y*e+.Fg*. Ë { *t n .i""h., rygup1g3lÀs-. /; I oov
,i.4i.1^c., tr/t) :ghfg*rius ^ f9 (") = -f$(*l "h A.,' q&*p&
,". .t\- * *J*."'p),ùtm<. ,Ï tut, Ào-^yl,**o,

T,r.e x. q- rL<,) I àt1.r1*gq{g (i.".

k,q,1ex .  (** t  r r  { r } )  -> t l5 ) .
op*h'.^b à *"lra"n*t or,, o.r.0

; ule X I

'c eal-.rr,^re. *.Oofi,"r {:qjgl3lrsrg pu^- x i &. -V wlW" Ci.e'
{ee, t ¤ x . a.'s* .> t o*) "f .[eôg.!sÉ. Ç's ,
t,u Àd-.^.1- -,.irÀs "mbhg (i,., l-ou.l. {,CI"ot "tl Lx

i0'm.,.^t L "0t fù;l-r'an) J. x e.,\ ,fu
".n,1Ï . Là"r *n[[ )^ J*rr^ )t.'1"",ùolr^""

l'*-& qM + x qrdss " .i' *l-',f.' x/2,æ  l #

{d14trgk [*]," = i{
àe. X 1ou* tt ^V aprtri
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Â; T-r, (w,<)/ X É.W ol-aeW "-0t- 4 ^l -rr^ N:@ 1*t.-l';*"J
^;oro^J Èt"iol- * ^a ""* .
a d æ  L ^ 4 )  æ  I

Voa e X. x 1a, (*pe"hôo*"^.f
ui*g*l'ùdsk) J" x fo*< nJp",X,^",J^
tc.eX. x<a, Vq.eX. al t t  r i lo.e X.4<t)  ,  a.  ̂ Vle

+0* ana,.à (*r".").,l.^".^F pQr- +,rhf \ lQ"^ot &- x r"oq,r. -( Ai .t*V ",^
l * - ^ 0 * \ \ \ * J . ^ æ - l

,.r^a6*a^^l 1*pJôorn"^^J' ,o*i.rararr,l- ) â" X fo* < "i aeX, u, eli| *rr,
'"Il^^'k 

U$r!4 (*ç..\*o*.^*F @) à x f"*< Ài aex rr {*eX."(a<*)
(*p..h**'a*f Voc e X. - (* -<a)) . o ^l -Qo &ry'... p1+/yg* ("sp<'l^,,oom.*t,*/q1"113)\ l æ ' * l - \ l v 1  *

à., X 1oue, { ,0" o. *F 0" fA-" f.hl ("sp<H,¤̂ r\.^l- g^d-) J* *"tr^*^,b
(*ç.J.. J *..nna""rt) âc X 1"u.^, { "LF-À-à*. f{oeX .x4a, ^
t1e N. (Un,ex. r<g)+(o<t)] ftdt*e^^F lkex.4<,1 ,. ̂ {XeuJ. (Sx,eX.1-6")+(T<")]).
Â; "Qlu ,o;"le Lo b*E n1"â".r^" au Alpgg à. x ,fou-r -( *h n,ol-.{

*ç (w,<) x (a,r. ux). k l'û^. Àlr;* "* *+*So* *l'^oLL*f (w,<)x (ou rx). t4
!{r" -rupgaqla& (t^petF;"*J uPuEa) p!*c-l-ç Jc. x +o*^ < *l' rnoh/"æ  -  I  - 1  - r  @  |

nqJ(w,<)x (*çJ"oe,*d ol{*(w,<)x) d J. *r;h . ot,Y A th fJ}
(*f-b;.^*^f 1"^d") J* ,,o.oir"a^*,b @yJ*"nJ ,*^^ "^'"hr) ph*rl" .à. K

4ortn 4.

il" ^L L (eh'n"h '" ""lQ*;l ) p.* W -l' W ou W i ".L
o.',0*."*,"|. É J",rq LA^""t^ 1u.0*r,1u* à;fÀ h pd*l- ".$n,f *-h0* .l-F- a- tùc

k N,o) = [f* (w,") n Ta,Xew.[(*q)=r (.tl v X,r.a-)]1. tÀ" '*lol-i^ < su- w
^l- b^pri,?*rddt n ù r*^,[ ,rt'*} p l-o,Àyà f "^hL ,^ *do ^ )rv\ "lÂ r'"T n"^*t*Q-.* \ æ

{ {w,*) = lçrt (*,*) ,r {xeW. [x+o à 1X e x. (- 15ex. â<.t)]]. A1J aàn ia
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ltari6've dr .8,a*, d -f éT;tra?"^.f a- p'o,og-l-i.m 
T. loul-. "R"r^" olîr"l'"*J

)L^'orr',ort}1 *t- 4*". Norr,o .'.*rnno g{j(\t,<r&\ Tt^à <

t'e^^4^U Mr,\ uJ a..rec. ,r^ .0.j*o^h r^,^ù* � oQ. p, tf: f.r,<,P)= [rfiw,*) ^ peNn

$oce ut.-, (=c<7o)J. tlr*e rrr,0oaFi^ -< ). t!r-""Jr* A1.À^, \l eoh "0;i";"" ct- 4r^^-t^à1"

99(w,*)= [03(* ,*)  n g{{w,<)1.

ft^. 4Q4t tgh{.sue{ deyÉ. *Y tun" +ù" ( W, {) l,A" 1,.
f¤ (N/<). L'd!*es )" .0** ç-.-h.?{*'*^,]- ^;r,n^"' 'ot- J"1];''' larr
<w"/<o>o (v", 1a,).-- <vr<> A."l-p*0or t p; W -- [aorQ)r 4e vJ"]r[an,"nt,t^r.eu{
lal- qi,t ,1< <i,t> jn' t  porPr"l"^rl- e. t( i : j= o À o*o t) " 0.i)v(i=tr='r n **r{)J

("'*l- à- A,,re 1*" àa^* <ul/-<> "r^ ;9Â"h âe W, ̂ ôr,l- ̂ )0.,*"I c&ru*l,, Jo,"o

(No,{o)r fo* i* ^"*tn* J. w" 1*..riJor l "*q À do "} !^ 'Jh"^^h" )'utn

/o'F ^J'^,r'r,l cd'rvvn¤. ào'^ <Wn, *n>) , Lo **9bp9:*b à. ,)o**

^J* J- -L J"'f;n^" t* (N,r{o)@ (Uar{1) = (w,,(, n'* p"n1"*t À
V-\ l"*ul,  .h <
A. I  t f  S v (t=t '  i .  *<o/)]  .

So',h (s,{) a^e .Qoro" 1r^hi"00.^t*^F 
-Jo*t.â . x Ê\l *l- 4bti /* '}

o.o0"*"..I- A^ '{a-,Je x . 1i'e X, (.r.< t' r,, *'</ ). ($,<) oal- ,t^ro gPg (4â^& fiùl
q$U rr' ù^c,.e "r^*tLl. Àd".\';f ) ,o. w e^t- ,rnn e^-<r"*',[l. +",'tdJ*,F -r^ f 0.r,

1"ti! J0;*rrF "f t""h "n-r*b\<, htJ x¤u/ oâ,',n*l- ,u^^e b,nne' ""f-;i*,,.*.

<\),<, À,!,r,r) *F r^rr, TIdgô q{UrSI N fo<-r^ l-".il-e ç"r.},'a nrûtt nr,'J. XeW,

Aa {,n nc. a"5,1-n^*u *p(w,<) x (^oh"l rrx\ .f Aa 4,rrn¤, ;f"^""^*c df {*,*) x

(rno\-d nx) .^ùF-,i. Qeà ",*l,.aitu ?âÀ at'"^hi*ri^'.^ ï" N a$rr"t- ,(v\r 1"e,-

f.F;h ;\h"*Y .= ^À+(w,<)w J a,,yl 1e^* Xnor^J dQ*n- f r= â!F1w,<)vl, u,v'

t:4.Ut! \egg:t 9A95pgJ (N,(,À,V,L,T,r) eol- .r^^ r'....00r^ J^"t*i!.hf '*'f0"i-*,J-J

(.* Jârf^. ,,.^ *nçQ"^t*r} J. *) .*npQ.l.

Âo,o^* <d,<) .r.r e "Qoo^a, 4r"^I;rll*r".rT ,nJrt*L .Y xe(w*w), ( ,ol-r^"

dh"*************** � gbbbbbbbbbbbbbbbb � ,r,uÀw ot,.lul TSùE9 (,.". t"-,{"w.(r.{I -, e(ô<e(fù) "V .M_M
Q,z' t=("( .'*l--e-Ài'" v*ew. (@)=e(ec*)), e onY *,n+ tr{gyÈg* W
(J,roOo^-"L :$Pgga5 )-,^w r,'i/ -l-^ol-^", iÀ^p"l-*t, "L r'rn(t
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{ggry & "$Æei4ab' *W* (J,", $aeuJ"¤(4s?(w,<)f.re(*)}) = e(ù)
(Ju"0.*'J -P bdnss & qâeldË -AP,rIs.* (^'.",$n.e w. e û${w,<)[*,ç(*$) =sf*ù.
g col ,u,,v^e 11111=!3& 4gf"./g,-1* (À"0.^rnJ*C{""r..^*1 p.u- N t'.,9",.Y.*.rrFnne,

iJc,u'aç'l-a.^f * ,ùs.,3.l (i.e, $".errf. *<C(*\) (&"0.-'** ï.UtÊ!4 (.c,c,ria-eN.

g (d -{z-)).

soie.^,i- (o1",{") .h (dà,<r) J"'.n .L*o^ çor"l'i"O","n orl ^)r .', ,t (o(,t)

.u^^s +ù. â" f,æ"l';*o .n,5nol-rn.o ce (ut"+uJr,) t de (u|"+ul.) eh t"d* 1r" xoE<r1 "h

4. -(s too( . (*,x) .ok -^0 " çg*fftâgala * G&,

Em âJ$;"*"-F .)^ 4^,.h'* 4*,1';0* â.. (cwo+rr.l.)*(N.rwr,ù ..F âoe(1wn-rtr,)+(worrln\)

côn\Jw\e a71l*l , â.(t)(*) -- r [1.nrr, 
' *{t t(t)}, à"(.t\(X\= vlxev{n '. q1r) -(ut} ) crie4lâ o+<tu

.!* n.e!J,t-o,f p*i^)q^.h . Ix"t<"4 el- 4aotorl* [.tanF*ran *mrnph,r,r,tne **pLf ¤]

6= ?ù("(\ I  o+ [$oceWn,trso. (x(a)<1X)*(.-<.((,{)] .o [ ân(t)--o( " l  â"(q)'Y] <,-t

[<<*?n1x1 .f ?r(x\-(ot] * [ t  * l- ^-1 rr-.oatç\À,me . npLf "T x'â.{t)1 .

(.,,t) *l- ,,^ " .o,",rç,.,*.â^,.J. CrcQn,a ̂ t". {s.,{r) .} (Nr,-<o\ o0*

[x,t -- â ] e [.( *h o*q."h.rcl ot I d -t- r^t.fri" I -F "tt^;

D r

/{\r{,tô 4,rJdv\,/r

f lux = {1 e [v eaF Àtr.ùi,. I o tt -t nu,,1"J*"] .

Soier , .F (W., - ( , ,  ÀnrV.r r " ,T.  , r .  )  e l -  (Nsr{ r r  ^r r r | r r t . ,T"r . r , )  J . lq  F.er  0. i t

tooQ.J^no , ( s; I ork ,^*" $^rF,'^ J'^,,* l*QCI.i b.o0J.r', J* *-' \-*jl,L,l 5-"!oi^ t N\oùp

).f.;"i^^"* { tsOi" 7"" {O,=.ÇG*)). A'e,,* L(n,t) eat,rure co,a.rgonJa^r, Jc oa%ip

rJ* N^ .i n'o , d t r.^^?-**,1; ({,i) ,h ,,^r^n- .-.,*g.^Jo^^." A" oaZ"à .-^^ho- w".fuf

* [ tr.f ,^-*[*hre (^rç"c]i.^J ,,n;.,]re) r ,To,.3,'|r,on*J ; i *f a.,^{"ôre

("xp"Jù.*.^F,,rrçrhor ) 1 .
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I.4 ORDINAUX

0 , 4 t r ) , . , /  u ,  w + 1  , u l + Ù r , , , ) t À ) + ( t ) = t i l x L , ,  u . , x & + L ,  w x 2 t * L t , , , t  u x l + q r ; u x ï r u x 7 + 4 r , , , 1

r r r *L l  , , , )  axA)= . r ,  i 2 t , , , )  * r13 ,  , , , )  ( ^ ) l u t ,  , , , )  êo  =  î1 r13 , , ,  ,  , , , , ,  * l *  r , , , t  d t t , , ,  [ r , . . , rX r ,  . . .

tlr'Io.* dti"n^o L à'Q;1,ôn J" g,*^"0r'-l; -.,,^* J^ ^AÀ^n. tt^z
"!o " x *f &g!gg r' LJ **l*. Jl.^ ^*[* Jn x n^l- rr,,e*b*- â"X,

M(x\ = [Vt" x,x.ê$, ."xl - [ux e xl, X e.F e'n *êÀ9!' ,ài ,,l- p*.Q"**f p.
x *F ,ha^^il.'$ J to,t r*crmb.e Je x %l-À"^,"ih'{ r ry|(^)=[+S*(*l r' {*ex,rgx(r)]
tla.ro ̂ ol-*o "1.0.rr*^l d = l* ' dk)ï .1o Jo * l* o.JÀ** oh 6o,,o
"l;{-^o !" tQ., ^o.r^lor} àeu X,,Û^À 1.r,.1u- a,S,f,,,,, f',b MT^ J^
,nJÀa,.,tn (^or +erkF J* {"fr,* 9"1À^ M1il(12,,, f*u )^ ^l,s^â). L*
--0oh'* o(<F = (XsJC".l n aç! (f)^ vefr) . (d(q\ n Cfpl ^ ù(¤F) *l-,^"n"0"hin
J. [on-on}^" ̂ ,* 4d d""l- "01À{J* -l y t,Q'"*"*[f" *C. , ^ol.' o, Mo.r.o

À.'{r^r"^t^o L yg549.5"l1gry; "yt à'r-r ^J;4.0- o/ c.6yy\^n^è ,lt^JÀ".L Vv=nrtn}=
o(+{. fo* t^*o c6{lvrvlc à' l . ,ah'}uro a -- *o=lo}, L= #a. =tr,n} ={o, lo\\ ,

3=yâ=fo,a,a!  +fL t*e, . " t .^ t " I  n={È. . { l , .È.oJ or , , . ! t , ,a  &
pW p' .-F p*0o**'h i" p111g(a\=to. d n 3P"4j, n=fp].[",e aJ n u.r<<],
rtloro ̂nol-rro q-'i. l" 1@ J<. q . ,.lor- o,r.nn. {u,fle *ê. .("tapa.f"). Âtq
*'.h -^pa6 ,,a *Jà",0. f4,.c&tt)u*u , .tu? L.,n es! ^fulg ,I $ouô f"r*I

q - t=o / .  Leo " ' ,À^*o  lÀ*1^  A* t  " t ^ " fuL  f44-  W A l  =

t*dc-t n vp<"(.9Ê.nl =[C(x) r. uor=o] = [dC"l r. {p<a.ir. F(r('(l . No- t' '*
v . < T  = [ n . Ê  u o = P l  = [ * . f p ] = [ - = f ] .  ? a * F o J  x ç f u l , )  e s f . x =
4*F (td, ..)t = uX ("*p".h,!orne^^.1' H*ç*x = o*F"(qdr.. )x ) ^V -!. Ê"f*
(*p.-I"À*^*rh Êhi'l') Je X 1au,r < . ,gù X ,\'a. 1baâ à" +A'- t*I
Ll;^^,J. o!* "!*F rt^ ^ù-1. .Q),,*Pe ,b Æ!F,*x = lg; X . Ât X e ..u,tl

14.^ t*À ;?-1,'.^)- o( .r* 4#f- X = x "f prf*x' Vq . ?o* ?oûy ..^oc,r"[!c,
^* ud" x"*è r ôX *f l" ,,,.0^o f-l/ 

'r-tri^"* L t f o.o a. Ltru,o*L2z
4" %t!.gâ m¤@$ .al' ,u = n{x: o¤X ̂ {e.e x.,Ê,e x} = l<' qg!-(.ù\ à qgl-(q\ =
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t*d("()  / , .  (q+o+ ( .Qe4f( . r )  rVpe(q"o).-q3q!h(P\1,  ar=nlÀe{d,Àçor.-{ , ;* i l ' ( l t \ .  f fo, ,or"bl .

J,r  *hoto aoY Z-:  r^ lu 1." ,  o<'r \é4r\  ( rà : - rn eal '  l .  +*"  torm)).

.X; ^{(v,-<) "0"^ !^ l' � .prrru 1èaiL à&tb @* Au^- < pcnF À
)* t^'-^- [Vueul. (({P*n.P(p)).+P(-))]=> [{rerr.l. P(x)], Ern ça^hi ""Lru ç.," Q^
"âÀ*n /nou"â e^,dv\ô [pfo) n $veqg!.[etnl* Pgo)] r. {qe d.[&ei]('r) r {p<v. n(p))=+ p(q)]] +

[$ued. fC-tl l-o^à-1*. Fo.,l,-l^ ̂b,'* rnaui a,u^dua
Va ere. I pfrt ^ tqe ar. [P(c\ :y P(c+ n)ll + [V.r e ,. P(-\] .

Â; .1,.fl (w,.) *0' !^ l)/; t"'*^ fa,v Tgg3y11S-à3xâ+g3 A'rf d, .!o

{ { * "  F ( * . r , , . , an r  u )  =  G  ( * r , , , , { , n  ,  *  r l  ( 5 ,  F ( *n , , . . , r , ,X )> :  f , eW  ̂  b< r t } ) .  E

f*h,o'U'.- f",* -1. anâÀo,',^.r c-eà 14il l-,'cno ç""tr .tJ po,ut"^rk -!-a.

1 i l "  
F(on, , , , ) * " re)={( . . , , . , , *J ,  F(4n, , , , , ;aa1,  t 'o )  =  G(xor , , , ,3n ,4 ,F(nn, , , . , * " , { ) )

ù  {ù i l rG \  =à  [ t r ( *o , , , . , a * r .ù=  H  ( * r , , , , ]æo1a(  ,LF ( *n , , , , r - , ,P ) ,  p . " ] ) ] .

tlo,ro ,rth;0-or* )^ ^JÂa/^* aotw*e *Ài!^ J^ *J^^ E'"o filJ,
Â; o*f"tw,*) "-0"" mouô )l!,;^;^** -!" T**t )" e-e w -go,r. r& (wr<X*) --
Ha11âl \f&(ur,-.)(ï) r {eW n là**} "}1" ^o^X ), (W,{) +oL f& [W, *7--

L e  \  |  '

Ht-* lq&(w,t)("c) r æ¤ \, i . Nlo.- 4^,d1Àa ç&(w,<) a (w.o*[w,tl),
{*r.[ .N.t(**t) :, !&(til,*)êt "3.(ur,<Yt)l Qt ,&(w,-<) *]- ,^ ,lon.ph-^c
J. W A.{r f$ [w,*l 1""^J Ug (N, <\ .

L' d{bb J'gêà3g} "oF J"{ù. f a^. u+o = 4 , x+fp = ùP(,+ p) .I
o(+r = l!6(o+S1 1"^d { s\- )^/^ ̂ àÀ*Q. -8;;l-. ^cn ̂ "-0,. A; Tp(d,,<")
"L 9e (N.,*n\ ..0r" ià Ji.lt*' f* u(ror@)) = r& (N",<)(*) , )+(<a,w>\=

A.r^- q& [W", *J* 11[ [*t.,*ol = "3 [< No,{"> O ( N+,<.n

fe, Ad[pg13àE ,lhfu_*s o^l À;f-^;" f* 4xo = 0, vxfp= (xrp)+a
"F dr([ = ,uo ('rx5) 1oo^J t *F* ^â*""0 -li*'h ^.m ̂ r'!". Ât W(W.r.)
"t gg (rrtlo, *n) ^Xt* U àL+';t f"^ LJ (<*,Ë>) = (x& [w",<J - 4, (w",*ù(I)) *
O& [*o ,<41 o.F 0rr.r^r'1,r e iorn.trçhà'mc Je. ( S, {o)@ ( Na.,{a) A!!

1g [Nr,(ol * t3 [wo,<nl = çs t a uor{o) @ (ws,-<t)].
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I .5 SEQUENCES

Un
t rst({)

téqu"*". ,o'^ A eof .pnc l^.lin 4.&^l* 1 T
A . Ijouo o,oo"t o- A l'^!+L"Lri

t l

lJl" 1u. 440 (ç) ut-o,n ^â'À"L
L -l^ ry** l. (e l*Xv
tçl No* rvrohm'o AkÀ ={Utll L -?o /ar*,. + +Y |Xalr*ot *"li'"

et {i.p +j ={n*.).
$ * n , u r r + * , F r )  * l -

No,u JJ{il^,r^^ -0 tçâC:nn J. :ngf;slg! n ,o.,.,^. g '(tr

Ar  I { l=* p ' ld.  {^X = +" l< l { l " i /  ?( i ) )  :  i . lg l }  .
{"x=f

u(a-A):d¤(À'o)]  (*p..Fær * l-  Axl= u[n-oA); qe (cr+r)-o)])  lo . l^^.

e-1,te4\c4" ,non *,J"o L ÀXA.r^ , f** 6"tperf^roto r^,j "u dXo,0" ) À À

'<À= u[{or+$: oté (lt.)}) /o .0o^. à.t

.^I' ou iX"0") a \.

4;* "o^ l{l<-. iyu^n ^'à.

:ffi" "r' : ;' *'y^ ili" *,'"',,,
à,,:^"1" )" p\ue^* {,t. {<o&>,q4,r}t,,,,<k-1,Ë>} J. hT* &. la nrhin.o

Jc çor. ^l^^.. a*,{> ={l*}, [*,,{}} ,k ). é1u^", A. !^g"*n z 1a-,tl) =

lro,nr,<n,t>] Àôn\- .^,{^J^.* f o^*1* ôûu. ^'J'{-* 1* L'* yoy-'"'lJ
crx\rnrranê (a".rt) = (.tl,u)) :) (oc'.r^ ,r 1=o) , /"" tvJlu^"* "*l* J.

0*n*r". ,r Âor'h *oF.f, <!,', i e u,) o& 1!",,.,,1r,,, ,) la-'À^ gu" )^ h.'1u^"-

M|e à. hn^r* À>qr o*l- ^ol"'* < 4;, i eÀ) o* 4f,o,,,,,1i,,,ùrx.

h fy@ I'n (^xpe.l-ùem*# {*") A'n^o N1",-^,* {nO- h\ "^l la
oâ1u*". { 1"a^J n>.ot (nxgeehwo*r f r*.>q) t*.^non .'uY lo n\ue".e f'e(n+n) t"&.. 1*
V;e rc . +: = +, (*p.J-.**l 1'" (pçr -+ A) r.1I. 1"" {ie(nr,l). {j,f, ). l-e

^*l*f l'" (^ape.l-ô *,,nu'Jr {:") Jr.,r,^,,e éyn^* {e (v* n\ *Y k e/.1"*.e
^{'L A. n+.r>,q (*p.$"r*"..} n>,x\ r*^ T+414 (upcrl-,rorettn<"<\.YJ*? l^o-
ré1u"^.a {! (P* Ê) f.0û.1ue È *F ,lL"r'1ue otJr,n/ f*hf ft). 1r" ?r+ù+P=q 1'rr. /ro'r.ô

q,nal'*o p= *-(r+l) ,l- fi¤ P.+1,=|c,r*r)t; (*p.f;"re,^t r1p=x 1uz. û\o,1^ ,nol-.,rn p: or-rr

J*
*

p41tt2r^ctÂ

L" 41lâ: {t*,Ut ( "rp..lrôom",^l- f 
' 'n'F" )

(f t l) tn (t:ope"l-,. :osrnc^..b ({tF)"* , 4tt)"", 4*F)'n ).

r*
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I.6 CARDINAUX

X *\' *ggfglg* ancç U mot'"' Xar ! ^- * p*Lr^""^l * ''! ,,*ùlz &ï\?-
biyÀ'on *I" X c,t S, lg .uV 'nn M $ ,y pnQ^^rt ;

Iu . *d ^ {pe r. .(p"r\]. No,r,. nol'or.o xd f*t Q,. ̂ùÀoJ^ à" l)r,^nnil"
x "t^l-c' - d;^e ,!.1^rn;1". "*Jô o-Q, q "'1,up" l-", f à X . '?o,'^ t-ou|
,^À^".0, 4, o(+ ¤âh !r. /* f.tif *o^â-,o,0- pt-*tcl-"vne^rf ry..",u|:* à q,
U^ aro.,*b0" *h 4-* r^ xd Cxl 1u t J"J''*r bno b0" A i  , g ! ( x \ 4u t
"^f"* Ar, .-a^J (x) 2t u .

ll"r .o,râùo0 /:! *f J".k ,,q^lgg! A {f e ru , ; ead (f\ <,! "!*
vl< nn , d^ ;8 *h If H^[T^r&!

!!t= * ,at e(ur {!t= tl r. CI -h..,o .o^ÀÀr0 ;f*,t '-rn^r0e^ t

eot *ffe* (t*f uJ ."F ̂ .'Xae,t^ ,f a"1p.".-f [toni.rm" à- .âoà t f*
t-o*h .er.ÀÀoQ, À,?^t q! ) 'ïr+ eol- 'tcXQ,u>\
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INDEX DES NOTATIONS MATHEMATIQUES

l* ,not-.rFiono ",'-Jrno* nr,rl- i,,^JnoAr*ilrr,l b àr'!,^ir^ J"-. .pr^"exe !.
I

LOGIQUE

=

+

è

ë

#
+

^

fl
.È

tl'

.i.U I'J
ù'Pf*-^b
*r -0.l,X,1.*

Àp0..ohon %tf

(à

v

nÀçfu.ohl^ I"#ï. tÀ,,oer*z

*"1olrlrn J" -l rt'gù'ceh'dv\ log'y-

^Jy\it, J" p';fà'."!'h ùt'1" z t'u*e*e
iïi,uq|...o,.* !"X^'1*.
o.,- (À.0'"r$ ) 6S1*"
ef Jbt1r^r.
ua0*r^ J" "^lJ {**.e
"o?..r^ â. ^r*jh' ^ncic.

r,,n^roea" ( ttr .l*. *\)
x,  x jx, , , , ræ, 1, , , , , r - r , , , ,cq, . r 'aLlea ùtq^r-

TQ, . . . P"id"'"4,b.

t1o,.,..,,tr,'.) ,urn 1^/â.r'.ak enr". Lot.,,)vci,,, côr\fie (o".0"") oa^r'ablc, lrbn.1 ço*t!f-

(P+alc)  à iF" l ,*qar.Àarr  Ê, ,  (çPr.o1v(.PrR\)

(e+a-lt) Je,or'a[rrc .0o -o0* e., r:t Peat nne^, dn.rn !

{ fr.r^ Fo,r}

V*o,. , , ,* . , . , , ,P o! [* .1* '* l i^ ,  ào d<r.( , . , (V.rr . ( , . . .e, . . ) . . . )

Vx.¤ Xor, , . rV, :u.e x. , . . . ,P rLL^âahinn J.  \ , t  o, , , ,141t, , . . ( (" . .xo^, , ,  ^  ' ' rêx;^. . , ) '> P)

àL ,.tÀhr-.
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I t "eXo,, , , , ,1eXr, , , , .P " . t t^JU"hion J" 1*o, , , , ,a- ' t ' . , . (æoexo ^, . ,^x.exrr . . ,  I  P)

;Q' "*,;t pn .q,.u ?e
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ENSEMBLES

e

C

?

a

+
+
+
+
0,/

rv'

:

2x
x/z

[*]t

(*,1)

*h *oonhno Je..

m'enklao ^."nLnr, J.

X Uy un,an bùai^t

UX ,u,rdan ̂9*" J. hruo-[- ,m<,rnbtca J" X
1

,8rÊ, =u1gq(*) ù ne(r*$n1nt)
XrrY r^nFt^""cfi.m br"tai^e

nx iol-ar,.e.-l-'rrn ;{^u" d" tp,- 0- ^t"nhoo J. x

,!, A. = n $(e) où Ae (r +êq(n))

à"0.ro.'rr l^tr
.ÀJ.-.'^ pT-*"t
X 2 !  < ' +  Y É X

X l r S  ¤>  l é X

x+t  (=> - (xgv)

x+i êà -r(xcJ)

X +Y e> .(xav)

X +l ¤> -r(x'u)

*b otl ¤r,r/t.ern^[t. o,ic,

À{P*-* ). ,0,,^^
T1

Àf{.*-*- a,tcl, rn^ eù#.|'.tt, Xuz=Xrul*}

4pnoÀr,t .t td**

t"Q 1^. ( â^ læ.P('c)), dnq ( da"." {*. PG.))

taO 1e ( dor* fx: P(æ)I )

,o*rnance Jo- X

Eqoer.bT. 1""H.r.h 
â. K rmoÀ0o tt

e0o,,,.re àl éï^i*aQer^ra àe * fêuu ,L

* ^J.tu*é

x



{ç. P(*) ç,e.r^ t'au} c,, dï\ 4 P(æ)

3æ. P( ) .0 .*;t * Fe y" P(.o)

t*, P(*)] lo "0*" J. t'o,- ,l'- n h.0" 11. P(æ)

|r(1,*,-r"ô,Pk*,a,,.)] .0" "8*" J. Faua l.o zê,,,,.,.;,.,,) F.,[oi"o PC*.,.,,,*r,,,.)

{rexr P} "b[.'.1't"l ' iorr J. {r, tex rP}

E grxr*,l+& .i-r,--çhù'm. â" 0'oJÀ'li^ (rt.r{,) ê (N.r<r) J. .i-"-

trt n {"^Ja; A.r^ 1$ [wr <] * qÈ F.,,<"1
U ll-1.. ,aacso.pLi'*o C. /q nn"ll'if0r'.ah'nn (wnr<o)o 4wn,<ny J"

"P'-* &ur 4^Jâ ÀuÀ :Ê [w.,*.]' ç[ [w,r<.]
$(xt x 6f -ur .^.raennbl.

L . &ggCxt X ..ol' ,r,n,c .0"-..hqrr^a^l'Joc, [VXex,xeg.zexl
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RELATIONS

+
v

^

g
z) t r l

d

t(",g)

( t 'X ; \  e  h -  r

"*iX"fian J. *oQohrn 6r\(a.,n) = .r'r(c,q)

*Àp&.ol-''trr i. *Oe|",'oos (E+ ti)Cæ,{\ . (,c(z',q) -r/(*,,â})

uu'on â" *!*\'* (rr,v rr,'\(æ,q) = ,"(r.,5)vt(r<.,n)

,,,^h-"rLian Jc rcQa|,,rna (r,rrd)(c.,.1) = z(*.,r1)r.'/C.,T)

ne0o\.i.rq -ij.^^t-; f.t

æ. eal- e,,, 'teQah,h a^,<r' I ,o.0.* ,0r n.0eh',t! LÀai^e n

,.*t-*.1','oo teur\e à" lo '.4oh^ i,, 'a n(x*rst(tg))

o.oh,.iol-jon J^";1.. J. .0o "oQol'Jrn ru, "n (4g$(n)rx)

xa,ohnr.h,'.m à. .0" *0oF,'^ r , an (X.X)

"c,np*.^'h'an L r.0ol,'^, t alA(*,$)' 3X.[t(*,g)n o (l,t)]

*"Doh'ro iJ. 'l-; é , I"
4 o - l r , q , , , Z f r t  n N o ; "

f"r,,nn<,F,-e 
jn a-r^'l-,r. J !^rrn. *.O.rh'tt, lme (..rro). um

f*r'..r"hu"e "ha^rd[Àe,nlQr*^., 3mew.'r,t

Àre",'., â" Io,,.Q.^l,i* ,., *ot$ : .trr*-

aÀ"1" à. X +* ^, L$, Aaex.u(*,r1))
dornor,,ir. Jo lo n.0el-,',no ro , \., lt.*ntl

e[.o ̂ p à. 9o n.?ol''o.o n, dg$(t),,lg8(z)
"o- J,r*o,rn . à. 0o ".OoLi^ ,c, lt. r. . *r.{ }
rc "ol-,r.,^" x.oOa!,'on rrere. X t 4ê(x.x..r \Ërtf ))

,L{ X

t t  l 'X

t( lX

LeA

ît

tln

4+

t
i4

,.[x]

â1gt.l
{9tc"l
TôX(")
qL0 (x,n)

It,
I
L
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FONCTIONS

^p*iHo., f,^"f,'*.Ql. , {"XG\= {(g{ô
(x-+y) "Q**u à* f^.h,"ans 1*-F"01* J. x Jo.'a t
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f" J f i , (ue (r.â +(zxro -+ -)) ), x.s.s.1,.6

*roerrnb\c à" hna.^, g,.{"1

e^eernb\e L b:-arn:l' o,,nocti- * f-tf*e 
Pt, 1,.'r.&

e*e^"t\" J* kor- À.u^. ,r,* o-et\bl. s J!Jl'*l'" oh *-vn o*e"*[L

A dra"f ir,ro, ( otttoLr'on Jc Z<*<s,A>) , L, '1,1

**nbl" J* *"4.* ,un !* "^*.r^!leo 9 àtlLh, ",l- R Jb.h'.t* ) r,'s'4

"^*.^nble J.^ -hq* J. ,0onX^t*^. m ÀÀ^^, s e,l'A ,
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2o4s,N,b,e) .ro-.nL\" J.o l^.ccra À{,^r." " 1"",Jnâ 1* -0. rpFùme L h4^!tih'4,t

<s,A,b,É>, ( l1e zb<s, l) t  eCgJ a Vueur.  bUr(p,fr- \ \ ) ,  s. t r

Z<'<s,A,b,t> er^o<-,!\. J* t-'.o.to â" ,[*1,.^r.r,t ot'.i.ho*"rj -]1$;"r.* a {

*1^â""L ç"^ .0. ,,*phÀe J" r"--"Fl.rr <s,h,ï,.>)
( ".dt"orz\<s,s,t,e)) , 2.)

e^^..rmtle J- f^,o..o 4ù*
f^tq^rrrL.rvf <srA,ù,e> t L,\

.^X. A^-L t^ l. q.h.Àc À"

"^*oe^nq[\c J* F.qqÀ Je {c.tXuon ;f""{"r-" au Jne0< a 4

^y^à""." 4e^ -0. p^1.hà" J" tn*^;1""611 <s,A,bpê),

(z<g<s,A,E,e; u Zo<s,A,b,?)),  t ,h

z{. [. Ppe Il

a. o"h'ott (.,xt.ttnaa^Je, ç'r.o.rxur.o, ,.,), s,4.4

*, qcl'r'on u*i'yc , 1,,t,3,3
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