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1. INTRODUCTION

1 . L BREF HISTORIQUE DE NOTRE DEMARCHE

Lq. n*ot',nrabian Az ca l-nolar{, '**rnnF. d mos .tnt,l{\;ù '."fr*'.r*

ean -,1q15 ..,1'q'n.,rarrh "Q* Fo,ft^;3"- d* mnùe a)r ça, r.h &^ fEptrte/\^^^€a.

po^h"*F J* 4^otl.i^^.t- L -0" &lï^^^tno-f,',rn o^rh*tol^i1"" J* d/^,o. àterrraa,

"h op,À Qf*o- q"hâr AL, mou, o^9(llA JkJ"'é -0- ^r"^.tLi"'- |t^ol^tgol-'

Àçfiq*Fi1"" A!" ,fnoX'trol"rmnco (.trof - *- -Jv,,^* ,-0o .Ut-*^l^ o!,'orvt n+tj..,g@

(*' 9o ".rnç"Qo,lio"'\ à" 4"op-'dkl, Àry^a^i5ue" 1e {t""e{Ji.m\ à* 1xo$tcmar"o),
pfu\al 

Tu- J- "R*&* e- .'ktl,.i ,'^n .*F*Lt* J. c*{l'l'rJ- A'"^"8^y9

ff\oq^ oddy\^ t*tl*" 
Jl--ùe^ .onr t*^.h c.msl-or^i^Â * r*dt-f''oL Jt"*40^1" *^*hj*

1^"Qrmg*e è 1a,lii dr,r.r,,v.,* onndt-trJ* 4. lxeu^re * *S'qu",^f À UR^^1na

J'rpPt"nrrmJi.ntr (.N.,..r,r,s), Ce'{.i ,rèuâ e .*ur'â^^il- Jîd^ .{q+1-60 c-' N\e{to

Àk^rtr"n 4,^*1* 
...lrr"*ler**'r} ort.. *llrhoAo J. f^".-r" , Çrrrr,vn<. lr;ua

c*tnnto â" *o0 s" .*np*^J'^" t-d 
f,-ç^J-r,"-l 

0. '*tli'"L eærat*.t-<a / mr{r

a^!ô^ô "fi*.ûl à l- f*",Q*^ â" oma^,*tù or!)"ri .^mcrÀe J '.rXo,r..euac 
1u{

.ç.arNble J,. 
ft+^ 

à 
{eurotr- 

A cc,î\faÀe^, ,I 9* 1^l^<QÀu. \€ ae 4.a<

o8* t"À nxf" Q" 
fl.ttler.^e 

â" ,lo 
X,^nfl{-r.oh-m f** À" 0," .*^ok^.,*"Fi^ J'^rne

*J$râ. ^* f"ry. È fa^l* J'rr^o d,". fi3". + Jonc ".0..i d,, "Ro'"æ.

â" 0* *{i}'o J" Je Jp?.idFi.^r à" ,0o a.1*Ji1"" âr^ l* Xw ' C-i

.nêr.la a"^d. à {l

.,.,>".^^,t- i. A"t"^h
â. flcllt J,. 

f"r l^r'e!U
Àp-i4hf,", o"'3..*^"1-i*n".,

""^n,rJ"g*4. J* 
1b4ro{Fqrn 

/i\^{^ 1*i *l- &.

t-Là / r\to{râ d l-, À:^" €^^r.,rik l^ n*l l-t, J-

à'tr,*au'a ter- J À *.l-*?r'l'J J" .farc{toaaz,a*^t

"'F L J*

A" ."tfc

*ond.lf.rr,*tn - i* o{r .p^"81;8u ,
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I.2 MOTIVATION ESSENTIELLE ET COMPARAISON AVEC
D'AUTRES APPROCHES

T0 ge d" lni ,'n,mntnp.uoeo *"U.t* d'q[o.ârn, -0c 1tt[là"" J"o 4*,,rx"

L {c}tlct,carwn\€â "} /!\êrla rr'o,.rrrrr.o 
fel 4ru, rt "".,À ,^+pr""^ l",ty- "9-

æoieo à* **Qe,r.{" ç*r.'U* , t{g /!\"e{ra B-mhl. 1u{, !-,.r,0 ,!* 4*"ltl*'

n"Q".Fi{. &.us. 
f\arrÀr4â J. ftto{xe,,w"rua ^r\€. 

4*ru^roni- {*oil.a 
Jt. f^rq',r^

rdx,*^+i.*f-{- T. ^^ A* m.'l'\rJ* à" ,uncue ê"r'11- nri*n e,wpauea

1t'S* 
l,*e, û. x*t' o"Lr"$"**^h. No-tra e^)GÀ^.A J.*. ,Aaurld è

d k !Q^^ P^ +^lr*r *r-h L "*'l-}'rJr, À f^p,^r^,e J" 4,w {^ta,,'rurneo cz

lr i ^^ errâ 4 *,. h"ri^F d 
4*^^e J* .$,oi* noLq. à^ *À p"-""

J'-trrn 
f.,-o{'tnxa.me J +o^r}

+^ L ç^.obD*" J" .0e

,f /vto{râ ^,\-e- crmar'Jlxuml

-0f,ou*e,u'aruce .trn djh'dnn\"!0e.

4.",^^h â<. Ji-tn tob*^. .Àr,^^& a"^oç^rU[i

*à{,* ."'$" 1"p-'.1'", I.l*.,a *''Jloâr'",.n*

,açe$,'col-i.nn J* fl"çrt^'JU À f,rodæ,ulnara

1*" À"ua ,9^t "t & 4r.o1r^ieLi à o*ro*

t Q" ç"hArU' p.ô{!ô ,r)lrùq.,tr'aa,tcr.

- Le,È' 
{ra*"r4" 

r.11e-

- n Â
"p','o4na,,wwncrr^â . bvJl4À

r q

èu^. â. hti 1t t-r fÀ{.o%,ra^^^^ 0a (1*.01*. -aqf*)

J" f"htr ft%-æ (1,*0g,.," t"*"). \Q,

€^f,cn,4-e. *.F^e,L Jrrr^ A 
1^ali3ut 

J"^

1"rd- o8^ *'l *ffù3É .?"m€ Q-r"'"h 1*
o-tr, rnf'-m.Qlanr*.1' ", -

,*^";l oLnc Àhl.n,trt-f

*^,h .p€ê

â^.e- ponh

d' .^o.^1* J" A- *ftq'?*^ Ar^ À latlc{rr,ervr,un<-o mn ot€/Ào ê-r{ X^-*À

(1*0gt- -^rf*i^l" l...o't-c- ,*riQ0,'ero J" f"qrl ) ç*^* l;r. â. cta t3*1làie,v,can

J* €^ln€io6lr -ttt -çtteli3.r-e^ . Noa *.e^^pQ.o â"^r^At \-"\ô{r^ô h,ri ,o*hs

e,F ^'.^F "1tià"^r",'.^"F 
l* *h 4r$t*, 

;I ,.n.R p.,tro"^tl 
i.r'â 

^iQlr-l-.r^ À

.vroLi.',ro otsl-os. hro . Pc^^,i I* À't1, *'gh; 4.t,a-Fi5uaa 1* -[,rl-.,J L-

+*t*{.t{^Â / J .1 c 0" +^^"tb"e dc 0o t'oiQr" J* +^!r!u% , &, -*.3*

âe k^mp , àto"1c-i*.* + J'ttrl^erone^^l- ru où "q"4"-"*.1- Â ,rne4^3ir4

d" .onneÀ.u,rcpn (ao,r^re^f .*'t*l-r" *q ."rJl-h"d- J" fQo,1d "h si1&"ha). Nol'"c.
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a."nF*t-h'o, Ja^r, c2. J,morrne, '*ùe

",qpc.^noeQ.r'e J* ""^f i0^ À^rr.r"itl"" ,r l  I

40, 1âl- e' .* o{* J l"'Qe^q.ro l*

t'\ ù.n+ f*^r" d^ 
tF@î{4.^^^^ril% ÀFL , Q- f}a!^rtp ç"^r^r"-F ât'nna

J"'|f i "tQ* ,t ç"^{ 
"* u^?A*, cact .nrnd*^.f à Q' "'A"L 1*c ,1"^ yo^r^*

/r€ 4*-1n".^"F 
ê\-nc. +"j 

be, Â* rmo,rr.reà "ffi"".. ol- xr'Xorou.r.zrc 1te x

cR. :^F l* ^&*j"r,^r^ 5.r.' A. 4.*l-. C-$t- .troie o b"errcoç "1!e

*44^"J d2aq El'eh- Un^.L hs-,ûA ,.-cr*"d�Ï'tYne-t P"^ rt-,rcù *p-,0! / ô calÀ&

t"ù*to 0.^**^l- d* À{t"*e^r.r" d* J.orl^l-'.oharno d. t-hd.nù,'€" .

CIrNv',ht, .Q* çarÏ' J/r^nr.^.h'otr n\eca^îel^c .r,ô{^ +*n J* --irJ.u$r'4,". *t

.*0o!**nn*.1- .{"r[\c eu -{*J J-!" l'"È nramt.sr.raco -od.'fi^o â.,r^r"^rt'

-rhfQ* g..'j, P.*Ï J'fl* , ,I'"'J*L d'J,'0" â* {â4a.q^,n, nsmi -

*"F^n afiluc. -l- prâ.ù o.rJ," , -0 r^J.ù*l^.'^ *r*F 1.q.- ^f,'Q*d

4aù 
nnaÀ 

fr*,^ ciÂr^ À 
4"l* 

4* f*", 
6^ tç!u,^^q. f €^JJr!.r ,L

r'r r\ n^r^nçQ* "iÀl-- ^.,",{n"*c. -pê.u/v $,1rJ-r" 
^r ,\e, f*-^r*, 4*'k d ,* *rù.

\€, I=1" Â.tfF;-." i,,*ï-**.['f" ^.r,\t- X"^€^e{r 1*^} Lea"r..rcuuç "e{* *lr,f-,h,rn

eF "k^"4.e^^f à ^rÀ*i* l* *"^F.^^le"^fi.^" ^"'.ntrj"" à. I'J{r;o,}ï$^,

GQ-i-.i -..,r^F.^^tt'e^^h u\^ 1t"4pq&a^^,,maAh J.. r**r" Ahoh"*U 4"otr'h'le" S*i

f"^t^,*^f ât-ru. *h'aù"t f*.- h"^rlr" J* 4dr 
'0* fnorur.e ô{r br.le,nr J'"

mn a,,^rleù .^^re,*r*.,**.Q0" 4.11 ̂ rf p*h- Ie ço^f ; I ,irax^^hr as ,nz'c*x, a)p.

fe+u 4"rà -A* ÀÀ.t",[i.no. ("0kou^Qr""nm" ̂h, €^^ ce à'i.Ao "L Â

fururc ) l*^ c.,tr^t?a à4 "Q'!.rs." ^^nF J"'ff,.rQs,.^e^rt' 4*^-^f"L\* J.

"^na^rù a1*Fh.l-i 1..- ô "0 'Jl0;"L^. b< æ, P"t , .Or*çd.,*'* a.
.*^h^/ 3u4- Io,, ^à"-01"-b J-"i.^^"^^h ^"'b *rnorl Él*-j Ue,, f* À

+^rt&e^^/r^€ô
êI,-J*e. *rv1

1,..
U^r--L

(Je

ç.Q,-

!^ P'tf'hÀ6 "".ùta^Jt' *l-

/"t"9" ftn ùl-\'"À q,ri ^\€.

nm€r*s 
1..t"^

.-râeâ .&^"N à
I

1e ^^rPuô ê",tttLh

,llfl'* 8"""1 N)*

ô couf ,;t

+.l'4r. fraal corff

.t-l- d - J.r^{.

&t*# 1J1* C.."'çe". N eru nr fo*)rnro

3*!"*3* r^à^}ù"

^ofhoÀ oir'qr..oo .{r \ ^r,,rnwr,m.^,h ,F**
J '

'.u^n "^^l-* rcnônnr, o'i,0o ".^h cq*^raQu}"^Àf{" ï
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.1*t'i.0 €rk -p *tt [\. â. ferr]€^- +^^.tr Jl"*\ .^^,l- J^ .0'orn d ,'q^rtia ) . N o\'"c.

tatt* Jo ^" .-s- Ar1nn@..l,ire o"l- âon" ",^ro-^.h;*Qih"n** J- 1o"r""^.1'-^. J*

"rvra,,^r'eà ̂ {.^"*" J- mnifh"J* afpotean*ne,-t} ÀÀ"-^[\*tl.o. bc.r,r.o

a". $^F*^ ,
à" mndl'\oJe.

"ec.r. ç..tart*ih suc@u^e14.,r, è -0'.*yAU â'.^rnx, .o*!un*ion

+Q*fàt 1*. àt,*''z ^"-q.

mdl-LoJo-, À" f^!l"u€. *l'Jo

TR {"i.l- qFJ

J*

' , . )  ,

Nohr, {^n*o0ù*" p df"I." A

a*q r*o J.'0* e^^,,ernrb\Àl,u, "h Mdo "...rù p^phÀeo 4t3.,* 4*û,
è !'"yp*i )* *.n*hertq t-.cor@^ru a.f".J,. 3* .â*rRo-f

*oFo n- *ÀeJJ5*" $,Jr;h 3u4, a.ry*ho*^'5u" ,

^'to. lr^4 ,ï**

è {*"*"{- 
u^

t-o.'^heo p*"l-ra

l* ,*/ F\' âno J. ,{*"or^^t" ù 4 r *.0'âo. J. Q-t 3*
(aQ6"r-t'Fh-" ;1* , ÀX"."*'i1*, *oJoQ-, f* po..{/,,.,

Ce^ Tna,^rarrx *t-# Du,r gf;cÀ,,L 
3*" -0'^-,I;/tùaFr'crrr At Ê,{"hrÀ*

4*& 4"*,'**lt^e .,u/$.c, "*^!^te.\-*aFi^' f}lr' !t"tQ. d* 4*,r^,* ,
(.<" 

3.u axFe ô JoÀ ^t-"c^") , LrJiQ-*!i^ d" e.,\Fh;-c" 1^*'"J"
n^Fn â^J â* fl-t\â* r^"Pf{;- h*^} (c.r,tzw,e Q\À.*t"pUUJ-

r:\arFaac.r'g"") ?"'J 
^ÀÈr.t.o p-*Ll* .rhi0" âl él,Àrrnen dor* un ,y+,^ie,v

f.^nq" (f"^ *,c,*pQ.- +e me f c+ .*"fl* r J.rea,rJ J ,'. f*. , L

f^rL\À" dao {-^do**^l'"0 A" l'.'.".,*fq |..Jc -Âo^.}''3,.,t). b€, F{,,,
eR,) %xÛ1"r," ^Âs p.^f- f* dÀt* à*^^lQ' Jrr -0o,^qa4* ar.go"0 .!!-

ot"fpù3"€^^h .)- r.rnt- Àmc ,f*rl- 4l-"o à !" -|"; [ceucouç .nrol.a,ra

c*mc.rÀe,o , *oà,. *Lth"o^F* .)t- rmor)uu "nno p^JR.^^ r [L" 
5". 

!*

{*"Q^ 
o"\irnn 

Io" 
rrreeo 4^op*o* . E*f^, e-,\ 0.V\* Jf*np0"î

a/ô"/ù -Qru^l rnù{!a ,tt*Li."^f *J "J*1\""o, f* J" .?^a"ne% ,t^nf**"lÀ

lur 
p*^U"r^k i"\Lli t-"t\* €^^ 1n-ef,3*e . \e. n;\'s 3Lr{. *ol'* f"*J

Âun ndj- -lrourl oL l-n-o,r*re^ Ê{,yl Ji 0.'k c4rr^rrv\.a. bo.oe {*r* dLJ"'€^ erâ

"0"t'3* (À" *o.r,o ,Â!* q*^f t'.*;F ù ,2'â,,o,^r'.nr.- * lt 
{*h0r'U),

Cr',x^^Àr- -0"^ ,fnoXrca,^rvrmca ,,.^t- â, {f i*0* â "o.n p*^^J^* ( "t ùnc

à 
1to,.^rer,) 

4!M€. 
{'; g.^'iÀ A^t- l--^*ùel / il a*^*bL ?*. 

/rdl-oJ. À

""d\-\. Ar^ â" o*oh* r,[i.rn J. fnÆt'..o,rur ra ("h J* {,""e,'r^,s <,r\r.oyïiF.-^,F+a\
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"rr,f drrô 4o."tn.-tl-err"e, ?** Â). J* ,p^err,rrto à. "r",,^e.hi^ e ,"*f.i;.
E 'n P.nÂa*.f .e.t\e â"1rr,."{r" )-D n Fa 

1., 
'*i "f * g*" d[oje Je -0n

^-f*r\i^ , ;0 4"^'f d.-^^F*^ J"" f*pu"'Li *.0*Fà* d c".$È J"l,*çr..
Ptq,t ce. +ù , I*n t*dl-\"À* A* fr.€.tr/oe- à. fn r{r.\rte'U J" 1o{rar^^,mu
ro.rF ÀÀÀç<^^a"tluo (* ,o J lo^J-*^t 

4'0* TLrs Ar{r.ô fÀopc^<r^a r^.A\R-

",roh.r'n .tsLoaif" "1." ,""*ç*l-.*-r}- dloro -lrt,ctrrtorrnvma) , slarrb* ,p*l

0"" ât 
t*."x. âl ,rn^e, i t-eçr, à /" Ê..ùr^ |" (f o^ .*o-"p Q +eL

"*|îaJ-i"l) ..u,vr,o,.I*r-\ nnonnh.an J. -p"-pJJf.,o J"ûe^,} âVn-

cr{\ae^^}e'€â oeA! S€ 
A"^ 

f** r'ofeuh o.' ^r8*^r. Notân ..xl'-L*h'an

Ja^^o cr- J"rnor,ile erMce^.^fi4, llafr^J1" t *2J.i,^o ,^ba ae^l "-h 1**

gwt .onn eaar.^^h .0"^ f * prr'.lfJ. I t.^*e^iq-^.{ c.ç- t l* 4*l-" 
q'Fi, I{.

IteXrl [o'.r,' *ttâ"*'rn"J À lJt* ;.!t h t-e"{,nr'g*no "t

m'prrcrna fat 41er*k [-i^ âr ,p4.'cpcae^, ̂r,,\^€. r*ât-Ld" %qî" J.,

fa.o{tealanrvro-[i.m fe^, h"^r.f^r**\.,.nr â" 1olo{ra;wmra,

tlohc- JF*d. ad"ph. *L,v\ for,^rl- à* ^,'r^r. cnd.o4àe "rqf-à-J.^&

A. c^r" p^h,^€^^| à* t* ar.p1"ra+ .rrn p€l k-t e^,J' Â"-;

*".fâur^ ,, cre tor.*F À ^c..&

af"pç,"" ete! trt A. ^x{x. egotùe ê{i- ô0 nf,,^rl-e,r*ro. ,ot["*r*^f A

.LI,1AQ. "omy.ao,r,,!< À {>n"o{,ca,vrmrrr- (A"uo- fno{tcx,vwrc, moJl,,Q., ttqô wAuD,

D* c.nmpau|e^crc,rJ- &f*J A* c.q,.\^ù) ea,h-"*" ,k "#f èr.li.

(J^"1- 9" .o,r^o,r'". aurc-s- *l €/v\ 
K;^i^"A "Àp.^{*i|".), c.Sç.

/y1e /tôtrô +*""J taÀ onrre*.t'i"Q0. Jc^- ls ryn€â.u^.c où -pt*rhq-f

pt "^X0-b."- .{l*nkl- Ar f4,9q4a.a1^/ww, e,t- -0e 1e"-F,'e J.
p'"^r&** *t*J .u^r àhË}- 4*,r^ -f.t f.€^ure,

t* Àtjo "" "FJ 
1". 

J* açhcÀa mt llt ^f, 
{De^ *u'rtn, t^.t!,n"t "-0u.o* ) 6^

,p.*h J l-.,.àe- J- f"-r*t"'U â" ,r^f,t-""^€, J.^k { U-r"€,'Fi^ /\r.ç- &i"*d
.fa.o ,r"u,r,r'$uc,rnneLl- à-t- P"tt^ Jh*,t- *,r,to ^,1- ,rnau &t*a J- A".t"*

{r^kùe (.} àonc. àr- ee.u eâ *}o'1'.r.,^^ *Àc^rvwrr-c,o e,t. fç*ô) , bo-uo

!" ,*rÂ,t^a. ..J^o J'r"t â | 
!. 

{"^f ïue. /!Aer{.rJ ","r*Jc,r"^o "t"^ t..cll,.re,,

rN}(J€

4o

qi\r€,
I

/>La.r.^â

elc.) âonh

l'*VJr;.'t^

à*.oFrni"h'"n

àu DTfl-u;.

-Qî.,kl à

aje,^ur al\4.t"iF^c. Jr.

f"ucdt,eruanne-

.. 3,u Qr^r' "^t
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'{,eÙqt'i^lea ô a,,l f{otÀ@^\^^^,\3- 
d*^l 

, 
n* *tdrr"l- ô J["J*.^ .0*

{-g â. Jt"'..* p*^ .€,S. 
fl*r^r" @^ {^.}''^n L 0* lhsch,ur

(^4^ dh"b ow à- eÀ'ao) rl* 
4:4,otrre^\ 

/ww. *où ,,tdtrrA ,ru{o.,lrnna

,f e^o JI*uÀ'i Q* ç.r-[l"i* "\rr"{, 5*r 
.r"â,:L e.- d}"rUL .sr,.,*r.,l-

-0e crvr t".a<, 
l.r ,vr ol l-rn 

çruod.to,,,mxre o- f"rJ,i A" -1,, o-h'* *À Jrùf

{s^e. .r^oh^r..}lr- )* ,{* 
eg,-e d., 

1tr\rc{ra/{wn€- fel. .*rm1-,r..'h'..

àu p"ot*^te- â* 4*,1"ie., 
( *..annnp4. à" Qo rrujF\"1.<. .t" *".r"e).

[to,^'^,t- L".'ùe-'t^^t- #*l Ia nroie,r â" *-.0,nn îra A 
,)9

m ôu^ ott,* riJ d U "ç ,n .-r' [ 1. J ' *oc1 0"*^ a* oL gu4. m.pu,à 4r rsuôna ,fr.oâ

.Àoùieo / ngu, 4.Hr?î)ooê Èx,.-tt1..?"rlr^,rt rrnc.,rrF*al -Q* ^l.',n* J*

"o.tl. Flù.
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1.3 RESUME SUCCINT ET PLAN DE LA THESE

I . .3.1 NOTATIONS

Na...o .*Fil-e,utnA "ÀJ. ^*-* àa ,nol-oh'ou r*ofÏ'errnoF,l^r€

.Q-o^.'1..* (.,rn. nna^,,F -Qe Sff?*" ,, 9* "^ot*b\+o , Q- ,"À* , )-

^ÀÀanrq, / )^ y/1^x^ct-o e.F -0", ..,^J^^artn) 2.^l- *"j**â J*r,o

Q'o^ -^" r . \g *t 
t"lÎ"L"tl" 

J" cg{t{v\qÀcer- ,t-r. {"* ..lt ar{\il\e .f-)

,*noia 
f*,t, 

, f.^rih?- ,xôtrâ J^^^ro €/yr a.,rwe"oeq. ï[ .,u/v\ ÀJ"r" à"" ,rrol-ohltru

,rnq fhlrmo\';1* 
ï f 

ôqh^a êht *t"JH al 
4,rù' 

.f à fineàtrhs J- beo'in^.l,

L"" ^"I-oFittto -n{r"*ofi1* ,ro''rF .tmF-.odr^ih" o-rr 4,'A J*, Fer.l-e- ef

nJ^.*^nâ Jo^^ -Lr,^,\ Àdr , J^ É e4\ a/$Jv\€re s.,

r.3.2 SEMANTIQUE OPERATTONNELLE

L" c{opifne 2,

J.o 
f\tt'{q/rr\'{n€À '

To.'h., -!* *JFh"J- ds fq€^!^,(. â. tÈtotlrq nrnr^ ,rl-;"Q^.^.F -0o

.qofi",\ â- " 
t.,' â. ,ttbtrLq^\ /vrer. f.cr .^r,Jrit- don. *ol-*"Q/.n*".'f à

{^^maQ"i"a" -|�a rcfn"^.fi1 " àr,,.^nn 
f\.otxcÀ^}M-.- Ia.L 

-ulv\ o.pl-À" J.

t"o^rrt Fi"", ("f,e.r,) 
{*J ,?a* a.rû *rq[\. Jrdtal^ (çr,r, 1â.:"r.0 

"",rpQ.

dFot ,rnrj.mo,rre - Jha.f "a,rl-tlQ.), ,rr^n *ntrbl" Jlo"Fiono ) ^tv\e- "-..o.h-oÉo-h,'rryl

âeo ât-"h i^il-i*r" "T w*'. **Qol-i^ J" h\n^$rl-''oo 
1^^i 1bêu^, l'o.rl-e e..l-.'ôn

" q .o^o"h*-" l* te.uÀ d lJ t-*h '^, t , | ' f.CI* 1* fc^" "*'J'nrl

ào I'o.l'i.nn "e-" ô{\ f",rF t** J" -0ldt'"} 'Au âa^* -PrJl-"h "A"'.

tç Âo^F,1"" .^1.^à*f +ùw ce- A,ff-À{, i. f^{s^r,À"rh'"n- (4..,rt>

uY +^ .; F* 
Q- " ̂ "*r*[l* à'J-l-*tÀ , âb"l',onu .\- J. h.o"* eai.XeanJ.^/s f*

*\- .oqAo*f à {'"I',rd" J" 0o aol,o,^rl','3ue fr*Vit^.A"
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& À,f,F";" Ju, fnn^^aih'on, Lt^" t',-q.. -t r-u{\€. puile Jf Jt'*h 4*J.

,PeÀ d* qrl-i* ( .-\{"r-*"^,-t* F à 0* ,,rQ*F,'on J. t\q^Àil-iu,r) 
1.* 

c.d{$Jyvr{,l ce'

,fe,r" .ruû dh"T Àifio-Q. ù *h *{*" ett bi.,,r Ae, he,,,,nnÀe, ,f,on, aA dF"f

d" b\oco1c (p-.ua 7>{cct,neu^, f/âr[l"). 
L^ l-',o.* "..çuir^lZr^F Àm" Âtrtl

"00"^.0 f, i .l- rd,r.,J. o,r... lrr'.ro Àrù .oP*0 *f* trno^a 
6o*ar! 

^r^ -0*0 €4\ eN'Â.

Vle0â"^r,."r r.*n^.*l , t-o.^h* -0* X^ J, 1"* 
àe .fr!,.o1Fre/v. /v\ra ,hR- r,nnf

fea ÀÀ*Tr^er,} <n^n*À*J. fa,. .,rÀ/\,\ À^fhÀe à. f'.aÀÂr h',,.n , Pa^ *pQ",

'?., l^"^À'1.,* à f*ottâr\^//vr% ,"*eQli0* eJyriF"Ll* ,r\s )* p.rnt fêa
êqÀ- -Q'.ioo0*l';o,t â" .e0J /v\c )"'pe^d 

f* a^^t-,,e,rl. f )" "0fdl-*k ..0*o. h

( 
t1^^^ 

ft\e o*lti*'l foâ Fo,rhea -CI* .r"{^^ah"^o ^J-rn,i,àt* fou/, é!|.^,wÂe*

'l'ôJ*fi*, 
f"-h*" J- * Q-r0" 1 , *"F"e,'n.^r! J4 )* r,.dÀ- J. f".or^.'l',bn

"f "an're,th^r.f â" *^J"o .^llt A<- {'.|oQr.l','.,n J", ,t}€t}r€/rvv*^Qâ 
1,.*^J 

.Q)"

me Àt*J "y" d. Q'tl"l cor-ua,rrf * c* .p4â q^.*^d "00. â4*J J"

f'R; l-rin - â, .* 0,'*!. fô'u,r -rn rir.- Je^^a *| ll-oh. Po,.. 2ru cis à"

tÂâq0.'f.; 
rnt{Â ^-ôwryt.'o dcoc ""looL^,b" à âd+ù ,u/ï\.e r,er*an^h'1uc- (.f, r,,.r1

cont.tr{\t &,11 .n^oemtle J'Jhoh, *rrn r^*o*h\.J'o.hiono *hrrrr *.rmU. J" t'.q.- 
?"0*rq.r*,

Porr., 
{r-n,e€û.. 

.Qe nol-,'arr J" " 
f* 

d'u,/.^rh"n u Jl{r,\ 
f 

xo 
t'e^r 

^^À

JrnY .Qo æ.,r"rJr,3u. "ol- o hih"";"o mê{ro â"îÀÀ^r\^ ("{, e,a) -Qq ,nol','* J"

otf-;" J'" f".q^*,h'.^n "^1*àr'L fe^ J.rae ,.oJ*J'1"". fs" t*^-{ h'ô ̂  /'ûl

"-" çarm*'h ".-D* 
1u' ̂  prÏ ,'{..", ̂t** -'0. 0*X J f.,^" l-'.o.e 3.'^"0^g*.

Paun 
{"r*- 

J- 
f\arrrrta 

J" 
f-1"o^ 

r, )) ^Y r,.*t"^r} fA-

1'ro\*i1ue 
Jc rvte, 

t"" 
,-tor,Ddn/ne.,L ;,,r^ -0o æÀ..^f,Îrr. à fu{r<arw"na *o-

ta*F?f ^u.^. .ÀrrÀ.. i^*rLi 5*" 1^^r Ir- *t- 4*o "R. , be t-"Q0- F"'R^,,1n-
^$^l p.rr.,*^! ^h'Q-nJ, Ao-\,ô 4,.oh$'.ol-,'oo, È.- JÂ^l-* P"'r^

*qQ,Ài[J (*o "Ruliitu rr 1et,. -!t'",n*ertarnq. t r 
fâu^ 

-0" 
{"l'"Q.'fJ)

^t *t- ^"L-d^o J" .0* 
{*oQ-.^. 

t')atro .P* 
4"^"* 

arl ^rt* ).

,r<.Qo!io,,o *rù* ^elun*À'1r* 1^ ^.rq\- dl-A'"* .,rro( f *" q.r.p h* a,r sl- s,6.
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Pq^. eormçQ. fo.* 4a^"" 
r.r,^^e 

fh4rrrrg 
J. .^*"F,^ 1"'l',"Q1" )'u^

tbtïn/rÀ^^^e 1o,'*Q0.'Q./ ô^ f-t ,tqn,r,rr, -Pf &{f"l-k"r" 1,'. âtrq *.!.-hlu

,oF {*ibl.^*^f JldF"[ï" ( tr.rF lbFLoc€rr].À l-rdotr, t.l-rit*bt o'l.

{"h 
0r^.r^h o"F,^ti ), Nouo {^e4"i**^ 

-!t *o0oF,ntt *,J'.. 4q

*^ J, 1*. /$ r\ eryr I-"\o\. ,X go o;J; ?"" 
"lï*r {-" [L J- e.z

f 
tto 

tà.q/ 
^rme a)^ crnote,À ol '-r-n" 

{-r*"F*. Att . A;J''5"* 'p a*

*A.r"h,^ aÀor F*a.* Jî f " blea ("$ l.e ,l). Na,^ra n,^,..e- 
lxe:ui.?,

J '*^ "o^iq^^cr. / fl f.-,T- 
rï\s +o4 I*",n4 o* ph. J* !'.onn.fi.o Jt

f roXx-a,^nmnr 
1* A{,^t- -^T-.o, Po.o .3. J.l"n ̂ larr" /y\e{râ ,lrl-nrâ-*^o Iq

*rl',* d. {tnnrcl-u"o, Jl.r^z aJ*"^^hiryo f.- 
"njJ.^r"h'"n a!.0( J}-"f"

qc"",... lleo G{. r,e ,r). E*4rÀ, ,J *Y {*t.,"* J'r^h ù;.- À- u*,obl*

audùaÀ 1** â*,'^h"* -0" .^"oJ-i^ 1"^Fl"a!" l" f*t@ 1*CI;0t,
Lq *"Q"!J^ .^rT* ,l-o xh"-)-i3"" A^ 

fx,ot*o^^mÀe 
.Y ..Q" â- f\otrtq^^/ms-

i*"""{^" " (,.^h*no^* fu o"^rabl"o o.r^r"0."r.1,.À ) f"*f ôh're JL'l.,k" tr'e^,
xdJ-,""hirm J* a.Fi^no ,r,^Àoksenor*k\* (.por,- o/Q,uv,nrzo*.,r -8^ .ff"J"Fi^o

e.\ru. ore^r'atl- cu*iq'ei*) (4.e.f.h,r,) "h p ..r,,'*J*^." à ,tr,vre '*€"h^

*ù'" dh.f. 4*.* 
( p.^ t{À-.^" .!^ ,.to,*ic bleo ".uo.iQ.'';rÀ), Ao-3,r.

/ro4râ J.'{* Â.n* Jrrv\e ,-*QoFi.nr,, *rh" ,"-in o^^l-i3"u" , cact, -rzvr Jl*f uve

'*Qq"Fi.m u** o*6* À" f"^^.;[,;n (.^ ".^-'J.rj'o, k !e nc,Qe,l.,'"rvr *,tt

!% no; o^"f,1u* 5n' 
i0, q-^Jn-^k ) J^r &o{r,o J-l-"&'.^^ .0.^ çrrp"r'J l."1 ,

Nlo.^" ,^rF.f^o au f*o X"açk" r,.t 
3o'* tâ4"9, .,(rwe, a"Â J'5u"

"-h .0" A^.lfhÀ& d. f"a^r^i Fi""q 1o' 
J0. "^1*ârr- d\e J^^"r'l- 4"aa 'l-

*nâ^^," ù{^ e F,'"n^s , Ë"n "ll"f ) r'w q. o"Â*.lr,'1ut *l- .nr 
fflA" Q

ùP,j-*F. J" )a ttJt',narNa*r te^. F'.a*ai h'^= .'*F- *--JÀr- J" Qo ,re,,non^]-i1re

.^n.^J^0L '.pc^ -0. p!frh;" J" t-ra^r-f,'x1 1u'J. *nX*Jr.c, Nurr, à,.a^^

?e -0c *,lnn"^^h 3"" 
-h "Qr." der,,o -Q. cr"À -ml".air.g . Cecr, Aô{r,ô

mû{,,r **.j*" (.$ r.e.a) â .!o .rr-*"Fr-l-oh'"rn J* it*in r.-}isu.a "0^*.

(c )t^'à. â. Àre^o opJ,*h^r^o A.u.À -0".0 pJ^r*h 3o- J"'+;i. q*r

Fr,rr, t*,i^,^,*,- , Fd À\-*i F;"rl--t / r\ÀR. *ÀJl5n.
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*oF .0'o. ^" .$" *T- {*J +'v 9,-,'^ ( ,N. z.e ,s, !" æ.n p^},r nJ

{t* â" -lte*,i.r^F o J.i.^J p.,.'i,u u* J. 4U\-ol- .o,rvr^f 
T.,. 

& J FJ

a-[.^F .h ma.î J' lo {"r* J.xt- ji e JU otfc-i,,f), u,J,'il." fe^
aQÀÀaF;^ J* t*.* f'./4,-"" l[^".'"h ("$e,e,e , !r"\^il- J.-{'""iJ:rn

.,n -r!\ .tl-q-l' /v\e 4*J 5n" ..T- Jl'ol) + lr-^i" ,pa* 4"-ih.

(Q. a.e .+ , "0- À^^i k" J".o ".sfr\ p"^-h^\ e,$ {* aont- J* *rn p*\-*',.-h

^4Àio a.-"11-o k\o,),

No.t" foscr.na a.r,\ f*"1""1\. 
g.+ .!" 1-.rtlr*" J. 0, lpi..{i..hnn

J. '0c p^-'.Fi1c Jr^rxr 
t\,"t'.q/,'me. 1-*d -|.a advno^r..F,'1u" *f

"Q-" ("f. a.+.,r), M f.'h .0. 
4*;. "ù**^F d ptaiL J'*,u r,.t^l-.,ù à.

l'^qr"r Fit t ( 
ry f orï- ât-'te- -Qr,^'-r*âr'ne J4^ f o^, ,n\À.\-,'ôq o^u 8o "yF"-.

à" 
f.toç,a,^ovme, ). Pstrr, .rrv\s n-t)tt"ti1". ry\dû "Q,n. s @ lu'*l- 

1oo
.g,'r.'Ll. â;*+-,""^r.F. o{\ pr} t-oqotu" .-0* +";t 

j^J,À-",l-*^-*^t e,r\

.À.QQQQQr"-h À,^/r *.!.ur^; J. {qù Fo;e J* * 0J J* -0. J F"l" o} u^
"mt-*b 0..,.^" f*r^ p*r,r"*Q!*^- -0* f*o^l,,{ \-.i.nto (4, *,+.*,*) ,,^ b,en npJ"$,

-0q *k"^"Fi.1ue mot r-0,r,e, éfr!vw1& rr,rû ,aôrr -e^^rr"rmhl<. J.a tdf* À-

f'cqc* ^X* À"ô f a,r rrrn ^gf\r,ù* à. t-r" ,,^Èi hbr' ("{. r,+, {,,1) , !ua,.^d
"pa a*!"a^.,h'5ul- .r\- rhôq "0o. .ma* \dd"^ih" +a,^, d0..i'^;noF,,"r )- l**

,p*1ù, ,oh*"L , )9 n rff;l- à" *r*^'il* r.r^\ /,ùuÀ-*Ll" )"^ f',o.ao

*^X"*J"â ta^ .urq "^tf l-eÀ" J. fnn^rrihan (4, ,,1,3).

tl*o t-',rrnnoro ca- 'R"ç,i|'.o fo^ J,,o .r.-^pP* J. J.'.?ùh'.-" J"

"0e aer',ra^f;1" J'*- -0o^XaX" J" tlr,clto^^'nroFi^ ("f a.e). d'{, ,o,o{rf
J 'iQ.,-l-n"o" c.e 

l"^ ^'.'e*h d !âh\-0. Àl- A{^, -0* *J$" J- à" opJ*$tol..^r

â" ,.Â"^l'i1n. â" f\Dt\â/n^r €A rmorb A"^lo,^f J" J*l p*.- J / **"*,pL

T" 
A\o{râ porr}ù.*k âal* -0o A*rL f** ^3-0r-l'*o^- "Qa .^r,l-*t,'on

,r+ph.[aFi1"e & rnrJFh'Â* "1. f\r4a,^,€a. Nxro J.{"il"^^ lo a-6nt'uæe

*Y !" nÂaÂlrruc "p.J'o,l;r^^r80" J* fxo{ltolr\ /wr& n"i*e^"ti.-0" (Q.t,a.a,

1^, A.^ôF .^*Pd Jrof".hoF,'o,rp (aâ.{/\e}^à ùlL eQ.!Î'rr'^r), J* ..n^Àh'onr"CIeo
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.k J'iF.j'a'li,^r',o\, d. ,r'*,ot* 4oaeQ0â0.r ool,noR-^* (.f, t,a,r,, 1*
Itnl ."*P"aeÂ â. fxôe€/rluÂ adq^-rh-Â 1r^heX.a} â.^ "lo*"*

qlrvrr\ *^eo ) r^.n 
1".À 

^\ s{rô 
dd* 

c/s r,, 8, 3 -0" 
f 

,'wik'0r,'F.' ).

c.ûn\ r{\,u^*1*c^- ^.uâ. '.-^\- *<r.* 
+e^. ean*oi c,F *rTh^t l. /yne lateô

lx!\, À- (.o^^qrr4 (*. 
1.^*.'L'.Qr!/ 

à. n 0.Âi.^n .^ h* 4Qu"r'-ru"
atln",no[w* crrrv\^/\& Jo r,o csf $r AùA ) *l- "n x,s,q /f &f"l-hà.

4'.r"d.^À'^n -{-ttlcrrr,r-t- .'3,rlF"[l<- . F*i e 0.rntr ,,rl-, M 6l.tr, a-10-t^,|'ono

s,6.5 .0e 
+cÈù'r'l*'0JfJ â" )\,roc&^*rû€/' .0* fxo cemr.ra ar rm ot€/n

o"Àqho,'. . Ptr^ 6|ar.rr ,.rn*a-,in c,.r, qrre -0q l"$^ h'^ J* À.tttn

1o. 
Anetr4 a^r-st\a .r.rl-r'lr;"â *l- [,r''"nr ,Â). 4orp*"â ô {tort'n r e, 

f-u
NiiRÀh"a / /'rlu, JÂrnnl-^* "*,Fo^rh* ç*ry,u'd l-." J- o"l" ql rr. 1*
on t- dU d'^d f a* t{ek"^arr. + ^.rn T- #etQ-*^f t",n^rro fôu*
,rnolea /ar^ô 6.- l.,$.--lt'^ ,

A'[elo0- J* n-À1h.*

1"op"t.'Ll J r,o^npa>u,,aa,rcr,.

€/Vl

J"

E^\4,A rylèuâ Jonrnn" À/vl,r- ,.Ào '1'11*"

1*, ,peal- étu- .rr\';&,Â.i "1"".-, J,rit^l-* À

1.3 .3  PROPRIETES D ' INVARIANCE ET DE FATALITE DES

PROGRAMMES

H,. "0"çih" j rYrô{r^ J"PÂ^l.."il"

n
XRA

q.

fltof e U J" "\rlLoqFr4^\ \ÀeA 
1-" r\ÀêÂrâ

po.*ow ,0'rli*".^r''e^^c.c. C"p. a,e,) "X -0o

"h jCI.rr^t-*ma l^i b\i€;r€n,r",rf

c4r^À-t'J*,lrr* doru callc fher'"

{oto0'h.J (.f, a,r).

L* 1^o1'*'dbJ d t

att* p".l.t["] cl'r,l,o'oarte.r;"ex,

^,*o.ruo,"ro ."*À'['i,n,n.-Qi. (.f,. a,r,,,r) *l lo

Qo tau" X.1"*^40. 3u€ ,^^oua .-.^o^'oto,J* , N*ra i

Jt^on 
3*. tf *F ,^rra^.'o.,.,1-" ^<xr, .^rnJ.r'[ian Ô fotrl ^1'ne, p*:,rJigrt

"è. f*r F'.,h.. t*o." À *-tt. ,r.^r o^r-hi1"" oF t-ooh dF*F ,',s,,o,."} Jo^r

*,\[" ,\-*coco ,* nc.?*firn V -1- nrooje .*h" -Qnd[-eT- r*'l.,oQ + {tJlel-
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L -  L L

"o,"*at* 
1^'o^, 

-Q* *Q*Fi.^ + a J l'J n"role "r"b* -0r.'kl- ^i*h'eQ' "h

i-r,ro -Q- enkh f 
;'"dJ*rl- .lr.tl'oh *..*o^.h. N,x- t*h Jr"rnpaorb-ce

-ceQoF,.n^^^..Q,t . (.{. l,l,z) 1""^d 4 ool- tr-r1arr,rrr a/'8,1'g "h Jr<ùcar,e,{.ro(,

qrn*\.rr.r*.Q1. C.$ r,*,s5 1"d â, t0rr" V A^e &t*J fr" l. 4rdLel

*i*!JcQ.

A" 4.4- L'.r* ,*.-sn*h ,,ur$ t"r^^d ^.*bn{, J. l,rop^,/l.ca
" ?-r"n'3* J* 

f 
'.to 

t..o/v,t/rvr% 
c4ffvw\s ,e .^^qrh ^ 1Ji.Q" , Qbb.*r".

dt.,nr'ru* 4 -0r*j.^.1-ion , 4" rnan- {-*,",-^r,naùrn, -0L.ùr^.^ ^.^,Fu"0*,

,.0rotre,*." J';I.*[Q"*tro X0"b* o 1-"*o^. ^h ".F )'^ p^"p*.-.'U ,r,ro^,r

.0o,l^,"1* cdï\À/w\,e "!* y.p*J lr"J J" 4,.iààr^n âr î"^rt" I.'al--}

.o,,t"a*h rne- ,1'o.t| 
fa.o Àeil{"i^" \, ^q^ À 1.ur 

.r.r-,n ell'*k pd".à"".k "Jf

aah^{"J A .

Lo ç""1'^^Ëf. d. 
{*f"ùU /,+u,ô ;À*a^rr,.n.. ("{, a,r.,r) *t- 4a

çtoçnrdU J" 
4"F 

?r'U 9a 4,0,- XâL"Q. 1" 
/r\ou, .,r,*'J",{"",no , N prr,o

À*^o 5.." V ,o\- 4*h"0" AùuÀ Àrrqdor.o" J. + 1t"ê{r* *ta,R- orÀ*^h1*

A. f*-. t r,rF" l-'.acr- à ,"X. A;,rar.l-i5"* t *,-l'o a//r Jh"l (ill- t+f)

h"-Ql" 
1o" 

Qo *OoL,rn V p",t- a.nale *^L -tUFol- .r^^'FioQ .Y l" tJ

"X !* n f*ti^ + ,ô'F nv,orle .*-$*- ,0tdkl ^r".^'k'e{ "h Fo,ro {- "fl-ok

1* +"tààùJl- -Q. t*F, A mo{u}sûrr / c\^.,ttr) -FJ* à"- f.U O'U

t.Qofi^ "Q!" 
ïo^"â 

.F *l- l-r..r4e.t ^" ny,oJ"- .l J" 
+"f"0.'f. an*\i*r!.l,

â{ â" tU," V rne JJp^J f oâ À "t Ul-oh À,tT-,'o0,

e€" Jl{.;*k^" ,..*,r^r,e^ Jr oJXo0-*",..,,-F -^ t""^d -*,L.. Js

flofJdU 
cQe,'rn'3uea J- 1b'{s1,{Æ/^^J''{a c.{rû^^{u- Qo l-*^^.;o.u.m , Qo..*.ù't

F"h"0" , lo 
Xo."^hi, 

J '. ^h^-d c.,{\ p..,!ion ^ riï'" êu à. *.1r*o" d

JJ.^\ r^1^no 0, .0 LL*.n.o J. 
{rr*ù" 

Jr+rrnr 
f 

*c€lrarr,o : .1..
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1F.trctrr.a/r't^/wvE

dl'*Jr-"â e-u

ê..r J t *ttÀ

'R'pi h. z,

I.3.4 PREUVES D'INVARIANCE

J.

0&r

d\^rnnc ç'to1'*'ell,l À^rmi'Q"r..c. '*QohÀ*o^,h j *ra,re "rr,h.*- ,tlnr^,.1';1"*

( XÂ^e!' ,*F d"" ùp8. ) ,

nol- "*J.. ^*o "0i" .'col- e,n #^à"Q ffr
"'.ol--â - -U- o)*'J o", lerû 5rrl..*^" ,onop-'J fJ

u',^-l-a -p^*,g-dl'* J*o +*t*"4 tr^r^r*^,k dnoQ-*J pz

{a/ôr\av'Q^, À .01.**o^.o^"" .h ô !o f-ft{r'lJ +e,t .otttrp0" €/v\ ,^"r'J.lq^^l

-0., n r+f;* J. û.o ao*.^^Fi1uc â,
*QoFi^* .^r!".,l<,!n^l'^}i5"* cd$\zrn&

l- cffnçil-',e h cot ..t*"*J a-ud 
{rtàr^,,At^'f" 

)* nnnâhhoJ* )t f\eru,e

,f-to1"","tLc, Jt*^+a,.r'âlrcg à. fRotlLq4\À/w\€a ad1**lrin0", *^-J'-l-*r.n, ^l'-

4*'"00JQ-.

Na.r.o c<r{yvrÂe^^f{/) ,faa, .{-uJ,r'e^ êg to 
cXxa1l.. h,4 J* t1aQol.,'dnl

-rF* rcln^aJi1*ea 1rr ".nno"a^re^rt- -01*nnl.>a.n^o^ * a)oce 4'.'Jé 1-. f*
JÀ.^h* l^Àe fxiptt*i[J dlr ^ro,.^'*^.* âlrrn fxrq\ar\^/ïvr& *O*F*-*"rrl-

à ,u^^€, ,t"ri-*^^fi1u" & ùq, 
t* 

*t{.^ J. m6l{J, rte,rw\.€a!u, e' {q 
flt&u$e,

Pqç u*"ryf Q" , )* 1',opn't'en ["-! JtrÀ^ro^rb^,r.+ D.^^T- **"turo[, fè{r/. d-

lÀa"H3""^ .rn"*,,'"Jc^,F^ è Jk" nrQofi^n eu {^",fi^^ "^,,}* *'l-a.fo * lo

*c[iono 1; 
("{. r..,l,t) . EQ!., n^F "'XoQ.r.n"rrf ."^n*.*t a1; *o,'J^ 'l,,'.rn

J* "th"h ,rncbtea*>otl€, Ç.r*,r.r,), 
l-e 

+'.of'{id[ Qn 10.* rrmp*ler^.he

*l- 
5u<, tàr!' f"t* 

-trae, 
trtl,rr^le 

dlà,ra'*'a-* 
forr,r, ,q,,r^c- ps[a.j','3*c,

J *k Fo.1or,ua .-*.1- J* *c.r"o.r.r^sL A.'.rr. .Q. /"Whù^" â. f".a^u.'l-,'.nn

t'S. "^1*Jr.. N,th^er.n. rl- Jih' .0.- 1bt{,opx{Él'J Jl"r*.^ro^r'or^.. n"rnl-
t

côMe/tùeeâ .,1ÈA^-
I

Cetfe ,.*dl-\"L
r  l .

,nermadi e,re*r" ^.1-
,/ --\

"Jho.t-'.m À 9o æÀ"',Fi 5"e f eL t-'.-,*i l-,'^l ("f, l.r.r) .

J" 
f\"rr^lt

**yQèF"
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,,:oli lhr'on-,'ol*l*o f* ^r,N\e ,.*"*l;* *oj, foâ fôu^ /re ,*i,l-torh*

fq^ I'cq,^uilr,rmr' Tr*he{*: "8,a .*J t-L"â. e^1' ,..';;3rrr*"rr} "*p0.1-.

ol..o^J .?e É***|;ï. *l- 4*J fa^ f*'^ ("f.r,.r,r'61 t J^.
",\\ f^L;.r.-0r'.,^. 1"r"^ -0- -Pa^^XrX.o *,-tiJ-"/, a.' f*oXt^çh" 

g,a.

$.^ 
fo,re1'ca1[e 

q,?, noq.â ujl-oJ^"* .0.o f*rn*p. J'iJrÂ'r]l

1"' 
^ f*"F ,.th"0"1* f* J-l^l-nr^ )* 4r.op".dl-J J1"rn,*oq'oa,r"" J*

f\o1!rq^A/h^ra' U^ 
fd*f" Jt.on d."fi"n di*il- !tortr,*.. J'*une ^ttJfl"J"

de +\erure A. rrno,a^ieà t-; armctac "h "k.h**il-",

Ccrvu*re. rnè.t'r.ô d^)c^Àè r*{^ J*- -0.. 
fo^rt*.t\- tr,I ) /v\oluu6

terc-.trnt-n<rnn i-^ji 
{""1rrrn.n.^^} 

( *o* p"^ t-rqa.r^) àro "-r*Jr }u-
"8olo, lVoql c--d-{!wy\e^Àtcm^ J.onc .f aa, " LA^* eÊ. c,reâ 

f"^h; 
"rr.0.'.^

C"{, l,t,r ), l-e ^,1F'|." J" "Q" ça.�- crN\-^rqe ,po.r^. "tj**t-^.^ Jr"

çt op^rel hJ, d',*-o*'q^rce- J. 
fH{rXFra^ 

^,,vlrÆâ *F Qa r.nJFhoJ" à F{o1l ,
Ncrr,. "-l- flror,e. Èe^.Fr^^,\- Jl*rr, u<zr^J.L, /nèu.ô ,fj^^ -0. fd*1".
drâJ.rÀirnn J. ba,'c- 1bê'r^ ".s" *J1"1'"â" (4, ,,8,1.1), Eooe^l-i"Qnr**1.

lue !o /on"*"\-"^o t^.o^*i !ô<-

.*Q,-'d cx1tinne -04 rytp"l'Jlt"? hc -tt%

*rfl"-^,"

' . 1  I  .  I  r  r  ,
e,^rl,ole,r,rhe ^au,*O,u,\-e I 

f 
ôu4, otcryronF,u,t

t* à'*. ,."Qob,,^ L f"onvr^'h"r,

3ae A.bo o h"ô* ,^r,v\z r..Q*l^i,rn ,"L*oq'.r,.h V (Vl,a,.s" t*(1,a,\* g(n,^ù

;L 
{*F 

* ) auffiF "f' .t .-or*F. ,^{ -r^,ye,^ ra.^*k r 4Q.* {J 1'. V
(Va,,r'e s. I(a,r') + g(a,a,)) 

9-i Dà"Y oaar 
?^.rr 

J .?1.,1-*t- *g^o^t *l- ro*

J.l-ef Àil-ie{. (daes. r(t,l)) .h ^rF. ^,rcr 
t'.r^ t-r.r, )-^ J**ru\ J"^.,h

f .^aiLlc"  
J* JU,b ,Àj l - io^t*  (V^, ,o,Af é€, aeA. ( I (e,a\  r  Lo(a,a ' ) )*  f  (è,a,ù.

ba,u,r c. .ûryi [n" rn ê4\â F*.o. Fo o J. -0 '.^rro' ric,nr.r- ,r.8oLi^^.{-0" .,n

nt**1"4,*l- 
1"" 

Bo 
1.^â4t-roh'^ a -01*^^-o.^r aÀrc"Q. *J.^,h.^ "CI. *T-

t"*iq Q. ( .?, r,,e,.,t,.{- û ) ,
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l,lnr^o è L*À..^* <"ÀÀ^d h" .0* ro.r'o.^rF* 1.rro.'U- à" "" f.t,,* + t-

â'Àâ^r""Fi,^ à" to,oe J. f"E à {^\ à;"ir* Fo*!.* -0*" *â l-h"J-

*ùk*.1-." f0rÀ gue!1ur^ ,^rl^.s. Po*r^1.." {rd['*J. Bà,y r,^tr"1-.it*l-r1re

mo-uâ

P"*t^

."r\,'iJ"l^" J"" F'.a,.*{"r,rt o-\-,'^o J. t'ù *h"" J'd J^,tF,'^ fd, r,,r,a,r),

-^r^^e .o 
F{€ç*.'l-é J" !o 4*" (t.(a) r. c(À)l* V(è,Â)) *<?oFùe â

.u^^e *.Qofi^ "^rF* JUr. -unrl-iorro. ,t {;-r", 
*l *l' f.-.'U[ 

J" oh*Jl"

.0',.,.nr" .'oJ 4aq J\-"h , i[tar.o. ("{, r-,r,.,t,1.{) . 0tru ,"*}r& t**-{^,rÀ.nr

.\.Q-tr. h h.ùdq&. (.f, I,r,,.r.r,,r,) aNùk ê ".errrs,!1u{,! 
I*" 

P" ..rJih^

l" ""1;.{l.ol;^ ( V,r,,r' ea,aeA. [lo.s. I(l,aù ,., bo(a,a')1o, I(4,4')) {"F e\,u^}*{.r l-.

À (Va-, lcs.  f  (4,r)-> -r f la 'es,eeA. bo(a, l ' )  r ' .  - r r (4,r ' )1) .  A.rF"sr**-F J i f ,  ,nrara

tou,ùô^.À .,rfi{.,..Àu^ a.À^e fa,- 4}" t*F-.,n"À'l-,on (..rnr,,,,e f{oqâ 4eu" .0tff*}bhi-)

âtr btcrn ,{r^^€ C- {.ttl" 1.a-"r,rJ^ho. 
(.-srw*t t{ocn., 1bê'tr^ l'"{fJo\i^).

û^" or^F^s f-or^"{*"^ohrq Gl.U,l,,{,{,,j) ..t\r}ùl-<. à ^e/{na 
1û€/- 1,..r-e, ^'}êuô

+ôt ùôr\a ,.,erL.t4/*e,.- ,",-^ -Q- **Q",fi"r*o .tt,,,^>ov>eA (l-* -, 1*, ,-i gh "*t'Q-J"i

(u^)*:> tf-n), Ced rv\ê.tr^ 
4""rmt 

à. 
{^^aQ*à."" 

.8* ^Jl-['oJo- J. fl.t^ù'

ulc1b't"i"F À'L " a"thXoa0 ÀârJ'io' îr^ ..,, ̂.h1. J,r,r" à *pefu1*4 /*

tnJt-\"Jo J. F4"t1â ̂ u.À. .,01<,^^re^os J* f.\o{.re^^rvre-. tg *f dXupo,*oJ

f./tatL\" ({. l,r,l,r,q; à. x-c,rnç?q@'- ,0lr^^>"^^",} I fea, ,ue mJloFian * S"i

onnÀr^,t à Jra t\-u$€a " t-*c-p-hroeo fe^, -tr"[s,^À (S* Â./$l- in''J

Jar" -0" -Ùttd^.h-"). É.n{"i' (.I,q,s,r,s,tr) , ),tarà 
.1,* 1t""rF"r'JU à

J"tl'^F*^ *h rÀ/v\e r,^on^\"irt\ ("t^ 2,'e^, Jt-,r e t-0t"^\ ) Nr'.râ fw À'4,;

.{r Àe ero*,\"i.n ("""*,*c Jer* po *Jl'1"4. J. FaoqJ- r.}eu,v) aa ,Q.t'.., Jl.r^,r.

*r,QolJ^ ,^*,,**lt" (c.r"wv,c, âo^- -0* r*JFfrJ. J. $*n^c).

bor^. ,Q"

2';j6"Ï.ion e.{r€-
I

ce 
1*

)J..-..^n^^
4.^r*tlf

N u^,,

1t^eX"+L \.:,.'1,3 /\èu, J.F"^^*i^am {-o,r, "0- a"^-rrit+*
rlre.trâ 

trlu^),tr\À 
àr)"r"4 .fea. -Q- t-oo^o+^"*oli^o "f-J4,ô,rr,

& teho,r^r*," F"J* 2- nmdl-h'Jno "|.rt*' j" ..|- À

qJ1"* or.F^*,

^md\h^d"ra ./^^uik 1*" I-",- c-<.à f *in.^f., J',r.À "t-.Ii..n
l , À r

"l,rOcPurh (.{, f-.1,,,t,il €M ca D€^^â 1"" Aa rrle{r.a c^}<rïpr,.n,F 4*I*t?^^}
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dJ.-o,t^t<,.} -0r*i^oq^^-"r-F 1 3ar ..nu{J +èer-L -{r.iv\ f^i-Jf.
/v\ù'â ,îê{.,}.n^À aiF^^ù.- -0h"ia,.^} r' ï; .-.'nnx'. rl- -p*

J l-r'dr,.,L,'rrvl

4ù L"
f ^4-trr<, o^te,c f"J rr"F*. f "À",f" Jl*^o\^t"h"o, (,c.c.' M'e,,wl pà.{.

â'*Ql.^rro fe^ 1*" 
0o f^€r,\,e a.r\reg, g^1 

fddf. /'rr*"1r"h.r., "";t 1Q'-

{o.^Q. y' e*ze ,^n} *h*), }L n"^uF J1.Q'^^"^"F .-n"ob. (* 0l-ùe^r'*,f

1 a"h"{ak "0* ..mÀh'ono à td^i$.oli* nQ"" V 4"h i,}e^i"-h"; "t

oÀ"J11".^e,t^h .,*lQ& (À. P *F ^e^.'^^^k / N\ùtlâ ,Pèuirlrra f"{r{ê{r"

l''.o*r<* a/{\ ,i*"^r"^'} I ^"À"t"ù 4,,} .0* *Àt[,"'* J* .J;fi.oh,'r"r (^ù

^r\ùu.a ,n'o^r.rrno fe'â 4**krr'} 
À *^tç$h^A" ,ocpl-a,au'1ue, e.,{\ ce p?^y, "f- ù

U Q*X"n" J'-o"r*\i^, *k ^ol ,1"',o+ / mô.", /y\e, ,fcau^,,.a^a y*l"-tF^. {â€À

{* "Q.^ ! à a^- cz, -0"^ qo X" )) .

l* 'ô*[l."h 
+';-éàr^ I^ ^e. 1*i^a'"h.^*F e,.( ".J"^"^ll1,t"

.Q-* 
{^rcno1l 

.çer., 
{,.-^i.^* 

q, h,r,t,) f,.^^3* 
J*^, c4 c4eÀ .^tlv.*.

eok ^n-e^jrr.h. +ùu^. .-tf" A€i""Ji1"" ,o.l ,, è*'&*t ^. niio

!" ^lâ-t,-hir^ i* *J|. ao,!n"Ji1"" +a"\ h"*^^;t-,'^..

Ce.ci *'*h ;ti J.^^*,*^l' ,por5 n*"r fè{r,\, a).r\t- a*}tn*. f11,"..

(.1. u,t , ,3);

^^ 
{r^t^;

"ta,\ 
{..*'^ 

t

3i *!f" x^^Jl1* q. él! J.'{;e c."r{vrv\*- ^,{l oo*--.^--,nLTo J"^

+"1;.* à^ tlo"-. ^1^à--i, fc,! .rr^\ lpl-Àu J" t"a,'r.rl-Jr'n , '!*oV .^"ol-

/mo.{.À f ea o-..'o*l-l 1"r*.-F ,-,m ç.e"h Jro.Fi{^Àe^ 9^ f{/h îl* à | ̂À J,,JI*r

ldcoàe.,Ï t"* cR. p.pl-d*" Je- l*o^^-i h'.r,t , Po^r^ ât'"" ** f0"h, /tto.*a

ttoîarr\a .,rrv\ ,1,n,,i *f" "l'r",âr"f l.rn J,'QJo,-.} J." -.^r'.tlr^ *^.ot^lr'oi^r.

(àrz'* ,0o "Pl.e&ûe r**,, lat )at' ,0. 4x,oX'ta*^^e ) t"-t',"It4.F J. ,-*rL

J.^ lv;fr;* . C"d g^,'nt J. Fil^. "-*pF. àat- -9.o ,p^d"-T'. JrdJ-"I-'i"

t"rp*i âr {ei} 1o" 
)^ !>{ccet",a)Lw> 4.'"rtb\+a 

Jr<r,r .îL.h rûe Jr('*a*^f

f o,r ,r^i1*- n*'h Je ,* Jb.I rr*oio .kQ*^.-F l. 0o 4.g J onT- '! a

rYl dn

f^,,p4JJH
-Pt*l p",*

J\-J "$"i^! ( o 
7u- 

as^rô ,àq^,'d\.ô ï.*^, 
d,.xra *r0..ruo 'Pr4*jt\t-r,).
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6i "e-tt. r*^l r^'Llor"" r,rory! 4^J" te/.

aUa,r" 
ccmc.ar"âa,ur-<, É,oeê )! c, o.À "J;1"a rQta

?o{.u.}c^AÀ ;*^*^}- cn$u, R-o^.v'\e,^n€^ e-uq 4a,n*f""

ii"J"'; .Fùr,u, 
n I t' (a "Qr*,

\ 
*- Pvr$al,rr 3.t

\e. 
4'Q.* 

rï\eu4 .*r*l-,^-.mo 
Tt 

cea /!^eu^reegu 
lttrrïc.pe" 

à'rttr)*.|,:n

À€- ',-qr*ùe^^h aÀr{ t*.idJ*r,h ?,.*J 
.0" a-.^^Ji1"" tu| 

+rr" 
"L

i ù w  f d * .

E^4^ d\û-{râ r*^h-*o ("f, r,.e,Ia) 94rc !"^ J*o, *p1"-o'{*

(,*.n"!. J" ,P'-[r.uFoiae Jar.u J, ^o^^'cLl- *,r.ri0.oi^- o.,. ,,|,"0-rh^ Jt"^c,

aÀr^^Fi1*e .Q^* .on...J. ^F.) n*n\l- 4^I*rt.*b J3r.i,"el..^h.a,

I"^ 
fù.t* 

l'"^ât"hiun l-"-0^ 
3"" ^*.0- e,^)onna 4*p*"1, ML ,'on1

teÀ h,ù 1-taLr'3r.rra à m.tt^c e.n aer,raru. ld""h^t. rl Jo^* rlrv\e- fFur,je. Por

*crn 
çQ", 

Jqr^, -0" ."tnfu\i* J. ""J*{1.*l'ion (r(+,o\ r to (a,a,))o I (4,a,\ , 
yo

Àt ro'{.l- -&^À(. À** 
{* 

u0. J{+Jr}'.tq*k "tl.^l,J,'"n' â'"^rq f * 1J*r 9*
â" f æX'ce,"wvrre . \g *l' â"tn<, ç*frl.et\. J" âJ* g* ..Jt" .* "U h^

J" ^rJ^.{i.*\i"o *ç-Q.,o" e/v\ r.r*.e ermtrcxrcFi.m àt .rmd/h'.r* à" ur)|$',"}i^

10,r" av.npQ.,. cd\r\,\p/nJJ )o,t *p"0" .So,.n" è r),v\ ,paÀ ;!rr*e^.J;t.

À t^ptÊa^\^/n€. . Cl*lr .0tttr.l- J* 3...oX"-1\. h.i 1,^r ,ç,.".1^. ̂rr^-

)a ..*oï*."I-i"n À\T"t"l,roFi1". à'^^ .c- ^JFl,"J* J. f^!rr^;€- Jt-u'*oa.,,\e,v.oq.

À t"^L J'-.^,. r. n"^mJl.1"c ,pJ",eh,^^.CI."Y àturt, f^-r*t"" J'd"lr.h',D

,rrn ror-*r,b L^o,"fa,r â"t-"ny"r.l-'nn J" .0';*^^'" ,i x,0otrl a,\

P0*fà\' ï" 
J'; *td* omg,ri1".*,^.}- r,nÀe *Jf["d. J. f^eÀr.r&

t*^^ .^^4\ .Q-"r^n"Xc ). f*t*Jl^ .4.ul; À. A-h^F..- /)a .-.'.*J,ra

e} a* ..^çO"JF"dl- o*1nJ,1"" à f*l'â.^i i r{è.r/i f",,p*"*o J. .*n^l'n .,rc

-Qq mi"Fl., L J" J. n'n"*ià A\"hÀ"Fi1"-, tq JrL*..r{.

(.{ t,r,^1 ..$ÀI. l-""F J'e[^J ô â"1-." lo ^*^rJi 1"" oyn^J,'*"Q*

{,.**'* e lL' J"'fÀ'"
(.f '  r-,r,r,a; ,  rvlci la

ar-,itJr"h;.nt q'l t\\*,Lo
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d. l(*à. J'^rr* ".["h" ^

1to çr*" 
fc --L>e,.t'.aa^fe à

.So**,. .!" f-*.f. ât

J.- h'.o^^r,il-i"^n ("f,. r*.i.,r,,r), fl;
Lltr.^l '*,. (.P.',.t.r,&) ce e^' \ )

6i J"FJ" I"

4".v,n ul à"

-f oazrtri csu trÀ cL'\-i"tr c'J"h"e.f (,{, l,r,r, r)

1^rc!J-',r .^^l ç"op*â. C. ûq" J'-tÀJu"L,'"n {dl- ;f*,^"n,'L u,\^
j^^-'"^^'oJ 

1Q.b.0 (pI"^^F oor^ ,0- dkt" J" çaæn"az. ^e) o0* 1,''.m

f*4.- q;âale-lr*l- J^. ,"i^""",t"t {..r^^,^ (îr f-.ï-"r^f y^ r.**y!*

o r^ !"" if"t" "\r f^e\t(q/v\\lrv\rr .^.",ç^Jor^"1- è oR*1* f"',^Jt At

.tÈ.ot'to,/r\,vme , .e 31i ç"^"*.1 4"^ *.ornpQ* âo ^, .Qo *Jl-l'"L L Fl",4d"

à" -0* e,rrlocl'Q,r. €,vl .^^-rrJ.t,e err f":,^F â- 1z*xr+*. " r-1".0 l.

".t,uç.NrJ"*F). lno *rÀ*e^r'*^Jâ Q,c..rr* tl-"-F "ûooi, (-f. rr.3,r,r.,\, ))+";

Jd{;i" .!er-,* ^À-,S;3". (.f. r,,r.r, r) "r*[-ê-l*,,.. J.{ù^^ -{ r<;)'.€^r,o^rl 
tt"to0

1el,t .,t*1^J d Â* **'-lL ,Q.caouq "h <zriwre-,,rrf. t" ÀJl**rnol..'^

d. 0o ^dl-\"J* & f*cÀr^)r, *r, Àùl.= *Q* ù ÀÀ*r* )" ornJ* Fiu"" J*

*;{i..f;^ .rn u p"mJ o*,1- , C€c.' ( 4. t. 3.1,+) €,,r ,*^" 
1AE"^rl L ,"["fri'n*

à" F..on or't-,'aq +aL /'a J"$; \-,*r * /rr^*o^^'*^f XQrI"Q .Fe^- -f*

,;q-i"-h -0æcouo( Jorun ,!" f"À..f . à'ÀÀ.,11^ 1*.i a LIJ -A"',Â ,

lt ^" *l-r, * ^a^.i\-c 
ï'o- 

"ùp'Qr{i". f".^ "t}.ù .Prn omâr'k'.*o J*.

"r);{;.oti^ iQ.h.^,.}d*à . L€ *J$rAo- JL^.,r" *l- *.}" ç" .o^^l-^.,."h1nn.

\È .{e.,F e^^ot^ih. ,&{r.^ 1*^' *0}" *t- n"-^ "^^};.1"-rrn J ..*rdt f. (.f. rr,l.t\.

Ce-t\" ̂ L{r.--fi,nn tJ àl-^c- À*h'0" Dù. Â^\.4^'+"û p.0* -0e ̂ *f*r. J.

Qo ^.Qo\i^ *rhr /^rtdr*^F 4.Q"t"Q, ,h erJr*q.r*"h {o*o cf*l +eqr-çrroi
a t )

f{o.uâ ̂ ,e/w\q^3uda oÀr 
1*enn*ç[" L,3.-t,6.,t 1rt^ #^I^*4, -p'*--4tL J*

,^^r "**t ,-Q-*o 
4^r*" -u/yr t"*CIÀ ?- .-^àf^J et{ F""iU{" Jr"

,^ lo^.*'o^t,b 
XÀtet r (1* tr^\l- â". n*-*r.^",*L\* â. J'-^""*rtl. L f-!,

JtJf"f" ). rùor.ra J,kÀ'.,*^ </-u,lL (.f, l.l,,t,e ,r) A,,ror."o j'\ÆfJJlej ,1o**-Ll-

âea co'rrof o0lo n* "^^h^x ;^>qJâ^^"b ,Q-"*tq "l- gLLe-u (."trr..xp.rvrJ n"r\^cea

*^oF^qr, (&".ni- oq Tra^r-) *p*J*u.- J" gcQo,; (,r^''tr."1-,"rc",a.r j"Àrr*)

, ^to^fl-^* .,,*pQ..b" ),

È..r.^, ,0" 
f *" 

X"-f 
L a.^r^tor^h L'.3.x / M & J",,^,^o à". .^",*p2*

â" .,^ob*J.i^ Je n*Jl-["À" J" f^e.u^re e^Â *,*,,n^*r',..-*^,1- +ar' -Q*
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".r'notn.rfi m dlr.rnne "*JF\oJ* à" {rx&t"ue, J. rn.,vr- t-er,.nmÀar! on, Jrattet' ce'

dlea;r-eua,t 4- -[(æ-l. ^!,'ar "h J't^]e,^.r'aar.r- 
XQ"to{,e , fa,v Jtat".onfu fô4r^,

,f- t|,-otta/Nvû^€À ^"î*tf,'.i" ("{. ,-.., x,4 ), cmL^,ts cpâ ̂ âl-f'J- ô,re Êù^h

f ea .Qo*i1*, /$è{^ 0* ,'Q0t*t-"*o 
+a.L 

Jr" no-*nyQ* -rirfL.

E^^ *i1.. (.N. l,t,x,e) , rnèuâ ",l-o'Jrno 0o */F\oJ. )" M,/\r,r;-weXLdl-

(J"'k "aartX.,eol -d^r"Fi* " 
1o.ur, J.,h^nh"o-" -0" *.-h,on to-Fi.4. À

f 
|rot\a^\ ruAe.à É3.^#;.0" ) a^rq f^.{, tE/r{\ r!r.,a f o^a Q!;L (..wvwe

ouric&"i- Gru'ea ^h Jt-*tà^. -0o NJI-h"J,{, â. F{rïl- r.larr,t- ftoc^{. eirû

t\DtFuq/o\r'r^% fa^oQ!"-0,eo "",1"n"Lme^) "h Aeqê !, 
XââoO-"^* è J'*rhà

t^o|nidU J'r^+a^r,'an^cs. rrlo^^a cr*/\n\e^^ss^a 
+a* *^n"iMr- -/."

.,t*o"bion 4t'"S" J* 4,r,cn{,â^À^m^ nJ1.,o*h'"â ("{, 1,.,r,{.,r-Lr ) .p.^^"
-Ql-.a,*^ra^.'q i\c4- 1%["1" (oQ* 3.r" H,^ruÀ- u]eXb.,oi] *r.tre...*l- 1* * m,.nl-ai}

tqâ fu,â{tl"). Nl** "[^l^o "^^,*tihc. '0o . *.J-;^' 1o-fi.0" J,o. pt"X-"^^"1

1",.cQ.Q"'Qe.r *y"R.n"n* ("N.r.,t,r,t,t) ,^. ffLô-ru -hno,^^o.^o ,0e J-t-r.^r*r,h'^
â* 0* Jpaeru* e)\A &\À€ t^€^J^re É1uu^rH"CI" +a^ fFucc-€^À'a "h rr,r,^"c.

1b^,-u^le Jlat."r.n Jtdk^4i*,'."", c",tf. ^.t-h'J" dk*f ^*Qt" ft\èu,a
J- -.-*pQn^ J'oçpQ*.Jio., (conune ," .eQJ ar,"^e00d0. ca$anr8.^*" Jo,n!\.

At# **1"J 1*" Jo^^o -0^^ *dl-hoJ",. "ery' o^ro^^.h" (d 0" r=-{,rXd)
.-0'rr,r,.ve^r'a^^f JJ-;h "" y^i q "'f.' 4dl (;[al-i.Nr .^th. lt "]al ,rr^,'F;a.Q
.h l'Jl-F -u^o^,l') "1"* 1o" f"or^ 9* *Jt-["J* "<.,r,r ar jù " (*- 0*

llr'Â;-NeX[nriF) {'*^;a^^'a^r-\- JJ*i} cz y" ^*t à fd"" 1^,0o1-i.nn ",,h*
?(JLF **^,.or^F "h /UL.l- {a"0) 

.} 1u. c€À J..rq F*f- Jf",n{'",n*l-i^o

1er.,^re.,*k êFn.c. t-^i -I,'0* t&u/, ai)rn à "0n .,* p*iQ"-^; J^, f^,,t"*",
r\o{-r, ,F*t*.*o -r.,^1r tUqt rl'*"r,J^r.[i.tn (.{, ,,.f ,*,,r,r-3) .r*L*r.,r}

4* * J. 
X* 

J* c{a âor.ru, *Jl-\ o J,* ( *rà ô*{ -0e t^aui\,{. f ""1 .-h

Ji.J.^ ^.*h o\* *oJ^J^cr,. ),

tl+uo "tr.^â*Q.,..n* "-^-nL ..lJ-<. *dF\"L "r,n 
f*t,r.,e..1yyws.ca

f*"Q0C0* 7:,*XnoRn-oneo ço"* !* ,{' cr-rle l'aks.er,,rcc J';LtQ- cat%
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^ l

X?-kar^" -petnnc^e^r.h GJ. t,,a,s,x,3)r -p{ 
f}.arr-^,e d'. "-Q.ddn ffn, ;u"Q.

"l{e!^}t. À m.o- t"-.mrnr"^l.m (.{. r,,e,e,e,r).Q,q ,s . . r . c ,q )  "Y  ! "

tlo.ra t*^h^o -^r"ik {.N. r...l.a,$,6) J'.o..pQ.1,^ 4outyo\ ,0,* rrnJF[rÀ

à" T\ouû - rr,l"1[,ru'l' ,n'" 
fqa €^r -0" *âr*" auccù g.." 0o *dF\"À J-

fh,Àà. 1-* n--rm 
f*r^*\""Q. 

/ïo{, A"*lL ti"^ ..nto<. €^^ ;'J"^.. Jo^-

-Pn ceÀ J* .pxoXx^oxruwrea t*oQleQ* â.i lsn *Ê"-!" ,À*..'o,.b f.rr#

âF^r ,rh;-l,,o.l , f',* 
0* *i l-l''J,.ô " à Po F{oXù', f",- â"j* ^l-* -0* ..t*"\x

1"^.h,.Q!. , ?'ubse/v\c. J f*-rrr^ À l'"*I-rl';, .0f*t*.. J ';l-e,ùOrco(lo 
/

.0L.[,,.^^ ^*lo.Q0* &,, *Q* 1o. 
(t- ot."t- f oo A* cq,À f*{r^ /-

,mJ.t-k" ù* ,' { 0q. tl-*; - n}"1L-i\- ', P.'te^ ncrm6-Li"n à J À.^*re,rJ,

matu t-*F*.^^ â1-,F;0** ,u/r! trr"*t* d 1"ÀÀ*rl"i* .nl*b.Â" ̂ l

{'-n À^t"hi^ €^ e*J "h e,M oryJù .

Na.^o F."-*Àot* "-,St æ.^" J '"*.* p0.a €./v\ .n "h".r"rr^"t- r.Lr^z

*J.th"J. â. tl(crr^,{. â" f""pi; U Jr.^.^ro^r'e,\c., f* i* 4'ro{ra,,rrunnco

f *q Q0.9* ""-,t ("{, +,r, e ,t) . Pr..* F"te^ c'.t' n Jl-f" J.^

?r** 
f^êtr, ,@,,oc^^â .t*hn^^if* , Nê-u.à a^l-rnô d",*J 4u^.e, 

+N.L\^rL 
J<-

*"h^ J l. .*çUt-"fu p"Â"^'li 1,.".

|-ca ^tàl-Irc J.* â" t*.crure J" 1"-ç"."Jh1 d'*^+orr' u^ce- +* -Q-

f *{* 4"^uQ0;0* côn^r}.€â Ja^- 9e -OJtld"hr,* ( A""ff^r+f,, tfoa,tr..,

t\0"^ra^â, KeQ0e^, La,r'^y.t/ 14o5,r,.fue.^ril-g, Ne^*lhm, o,^'irA4'- ôu'ea, ,., ) D.ml-

p..r^re^t l'f{i.i0* à arrîlc^Rr, è coJ.r.ôe- J* f*oQ,r^e.o 2ouur"-,f h^;

.Uffd.*J6 1,^^ È*'f ^\'Q;d. tê.À "0* 4*"*J'., , Lt'tjJf J"

te edûa-fL !.3,&,\ *tr- À c**rb^e,,- ?u'S* 
J"li**J- {-o"l-. J^. mâ^.

f û*f" J'r â^'.l'ion (?t *l^ è -2q b",re- J" B" rn'J H"o\. À F.{-dJ) "l-

\e Àff*"^J 5*. f* .8o /"* i. #**p'Â4,! Q\),*"rioJ n€"t"O
,-h;0;d Jo^o c,-. 

tù. f. 
J'-,rÀ^r$iao eM ,À"e^^'ê'^k Loaeuq *o**j

ô âr" 
t"'ulh 

J" 
+hrot,Le,\M/w,€ .
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Paa, {4cer'ry1p0" , l" *fl'lro[ J" Mf'. rf,|' .} J. K"Qle.u "l'"ù}E à

Ji0ù.^ .^.r.À^ ar^rQ .l^,ùo^r'a.^.} X%to{. C".?. u.,,e,q.i). C. f"l 4" ,u^r"',iù

Pttl^.io{^o.h^ à. !" n*J\-\"À )" F%qd ,orrù f*t* 1"^oQlâ0,"
*ù "0.0" c B'r;.-t^d"-F T*'J I " r$^e. ^"^..0. .**J*'k "o J.

"i'$.*bl.,n 1; ,"\'*h f* ÀJ.*t*â {^n ..*J.^!,',n* de",h"-hù*,

ft ,Q'^r,ôcm<. , .0* "*dl-l-,"J" â. n"ù^-{h- b4anme, c,m^hk ê *,1'i0,}""

,rr,Àô ;^roe^^'*ù no.ol, **o.l'.t à .,lroq*

be-u,: c<. ,on , .Xo &J.-n,ç* Ll.m *t fo-r,
," nn.r*t^c- ). *^À'[i.*' à" "i-fr.e,Li,nn F^t,P X"" d

U^ 
4nrrml<,,, 

c.rmçtrmà ào"^n -0* .*Jt-l'ol. À Owirfu-GxJer

..r.'\".;te à ,-\'iQ;n^ A/.i\ Àoa^.'o^*f /,r.oQ, À.r,^^, I* ^"",t^oeLl{o , *rtrl./�

d "ào3* f"i* 
("I mon ?e,- à 'So1* dL"f) àu ,**hà!. J.

f uc tq./r\^^r\À. G+. \.3,1 . r..j) , 11; .oTf. *Jl'\rJ* *l- n"â "^^k 3,-"^J
".À ",*'p!à\=.

N.^.rFnr\ ù t^\p.nl "IP"{-/" 
t 

',**"À'.^, / ('(q-tô 
f+tt^}ôa1' Ê<J.vùt&

Ji[Àu^ à* ,.^*o^.'a^^t .0-.,.*o lf *]"^^,h />uv\.

^vq^ct\€o, o.r'ro*â ç-- .â*g,r* 4-.rt\* L .ônF";0"

Nauo 
fê.tr^)ù^À 

.tq"!r"r.rr.\- c{trurv\4- {r^h +".f il O, ri,fu- 6a.t'ea

*rFi0tÀq.,, J* ,u".p4,,.r'a^rh -0o.r^ro 
4".f"^^l À{r^ .0- aro^*'ot\eo J" pno{namrwe

"f D.tr^, â<a ,o^,'*U\.o crroctL'"^L , *n u\), €- .*oj.ro- +tt J*

ar,,l-ô!. J* 
+R{r{E'â^\^rrrre 

(.{. ,,,r,r,q,t). ttlr*ro cmonnl-^an6 g,..e -0e ,mJl-h"L

*t- .t*""F. e.f tl^"*h, 1"n^J .r*gQ"l-. (-. JJ+;". ^F -0" n<,in*^L,'1".

a-uar U'"-e , ?*i f."l- Fedo.u,u îl* *hQ..i"â fo{,^ {o-, l* 1b{rur,t , à

.r,,v\s 'dArli.r À€" J t"b ,rÀ otre,n u rtl* + d ,.^" {,,n.À'^ JÀ J kh PS ,

bqi.M ."lfe "*r', Jl ar,re. o'^r€. "-" , )* J l-.b J. . FoJ !- ^^F ^nr pr"^*f

o.À"0â fa.L 
J* tc.^l'ot\eo ) e 7,* r*.*l'^* 

3*" 
8* oro*.'okt- *u*ihdÀ

^. 2*^tu* l* Q* .r^dl\rJ* à. 0uriÂ'- G.u€â q ,'à "À*0.^ I'Jfo'l- à

d.h*h

..slF".c-

*l-

J* "*Fà0.. (.{, l,r.r,r,,r),

F*î {;^t, * y"" .o^n*3*-.f

-Qrdl-o,l & *,rh*â0" .h U

J, ?^rctH{/mÀ^4. (.f. r,.r.+,t.1),

.-"AFôU J,r*f i* ,uuc^rte^^,h -Ooceuu p",,F ;J*F"^J*r,b ) ,



1 a a

È,,teo ce^ âl."tnpt.h.*o, ,0* *.,nLr- J. ..rnJ..\'"* J. ".h4t.t'arr oh

ç,.rçt;.tr.^tQ. a,rr 
tx.cA^lJ- 

À"^ {.t^dÀr.^r- â-t ,P^/rcalftu^ J* .l,ar,144^^ln&

1*eQ!âQ" ".8* 1u'* frtaFr.lrrt- ô^,r poul�roil. 5* -0" ^.*,L. J.

o*âfh'.^" L "d*rt 'ohirn .,,,oùe 4"n"1;,,."m*^,F a,re.- 4o ktQl. J^.

t*^ot* 
. c(-V 9. ,tu @ùzc ,DJt\& *Jl-kÀ f*?Â ta.^- 

Lr-''FJ

?.^ ,"sn"rik à ^,fih*r. J"" ,r pon^'*^i, 0oa*0. au*I"^k /àÂr^, -0tJl"-f

À" ,"^f^]o!r "F .0x.o ̂,4,^,r',qUao, ox,ou.j ô "{ogor ,ç;nocearu.s Ar 
fl-tr"^"tt-

1",.eQ!èQ.

\L -k 
4.a'tt'b\. ^{* , C'*}i{-o* t^" ÀJ"*noh^ "oAnà"r'b" (arw*+

ào^^, J"" *.llfoÀt.o 1",,ç*d 
.fc,! \faa,.e, hl.on,a,.À, ,,,) Àùq,o I* P,.^. Jt*r'r

,^^rer,.^'o^l,F tQolel. -Y Jlr;"^;"^*h -Qo*o "nxodà è- Ài.,ro ..ç*h J-

fFto{xo.,^wwu (4. 4.j,e, rr.+).

Crs<. +r$*.'^ J" r*nJhl"L Mô-u.ô qr*à.o à 1., "A** o.0.*

le flri+. J'ââ,,,'.linr /àù/.{a- i".*'l- "F J-' -Q* 4,,'d.^. J- "0"

âtJcum1".at'h.n Jg -01* po-n^-or.,h 
1Q.!"0 €,v' ;$t^r'-J6 ,!-.*.o C.f. l,,,r,f,s),

P.,tr,r, .^rQ.*^" c-r- tliqç"1\" , )] /ûo{râ a.r*\ln io. I* ***pû'

5* 
^Àô&\.â a/)c/\\ê Â^^â *,rn\'ter^l- 1*" 

-[ t{oà à* .0* 
J,^*r" J* 0u

Jrt-r.n1r*ili"rr J" "?larle^*qr"F qerkoQ, a/v\ rÀ,,xqar'ot l.c.ror^o t\\z J-t-.l-

to" âF"c. +,*'L ,Lr,^Àc +ù to{r^ l-"*F." ào * .Àrnn,î. *ifL À L

\t *! Ltc ry.{âatb J" .8,"ùL ""If" â/** p,"r.'l'r"'r e/v\ {^tJ.^ J-

1^ob\ùe à h€ik^. fe 
f,"-*oQ,r*h.,' J* m^Jl-l-'J, J* flceu^t€.

â {,Lù^te.,rr^'duucQ. 
1*. /rûtrô <a^}€/\ro 

4'r-y*.L 4-r^.1 
â* -0" 

{"t"" ,ao^r^

À'PiJld'.

Non^.o f."rcnù.r*o cz cffa]fF^r. Àu,t A^ ,F^clr^r% J\r^^rrr.^'a)LtL 
lbo,u

l. 
fa,^.e,t'1-oP\s h,3,g,t ".*oo.^d e' -0 (-^^" 0"to< o.J* Jl 1". J" -P*Xxdiï^$'.b.

No.^^o "A* 
4** {,a,tc& 5ue ca 4^-tbil" ( 1^., "+p"0,,"" Q* , qrutùL
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à djt-ea,"mùe,^- pFaFi 
1,r-* u^"h "Jr orrFonlyl o-fi 1rx-n 

rt â- -rirro.*roor'r,h t*

Jrlvr 
4<oçar^^rme ) e. ^o!,^É -9* f"q^rei0 1* ,^^euâ ç"r,1* 

l'^" ;.r.

No,r, ). fO,r* ^^ -F"^k fr.r", "*.*hn ,, y. ,"" 'd..01--h oho**

A& t"i^Â"?"ù.-I- ÂaAÀ f*^" a.uq aorrq* f^tQ)"'Qc,, l-"-

4"i*^l^"fi*t *\- t-^i bta;e, Nouo .qp"t^* Dd*pQ-r'*i ,"'.,r,"^.'^Y

W 
^trv'e. *"^ o\p" n"J^ * f,'gu- " e/yl a^., o^^k ' (+,h ,3 ,{., f,, .'1., J.d l'*r* ;n^

^t ,r\ Ê{.r^- *^oonrbl" à^ àtA rt^)"tb" â* d kh j^i l-.'ortn \, o"tn^ ea^.l- +-r^"

rr^ {. *"\" o" Ji1". "ut\ ,q^^iois' (.f.1,:,r.,r,r,, âJf*^ûùw :..Lttt /r4^-

***\\.. d., *.*r*â*^^,L L dkh F*n) + .",t^^cr f 4ù *

4^^eQ^à/\& .,mtù*rl "-re^^l-- e/r^iùe.' ("{. u.3,ù,r,i, J/fort,,rre.n. .ur{l

Àu^-*tU. &" JLb 1.- pr*l- à -Po 
I.^ Jr^*^J*!b J* ;f-"f.

, i h'o^rn "Y **^lerlh J* d\-eh T *^*0, ) . C,,j,r^^,v'.4 A,- 4^"-tt*h.t*
*\i Q,l*t e^l- l-; XÂLq0 

"f I*'.-t - 
1lL[b 

!- 
4^-aurcerna.znr@a ç","o&il^

mo{r' /v\ê.ua r^ml.eoal'"nno J. J^^* ldt* câear^/\ pq "f.".* n*,al*

-?'*ppQ,:Ji",' J* c,''ll*I"J., Jf *no0y" nâ^"^F3"" à c- l-gp. J* p-X*-'-u.

I..3.5 PREUVES DE FATALITE

t- *AEih. 5 *F .**oo ol- et .f r"'frJr, À'^ *âfhrâ* J* 1.znxe.

J. 
1'.e1"r 

ef Ltl J* 
{.\-* 

{,,'U J- 
1"t1!t-4/wvv!\ra ,ô&S"-^hel^ ,} 4t^"W0.-.

U^ .*1.oÀ *,"rnt* A. ;'*l-l-*h "{"h^. 4-u .Î''îif^' +;;à"^'}
(c.rc,vne- -0* F-.^*{**Li.*" J. tt;..1,* J'àâ^ "'\",,nn , l" J..Lt"9^.'h^

à. {f<Àr.tq,',ra,^rh *Qrtâ0. €/^rçi,^re,r'a^"k Bo"*rro., ,,, ) nl"1p0.'y- } l1*l"r*J

i* ( eno. )^ U4ar "ào1h"li"^" 
1.u 4o<ra,tor'e,-r,t- 

âhc ^.J.e-"j'"r;. Por--

*tit^ 'l* æfdFi\-i,^\a / d\t'tra i{\3 ^",T-r",J^.r"" 1^ * r-â*- ;Li^ Jo*

cz .l-3ih"o.,*â"'* ^i .!$* ^'opp{l1..n^,h.
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A "Àa1iF,nl. .*ng^-,J Je.*o fo-n at"-f\* Àtr"t"^,h , L

lere\r.ofL s. X .,*oe.^â êr{ô( ,t}Lr^\ *€" J'âJ,^r}i^ 'qt .0q FQ",6J " .}

-Qe 
f"^ot"ït" s.3 o^oe.nd. 4r$( tù*t* 

â'ùJ^r"l-l^ "è.0" Bo*l-o@'.

Fr,r 
J-'l- 

ôûu, elr,.r"rr* f* 
d&qr^ Àff;r^^r.-,l- ert 

1*"1.-F"rl 
r,z ?{\

t.Jl"* 1û,"*"* 
erywyv\€. -41r,A c-e) -ja^!, JU à r.3. i'le,.ro e^>cMô

cflo,.oi J' eCI.,' l- ff^l-;.,,s.'* (r, t\ 4*r #"âae, (ç,s) à. {*r*n à

*flâ-- ll.^'"Q*l';^r -f*^f^ y" ^où p.^fb"t 1.',* 1.,nJ,*^ n* J'ff1*.û$0.
Pr.r^ aU^ -U- taÀ!. Môr.r, 1""-l*^h*" €^\ 5,Q, ,'vv| "r^,F; .o.ntne J.

dJt-",b ( c.rwvnc .0"o tFc,.^^c^t€a J'âA.^rbi^, têd!!
"Qerr* / .,, ) 1.rr,t 

^\e n^.*F f4è *t-* €rû 5,i c.e*

mê /\o.q, q. +,qÀ ê"^^bli {"rlae.rr,L J"" À'H; ,""1}";

a é["' J^^â €/n f,s.

{ \ I L
-Yclo P{,rry) o,u-hre*{. md{

)

9"'un t.Jurâe0^ioh'^
^t"t" '$"; 

1*" 
)trûtL

No*o c{rrv\^y\€^^çdi^À {'dl'"i. J-ea *JH"J* rt ç^",-" l. .fot 0,'l'i

fe,r ..-Q,0" âr^ ,*"-[rfi* t* n ,ln*J.13"* 1,.^, ".rnoo,.t*^l- -0e 4.1"0'1,.
C.{. s.-r). TlqQ.qorrr!r,,-*.r.} , I^ ^irùh,.h .f*ih+. 7,.mF !.cr, coÉf

..na,r.o *o*t*f.tq 
ï.€- tè{J-! 

.l{-iyoorri"^^"" . Sc,^a^ "Qr,&* -ll*Art -l'"r,q

qê{r, -^tFn^* (.{. s.tr) 
1-r-.r. 

l^ p""p"^dh.l J" 
{-h"{.'U a.,.0\- ,.^r*.n xL

-fea, À t *-'^ L enn a^^.Li 
1.re. 

( *d Jar* rL\\ /*r,^/' /'r4)r&^" '* c-erv

f4/- 
"^"n',t1Q" )! pr'*ol- 

tqÀ F utr.r- 4*r-t'[1. J" J.",{,rrfll--^ r.,,v\4. ç'rç.r'Jli
à lol"ùU J'rrnn 

f*ry" lo,-oQ-0"'Q" A^1a'À^,v\e 4 ̂  ^r-,.r.**^l

À\^- ..Q" n-ln"J;r*" A'["r."p*. J"" o-lr*çf,*r" 5

t'{,,F^idU L +"\.e$tJ p.^nl' f**
*"-.Jo^^i-* à â* *,,Q*f-i.^o .*F*. él.ob ,*

Â4rrr, />ou,ô J"l,ir' .-*'J'.'h*),

.\- e\r€. GP. c l, g) U
) r

À ,r. "r"I,'5ura

a.},'.nr 1"i ()"^tn l* Àr,."
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ba,u,,, -Q" .fe^e{.t.o4Re 5,L, /$ê'u.â all- À.,* )'^ 
7","-^tu 

J"- {"bft}J

tc^ J". 1,.ùcrç'ea Jt;À,.^'l.ion tr^^e'4Q-a.^r,\- l" ^Jl-hoJ" J. r0"qJ.

No+r^ qxw$^e,,vrç.rv\À 
+@,r n-*pp.Q"^ ?-/n ir,.4 -0* ^JFhoÀ L %Hd

(âik J- oo,.^f,.n* d^r"o,ri4^..}* o-h i* I tr..Lt L,'e,$ 4*lJ ) fr..^ J"i ^l^*

-00 *r,*oLi^ {-or"Q" d* ,\ræc{x.onrrarnra a"\"-J','"0" ,

Cer; A^or&' "çc^,^mel- J\-n *^.l"toi^e .9* td-"F- â'-dJ^r.h'/'t )" beo.

t'^^^ J*J*^b*^ .{- 
f"rF-'JU J* {"bo.{r'[" J'.o oJ^.J.;1*.[.'% Çt*.r)

Na*r.o d.F,^â*^n" *^o.iF. rJlr& ro,L" à"- 4*ù ùpea dt-J'â-"1'r'.tn

"t1"*"Q-^h o)^ +^*. p" J'"À À^r"h''",, J. l',q/rc, ("{, r,e,a) 3d *l.0.rFr.,t

fdg* ryt\zà J* *,.r'*^,1-* 1.nt !1* J" !o /,nJFh"d" À f{".6J.

Pe,n, erx.e.,,r.d" , ;l ,,r '*t- 
f e^ ^r)"-tt * I 'arno "le^ rrr\^& -{^ÀJ*r J*

t-e,n,'*rrn"ùan À l-orra )^ f 
"*ù A. **h;0. A.. -fno{'tavwmz, ,*t*

^o*q-"^Jr e',o( +oit J" **Fr." J* Lou.0* . tf..rl-i0"b ol'.t.m J"

Ld\a- ","âr- nn'*l- +aÀ r0ù'1*f"*. ,u.'^- T* 
9" *0.*h'* t.r"r-f't'J.â

-,.U;*"h t .o^F 1uJ3,r.{ù 4tr" ..r.n^no Joo . 'l-" 
4^"h'^\ L ha-'ûorÀarr

f*I âh^s *rrnfoé +a.^. rr^�\.e- ,*'*LL *.rt 0,'o-ù-e. (Àer,p -0e +4o,.r.- *o-i,

1* 
r*' *çporr'oi,h +oo ^*.r"^ac^e^.f Jorrn A. fruc{u,rwvwt ) td Jry/.r^;t

ob*UL.-te^rk à .,Ro.1* -pat, C"$. ^lc,,,rta kk *t"iQ^'e;s f* ! k"t*

âf"-, .loùi" cr,fîÀ/. e. ,t,* -À^"Q.. À.

t'lu.- a[,trJr^ *r..'-L. !. ç^,"t\-*r â* ,* ",n""ol-i^ o} "]. -0.

,.r*pa.dt"â* n l."r^H1.. À fù*t* J',,lrJ,."l'i*, à 0o fa'qJ î-
t"d,âJ"^t ("f . r.r,,r,).

tJo-tu ^4,irrïe^.3\rd.,!È 4,,^ f,X,5 
3*. 

p^ l-. ç"-p*dh. 4*hcQ.. 
*F n/v\e.

*0o1,^ -^ta .Q* d!"h , *'h'or,or "j {.ai*.. ;! p'* "^ X}^^L"{., 1*
-Q. 1*À^ L f*"mù-oo^ +^f. p.r!\- ,0'"'l-"h "t*"^J *"- .h"Q.^*.f
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Au^, {\d["F ù'c\-i"Q-

\t" .ç""'"-hJ âortc

l^â'L
T

té.r a, +"^,ta
J'*^ â^r"Fi.nn

\{. "oh J1"0.-'J ;k^ôt

(o.r. L r^m,ar,^t*à Jt"*"'0,-k

J* 1trvr-r^,tô â* +"F"t'U

t^j"tulù",,1- !,* ^dl-1"J"

. l ) , ,
,u^I€^teu,r 4- 4Jl .

J.;.1 
"bt^â') 

^"

Noua .ri.ry1l^^.rtt: a*e
)

4ll (q , ffi' -- 4 qr{e/\d ,tt{ {,ôf -rÀn .e^

$- fiFiF .*,.Àù " 0 pl-.,.r'".1^e,m e

*t- pF-rh. 
?r.""^d 

.fi -F ^u.lryQr'*

(." 
1,r,e 

[eo.uc-o.rf dlor.rncX* " Ft â""1"{t lqmau,u,f .

{r ^e /. dH*J, ""1" *^hqu-er.n"^.} -rnn.rone{àL),
/ l

L .*^*rhJ-..^, )"^ ,.s0,sl-,"wra Lh^^ -

,Q^^ ̂Jirr.4ÀrcÂ \ 1*r a.mt- ̂ -r*"i"x

t*<.â pu)- ,0* .f^r- +-
Jc . rQo* à (4. , - ,s .G) , Potra- c.z

l";^. / rt\ô{, àr....^* 
1o" L ,rn-àJl*r*àL*. J'-r^e Asr,\q,l,r,F;lÉ ^k ,tt-Lourti

^r .0. .*AÀ "0 Jo, -0'*m\1" J,o È+ce-uwcts,ra A'rtn dhal-

,!" noQofi"nt d" l*"e,^^,,ih'.rn 1*'".Q.0. " X*l* ^h "h-Ll"^J

E.,r f*fiJ'* ). m^r,-#l-"r.nnrÀ^,rnme noF #^J ( uri{^t'"e

Frr,J- .tFoh q -u,vl m.rwrlr^r. 4,^t de plcc-.it,e^^^ 4*r'U<",

n
.qd-eyc/y\ Qrr€. .bè{r\-

t t l

f* -u^ {. a".l"ro^ I; 5*" rùt J,^l- !. r*- Jll'*r.,a,.rarvo<- ut +t- l'unl ,
j,0 -h F"ulxr^a +.or,'tl" J* l"; J- à^a!,-.!eÀ & {"1"0,'k' @,r<e J""

0 \ - l  I

*0oll* h'e,,n- f^À"L J"*l- !t^)^- cuY ,À+"1"^^^ à arrt ( oL ,rrrt-- or tL

4flr -- 4tt 1^"o^â fi{ -F r^rn .t"/iù"3 ^-i^ !"U r-i"* 'h.t+ 
?*,' *t- 4-

pl--'"herrn .^*,t' p,^rpàie.r^ ô lrt ). eJl., {^À; k
I

grnÀ^^^& cGrÀ 
4*.htJt.^ , nnclqp

"t'k^.^o ï{re -0o ,*é,1-h'â' J. t<^,*F\' L*.&h**- s1frfu (1.^ -rrtaùk à

*À'{,^.^ .t^^ "mnçk.r^ aF-",F.^^.^^f *^^^é^t" ht à .âog,^r !o* J* bou"0" *

J",,F 0e noQ*rr, *h to^Ée) *'eoT- fe,' ^"1*"J;t*rnn.^^)- ^nçh'F. q.ro^ d

{" ^^-âL"^i^À*. ^'-f fr^ 4.^, ("h ^" a"-F J^c feÀ âf.- "yA;^?;d

ar .--�\ J-^ {"",,onuaraunnu ç"^"Q0"'L *Jg.-1"*Llcr).

L. t^*t*tï.c 
5, r.+ c,t- ."rwre *d à Qe À'-* p*il-"^n J* "mÀ'h'ano

â" "iiPi.efi.n, 'l-. cca XÀâ"9 q"^^} onlnu' .t[rJ.^'J en !,3,, r$euâ meqa

-*le^^F^" â'i0t^^"lt*". 3d1* ÀJ*rr, f.,x'h'crno 
( L +*f* â -^Fno^

o*..r*"^,k {eo ^Jl-\rl- J. L"r^\rJ .I owic*r'- 6,rûa *^,''hU{-n'rotk u"gt*

"T,ô{r^, .Ùr.o ,F^er,}^,ea à* ..r*"o[i^ +J,'c0.0" 1*r-,e,.,'h ôl-". d!<,, J."a, €.1{-D(

t^c,r^,"â A. o',,.oJn'^ f"t $",I.
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ù' ".td *[.^Ji p-r*';- ?*o 
L crcaJ. ^.[n"JJ1n.. .0-*,

f",ct* f*4,0.-0-L <4r> )"" { ^"-,x" J. {.h" U'U

Jl* \-oH- JI-'iJ ,*û,u^, o''F

f .&.â L 4^-r+* J-^À".1'; . t  'à

J. 4*hUk' â. * "J.i1* ^^ .-0*-.

t**. "0*

1'"*r,"3n"iril,su, .'LJ',rt o *r g"Xt^1L

Q. il.1J 
t 

ço..r^- A,i, r.h* -0* pgti t{

6t"\^Àt 1, ,f âtta- -0t<rr.f ar^.t"' a;r^c-L , rrrùuâ 
feq,Âr'c^Arr

rncr.4 .ù."* 
f6l^- 

.o.rcr:aJar'^c<, 4^'ec. Jrr\^.s pin^J,'3".

Jhb -p* G+, r, a.t,.1) . -  l I
bo,rra ce ..nnÀL,.mo r M

J"4"d
"0o" d

'oin 
p"^hu-

Ar ,.;, ^ù;4,uv

rt,.,w- Fe^^ À

ûtJ a"

f^^^+€, 
j'.,*À"ï-i,* ÀJ-'*J*ù fu* ,!* r"^rr^Iil* .Q-r- *l ;'{i,qblx-.

A.r.' ".^{*4 td^ u.*e,*1t f*u^ Jr,r4 t(..rtA,o,,$,\^,^€. 1o,.oQ!o'0- "!3*ikLlc, ;

h-o^.of.'u*é 3\r{' À..^ç^. rryr "tl'+{"rr^

t'.ac* *,^q*Jo"Â po, a/vr pçlarie J-

0q,i"t";" J"o.o0*!" Ao,,.,.,,rt'\^4-

î-"^J -Q* o"J*n Ji3*" 'r fo.oh 
l^

'ta.r,/)dtu1^/e/L rô4r-\ -|.f,/\,lpnO{rta.rurlne
l 0

J ' e-J.rrLn',r "r" -q^J,\- ./Lt"r!. .
)

tJ^- *r-h^o- $p"o.l" 
(4 r,â,6,&) 

f",^h âl'^e ^,h'!-{o T^à Mê,rÀ

"ç""i$'."* lo ,"^"Jl1u" no* J^* fa^, "-n ^{eu^-e{Ae.,û1b1. J"o f.lftacÀ âlo

hhhhr^lÀlh'/u . uil. o^rù[. è ur-J^

"c,.r'ott atrnr0r,br^c . Gei +,"nn.?,

{*d for Lr"JU J* /^& lea
ùl* I* 

P" 
{^rht'.^^ 

À lz"n-rrarran à"ir,"cine n' o0.ro1* 
+* 

rtrr.

a*^rQ-*.^.)' 4uu, 
+o'tuh J. -oF* 

1,l.r1 
$p. e^.1- 4oo àd.l"rr^à-

oFaFlS'r.xr".,*F csî4vrnc. J"r", ," ^^Jl'ht J,' L F{"ïJ nn',- Àt".t'i1"* *h

"î-F-q'- A^L €rvl fo.H^ à" $'Atb[ù" J- ,r8,r^.0o. cdy\^,w,e c-el

{Ji.rùU- ^r.r *!r,rru.rxr'rp Â ^.f[oJ* à^ P*rr0,'- L**a,.^.- s[É,,.t' 
+*

Jrrf,^F*r. 0. *.!,.m b"hQ. âo f{"^a,u,vnca 4"^oO*'Q- #"''t\""*.,1-

.\J [oh\* + Jur c.l^^i^l-. -""*fi"Qle'rr. ,-l- €-t *ffql* lo n "'fL-J* J.

%tt rnaÀ e^reL 0o tc^r"{'!n'0,'U 
'f* -0o 

f,^^.},'^ J" lr"-*"^}^tù*r n€-

À1,,^rÀ" +* h*tf 3.r'rr^ ?f nocsôq *ln" *Jô*\1. ^'.',,r âl^* "trd .

Èe d"" r fo.^^J ,8o aa^Juar^l^,'1ur- rn'*h tca "lA";L fa^- le;t" J,'"n J*

k"rq.* t^-k ^ ph-''b , /'-0*lr",o *h -h'0d"1- f*r ttotttt'ro* 1* l-
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[*] ^h "]..^h ,rgotr,r, l- f^o.*o 4À* "*o^* -0. +^ J. P" t'..a.ct ( ,^^,.
"p.ù -" ft âl-,,r- ,uÂ1 dFal- ,èq rÀ Àucc.rrr:er*), E.&, 1u"^J
!.o >rln"*.1';1"" .,\'ooL I* {.,,.�,.,nr,- +eL 4O^, -Q'u'*n^tb'* Ao;t ât-".

n-ci +** fo* l- dl'*t" î, f. r*e^"h ê1^o a,t{r^h e /\ A4';"""'Y L-

t"d+*" {'.^r" h^4.* ôù !. b'*h .'*h trn"^mofo ,"-*it ,o^oÀ 
I'u

{^..j* -rF +tu Fo..- !* +fW "4"^^- f 
a4 h"r^ ̂ ih'."t^ pueLuvv,reÀ ,

La ?,t\c{'\' , )t .rr^*0 d* .p'{ÀU,* ào,'.o t,t- nro.or'oLl. r^qr0'orio +l'rlh'0e.

E*S,, /r\D{ra ̂ ^h,*, er, 4o^o1"ç[w 6.1.6,3 
l.t. û* J*rt "pp-J",

6r-l^;Q-oh'rnn dra/^e, a-l^^^l'1g"" *r*0r'-"c ,À.0-rJ ,-t cnrh^ôQot^ l'*;u.Jn'N

* &t"^^ JiOù *[, ^ à" ,o,.r'obLo or^*0'-arÀ f*^ "^r*o.0.r. -0'fuL; ) ^r,h

J3.r.*eQ."^Fr" ,

È.t fo^@t"a.îk s,3..1 r rôùrr-À -1'^*.rtl-, o -0e *'JfIt"Jt J- -,""^,fion^

Àh-nrilf.^^.1-* L B,rroF"Q[ ô 01*'Jo J'.*o,*ç,0<o 1T'.*râ /v1]*a .€i. &'l*i,^"

U î.^ ^t" ,1 'à â^' À'.nn Jo taâ c, 
{* o 0.; -^l à- ^m a^^i e.,à F.C ç6r uÀ e.

"ottc ^^ât\'J*, rf r*- J;^h*^ 1.t. cR. t^rtt*T". à* f*^ ^r. *Y *rk,

L,c 1**li^ 
J-" .0" *r*g-Qr'fuÀ oÂ *^I\,* *l^ f0- ".nmpQo".., E.n ,,I,'td*}

{rÂà".}i.','' F^*'ot^t ( çA'}6h n u. f;;" ç*ù1.," A. t.",,*F" Jr"^n;^^"h,'^

*^:*1".U" À ^"'!f"Jr Jr B*roFcQL e' rn* â*'l*ui,*^. ,i4.;' ) rnê{r.ô

.,r,,l.nh"s,w c1,r" cz f 'd+ Jt" A^tll.nn .o"h *J-"J;1"-,nJ *r*çn"f ^o,".

-r.u,{- ".nnÀl-,^,\ n-ff;*}-" (^o- +oâ *1"^"i*) a^* Â nfrr" J",3* ,,
"0e prp")'d ['' à* {"to U\{, . e.tf. ."Jr.'l-fnn *rx.Pux*e 1-rr'<.^rn 

Jl.e.k mê

@ f* ê.1^"- -.r".\ \""1- art^ rrl.,re. h^.qc. "-F oçp"^}e^r^ à *r,'nr +*;W
àtr,' r. "^^f" F^oc- à 4*t &lJ U t*h ,,\'e.

f"^ 
Jk' ',$.i,r,'I-, c*k-

J" B,.^nofq0.[ 1ur' 
co^'r'oloic"*,À.k* ."1- *rriar ^-r.rrl- ri{rtJ Jo^r, !- ..oâ

àla 
Pt"r^^^" 

J"'Fe.,^r,ô^ i\* rnoola "ntreO.*e,.^h fct!\, )* èvtât.o0,À*ll'^o *n

ç,.nocç,t4^^" s .nanJ* hn*ô \* (P*r^.tt' , \t- seQp,nh ,,,. ) â a.r*,,t- ,..rtr'Jââ J*

1',oç"r.lF"J J. .{"f*Q^k' -,uraùe,ô rns A"i,*t"t-* * J" dkh .r,-'h'*ro,



I -29

-p.-^r""ù âl-*- *f**

l-o* 1^r 
'^ "'lÀ{'à; J* y Pn,f.tt* À +.}"Q,r'f* .,-u^à^,c, , l^ *Ah ^"

*^h" {- *"L* o"^'h'o0* .} 4"r\40* d* ,o,*^'otl. J^ 4"æ{xa"nunrua &L

1,cr 
' 
* .r^"1'Jri*.!,4/t\ lUur{nar*r,tvrnc- h"*raf"rt"e

Jo - SqJJo - S3d l- ,.roQe,-n i^, t'.a{t ntl- "lt",l"J^ à à^ ruo^r'oHeo ..r

0,rFnr -0. F"o^^af^*aÀ'on J., .t*tl* />a^th æÀao d^nJ""m-rf".0..,

l- ,.roQel-n i^, t''o0- nr,nl- "W"h"^ r"o"0ut.

"QQQQQ tol^il- ofi ^r J* oo^r'o L\<a *r * 0,'orr.oô *k €^/\ l^/r Âsr^a Fn-p *+U

t* 1* tho.r.tâ trlu^>ôrrÂ "l.,Q*U* J* dl''o.b ;fa"t'iJ"'U,r 1J.*r3.*"
{r^ J 'rrrn .*0,r^0. .l- "vrâ^. -e,l.n-.,i"^ t"J" -0'{*.t F"; À .o0J , U,,,t-

h"Il" û["^}d J'Ji0ùr.k^ J" ,o^,'*tleo errqi4^"r,.r ^'*h t* Jo^r.o ,0.bp*l-

À" ,Qc ^JFh"J* t""p.aoi abo,r. B.sol-o&. ,h À .oe,*p{- â"r oj, ,{à@^

tla,r,rara-uroQÀ"rXlr' rù !^ -U^^^^- J-ir^rf* +o,r ÀA"rl.Jan o^t^ In^ )^^"L

" i{ a.^*kÀ" *(*.,,,,, xJ^ K.:â,n À ,,. A x*:r, ol- l. l-[e,r,

a."rn"\Àe Y (*",",,*^, x^,,,,, K,,) .c-t- L' r'

p.l\l- .0* ara..r',qbla, J" fno{}te,.wrnvre, ,} 4n,,,, ftm -U^t"" ro0.,^*

op"t'o." o2Àr +"* ,!, â" .,fxod'tonrannc\, Ccà nl-,+,t-t {- J*r,o
I

â'ÀÀ"h^ d. U"e fo.^. ,0'Ji^-L"F,^ L 4*prUl-'l L

(rmierru 1u'-n J.np**^* â." ":l--'À'.^ "-U\uobc" />tr-*-

oqrr'"t\- *r*{r'or^.r 3, r "t+*tJ,'oi*.* À Jr a^{nFa"o J-

l"rXrtanrrnol),
ClorJer.F I mô{r.â f.-^ 

-0. am1""f*^c, î.,r- 
rrn&ne. t* A

.luât..or^Àrrne" âd,k^r-'r';;h. , )] ,r.ùL 4"" 1u"oç-iFc" d" {nl-o0'kl fo*r,
Q-y"Q* .{l^'\-i0ùal'i^ dlor"^h"^,,e tÂ*^.r ,v,'-F 4a.o oÀ.*l';1,*'*u* .r^p{"'l-..

Gl\. ."nn[""],uo /he.uâ .*mÀr.l €.,vr t,i,t, ô X.^nà*P*àe^ 
,.tr* ^*ll'l."Jo-

J- aroe.^.hirmo ÀF.^'*iT\E^!." J.- È..rnol'eQ-0. d\{^r',rr. a"r,h e^^ ^-[i,Q.ùo,.} 4';A*À'rn

aa,-"p^Âc $* '  i I  pocnelrÀ<. {(*",, , ,r3,n r Xn,.,, ,x.) Â X,:e-. rr, , .  Â X.:Â-^ *h 0 t-f ,*

anrmc-F',rrrtc V(rg.r,, .)È,nrÉ.r,, ' r :c",x^,,, , ,X) a-l- L'o À -t, , . ,*^ (,+g.chr.*"rr,ka.,. , ,"o)

âÀ"[.,^h )et ^ltQ.^- J- no,*'cLl- ot prl,"l- J'.*h.L (^lpe-],,ù.^*e^ F *.t g"i.l 0)

n"nrrh Fnu6*ru^ J" -0" 4^*" ,.

(À X., , . , ,  K.

e\t'ho0t'3.rco

,nroF*- f *^.t"

{"r"UU r;4;

Qï..J-iQ,,,o\'^r À

t'.o^r"{ùi ( 
f* b^-ik^ Ar rn.^,,rd/t-.n *rri,rÀ,rn- ^on bnrrâ) "h J.à *t c^fion"

;h"^^,^iFJR" tea.nnor,rs C-p. "*"tT*.rt- â!c^p.Àc^ J* -0"^r*e" Jr,rrne {.n^e



1 - 3 0

d." al".oç,e-,,,rn,re) . 
NêÀr, d.À ^h^.,^, 1""

e"h . *"h ,h atL" H1"e^^€ ^! -" Fe"f.

be. ce t*^*ta / m5r.uâ

oJ*^'o- à f.ù*f* J';d*&''.,'r

oJxe,$tFL , .l *L ùl-â.clrrarrt- rI.

e- f{À*ie J 'n^ â-"[,'^ t-4\â4hi

Mj^r*^^ o.r-t ta^"Xxrrçhe 
4,3.3 l*".rlt" .tr"/!^.e

L tb * -*'- ebtk"oih ,Ï anù, h-

".^ortJ*-^ ,yn ..rrnhnr- t'"c.^-+;r' # ^^ g0,t

1,;,n1 
J'"rr,*^Jri.nrt Àla"*iffe^$r^ (1* ^^êtr^ feu^)€rv\ô qùe,,.1h- A" **'àa

4-" 
4,Lr mr\o\kerl àt ,o^r'otl* **-ù.'"r"^.1), cec't" dk*J -8" n*Jl-hoâ"'L

È,^""\-aQ[ d- {.e" 4' ,un.oq.ne- {* *JI'L"J. à* fAoXJ "t 4"^r*"1-
e{J,Q*eo- J", o,*onÀ'.n\o "ÀF.-"ritk^^F* tÀ"i'^à "t /v\dvr +0,o l-."-l-itt eo

(<rr. t*^*^^k -{^ *".Q.Î*o.^^k r ô U'r,""* J.,:ff""*^f fl* .Ro3* Jky

,u^iFieQ,). Fe,.,mi .,eÀ 
t^-lï-, 

J'ââ^r"!tion j-0 ,^n *f e,,v, 3* 4-t"t 
o0j"

.0tr'AoL à. sch^o,r6 1\rs -Q" n*dl-l.roJ* J. g,r^"hq0[ ".,"ÀùL 4' J"r,ln^l-^"^

deo t-hJrrÀ.e, to^, dd.r"f,bû *ohï.rl",Ji1". rù 1"*fr^ drç,r.ronea ;.'*.,xlt'"-r,h

I'.f{.,F ,lr^ **,^,*â* "Q;*tJ-.rlà J, çnoc[xernvme. l-c- f,u,v\+$
"\\*^â^rrl"irm le, pa"- a!*l'*-iù 4"^^nottJ l-,v\z r'""iQieu* ..* p.llo-^.'^

J. !o r /f\.rA* d" Brr""hqQL ( +"^ or*o^ p0. /,,'ùu,o .*a,nT",*v, 1\r& 
".&!1,e.8^roh'onl

n^:ç*rbo{*'q"e' "l- ,Ql tÀâ,,.r},r.vr r,r" -Q"o â^^oâ" ,ç.r.^ro,'^l èlnz- ."rnp"Àea L

.^a^^'rà ,r r'$"â .Ï n 'Jn.fc â *.rar.c, ,"la-"hi^ ,* .!*.q0*n^) , c-e,

trÂa"U*h * ;r,uccoal,ças ,^l-""drùe^rf fl,^. l" nor4Qc^a âo-ua -0'orr .'l'u*-

.1"" 
t*r-,o ^ ou fqÀ 

Ae, 
4,^-oa^'.r, ^*Trp0ç,* r.^.h*i^" f "Â1* tuo.u.ô Jâanf,ru

"f^n k,* [* fÀ.\e" â" 4^rr^r" ..r-n r'JJ,,.ô r.^h ."*".h + ^À"^NT,,*td

.*nptel" âo,n" .TùcQ*^h , e.N\^^^^€. -0* t**f- d làJ^'rbi.m -0co .,{t-

4[.hoih 4".-d fo^ôlï. F^à' "!'i6^* d" ,0o dt"JH'J" l. e,*L& / M

Àrn^,*" 1*8q9"" " -^p& I* ^^l'q Q. co^l-.oue,

-t*x
L f^r -f" J';L"lti^t "d -Q* F{ot1d" ..*p.ruL .!,^^e -^À-}','^ !.

J* t-'.aco J r*.i"u.fi,m t-t-Jù 3u& P. f"",t+" J 'rÀ4" tl'i.tn "d {È

È.^r,o\qQl," *np^I" -Q* ."r'kÀ"à^ dro^* Àl*"l-ion ,0" -0^X â 1t'"" J"

hracea dte.*rtJ,tn, (*^ *!*lian e )4L'"/glaQ.rozh'r'r n çt ttl.1,rL" â" B.r-F"&)



1 - 3 1

o-\- ât*r,,'r.,c "râr";"'U (* aoQofiavr ,n^,e,c. 
",0îJ..rrcfi,.o 

pru lt, )d't^rL " J. gqa2h&),

k f**t. d 'r,;^ â^,.-Li"n " d .0" F{,rqJ n c"r'up.nnd a,-t ca,À ç"^,hi*rJr*- 
)*

{û *f . J t; Â" Àt^ "el !" b.r"aFc0- ' oti Qo "/*t "ilil" ^ 'e,l- 
4ao ,.rh' 0; "i .

Cornn,vre, .orod5.tc^..* j, nniJ"tah. , !* t*^*?.. JtâA"t"h'^n "d.0c B,rrrohg&," e"t

n * "^fi1*rrn"^^F *r.v'pQ"t tu^)"1* ry\àu,r €Àlcr\^A â"Â.^f^i gel"Jr;" "n "^^,1- 1*
".Q* "à !e FQ,rX"i" Ilu^k. C-[fc np/wrc,r5u*

ï " "

J-* r^dt-l-" J" du. B.rarrt-q0- *l- rwrîe*a *â"çkJ g"" À

, A Lede \àa,,ne,uf pea^1*oi

^"Jl-toJ" à f.erqd

f* "L,,,h ^h*,t -0o ..".*.1,^ \-"F"0{, àR flrq}re.À^^./ ^à ,U*l.'+t aUrl-.',"-

f e/. ;pi^"-o-l'i^,, J" A t.c-rcl^/{r}.i\-c (Q* "*Lrln /l-*rl 3.^'J *t- ç.-.'bL
àe cdï\â@,r,^re,t. -0e k' d*- ,!e 

4^eu^x-\, 
È€o.!Àc{e'i3 flr*

4Àf^,l.*^F *h P* 4àl- T. !.

4"n.^'b" Qr'!* â " JJ..r* F-.-

f*,.^'^ dAoç,*d""h^ J"

4dd.l'" "t'r"râ*"h'*r ' d 0c B,^aoFo00.' ,ff..

,))"^\e.. -p.*)r.^rq- Jto^n Fk'-,À" L {"hbU'U

-0.^'*- 4Ar- ù?Q*, g^.i M bâ"ùlvLt- fu

7U),^t,a lec 8u 
{^â*f"

4% ["Q. Ç, r 3,tr) ,

t-lt^X^r^nn.^^F J" "t"nça"["L lÀ o^l'i1tr. ,fcxr,v {e. ç^-r*1" Jfal^.},a
"ô 1o g,-^h.0q' ..n'*T- fcâ f0"ù"'t. h n",t,of*"J fe^-.r,gue .&- ,o\A"

à- 4^crrr,* 4"^rrÀ"4 *f {at, l". ,,rrh0ù*F.r.- â. p.. ,il[-lt'J. J*

B.^ahc0Q. .xl- b.oo,an â'*n "r;rÂU?,l' A" ..r. pQ{'1"uln d.- 1r} {**3"0-0,,
orÀ.^""te^^)- po,sor* r; P- .0--*ro 

1^,'i0^ aoh 4t;l-enrFian d l-l; QÀu âo"-

0r^r,^o tF(€,{r^} €À 1t. ,r*^k F" q",r,*r. ât'^r. .l,o à1, J,' t***-h, tl^* 4",,,t*
* 

ffl-.rtabL^r<, 
*\- Âon^o[ o.], 

{,o^otÀql,ek 
tr,s,tf ( a^oec -8r .rmd,r'h'au ^"nnd*

,* ,*ffd*^lL 1*. J*3* ,0.r*r*" â"t c.,t\tctu\^\4* r*\^p- 4""p*ldU 7r^ -f

4-!E?" f.l^ A 
t^od4€.rrvvw\.{, *oL arunÀ -*0ohir-*.^^} @r,.0( "-b"} -A"r,tt",^rA

ry ro^F J;4à.1 d** Aq ycr^re ),

tl^e ..nh.a^ ie 4*0-^i3* e ."^horrd ,0* *rrngq-or.*1 J"t rnrdl-{rd-

à" FQoTJ rh gun"heQ!, ( rlo^^q - W aQ J-vr qo^ , (,dea ., ,,, ) , 4- ,rr,.a rffrÀ *'f

l 
tJ 

{o àe f^-ot&^\^^^^cÀ 1"1 "*h .rr,^^& t^c^r,û< 
unne\-.^r.eQ!." 

çe,u 
p. *"tl'LJ.

d'*Àâ^^"Fion t ô 0e n{rXdt 1d */".rot'k

Àeo

e,|d



L -32

Je b.,r,.FoQ.!. ,f fa, e^'e.c Q* *lF[,oÀ J.. F€ogd , )- "^,b"À k^,*,".CIo-"]

o^rQ{;*,*^*e.rJ[- ,l* f^Q4r^}€. a^}eç -0* ,!^l l-h.J. À fa-,1û à^-1^r 
'è â^t v,c.^-

-u^M- ,Àç"a"nr',an ^. ".^fftciU . (Le lfQ,.ç*k â* .r.o^ç8* +r.r"^t

(c*rovrrr+ Qo ar€,râ.1'"rs ihj..f,,^rc L 0" {.^"ï-i,^o dr A"A."n''a rn 5 dhe.r'"*f "0tl-*^*

ta^ JQ.,l^ù^Ji^,r À Qe nsl"rn;I,(!" uY aro{ra u\^ J",r^atto -ulyr (.f'r',''r)

A*, *h ",*e& r' n ̂ nb\. aoq--'eÀ.q^rh "t ^'-h 4oo à. u))" mal',ræ-),

Cx,^,nnn*- c,rn,t-nr)b.tliol â ct Jl[o,t- t\ôt^a J.oÀ^l'^* e-u ç""eX"o1he {,1+ f

Fo.rFe 
{^n*^r. o.Q'[.^". f€^- r!!\r. ,*dt-h"J" 1"J r>L *L";r* À^f,h;.h'1.r*-*r^f

o,,r\ rrlw(, t* fa^. lt*rhn *.{F}'rJ., l-. furrrc e^h q,^/)% 't-""[t^,r'q*

"ï .t"^Xa^. *o* ,r,^\-.^i.t--,ù-**^F -Q* l-^"^r^+^rntoHrn "*,b* J- &rro. fn,r,*,
rF brô x,,rrr'r O"i"e àot* *rn />e^^ è ! 'J*"rr*h'an J" 4* -tu-i^r.k J"^^

&" "f oodt<,.rv,,^nrut^t "F â" r,o 0 {".,{tb Àe,lra Q-' 0* gtÀ*^\-o-hon A"

fr.rc{xe,^nurwa 
JU,"t{" t (^urn rte- 

ç^c-l-e^,.Ja'r Jrnnc çe" 5Êe 
ceÀ

"rne[u,çe! ' Àoo ,l-".rar." ).t-^"^^ t^,'m a.Li.r*" ç"c*r^*e^"F !"

htd *^n\-,,*i 1*".0o r^dt-h"J. à r{',1c1 "t -u.,vl c-€â çJ;*,-0rU
à 0* rr^ll-\rd" à* È.rr,ob"Ql- (.p* !- X"".â'0ùofi.n* *âJ3,,ol'* 3u4. /r\o{rê

q,Arov\ô 
4tUl, 

J n"oFo rn{o^r*ou,'* 
îo. 

0." f"-e.}*hi.nna 
o0o^.',1-^.

âeo 
t4euÀra,ô +*rÀ 

ccÀ J.^rn *nJ l-\rJ*, d -0t*'â" dtcroe,.|ion" i^^ro^,'q^^.Fo

I i/^& 4""! "l â' .**Fioon" ;h^^oni F"-i-€" d r.,or.b" 
f"^i 2.r,"F n*ffto*^*f

d,,;oer*LQ*t\* 1tâêtu3u'J ,ot àfii"i0. J(rrrr'.'4arcn,.o"^ c'.rt &.'q r*Jl|,.À,

Ct^Y {âryr^3utaï 
^r\e{r, ùF+oJ,^r*on", au ,fc,tclft'to.çl'c 6.5 , "!o moh'rnn é4-

,âor.F" à" f"err^tc.

L'tà.[ de- 1"*.-]+ t*.#1'.^*^h 
-A* ,P^!a^,tA J. 1p]tot'tç^^^M*, fo^

â..o À*X*o.*uo eu1cl.."1u.e" 4*l ;h'.oA^*\-" thQ' t<,nnçt "Ï 5"""1-rO;

-uQ!;,isrr^"".,\e^)- t* 
Ou,i"ki- Lorr'rpr"f "t rleo1,n e- F^.t"Q, ' erft"àc.,g/., cEÀ

^dl-\r"L ,ntJfo..^^l. JC@â A";^*,$,'1r*wl"^""h -"nç,Q":h- ô cre,tu<, Jt*,,n "c"l-*,lo



1 - 3 3

.na.r,b^e. â- n->h"..'À'"no , N"p a{-**^,t- 0'rÀp,træ't'Qd U J. {""i" Jr^

rrnâ""|i.t* À4*ie" . rJot'nc. 
{,^,*.e0;*I.,'"n e,oV t0u" n" i^"Qt à f*.l-

ï'S. 
..r*"àL â À\-',,oâ^ri^.e A* ,f;*heo à f^€ uù.e- 3'u n^l- b+'.,vr

ol*rL.*.u r 4eru+e^J- .^)*,h"S.*r*^h 4d*F* )* tJ-€" <-F 4erroe,lr.}
êt-nr. -trj.''Ud "J.^"^.:,!*"**^l fo(* l-^ 1p^orr{reâ te +rrdrôi"n Àu,^, A

âon^nâ . AîÀ ',.'où a.?- -0* ^oh'.rn à" "{ *}" dl, +@ue-
G{.r,;..r) rnô,uâ âÂ*F-^^ -0* .^*t'^ "f -0o *FA.ç*J* n 'lr" ̂ !r,'9,^

àe l. *Jhf.À u\^ r*^rl'no.^ k 1"'.Q.!c "^rr1""rrd à .l'JiQ;-\'^ àt^^

t"**.p" dt;c\^^o\i^,\ " â 4* B,r^"hoQ0 " (,# r,â-, L) . l,ler.ra J"n ^,nno €ÀÂùil'.,

î"h* .*rnçQ- â* ,.gni"^"1-"-1"^ â. 1,^orr,r* f o, .R *f"" C.{, r, r,r).,

f*u 
.*.tnrh*," 1*" 4* fr.tarrt{^ 

tr; -Qo f Qold' 1eu,.re^r.f ̂ & f,uie,Àft4
I-ô t*f,*"8û.r."^^.t- .?er, A* .ûo^,t.* t "'tql-te",.k fù{!r 6na.ry1t-ane.

1lc 
.!",o ".ft*.h^ â" +^eruls r'.nt- l".i ,-t-il- ,pr*r^ J*,ir"n\-* à^

f^lc f.\t'JU â* **h fuU â" aarrodr-anvwrea
l"^ ià.L d-,"Q'ççâ at, f *ot"*l'L f,rù

+"kS*'U {,èr,^ P"^ *À "-Fi"r*" ôctr\ ,-Q--,

No.r" !" r*,nnh^ona a*.. ç{-*.^} +a,r
À" 4"L"UV t@^,,Î*^l% J* {^"r-r*

{oit\.,,"*'F erq*Frbleo f.- dà -Au.

E"f;,
J"

cÀr ca^ J""

J- f4,ot'co/ovry\.?,ô

fllrt{€/û^/vh e/l

fr,..,0.0-

f-*0U
q".{"r'*,

1..3.6 CONCLUSION ET REFERENCES

h .Aa1if* € enY ,rr,.. h'are ..*"0r-'^

J. 'û "3"r. "Aopit'^e.

b" ,il"'wt- o.^F J*ol

ç*"Q-04{r^ *"tp<,R.,,.rorea .

a.tn."r.^ O^^k ût^ 
f4uL$eâ

âr^.rk *"*f ."''çpL'1"'.^I
â* -*rpQ* c'\^ dk Ja*F A"^ f**a

ô "0" +*





2. SEMANTIQUE OPERATIONNELLE



2. SEMANTIQUE OPERATIONNELLE

2.I DEFINITION DE LA SEMANTIQUE PAR UN ENSEMBLE
DE TRACES COMPLETES

2.I.I TRACES

2.r.2 SEMANTTQUE

2.2 DEFINITION DES SYSTEMES DE TRANSITION

2.3 SYSTEME DE TRANSITION ENGENDRE PAR UNE
SEMANTIQUE

2.4 SEMANTIQUE ENGENDREE PAR UN SYSTEME DE
TRANSITION

2.5 RELATIONS ENTRE SEMANTIQUES ET ENTRE SYSTEMES
DE TRANSITION

2.5.I INCLUSION DE SEMANTIQUES ET DE SYSTEMES DE
TRANSITION

2,5.2 EQUIVALENCE DE SYSTEMES DE TRANSITION

2.5,3 CONCORDANCE ENTRE SEMANTIQUES ET ENTRB
SYSTEMES DE TRANSITION A DES RELATIONS ENTRE
ETATS ET/OU ACTIONS PRES
2-5.3.1 concordance à une fonction des états près



2.5.3.2 Concordance à I'annulation des états près
2.5.3.3 Concordance à I'annulation des actions près

2.5.4 REDUCTTON DE SEMANTTQUES
2.5.4.L Réduction des états inobservables
2.5.4.2 Réduction des actions inobservables

2.6 FERMETURES DE SEMANTIQUES

2.6.I FERMETURE D'UNE SEMANTIQUE PAR PREFIXES

2.6.2 FERMETURE D'UNE SEMANTIQUE OU D'UN SYSTBME
DE TRANSITION PAR SUFFIXES

2.6.3 FERMETURE D'UNE SBMANTIQUE OU D'UN SYSTEME DE
TRANSITION PAR REDUCTION AUX ETATS ETiOU
ACTIONS ACCESSIBLES

2.6.4 FERMETURE D'UNE SEMANTIQUE PAR REDUCTION AUX
TRACES EQUITABLES

2.6.5 FERMETURE D'UNE SEMANTIQUE PAR FUSIONS

2.6.6 REDUCTION D'UNE SEMANTIQUE PAR ELIMINATION DES
TRACES PREFIXES STRICTS

2.6.7 FERMETURE D'UNE SEMANTIQUE PAR LIMITES

2.6.8 RETRACTION D'UNE SEMANTIQUE PAR TRANSITIONS.
SEMANTIQUE CLOSE

2.7 SPECIFICATION D'UNE SEMANTIQUE A L'AIDE D,UN
SYSTEME DE TRANSITION

2.7.I SPECIFICATION D'UNE SEMANTIQUE CLOSE A L,AIDE
DU SYSTEME DE TRANSITION QUI L'ENGENDRE



2.7.2 SPECIFICATION D'UNE SEMANTIQUE NON CLOSE
2.7.2.1 spécifrcation par un système de transition et une

condition sur les préfixes des traces qu'il engendre
2.7.2.2 Spécification par concordance avec une sémantique

close

2.7.3 SPECIFICATION D'UNE SEMANTIQUE NON CLOSE
REDUITE PAR ELIMINATION DES TRACES PREFIXES
STRICTS ET FERMEE PAR FUSIONS
2.7 .3.1 spécification par un système de transition et une

condition sur les traces qu'il engendre
2.7.3.2 spécification pâr concordance avec une sémantique

close

2.8 EXEMPLE DE DEFINITION DE LA SEMANTIQUE DIUN
LANGAGE DE PROGRAMMATION

2.8.1 PROGRAMMES SEQUENTIELS
2.8 .1 .1  Syntaxe
2.8 .1 .2  Sémant ique

2.8.1.2.1 Erats
2.8.1.2.2 Actions
2.8.1.2.3 Etats initiaux
2.8.I.2.4 Relation de transition
2.8.I.2.5 Traces

2.8 .1 .3  Exemple

2.8.2 PROGRAMMES PARALLELES ASYNCHRONES
2.8 .2 .1  Syntaxe
2.8 .2 .2  Sémant ique

2.8.2.2.1 Erars
2.8.2.2.2 Acrions
2.8.2.2.3 Etats initiaux
2.8.2.2.4 Relation de transition
2.8.2.2.5 Traces

2.8 .2 .3  Exemples



2.8.3 PROGRAMMES PARALLELES COMMUNICANTS
2.8 .3 .1  Syntaxe
2.8.3.2 Sémant ique

2.8.3.2.L Erars

2.8.3.2.2 Actions
2.8.3.2.3 Etats initiaux
2.8.3.2.4 Relation de transition
2.8.3.2.5 Traces

2.8.3.3 Exemple

2.8.4 PROGRAMMES PARALLELES
2.8 .4 .1  Syntaxe
2.8.4.2 Sémant ique
2.8.4.3 Exempte

FAIBLEMENT EQUITABLES

2.8.5 PROGRAMMES PARALLELES SYNCHRONES
2.8 .5 .1  Syntaxe
2.8.5.2 Sémant ique

2.8.5.2.1 Erars
2.8.5.2.2 Actions
2.8.5.2.3 Etaæ initiaux
2.8.5.2.4 Relation de transition
2.8.5.2.5 Traces
2.8.5.2.6 Propriétés de la sémantique des sémaphores

2.8.5.3 Sémantique libérale
2.8.5.4 Exempte

2.9 REF'ERENCES



2. SEMANTIQUE OPERATIONNELLE

)Lte- 
trurure, 

)" .aneliôù )ta,rr, 
f.to{^tanrwne "o.ra*.al-<. ; JJ**l-.--

ruv\e. ,..Qoh'* *^h* -u^\e p*1*r" F,1" nl or^. lçJ".f,'.oh'^t À" ce-

tkl.oX\""ÀNVW?.. 
Patra" 

+*d.*e, 
.0'il"rJe J* ^rl-l-h"J* à" 

fteure 
)"

f\.ot\.ar,wvrd\%i 
'^p 

*\- J"n" *o.*o-" )" JÀp*.r" )t^u , LtJro)" ).

J.f,,n ft-,',* J. 0o rtÂa^l-i1" )* fF(tt{q^^^/t^?,ô' bc/^À ee .Ro1if"e

rî\ùLrÀ e"opUluenon Io *ât-h,rJc. 
T. 

^1ôr,À azo-rs{.o .\oàie f.,r- J/N,^;n

lo p*k"^h 1" J- fF..ot'.., ùmeô.

Po.,.,,- Sit,;^*- lo X*"^F;1-" àt,,n -Qo^XcX" )" f *X*ol-,'^

,P. ?*f Ë.nçP-*-h J.'4^* 9, ænn *"1-i1" J" t'o.- .9* f\,,t'.a,,wm€à
à" c,g ..Qo^1oX" . Pou,r. cr, 

!"t 
t ùr'r 1,coèJ. 1âLa0*r,".rl- lar rrndr.l-,ao

Àù)L !"a tf larce qt"t'"olh" J* 
fl(,o?ïulïyvrf'eÀ,

Por.,.r J.,t* "Q* ̂ j*.^Fi1r" J'^.^ 1xo{ranrvwrer ;e 
{"-l' 

A;+àf*

.tt.n ^odà 0" Jo ,0'. o*bl. J* .^âF r* -.p.non kl^ ) " e e f *X* s a.rlL

*J. *F.^tn . IQ, ,obtï lrrrr^ ^oJèP. fd're1r'*.^" ,'*p0f,'.-l-,'an J" 0a

d"UI-i *l- ^J.*"r-r." f* .j,iL à'^roi à h€,Ài,, <rnpl-. dr.urne

,m,^0l-ihud. J. àJf*l^ / €^r\ q;e^qe I;Â à ,.^e "r,np0Â-^f-o h'*,

(oonn[*" .h .opo..l-l J* *.1*oit.., .on^..ï'i*o J. .oJoX. J* --4]^-ohng

f-on gs Je *QJ J- o1.Jt h'*, .,,) . I0 /às f-" oP* ). 
1-,.t1-'n.

à" 1o*ow 4* qr.Q n'ipe*', Jr at*l^.erh"n\ )ot Llnz J"f,À." la nJ**rh'1.,

Poa. or,..^n çDe J" rrnanr.^ei.. .Qoniy" -|.q nÂrr"l^i1." )A"loF,'^^ "0"

( lai{ane - sf'.o.R% [+e 11 a. t* t*t- J'.an o. 
'n* 

â ,l,vvl l-er"l-" Jc 1noX".a,,vrrr*e
o.1m h*ït**^ t- o-""i ,tr,t't\. :p*"h'"n *o HnJ*ah'?r" 

1ù , à ,, ^e J*.L ,

a,ÀtouL Do nl.,,,"lfo,l Àr flrotl'o/nw^e +à{}^. ..ff. J.rr.^é . e h+p. J"

J"{"i* F'tn **d- d.ffi".'P.m.^^t- "*'f|." J" "",'l-oi** roh,*o !^t"â â

l iJ*.htl (f"ry . "^fA luc J"r^o( 
fÈuo 

ce-Frl.rta à'^rrt 
f*t 

a4rtn.,"-tl.�

+oÀq 80; 0" porr I- €xr ."r0,*'rtl -,..1^, "0. €//\ cêrur^ J L*à h.r )
I
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Pg"hâf afe J. ,."t-"^r^ -P- âtbb d'.^^f',"" r\- )" 4rth'" / /xâ.^ô "*-J.1"^"

rùv\ ,*od;0. opâaF''on "0 Jonl- -0" rn^.,ueol. dtab=f^.q"h'ôn onY r"Ai T

1**ot- J{otr**r- )o p* I-" J'àroh Àl-* JÀa..^s t@r 
-0'T"!" fû,rie

0'^JÀohu ^^ 1'*J-^'l- 
i'*âhr\ Jl^^ t"t1\4^Mv^e 

(." 
I* f.^^f pt ezrzvnpQ<-

J'lf"J.e" l(.^-rr"n[l" J.o ^ro0*^ +n-* -fot * *'obl<, 4u a]tr.rÀ Au .uQutl, )"

o'* 
1rr'* f.wcemuo Jl,.r^ 4-X* n" y"OQ" nre'ùûeurt- çeaÀ{ù * J'JtrJ*'4 J.,

.ç*1*.-t* t-^pr-."k, ,rr ,,,r[ra^h *" nnenu^r. J" Àl'o^"e *}'* Jol r, lloh ru---fi:.

U"r f*enmi.r' *rJ;Qo A" -0q rJno^fiqu" o7r),'".lior^"Q!" J^

txotRa/ôÀ^ffrea .r "{"Fc à ,.Fi0Â.^ Q^ oyt'e^Àer J. th-Ad h'.nt\

(seQ0ea t+rl ), U^ 4pt--*e J.. àe^^r'.'f"*\ J.f;*.f {!"-^nbl. à^ é\"tr^

J^ 
fx-oQna,^nrvme 

oY ,u,rorz ,."Oahon J" h*orr*t'h'"n .^l-*" -{r,,o il^.f o-l- p.

Arcce;rreu,,r^u 1."o,'t1. , I^ Fta"r.n (o,e, "a/.r,'h'*) L f\otur$.\rrn" 
p^nf

o0* -0.^ a&p*.e" âldFa.hs 
ï 

cson.rwrsvrcea.ut- fai-r o^. JF"l- * iF,'e0 J

h"Q* 1-" 
J.ttn Jt-.,b" Ê^ro*{s aont' 9^'uL .pq,! -Qo rte0eF,'on J. h-^^n'h',}/r.

C'pul .0" r"noJà{c J4* Joro Cou.uof-P [+1,stJ î" 
Nrô{tô or}ar\.o

,rl'' l*l Joor ffio-r jn *i*^o l-',orrouo( , Cffe J"f,;F,'* J. ,a ,^*orr^l';g^r"

Je^ 
flrot'.a,^n^^r^ea 

*t- birn adopl-*â à -Ollt-"de J* r*âFf,oJ* J" 
flt'ure <-n.,\

l" *.Qoh'on J" t-"CI"^rrit-".tyr f,^ *"0"i" [iervr .Qq ̂ \ol-r'ô^ J. 
f* â^"

tlLoX{.qrnvrne ".\- -0"o t**€.rr$eA ar"*.oàJ*'t- 1" nâcQrtrn e^l f^ ,À Jroh'*,

À^r^ ,e ^*'t*. J. 
f eÀ J ' .,*"'.r,1','.nn J" fu.nX'r4rrvw\€.. flq{k.rr,r*r- , "t^tl,

o$e *ç,p'.o"R" ry\e 1-"mol' faÀ d. 1",Ç* J. t "Q*l^itn * hnu +e'a

à" J. ro Jhf. ,*"."*{r â^. 
lrto{taam,,rvre . Czu *| #^^"^rl 1.," 

na"ampL

fau,u ÀJ{fu Io nr.n ""nF, 
1^" â" f'totle/r{\r'^rr€â .1*Q0àQ* l.y'Fa blea Jnrf

Q'd".th^ *\- *^hô0* 
fo^, 

-anr .1*^ F no-T-..!.,^rr- Jant- I fil=rl n<. +";f

fq^ t""-Fù o\" "n0^^ À t'to1,torm^Y\ e.

1l^ nm.,ÀiO" f U* tÂà"40 *t- *Q.^i J* l'..qc- Jf.ol.".^h'oo

(P\4tr [+11 , ienngar]Leol). Anrec c<. *oJà0. 1o nJ"n*h'1re J'^urr

frtoX^ro,^crvrr\e 
,,'T- à.Ï];" e.{rq/r$a ^r/v\ n^.o.rnU" J" h.a"* , "Ro1u.
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f,,aez r!t-"^ï-.0" lây^"" â* Jl'ai ;t-.n téJ"'ajua thrÂ o,rr cùr.r,l

d'^rÀ "qQ"'g h.r.rm Ài dr -t4^ . c.snhtn .o.er* -^h â <i- 
f 

hL lc-;j

d;;,.,p,,y'"r-\- Jo,." "0* l.H*.al^urc ("f. f"^ 
.".ùrr'10." P-.q,t t+rt\ môqa

(

il\<- ."r""i$-^^ 
f* 

à. F',q..o À"topQ;l-- 
1^-r-t 

.^rlrp*rAr*aro.^f à ..Lr/$

*Q*r!, €r\ (Éqrr^ . ca.r mèt.ra 
1.,t 

*"T- J. ,n'a^,orr,- à 
4ti* 

o.'cr.^4e

figprhLà" ^{r,\, {r^on *t\" J* l-no.* ?e mod,.ô .t ^i d.i.r',^À ( oPo,o T.
P"ak [+q] â;,,1- AtF** T* hr.r} t*"1- d r-ur" l^.o"c {^/' cù.r^^ nol

,{.vv\€. f'.a.c €-,v\ cr>taa , .F.. ). be f 
lr- , 

'^,0 
^'t o o;;t..u)}Ap. ,1"*l-" L

t,^."aQifJ €,vr *t.tl--"f .0"o h,..o* Àq"Au"r*L. c€ *"JâQ* *l- f0.-

qÂtne. T. -8^ À\Àf€Àe" àu \-,.a,rur'h'ao caJ\. 'J 1.-"ntl- 
)"

Jeo *QQQQQoh'* .^l-*e a^r **m[* 1.0.^ry. A'Jf'^to B^ît,vvrtl, J-

fltot,r!^^,{ne. C"p-nJ"^h ip *t *o0 "J^11-" +* \",^Jx<. .*ntl'.

à"'{tu

)*

Lt^'J J

AltÀ

*J Fl''"J* J" fReare â" flrot,ta4'yvr.rÀ 1-,
À" ^ r,e"1d [e+]- t'lqrrr [<e ] ?':0 *oT- 10,^
Je, " or*t\^ â'Jl'"t fq^ ,ÀÀr.l'io,\ /'.r^ A

fo tx4/$,'/yï\e. ?t" ^'\r/\ 4'eroomkle J* I'*.r,

rto^prteynan ea,r-P F"*lt
I

e.À ç0. J" ,ts,^non ne^

rnorlb'r.<. J.. 
1o^ 

J*

J'.r"oi",rh'^ .

boa,*l !, À,rif" n.ê{r -*ojelo,,,o J*" à ^rrr f*t*" 
,^" pfigf1ry

'l'0"'- ''./{\ .^^re,rr\b\c À \-or. , "Qo1^n hN.ace Jltu^t- -^. fiL {Â. u* wt^;"(de{6ue c.SttÀ,rNr'c. -U

JUI-",h) 'l' ^r'n À\^FÀÊ- J,. t',"o^oih'"rn {ÀB; c^trvvyv\& -r.t^I\u "Êg!g'r d*- q{d!g

ÀrrÀ ;u,ry\ "^r.^h\" Jldft:, Na,.a ." .Ropibt* hâ{rn 4\ùLr^ fd\e^.r$a 
J" 

1,r-ltro
^^r,tq"h r J,l-o*f J^^; .u.^Ne. -g-ç,.""U .P '.e0of,^€- à * " ÀJi1u. s ,-r^.lrj*u

.l- 
1*ç*-hl, P' J -0* *^.^Fi1"* s' e,rr {^.1','^ 

l. P e-l s l.Q)* 1u. P *T-oat

â" s ;, Àot^0"*.^ioi, ùtr- ,où J oor'0-*"*lÉ P/*f *^ â" s'. cL; /v\êùt^ a-tn.e^e.Àa-

uy\ 1"^I,J',^ i Qo *F,"n 
p.'^^r*Io ', Ll",t J^; ,r+ "'JnJi5". *l'-.OX"

(ew *o 3"'à 1".0 1r*f 
*l-- .-00.) ̂ yJ-l, ",'c,' -* *tfà" À tt*,l.'h'an t' l-a^

-,J^"ll."b, ,{"t ̂ * ,y\'..D f*.tt *t fP* h*Â L ,*)^àr" ;0q 3,,no[,'o *

Xâ*"0- '. !t*f â*i" ,h^.r. f^eure l'.rr^r- fr"fttu *Q.[,r. à ",,r,- ""l"J.t*

*h-^.0 f^'^t[!" (uu. &1u'à 1".-0 1";^l- *F-:.0 1**'Uo) J. Q* *^,1%"-- f"^
.u^^L ,1".rr-," Jt^*r, ".^h* fl"d/k *l*[*o à .r.ra,.r, "*l* ^-inr^.1'i5"- o-.,. ô

,qph,i^" À. l'.,,*,.r.r"il'r'an.
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2.I DEFINITION DE LA SEMANTIQUE PAR UN ENSEMBLE
DE TRACES COMPLETES

bï>aru*o ez 
çaxa1*aphe ôr\ârrÀ d.f,Àrra-* t*^"Q[r*"*l -Qq .^nol-roo

d" F.o"e. (Ime F^,a"e 't 
çn^.^l-" 

-Pq nJ1,'r^"". 4n" (ou- ù{,""r'e) J*

dFa,f" ,rnfr,r*i d" o.rr'e, a)t ccrq/\.ù dl-nre u^-J..^h'"n t"Q,"...,"L (n:p."Lr, o,me^rt,

ot"^"h ho.r c?d) à- f'to ft'.a,^r.,vrvre, cla14,z / Fa,l- Ae #.*o p."

{ââaQ.-*"*F ov\ rur\ il'*t- ortf*j 0" ( rpJc.f,ra^rt- ). ù(L Q^ +t;&
J* 

fxo ftNanurne À ^s t-'o,ur<. ?f" i.*h*) "} .u/n ét'ot- *nrlnn,ix.
(r"n à1^ar''h -l* ro0.rr.. o.'l'u"Q!. J* ;A^^l;/.tr,,l-*rr,r) . be',oc llrh

^{rcc* D^'+6 
^Jo,o* 

,{r'€- T-*e"€. nrnf ,+*Â fq,! rr/Ae *.h'* f,
€àf 1lnàaP*"^rl- 

-r." /yrdy,' J" ltp**l-,"n oh"*i1r." 1"^^ 
q. 

f,w^;
àz 

f 
* J l^^rn Jhrl' à pôr\ Êqcce^/Jeu ,

Na,ra J.'{"1";^^" -*r^,jL )rr,^. ***n,\ri1rr. c.snwh. l.l-*^^} ,u^^

.nno.*tl" À" h',ansà ll u,".J.rrh'nn.

2.I.I TRACES

,Lbne l'^-a"a J'*/*1-''^ 
f eo\- r.^. Àeluuvrcr, rllr,Fo *tJe 

f*b ùIL

À{^r" d 'Jl-ah 
^+"r"1 f 

q^ J.o r.h'^o ,

r.l-*hw.rrv'.^"f , *lt l',-q.a *l- ^^rn *rJàl. ),1 ̂ " oo/"rrF,'rr J" frr.o{ram,rvre

t" 
côûÀ/yn€^Acp- Ja,*e "Qlu'l'ot- ,o", ,o/*L -u.^^e- o"ht **l 4, 

f*
a.F..hJ.o" ,{'i [-"T- ]. , f-- A'o"l-,'on, Lt f&d 

qlf"*rnrâxe -Q l.]-oF Ao , .8.

5i -Q'd.r^h'^ Ae l-e,r,*.rn, "P^o !o f",q-.<- " F 4rd" uÀ* .llu, *l- .ri,f,^re.

L"o t-".q..- -nF ot*p0;{-* e,'n cz l'.,'il^ *1"*.*l--^t- )^rn *0".,n-

o"R*J orl 
1* 

/ne 69 fer-rmtmc fo.s 
(el- 

tq^y.rûr, ^/v\ *0J ',€,,vr cùqrâ"). Noqe

^'^^H{Àe^-û^ô 
1oo Qo mol-,'arr Jo f',.c.e o'J. ?i 

r\e a}uûaponJ ; ar)cr&t e *.J"el.t

dtx.lif" 
(t* 1o'^une *J",*l',"n J;,1 ttlr*a erï\^vm ù\^ce-L pe^x/vl LlqY ir-h'o2),
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Eo.r*rt0.ê.É t*
f' */..^\','on J'^r,t 

t'uotFt'tâ'1w{n"- tt
'  ^ t  t '

fu- 0'o"l-,* b "f ^c fenn,ar., 
f*l' Ae

a . q b
0  _ - à 0  > 0  > 4

L'e*é.uli,4 J'^r,,u\,trr-ot\qrô ,,rrg 
T

"r-ÉF t*^h * àe'";r,t- 
t* 

!" lnoo ;çr;t"

a, a. a.
0 , o ________+0 ...ô-_-_-____*0 ,,,

il

zte<r,n>,  zocs,A>

"*J*t-" l*n 4.;
JJ*1" larv 

,0a F'.o"c

to*.?" er{\ .r"i.ol'r^l .lb.-Jr.''t, a. ÀaÀÂ

-ObJ,A a

P;" ,
T

tlrn" kS t a.nL ,,il e^.r,oarnU" I JUhah J arv) .n^,o",*[l. A Jt.hdnÂ

eol- a,.n h'.^ça"i <'n)^,a>. Le Àt"u- rû ). 0o l-,*.. *l- rr,,rr *h* /n.,r .no2

( ,n= {o,,,,, ̂-.\ e (..,'o1) À ," f,.arz *l' 
ffu" . Cleol- * -- {o,,r,,,, } â. lo foo". *l'

;8;^r'". Pa,.. #fd ,n e (('*r)"o). A€ 6-s) *t Ia eëyo*,'- J* Ll"t"

( l. jàn" Jral ^G) at *.rrpl'.'^'l- à f.xt-ù 
J" * Jl-"^f ,ooi^J p.).

Lo Ày" "- âeo qçU,og -| a ê(<,n-,r)'-A), (Qq i^" oth'"0 a(i\ "n ,o'npl-"^f

à çoÀh; À" î.1, JFa^f .ol-.J o;).

ôn 8..1,4 r.l

l'*r"oL\. J- f'.q."o yùq^, 11/n *oamLt s J'Jl-q,b .-f A Jbrh'.*o. .ol-

F * '
zt1s,  A;

f <m, ,t, a> ' ^€ (rn+ s) ^ q ê (f^-.) -+ n)]

( h'.a.ra J" 0tnn.^* m e ({,.,+r\"o) )

t0

-  I ' -< s,e 1 = *.  fU" o,
Z ^ 1 s , 4 )

(foo.eo J" loq1u..* rt-."h"",r. t'4*"t^" à ge (**r,))

h

z*e< s, A>

(fnnr- À.. &nnXo.rr," "ù'{*r**" ,.r JXo0" à l,e (*+l) )
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Naqa "çp"Q-^^ 2<6ss,A) {'*r Ll" J* lS:* +g:t , A*(s,A)

1'" -arnklc À^ ftgp 4$f1113 .f- Z<*<s,A> -?t"*e"*[I. â- f't'q..o A.^^. s ",l R.

Lr.*^tl. J- f,.o*o ,lb^"F d'rlaa1. f""1 .^f / {ô{r.À fcÀe,LôrÊ

Z ( sr A ) = Z (- < s,A> rf rï\oq -rr*tt.*o "1" -"t'q 4s,A) Ar ryrê.{..râ .,,,"*o* /"

J"ier'"mÀ",r. lto,.\Ltr o.rrnl', a6rt;lJ J'"fù !. .otrh.,ci".

Lc. b(41ryy J'"r*. l'r'c.,o f :(,n,À14) .,s.nph"J cr^ t",rrtt. Jt"'Ft

*\- lfl=" , L,e CIô^xu.r^ à" f .*rpF./ ovwnanrt"r" d â.1-''^ *t' lf,\. ,n-r , Le.

* M â" f (.o,'^pfi â 1e^t-* J" 1.1') *t' lr= ni f* ^ u hl . La

t* *JUsg à. f l.scnpl-"J à jo^t.^ à" b*r) ^h &= ot f** ;. [gl.

Le rur{g* ft^ , rne ({,otr).o) ('""p".hrre-".^} f 
t^ ., ,rne (*+ù) à'"^.

t q." 
ç = (mra,a) *l- I Ài /rÀ>,/yr (^*p"rl-ù",*n-^.F /m+4 >ô) aÀ^ 1^to1^,4<t-'>

(nap".f,^-rne^"\- (nn+.r r ̂ (*, at->) , "à 
{tt 

(*p""1--,-,.^^F 4t^) eof !" 1""'f;..

(mcn dâ") 11",,-,{"n_.) (*p"'h,J",*"^"1- <f",,,,,1^t) àt',rr,,t" É1r" n <lt,",l^.,,f,-,,..t,

L" &g* ft-, ^*,(^ 1up".hôe-^rn."f f"*, ,,r,<o) àl ̂ . fnqrt-

f  
:  (o1,,414) - l -  4m-(,n+.r) ,  At* ,  ot*)  (^tp..-h"r."oor (nl-m,,  o>'m, 4 >' t ))  À 

f  
" '

1 "'pJù-^*k {'* ) *l- J. r,'ll,^- ('"n *'d) (f,*.. ,,,,) ( n*p"cl-À"*,-^l

<{*,"'>) d'^*^t r!-aye's" af"," '.,f^ r1**, ," ') '

tq [fg& *(rmrrm/> (*p".h.r.e,^ h f(*'* '", f ' t ' '-tr ftt '*" ') *l-

(t.*')t^ (,,^pe.-l-Àer.r'.-*.1- (t.*')"*, (ft-')"* , (f"*')t- ) .

ln gs3Ej!?hb J" f . :(s,A) J 1e r<s,e) .of f^1 =f ai l t l=-

uÀnn lt l .* 'h /n f l f , l  =i. 4q,* fnî 
='. l '"0 T" t '<lÈl= O .f n"làl=1

rùnn ftAl+1" e-l- f^1 
"ol- - 'râr{;",

U :n:g$dg J" 1e Z<s,n> .F 1e2<s,A) dg .j11.u "*l5gr a.eA *l-

f 5q = f À hl=r e..,non t5q zr-€ 2<s,t7 l-.00e 1ue ntlPl=f, "" lr l=, .f  gp,=o.
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Pol. ot* d. ^rl-J û / ilorvyrol-"nn 1 )o. }�^or. ào !ng"nt* +

.,mAh,'lueâ J- ,oer 0 [ht h ,cr€rt-à-Àie <L,{<0,,r>},o) . N<, cc, 
{"J 

-,t^.

'heco f 4fu" 1o^F nt noYn fl ào rf. ...f*l-.4rf*, oÏ '"^u-
.h.a'cc À4*" fo- f, è, ,fr... f; 

€, ,f"*.... o{' à^o f e,. akra A.
.r,"hohinr , ôor.râ dc,\À.F^Â (f. âi ,f.*., , i " Itl> ( f* ^o8,g" ê,ue..

,Qtu l , . i l ' *  <{ . : ier> d. -0o 4^, " f , 'on F fe00e1rra $,er , .F( j )={ r ) ,

l q l= \s l=  *

f o t=  f  o ,  f t t - - f . 5 f . ,

1'^ = 1", 1t* = 1o 
$o "1. ...

' F r  ù  t f o '  l " = f r ,

f t *= f  f *  
t f r> ,3

$--a 
n î*-o f* 

rm>.l ) ltt= I

f"o.t Àa;|^i

1t'*= 1-*L1nn,i.. trLli* .. - +o* 1çn\.o t 1'- eol'
Fr*  û  ) .3

Àâ/4"d

Eaerm pQ"
æ l *

l r \-- t ,  l r ' l= s,

fto *f ^àJ+;^; ,

1.o -l ùJe?Jni,

- b ) ' o =  - D ,  à ) t L =
l l ' l

1r(â,r)- fu41r
1 -g--t = 1
f --s--- I

tr

2.L.2 SEMANTTQUE

fo pÀ*^1,1r" àt.*n 'L",jaqc antocie à loul f",oto 
,rt e )rJv\ o,*ornble,

à* "âa""a ",a,r -ltrnJ"ul;n àt.,r^ fïp?,a," 
vvtc (f* *-*nyl" t^"trtr;!",\ e,,l e^

XhÂ ^^ JJI*,^.rol-e . uq"�, *oonbl. âe .,b,or"^ f"'t .'n"I^..r^L àb*
, .

r.*eæ',v.r^e- 
fo,* à"uùe- )^ o*itth* àtrort FW" âJ,l-nrm^tol-" M

4ar, ea"r,rnp4- .!^ '*y"b" 
À!l-,'a'o( cr,\r'àfcrytJ*"I à à" ),t"^L Arlf^"^t^ A*l

4r:'^h.
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Lo, Xgefl* d t/^ 1" 1"1- 89 arao,iz à t"J î,*t^,r^" Pa
J. Ssf ,urn o^o^bl" t^ *.'1. S[h'n il*"t^ ) M *."nbl. r^ *'À p[PzX

dbÀ*o "l rnn er^o*[le z[PtI ç Z(S[.Pz]I, A[È.]> J" ,ho"*.

Eyrpg r,4.s"-4
t" i**^j''1"r- dl--r f",oxacm/ynr, 1"^ 

*LtrÏ" J" à* à r( 
f"À

jJob,',n a. fl* lt"l','oo b tt p" )"'-^ie 1o^ 
lo 2r^"rnli1". È,2) oi

s = f o , , l \ ,  * - - l + , 1 !  t  z = l o  b 1 4 , 0  o r ô 5 4 , ô  n > 0  o r ,  t , ' o ) .

tr

E,(errnpâ zi,,2-2/
æ l æ

h 1À"n^.Fiq"" J'urn
I

rmap t-; d" !-d" J'o"l',^ ce,
I T

l )  |  L 'laa pe.,nanliquz a s, A, E ) ori

Z  =  {  o  t " +
L

o  t  
, o  b  n {

o  o r o  * r 0 . . .

n

-f tio1Ào/rum€. 
Tt 

,;rtt.J-n "t^ .* [n 
1u"l*1u.

fd.,- 1â"f,* b -p*,,f A€. )io;" ldrv
s = {o,l} , A+,[] "i

o  
n  

r o  
b  

, t  
] ,

E*r*oO-

.{t"F;^ q

îd P*-

Z =

9 .1 , I  -3

,,E) "i " = t o,a) , S= l.+,b! J
f  . . .
L

o  ?  > 0 , . .  o  * - - o  +

n
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\eN,^r l'i.m à.,1.t : i. S *no*F,'q "*
æ l æ

/re^^u^[0-e J* 1*qJ,'luea p. n J-

(J 'a"F,mo) * l -  SjJf  .  f , f r t  = 
{ (  s ,ArZ) ,

n o*k{* .y G'é}"h\ t fu
Sce rf t ,  Açfu ,r 2ç:<s, S> l
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2.2 DEFINITION DES SYSTEMES DE TRANSITION

E T-a^l- J*".'â )^ *oe,*[l- 6 J 'd f-4h *f A Jf acl','onn t M

açhÀc )" f'.azo.r'l'rÀ 
f^ 

"0"i. !.o mol-r'on drJl^"[ irnih'',,,.or )'.on

f.tof 
Ftaxru,nre (..drurrrns u/\\ Dùq^- **[1. A" S ,at ".f";uinl 

1pcl,! 
rut ?- 

f^"h'anl U À

z à oqf.,r^ J" uJ,;l-. G. ûù, {f {*^")) "F à" +"" À f\rtr4,v*re
ar.u 

ç.mJ 
aa^-f à 0'*i*hi* À"*ne a"h'.rr, a e A (.*1*e ruv\e n"0o h^ J.

Ita^*l'io^ Un . \-* rr.it\ [L] ,t ]cÂ ]rrc€lrferuu 1;tl.a;.

b é{"i l-,'ôt 9,.X : 4

I'a^e^nt0e J.-o

"k & (d'"clriolo) *t'

t e  (n+  (sxs* { * ,1 { } ) )

SUt-nÀ<" J" J^a^ ,ra'f'' d$
,frê,ræ ^4, ^,-* â*€

n$hÀ ea J. Â.4^,Êi h rrt Èt)/,

TjçgO <8, fr, = 
t 

( srA,b, É),

^  É€ (s * l * , # ] ) l r .

)"t "", u kU e G'{.lah)
S E ô P  n  A c û  ^

E-53pg L,t--l

U,"t 
1^oXrta,rrl 

mc 
1.r. 

t^én !. lh.li n t ou hin n n'-"ir".J* rrr(t rcn,bne,

fu" do 4"; 4!"1-,'no o 1""" 
-lno..l^,on t o\ h;nr ,At^ ,n"mtn- à/;r' ). f";

-?t"l-i^ + / F&e À{^^^'0}.-o^l ,"1-*e t^ 4ra.J-o*ro}a, +"i A,ri^,j,

que moua

t  = l o , [ \ ,

tr

{"'*"0r"c* f* -0.

to (o ,A ' )=  fa=r r=o l  , ,

lrptù.- J. hn^.r,r* l-,'on ( Sr A, b, g) ai. S ={o, a\ ,

bg(arrr)  = f ,^=o r . ,  l /= t ]  .h €ê\= [n=o],
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2.3 SYSTEME DE TRANSITION ENGENDRE PAR UNE

SEMANTIQUE

Po*- 
{.l.-"0ù* 

0* rnol-,'ons I ';Frl i^db,'40,' .V ). " 
1* à" "oQ,"!." q*,rn

^. ol,vn#;q". <s, A,E ) I fr\o,rr à"'W,t,r^ "0* ofhai" J. li*r;h'.nn

(s,Ar t<srA/z>/e<s/ A,É)) y'"I0" . ffrJ^* , (Po,u "!9Jgu -l^ ooFal^r'ona ,
/r\ouâ .0*;*^" Àp0,Uf"" ,t'*""J"^ .po"a,'oè l^*a 

T"^à" ;.1^ 
f*,^re^^h 

èF^c.

";tl^*^f â/h"^ ;; J'Tt -0.- .^l'*l*. Pc^ "^"^fQ- /na'râ eLnÀ4Î''a 4s,4,b.,<->

*  Qr ' * ,  J .  (srAr  b4srATE 2re-13,A,2>>)  .

OdÇ,""^'h'otr t.,3r,t s,lâl^"ùe J. .hq^ror'[r.m u^ot ài patt "trtrc pÂt'ot'*
, L G / *  &  æ  l *  æ  . % r -

,"' 4ls& àù-eas gAq:@! âg' q. e o"s"-hq+g (s,A,z; o*F-  ^ { *  l &  *  . * l *

"o"orJi*.;"l ,.**

t e (s.- yI, {f })
. (")  = [ : f . I ' .4.=,rJ

â.TÀ^" f* '
b e (* .r (sxs * ft, +fltt
to , (o ,a ' )  =  [ I f€  > . , ;e lg l .  ( f r=o r r  $ ;  =a n f i * .=A' ) l

t"'*&&&&&&&&&&&&&&&&�Hs! *" àsdl* çq:AùÉ. W * e*:â.* <s,A,z> *t

L "çl-Àe J. -he.^*ihitrt -^X..M I* nt^. tà-r^t;y. (srArE > ^L

(s,S, b(srAr 2\ z<s,A,E)) aù , t4s, lr ,E ) . t  e<6/ArZ> prnF *pJ;o -^,f

9" n*.0*!irn à" Ào,no^'h'an nl -lr^ JF".t" À;kor.o e^1"-J,.r1 f* (r,*rÉ).

Eo(*q p 0o-^^ëâ{ æ

I€"

^n*Àu^t
n

";t^^h'T* d"n*"J. crl o-o^p0- t,,),2-4 ) 2.,^,2.'\t . l- a,/,e'3

*e.f"^',o,.,b 1. crnô*" ,r{ahir.c J. }o^nil."""r s.?.-4,
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2.4 SEMANTIQUE ENGENDREE PAR UN SYSTEME DE

TRANSITION

le Je"cÀth,'ô^ J* crn/\pû lu*r",^t, 
1*.'b/* âtu,^ +wï\êrwn\ç- f e- ),t rl

,u\aheÀc L ào^^"^l"r'on ̂V p"*r',,L. d"* oÀfâ à ".,j;\i"^ oo,a- à .o,npor,,rJru

1u. 
-Qo J**1h* f^ ,u,vr *ro.r*tl. J" ào.*. Îo,.ra- *i^À. e,- .!o

fue^l-r'an 
J. 1e^rair. à. ^ 1u"X!^ 

"*J.ii'^o U à*J. àt^. f",:^","h'ïr^
4s,A,E) J!^* f'.r?,ta/^Âr. ^Y t'îtt-"!r^^k ô L J*.1 àA ot6. L
"ho-ril-;.rn (sr Ar b, â) ^1" J,,./ farv nb. pÀorfi,'y-, trtoûA J"h,-^,
,Lt"^or^L|.. )^ }..or-o .,*^p0.1-.^ ,^1""^A;"." f* ^ p.trot. J" -b,au^*th'n

1*.Q."r"1"..

Sâf,,n^ h'an L.\t4

Lq rsberbqr:
4s,4 ,  Z(s ,  À ,  b ,e ) )  uxL

{n
_  Z  1 S , A , b , € , )  z

:uqZ{é æ* 4.! ,nq"!uÀ" )* i:S113}'e! <s,A,b,e)
l æ  G ' - 0 æ

-  z . "<s, \ ,b ,  ey

(l'"".r" ;|Àie)

I<s,nr ta>
". C,)^,o', 

f<s'A'b,,e>

(l-no".o .-ny0;h.)

ï

lçe zt<s,R>, e(ç") ,r s;elgl. bu,,(fr,f;.) ^ Vee A, aes,.bo(.ç"_,,a{

( F-.* ."s.npa.:t-cr 4fu* 
J. 0."tnu.t.t ,ne (rn,g)

lç.2*<.,r>, e(p.) r. n{ùe ra. b+,, (tr,fr..)}

Eo* p8"
* l , *

.n .nnçQ.

tr

2 . \ - . 1

La n *-^\'i1^* "x,Xe^oÀ.é 
te,! 

X" p^yl-"Àr J" l-'ar,^a.'h.nn J*"' *

s.t-.,t -F J.T;r'. e^\ s,,l.r-3,

boai.a -|.o ^*llb rnâuâ

:<4 <  s r  [ ,  b ,  " )  =  
^ .  ïg ro l  

2ôqs ,À,b , r )

,*F;0ù€^rrv\A -lrn rnot'o l-,'"nnrr ".;"^L ,

(F *.^ J" .0'rn"*r"r o\-*'"farn.,,.l- -À1.1r'.r-. i 4e G*a\),
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(* f#'.^.0in^ z<'., < s, È,t, e) *h -Q'"^^,'erwr!\c J- f'.o""o Ç^- 
-^1"*JrrL

f* J. ^\^T-€Àe J" 4s,A,b,e)).

Z-tca r,A,b,e) = ( ztïr,A,E/€.> u zg<r, A,u,e>) , (t,,aro À" !..�... l ,q^.u.rn ^f*^.r-" ùu

*noO. à 0e(,.,*r)).
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2.5 RELATIONS ENTRE SEMANTIQUES ET ENTRE SYSTEMES
DE TRANSITION

Nolonn 
1*. 

0" lyleire â" l^.on,r,rih'avr 4s,A,b<srA,z<s,A,b,LD,e<srA/E<srA,b,Ê>>>

^X^ ÀJ 1è4,\ le o.* "^f ;1" ( s, A, E(s, A, b,É)) .^1.^â,-"/ 
ço^ 

-0. "qo6.

à" F,*qlnAr'F,'ôÂ (s,A,E,â) *l- 1s,A,b,e; 4,r'-,.,nâme. P"^ ..*l-*e .!eu

.*cnnnpQ* 1.3-.t "F *.,,-r nn.rf 'c"*f 
1o. 0o nok"^Fi1u. (s,Arz<srArF<s,Az1 e<s,A,z>>>

^1*àt *1, 
f 

o^, l" olft-À. J. F'*^^ h'* ( sr Ar t <sr A/z>/ € <s,A,z>> .^XoaJx/

far, -0e a.^-"^Li1^. <s,Ar:,> m'-l- <,../,r X&L*T fo! ..1f," r^"^fJ1'.

4s,A,f.) "d". -â*" , ceà n\ôuÀ arvnù" donc â Jl-nA.e.^. Jq,.^o c-R.

f 
o^o 

X*î[" 
"!^ ,,-" Q"l-,'* 

1,,rr -feur e,rrr]' "^ ;l-".- *^l-"2 
'e-n 

t^"1, aut^,
Erno.^r'bc , ù ç*a1".açh" 

",6., )9 /\ôuÀ t>er\a jæ,'hle J'""1"nn.",.. ;u,l^.

"onà;l'i.m ^/." cJ^a -T- "*ff;o^t-" f 
* 1 .,'o^" *l--'t';r-. ^rù .8or"

(.Jeo\- à - À;.4. "X"4" à lo frir o^h'7" er,n1e^nJ^â 1; ," 
ry6" ).

f'.orui h'on 
1'"CI" 

.*.1*lÀ").

tloua ;.L^l^ J1o0". J Jo^^o c.z

à" *.0ohi* ^h* xrn* ^l';1^- T' ;! *f

$L'{i.^.",.T-oh* *dt'h'i* J" t'.c€rw€ i"

E.n "îft, t* "*.'t-oÀ- oQo . J. 1^-ç;J-kl ,

f *^"X"-çl'" t,.- , .0e J.f; h'-
^"'^.)no J'il-Àa- fo*

1n"rp^^/t-.i J" f'*Xr<e,,wwrl€a.
.\nn Jrfl 6yat-^o'l,'cro J" .^u,rr"J,îm

,r" {^} f0,- t";ù'-r,rJ e,.}1 4**t at t*'h"m À. "',,t"t * ry& L !".
p"rl"oJi1"" J* f^/cnns^n^/yn% " Oq ,uroorwr- â*" man foa i\r* lo

f .* "" )t;1,r. *o&. J.^ {}@?q/vw,yne r* -, pu tl^z pa^"rr},'1* qp^*.lnl

1* 
lr,"; crrur,pand Èr.0^ -ua\e r.r0J,'^ cfy\^c4^,e -û* 1,*y-'oln'; J",i*ir",

.Pa^ .,*e,*pl. )^ 
f^ur,\rq 

â. 
1^o7*'nhl J';. et|attcz ("^*J.'* 

1*l-,LXl",
.o"0r*,'* ^J*.Xl", .,. ) )o fi.otra^lvr^,r% 1"^"!!"X* a*?-c "^.éorl,'^ 

{"il-a![
À^ {-."^.r" csncrttne.t^.|o ̂.. f^} 

bo-arr"ouç /u ablÂrt^t ,en o.e.r,.on o..^t n rn

/" ç*1t*^^o i^J!;X, rnan J1.*l-oLl" corre,lcovrJ "t .
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?o,t^, 
+"''*"0ù* 

""-b" mdt-h"J" ). tÈrs.Â/re .o*i)ri,",.o ( -1r* lLj-Forr*,

e^n n^r*fq'{iq^f) 1,.t^r^o- 4""y*^r*i J'^rn +îIâlte/îv\rn\e .ol ,r .r..Qoh^ ^f,r-

-,rrÏ\€- #*T,'.J,'rn SFn 9p* ,tIo p*i.*^)r,'1"r. (s,A,E>é S;gq"v.,tr, J*
-f \.oXrla/rwm{- . },la,,^r a^r.r.,,a È e (( S^fÉf x s€$ 1V, &>)- l*,ff !) ,

k yc"-te Ac {d 
* no-^^*t n..^ ,rr.,v\€- 

lnoy-'i!.'
P'. ((=4* *;S<{r4>)-+ftf,#}) *"Qr^en^f ,^, " opJ.,f,iJ'^ Sç' f-rure p,}*",*1,\'.

"1p^r.hé I s', At, Z' S À t\.oqf^qlnn^ne,

loun 1,*F,|'* "o-Se ̂ /l4roJ. Je frcl.rrL , t +^'f *.5r.f* 
1u. 

-/.o n***^hir"

o1p"oÀ"l asit'r: '> J.q -ç,rr?4,.wmr- n,'iA'r/ à-la r-,{.,..,^}-,'1r- n-o"F" J*

1-t*. <s,A/:> fo,r. .r,rme- 1ngffl Enb^*tgù+:1
e, ((s*o <4 ,*>, S*u <ûat>)* l*, f91) 1* e{mre,4.$e, ,le ç"'ç*,J}!" a,,Xd o,0" p

à JÂ*F'.--'

I r ' (s i r  1.s ' ,A ' ,2>)  n e(<sl  A ' ,2, ) r4s,n,z>) ]  + p(sp,(s,A,z>)

(E* tÂâal,/ ,a fftn.À^,e *V W to* t-o,r.t-* rpi*fi*!,'o^^ sp/ el- sp n^'rL

fa^,^-r/r\z ".,r,l-oi^" *.0o\'^ *h" lçJ.{,'.-f,'ono) .

-  n .E^+,rÀ, ,^Àe *.QoFi^ R .^hqr. -Lo^b;a-"" ;d,.il- .u.,{e *&hb

g1b3 eÀ-HUg, ù t:*ca*h:n , .JXo0-.- F ^ofrJ. A -l- J"'+À"" f*,
R e ((r:ss <4,*> x T:sd<,trt>) -' l*,{f })
R(<s;  h ' , v ' , t ' s r  1s ,A , t ,É) )  =  g (<= ' , f t ' ,21s , ,A ' , t ' ,€ ' ) ) ,  (  s lA , : ,<srA,bre>)

be lo ,^.nâr,nn" 
f".lr- 

,-*. r"0oh'o R ",.a1-* ,l*11-Àe" À" f,,q^arf,'on ,r\Àr"l-

rv,ne. o"0ol.* -rh, x,l* "^F; 1**, ehq p*r\€^^l- ̂ oV e *l- J"{;" f"^, 1

R e (*xu<,tâ> ̂  q:s <4 Jbr)*lt,tf))
R ( (u ' ,  A ' ,  E ' ) ,  qs ,e ,E) )  =  R(<s f  R ' ,  t  qa t ,h ' ,2 '> ,  e<s)A iz>>)<s ,  A ,  t<s f  A , : )  e<s ,A, : .> )

It oal- l^" ,^t-J*"r'F J'JI-"d^'.^ pu* \:"*h t*Oeh',r,,,r R e,^l-* x/*r^l'''1o.

ou aln\-oùca àe f4o^,v!.rFi.',^ -0o *-0el','"n -iÀihq '.e.âpe"]tre*; .n^ç -rf6* J*

f*a^ra.lr^n .Y tÂ "^"f; l*' 
Norranonr ̂or^^l-e,r,,orrF J* .r*"*,p0* J.

*?oh^o )& *,1.n*.Fi1"- ,,1- .,J"o À^f\'Àe^ J" t-".ar.^n'h'*, T n*,'*f
,^^F;Q-"â .oP-|-.ter^t.r* *^.1-,
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2.5.L INCLUSION DE SEMANTIQUES ET DE SYSTEMES DE
TRANSITION

on ^h-t^i" "0q '."Qoh'"n J'^^"0.--,"., .^h. Âo^h;qu* Tu^à r,, Ç*r
J* 

ttlqr^reô 
à" 

f\,{!tarrv\m{.ù'.e0el-oeo à ,rr,n AuJr- ùlL }ô.ua-u-,oo",bl. J*

f"te.ao J'*,/. .k^ â" f\.{ctFuJwwrre. F",., ,^o,^pl"., cM f".th y"lrt"l.;

U*.J"tli"^ ^r^^e f*.op*'"th"' J L,À^rar;o*"" (.^o,ae.h'an 1*,ii.l0e , ,,, ) à.t â.

f"l'a&&'U 
('f%ro,"^a;m, ,.) Àf*,.r f\rtta.,'\,me farLqQg;Q. ",r l1r^ornl- -8"o

lqp.Flà- J(.,*/",r1-iaq J1,,, fatl. d.o 
t"..oc€/r}uâ .,nr.-rrr,,".,n^h (Fo,rl- -ptqur\rlra

-^àJf"l;.^"f o"F*otl" *l- {otrrP.,^r1"*f o.l'iré,,,,y. eec. u'e, F À *# 1.,"
eeeeeeÀ j',"p*Jt-- il-o^l- "",roica 

f 
ô{r^ .Lbr\e xrJ*"^fi3r. 4 s ! *l :.,> !" n^l

JXaDr*e^J- 
fârr^ For.rl'. ,oo*a.-l-i1*. <st,A',2> F.0. 1u" z çz'.

lo Joh'^ J'aar{*eb s&:, ææ^e4èL;1E4 ^l-

Ar "l- p*QqnuF A4 fs=s' ,r AE ht t, Ze',t).

f"^F,'"0*tr.^* , 9g.<8,i,> -l- -rrrr' t-"d0fi
). /xrt\aiyn'.r/rvr <1,*,2<f,&>> t (ùî"

r - { ) ,

of6*

*l- J^" J"l*''" t* ,
[  <s,A,br€]  É <s in i t f  e '>1 +> f  s=s '  1  AeAt  n  :<s,A,b, r>e z<s j t fC,e,>I

t<- ?"n^,n*e T, ÂùF .o^o..FJ;" .0e *0of,'^ àtÀJr*tn ç. ,uil,-

à" F"na^ni tiavr À À^i l'" f e,r )' Àr9.,r^'^ ) " rn , or*l; ry^ .t- 1,u

l"r**. nr à,u\ "[f"U,,o ̂ " ,

= [ lçst<s,A,b,É.) ,  iepl .  a=.p;)

*o..\-oi,-" l* ëFalt ".."r",iLl- J'r^rn erth.À" J" hq*t('h'.,!)

- È!g. <slA,b,e)(a\ - [ Vote s, e. € N. r !o (a, a')1

(f .*""f*L-" 0* "'l-o.b" J. 00'.aX. J'*' ryl-r*'" J., h.. r"r'hb,r)

P€u^ XââqO.*,,.^"f ,
J+;,{* fo^ <s,A,E> ç 4sf Rr,:,>

rl q^^i J. ".F ^â"o

^p0"1- J^l- "0'ÂfÀr^ *t-

o â.Ji1^" I '.^^*mtTe ,.r,J^,

Patra- <rx-F'rrrrn ea, .4.
I

-  h :É 1s, l ,L ,e) (a\

( td

<o,o,o> .f

.1, *^r*

.l toçp"0s"o 1a^.e faftcc ^F Qa n.l-,.t'"1','an 1.^r.R" J" lo à Acc, (rN,.tt^rt* r-r,),
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larrr,.wre g,.5' . { ̂ , .l

[  <  s  rA tb ,e>
ê  

ç s e s '  À * {) ,r (g0or.Acc 'r slo/) r.  (e+e,') I

r r le .c  Ae.e  =  à :€<s ,A,L ,e) , ,  b lo=  S lo<s ,A,E,e> . i  8lo'= {!g<sin;eie'> ,

, t i t

benmonafxO.Fr </n

(=à) Si ( s,S, b, e) € < sl A', u)e'> o0oa +". J{+*a'l-r'rn rn e E<s, A, b, e;
g Z< *i A', E',e.'|. St bo'l h.. (o,l') *t- n.'ai, , ̂ ! "nùlc "r;.,nz h,a* 4 à" E<s/ A/b/€>

t ;"1+l l4^yu A=.od sl- Lo(a,.r,) .l J^., .,Lr,ns .ho.. +' LI(", A,E,ê) frlil.

î*. &*l)"1+'l  i=l i  ^ A'=t!*.. Curv,,r" f ' .  E1s',*fe',e' |  19a S.;1," h'^ z-r,,1

t,,t*ai,,az 
1ue. 

Fl(,u,l') "oF -*i, Ne r.n,à,n" 2i (ulonN*Yf) *h r d ,) ,o.rÀlr. ^t,na

,ho." 
$i^^" t Jo E(srA,b,,e) J. hl*e,^^ /n l.û" 1u. fn,-. = A ^

VoeA , htes. -!o- (o,o'). C"nnwre 
f .  Z<"iAi.C, t l  ,  Ia di{, i- ' f ,^ z,t+,L E*î+îrne

loe Va e* r.r'es . - t'4 ( f^-n I À') "l J *" Blo' (À\ Eû+,r,^ A. É(t) ./r" J'.fô
cavwme +, 2<st,*t ,Et, t ,SL.\:C. ,/ *."|-e .1e E(s,A,b, e) f"0.0. 1"*, fo=A.

rt\oqâ a^,ôÀÀ e'(.f.) "F Jarr" aj(n).

(e) re 
4o'.F 

d"j"r'l'*n- 
1ue E<s,A,b,€) çZ+i,ffrtÉ>. & frE(s, Att)">

^\our^ û,\rc'\^a .Q,) 'h Arn. e'(f"). A; r€làl -0* Ntou.r a.^rcr\^a A."(pr\ nb+ (e'p;.)

ù F^ o^rc1".^t CU,(*rrfi*,). A, f *l-,^rrr," .hon À4,;"1" t nou,,' Ârô^,o

J*^bJ 
1r" t€z<s',4'rë,t).  ,9. ' f  * l ' . , tr .r^<. -h.o.. 

l t"  
J"ntyr,e."; .^)

rnotra aarcrue (Acc r. Èlo)(,6_..), J^. elo'(4^-n) 
, 1'r- 

ân"?"À ?,\24. ,ru78t'1"<

f .  :< s;Àl,  E' , t ' ) .

tr

ç as jnf ui e,> J

A ç A '  i .  ( V q e A , b ; l $ e c
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2.5 .2 EQUTVALENCE DE SYSTEMES DE TRANSITION

/o. "Jeh'o', À'i.X"XtT" *,h" pi.,^-r^li1u* Àà'^k n)'^e nJnl,'n

dti 1"w"Jelu\cf. '".'I* nyl'Àao J" ào^ot l-,'on âll;ne

[4s ,Arb ,e> =  (s ' ,h ' ,b ' , " ' \1<-  [s=s '  A  A=Al  r r  E(s ,4 ,û , ,e )= :<srn , t ,â> l

(Po^ J*rX*l-l"n À l* ."*"*h'^ )' &.f , (nooo rol'r* = /o Joh'rn ^àrr;k,

"à,*o,t = d )'/n"l"h' L ed"l'À.,o )" À*,a.'h'an).

Le{wmc 9,f,.2, a,4

[<s, *,b,e>'= 1s'r A', L',e' >\

Is=s' ^ s=A' A ({reA. bo.{Acc.= Uj.,tno') ^ (u%,rAcc = B0o/r4..) ^ e=r']

[  *". = S*']

È*= hg<s,A,b,a) , *u!,=k<t'ni l ,ê't ,  B8o=B&<EA,b,€,> ei Btoj fu<sle',(,zy

>Jr*^oho"J'ian

"8ù (s, A,t,e) = 1si r)ef a'> o!"* :<s/Arge> =Z< s,'Aiufdy .lr J*r .1,"^ Ll;E'lo

J. A,S , ̂ \or!: auô^.a [11<s,A,b,e)= ù!* (,sjAf u',e'>.

<s/trrb,r->= 4s',Al,b)e'> ^ Jpr;u.tr*r^,l-p. (s,Aft/e> É <si ht,t ',2,y .I <sinf yt,{Se

1s,A,b,a)  . l -Jonc ) 'o fÀ ) . ! r r r , * .  z ,s , . t -L ,  È,  , I  p* l^"*  p i  s=s '^  A=A' , r

Va e $,(tl A"c e /* ^ Co.il.<,|=r bo\ ,r B0, r. Acc => Blo/ r Blof ^ Sl => Blo r, ?=Q/.

?oua, F",.k ae A--A 1 ffot^,t ê,,rô^À [uJn*->hl ,* f;tl/=rt"l * [uo{no -l'n|ftcc = r,4+..

a|o4hd, =Eq4A".]=[u*{n"=C;n;]o[uot[ . .= ' t !  r .  t luJ=,bol .  D" 4A'*

[4t" , .  hce=>Àlo'  ̂ gtot^t l+Bl" ]  = [ f to^]r .c = Èlo/rAd I  . . -  *r-  = Iu j ,

n

to* a[t^n L 
\"1" 

mocra fa,rp.""^" À ,""tr"Fn,Àe l" ]e^ ^r'f,'av' ft
e,\\ potb-.^'|=t à"^^k -rr^r *f*i t" I 1*!.*yn Jo
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2.5 .3  CONCORDANCE ENTRE SEMANTTQUES ET ENTRE

SYSTEMES DE TRANSITION A DES RELATIONS ENTRE

ETATS ET/OU ACTIONS PRES

La 'r-0"h'an Je. cmccvr J "^r-. ,;

l** -0* rrrh?;.oh'^o J" Mll+r.)* )c 1
""noh^^r- â.u* )^ thr.h" oLt ot'rno.

le. "o^iÀQ* *rai0,ol.- -,-h.rÀ,11." {"^ +"-'|.il* /.Me- An^o^^l'^."1',^ o,L

â ';J".,rt-,'Pi"" l.ool* )^ "À^;^. ".llorvr r*â^u. fa,o ceaun )'ora f t\turwfi<4
A n . / l

fo/,aWzX e .

Âoir,uL rue (flx9-.f*,ffI) ,-^. ".0"hnn *ho. LY"h el
tra- e (&.&"* {tr, ff }) ,^" '..0o1-, ^ ?h* ".1^,'* .

L" tç"Ooh'^ Ja- concut )^rn "r't* Ào.* *.o no0oF,'* ^ ,^rh* 
'"T"L

^æ-ra æ ^^ #/9 æ ** æ æ- æ e-{-

,l v.a. 3b 1"1,'{y.' & ^F )q,^;"
r.<(.è)!ra.> e (z<q&> x f< 4r*t -- 

f*,#] )
g(u,"o>(f,1) = [ltl=lql n $ield'*(fr,?) ^ vàlal -*(+t,q,;)1

W ù raq "3& *Ug3 +y ^l àiN,^;e ,pa.,v I
511|ô,ra) e (*U < q,h> ̂ qn<4/tr -- [Û, ff])
a(zrrrr,a;(<s,A/z>,4s', t ' ,E'>) = [st='a[s] n A'.*[A] n Z'=e1'r",æy[El ]

Lo, oulohnn Àd-rl-" *^h.o n.[al-eÀe' Je h""^art'rlrn ,nY "0" ̂ u"0ol-,'^

ds ̂ * )^u "rJ* r*!ùsr 4s ùeàâb.CI! 4sr "çQ+h,'"p * s& eb ,È
.  L  \  '  \  |  |  I  r f \  ' ^
|k(4" c rf^e qcl-1 ono à\-€^ qût eak dr ltau<. Jpalv ..

æ æ t^- | I I

g < !rÀ, ,'ra> € (æs. < 4,*> " tg'<f â> + lq $f])
c <u'tl,ra)(( s, A,b, €.>/ ( si A', ef e'>) = ll (4r *)(<s, È, :,<s,l,g e>> / ( stiti Z< sinf ele'>)
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le,mtrne 1,f,3-4

( U. s . €(A) ^ ra (o,o')) = *o'l

(^a(a,a) r 'a-À(,rf,r) r. t*(r,,1) n u(An, ̂ l)) à tj 6rl, a'^)

(,to(o,,Àf) À Efr (N",o'r)) =+ (l^o.5, aeA. ,a(ar,r'r) n na(a,a\ n bo(rr",lr)

(.u (,0",,a',) r. to-(,,ro,an)) * (ro1 e5', e.'e a' . vI, (o!, at))

(o)

(b)

C.)
(d.)

C,"rrme^nq."na 
1o- ^r^h^.e.r 1,Le- 21'tafsl,ne[n], Ut e#> = h.ta*gs],ra[A]>,

Z<' ta[s l ,a[s l  , t * ,e*> = {1.  Z<'ra[s l ,* [A]>.  3pe E(s,À,LrÊ> , !<\^;a+(t ,q\

y(ûray(4s,R,b,e>, <sf A', br,e,>) +=> ( <tini V',t') -- 1"a[sl,'.a[A] ,b#,"#])

ùa*an,.h,,-ah'on

1çe E<s,A,b, e). .s <v!,'t4> (trq)l

M*h"" 1..,t. r" I.peEcs,R,b,Ê).g(brta>(ç,q) J,* 1e L<ufsl ,oql|JrLT.#>,

o'TÀ t" âJ$;1. ' 'o^ Jg e( ' t , ,o/,Lq>(f,{) ,  f , r , :d, (a).1 (L)7 *, .^ a,^,d^a kl=lql ,

Étf,\ n *(t",1")*, a*(qJ7 V".lg\. (*(Bi,q,;) r *(f;,ir) ^ bài(à,frJ ^a(fi*.,i.,*,))*

brfllq.rt*,) "V â*. 1e.Z<.*[s],*LA] ,E*,L#],su ,,,p "F Jsn" 1 o,^V ^^e -h.o"e

t G) ;f0-T**narorlL Vtes,ae A . Eoh,,.^,o)

êv\ .onh**À'.h.rn a,r." l'lrtrtrfl;e 
1r,r.(, f 

*F à" -}^gu"* n,

, {ù 1e5<%[s]rno[A] ,b+re#y 
J^o 1çe Z<s,Arb, t ->.  ! (aroo>(f ,q) ,  t lo*

"*oF*À* f FJ 1"" lf | =hl **" 1,.*,1-, Jroj^i (.), "*(1)=> (l1"es. e(p),r"aft.,1")).

Dùç"ur^l à. frr0'y. *(fr,?) .k ielgl ,rna.ra arc',^a dr(ï,,t,o) J i'+* ("\, i-!
,"ùha f.*"* $; f"À1. * (t*. ,1",+,\, ' .o(a,gr) "t  t6r(fr, f* i . \ ,  -8; 

1' t-J^.

f *l--Àfl^i- | d nr^L 1,." çe Z<s,A,!,e). :t; 1*Y {,^te â. .0^1r^.,* ̂, i-0

. r^L; ^^k*-.  1u.Vae\r.s.rto-(f .-^,A). N*^^-0. .on "orrYnoir.  *(f*-. ,1,-r)  *

(À) ;qAj1u",,rai.^"F -l'*-*l-*"* J. /es',o'eA' t'u,["1u. tf, (1r-r,"') ,u^ ".mhtaÀ'"l''an

oe1, "0o JJ$;"L''^ €,1+:'t J'^rnt.,ho.. 
+,^r^" 

J. /^1.r.o,,- t.
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Cû,n"rnr( .^ou'1u".". r*^"À'aYc.,,aoua o[lç,,vt6l* *<u,,"aS(<s,A,E,eSr<5t,È',bl,e5\ <+

(<ti al l,ê') = < ld[s] ,e[A] ,E#, .o y) e^n obt-ro^t 
1u,. s/= 'r,r[s] .,l' â'= * [Al ,

n
No.* Ji-0.^oe^atno ftÀ*t,t0e,t*t 

-h,à coÀ ç*hJ'nn" 
i

2.5.3.L Concordance à une fonction des états près

{d0 {airt- â^^ "o,o "i 'co -h^rr*. {^.h'ao {ae 
(s--s') 'l-'.4 Je "oQoh'an

JttJ"*h t-J L,

t-- e9533&* "'gs&.& è ss,A,z> È& t"â5t fae(s*s') ix3�'ls}.

tJg3 *V Jr 'nc u<{r>(<s,A,z>) = <fott l  ,  A, t<*,P(r) ,+). .  (rn,A,a>€ El>

,k +^ ^V Jl ,  àu. à (  Z<.,4> -+ Ë<sln,>) 1êq^ Vie Inl . {^ f^t ,  = f^(a)

2.5.3.2 Concordance à l'annulation des états près

qra,,,rJ- !^ 
flçeu.u{À J" .*r*-h'^ J'-"} 

f-1""^* farh*t Æ^r'1 u.^,r^E

,^u .0^ o..hi.r.rro à- }^arst, J *b 1o^{"* 
-p^ib{" J'J-0^,r^-. )^ trtoh o^ l^

iâu*h;f,'ar.rt à .rrn .fof ,.miqu" ̂ole' ,yo,,- ."çtw.ol'i"n A,.

No.ro J.{.;^^-*" -?o râ^eùq* :ug&Jb È 1s,A,E) à dgll*kIg!

à *b 1"i .c*nn.lo r.r*'n^!' lue- *,.*J*^F" è,0a {^.Fi.tn *". ("*t*,\) 4ù
âJ{,^,<" .ça.,u {ae.. 1o(o) 

= n,.

,J.,.li{"* -0* Àr.* <t$r^/a.> à J. F1"^"- à'o.F,er'"o o- ,} "|�'*",m!lr- z

â* hr"* à -!-tn*rm!l. J* lë1"^. J t"l-,'etto 
{.a"t 

3rrt,A.(frrAra) eZ\ ya,^l

"Q)q rûe, o*F f* "tJ* x.,vron l*1 où g À.ii1^. F4.,ù &tu,euh'o,, -r^" qrh,'vl ,.t^i1uz.

bq^ÀÀ c4. câ^) ""tte ao$nanl'i1u. çetrl'Jon" ât-r,a d.t*"L*"*F &T;"'" f*" r^r *rpi.�.�r-

(A,Z)  ôù s  - f  ,um *  .oerr r rk l "  Jh.h"ruo J  E. lÀK* u l * \ \ .



2 - 2 2

Rama^1..ono 
1u. 

/nouÀ to\uralÀ t dr*o t W î""I. J!it{*tth^.,

ta./vne/vrcrr- rÀ,.r\s p*h*h1. ( S, A, u > a *,Â\€. lJ*"*h1* qst, t', z,> /nc-

..^p^Fo^t y'^t'n, frtt-t. LV".t, €,'. *hor".anu^f tt= le!, Ar= 5 x (A v tg\) at

kè A ( "'e,l-- à - âÀc 1u. l* o"h'^* ;"0"*t )';l* J.-* .0"T"!. uLl^ pe't.

"'l{".b'tâ "l- 
1r" mouâ '.a[",^Fctro ,r^" o'h"n urnil,re .1.à L )^'.t !]o], )'^"

h-,.,t^4 & t'={^ <f',4o) > à,...à îrat-'r,âlal'a), *, 
<flal,s) 

,{ : fe: n ld..}

u f<a <f ; , f ;>  
> l  : ie ,^ :7 ,  f .Z^ l t l=- ) .  C" l 'or rgome^^t , rncn l -<, "1u" , . r ro , . ro for r^ ' r l \a

t-o.rio,r"a rceÀ,rtt,aer- zt* -0* e"f^,'nna I e4 
i*" Noo^ 

{ù* 
r.or.rrm*^.f .

2.5.3.3 Concordance à I'annulation des actions près

Q,ra^À -l* 
1** 

J" .or*!,^ à'^ra -f^r1^e,,ïvvyn€- (..r.,vm. 0n .qr,.r-l-;rn

1'^\-i.û0.) f^l-.rrt ,r^i1".,*"*L pr-, -0^ Lf.L , )! ^l 4*'{.oi" 1^^.,'A{.
à'"0À*o- -0* o.h'^o, $0 o" fd int!"^.t 1*" 1* *"|-i^o n'^'r,.^-L, faa
Leaor,vr âtêhr ^oFl* Jo^^^ -0* hra=* 1"^* 1"* 

l^ 'r*.h . ^p^l'*t à^

-i{au-Ji^" àn a*hâ.0" n'fi;.^^ *'t ,uJ^ y:1. .!o -ho ril-,^ **h*
J** if-ù N\4 tù. "*ç^â^. 

1u' o ^. p-r!. o"ï-,'^ 1u'*l *l- p*'Al"

L Ài-h*r*** panno a^*bi?,r^fei à. f*I; )o ?Q.à '^l"""�,ûirnt J" *hâ?".

f0.ÀÀ*n- -0* o"l-i* **.'.r^f à 1^ iàr^Vif;r^ lo,-,Ion à ,+,,n2 o.hcn u*i1uz *

€r,r\ "Rr*n;"r a*h sr= s, â'= l*\ l s = L t ,,a(o,o') = [/. 3) .

Ât ,^^. 1.^h*h,'1r* (s,A,E) noe *pt" y'^r.,". pr,,"L ^'li^ ) not)a

fau^rô\À iÀ""y;+,'^ )^ horra 1nrftal à J* p\*"r* nn^ *i,[- )'t& 7
,È ,0lr^-"rrnb[. A* h^.o :. à {o , ln,a. (m,A,a;. z }. Crhr- x-J'1"i

ç*-,f olan" J.f;i" 
fa.t, 

ua ,-*A (s,z) "à s col- orr, -n.o*,bL à'Ltth

ù z.- sk",

fr.r a^1"ron" 
1ûè 

mou,o 
forurorra 

tv"jr.r^l 't-4lrûe,ûe^- * pÂa,v};1r*

(lArE) ô ,rrne'ptt"n^,h1"" 1l',fr',Zt> ôe, "o*p-l-e^t 
Y 

',,,,''e. orrr!." atl,rm,

€^^ 'ho*..no"r*l S/= sx (Êu{g\) ai *+A ( 't+V-à-À:'.* 1*. -0* }}"h 'Àrl.^"'^L

-,u,'" 1a^|ia "nFô0, -irÀ1,.ra^'b !-" y-JoÀ" ,-"h^ ô *ffJ"*t oLL y i
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N\ouè 
fo$cN\À 

Fo,lorrra na.roannea, /{r^ilre^*€^rL )*,tu Jeo [f"h / a- 
1* 

rv\orra

4*f * Êotut€^r,b.

2.5.4 REDUCTTON DE SEMANTTQUBS

Âo*te*l ) )),.e. 
f^ea^re 

d. "^rro.l-i.rr, àl* f*ry. -? nrÀ,,Al'"L
elr\ rto t-.^*l +M ^pl'" Je ".^-l-a-ir" t""E ,rrnl-"-*t.iÀ'at)en )* y^.tro't*^r,
ço* *,tt*pQ. , !* """np QJian à. Â^X"1* à. Ao.t-rF m,cearr" ,kaà')* Q'lno.Quofim

Jl^r^" *f*^.^ a^it{,.neh1". €,.,\ $t\e pJf. J'o*FnrJ;^" rrnoÂrure ,*t'rf*h^f

à* 
1o'^,b 

â. **[";û, "F Jro red,r,ohno ;*"^i)"'a;r,,to. t\oua t"'^-

",r.o}fiono (.[*.^^* à'"lW J. b^J,, ,,,) i 4-.t iÀ. f 0- "àf à à" nz

fq^ h^irt "*^p!a à. ""lfc- J/"*'pril.,.tn J* ,olrr.rtr^ )a,,n l^ Irru?rateÀ, 
ecà

"e"lie-.^,b Â "^r'J** 
1.^e, !'olr"i.J,'m L .0'j**'* *l- ÀJ*.lirifl", -tE*',,,",t,

â;k 1* ),^ Ih..}-;J*r.Ul-?,;^t^ à^ "'!rrJ o^! Àr[r*oLl* ,

E..ermpLæ \ æ

Âôt .0" p"ino^.tr1"" S= {o,.r,t ,r}, A--lR,=x; 1 R:= R+.11 1 x,=ei! ,
z= 

{o 
R:,=xi 

, o R:=R+.i 
, g t,=o; 

,3}. ?"^ .QÀinJ;l^ L [t*"^hl" t,,o}

d* *"h.unrts. ,otl*, MorrÂ r!l-""rono 8o po{rr"'r,rl^'7"t s'=!o,r} ,

S l = {  R , , = x ; R r = É t a l X : = R ;  
} ,  > = [ ,  R : = x ' . R t = R + ' r ' x : ê ; ,  3 ] .

l
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2.5.4.1 Réduction des états inobservables

El'a^h J,"*; s, n, s' 6sto

L*q"e  (s 'n [ f i '  " i c l f l ] )+o ,  QSI*

b Je!' "{A*sg{ehlg3 Je ç"s/. Le

r. s'ss) rf A:Ak-, màu4 nnoFono W(s'>(f)

J. E<sf r', )tfué àc fer<s,ty f* {d*:hb
lcherlvla ,Lr",ta^t- Jonne .0';t'.iF,'on t 0" J.f;ta.

kdE; ( s') (t) =
I t l

, { "1=1^ ,A,o ,>eZ<s,Ay  " l *  qg !3 t l<s '> ( f )  2n-1u"  (s 'nn)+o "o l '

.0q t- ' .oce l '=1^', l t t ,a')e2(d,Ak-> J"t4*i.  qr,,r,vyre A^i, l-  i

Â; i.(* a0du ,&([oa.s ' trer. r,r.es'\)  ̂ V .1" ̂ ^rb^" à'toh 'b'*^no[l-

Jor* ,t J. *â ol'*'[.*,,; ;l^^.r^* à i (1"i f"'"i âhe * 7n^à a =m =,*,) .

En .o"^};*,Lô.  ̂ '=ç3â4(1,1 es, trern nales'!) -t -0. znarntne- à't"h

oh.*,.r*.tl* J* 
f 

, N otra a,>lrilÀ m'tr o , 5i ,t e n' r0* r(&) *

*14 [t : iern n (Sd ({o1.r, lei rr ri€É'i),A)i *b .tru .""1 (.ropl'.' ; ç.'t' L

1J- ) d^ Aà' Lh"k obs*uobl. à. 
f . tJo* a4.,ô^a

V&e ,n'. ,rr1&,\=a(r(Ê\). ?coono +'e (1",-,r,\--A'\ F.0. 
1*

Eb1^l J*lo -n" o.Ào^hi 1. 4s,A,r.) e 5:gl<4 "t> tY ,.r,r e^rnc,m[ï" n* *Ce

à\t"L (rl,b .,hs*otl.o) 5'e3 , ), m31dq.i3 W à. 4s,A,Ey p

Xâ*rù_C, & W q:bg1"sb!:* s'S/ ̂ Y W <s'>(<s,A,:.>) =

<s' ,  A&' ,  W<s,>[: ]  > ,

Lc o"0ol'i^ J. *iJ^,'l^i^ à"i;*"1 -t^r ^kd- âo. Ào^ro'l.,',n *V

Afe (rvrr.*s') l"&" 1u.

v€ e (,nr-t1, at1R1= a-'( 
t(l'),'è(ê+à>.

@@@içs2(4s,r,u,ç.>/ <s,A',f1"'>) = iedgg<€'>(<s,4,!(s,Ar!,.>)) = 1u',A',t<sieltf e'>y]
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?",rn.F,^J* l*1-p-Ë[-.J J. o,H" o.0ohonl Mocra .ul,|.,-* lo

^ol'a'l-i oo Ê.rirâ-fe,i
-A; be (n-,n (s*t-' Lt,.$]) .1* rnouâ dl-r^nJano b ; ((r,s)t+(At'* (s*s+lgff!)))

/ .  f * t

(a)

b1sr, s;, sçf . , (o,o,) = [,0'= a n /. s+l

t1 53, Sr,S.f 
L*,,.,,.,a,n) (l,l ') = [rpe(rn+r-+ s). (,t"=,r.s* ,r Vie (m+,r ro).a;e5; ^

a^*^=,r'e sç n Vje (ro+r). %, (^i, o1*.))J

"tui-À - A-" 
1o" 

,u.oou� 
f"^* 

J* pe S; à e/e sç fq^ 
J* oJ''^o

Qor ,,.14,e Auir À^ :1".b ,^l-"or*J )^'"Àr^ Jar^.. 5; .

l ; "  ù . f .  rar  {

sê s a,^

a+,;"^
s'fn (a,a') ] (o)

(b)

Ji <s,A,b,e>e TIgl <frlb> *b,^r,o Afh;"r" â. .h*^;l'r'an,

e,,.o.,,nt\e ,r,'on .tâ. âUi"h t e%6'lgff]), l*u(*k**(s'-s*1*,pfÏ)) , ̂ r\b

r*"
e+ (rr') = [Ues/ (€ A<-. e(a) rr b'tsrs', s's j

bt (o,o') = E1s', s' s, s'lo (a,a')

>_ls', A(-, U*, .*) e fl5g!;<s,)f:<s,A,b,e>]
"b Jonc

@@ (qs,h,E,e>,  (s ln i r ie>)  *  [<r jAK*r  v* ,  e#> e <u' ,  A ' ,  e l . ' r ]

Xi â. f0,*
Y,pe z< s,A,t,a>/ r.hl , re Ail^. tJ(1a,,0) +[:1ri . j.ltln .çi. s'J (")

^00*

"L d"onc

fuli.<r X<r,r, rp>, <sf ni r] .'>) e> [<rj n i uj e! = < r j *x*, L#, .* >l
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o.^ ""oho,\r,*

U) lu 1e z<s:^kî tls+., J^ ôouâ fou^r*- r**f.*à.c. f €Eçs,A,t,Ê) r"L y,z

q= &d^ei.<t't(d, o'Iù &.\:'L /m'Lrâ a,$cN\ô e+(1) "F J"u". )'Tà (o\, *-t e'.r\fe mêq,

to,, , . t f  ̂ .5, €", . , , ,  #^-n.A f"0o 1.o Vù.,n, n. (sl ,s),  f"=1o€5 j  .Ct).h{re,r, .  bg$r,fr-) .

?oa.roa (o\ = ̂  J* p"^It 
1..,"- 1": tr.(o) e,l' ûet(o\.fl*si Su 

1 c eh" am^tL;f V*T'*
n"^t "Ck\ d 1"" 1e=f,"Cat "U.4.[{ o.0n,o â'*1nù 2,,tqtl ,noura d.,rô^a 

t*(qu,1u.*,) "b

J"^t JtTû (t), i l n..ùl-" rû a'ùes t*t=lgrgl , f,ce.\*t,,,,,àç&1*"*n€ s, f<s)=1,É"r,..rfi,.-*rr*=$q
41* Vùe(,nta)a,o). f**r*ae (s-s')/  1T6&)*^*, =1è*, es'eh 1o* 

i  =+(&\,., , ,8(A)'nr ttn.ov^ oÀtta\^

tg, (t,, f;*,)'
*; 1 ob Àf"i"

?orc^o 'c(ê+.r)= "a(&)+r+a J" pa"h. 1.r+ 1k*r--f,,rc&*r) t +o= fr,<L(e\,'c(â+r)>

'.tr* 1*- 
"Jf," "c,roht^r.l-ion 

1 
/,t& i\oQu^u^L ",t Jon. .ue E<s,A,E,e>,Src

1 *t- {,^i" d" 0onnuur,t {, ,.,oo.^-*i^nno "{^ .cruh"ùon .on,rnc }*.t , ,^rù " e (g A,b,a ) ,rn" h*.o 
{^" 

ou

a"{'-tc,ol"" /('t)=F=foc-..J' ?'*o fnc{-n\*r= o, 
fo* 

i e[tl 'b 'B n(4-.t\+L=\, fo* 
itlgl'

oLur.^tô^^ 
lqe tie (lcl'o).+r*S'"ar- rr,^ioo 1o,r. -0" +A'^ +M ie(1"1")tel 1uz +resl

mouà 4rrÀ.uv6 g*
($o,,,,rg-a) (n",n ) t'^'\ ..'^^hoÀ'-{"'"t *u lt W 1o" 1e-^-'f,.,lrr ='to mb'

-ça,l â. pr-.ccuneru, friaq.^a q "'Y d" -0-ç"r^. {. l0 ^r,t â Jq,'rnonl-'.un ço^,,a.o^nr 
"e

,rtr.a. &, 1"e" t(&) = q*f,{i, ieltl^ (ç3d ({1. s, iei n fj. 
s'})=È)}. Qrrvme ['.-"f"). f6 * s'.8

ft(.)€ t', .tl- .r,ai 
çou,r &=o, Â".teaV d I*R. e[*a Xd(iti.sr je ,r,[&) ^ .pres'])=*.,

f "ct t t t l  fn,ot*nr" ' r f t (a+,)-n* ' ' 'F fo(a*^) ts '  
j *P0dl"* t  xd( t t i 's"  ie i  n l res ' ] )=** t

f ou^  
j , = ' r . ( * ) t a1 , , , 1  t ( ê+ - t ) .

obseurora 
1,rt, {3!3i.<.'>(<s,A,tra>/<s)nir',a'y) eal iîttn"l^tt. à A'= gk' n

W<s')[z(s,A,E,€)l = > < si àt,v',ta'>, ". 1* ,^ç['1".

A-0" p^iJ" J., (r\/ n*.nh,lna 
1". r 11eE<s,+,t,e.7 lr!, 1* 1= Mè<s'>(f) oPr

Ak',  t*,  e#> , Conwe (s'nl+r, .  E\çl !)4o, * l  €*.Àh je Itl t'"0- 1ue
,t J^. a+çq"1.r(") oah.P" ;û* f"Ll- 4clrtl t 01"" fd.s' "I ry\oru qrrn^r f,r-(o) = 1.

n l t
Â;- e. lgrl  ) N\où4 arc^' 'a b{l 'rs's) s

!.<,.ier,t(&trt> 
(f"aa1r fota*rl) t 1k= f,"çlS t 1**^ = în"6n*^y

u- 1* Ày0.,1.*- Fl.(t,1ê." ) , ù 'o l> , r . f  Z ,U; .1  .  ^0ù6 o t t r lÉ
J

z4s/Rt<t, t+,e#, = 21s',At,l,et>,

($)

1 e : < s r ,
, l

f l r '

â^. 1 * e< .iAi(*, V#, e# > ^. I *l- ;{;t.

rnnonl''car- 
1*. 1e_o ̂ â 

1"" 
J. l.rlec4,,v>e.uâ, +o*

.[ . "-t *rn, rolt ,1. {0 .^;t-" J*" o" Ak'

$,'1 *ol' (;. J. /^X-",r," !.)'^! pf.
g#. ?"^ !LL"^L, /.fp-ôno T';l
f'J 1"* tj (1n-^, o) . cnun<. 1e-t=f.çQ..7

*lodl-.. Jl1^i (") *.' *. d1". r(4,-.r).e<ltl n 1*es1 ù/*,tb fù,
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'c(a-. t \=àg3({ i , r . l fT ^ ( .gà( l t iut ,  6ei  Àf i€s'})=g-4\)  t  ioçr.^y.s '  à 'oà

"o"J (tt;. t ' ie (t(e'r) +a) r' f. es'!) = t .

d\ou, a^,</ua .0 = geaà ({.ç"t' j.ttl n -ç,es'}),

!4 , ("c1e -.t) < R c ltl =* tn * t') .

Co..vrr.vrc (g1!g) (s'>(<s,È,Era)r4s',*',t',d>) *f J1-r*0-,t e â'= Ax* ^

eU <s'> [:<.,A,trey]= r(s',At,L',e'> ro',f  f t '=*x' rr E(rlt tk' ,  y*,"*): !(s',* ' ,L',e's

c'rnY-à -Àrr.- (s', A', V',L' l = < "j nfr ', U#, a#t.

tr

?'o* aJN;t-ia^ J* 1= &Cg.<u,>(f) .t [1[=0
tJo.ro e,vt ouaL;rna Qo *r^l-o^oÀ"T^,an

2.5.4.2 Réduction des actions inobservables

Ne mna^^ù<, ̂ c.Qot*. , ,\^oqÂ fou.^r-fy\a 
à"]f;tli -0o ,,Jd^r.h',r,,, àr" o.l-,'ono

.rri.ot.*^^rqtl* dr,unrc -hc.g. EF"^P d.*râ s, A, s'=skt "i r '  (A'eA r. Alo),

rnol,â *o\-* klsl (A'>(f) l"^^ïL (n'nl+,;: r 'el.gl})+o I* Yre J. E<sfe/;
\ f . / ràexi*ee dç. -FeZls,A) +el" 14e1ç!g9 aJà dl$p rgsbgg!Ê. J<. A'A{

l l * æ

Lt;à"L Ae '*f*l*f" -^f* "@r,-nr.,'F cryr\rhôe l'{il- :

f =

fig@1<r'>h) -- 1a,,,,,,A;) (Â;14 1', .rai)

l o .
!++
Ad

"b .l* 
f^^*l^;.h^ ,* ./.o.,,h " f*i-L pÀi[ori< À "e 1ui 1^.i"ÈJc,
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2.6 FERMETURES DE SEMANTIQUES ;

Nnu J"f;,^*" r*a^rvrl-e^a^û Jco n*0"1','^no -ri*

rmo{vn à'oyér,aVntttt àz f*r*"l-utr" 
p',,"^- .0" }'aQlà ".^ç0J

/';"lr*.'* ç . No.ro Jlïdr'ô^^, 1*a^n{ "-0,0" ,o,l. Àku-n,"*t ,
e,,^h" p*yl-à- J" ,hon^,'l-,'*.

barus ,una f"ernniù 
.1"on-l^"e (1.6.{ ; r,e.rr) /$âuâ /ïôrr,ô .rtnl-eo.rnarr.o à )^

o"QoFi*o "^^l-* r-.,r^ h1r* î* p-,rnF --0l"l.rrn.-.^F *h.0^.-â f*^ Whfl*
."l-la'À* *.hh"J.o J" f{euÀre. 

tfg ,hd J" no-on,ner ̂ ^r J^ y{1*^ J*

Tnac<ô (e,e.,r) , !- *t{;z, J* t-ro.* (r.c,r,) , Q^ dFofo "! o"H,r* a...r"e.'[l*

(2.6.?) o.* -0", f.,o"- éq^;l'"!l*,

baara -ulûe J*, *bÀ" 
1""-T'i" 

(r,c,s i a.e .a) *on^o ,ÀT*J,Aoo *..*.bo*o^f

(or r.e ,r) lo ^"h'd'l )" zoÂ.^^l','1o. {ry"â f* f*'* 
(P.qttt+l1) / (e,vr r,e,e )

AA *oh'.nr J" ^.J.,rn.r^Fi 1,"" {"À^-J.t-o fq,' i,ù;;oh'"nr J- fnn. f"éf** ^[*'À

(e^n r,e ,1) .Qq cnal'i^ J. 
Ne^"met-.u.e 

dl^.rn" oÀo^F,'Tqe 
fq^ 

4,^;;fn" (ffb'taha,ruontroJ)

cR- 
7* 1u"mrl' 

(an a.Ê,6) J" J^^* J* .*J^ [-,'"no ̂"'"onoj"* "f *lt;"t^
' 

,;*" i'iqa^ <s,A,E> J'r.,'ae. f*,-l- .f "Qq nnÀ*l-,'1u.f* î^r 
-ulv\e

&Mfu^ç<s,n,z>) .*X*J"/" 1o^. 0" rf6. Je h.a^!!iho{' (s,At!qs,Â,a),s4s,A,E>)
\ fe^^1e,,'nÀru- 

f* 4s,4, !) J (arrh. 
f .^l poient- = - *.ng"xoll- ( 4. lh"'*à-

4.6.8^,û, a,e,8.r ) dr Jt"Q* (.f. FfJ,r.dv\e {.6,8rf), Ct^l "e"r Lf"h p"n ,F -},'0d.:

âon* 0" y^o 1"*$'. Ê"doe^"h t* J.$;n J * pÂ *,$; a "- e- Qt^').

àe lu1"\-ri".a J" l..oor*r'l-,'on.

pÀ"^^.l','1"* a)L

qgc<4rt> rYv\q,,Èt'J.,

ln'."0ohor, arirJ-il-e
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2.6.1' FERMETURE D'UNE SEMANTIQUE PAR PREFIXES

C,#d^r j",op"^'jt-rl J* no^" ^hi1r- sr,ô^/ry\s .0!^ro'r.r'a,.r,ce N-

*-*.r^h -t'4,\ 1"-r*"1-*r.r. +olL +".JP,;-,l T l l ï

Lq "qtùJU & fI{.*= oq 
{".t-.rr^ 1*rr.R" /u),r z(^<s,A) , '[f,^^..

faÀ ( f  *q <-> i ie l l l .+=g" i )  *h* '*e ,*"PoFi^ J;J* , ' lQr*e.

Lq fgau:!* fJ* t:*fyge Jr*r e o*"^"1'i1* 4s,A,t) n^l'0a u,.T*,h,1*

P":*$ t< . ,4 ,2>)  = (srA,  hez '<-<s,È)  r  l1e Z.  
t *q \>

P^13l coh *.ro 
1âtherr 

J" 
f,""*el-,^r,. A*çâ*r^. />t^ SçU <4 ,ft> ng,,t

J" -0'*rnr..0u-'* E.

lq \e0oF,-, ;d^rit" * -0- ottâr^ à" t-oen^nr'fi.r.r, ^'*t- fro
ùFe^cra^^l-" ,,,"). ,rÀ^^e ""À""^l;t^.. l^J f * 4',-N;- /ïe ù f* îlnz

.^1o^J*L f* r* pgpl-"*e J. h";hh, o*'J ,.* b,rl-* 9^ hro.* a"ml-
\-â"jh* à /rrn ""^..0 àbêl-.

'caùonn,ar'h r*'^ -0* f"W +;"; ôu ftq.ro ù.*npbla (.r{ot--â-l;! NùL

à* JJ "e,o c,>rraa" ) fA.Fâr T. ,è.u J* ,È.t* *o*ç0;l^. (-c'*l-e'-J,,,.

. Èutr.\ à- .oQ*r.-L fe/.r./\ô - ou -$;l \o,uo ci- @ ., ryrè&u 1bèrl^)ôÀ^
'.o.fD cr.rv\e ^{r,! -Qo f,-"^" 

f*u 
f"^ +*!+b $û à. -0* nnnnn Jf1u. '

Lo' 
f*rlr!.xf f3' t:*f*to fss4 

J '."nne- 
,''inq4Firye 4s, A, z) ^I

p:g| t ' (<s,n, : ,>)  = (s,  A,  I  f  .2(a1s,A) ,  aq.z.  f  . - I !  >

P**lt^ *'c.ol- f* 
--f-.^*r'f (cnxra ,,n'a,u-ra 

çro <s,A,It= ff.l%s,A,:.>)
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Le.rn,.roe Z,Ç .4 N 4

oX+'^ eab r,,,,, opJ^ol^.*- A" yil",r*r.l*^" ,*f*.^* /\.\'r'

*$ <E/t>.

be ,ytou,JeatL U ".0otbn ,nvrJ-,-t. pu"t I^ A.l"l-ù* Js J:e,^^orl-,on -L

^q^^À ';Uâ;"T.

Nfo,.o J;4;."*^ Lo .r-*on1e f^i;e)e 1te 
"a'*^"u*,\\L J.- f".tf*^" Jlrrrn

"^p'mL\o J", l*.^ *l- *\Fo.j &, fl.T.;- fÀb "k )^ },o"^ 4*^:

fer*/rne 2t.6.4- 2

a**f (.s/A,:>) = h4t*(as,n,Z)) u (s,Âi znz-<s,A))
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2.6.2 FERMETURE D'UNE SEMANTIQUE OU D'UN SYSTEME
DE TRANSITION PAR SUFFIXES

à^ .rortofarr,'nne- 
t* P*1'î;*.

b*,M * *(lw oL

f4^ .  f - r f  11=> 3 .e l1 l . f=q t ' t
J",I."t t*',t p'.� z<?s,n> <oV JJ{, t.

G-l-aÀu. f^a^r^,% J" f-x,.d,rrrvrz,,Àea ,o* t t 0"h"* È rrrv\ Lf"k

j^i T-,'a-Q- q.i /ne c€À're.ô p^I .ç* 
{+..*.^t 

* ço'^} 
à" à,J.7^b J. !'on"'o^}in

I

Jrr 
1taqn*or,^e. 

:Noul oa,Lananono t!"'^ Ar.L\, )u^z 
{*,^"1-,r,." 

à. l" *À"^l't".

t$!t<t,A/z>) = 1s,È,{f .  z-t ' .s,A): l1e :. f*t} t .

tuf{
Jo ^0'À"0'^r'*

f- t-
era\ m@l a^tl

. t -
Àu.tl 

'.

r  * r  , \
E  ( 4 , ^ ' � )

t" {:æs!13 f* t5llgg3 )tr^" v,h"',,h'1u. 1s,Ètz) eoL "0a d*o',h1uu

t  I  I  r  ^  |  t ,

*b ,^^ opn^olu* d" {*rmet-.r,.e AludPe,\^srÀz- &r^. S.W <trat> ril'.rylr
u l l

e, .

h n "QJ:m ;ilh, * I* 
1.fàr" 

). hon';|,'^ ̂ t à4',^i" f*
*ff (<.,A,b,e),1 s',A',El,e')) = Lq*tf (<t,*,2<srArt,€))) = (siA',r( s',A',b',e'>>]

Lerlylrme L,e ,L- L

fu |[ (< 5, A, 8,.),< s i Ai v', e' |\o=> [< s', A', E',Ê' ) = ( s, 4., Y,e* ]l

û^,ec e*(^)  =  [ :aLs.  e(o, )  n  b* l r f r ) l

b * Xu 
{rarm"f-urt" 

hqr**i l-,^,. ,-f*-t" )z L )Jl^t" cdnr,rme

Lo(,n,4')  = f , rr=41

f*^(n,a')  = [1aç,4,A'r€s.(bo.(ara')  ^ bt(o' i r )) ]

= "go Lt (o,a ' )
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bei*.not .af,'"n

Notra a iô l ro  { t ,  lXeI<s,A,E,€) ,  f  - r -1 \  =  Z<s,S, t ,e*> . } -  Aon.

S13f f ( (s ,A, t ,  z>)<r ; f f ' ,b ' ,e '>)  è  [< t l l i  z<s ' ,È ' , t ' , {>)  =  (s ,A/E<s,ArL/e+>>l  ,

n
S,.ff *\- ^r./vl æ"lol"r^ à"*tÎ I

/Y'ru./${' J" "0'À.0.*.'o,t,

{^*"F*" *prî.r-. ar^ 
-rg1< f,ù,>f=_
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2.6.3 FERMETURE D'UNE SEMANTTQUE
TRANSITION PAR REDUCTION
ACTIONS ACCESSIBLES

OU D'UN SYSTEME DE

AUX ETATS ET/OU

lJ^e fï.eÀu,e Jo f"ot"*^" lo,-r^re'^r'L' Pe x;p0,f;'t * ""où^ta'^t

fr\ôû f"" A{r^ J* LX"h 1".0**1** à. +*rt*" t*e; r.r"'PL**tl.
Je "..r0, 1* èô^b o.."rr*i[ho q^r @L^a ."9rr-&- (rn Ne u.n

,r^r - c^*-* b{u à. "o.l o - o .*orl-"j-d j^æ,a^i"*t ) . Ce.u' n"^^'*L

â ,caÀonv,e,r À{r.\. ,AA *J*rÀ'rur J.,Qo ne,ï*F,1". J* 1'-XrLa/ïvv$s- a.r.ro( ëftb"

(tl- a'l.io^") ac*'."r'Lle,. '

El-4,"1 â*"J *^o oui*o^^k1". 4s,A,E> .0" X!gg[g] 1xg é]& g! f"ù*f

1111^tlh J.. .-tre- mi.*,eiu. *b *&9g(<s,R,z>) =

({aes , lleE,iehl.(.1i=u)}, l"uA, trpeE, i"lgl.(g*=a")}, Z ) .

Ohsel.^v,rno 
1u" fu *b *n "fi"-yrtt- J" 

f.,.^el-arte 
,^l^;r'u. t"u

s^Æ <e,e> *.r^,, J. l'^&-i^ É,.

ÀIo,ro JJjr^^^."" J. r.nôt. 1," "làu*'an *^"r éf.k^ aoceavillea Beàeo'

".t; .0q .l.J.rlt,on amo{ aclrr'ô^Â o*"rr'. tl* W- .

lo *loh"n ;J.ila o.r^ -0^ e{'l-ùe- d" à*'l',oo "ob

W (1s,r,Çe> ,1st,h',t ;e'>) = [U13g, (<s,A,f çs,A,Ere)) = (s',h',z("s',h',b', t ' ))f

Le,tn,rrte 2.G,3r4

e4*xg (4s,4,!e), <slA;u,e'>) e>

asjn)ujdy = 4 {aes : l,r'<s. (e(o') ̂ u((nir)! , [oeft , fl, r'r l"€ s. (É(Â) r b*(a,a') n e.(o',a'))}, b, t > J

Êdeg.3 (<s,A,b,é), <t i* ' , ! ' ,€. '>) = f tg!13 1f.u.|  (<",4, b,es,1slAt,L' , />)

Romo.^îd)" 
1^'c, fug ^l rtr coa 

1-r-l','*.0.U" 
J.

Acc =  Acc  4s ,  O,b ,€ . )  ) .

e!g, Errr .ft-h,

( ê ù
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2.6.4 FERMETURE D'UNE SEMANTTQUE PAR REDUCTION AUX

TRACES EQUITABLES

Pr,ra JJ{ùùr ld r'rno^F,1rrc d" 1n"X**n ,* g*o,{^0à1r- *u firil^ohh-"e JU*h'ôl

âryI-at[ âe, -pro"r,urrrrl,lahmarn-Ê'n,re{.'-shr^r<'[tl], rr\ortÀ 
torr,r)ùvr op["]ir, ur. r,J6a.^tlti1*c

mon "J1*.F"b{. jt,,"i" lU*** "f* ,hq.eo .an J1,r.l-ablea. ca.*e x.e'Jlcf,'nn ar.rc

lrac.a dld[-"b\.,. ^tf" Jf*o,^, d lpâ'fi-- -n *F*àp*rr J'. -é"*l-i'on (tù"ât'rn1

ç*.\-i.,'0^* d. .man^iùe q?^'ah" Jo^* )'" pÂ ^t' T" , ,t !or^* u*-Tu

â I 4r^.b.e" ^ FQfr *T-o h'-* f .'o^i Uço ,

Nlo,.ro Jd,.,rÂÀ a3$d (o,L,f, E) 1,ra^d" {.hJi,m a -! ".1'".tob1. * fà,^t
i.ltl à\r"^. "t..ac< f t cth-c -ài* y'") "ti.\-" .urne, -hq.e 1eZ ato^rl rrnârr,. fS,;"

1"" + &t'r^ i "b a *T- o.f*e.j o\tt cs .1"t t '

EAS&à(",i,f rt) = F.lil r. l1eE.(;.ltl  ̂  1'"=ftt n $;=o)]

t |; | " 
:. loin-rth... alrq 'b.aua l-tl.,ttr".,r-b d.q',,.Fo,Vl!, +oçLv u){\t* 1^"39{sD àÆ:.ær .- æ æ r^*,- *læ ræ s

e**gg3$& q J' gj!.Sg cd\A^e ^r€ !.^ }...o* 4ù^ nj .!^ 'b.a.u --rft* fo,*
"l*1u.!0* qrcu/v\e o.-h'* à o( .r,'e"b ,, a'.d.0{ dlr* .-}; fo,^,t "mF^" r!!^r^t,

o"!;*[\" ] 6e,*d acb;*! ..

W{* (u) (<s,r, E)) =

( s, È, $ e:' ( hl =,-.,) .,+ -(laeu, Le,^t . Vjr t . (El*kà(",j, f , E) ̂  
E +d,)) ] >

Y{g (1s,4,:r) = [1* <A> (<s,A,E>)

E(*rrpà

lo nlâr"l-ian à. Ia lÂ*,F, 1* 
g,.{,t-3 ar^n Ào* {"r['|. 

*^,1- e1*Fo[l<.

*b {" l"rm.-.fiu<- Q,..1,{,-g. Lq -ho." ,f*re 0 a > o .,,0 q 
>0,,, n'^b

faÀ f*itP.^'.*b e1"^l'atl. fr* lo,b\ .* -P'".[,'4" t ^'^L ùo*"- a.l;r"L

"V Eo'.t1r;.u,^a o.l-*Jle, Ftru Jon^e,r. r!!Àe- -h.a"" o-50,,, d b 
,'t .

0
tr
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i" reâ"Êiàl )'* as$e3!rrr. ess t:sçii 4*&reù d14 h!]g
.Fê*r,u ,*^À *^au,�o[\e o( Jtq.liono cô/\^ei,^rt
l æ  #  æ

-n{**"" ftu 9^1^rfiu arrcLtr\^e. q"Fiôô

.t"ar,.,,t- o.jùo[\" ÀP;^**^] ao,^*.r l' J
\ f

ÊÎ:lP (c>(<s,À,É>\ =

/* f'.o* !^^ .Y !- .h.q.nn

1s,A, lpez,(hl=")=r-,( iae*, ie,rr ,( t j>, i . iÊ' , j .E.oglrd(a.,S,1,2))r({dr i , ,S6+"))}>

s-{:ll (1s, 4,2>) = ff*b < A> (<s,A,z>)

Rem a^foto T" \'J{l: {*I" .^^l''..oire -0'.'?,'i l-"' 
{-tLL

Le,rn*e 2.6,L-,t

d<. n *'*F, *.^ J"Od Jhr t";^
r r l

d*t-^ 
aclvl<e I

(4)

(z)

.^ 1.^^û--Q.
Jnq-^o,'lion

,lx4.ry(4s,n,E>) e y{.:* <v> (<s,r,z>) ç, 4s,A,zv

WW{q*A.(q> "f :|*q*y annL à^ "yé,,olr'rnn à" !",,,^"Y,^" ;lr*u^.

/\u^. i3{L<4re> rm,r.ni à. ltÀ"O*irn ç.

h ntlol,i,n à"lril-e- pn .l* ,À,fl-Àe" Je âar^,"r'[l'/'n rv\te E.ûctr,vt )'^,l"uoT "o,

y{*(.(>(E4s,A,b,e;) .,re 
4art f{la ;h.,^X" At'i fa,L 

rr/i n,y?à" L

Dn/v s.| A ,

?o.r^ 
{j-h;f,*. 

l* ^Jf\oJ- J" 4'ro.,ne à".'r,.'1'*Jhai àtr^,e,Mne^r,ce L

fqrQpa/'rvmeâ 4o^oilàl- .'1*il-ab\e. t tt\oùa 'r,l-,'O^u^^o L W f' t "f 1"f;e

{,^^ Jl-nn" f^qce .*1*À"â fai, a/q ^t06" à" h"onô'.h'.m eot f"i+".. à'^. f,.o*

é gr"t t-' bl. *Qa.hrr *'n --\- a F"*| e^^*mt\. P,,i J b.F, ",ra "f './ ...1 -- T'-', "."-f ,,

Lorn-"vr<, $,6. t"T,g

8i **d (o) < - oi'"

,;4'$t- " U,fg**<vt (<s, A,:<s,R,b,t>)

ft*|t- . ll93. <"() (<E A, E<s,A,E/É>t^-, 1 èTæ -

= lÉl 
t-(a s,A, E( s, A,t, a>)

L

= lgfl.*(< s,A,E(srA, b,e>)
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ùerm onn l-no,l-,.*

tlo,.,. e^ro,'o tjglt-. -tf:*<">(<r,A,z<s,A/b/É,>)) É kf-"V{3*<n>(<s,l,z<s,È,u,eyy)
= P'"lt-(<s,À/:<s/4he->>) draf^à 0" l*" &.e.\.4,4 "-h0" fa;; 1-e È*f<- ^f

**oh*. êou^' e- '
I

?r,r- r*.r,.h^ 1* Fg"$<-(<./A,z<s,A,b/e>>)E tlgft*, l1*atks,A,z<s/Arbe>>)
rnou4 c{rnô'd"{.n* ar,t\ 

1"'N;" $ t 
de- lonXael,r /rL dt^. har- Je E(s,A,b,e) ïl<.

ro,ro1,.,,0-1*,* l.,v\ 4yine- 'b.arn- ,- à" E(SrArc,aY danb ,r'ou.6 marftwr 
1u'rll. 

"rY 
ltt#",^",rt

d1- F*!!", ?o..r^ lo I'or" à. lo *nol'-^"1',',m , .haàuoona *t* = f à" p',Iz 1*

n ù,k ,^,""1'"-t [*1o'.er. fo.,ll.t ,û-.r. ba^^À 0q o*of*rh^ J" \,, ma{a ,th'0à.mo )rrue-

fiP. â'oth,..\-" | ï, 
,o'.hJ f".f,ru "^" p; J** o*P. ?",i J8. .'l)* v f 1,u.1e,'

ETroFLù .al'Joncf;.. t{ol-o.,.r 
{u % 'qQ*r,.r J" "otTa $rP" c^t frù^f Q. ). Xa o*ot-*rÀi.m.

Tr\il-ia0?.^r,\€^ù 9_.^ *Hd hrJ"^ -0- o"b,'* J.o àor* * ^A* 1r9*y-.
surop.a.rvro 1*<-,,not *^ol'^rrlb '.6^-t'u1* 

7o''"rbL,I t,lU l, 5c rtg nta qat

A" for.r or"n 1oo* b o.0o. lo ào'ce "c e"b 
{,tr. 

"} Jr^" N*# 
d1*l-.Llcr.a

1-d 
h"^ ^À{.0" Jr,i*h*o}'';. ,8vrt,tôr:r0 *-l^. ^" o"l,'^ 'L a}'ita$L er^vg, S,'a,c.r,n'e

à., o.Fi"no ,q"h;alj.,o * *e ^t*yp"^!i"^^,b o 
{*, / 

mo!r^ ù"lovtno lr.^=l"t \u--L *\*,

* iP'*r.^| 
1*!.*1.rc- 

d. s h.0 ,u. VU"(*c,n*.) poil ^nai. s*-r ;D ro;1. a.tAL

qÀ'ôr, à" 
IU 

*"[rt*tl. * o{ . ba,lla cR. caÀ / î orbt .},"â^;.* gg *" *"t* X/".A'dtl

^"L,,,ob\. J" |e b +% .''nà J" .0o hil'. J" l* 
fr0" (Fo.'J-,u.0* oJ,'^o J"uot \"J*

P, btt "r..) ^'Jl*^f J^" ,1rao e." ..^rotl- * og\. l1o.ro À".jam tz*, 1*Ir""1*
heat 

1..^, 
Er"h,,"i-) o"l,L oo, * 4u*, crr\ô{^^g "Ï""t' *ua !" llJ** 1* gu o

JI-"' J+Qo "ok e,n 
lurrrc 

J,, .0* N;Q, )'"#u,n.l". ?'..w o"Lor.-t ""t" J-l*l-.J,'atr, ^!, wllJr

Ae rmnrh.r 1,re, x ço^ 
."$. .,n*hrrli^/ modô oLh*r*o .,rrn" .he.. z + ÀNÀft o!* "i-l.. -t

+"f.^t*^| "1* ktl.. Em tff*, ào'* 0..", c,rnl-'.o,,,," J, ';1.'^* r^"acf^,',,vr a Jex 1*
*\-^^)**.U" ;{*.o,^f p"o..^""b "fn^r- .J;o/ *r^ 5.0; atrr^ çoi,-L i .làn.âr''

foi,,t j =âtt-* f^,t] Je -r., Po., .Ro1rt .-.h'",- I f* )"1,,"P- a eol-

*"kùe[\. , \r. 1"J.;J. a- Jo^* l, 6u .€d r'.1 1oo [1. 1''o^ m*,tn

I; J" 8ù
û
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2.6.5 FERMETURE D'UNE SEMANTIQUE pAR FUSIONS

F,n Xe;ù"!-, !* J*'\*l;n^ 4r"t bL J" .(.|""J*h,'^ â ff^FL^ )t'un, '*t i
à',.,.rn fluotrainvvne. rnê à.yr^^)r-*L 1^ à* !.^ o..nan^Lâe d*b "rL Ll"b 4 ITJ

4l*"ir^b, c"'*o. .-n"L'hon le^1*À" +^ I. +ùk qu- /a ,"Jnno^Fi1ur, J^r g^.r1ta^,,ne

*F 
{*i" f* 4*M 

"'-l--d,â"ùe- 1n" Fo,rb.4".N,^" 
I*; )t^.r^e ho,..

(t-.r*.,ne/ fd.L^rÀ *"t, r) 4e^^b 2." f-ht.^ fq,! Fort l,v;ll,*" (o,m"nnq*t

f* , t) Jl. . t^e. âe..e, ,

I'gs!es*$ J'g*s ry3"tlt_1sg 4s,A,L) fj* fedgg .E Efg (. s,n,Ly)=

(s, A, h^q ,  f  .z<^<s,A; n qe Z"*<s,A) r  1f ' ,1 ' .2.  ( f  * f '  n 1-o1') f

E rermp0"
æ l *

lre.æfe^ut'on À. )" p.J**'l ' i1u. <tr,o\rl+,1!zlo b .,.r, o o 
r0 

b 
,4!> f*

4d* *b .0q É.'^h1 ue 2.4,1,,-4 "t eol-â - Jd.e (fo,,r.1, fa,blr, {o 5t, 0 o 
ro 5r,

g  * r o  4 > o 5 o ] r .

t

' Obsea^rr\NA 
1ue Ffif *U ,t^ "y,L'rlutn rn*ol-^. "f ",*h^-^'4 />.)\*

(s;g <{,,fr>, e>, no-ô n'^t faa îà',, .p"fr^^h, ù/rù -I"- âe'f,,^^l in

luila,u,l-e i

t- {g11dæ* J'ga1s s"33lhtg (s,A, r> ik +13gl3 *b i{sâ(as,n,:>)
"; I{* "k 2. tt " f"I;t oV/',.-lu"o J. {*,*rt-,,n 4^ Ççg <f;,*> f0'^

t^^J ou dâd À Efgâ . (f 0"" f*V;f ù +2* 1p*tr ltr"^'t -*p*^ fe^.
".{,po"t d 0th**io" f"^t ar-a- ,1'"',^f àe e) .

Hg*Rg
Le 

{-*'"1',r,* y^ l"rt"r,* 
J" -0o /d^"rJ;T* t,4.2.-1 qV la ,t'-*,.hy.

2.1,2 -2,  .

tr
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Lemrrnc L,G .5 - 4

ue^nn an"h,-t-iol

FÎ* U Eluo*
ù).o *1*

Hs'If* = Ifx

Àfruh'^

Lo r."Oalr,'.nn .udrrll--

Xx0e"ff;.L Je Ee,v$q^1"* 1". ç4y"(s,A,Z(s,+,r,a>) = (5rA/z<s,A,brê)

"t
n

Connrrne s*.<&,,fu> eab .^rrn .hej.0l,l,, omp{"t fou^ 
-- ,L E{g *f -c*,ohme .L

nt Yrt'o;t, .I-e thdater"ure f ,3, lcrr,.r "*toQ!,""). t+,q-a e*, -0a 4,À \  â,ot"o

Co,noV - cou'obl+l] ;"pQ.1"-^f 1"" t{te(<s,*,:.>) ^V -8o ,0rJ"**" J" Jo o\*"*

x,=(s,h/z>) xu=Ff* (xr-o\ a" 5 e,ab -^rm -Jà"i, I>ttccLt^*.*at Xr= nYuXn d

o( {ob ,rr*', -oLï*L -0';,n1". ?o* J.T.^t't,x J. El*, X, "aV J" t^.1s,A,E5)
a.De,c, (q<P)=r(2,.=:Ê)" ?ou, ^anl-n-. 

1,,." 
0o rÀdfè *L o-t",r, l,<- fo,u F=-,',0,

o"ff ,l J" ,ranl-o.,v qu',e t**, = h^1 , f ez<'<s,A) n 1er(-(s,â) ̂ (lgjq'e ,T-Lr.

f  -  f 'n  1-*g ' ) ]  = :*  - -  
n l ,Zr  = 

{ ï .u l t^q,  3e z<-<s,s)  r  1er, ( '<s,A> r .

(1f ' r1 ' .  
,1*1 .  f* f '  ^  1*rq ' ) ]  "  Notra a^rFo^a ! ie,n ( l t lq ' .  ;u.-E;) '+

( r , , j .  ^ . ( .2;  x f 'ez i )  *  ( i . )à r* ,ç ' ,1 ' r {*ur , r )+( t f te^.  f ' ,q,ez*\  .  ca^-

z, = zr*f,fln,r!) * =i * tor (1.,{})'
n

,xr,w -tr^ ^,kl-À* J^ à",.,o'l',nru *b |r$rul;|"'

CAJ9 ,,

l,em.wre a,.6,S"r l,

\- vtlâ (<  t , * ,  l (5r4,  b ,  e>>)  = (s ,  A ,21s,4,b,É.>>

oer.nncmrt-n a.l-i,m

J'ary!^'1r;<^,!" "0ur*^" 2,6.s u 4'.L



z - 3 9

No,,rr. J;Q*n ,," -Qo 4^rp-'J*'x,.*"^ 1" i

Lernme-  t ,6 .so3

(.1 )

(r)

(.)

o)

W{1* <*> (<s, A,z<6,,4/ I ">>)

!&** <n> (< s, R, :< s, A, b,,t>>)

il:lt<" > (<s, l, x< s, A,b, ev>)

tf,gga"t (4s, A,;1s,ft, b,e>>) =

W{* <n>(1s,4, r( srA, b, e))

l*i*<"> (< 14, E(s,n, g e>>)

l$g* <o(> (< 5,4,À<sf A, b/É, >>)

*g, <.(> (( s,A/ E<9, A, b, e )))

E, ?.ra o '

FPu.a "

gî* "

F?,r, o

sulnnonot-"o},^

(.) , (t) : 5i P= fn f' .f I = 1'^ 1 rolh Jeo l-no"*

J1*F"bl* ). E(srA,t,e> Jr" f 
^ q eal' arât t-tnce Je E( S,A, b,e) 1,tt

*É "1il.o[1. ca.tv rùon ,r^. o.J",',m "oY ,'^ J"!; J" .l i1yuo,* "* tÀltÀ^;^"t*.

,rorr."reu,b e"h.^r*tf" "F tra"r.r n;" q"làu' -Aut^ 1 J.r,n" Jo^^o q,

(q) , Qc^ *i*..7 nrouz: errô^a Rfd " W{gi:<*) (<.,È,E(s,A,t,e>)=

y{g <q) ((srÀ/ :<s, A,r,e>y) eL )" ,J""!kt )iù*" à. 4.6,5,,4,4, ràuu 1o,t'" (t+\,

n
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2.6.6 REDUCTION D'UNE SEMANTIQUE PAR ELIMINATION DES

TRACES PREFIXES STRICTS

Ent X;L"oQ, AÀ !'r--Lrr"l,,n d'^* f,tol>ta^rrr.^^ne f"tl- ^r- fàtrrtÀù!^4, à

prrol-* d',r^ ." fq; {Icrl, o8o- "fr. Jo,l- a" 1bc}u^Àurrrul, 
C"ll.. *'J"hn . top*/

ù lrftfi..l-h;{" â"t^[""0]" 1*. 
-0* ro0*.Ù. lrofteme,r.r"f 

; x^^E n"l-rne aan

*ull. êu e^c{rc 1';-0 .'t o -&.0acofl<t (ç"^r,*1 À- à -rn "1J

t"t;""^. CEtle . nd^l'i"n A fe^ 8" 
W T. lo p.,*o^h'1u" à-

f\plta/rr\r^r'. *1- "Jâ-'T? fa-u |.0.Ur.ahh )* f,+arro +*+;* ,l*èL ;*7'fi-),i>*-

1'-0 * L,*T-" 1tàqâ À. he.€ 7 o"rF f*"F" pl--'"1' àtrt^" ^t^h. l*.n.

l A  r  I  rl-a n À"fi^ {3ag fSn^-^&* (srA,:> fS* ç&4sas{,-$ Js

e.eie t**f* e!g$ *U Ëf:(<.,^,E)) = 1s,k,h.t, V1eE. (f*1)=a(t=t)]t

F"e*o0o.ù â r l &

Ç:læ (<to), ial r {o, o è >oJ >) = lLu\ ,1*} , I oi' o] )

8*r* (<Lo),f+\,{o, ç o 
,ot o =;' ' lro}>) = <to},1*\ ,Lo 

n ,05'}>
n

rnanpFone
çoue. 

€ Cltrt/fil€

Ltopé-tale*', Rgl-ps
I ^^^|tu

^V "lx"r;|, t'J^pol^t ,r"d n'-t faà
!" rrrnl-.. .0" *l-o"- ,o*pl.* ei- âwu"r.

Lo. æ0Jion -idrù!" o.r^ -0* À,{,ôt-À% J. 'ha^r,'l','an eob l.'Àr,*h'F/

@ ) e ' ,

Le*,rtru 1,6.6 r4

(gtt* (< t, n ,z (s, a, b, e>>) = 1si ,z<s/ A,b, e>>

Ôbsert^rono 
T" 

*
' ô ' .  r -  '  l -

rrn{w,lea et 
forz 

aj'{^eTe^r.t/

qs,à,zt > = Çgt-p; (<s, A,E>)

J" rmaniÀn- nkàr^rf",

o0* Z eY Zl

/no{râ a"r}6tn^è

orf .mô*e" fra.€^



a  A 1

Ler.nwne- 2..Ç.6 u 2t

klp " N?:y <a>(<s,A, z< s, n, u, e>>)

Mt: " :f:* <(>(< s, A, z(s, A,b,e>))
Yfg* <n) (< s ,* ,z(s,A, b, e >)

lf:* <'<)((s, A, 2(s, R, e, e >>)
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2.6.7 FERMETURE D'UNE SEMANTIQUE PAR LIMITES

Cer\-auica A"j^o^h,ï"* anb -?o 
1.,rrp*rt-" 1*

J l.-"..h,'^t 
f *ù 2h* pui.xeo 4a^Ja^t -u.ù\ l-e,*çs

.rnldn*t -b'ar-ra

-0*t *a.^, far 4*J*^.f ,^ i-onnpt , +,^i

E::gn&
?ou.r- \-r,.,.h m>,o , lo n"l.n*hi1u"

$ 
.0L.h.nn u, ( 4..,^ .0h.Ii"n u) ^"-

r.t^\ *"*h*- ,^{, - J. 
+o; 

,

tr

Danu l" .oo onl-oo,^<.,, -00 xl*r*l'i1u" *Y 
l"-^ 

rL ga, {Àl l'." "'-L-a-Jô"

rye x Fo* *0* f"Jfà $r" J;. -h** , 
l;" I*'ù êh.. r,,-,+t f*

.{r ̂e ,,o.iu'l^ J"" -|.o -ho-." À+ù" -V "u^ ."0.-0 /J6tÀ. i

*b  (< . ,R,zy)  =  (s rA, t rheZ@4s,4)  r  V ,ne . , r ,  lq " t .  d " . *  q ] t

E^e*pl.
e l " &

I" 
F^&,' 1,"^" 

-{"i,..ll-. J" -0a nl""^^hr". $,.1.s- z "al .0o. p"Â"^^};y^

J . { .  ù -  3  ,

n

lermrme- 2,6,Y *4

,"^i "^t ll-n';r**!

s..{.2-& ,?f"" "0e 
1"r^ 

E'W.' 1.'eo.'rllrn ^

J ^Y ,rop*'À|" Jtr^/o"fn -\Ç,j|a" q

fg* .,U *'J,,**J Monoto,\(. ,k .-l*-.,f. 1o.,.,.,,*anf-t.^- l'i)rnpohr""

Po.r.n, ̂ * l'*","{ ^ e - .
(/n * 1 ] '

F3ù ^Y r^,â^ "çâohr.,^ ). 
N"'r. 

.1-,-. p*f .jo'*rr." o*r < *S <4&>, ç)

3 1 e 2 .f

sJ^onol'..oh'oo

f-* l(z)
{1.2'<t,*>

*e-+"*F*^t'r,,,. l(z\= L(zur-(z)) odt L(L(z)eL(z).,a^ r(zvl(z))=L(z)ur(r(z).
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5ù "pe L(L(:)) o0* \d*e '. 11. L(z) . t"** I el' ânnc 1{ e Z. f-'*- 1' J

âotc .,,. e L (z) .

n

eb

t
I

O[sett^rc.o 
1,1æ, 

2* 
{r,tnn"f*<- y^ tr^n*Lfe,l J'r-n. p"rin^r}''"lrr(. M'i'k'J.ÂL

*J1".-b J"^rq vin.^hlr-

(r)

(x)

4*{*^-l-,r^r^ t "* 1,irN;"-

ttrj.$ (<s.,, An, z.)) = *ô (<r",A'2,>)] F tkf*(sn, An, =,.r)= fu|t?",, *.,â>)]

OoÂarol-.a"h'an

û) Cr.s,v\^€, F3À -h """fttt'i| * POgt' ^nnoF^s / ôo!,ô a^hNô P5ft(.t,^,2>) g

kgt^( F$t (.r, A, z>)), Âù 1r',*',2/> -- ?xl^ (ft1 (<s,A,z>)) t ,c,e z' il'^ * *E P"
ê T  \  æ \  /

f..T^" +,^' Jl^ . JÂo." âe I o.' hen^ l. f""W. t,"* )tu,,.e- âo." 4e E"*<s,A;

T'"d" 
1ue tL n<w, 11eZ,t"t*1. Ccrume n--f 'tt, /r\ô{ra eN\ J.U.^r.nr*r 

ïr.
{, *F <^cne lur^ f.d{Ë" {,r^, 

Jlr.nne lnqn J.- z.

êrà) ,{i r3À(<..,\,4>)=F3À(as.,*,,:u>) a.0or hrl*"F^!b&".,Èn,2.>)= bf<^,rj;^(.1,R,,,2";
"l-J"q. dtap'.ù )u0*" lc.l-3.4 , crroua o,rcmA fu(*ç<t",A^,8^>) =Ï5:,f 

t*(<"., Anr 2,.)).

(e#) L .rrtt-t --o-ng0" *V in=sc = tol t hr--À"={+} , zr=V\s,A a 
rÂ 

o 
,a54

-&  - -  
tÊ  >a - -+^ ra  >^+^ -o j

Lo t.0of,'an .,rnârriFe. l,",^ -0* À.t"fà". J" .ho^-.h'"nn *F!!IrlU ca^- ..

Le,rnrme 8.€. T- {,

F3$ (< s ,h  t  Z(  s ,A,b,e) ) )  =  (  s ,  A ,2  (s ,4 ,  b ,  e)

fql À" ,nou.,req.Éô( -yr-la* 
{^r^ à" -ha,r-n eY 

f*

%,q^^} 
,mâ^eo 

{u"*"1-* fan, 4Àif* onb *â,**

{-^t^ ( r" *df \',1ue- LY*'b {",,atr.) :

L"nn*" 1.6.1-3
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To"l-"{ar Jr*^n p*"J-,1tr- t*^t 
nnâ,*e, "^,oe*bl* J" ,ba"ca +,r;t'^ ,L

nnôrn.r 
f"d{-rr^^"1-u,.ro Uoo- f;b- I^u ,*l- r"nâmu 

{*,*"t-*" 1e- 
-0.À; l.e,o ,

l*^,'tn. Z. e .1 - l+

[(â n zt?s.,4.)) = (à,, z'-<s,.,Aù) ̂  Pxcf t'6r.,0, tà= P:4t-(<r., *.,2)]

t *b(.q,0,,u">) = *b(.s",4,,Eo>)]

u.À^t"oFi.tn

Paronn

ots.nrtono 
1oo

r(:"\ = L(zo) .

d* l;'L 1us-
D

l (z)  = 
l1.z '<r ,n>,  

V^ e ,o.  lqe z.  1" '0"*  I  \  .  Non*"

P*ft-{a".r,Aa,!,})= toît-(as,.,Arrâ>) -,ô."î"^e 
1* 

.,, =st / N,t= AL t

ilaro o.,o,,^o .r^".i z n Z-(srÂ) E r(:) . t 1** J;ù"" "Xt^

FAb (<., A, z>) -- zv t(z) ; (z n z<'(s, a)) u L (:) ,

Connttg .*^i1re^^o€ r N\out> o[l'** 
1* 

!" 
+ourrr,-F*" 1"o^ 

Li^|L )"[o

"t'À""fi* a.uo( h,t.^ i1*l-.t1"^ (l.,rt^ t'rn oorntoe 4^'àtrl"ana) â\^" prh"^ti1*

*n*dé 
f* ,-r ^tl-.À" J. âo^^^'hlrn al "r}ùe ,l*-^hy. ,

lBrrn "nt- €.€. [ - f

cedG)(- '-0'o
" f{g* <".)((si A, Z(s, R, b, e>)

tr3b . :{g!<*> (<sr A, z<s,*, b,t))

bÀonol'ool,'"n

e"^ J"{*i l-iavr, <s, I / z<s/A/ b, E>>/ IIS* <x > (< s, A, Z < s, A, r,e>>)

!{S* qO(<s, A/ Z<s/ A,b,É>) onl- r*ôile '*. ltl- J" ,-ho"* 1.t'^
â'qp0'i".^ ,0* 1r.^ ** 4,Ç,qut,, €,6,T't{ + 2,6.$.1.

Ac

F{;0)

cr)
1Ç,* ,2<6tAtë ,É) )

(s,s, z<s,A/b/ É.>>

Le-v

12 n*flJt "0l*

I
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Lz tâ"Qt",t rùa^^t -p*l-o,.^t pr* lo o*p^il-,'^r ). lurr^.|*rn à'rrns
l r ï

lÀr^^1i1"" f^ {^'* f; 1"n )À;t^ A,o.Lc� *l;Q;l -t'!},k-'""^rnL

"t.^o*J.innn -l^ ^ulrnJ,1r", * 
1-^J^ô fa,r ,u/^ ztf F";o Je fr"^,,ilin

l*^nn tne t.6, T ' 6

Ef$ " rgb . tfx, = *b .S*u

o

Eg* " rhc = *b 'Efs
f{*13 *t- ,.rln "ç&aVe.r* â" 

{"-r-*.F.- 
" tt1l,^*" r>tt'u 1Set.,tq"f1b1=)

( , r )  Pc, .ou 4s,A,z.)  = I f*(4s,À,8>),  4s,À,rn)=F,&iggs,A,Zn>)= (srA, z.uL(Z))  aà

L(z\  = lSezo<s,a> ,  vme co. 1qeE.f t" .*g\ . ,  <s,Arzr>.r-9*(<s, t , ro>),  Po,ra,  J- l t ronhr" 1u"

Z.--Eo , LQ eul!,T à" âd"^ft" 1e 
Z.sZ" ca* Ef*l *f *h^ofn,e +ùt*v 

e'' 5"f e Es '0*

1of ole 0" 
f ,*"  

.nq q. ,ù€c R=(r^ ' t - ' )eZ. el-  Q=(1^q)e2.,  Conirwre Zr=ZnvL(Zr\ ,

loat-',t 
eq.à Fdvtï- à .*"iJ; '.

- Re z^ ,l qez^ ' J'optÀ lo. .0*" r,,6,f 'û .1 .!a )etp,uh'^ J. 2,,mott^ aiôa

rr.r (<s,4,!.,,>) = {s,A;.> .l- lonc (n^v'\eL, "l-({^q)uZn ," ̂ ûr,o r^^ â"tJÀ.*^ f = o? ezne-Zo'

- ReL(2") ch QeZn', ",L """,^t-e ,r"eZ'<*(srA) f.0€. 
1^rr- 

(*^v\eE^ , ce 
1,rrr. 

^,armô"

q.u caÀ +**i"l.*h,

-  Aez^ .Fqe L[z) :  , t " ,1  ;  (= tg l )  X *X J"  f fo t  Jo,o f  " l -âonc Jana R J.

i"*F. 1." fr=Ar, 
qrnÀ/vne ReZ.,, J.*;t-. LeZ. é0" Tt R<LL pc,tr,r, me fR'l. Eo

to^t;J'.^ Vm<i. 1't""-rL eZ" "c," .p'tt= R.'<ô, Gcnmne Qe L(2"), "r,oï-,...e {-"e.e ôf,^ie

.l- Janc f 
pt*k JlaQ*r.^h, P"^ J"f;h'^ ). L(z),fl@ a^,<r\,\a V,me,.r. ltez,t.

e(*.+L- Q.ro^J- .on cot- plt^'.hrm*J fù- 1^.o^À 1o" 
-0. ""^î f J" 1. ào,,','rt Q,

f{ùtrâ o..r}ûÀÀ L =((qt"3).t*^L). >. arf 1q'nq'<q-d-4 
^X\ ez^ r a^)ec lez't'<s,A), C{\^rrrra-

Ef* (< s,A,z">) = <stÈ t:--,t> ) /yrùu €^r\ Jrtâ^rro*nt (on q't^'à-a 
'r 0 ) e z. nJf,

(p. '^* '* " . t)  e zn. E,n pr^biJ* 1ue^^d 
' \=(*+i-[)>i nàt -r j ,  3Ler,n. l tLt

"l- Jcq. t€ L(2.) ? Z,

_ ee L(t4) -h f eLtZ"): rwràrne *aucr'ra.r.r"l- y. pnl*Jo*rrrr"^.f ea* Re LCzr)

urrrpli1"te lL€2.t. Rt<n-,-> L ,

-l>ol'w
I

I

(4)

o\
b)

uÀonoï*ol'i"n
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(a) À/ajnà (4\ ,b f*- ulc*nn,,u'z F+d " F^$JI " ffra = Flb ' F*W ,.b

J'a1^a I" !u*^" 9.G.s atL , s,ttoua e,û J"'J^r-on" IÎ*"f$lf "F^lg = F,$ff "FtA

(s) F${p "t fk ;F*-.h J* "p.-{oh* J* 
{"^"*.1-*" , 

;9 "-V. â ,''a"h^

,0liâ.*ç'F** 1*i 
'.â.^.QJ. J. (l) .

tr
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2.6.8 RETRACTION D'UNE SEMANTIQUE pAR TRANSTTTONS,
SEMANTIQUE CLOSE

Da,u.u Jr/Ae g*" J" ttou.h'* À'rtN, f*t^*., 
rûoua -h.r,-J^,

aou+e,r.uL à -jri len- ,0* ,.olo.-"rwr.^^,h Àu- -l- .tnar^ Jl*Jorh'^ -JÀ.

n,i**Jl1". <5, A/:.> ,L à 0^ ou^yQor^ "?a,r )^ ,..oi,o,rr'u'.r-J Bb -0-

xyl'."*" J. -h*^if l.nn < s, È, b, a> 1* 
..*- prr*^^rh;y* "nnX.,nrdae e.k-

ltr"çQr{,.rJ','.nn /v\€. ̂e. y-l^'{f" 1* 
p" tt\od" ,fov,>êt\,o ,r,r.n'rl''.e,. 

1u't* 
, 

f*
t.0ohà" à 0o "1,,1".o,I,* 

1ua^ 
-ha"rdh'dv\A ç[gA(4srA,z>) =(s,4,2(sr[,1,e>)

)* k rJnrt,1"" 4 s,A,z) 
ft 

*.,*p0o"",,. lo f*,*r" *1o,l*" à <s,A/z>.

O e{^., f ian 1,6.8 t 4

*X*À/. fo^ l" A.fl-'i** J. ,b.",n^i l-,'on

f^hg$ . ( ç:l^ <q,,ft> - Sl$ <rf,tr>)

çbg1r (< s, n, z>)

E*.^p0*
* l æ

L ,,ii'.o.h^ ,1o"- -h. *ihan" J" 0" rJ*'*F,'1uc <{r},to\,[oj-o]> *b

<t"J,{q,[o 
* 

ro,,,o 
* '0..,]). L^ pâwJ,'1""^ e.4.t-4 , L,1,2-L "t. 2,. ' t ,L-3 c, 'b to'f*

fr". 
,.J.t-ta"F,nn -1ra^- àa^"o.t','.rrrA Jo a.in*h,'1u. e.{.T- 3.

I

eEgA ut *^. 'c{,t-,.a"h'on (mcnohxre .l-iJo.npol-"^.1-) a.r,' < spgp ,$,frr,s),mù

.e q'eahf* *.r.1, ,pdal-.,t- *|*f (or*one !. rmonl-t. $Lr*p0. o-Jurrr,-). ro,rr.foi" $ô..rr

, f;Q;*"* -,0" .J^JI-*.F ̂ d,-^t. i

ttlruo i trtÀ'ol^ !- 
,".-p.Él-." 

Au Qt oyot t".,,t u trH T; 
rt\oLrÂ p"r.,tà.rnl- 

f*
). .L"N* n-t'f,,'."-l-ion" ,

Lo r.t'.q"l-,'ôn +"n tnor,*ih'ru, J'r,^"
ùæ læ ^è*^-É t:gg{&* <s,A,z> ̂ V Pa rJ*o'l-,1".

*'1r*Jl '',oo,, ...S.' p.Ào '|,'1*. ,
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-Thâo 
d.rn e- 2,.6. 8 - 'l

f1gl" Eh40{{{{{{{{{{{{{{{� eoL ,u^\e l*-ch,, . t,+J,;*. À.rÀ (l3g 14tr> , --\* T æ T ' ]

Dd'monofoahon

qÉl "l 8[g! LT".,"t *^oF^* "t "Cr*pol-*h, ^0o .^f-."htn g'.1-dna&^.^"t,

$ "-l^. â,roonft-- 1ve rL (s,A,En)= fu*f, Ebg(as,*,2>) .[o,l zçzn. c'ub?^LàauI,

ca^ È f ,z ) t(\oLt' ..,^rô,!ô .(f.) "t {.'eltl ttr(p,fi..) oà <s)frf/e} etb l.

o*l-ô. J. -h*rn l','rn "^X"-4"/ f* 4.,+,2y. fa,,- *J1ur^^t, f ^b

fd{* âlrr^". -h.a"" J" E<s,Êt, b,e> * Jun. f .Zo f o^ )'"+"* l-,'a*r J" aqf.
tr

II*. l.J*"^hi1"" h ro *'.Jt oJ,^ -pa^ -h-^*ih'o^" n'[]t "^ 
Xii.nJ

f^ 
.-stnç-.Ela ( ** 

fa,.,h*Âb^ | f^ 
É-qstv'potrobl*), .lu n'Àæ,u,e^.no.,t

I  t .
^.lJ^, )r^4 pzma/t,r,rr 

1tr.e
L -  r  L

,o1aFd*e. J" Jn-q^.il-,.t'.t

nn ' *t 
f* 4J"ùr.1"t ,.rr ,aaL.r"* erm a^,b À uÀ !.

ï' "0r. "^Xn^J,.. .

tx.^,r pQo
!!4Y vb

$o.ra ̂  e, 
fou.ùô^Â f* 

J",l$*'*^ 
1*- foolrn -0n^ -ùo""'o J"

,oÀo^h,1,rro 1.4.r"-4 ou- 2.4.X-2 6o,rb 4il* 
e\\ "ùa^ a-t o"^ -0" nr6FÀ" J.

fro^^*h'^, .r,.3-'{ qu'.U^ "^4.^À.^^k, çt* 
-0. .o-^ 

lnu. 
""!,;-; "^ne^'tn.

' 6  } . , ' " " ; { ] . j . '  o  n  
r o . r \ r . , .  .

I

Nlo.ro 
fort/>,Jnô 

,n^rrtl;o^ .!ca eaa oi ,rr/vle ,"Â^ul;y

-roa. àa^r^i t-,'a"t oont = - *.npo^a[l* côn\rma p"i] i

,T ,oa ,."h',.otl-, on
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TÀe.c,làe l.Ç.8.&

(r)

(ù)

[  4s ,A ,E2  e

f  <s,A, l>  e

*[39(<s,r,:.>) 1

&ks(<s,A,:>)l e

f<t,x,z> = 4:!F:(<s, t,z>)l

[<s,r,:> = (ç!'î:(<., A,t>) a, (s,\:-) = LNI* (as, r,:.>) 1

(c) Sd')- (s,À,Er> = *b*l(<s,4,:>\. P'^ -0r4[s-'^J" Auff^* <s/Atz> =

E$y(<.,n,E>) , (s,A,2;= &àf-" (<s,*,2>) + â Pe E.Pftr.

o'ofù 0" 0*. 1,6.8.', t .k 1o"" 
J.f.dl"tr J. E, , P*F .yv"{;-

!*" 3.6.8n,T ".^,lhoiroc.,f ee.heft(<s,A,:y),

.{r\\-".sÀ-À'tn o+èc, < s/A/t > =

âlrr^* tr,acx. qJt.Zg. P çF- 1"Jp;* It^t /),/{\ô{\ /\drÀ .rrr,.r',tna Q4 È= 4 "} Fe:ç

6rr n âan" P* bf,t- (<s,n,ztù,

<s,N,É.> = Ef3o(<s,, t ,z>) J. , .

6\ o. ol*" J+n trlr: . P++-p / ert\

RlSs ((s, À, E>) '
F

I

ur*"*t',qh'"rt

(.,) Pe,v -0'at..^r.Je ^rîp**o <s,A,u >= ÊU€$ (<s,n,:.>) "F &*g: Gs,A,a>) + <s,f,,Z>. Ccrrvrne

&f1, *F ',"L.\-;$, 1t,1"t.f *1 n f+1 , si f Jhâf -u^. T*a.e- -if; , f*9
€^^T'.ai^e/'a:,| 

t=l , J^. f *F*^rog ftq,a 
+,^i", 

Corwrwre- 4s,A,z> E BI9U (4s,n,z>), f

*F rrrtE f'.q".e "*1"^à.'."/ 
1ot 

l. rytFÀ" Je. Fne^^"ifi.m <s,Art,Ê> 
\^^à"1 1a.r 

<srA,:>

.l- Jrn" t*t *t ,^.,^ it-a-t- J. tQo.oX" toun, b. Pc^. aiÏertnt, crt$À./yv\e 
f*1 t ++1,

A\ô{, a,r}ô^À (lg1-.r1 . lql J }*" ',o* J-p*r"T'i.rv' J" V i?, *'*l L+to,(1,*t,lgp),

.,$ *,'t"oÀ..hinr ârec 161 = f t*\ I '"J'd 
f *1 .
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lo.n ont- €,(,8,ù3

t U3gS (<s,A,z>) e <s,4, z>l

t Ëg: " Ef,ga (<s,A,z>) ç <s,A,z> n F&i!"E|g(<.,R,:>)= Efil(<",r,:>\)

>-grl.fllbgls!

(=+) Praono <s,A,zr>=(hgOr (s,È,E )=EfO(<s,R,z>) -T-*rup*n* ErcZ, t 'Ja 'q.a

qrùsî\À t e Z" ca,! Ffg *T- "-Ft^ntJ,

Ltnn. l-'.ac. J" .0o r,"l*.^l-i1u. fttp"ffr.C.s,À,2>) *t-r-r. hr". L -lrf*"

(1^1)eZ. a)rec 1++çreZ 't- 1îqe z .l- 1.rr 'm'*t-1.^ 1*.{L nl-tr '"1-Jor^o 2". P.n

J{^^ih^\ J. &E41 / mê{, ot",-rt^o 
1,ro. f^q *tt ç".f,-à à''r e..ho.. tezrÇLel-..

Covrvwre 
f^1 ^'*t- 

1a.o ff{,b" i:t-"r;\- àatro7-", môuâ arctv\o (g^1)=t # f*.on*'1uo^l

(ç"q) e z.

Pau^, t 'o,.rh 1eZ^(s,Â> / mèuâ a)ô,\ô $.eqr.11eZo'f*^*tq 1*' 
*l-"oi^" f .Zr.E"

.F J^n" Éù (.r,A,z) = ( s,A, â) ,

(+) Paq' l* *'ci*q,u", ,roie^th (s,A,Z")= glo (1s,n,z>), (s,4,:o>=&If3(<s,n,E.))

el <s,Arb,t> .!" lçt-r*e ), t-"q^lt'f,'r^ . 
X*A"i f* J" anÀo^Fi1un- <.,Arz)

nonh.ru. J'ot*d 
1.rr. f* \ 'otr.r .çeZ<s,p,b,e)r r"[fl t ]eZe.tt^*1, r,râ{r4

aÂr$\a 11'e Zo,f-'"**1', Pæcno q"=1.5i {q f'.o.*, 1" J" z" *^h 
f*+,-., ob*;h J"*

2" , &" Ae 1*Q*1. 
e^,\ , Àe t'.q.-e 1^ J" Z. F.S* T" ftt * 1t , 1- â

x .Q!. .k f""l{.^" pf*.h, p 
4."Qt'ç * )tt\^e- f'.oc. 1" ). Z. F"0!" 1*" f'*1s,

5; ."-Se o*"ln^^"h'onr r'aru.êt-" 
ïtà ù+.,t l* , /ïèu^ c,l'l-*^o lr^E f'to." 1" ). 2"

hn}9" 
1. t'tt*q^, i$ ^'-f 1'o td.?.* 1l^,,rtl- $ 

1*' *f Jon" l0;. ^f J" zr. Noan

cq,À ôàuÀ -hil-.*n q'--1^. si *".^, -0'F.^dru Ât^rs p*i\^. -^,F. {b, ir-o J" l"o*

zo F.$e, 1*e f-"* 1i .h (i.i\=>( 1q!1<ù= (1t5<[ n 1i+1i'). ccm^" SE'(<s,A,zà):(s14,És)

T'.qc(, lr;if" { J.'1^,'" la* 4" -- f" , di = di t* i". .f 1i = '*i f* i';
"ff*h"-F à 2.. tr\-*^h ,^4ù., "jj. ^'*1-1e^ p.{*" ph.,'"F "}"ffJi. }'Jtn. ô:n,

H,onh"otta ,mei^r.lt^"al'F î^^. f",u to,u çeZ<:,À,f,É), 
j.lfl 

, Mô'tÀÀ o^ld\^a

3 1'n Zr . t'i -.* 1; ,

c.e

à"

*".



5L ;=o "Prn ,,,Fez<s,A,E,a> Àpt.g*r." .(f) .X^ Jon" t"^ f",?.^iF,'^ Jl, .,

l tez. \=t" J. p*f. 
T" lt-ez. f" '*4, Com,*r,E Z?zzl r,rôrr,o Àdrôo,." Àt

0*. "*- à.ra.ra -Q\"oùhu^.r, )t 
\ eZ n.lr!, 1u" f 

*"*r 
1i

ttt^* fl^ l,1f.ffuÀ J'"riA^,"F,'ro t',* ^.ld .t- igo .l'"^Ll,^n L

1i-^ .rn t-"Q. 1'" f'"-'-* it-'. Pq^ &,{À'F;a^ J. Y t 11'e7rj"l1'l . f.-. = f i-n 
^

Si-^ -- di-^ ^ f-i=1j , ilètrn ea4 À^J*;r ^ Tre- (ft" ^ 
,"'i) e z" .-l- Janc lL.ili-*

Je 1' . z. r"l" ï,e f'"* 1i .

6i 
f 

" Zas,*,b,e) eot- 
{"rd" 

oP,r* r*rô.qô a,{t'is.^-ô *^\-n j y'.) "æùl'" 4rrn

,& 
W ; = (lfl-r) rF f'tj-* qi . côn^^,*." 

1ezcs,A, b,ët t fi .l- .r,r, e'Fo'f A. 4,!-*Xz

t Jon" qi = 1(; 
.o," o,l.tvr ^\rqÂ â'hr'â^a (f'tt^ qt") e z nh J^c E4r(tt, g:.,) f.-r1'.

(s,À, b,e) "ah e"r,X.*â^t go^ (s,4,É> . ilùùà a^/\ ÀJ"U" ô^a f = f'tj . 1; ez , s*i.r,r

f 
*f /À+;i. .Y pSoU (*t,A,E*>)=(s,ArE.) â. o& y f€7. co.^. Sùeæ,l1ie Zoez",

Côrv.,*4- 
t *h j#u^" .T- 1e Q , il\è{r.ô €^r! J*'â.r^,r'* .1s eZ. e- Z '

n

t-; ,r'^r;^L ,-- ol ,u.^^e
I

n L L F I I
orr c(ose. e,AV l,^mP,ta{4.^ll, cr:^, alYù1A

p*na^^l^;ru. ̂ l nl-l'to.hJ -ya* h""^^l','ano

( sr Ar L<s,A,Z>/ alsrA,z >7 *,1."^À" o'"o.|"*r'^L

:E "V l-o*b t^-.r"*e^m* t p^. -0* ,ho."o :. â^ 
1t""ça,t-rwr. ft 

pz ,t*meu.e,- à *^

,0" x7l.pl-; . ). ha^^^r"l-,.rn (s, A,'[1s,S,E;, e <s/â,E>>

e'v\ .^X"^L*.^t z *p0c,.'l*''*rt À 
f*.tr.- 

). ..

(a" 1àe L

efb^t" )"

ZoLr,wtt'n "t l ÀJ,!

mna^*'e,.L h;ù;J "

€ .6 .8  :9

L -  . f  '  \  a  I  ' L
-{r.adJr.r t-rcrw ) , Le,q c(}{\Cllrr.r/L 4

udf;ih "o

[<t,^,:.) eob .k] o* |eh*s(<s,A,E))=(s,A,zy]

r
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Nlr"ro fou.uoru *o.1r",.-o, !^ oÀo^-l-i1.* "\nr^ 1,o^ !.^ +*L 1u.
G) 2" ..* FJ"" *^t l"f,'* J . .l' '*J ,^-,Iion J+ *^ J ,^)rn" "., L J.

0rit-ak -or,*.^b 1J 
" Lf"' .}..-;"* .J- moo ). .8" 

f"ç^ 
Jr*t- i/ o LIJ "-b"",*b,

$) 9" b[r.aX. J. *lto'*{urli^ on ̂ , [lJ ^. à!y. L 1... )o t Iï.L "J

(É) l* -0;;h. A* "-,rp--l-.^",,""i I;,^^ À,s,.L )^ .r^ ç^lz*; ^l^
a.."çko[l* ï

Thla.ràn<. g,e .8.\

[ < s/ A,z> -Y ,ht f

t Ff*g (<s,t,:>) =<s,htz> ^ W (<s,n,z>)=(s,A,E) ^ *bcr,qr>)=(s,A,z2]

pÀa^ol-'o,}-,À

(+) l r rr t rm<o 2.6,5-L, 2.G,6æf t  f .e.+o2,.  (e) l . r tnrneo t ,6,8r. ,& * 2.G,8.3.

(s,A,z> Ê. 4kâ3t,o,ty1 .i Jon. 1a^ .^.mot-rnie FSaS (<s,A,:>) E

o4- F3g , Rtg{' (<s,*,2>\ = k (<s,n,E>) â'*f'À 1" lLhr;

Tgù (1s,+,:.>) s qhs (<s,A,z>\.

B

(Fnno,aonLsol q ,!l-€nÀ^r' nn "L, !,la;f- ,rrni{ari. a^ta.- r.,tqe rnohan à41"^""1i d. aÀe^h'ï"

,,hA^*,ù. J* Ào.r. ,À..rmp9.'t-*), Faea4"no ^ot"raa^t ). ,^otz.i,�"., ItoTJ,alurn fu.,

Lexvne 1.6.8-f

t *gfË 14s,R,z>)= (s,\f,) n Ëb(<.,1,2>)= <s,A,:i +[ g!g4(<s,n,:>)=$i (asA,:,y)1

Dolno^sLaltcn

5f &fth(<s,R,:>) ={s,A,E,) ù çflu (<s,ff,:>\ = (s,A,z> a0oa â'Td 2,G,z,,tû , riroûo âÆmô

4ol ,ehfs (<s,A,z>)
2t ,C,8ry  q  J^n"



2 - 5 3

Bfa , Ef*â " F3,$ . ft*s t<s,*,rv) *l- "XJ à r&s "Ffu " f,fu, (<., *,t>)
J'a.od !. X*. &.G,T^.,G,1 ,oo'ù Fjb " fu Cs,n,E>) .ot ) '.1.,i l.e ,t-1,, tr"ga$ -t

r)*yol-",^^V, o;t -^?* Ef*l "3{ " Efu (<s,A,sy\ "^ opFû'y,,^t s" $oû,,e.,,.
â,6.+n,6, . {  . b'a^^k tt, Hp* "EW"*Â " lW (<s,n,zy) --

Rel-ps , F{À "Ffu (1s,n,z;) = *,y " fb Gs,A,z>) JTa 2,6.r-,.,e.4 -Fr. ltT.e l -  æ  â l

eflflp n",Ï *'J-.F,{. otopù .0. -0*" J,G.6.1 , moû,> e,u ).'"L;c^^ô q'rê.

gFgS (*d^" tfig((s,A,z>)) É F^gô "F$g {..,4,:.>).Gt*w,c. F$s "t- S..3 ̂ *F.-*h^.a*i*r*

drtBg$ €.- ctnorroFoqe / N!o{r^ û,0ôÀÀ qh41(<s,N,zy) € e!g$(Fg$" F-lg(4s,r,,2) et-Ja.c poz

ft.o.',*iF"ùit-i qbgg (<srÀ,Ë>) e r$!off,-(<s,R,z>), noù <s,A,z>-- er$,o(rs,nrz>).t-0.4^ro.

$.G.r't ÀçÙ.3*-* (s,À,r-)= çffg, 1<s,r,z>). 6n e^r, à/ànI qka^(<s,A,z>) = *aS 1<s,rt,:.>\.

qannLt. 
d; ât'h'o^e) o^1*À.1

"0o pr*o".ï-t1"e eale1"^âÉ -f?o^

Thad,À" 2,6.6*e

f* 
^ A,fl';e J. âq^".'h;l"

Al  Rd (o\ . -

Bf:ea " !Jg-<<>- l *  -

Rl-rnant , gfai^Z<>
æ t'fæ -

n
All.tr.À

, rQl-nn rr
e-

o Rl-.aa1
4'*e

= e!gr.
= Êb*

n

(ç"'u n^

-f *o"î^rt

(/)

te)

bÀo,ull.ahan

tio,r,o qrd\^À &ûe ,!,f* (*> o Sh*Ot qqs, tr,:,>) = Ufù<n>, &bfl 14s,*,2>) J'.T'^ î,e ,€o L

+ gfg 'w{oan<x>o Ltgl(<.,r,É>)- g{941, <<>o gIBrù(as,A,a>) 4'q'ù d,6.s^,}.4 Jon<. Jrap.'i e,6,BN{)

R.ç-" o wP; 1q)o qbg (1s,n,:.>) *T-.hJ À Fjb" F4^#"Ifer<n>" &h3f 14s,n,z>)æ  - T æ \

"L donc, à Eg!', l f :3<"r '&hgCâ(<s,R,z>) J'opd -bo,0rr,*, " €.6,5-3.& ,.o,,b

€^ùes\E fu^ (a s,A, z>) J'T"O .0. J"^u*. à.5". T ru5.4 . la -,p^€-u^rr. *l- ni^n', 8^;.

fo,u 
(r).

n
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Âi ,rr,t. ,Àr^h1"" *f l^,ttà

1ra. Fq, 'dh"""|''* 
fe^ .ha,.r^r'fiou r

ferrrwn e- A,,6,8,"1

1o^, {,-t'aos, .d" o .rJ*. f";lk'" +,^b

[ç1* (as,A,z>) = (s,4, z>] o=+ [ kft-" tlgp (<", R, z>) = PJg{t-(1s,A,z>)]

b"in on.h"e h'"ct

(e) Poaor.r. (sr A,zn) = Êhfl.n 6<s,R,:,>), ,&oie^rb 
f , zn ,. hl â. r*l-. 1re f{l -l-

-^,' pif,t {; à 1. t1.r*\-.r,rrvs 1^^'-0 *f orno. +"!+à. +'"f" ât^" Âo.. A. z.

f'to = f. , f y^LN*. l*; â rr^e }..acz J., z ^ f* 
J.l^iFi.^ à" zn, nù',,^arro,ra e(p) i

ry" , trÊ1^^a 3çte 2. d=f,. ,S,rppoaou .'naÀl-*o^,.1- 
?*e ç<i', i'ri al ^

l"*l* +^t dtr.,rr',c he". Je Z. È.mc ,!. *,;fL ))J\^. .Eoo 1.2, 1,t'= +,"',
D''crd;o p",t r .ç Jl'*^F rrrùc- -ho"" à. z^ , &" e"l' .^XerA.'J f* L aphÀ.

Â" .hqo^^"ril*,'.m (s, Àr V,t) ^X"^J"/ fe,t <s,A,t>, * *o,- aù<r ^ L15;,(1i,,,1i,*r\

p -*g0,'1t" dr{À t.3r'r 1-. l '"eE, i . lsl- ( " i  = fL,  ̂  i3i=Bi, n ' tr*.=fi ,*).

(s,À,22 JI-."F {*â fa,! {-,r".^r,, 
!" .b,,qre 

f<ù'-!(-f,,r=*i*.-5-!.,'j*r -l-

qrrv\r'x^^.- .hrr.e. J" E ù +.<itr -,^^ eoh nvr +"ëW fd^r'. f;.apo**rh f.tJ *|
t r \ '  l \  '  '  t ' , , " "  

ho*  J r  : . ,
f4Ê-+wa- Tr\N 

d t

(=) (s,S,:'; = P:*+, e!33(<s,A,z>) ,l'T"i e,.6,E,r,,t , PJUfj* éhlÀ[ .mcnol.an",

kft",((srA,z>) É Pjp+t-, FSI ,&F:cg ((É,4,2>) = Plfft',@^(as,t,:.>),r\/\ ortô 4dJM,o

il
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2.7 SPECIFICATION D'UNE SEMANTIQUE A L'AIDE D'UIt{

SYSTEME DE TRANSITION

Cs'rnrne /ho!rô .h*"L*.t* à Lalfi\e/i,,er'L )- 
1** 

)" 
+,arXha/Nlrt%

*"Q"h.,.r- à ,^-r^<- prt^",,n\,y. <s/ A,z> à J* f*- t 0al'i- a-rr. etfl-eÀe J"

.horrrr ' l ' , ' . , rv (srA,b<s,A, Z), t<srA,z)) T'&. 
*1*À" ,  

'J 
& ^o}.^"X, J"

"h"".lrer,, ô lpJ*p',-. .lo p",L."^'l',1u. <s,Atz> à /*'J" J',.^rn pI^l-âe J.

.h""; t- , 'ô, <s/A/t/ t-> rrrd 1*ù. 1uc 4"odbl.  à. 1srft tb<s,A,E), ê(s,ArE)).

sq^* .0. caa J'-,-.a,te À"^^*^F;1^. .%*. Ç. 
l,+,1; ce J.r.^q a.Xnl-À*

àe l,.q^À^i h'.nn Èôr\l- u'*;o0t .

baara -Q. c<.^ àt*rn pÀ"^l-i1,^. <s,Àr:> nrâ{) &r. (./,r+,r,) -1.^ f'.oc"o

Àc Z e.r,t' 1lv'�]"r^ 
J* T-"co.€o n-1.^d^"â fq^ 4s,4, b1s,A,t)recsr*,E>> J" o^l-. 1

**. /^"^h1" <s,A,z> tJ 
êh*e rp"L$'"é ta,L )xn a.ph^i J. hto,,o,'h',,vr .l-

t),v\e, .*À^ho A-Lr^ ,0* +dk* J* f'.-qceâ 1''J .^1""\." (.{. tl"r.r), ['Jo.ro

rynnh* .JXo0.,^r*h ï" ."Jt* n*\*l'i1. fod{r .1"" (srA, â) ool- "^X^M à

À^Às u*r^Jo^.. fnà fo^ ,^* A1\-"*:e J. t-\4r^"ih'.r,^ ..+, A+, V*, ,#, 1*
À.!,t x,À "*f"à0*^ ^*t*n0lr h -01*J"..'l^,'* J* fl-t** (.f.r,+',,a1, rt/o'a

ehAr.*o ,",r^a.otrl'" (.{. r,+,S) P. ce^ f"^f;.--Q^t^ ;F*lb^h Jl*,^e "rJn*.^h'1""

rôr\ "0,"" *Uç +o^ ."0^--o\^ à* h*."c., rytf,;*- nF-'"h "l-+* ̂ J f*-fl'*,*^.
Èoara c-e .aa Z eoh -&- ao - {1.^^o"^^[\- J.-o Fto.- *1"^Jt "â fa.a.

(srh t4s,A,, z),?<s,A,E>> J" parl-" 7t" 
-0o p"Àa^,1' i1ue <s,A,z> +.*

oQ"* ât-xe ,"f i*f,.6 1ba^ ^l/yr *tr6" à" t-"raapi h'.rvr .F ^t^" *rnâ,'f,'.trt

r-, l* l-.q.- T'Û .^1^Jr"" (rl e,t.r,,r) ot{ .&.'* 4-nn,ms 
1'.*J.*rnr"^f

f,ê,\ 
c<mcrtt ) ^^n a^)ec ^!^ùr. ;eÀ" f,'1*. "0* (.{ r,f ,r,l\ ,
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2'.7 .1. SPECIFICATION D'UNE SEMANTIQUE CLOSE A L'AIDE
DU SYSTEME DE TRANSITION QUI L'ENGENDRE

Lu p**'\-,1u* "0ro* aoub ,.no.l-**n'^ 
f^ 

)" tl."',này1,. z.e,t-+

at çor""^,.U J',fO -0" J"'|*.,' h* â,€,8,?, âh" J.f,'L f "^ A n.1,1-*,.-. J.
âq"^ri l-,'"rvr q ..r )^ * d *nn "L o *r.l-* .^^b ,

l (

À
t xernn p Va-
/ , .* læ

q )

t2)

enscn l )

0,^;,Jl-* uY N
J" h.q^,n,'h',rw ,

J*. d'1"à !. l"hd^À. 1,G.8'l+ !In<. )Jfu" f^ ^ ry6"

(3) 50 * oo )u rrnâm. +o^ !- f*t*^ *1^À** +êûv )-yoL

a'(rr^^Q- 4{f"l'h;r Y 
W. 

<-; .-r'-p.rnJ a.,s(

\ç"tU* 1*" 
"l ' 

g^ '^ 14/,o.,^ôeu^ 1"i ,-!'J"

à',r*. *il-o-. ù - â*n. ,*rlX. ( 1uo^^Â 
g" 

f^€.'àâe^,"L
t'"*te €^ 

fq^tlrÀg ) .b 
1u. 

c(rô 
fucer,rreu,u'r ^s 

1*rù f* 
hoqo 'rraFc,a, egt -rry./û/îLe-

ÀJ"f+-^ ̂ """b . be. ee. +db , o Q'*u'.,rh'*,, 1*t 40"ha0-r*^.1 f"T"^." ^0o*

"10. f@1n"rn"-+ +"1"0"-re"'t (t*". â r^," 1^^oca ',.râ ,rd..",tJ M-w. .ur^ 
1*c",tlerr-L

1'u nr'*\- 4a"a ,^J"t$^.r^.^J * 
4aanme). 

F"nnn"0.r**,.,t ce.c' p ez*.fwvn<. feL
!" +e 1* -0o èe^,'"^'h;1,.e -l- ',o'd;fs y^ Ur;^^oh; à^ lno. f."P;'* at-**.

D" ;Qu , c-c(wvv\e ieo ^.rile^* n Qot'^- ). f/oc€rôeu,u 
pr,,tt- ,À"^rrr,r*

(1*". 
1'." 

-D* 
f"^^* R*-b Àp"l^i";91* ou kà^n 

fa^cLîrrr. 
-|... ,(occn.,etru

,^9^^fi. h à J* ^,t F.-eo Àfp"^h* Aa^^ô âl-r" At^"L; "J \ , P.'l|ol r"À"ra,t
/rÀ\ .l-J Jur"{ d\e )+r^L 1^ ), lo f"..* J*l- ..0,ri-. o *"' .br'r,t
F^^.00" .^^k "-i v'rnynÀ. -yo,- !. W 1u. -0" p"lr'^.F,1. o,,i {^J fa,\-
f-.a",l f^ft, QLJ.'l-,'"n )" l-ouf" "pâ"hrt 1* f""F êf'.e- 'e1"a"FeJ. f'^ -.tx, fonys

.r"tit-h4À"..,'t- -0*X f.,"1- .\o0.,*.^,t êf"ue. *f"F; il,Î;,"^*l , ee f ft
1u" -0o o"Â* l;1"" ^V l,^^.! faiv -0,À',F*.
n

2,+.-,1-4

La. €,1,u-3 eoF arnqe^^J^al lrro-\ -0t-,rf-onn.l'" g.3-.t .

la J* -1onoXoo^,")* É1u" 1,"L ( d, nl-g/. f&Dryar$,ne,
*b 0,.,*^oh,'and." fr.a.o f"rl,*- ;f*oh "l +u,r^rL f* l-,|r* ,I
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2.7.2 SPECIFICATION D'UNE SEMANTIQUE NON CLOSE

baa,ra 0u .oo 
\^"â , )*n *ll-l,o J- 

ç"r'r.^r"^-L ât-'," .rrh' ?À"L" 
1'ro,rr-

2.7 .2.1 Spécification pâr un système de transition et une
condition sur les préfïxes des traces qu'il engendre

b'^çnào -le fhâotàrne 2.Ê.8-4 / r\\ort) .e.,ùcr.,la l-o1louan <s,À/Ë> = P;3f .fu(as,nr:>).

I0 *t' J*" Fo*jo,,.n,o 
çttr.[1. 

J. oyJ-'lt'"" -0o rJ**..1','1,,^a 4s,A7z) f,",. 
!. r,ptiÀ.

Jc- liarÀ{lrôÀ qs,A,Y(s, A, zlrels,ArE)) 1ule-0}" ̂ X*^J"l- .l ,r^. "-.tnJ^h'.rn À.u^ -0*

ç."f*". )^ ào"* .^qo,rJr.â 
ta,L e€. ttlol-àa J. ,hor^^^l','"n fo,u ;Q;;^r* !-

f *Ï.À'., .p"^"""12^.

E^*srg
La pi,mo^,F,'1,rc s=[o], A=lo-] ,t=L, 

L ,oto on0 * 
,ô1 1"'rF 

ahe, oy.'dft.!,

1a* 
-l'ar-rFo*ol-. < s, A, b, e) A"\e*nal-ùa' 1, o^ t

fia.
\ 0 ,

,Y lq \.e.nl,ucl-;6fl aro( ç"11A* 
à. .0^$r.,rr- J.^.q o,.r t"rzia J.o f'*"* 1u')A *n-,Jn",

Z = h, l tn z<s,hg1>. ( f  **q ^ r  . . l f l . . l ) ]

2.7.2.2 Spécif ication par concordance avec une sémantiqus close

Po..r farre- Jea 
færr,ueo A^.1,^, .{r\e ,t.1*"^"1';1*. ^^ cQrse. <srA,t> , -.9 ^'uE

fa.à i1.i^,-0.^f J" .o-o*.,r, ,t* 0. ^IÀt?;e- J.âo"^*ih'an 
1u'.X.!o 

"^X.nnÀr,

Tr*h+,b , )) -Y t-".1o.r^a 4**t!" J" Ào,^^r.,' rr/\^?. pÀJ,i". .0or. 4s*rA*r.#)

1ui ".n.*J" 'ù+-c '0. p*nr.^J;1.o **.-0-. <s,A,z> ci ,.ra,r{,JoF,'^ "-h" L}Ah

tr
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"l- *ol-'orrl

^^ ..0-"
f^à 

Pa,. *"'1,r.^^-t l* 
f^!.u^reâ 

*0oh^eo ; Jq xÀt ri'1u 
"

(srA,z> 
1",-tt^tb Fz {..ù", À.ur',+ n 0oh,"n "t"b* Ll'"h d ""hi*o È,

xr^ -Qe À{okÀ" J" ,b.a^oil','on 1s#,4*,u*,e*7 " 
1.^â* fe,u .*,F<- ,.e,r*h,'1*

,Ln" <t#,4*,2*>. l,t, *l' Jorr" t-o*io,rna çoa,ùLla Je taôcnoa, Àur,L J* l,pl-À-

Àe, ,t".o^ÀÀ.F,'ô[.

Eo.amplL
æ l æ

Lq p.i",or*F,'1u. < tol, , [o,], tog 0, 0 * ,, *ro] > 1r"r.,t t!r- J"'+;. f*
"In ,onJ**^F,',1". *X^J""i po* .lu a{,rl'eire J" -h^a^dL,"^- ".*t ' 

f^ -ltottmo;fc ,

<0t  o,O)

ù L* "*,*Jo^* tn "^hr LU"-f"

* (4 ,a,^) rÀ ' )  =  [o=,o ' l
oo (o,o) = 

["-= 
l ]

n

",b ,b- " ̂ I"" *"hi* 1''"à J4;d* i",a,v I

p^fapvra ytJ ^V lo\o,ua -poo^ble À. Fe- n*l-os,rrJr.. d.{r caÀ ",wtfâ

,ù .lq *.^J*." *-k" Ê-ïq^"l-;lu- *l- à{W À ,^rng f"*"l','on q+e 6s#-os1
*,#* *f"h 4"À,(4 x,s.3,4)

Th,{iù.oc. l.Y.{,.1 t'1

Po.r. t-o.^l-e, lolra^^l-iq". <s,Atz> ) *l to;ol.

(.s#,h*,z#> e:E ,une {^"han t+e(s#rs) t* t l .L

J. qs{ n#, Z#> À (+ f"à , "t^l-4- â"h.* '.

*<(#>(<s*, A1 z*>) = <s,Atz>

".,rnt 2un*h'1". .b."-

fe.00" 1'. 
qs,A,Z) àrt,-'"
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DJ* *"h*h on

< siÊ, At z#> f"^.rL 
ho,rjo..rar è-1""

*X.^J*l qo.,- -0.

5# =  Ixar

tl (<f, i) , 1f',1'>) =
e# (4ç,iy) = [.="]

(#(<f,;>) = f;

Atl-er-l'" ). À4^^o,. h'a^,

Jo,*." 4dr^mg ,!a rrr^rouu|''1u*

<s t Ar ut e+> )l{^t fu ,

^ f ' 'P n ; ' . i * r ]

I

[o-',rte 111 l e=f,;

J .0* F*,ea^o-r h'onn J" p^+Fù" 1s,A,b,e).' 0

1u'*, 
coÂ t{i c4ô 

f,"n.I','.l" 
"} *!t},' 

'.^" 
E, b'

E,n 
1.1-'.i.al, t 

Ntotr^ MouÂ Àl-.r,o",nno ô J"o 
f*Xtr** 

eolcrr}o[l-

fa.r- c+rv,i1t .0o nÂ.^r-F' 1"" 
qsfi,fr#,2#> JJ"';,re

f 4.r. . .Q"rt.* J 14^ ^hâQ"*r- ( rd*d^^O*) ,...ut-J0"^,t

f 
r(ottrâ/v\4rrne^,

6tse.n v,mo -^ "ffJ, 
?*" t-"oFu, r*,J.oa'^^F 1o" <s.4,:.> f.^ù êhl, JrfÀ."

,pe^, a^n l^pFà" â.- l*a,r^rrr'h'on 4s,À,b,?-) .F ^r^ .ont-"iQer. (s",A,b"r?"> J.

.o^F" 1t" <s,A,z> ..n*Jo r.r*" 0o r"lnr,^^hqu. "*1*,Jr"â fe.^, <tl r,E*,"+>

(eù s+= 5*st, ELka,L")ra";,o"!)= [L*(,r,a') r, LJa"ra"')1 . J "*(<o,À.)) =

Ie(,a) r, e"(.o")l ) à r,À^e cà r,y*Ja^." ç*e (s#+s) 1'td l-"00" 
I*.

L'4* ). -Pla1o"l- *lrknt^ <s", ht:i",?'l ,^l à. "rt-ûA,u

f*
J.â. *o"k^* "L

*kI (<s/A,z>)
-0r.,./.,'l.,'^ J*

1# (<o,a')) = Â.

xî.ilH".Q*"h'^
rnc pr,ral-erurr"te

"o0Jn[l*.

Em -f.tal^r'1"t I an

,  t ,? '  acnF
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2 . 7  . 3 SPECIFICATION D'UNE SEMANTIQUE NON CLOSB

REDUITE PAR ELIMINATION DES TRACES PREFIXES

STRICTS ET FERMEE PAR FUSIONS

r,lo,r,o .y*iJ"i^* *o^*ï-n *.L !" .on ^r^%. !*1rtr^"L J^. ,oL..J,'1*

yi n'-l faÀ ,-8o. ^o- t\ov\J\^ ,b-a""t t*+b r\'*'ob tF 
f-"*":; p +^^'^ .

bfÈ r.?1-,1

(.{) L'orrl-svno}-. g.X-1 .r1"-À" lo poho,^l1,'1,r" L.|'Z-U 
7,u, 

n"'J..il'" auo(

b,-a."'a f"^Utr^; LT^l-.U^ fo,u <t.,rl> ^V -0o o.*"r^L'1"" z,t,z-z 1À
,,r'*h 4oo {rr,r^"[ faL -0;;l'* f-^"T* ]a t--- .r" " f* !';;F^ ,ot

ç*.;",r,r-rt -!o pÀo,.^},1u" 2.1.?"-l , )'ïÀ ). !*" 2,.e .g.ç.4. t" x^"À3u4, ?,,1J-{

^',"\-p...P'* *oio.l0" -k 4- 1" ç*{.^'r*.lt"JJ.b y* ll'ki^oh'^ J*,hc.rÀ f*W àlni.h.

(?,) t0 .n *o. J" ^ôr^" fr*i* lrqn-*^- 1^oQ-Xi!- *'.. {pol{.ùe
àLJ.r l-,'^ 

{alUl"*',,.^t J1*l-"tt Jea 1,-oce,nua . Ce*; ccllrreÀp.nf, à .l'r'J"L 
ï*.

A^ 
I1^^c.-",{ra ,o*L *JurY^ 

1* 
J* 

{...'cernerura 
Lg;t*th J^,tF *^".r, nn. hnnbe

Àd"?d"'.rnr"^-b * fa*\ e Jn p*l-o 1o. !* f.."*- f*'r*^'b 
p'e^''o^le* â )^

+nt-er,"e" J.rtf"i"-hb /yï\a.r.,r aucu^^ (.ûcewrl Fo.r4our,o f.* 
^n. àJ,'}- .a$"-À.

À)i{;^,.**t, ce-\\. 
k.l'hù" J'"'1*i k' {^tl" 4 ( c,novwrc. 1o. **h*"

{'o^æor*pP* à,+,3-,1,1 c,-J.,t'uo) fô.tr^ *r*J1r--* 1." h .tJ.,"^f,'1"

cÀ^r" p*J*^h .nreol- loa $*^"L f aÀ -Q;^il-*,

De- +b, &'..n,rne- L -ycp*lunà ç**MZI- "a'?*0*È

d J,,o *il-unnea J{fei**. Aa^i\,À {-ri-.'frj , louo lro e',,.lne,r,,Llrno,k

1-'"*itl* 
J* opàof,^o .P"lul^ fa,! .lo1u" 

1.vôcl.tv..4^t4 
pnnÈ *b0-a[l*

J" p*t 1"" '0'lÏ"1 p^ti"q*L ^l^ *l-oF J**J ^" J"pr^J "paa ). .9o f^çn 
Ja'L

er! Ly"* J^^J " .l-J ",S"j^,ï-. Fo'm.Qf"-. t c*:i 1t'.-1nÀe +a+ .A- 
fuL

1n" lo ,oo*o^^h1". ̂V J*nL ,p"^ f,*,'*a.
E^/^,oi l'roJuth* pL X%to4o u,b I*ï.^r* (.run 1'o"earerl,,r- au. rmo'una

n,'Jl-o,"k ç4" b0o1"é\ "Xo- "lr. t.^^at?-^oeÀ.q fah"Po^re^^t (.a* o,.r,^,rq J- 4'orcnettu,ata
..t^n',c *.1-€^* à"- *0J *a,0.0o). ?a,r ..r*11".^t, fo oi^,^r.l','1,l. eot- ̂."d..^l-" +er
é0^"^o l-,'crr J* ào.ur 

f"+;-t ll-*;b .
tr



NoT-on" f*n- -lçp-f a.rr. .*

p,+.t,1 'L ù,+.1,.t,) J. ape'c,-{i"*F;"n

À.kr"ri'* )" À**.'l'iona '.

2 -  6 l

|  1  n  ô . 0 '  t '
Xeme'rralL 

rr/vre ^orr\l<{f co'rr d{\

J. wÀ^" t;y* /f'rM ,i*^

o!- ,.ndl{,"J-

Qtni). J.È

2.7.3.L Spécification par un système de transition et une

condition sur les traces qu'il engendre

h1* {"!ps (4s,q,z>)= <s,A,Ey "h tr-$ia(<s,r,:.>)=<s,[F> ] <s,A,z) mr.h ç*.,0r", d\ <

Zc Z(S,A,L1s,n ,Z l tx<s,A/z>> d 'ap"à - l t  th /n&e I ' .6 ,6N2 "F l t  JA|*^ ' t ;n

1,.6,8 r&. gaem e€- caÀ , ^! ^f J^" 1,"nn'tfe 
J". rpJr;N;"* Io lÀ^'^h:ry.

<s,A,Z> 4>are "0" nttrol-À. J" .b.qrr,li l-"tn (srAr g1s,A,z), e<s,frtz>) 
ï'"00. 

e^,6.rnAn

"!s+ne c.lnd..h,m p*-0- .b."* .^1"^^À"* fo,L 
"e lyF*i*u à- Àar'^rn,f,'dYv 

ft*

J8Àrr*^ )^ Àr.* -f"4r.o.rll-*, . '*l--à- Xn uliro )"(Z<s,A,t<s, A,z>)a<stn,z)'vE).

bP& à'T'3" l-4

(.t) Lo, rc*o^'Ii1", €.,t,e,- t f""tF Àt, J"Ft cd\ /v!\t- Jh*l- l^

oÀo^t[i1"" e*qe.A^oe 
auo^ 

-0/o.,r.l--.rl-" 1.r.-4 o^rec .0q ,*,cof,.^.1-,'ô0 o.t,�4 l-*"c.c,o

fil''
(â) La /**^fi1"" J* {2Èrottra,{!vw\o/r q^o,|.y'|al* a^)ea. qprFl.,ie- à'oàr'l"n

fa;bl.rr^e^tt- Jît'l-"b1. J* -j',,oc"r.+,r.r *l- +.^^rl f* +-.'d"^ , 
*.'ol^,il-" 

f *

.jQr ̂Ào-F,'*n J^ h^",. f;{* $*s[o .r"ù ga," 4r^"^;" f* {"l*f. (z'+'L-'1,&).

E,n *o",'*L ;un\e. o.!','an à;W;r^rV. À .j6*1,^a, +*," 
"* (o"h'.nn 1* J"nr'o't

I" r$ô/r Jt 
{,"*^^-, 

rnoLr. 
f 

,* opJ.f,i"^ "oF. Ê;o^.};1r. 4 s, A,Z) à

0..^^ -0t ho*

L.0i^.h"^. .D*

Qt^à" A,* Â+Fù J. -h**'h'^n (s,A, t <s/A,z >, e is, A,z>; .l- )'^u .^*J"'f'-,' 0

À" Qo p- -rI,'1". qhg& (a ",n,:>\ ù;r,^^4' J"W, f o,*

À".^ rnôn .1-jl-"[l* e.*. .^J*h'^ n'*y-À"
^of*o00.r*J fo^ l'"7Lolrrr* J. f**l-,r^n, ^^1"-r^" !{g <or) ox' q

*l- .l'u^r*^U" à^ rnôr\^Â À. *)ncrr",..A'D.
I

n
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g-a^d. N\orr4 ̂l',.0ù*. *-*e, r*JlLrJ. / î{\o,\^ JJ/;i**^ d'Àr.J .il^

a,phÀ. à" àa^^aill'on 4s,A,b,e) f*" ,u,^^e. **JtF'.rtt C È'+ -tr* }"o,rna fo,*
"bF*,; -l,o n h"^h1u- 1s tA, lçe Zcs, A,b,e) , cQ\\> . ?x* 

1ù, )*

f'�t€^r^,-eA / N\@ùâ rh*"\..*,mc à 
1^. 

)^ *o-^^orn"^"L ,1,'0;^tb r*'t4f l-;"

â" -h.a^^oil','.rv' fQ^^.Lf t- 1"r )- f*"^ " Ie ,V 4.*^bl- )'r I'Q^u qs,t,b,z)

oq Qo ^-T^hÀ" J.- ï""^^.i[i,'*' 
1"i *^1*Jr. $41 (4,n,[1.2<s,+,b,e>,CGÈ]t). Q. J*o(

aXot-eù. à. -iîq,.-.'l-,'.M, AôNb €4) {^1,"â. );llr;^'h Ie pz 
f-. "!"*

0" 1-t1*;" Au Àq,^vota. lJ ^Y f0,* !o-'0. L. ^.p"l*f,.,, .lo oJ*-,"r*liy.

4s,A,Z> io'r*t^ rrt* 1".!.*1* .L )'u,' à.') ';r* P-,'.tr"|-où" Jo

,ha.^r 'ha',^ (s,A,b<s,A,z),  e<s,,A/z>> o& À. à ) ' t  *r ,zt )- t-  uo.r* nr l .rc

c{.}rr/rn4^M4^r 
fa,�\ lfe'crp'e,r- ul^ "fho à. -he^^^iF,' e

)rârrr" 4 srA , É.) fq,! 
,,*h"^Ll-,'on À" -|<o t*na,uh,1*

Sa,nrs .l>ottt oà "fpu-T-.^ J" *h.,\". 
7r^;"!" à c?,

4*^" 
^V 

loa*'bl. 
( c* J*ro 

:,3a.Iz,'[* 
J" h*^o.'k*"* )

Jor^o -\,".. r^ J.. c-otÀ 
f*h'-^.0rU^ T" 

/nouâ 'l*iF^o.

Ex*rpOe 2r3,4-L
^ æ l æ

L. th*^à.. $,G.8rue r*onb* 
ît" 

ào"'o .1. * A, 
fX"*'rr^^ y^o\l"l-

o'^re,. \f "l-|,ùe J'*utrrh'.,n {.^tl.*l*t, ou +^lr^r^*U JfF*[f* , ;] ,r^,"'u^L. *

f** )'r^ à"Â,.L* !. u1^Fàr

rnylù" à" h*r'l-r'crw F. J'r^

*J. p"0,.1'; o"l- Jon" 1^l'*lr *rl
'..h^^^. c-ar,- 

1,*r t{"\-r-." 
d" -h*^"ih*n ï" 

J.T*rb ,Luv\ -1o* J" ."!*tX.

*t- 
çù* *^ F0" ; np.*N,'* f\)r,^e- pJr*o^!; 1*o 1* {aP 4,^e

p*f" Jo. +a' Ju .rl...x. .

tr
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2.7,3.2 Spécification par

close

concordance avec une sémantique

La ierLrlue ^V .0a rrnâ*e 1u. 
Jen* .0o caa XÂ.i".0,'

E*-rv'p0e 9,,+,3.à-4
* a l l +

t'Jo,,,,o 
1o,r,uona 

à"-|* ?o oâ<i*l-'1* 2..t.2-2, ^Je.^-ar'clr 
{atl*'^-.! 

"'fl'able-

àz 2,4,L-3,, e,n 
4r*t4^f rrn ..rnl-ù0",* à {rorrlnm,.l-. z.Z-1 ..rtn*" l.^t-b '.

5# = {o,a} xr.r

È# = lo,ti
f 1<o,^>, 1a'r6' >)= [a'rto r' rn'=m-'rl ,, Lt (<o,^>,<ll^'>)= [.^r:o n "o'='rl

2# (<",^>) = [ r=o]

e! or â4,;.il"$^,'b ?" 
{^.h^ C# (<o,rn>) = a .

l

Exc,.np0" g.+.3.f,-t
^4Ê[*

Notr.o 
laotr+orrr 

J"T;- lo n{àn"F,'ar * n }.o.rn 
{a.[l-m*"b 

.I1^l-"bte"

W[{** (<t, A, E1s,A,e, a>) à' nn p.lt"^"f'1e <sthtz<14, b, e>) *X*Àâ 
f* 

^ r'Xol-Ào

à. hr""*h"^ 4srA,b,e) ) % oir*b*t ,-^ .onl"lr$.rr.- ar. ^tl-ù" J. }naaq'l',an

15, h,b, ") corïvme A.rif :

sÉ = (R+,o)xs

bÉ(<^,a>, 1nn'r.r ' ; )  = [: ken. bg (r, o,)
^

( . [fOo n *f,< mA ̂  nJi< {n't). -i= *i 1u 
[Vi.n . (({^e s. ' bi.6,o,) u ̂ .=o) n 'j,rl])1

.É (<*,,r)\ = z(,t)

^ É
p (<^, ̂)) = A

el fa,, qr{\c^!v, J^u X la {.^n"Lian lP à* dl-*b 1ù, à"'!;*. +ù"

(o!s.n*o,na 
1,*. 

.!. <lol-*iQeu,t o,t1aar.r;e pre**t"r'l-,'nrr er\ 
ryù^. 

A, J'_',,"utL

J..0o nfneae, eaE àt"-t;: .0" ,vr*bn"" *o*rm*û, m14 )" p;." 0'o"1,'at &.eh

AeÀce oJô.J j*J*,b -|.o *f*" . Â:, L'o"fi* *, -f o.l,ut" )o^o .\';foL A/



L",mnne 8,?,3.9 -g' ' l
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Lo t*rbo. nï4'(;rnrrro d'ot!'*ol^iono âo,,* -0o *fû" àJ^o'"t lt-*"l-.,m*^i f* L .t

,uof. :rn"k"^XJ fo,r,, -I^ ""I'., o.h'-a . )J^. ^t*"0!" ,.1',Tù. 
f"t*,

as{wvne^,4ce^- à^* Q'"'l-J j ,ri FoJ" o"\-i* *,eA .'-l- 1oo o"F*Jl. J"* -Q'LF"L

À ow " LVi ""1-;J" o,t* rnora.ra ̂" -1", 1.o'^ Ja *fù" y"..J^rte),

= I,{* ((t, A, Z( 5, Ê,t,É.D

oJ*"nol-noh^

Monl-n<mo 
1,.^e aL { nz<4,e,(,ef,> o|."- 

# t{ *l ,'.,,n" ,ho""- {';Llr^"t

+lahl. 
à. 2qs,A,b,e). C'*T- *iJ*r,L. * fÉ 

ool ,.rn'e ,V"are ft" 
s,r^, i-l

%.rÂl-. ,rne(.r+(A+w\) "b fe (,.. :-+6) û1-" VLe,.r q=(Mjrfrt). ^ïfêôô^a

f f = $d) m" po:k, taÀ f;[\.**'b tT'tFotl. 1a.,^ A , )o r^l-. y,
lR,e  A, ie,u. \ûd>,i. (tres. ua(fi,ô) r, - bÊ(fj,fj*r)). bc^^^ .rr,v,e. nclnàe , !*

Àd'^{x\À€- )^ *jÉ, fo* ÈeA à:^;,t ph*'ànq*,.,t- a .ho1". l*, J. ,J. ,1r'*r.^r,n

*td. ô?- prl- iF* 4il" . Em f ,-f,'J'e^,/ /e *y-<, et Q.T'W" " 
L

*yp-,h'*"t' à;& p. 12,.,*^^e. e^ L'>-L , A" U!*l' à. .0o 'g"d" p,";r"t'f.

p"t*c^^fR- 7 ooua a,'d\^Â mqit:g>o ,L l^ *in ^. o"^^JC çoa 
r""J.p- 

f.^t"tt 
,tj;.

'to1or^o pù1* .4""-1",o^ n ,n'rot- t*ô acYJxL. 
?^L 

u'.tl. J*;à æ1*"c

Ae I'errr."vi'te, Q/r i"> L' ) Noûa a.orJrm 3le s. to(çr,,,o) n m;,,c-- 
%,*rto >o €/v\ "-l-*"Art.hirn

a^tzc .0" Jl0;"'k"n J. UÉ ,
n

\Q, "*F. à r*"*hnr,n 1"* ^{ -f .rt-r^^. ,t"or- J. Z<S,A,b, e>, 
f*ibl., 

r"L

iï;l-*tl" 
f"* 

A , rnocL/f, 
foult,lÀÀ 

.r'*l-^r-i,ur rné (ltl -*(A+,^r)) f"!. f

{ JJJi";" f qÀ (dl = \tl ^ v'elfl Ë, (r,\;, f;>) Gf J,,n" r"IX. yo

{ Gt) = f ) appo^h'on^. â z(st t È,8û, zil> .

S; ltl=t r fcao,ro
s ;  ,<h l  <c^ :  )
$ \tl--', J*

Jàf;"t Ë e (crr -+ *r)

r f l \  =Oo& 
lnl 'z

,1=ror^o ̂ iÊ = 
,?, 

(to (ù ,tj*.)- alr)

TÀ,- â "{\p"th;e d'"'1.,^1'i +cJtL / motra lorr,ucrna

+aJ-
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lo= 0 . l  d i* , ,= n[e.^ l :  TÈern.[ tv0t- t . .  Vles. .bg(1g,ùv(r0e..r . t r r<0<i  n te( f t , , f { , . ) l }

J" pt" 
T. 

t-"Jb" -0* erhiarra 
î 

M. lonb f* 
.*mf,^u.00onno^,t X.UYL

ï"à 
Ni lo,ù q.\ù"L a,., *a^o éLt/^e- 

lt; 
*I" \; & t )*. , ilo.* L:{t;*;t ^,

,&l'* Éi -< r, a aj*.. . P,n.rnon)u(* *:) t-[ Xe'e g, *L À *i*,^
, \ l

^ig = 
Ë, t 

oo (fo , Fu*r\'- r lo) '

tr
D



2.8 EXEMPLE DE

LANGAGE DE

2_  66

DEFINITION DE LA SEMANTIQUE D'UN

PROGRAMMATION

tJr* #-f.id^,"^ -|.o pÂ.*FiT- d'-nr -0a,,u{e{c 
f 

ryro,ra

,,^.1-,0"1*^n" rrll-* '*rt*n*^^f 4^6"r\vw\e, ""."*p0. .

a.r^,ne^ (9") F*& ï.rç. ̂ t".'h'"X" (9") ) f*^a![eLo
I fo..400J., 

c^eùvrilir/rÂt' ,..^;, 
fe,u 

e^\^!û1" J. rt\e/ôacô€a

r*"!ru- ̂ r*fr' ;::*, 
rf*t'" (q') 6L

0"

âocrô\r à l**t f-?*" P".

>.pt-"-,'1-"**^t .ttt*t r)/A e.1t-à" à" ,h.o^".'1'"*, (58È,.,JI, A[.P'rn, b[.P"nre[P.I>

T* ^V ,opd*fil pon Àà*.Ï-'an A.ur l" Alnrhrrc )'* l"r,yr-^n. .

Lo o.À "*hi1"" J.o f*trna** t "1,"^,taL, f*,tM"rL 'Àq'.Lô', ̂  ,I-

# À" î-f* J"'1,^;"y"9!;.4^ as.cn ,m.r,*i."".h eob ,J*te . 80.
qsîï/yne 0o ;*"^^hlît" ( \è )" h"*;l'r'r,, (ul. gtô.

/q ÈJ*""ù1,,. A"o 1-,"T 'l*o,L ;7^;t"J.lu ,L
.,01. â* i,uL f4 Je^""o-h'^ À

f*a"* f*P,n' uh,.'.-b ,, {*"â f". 4,*.",* ^ô *'-F y^ ,9"t'-. EQl.- be^s
âJ{t" fo.,- 

'n};;^"t:^ h+a,^ rndyr .fjl,,Âl- J.- !^u,nLl" )o

ff,..o^ *,1^L.J* fa* cz hÀn ). $o^^',^'1,'* ({ *.+,.'n1 ov k'e.,t

à )rr,^e 
f^À'^ J.o ;,Ftt" ,fà ^ ,À.t ç^*t ili{1 ",snF".î0eu,^, )*".

1"hÀe. 
J. -b-qn oih'on ( "f, e,+.3.1) ,
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2.8.r PROGRAMMES SEQUENTIELS

))^ ,1rr.o t*. Ë1*"*F''"{. *F *n. A^il-e f," .*r*o^ J* ,ori-"'}r") ̂

aà1o.^"", d^. *-r.J. f"*t àJ.,u ̂,rll., nn. oNfu'Jol,',n,

/),t^. "f,f".)"f,'cn aQ"b.For,l-' . on )rrue ..rnpoo.'f,an o0lzr,r,al'-" otL i h14F;.

À" *^**nJ*. Chalre ".nr**J. *f y"e-dà"ë ,f puæie 
fe.r 

.t]n\L

âh'1"tL 1,4 {"L J* !" ffi*. "F 1*
o*-l- -rrn"Tuer,nn )" .*tl''ûL À^ 4,,.1t "^t're.

?o,r-t oÀçL'N,' l Ftf* ,I ). -o,.,à[l.. p*l- *,L.,

2.8 .1 .  L  Syntaxe

A";r^t &,VtE "b A J^ *'*tf* /hôr

â'Jf,t""l[^ ) )" n,*'otl* , à'*f*"* ,t
N\ouô *t"tfo*o lo nf l'o,re f ,* n,À p[p'* .

l"^
A.h,* l-i.0r""

I' o
È,À __>
p
1.2

*,d* J*r. , ^p"*;rr*o&

â le*ç*rtra^^ LooDJ-nn* Jo*t

*ot*tl.o ç" J. 1.1n"^^*^ r{yu^,},'o!^ ,} e Ju, **J"o

$ , rYo  j , , ,  ) '& ,  . , ,V^ - ^ ;  # *  t (*ro)

+ t 11'=E I û,=? I 4e U 3",,i^.9""L \ ,,,1'i{" G àeç" "À
(4G tl"r' 9^p *f [lat^d,{of,'.r ' )" 4ôb fi.1"" ÀeJpff )

Soie^th N ru\,\e, "Roi^ne fan**of. ;J*t""* àt cnoù-h.,.^rrrrtnqt )f, o\i J*

"Q,oi^* **,"Fo"0.r**^.l- *â* t r.l; â* .Roi^* hnrnqÀa0.o .^ *'J* J",Ji*.^"|

*rç.Âclr**l- J* mac\-lb-^ry',\r;aaa Jt, rîô{^4 ,,^.1','0,À"r,rr,* -04 ^oFol'i"n

N -= o(oNo...o^N^(r*, t*^ 1.Ç,.,, ,  {.nra . (, , ,  N= <"N.,,,{.N^q**^,,,),  9. *"-F;{, ' ."h^r^ 
J,F".trh

c{m\r€^^qb\-n"*f 4Q^.1 t*^ ,Q^.^ hr"h* i* ,,e.rrr\o^^eao J* 0(o1,,,7{6,.,. Jo^- -0o

f.À.."-0" 
"*- *!" o*\- -ll'Qù*j.

col\. cnoFoL;^ pexa ^rh'{.à*â f or,4 *,*tù* J. .cttJ"h-no Jo .*h,*l-. ,.*

0* 
+h€â,carôMrrrr, 

cdrl\,,,\rn.e 
4" 

*.o^pQ. 
T 

* .lh'1o*lt. me f*t\-
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apfo^a.îl-^e- fa,- A'*u I"^ 
)ar* -{r/n funôtl.)*\rv*e.

V P o e 9 , " .  ( P o =  u L n , p L " , t ) +  ( L . + L g \

2.8 .1 .2  Sémant ique

2.8.1.2.1 Etats

U^ éh.b d',u^ f,t"xr.o 
ntt" l.i1-*^lti"X, n" edl noo 4aÀe-

4âFo-t-J. **h'â-0o, !l-oh *irrnor.>. t'âh^F J. .clhô-0. *l- p,Ài QoJ,. ; ,ur',\

.a,vrphrl^ J" f^o1l.'û^ùv't<. t0 -k *p*io^F"t f.^ ^vne JFilu"ltc L î;
â"1g" ,,u^ f",^rk rrlÀr'1.rre â^r t\€t,toÀ^/me, Suçpcrono fl" .f"o ̂ er..'rhl-

ç:trnrnr*f 
-0errrr., n o0.r,^o Jo^* *n âsn,o*^" $ (11^" /ylo.r{, Ae ep.L$'*^ f a.à

1bx!r ̂ iurf0.+'r.') , Lid FJ ^.Àoi" H *r1' ̂ ,,,1 /0d*"F J" -Yr= (t)*S) "r"a[-a.

ÀÀ" L,rv\e f^"lJntr F.hp" J. 4ro^rr""nLl. ù J"o ^,o,rr'otl, ào* .0t*-r.,,k1"

S J* ^o0*rr- J* .trclu obl- .

Fr.rnn"X.0"- o,k ,.O'o^ro*h!e s[Ps]l )r^ éFot^ â^ 
;*t; 

Ps l

eot :

S [ P s ] t  =  { L e # ,  P s = o t L , È } " . 4

2.8.1,.2.2 Actions

r..rla1a*l 
feÀ 

beooi,' J*^o !a pn".F" ). m"**rnu- )- arF,'ato 1*' porb

n*nt- o.,o.J"t'}=â 
1"^ 

.0* 
fF(r1fa/wvynrâ r4"".,"i;r)^, ffiotÂ./) J.+bd'/t t

n [Ès] = l*]
o* t*! ..ol' ,{!"f,'* lznigue 1.re rnoda avtre,fl^am Arr- l* p*'L,
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L^ âlah i^il-,'arro drrr.,n fq.otla^tuy'\a 1.1u"^h'u.{- Ps Èdnt-.*r".Hd,..-l

trjr:
a[Psï e (sfe"n -* lr,lf])
sIPs.n (<!r'r>) = [R = L:x]

2.8.1.2.3 Etats initiaux

2.8.1.2.4 Relation de transition

14 n'0al'ino J.

oJy"^^T-,'.L Ps "l- ÀdÀ

À"rnnl','cn g[PsX "*b* rtrv\ 
'rï"L 

{L,M) d* 
Y,W"

A{rceln€rr,^.u 1L',A' > ( n')X ,n " d4ha ) ^l- J. f*ï.

t*'
L[PsIl € ((sIPsX x s[,Psn)* lË,ff i l
bIPs n((L,ra),(U,M'>) = t :nd IP"n(r-,t')(m) ^ 4gt9 [P']64(m,n')1

(L',lt'1 eol- "PtLY"-b lv.^cce,v.e:;,- J" <L/M) ln rI p.r0.,ooorL ai .ll"ni-rlin J''u,

faÀ J* f\r1fo,'wvrr\. A4"*l;r!- Pu ilL fà, L ). .*l-";l- L )",un QVI-"L

m.-imoûe tÂ o fo* "ffrl J. )+Ù"rr* !" .*F-0. Eyt ( ( l-..0, 1".
****************�l [Ps](t,r')(tl) *ol- o,oi) .f J" .f'o^,X* p'ilb,l- n*Â"i,." eâl ;r1r (re!, ye

4gfEI P"](t-)(n,r'r') -l-''* ) .

I l"hal- *.,l, o,^u. fû<- 
4*.1 LF". *oJrf,'"' 

1 
*. .'troa, -uare. ****J"

â'aff"&}*f,on, $^. "Nf"rhf;^ op/,"lo'^" V,=? aff.À À^Àe ,ol"r'n

1ut0"*1* 
)u $ + 0* ^ra^,'*1,.1. v, d*" .{fe*hal,'*, {,= E "Îf-L à V -0q

.qPerr^. E[EI(M) à. "0lop'.enor'on E à^* lïla] *Àol* M ô 8o ,c,^,'oLl.V.

l',*o,^p0.li*, !" À'*f;rue, IEe (t-(tl-$)-* $)) J* c4rf4€^ôr'r\a .n'ol-poo op"!f't'.,

A*S[ .Ps] l ( t ) (m,n ' )  =  (P==qf i  V,=E;  F =+

Ylrt'e (f-v).tm'(w\= M(w)l  ̂ m'(v)= E[e](m)

l (P .  =  aL :  v :=  l l  p  à
Vvl e (Ù'v ).[m(w\ = m (w)]

I  t t ,= t t  )
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Fo,,r^ âJ{;d^ !" ."onh;0. rn ouâ *pl'** J.^^"i" lo n*,lm J,'g ".

B e (é * ((û* S )-*l& 11])) J* e^-pvorr,,cno .l,",o!.l*n- F"Q0" 
1u- e[s](]4) nàt

l-, rn. ta *jo[-i* J. Àor,^rih'* qry|f prn(L,L/X M)

*^l* 4t LUJ- J. .*l'"â0. L ol- pao n\euier,v ;l )ot* ,P';I.l *.jroi^o M *l
\ r À ' ,  . L

defwl.Fo't" cqÀ cdvwv\^g Du,tt- :' |  
I

:uA f P'n (r,r)(m)
l-  

t  Ps  =  dL :
V

p s = a L :
V

Ps =  aL ;
V

P s =  o ( L :
\/

.., P" = o( L:
J

=

e&iF; r', p

Y , = E ; d : p  I  M e { $ ( e I e ] )

V : " ? 1  L f : p

"Qoe Ps' f. : L': è
I

# ;  t " P

l
r(

)
^

r l

t (  P s = q L : i f B F h e m t - r È
v T lps=_ .xL, .",lg e fo u',p
V

,  
P s =  ' t , . h ; 0 .  B  &  L t r T o 1 , , . . i  L - - . r . .  1 - - r ;  L t  o J ;  p

I
i i4 € "lS (ts['tsn) I IB[bI(r4)

P. = q L , il B Fj35 P"' :lne. L', A
v - . F l

P t =  q L , , , 2 h . i g  B &  P = ' e J ,  L ' , F
v l

Pt:  n  n" l ' i l=  B d9 Lo: Io) . , . i  L ._n r  r^ . ,  )  Lrd )  L ' ,  P
v\e 4un (iB [nX) ,r -BEBI (M)

Fcn er.€-^,^ç{L , x .0" .^fô-0" *l- or, fr.,.^,b L *,**} J^"^iu}u r^" bouo0" çU-{t
âr î; ^ou ,'*r'r"tv.rprn .o1^ or,*1" "*f'al. f*" *, po,r f I y'Jâ'1^..0o {'r'r'r^;ù
,^n*r^Ju J" pon ",t N 0..l.*1-*h k-' JJN;'"1^-, .0" "rhâr. ^^h J.4 bor./. *'.0"

I-*l' .ol- \*'* "t^?,i"' ..l- {*.* ".t- l- f"t*" llo^ne-|.. *' L ( ïi t h 1o^ 
J-

frtrcc*,ntr-r-r-) ^i 0'h*F ,n'oohf"" J"'+;J (o 
1* f-J.;"t, 

.w*e er,rettt. à .l'roi*l-,a/t),
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2.8.1.2.5 Traces

'Lo r'ÀJ,1,^^r- d',r,n I*t** xi1"".*VJ- P' e & *l- :

< s E Pslt , R EP"-n , E ( . E P' Tl, g 6Èsn I t I P" n, e[P' I )

2.8 .  L .3  Exemple

!. t^'1x*" r*1o"hiJ ,"t',**^t "JJ" ù't' T*L $).o

P:  = . .1  I

g!& r.,>o âo

p , =  x x p j

t l  l :  N - 4 1

"3r

"l- )ûLq *l,U!- f* i{0,*h. qu"21* *Jll,À* J" 1n..-*.
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2.8.2 PROGRAMMES PARALLELES ASYNCHRONES

2.8 .2 .1  Syntaxe

l)r^ f,t-"^*" 4"^oQ!"!. "ar1arJr*t" Pfo *f .r.p""i A'^n 1*.8'J.
l"1"e^Ji.L P", /t rirùi Je -f***.^" ,oJy.*h,.À E P,,,a" I\ ,,.11 P,ra^.,, n fal.h1"",*t 

)-

ttlaràbl- 
n%t"!* 

<dr^/il\{/n{a .l pe- )ir""Q"rtL e"\ 4*o-0F.0". J. man^i,à or,X^n.lo,"r,te,

Mmmmmmmmmmmmmmmm�r^itâ â l-,,t\ 
1^lX.à. Éyr*8i.8- P.o'

?yo ---- fi [ P*, il,., lt &o*-. n; û' ('>n )

l* 
1^,;,r** 

"o,tr^J.^** Pua., , Len nonF )* !Àl^ J" u*-l*L

^1^.L,-o, JFi1""F"; i

?no------ S", Eo" i ^. ) 8^-^ .Bo^-^) #*, 6>,n)

Chol't<- o."r.**Je al.lrnc-lr,r.r,,,e- -l t'rt" ** o^J. *'yrrlirl!"

("N. 2,r...r1 ou ["aa -rr,r. ,ùl^- )" ,t*r ^A* wyr,"li"Q.l- Ps ,,-Jurl.!ra J.

*"-iù -'' J-tUAl. , c-ç 
T- ,n1l'çra ^rt-ano t P" I

Bo ,  ^$+ |  Û ,=E l f ,=?  l4 -æt l *9nonr !^ "  9 " " " f "  I
*1".^Q. & ào 9oo "à" | +Al

2.8.2.2 Sémant ique

2.8.2.2.1 Etats

U^ ll& J'.rl ,fr1n*" P1.e. = Ps I Pn.q,lT..,llFra'^-,]j Pt: eot- -rl,mo p"

4Jl-al' J" *",.F"iO , il"k *.).d" y oi .lt:U""h c'/*o^. ^?f.ù- À"' *ol.r^ Jo"-

S 4uo, 'on^â[l- f"-h" XL t. ll"'f'af J. .*h+0. -t- *o Jh'1'tl-c 
T"^^L L

*k â0" *F Ja,^^. ,0e f"i\^A. Ps "o .fo 1o.t-{*J- P"' o,L a/t\ fr,f/..-

( Lo 7 ,,,, L*-, ) J. f "* )o *tl"i{. I* )J.,tùe^tL '*rp.-rl.ôrnn.rrb / àt-"}- J€
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"*h^iQ. J* y* P,"ao,.,, , P*^-^ f hz âJl,ouh".,h ùÂ f^oalaA..
Ffn^ncl-0",{l e*b rnou. JJ{",rr:nro,r.o r

S IPçoX =  (1 t . f ,  Ps=otLrp  v  Ès !qL ,F ]  r  r [ r t te f , - ;  ?nn- .=oL,P] )  x  J f ,

i.s.z.z.z Acrions

{.,.e0 arhifiD ârr 1."1"*t-ne Ps[F.o"g.,. l lPvo*-.n; Pt' a,rnb î_,0,-,n-'rrç!
",lreopanJo*t *.l1..rlà",*"^^t à ,rrm 4"o Ja^^o .tro 1"18là., 9.4'*r"nr^ P,+*, "f

A [.P1a.n = là,fj] , ^

2.&.2.2.3 Etats initiaux

L'no/oathiar' ârr f*t*. eôrwmc ^cf,- o*. 
1"*t 

àt"',rh,;" A* 
ï,IUJ" 

)"^-

,. '.ra ëLrk ̂ .,koir. 1"O*7*e 
',

e[.P1*n " (s I Pf*J -" lË, ff ])
e  [Ppe 'n (o )  =  [ r t eaê ,  M.JC.  6341 ,M) , r  P fqeL , * l

2.8.2.2.4 Relation de transition :

fo *rO"han J" b*a*.r'l-,an

t  [ .P1oX e (rr,P1ex* ((sEPf"trx s IP1"X)*l t ,çf])

^L );+'^'- f* 
caa r
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L'sr".!-,.l"iôô )* yiQ"J. 'l- J, ytiQrà. *l- f.*"o.^l riT-^^t,',N. ,

|  [Pfo]*(aL,M)r<Lr14/)) = [Ffr=- Psl lPro.t l , , . l l f to^-.n; P" '6 bIPs](<,,n5r4r;r ' r '>)J

b[P1aJç(<L, ,N>(L ' ,M'>)  = [ rça = Ps l [Ptco l l , , , l lPne. - .n ;P i  , r  t [P" I (<çm>,<r- l  r "n '>) ]

Nor'ro o.rnJ^o **PL ). -!tril.*|,^ ,""".O!aQ. 
J* 

1..-*- f* 
-tt/{,

^cnJO"^X" ̂ rnJ"h."r,t'it i^hc d 'e.oJorl'i""* "l ra"t i.rno *Tzrni 7"*. chaTre 
f * e-

flroXrrq/rv\^,v'e 
""^ùh. J*. à ,z.i"t*l*" J. rrnanieie âJùtia,fÀ|. rrte o-"h'tr

at-rrni1r,.. J',tr"t -l^r".^r- P*i F.^â.ra ?* .l* t-h* 
Y* 

P*; , ie(m'vi)

nn'to.,0u"^^t fo^, 
Ll*/*\'* à'r^. aJ,'on o!'awri1.,c "ÀJ;i^tbl. ,t^t,,7^du

d- -0'1n1.^.0*oFi* âl*e a$"Jel,r^ oq A'.,o,r, F*F Jl^-" c6y1rr o,",â. ney"^l,u!!.

(r{. e +,,t.g.[) oe .",vcùLe.. .r .0'*..L1-,'on L' ,^. IÀF. )u strrr,rvraa,rJra *ifr^rf,rQLu

{Pt} a^ ,'*r!t^i^ *,.Fu.00.., Far,tn.Q2o"",,"t, r

b I Pf *]i( (< 1", .,, t L n-t] tra )r << L'0, .,,, L'"_. >, M,)) =

[P1e = Ps l[ È'ro" 11.., ll P',,0"-. Jl ; P"' ir nCl e (rn,., L) . (j = Ll À

(g[P.orn (<tr,tt),1t1,r.'t'1 v (F,a.= cLrr{Ps'}ilrp À Ps'=L,t t', ̂  Ll[Ps:'llftr,m>r<{r'>))!

2.8.2.2.5 Traces

N o.ro J.li",i^^.^^^

Z[ .Ppo]  =  Z4s [Ppon,  A IPpaX,  e  f ip fon ,  t IPpe[ )



Ce 
1"t 

".t"-ptnd à ,&tar's

-falp"f-hù. àtJr';.,u.l'i.-, .
u r f

B r= -t, rc. j I s,= 14g

"o/otL,'rn folte 
e&. J- 

fnocteuÀ. Àq,t,rô qt&sl'n\z

Po^ ..,4,^i1-r^b, Lt"o/c,rli n d- f.ot\D.ronw-
ll ,{t"'0" È âo &f ed I

d  a r a r

43 r,

4 3 3

P l r . l ;

.Lr{. N >'{

{ r3'1

1 3 L

&33

N ; - -  N - l 1

P ù r : ù r P { i

h ;

N r = N ' , 1  ' ,

F 4 r :  t x P . l ;

f ;
qà;

à@

x \ r  
& ;

? 5 i

l l ,
4 ;  )

iP N-_o fhen-
t r : '

1er* 
,,r. 

1a"^^d",: 
pe h*^.rÀ.,t e 4' ehalr*e fa-o À ttroi"*l:.n ,!e pr*"çL

"{.rcccmrr,s *t r"l-,^ll {"^ âÀ T. 
.0. 

1'.crrr,i.,.. 4-*.rttn- 
*Y UIrq- "n allet-Fc.,

2 .8 .2 .3  Exemple

N,;uùnAf, .nQ*l. 2t\ qau,u m >.o :k loXl.o*t'"

I
A 4 t

, l 9 l

, , t  j :

,t t+:

4f, :

lr,l i

ù g :

1,3 :

P ' l r = 4 ;

-f,r,0. N>,1 àâ

po,," 40i0" ao,6n J*.svre

P,= Pa x Pg .0"" P: = &x P4 x Pl, L" I
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( Rerrna^1-ono o^!. la cd$\^r{r*J.- Jaff"Jahun N r= N -'1 Jg,"}

èft,- ot-æoi f. . A,rc,rz*e "snoL}-i,rn J'"'f l'.i ^n Lt- *irnoù- À.d,' -lL,-{urh'cn

Jea 
{^o.rncur 

earL )" .J""-l' f"rl- â}* *h'*oi".,^ f +*Lt forv 4t^r^r L

f'roceaaua ) ,
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2.8.3 PROGRAMMES PARALLBLES COMMUNICANTS

2.8 .3 .1 -  Syntaxe

Pr*" ài-;rn )r^ 4,,r�2,a,n rne^ 
f^oUà|.^ Àl*k"ei, où .0^ 4-,,r'r"r,*

o" o'.p.k".* o"*l ,L .rr^^^,,J^r'ï-t .pa^ Jeo ."rr.*ro^J. à'",nwoi "l à. ,.u'jF,'*

J. ffneJêqtea plr,t trcarJ1 *, oo,^ ,ti0.À.,rro ,r.une ̂tarre'a^^l'e J. c.sP (Ftoar.e[fa]) ,i

-0e" ..or* ,',a^^J* ). crsrrvmrau"rzl.,'.m ,tk!Àrr.t J*o c."rr.,^tq *, Itu, ,t /nô/rr

J* 4rrh* f^rv^a4rr>, P*r, nnÀFa^'JI'i "t1e0*o/ /$ou.ô 11 
'*1,'Q^i^6"* 

f*
J" *or,ioU- -/.o"n\- auc{ rroE^o à^ -or".'ctf<o X%8"0^ (1^ ^" t.rr^r.rh
â.F'.€- .'.i ..x'^^r0l"rl mi *o&$'"L f* l* or*F*o yau*',ta) ,

oQ" ---, & [ fo." 11... [ 9..,n-. J, 5à' (">r)

U,1'^-cîJtt'rA *l-*-," lÀt æ1..r.J,rll" ). "*nnnno^)^ i

G. -** &o',8.o;.." i  X*-. ,3"^-. ) #*: (,m>,4)

clral;r" ..,.**,',J" ll-a^rf ,rd/v\e o-*r1o J" aatfi,ncfurrrre Gl. z,e.z.t) o,r- )^/tt e'$^tti

à" rmerso{e. Àr,t "*4- n,ûtrÀ ) r$^e xe*1hcn J" rmeme{e N)r\- ̂ à2uo^

otr- e^cÈ1"L tr^^e. carflv,,laa^Jz o0l-urtnr,ol-*a t- 4u'tnrel L æQ.rli*rt'

A),LR. c<rflv{t\,^^'*F,"n ararrzrni +0"-a"" oQlr,r^ol';- So,-l- eh ;rrrû
t '

e^nre,r.lLl.- J" W ) /où1r,,: a^:dl\À i

Oc --* Ae+ Ifr,=E I Ù,.1 I *f o the^., 9t n "!^" g*. 
È

*h^0" 6 L st -c uà |  {5?}  I  ehtg |  €hlû |

 a s  i l l i , &  * ù % {

*W , ê ; Eht.Z fl.,enn Ptc | 6; gh? ù rh*r P*
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2.8.3.2 Sémant ique

Hoaae r,"a,,tra*F 
{*} e.ucx^\e ,â4p"1-\ùe Jrdl.u'l-J ^{r^. f'""..-hon

Jeo f*ft"n"*^oa Cs | / Q^ oeko*|,' 1aa 
J* f \.otRarwrne. faiaUt1^

caryvr{\.rrÀt.*.h nnl- en;Q^;"" a,' ".@" J* fxrtxa/0^r/yrci a,t.tr+"S..me.o

n"*1 s.{ eQ 
T 

c{ncr.^,âôs !- .ft ^*tJ* àz ccrnmcrnr'crzFron. be^l.o la

Ptul-c, A* 1*oXno1fi. , rvrât.r.ô a,r)d\a i

Ppc = Ps l[ Pt" 11,., I hc^_.ll; P"'

2.8.3.2.1 Etats

Convme ?y\ 1,,8.û,1,.4 ) 
N\o!â J.{;Aa^" :

S I P p . n  =  ( { r e f  '  È s = v L , p  v  P s ' = n 1 , , Ê } u X " t L e E , P n " . = " L , P } )  *  4

2.8.3.2.2 Actions

l- ,eo r"Fiono â-t  
f rXrr"^"r .  Psl [Prcott  . . . t |  P*.- .n;Pu'o;  Ê*,0, . , ' ,^-^,d

*,n p"nJ*^l o^p"rh*"^t.^^l à ,,.rrr 4oa 
à"t,^ l. 1,.ù./...Je, 

l. 
f4.ttctttttr' 

P'"c4

,y L g*l{-J" c.srr^rrr e €/n z,?.2,I,2 , 48.'- .!t*or^!|.. )^ r':c.,Nta;,r^ ^V^o"o^,L

àc^- !" 
f'.ocl,to/wune

Ê [ È p c ]  =  l t , + ] t  m  " t S e  ? h '  P p c = x c l ' P ]

2.8.3.2.3 Etats initiaux

Ccr'rmg elr t,,8,9,.g,,a / mouâ J/+Mcry\ô i

e[Ppc[  e  (s f \ -n* f t , f f ] )

e [ n p . n ( r )  ;  [ r L e 8 , m e ù ( .  A = ( 1 , t 4 ) n  P ç c = L , x J
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l'.ol".rh.rn â'urn 
f* 

àl"run 
f-T*" l"noQI;Q. "orn,rn,rrnr.arl cof

,u".niQair,r. à nQ!" J',urn .t\rX,ta/Ywync *0.6".R-rne I 
,^ ce T c.6-o.eeuumr-

!^ *onwro^J*^ à" "ornvnu^nj.ral,'.m. Poru *f[# à d6.3.t,tn, ro,ra ,tdtro*h,"^

ls'nc à ," *O*FJ.* J" ,h-aa,,r..r.l','-n r.L/n crza 
1.rrr 

c4r!Nàf*"L e--

-0'r""J. tf,'^ dl.rrng c$rury\u^j"*[,',rn i

E IPp" nO (n Lol ,,,1 L^-^), i l  ), (( L'", ,,., l"-.), H,)) =

I ep" = Ps I Ptcoll ,,, l[ Ptc*-. n ,, P"' ^

l i , ie 'n.  (  Po" '  = o{ L; :  ch!E ;  r - j , ,  P
v
(Po",  = q Li '  æ. AQ ̂ , . ,  a A - .g l  , r  â&el .

A0[= È., ;  cÀle ths{ '  { r^? n He 4SU(rD[e.n\  n e[gnl(n)))
^

YI . {U (E rEn)
^

(  P * { = T L d : c h ? v i  t - i , 5
v (

(Frci = tll : 4i n4 *... "r-nÇ * r- 31e 1,

tla,,o .oio.rt-^t .jaq0orur"*h P. ceÀ
( (

.*n.neo^À. eOt-*ro"fÀ?. r

A
Att'r=Bo;ch?v 1\31 Ui,5 r. MefulraUe;$r, e[uon(r,r)))

V & , e ( n ' l t , { } ) . 1 ' a . L r

m'(v) -- E[E](M) r Vw e (tI" v) . ( t{'(N\ = n (w\) I

cà'/\Àfcm âr h a' la pc'l}i" àt.gt^e

bIPF"nr(<a L,, . , . ,  L^_. ] ,  M],,  (  L' , , , , , ,  Lr, , ,- .>, M')) =

[ep" -= Ps I Prc ll,,,tl Pr.^-.I11 Ps' ^ Vie(rnnri\. tl= aj

( r r Ft"rn ({ L;, r.rr), <L'�r, m'�>)
v

(F. . r= qLt ,  +P""$;  t - t , r  p  1 Ps"= L: {11 ' ,  , t  b [ .Pson"(<u,m>r( t ' ,m'>))
v

(Ptcr= q ee Aq *,,,  * P L;: e! , , ,  q! At[-, a; Lrr, t  ^ Mro* )) l
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2.8.3.2.5 Traces

h nÀ **F,^1+r, J 
',ct^ 

frrttq/ïtvy{rs .çona0.'Q" .orr.,vn,.u,".'.n .1- Ff "

ùtl ',

(  s  I  Ff"  ] ,  I  [ t1*n,  E.  sIPgc] ,  * [P1.  1,  b l lPp"n,  Éf  Pf"X>>

2.S.33- Exemples

E n - m  p P "  t . 8 , 3 , 3 - , {
æ l æ

Le, .f:Àr.oI<.qrnnnre 
1*.oCI;{" D.ùa^.t "Jq0*" "tu^e. Xr-Fran -,,h'7r, .

r%,"n"-1*ta 
T 

g" holultrto--" I,tece^y.tr\ W -!" "â[" L .^Yôbq .

(ltt"t â.ç,t' ettæ. "[* r,rol-al-,',La PaocoL) !" t$f" ]rQma0 = (o^t) .f le

Io ^t-r'aLf" hâ r xi1"aQ, t ilM lrn'uo* Pl AmX ( *,y"".|^^nt f ? Am.4)

-. +ort* "0* ln-a-o*ùoioq ( rraç"Jw"er*e.^,f ""r4|-ion) dLr a.1"o0 ).I

r i '

ffitr
r
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o' 
[ "t 

^[*oo ..h*. J,
,t2,,

Pl u'nt ;
, r3 l

vl ArnX i
' l l+ l

ù t
)12

II
L1: ,

*L.'{. fnt* âa
$2r

Pl' F/î.-t ;
13: \

vlq/ût i
? \ r  

I

ù ;
&f:

lt '
3,1:' 

"kQ' ,h"' d"
3?r

l? f i 'nX i
1 5 ;

v ? '$*{l
3 h r

ed;
3f:

n,
,1,,

&,r'no^1..olo 
T. 

ï'"^tf*; Jo^- nrt^4 2"Ji,tn r''th'1e Jot^"/ r" al-

fa" f.t-" 0- .

Pq^- .,snhna , ,Q)'. 'tlc.l- âar", fu ^rear,t'onn A,rrào^h., oi. 0t4r4rll;. "l'e{;fJ

{olLl. ^V ^,,rcx.'o r.e, f ù o,.ra .oJ^^ .-Qq nro0* & nrhrt[* .] {. "^F*^* 1

à" 0" 
+.'0:t â' *tf-JÈ <.d\ rr\e Àrùf i

s= o )" Ar^mafl,u *l- o,urt

s-- L 0" ".^*çh,'* *t- f"-.1 .
.}-.^*it ,- 7^or"'.o,,- î n\'4. 

f* 
J*or^JJ à J- f..- 

^A;

( " ï  ( \ ouâ  mohm î=g  J  i= ' r )

s=if J. ^d,\41\^*- ."F{*"rn"t, .{0 q d.f.' {"a'u'H îùv l. f,*,tt r* L "t

€^^ {"riFs .Q. ç-."'"'ua ï a )rt^"^ ),r! à -!" l*Ài+).



2-82

ô..
g t = 0 i

^ ," I I .
lL. , t1:

-[*'0.
"lt:

.{3i

,th:

.15:

o À ;

,, 4C:
ll

9l:
*k'0.

22'.

?,3:

t t ,

lJt

3 , , - - 4  4 9  5 : = - l X 1

s , - - L  e g D e  5 r = t , 1 ;

$.*n*^Ào J'"-# *. s<..b,'an c*['1""!

t*"F^Àoh,'^ àlul-\"i e^r s<,\on cn^l'ignÏ

loÀ'. l. Q. s"ol','.nn e*\'''1"-\

oJi

fn ^u. Ao

3 3 r

311 :

3f, ;

? . r .

3+:

38'.
o â l

3 X ,
I ,

r.. '

^9

*

m

*

*

4ô ..

(s= r) 1 P,t.? A.n.1 l-\",', oÀjp Is -

( S = c . ù ;  v ? N . , . 1  h \ e , r ,  S : = 1 , , j  F f ? A n { j

( s = e \ ;  P r ? A ^ ^ , 1  b  o l l ;

1s=ar,\; I ? A^,'1 t\* s'.=..1) t4). A'r,X ',

((s=.1) n 1s=r.)); I ? n",,,1 h\:f s:=ô,i

v ! N^r\)

& 4
i{ 5--o h\exr

T

Pl I 4.,'.[ ;

frure d-

it s=o Fhe.r,-T

nl I  A^nx;

V 1  A^n \ ;

ll 
*'
31r 

^!','Q".
3x-.
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EqennpP.  3.8.3,3,  &æ l -

h t'.otïar$e'ne
rn€^Àqt€Â à'tr,nt 

1'wd.rrclc.r-uu 
^rc^À ,urtt ..ar,oo*,r*a,l-*," 4rt'4 J,ttô l-aa,npcn fe

.+A"t'\"* !^ f{*^ ; !^ ,^'o[l-

Ltns a'r'q*a0 - (an{) ;

2cr,t- J,r l-ç- /"rùo"^^.1 ,

N : ,t.. ,mcxirrr'T .,

orrl'puh, E p^r} , gn{{[o.. H-,,r: o.fl fqçe- rn€^ôe,X€à )
È"ff,r.
A, T*, o,,ut, T , amt-eXou;

Pe, Fb, Te : tro{eanr.;

PTno , TCnq : Ào^rrl.0 ïtî"- rne'rte.t% i

PTn,  Tc^ ,  ch"  rn"0 t iq^a0 ;

A,nt r l iX,r,a0 ;

I l = 0 i

,rlLi0e I<> N âo

I i-- r+4 ,

e4;
PTa \ an[ ;

PT.rn I o,,"hç*f [tl ;
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l l , _ \
L'4mp* 'J  ù01:

co l  i

203 I

r0  \ :

X 0 5 i

L06r

€,03:

2t0 t

. t  11:

{l{ l;

$13:

ll
lc*oo"^oft"ruJ rr:

I.n r: 01 orrl r= 0 i Pe '= {o&g ; F b ,. fqeÀe i

.lu'0c, mol- Fb Jt

& -Pe r. T.m<,0trl+19;

Lon '.= Irn+,| '

û? o.r"l<t,n. Tc"û I Sæfferc [Otmod" iol l"hat

PT,m I s*(fcru[r,n r^oJ .ro1 t-hert

O o f  r .  2 u i + À ' ,
LoT'

ot rPe I FTÀ T A'rrrf then
t O E ;  u  -

Pe ... 1"r",3 j

e Pe r.. (xn:o"h); Tcr I am{ Fhcllt

Fb ,-- ltrg ;

T : =  o i  T e  t =  { a t o " ;, l -

t f , 0 .  - T e  *

^e @ ; Tc'm ? r,npuh E,Tl t-hc,n

T r-- T+4 I

tr Ftue I rCa ? A^n1 !h^

Te 1= fr(r|3 I

% '- ,

4 ;

eÀ')

ù;

i t :

33 :

3 \ :

3S:

3C1

31;

38i

31:

n,n '
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2.8.4 PROGRAMMES PARALLELES FAIBLEMENT EQUITABLES

2.8 .4 .1  Syntaxe

Po.r+ ,ou*np0,,{r* rûouâ oJopl-cna -I"a rrnâ.,*rrz ot"h* T* fo* 
.0^

ftædrtamTnea aat{.n<"hlrrnea :

9f. ---* Qo

2.8.4.2 Sémant ique

Le ̂ ;'"hî" àt^un l*?*" 1*eAIJ. {";al^6 .il-eLlc

f*h êt-te. JJ{-il<- J" ma,nià+ J?'r^r*!""tL (4, , +,3,t)

- côft/r{E {e'.eoF',^'h''n W{**(<s[h',r!,nfiPpwlrZ(s[Pp*n, A[Ppw],t[Pf*n, t[fpu$;

ar o( },',o,.* 1|"rtl.*.,*"b â1^iF"Ll- )o "ût pdn**r,y. J* f{,*-
y*,aNàQ^

- fa)w ^.o.r,Jo u a^rcc I" WÂ^"lh y" J^.,

< s fipp*Xnl A[Èpwn,I(s[Fpwnf nger*n, bfiPp*trf a[Pg*nÉ> à -0c. {n,}in #, e
!V"I^ 1*à.

2.8.4.3 Exemple

Â;t. Fe(z->v) --n oyir,ale,u., r^.r* i* *h'* . .S';.0 yra)" an f,"L

l*" J* ,0L"'",,.1'i* J^ ryx,t a/nvn, f*Q0à0" +"'U*".^b éT;|-"LL À'.lla,^t
Ae. hzu,min<- oûler- )),^e. *Qut* {Âe0. f à. F t"80. 

î*. 
F(f) =,P .

LR- çnr<r*irn f'.,cce>àrtÂ 
oh"^ù. -* .y"tt*V 

+;*. ,pa.r."r'ri -0* o^l^in* nl-"ttFo**rt

*ta!;{' .h ). J.-,ro.id,e 
f*r.r*.r oh*'tn. 1'.,^mi }* "^^Fi.^o 

filhf" o.^
*,"t". Lr\f"Hk drJ4l-"' +"Jt[ eot J,,,nc *ol^*o fo* X**^]*
!" f-"*;arr.n r
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0:

"t :
5n t- t'tu'c

I
À 0 :

) ^ i

)Z t

A t l

,l Lr ',

t t l

'1€ t

À I r

a E :

ll u' .

l , , l :

? l l

x 3 :

èç:

l r5 l

46 :

ll:

à 8 :

)g  l :  I  u !< ,

Sa rr 5o

F(L) = L

s;=

| . - -,1 .

.i*'CI"

..t_ f
+--r

n
eye

Jo

t-h*,n
a A

ldlae',

L t =  L - 4  j

ù i

H : = 0 1

*k0"

p,' ,-1-:,

_q*J;

Snr So &

*P tr(H)= p Fhe"n_I
A A

A z -- Ydl"àz '
z  - T - ' �

t + r = f t + , i j

.CI*

È ;

2:

3 :

lrl

G

$ :

r,

4 
. So fhwl

? : = L ;

e0oe ;? -,s- f\.rn
t ù

P : = H  I
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2.8.5 PROGRAMMES PARALLELES SYNCHRONES

De, nmn['.r^* lo?.,],'* c,.l- Jl'. 
4-ro7*"L fa* o.1o"l,*.*io* J*

frrJoc.rr'rrô 1-*Qli-0- 
-p"^l'"1.-*f )* J *r"i. cô0^.rrvur/ilca . Em X&AoL , e!!-

1.;.ltr^^h 
p'.dnnp0""'L à l}a)'t J. -0o ,noF;^ .f'.^^ril-;e À- nâ*pt r^*

(uliR"F,* [ta]) . Ct*V 0o oo0J,'* 
T" 

^ot*, a,r]6rm {€-l-€^ ue arrnvw\a- ttu',t7Q"

e^n (oq.lôdn J<- pa 
Xâi^'"0.L' 

.f )o pe ".-'Pol'ôo nù"pA*UFJ.

2.8 .5 .1 ,  Syntaxe

h l,6nl-""*.. à* f\ôXnorm/rneô ça,,,aQh\e. p\^o[^^-*

4r --* go [9*, 11,,. [ f,z^ -"nifu' (*r.)

"" ùfi]â. À" 9o rpl^o^.. J* f.-t"^-,u ç^olfûo *"6^.L*- f. f^ 
9. 

N";L

T. 
l* 

f.oc'r6rrrD 
l$.ncLonea

ornF J* l*h^ ào .*ro J* n.y^À^.l^* Li,'*V"L . Q" * J- ry'.l,r.orea

foutd 
âl-'t-" tuv\& c.sm,,moarJc, éy.*li"@. ou b.t/l )ù^e- "7(.,'oF'n 

f 
otr ù a{r-t

rr^r\ ,oJ-^çf,"n., Àih ge e tl .lr/$ --*tl. A ôû nr.'J" J. ^.r4^.'a[L

o"l* rllt** 7 ôo.,â a.4Iû A

En ------ 4+ I {,}'=E t Û'=? I 4é [911 F*n "0^. 9*, p I
*tn:Q. é d. 3* à I A(f.) I q(pe,)

' Cucrunne- 
fo* 

.0* ourl* o*'*U* , !- J.-.,0"r,-c'l','ono J. nurJn"pl^r^."1

(s:,u s" !y.l- r") ponU !o;r^ ÂpQ.'..t . Na,ra *.tf^c.Ldfiô Y*J""^t y'"N^

"-o ie^r} d. t-"J o",h*çh"r. 5z e ,fl. J rrr^e ̂ roP.rr^ ;'l.io0. -^h'à gggg(se)

("okJ ro u'- Jrroua) .
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la. ".-À^k"n^ À. ,^rtth,t-l^" 
f 

)^ rÂoph* m'opp-.rÀ ,r^k y-

-Qlnt". T* )a),^o !^ c*r.,rnaar.ier f .L g .? 
T* 

-0- "'fi,- *.^obt /n4-

fer.^^te,.,t ,fraÀ Tfr..ûh" 
Jorro cq ,^-ft*rli.ma panl' Iroi/kullro :

(L (p1^=vE.p  r  E=c /vF ' )u (Pç '  =  qV, '  p )v (Pp '=aBp Â B=o( /vP ' ) l  o  v {se)

(t t  Pp= vç(v)F) v (P1' = qt(v) 
P)l a ve se)

2.8.5.2 Sémant ique

bc ,tr;' ncm[.rcruea J"4^iti.mÀ opâ.1'iann.0/- J. Io p.."r,^hy" J.,

,oÂoph-* ^t- Jk' ,1*,f*â. beo à;?l-;r po*rot p*ù^ .'^h* æa

Je'+û^il-"^, .,h.ir-.b I*+- à. ^"[f;-p* 4h* )" ^p^l-rr*^.L

1',o* !* 
4,.oy^^* ,o 

1^rr 
,0% ,r,.['''{,rar"h'. l- J"ft'l-,'^ 

T 
,rrorrô

f@*,Feôô^ô Fe *.rb {,J.,0" à -0q. JJf,^''h'* 'ntÀa\" à* sidRal-tagea"l , r:r.,"rr

+o& àz ^xre j'tefi T, , s'q 4u.r,',r, a

rFn.aL'X,,.o ). {"À'rr J* +nôcerimê a

à'oftr,.}.. D"^\l- rrlr; 0* , rmaiÀ $"t-,wr

A" biÀfuh,q a^L€J f.'0- )'a-tr^,b" Àù
erh- pF*oFJ?'...

s*^o -0e r-.k â- ,fo,.o.Xr,.r1\e , r{\ouâ f**" Pf " = Ps [P',4"11.,. \lPta^-n lllPs'.

2.8.5.2.1 Etats

h ÀP*-^,- a)eL }eo Jt-rt J* ln,oq*^r** 4^Wi!- 
or,çnJr*n-

C"f . r,a,t,t,r) -t- ?,'à 
t-""1- oÂo1h^. se- e Ve s t' enl d$'u'et ^!,n. uoQ*

-,.hià "| *o I'Q. J ra.$or.l-" J" -fr..*. " . ?o,u ^ÂpL$* 1 Ntor.b *l1-o*

tç fu # *f.Ae^JâM Ia 4'Q" J'oJte.rJ-. f..rw ,a ̂ è Ë1,u.^* (-.^r,f^"!!,tn,",^b

^rdÂ. ) à t;in,.',h J. rn
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c [P4s !  =  {u " { ,  
Ps=*L ,p  r  ?s ' zxL ' f }  u  r l * {Le€ :  

p , r . "=<L , f }

S [lç"n = c[PpsX , Xox (fe* ar<'\

2.8.5.2.2 Actions

/.. aeh'.r^A A" 
f*X^*. 

.1o*o(0è0e lpÀ-tn" P;s = P" l[ P*o 11,,,ll Pu,-, nlPs'

o^t-,

f- .^*"p*Jo-h ; l'*Ju'lJ,m J'^ f* â^ y{,Qil. P'

à' ""^tç^J"*b a -iLi.-linr àt,.,.,,n f* J, ""ol-0"J" P.'

L .rrup^J"t à "[r*r/"-f,ô^ àt* 1ot À- {noczr*w 
P,.. , iem

b&&* 1^r'lr*e opâo'l.,on Àrr, .,.trt n.À",1o1'"*1

k.o*^.r,o^J" f 
(S") Janne griu a- )*^n e,.f,'cno .1"*.'kl-, à po,roù !.a-

rmàe- e,vr c.S"^rF" ( (t*L*Q" "rt p.^i^ne, J !^ ";"d! fa'L rrr^ -th@ f*"*
"^:r'$"t rvv\ u(9e)) o.r ). 

ço o4" J^r. n"hoç[,-. '�,

gF.,L) " r.erp*r.d à l'"-.Lf,'a, ). 0* .*rrl'*or.J" f (se,) fq 0. 1^-,ox"u fu^;

?" 9'c-t"1,..'te' 
{c ,t*,Âc. o' o{f"^tl-e )t * P*n"* 

A^*f '0e- ooJta1Nt'ru' Se'

f6.,;) .*,*p^J ù 4lo^Jrnt,'rn )t 0o *..r**^Jc ç 
(se) 1on l. f\o@r"tr^ P"9

eh a, 
f**t" 

)..- "oJ^oplt-. f^ 
* .l^'urc€ÂèrÂ

le *or.Jo g(S.) Jo,,.,n. l,t, ; Ao,t,o o$,'^o 4-r."bl- il^ 1-''û,4 
àV

?\L /oôt\ run f+ocerbuA e^n a"he^"h,- 
1-';) +*rI 

ninùQle^
I

ù(s.,i\ ,0"1**lrl^ Fêd "*Jt h ,r^t ."n^*^J" ù(se) T, Æù ,.0. o"Jtn*ph*

ala.l 
1^r'crrcrrrr,1 

^rhe t.oc'^ùua r*ti..lo^l" "h"ttL bÂràcL n"Â"yha-

ç(s",4\ l.4r'roa.u.vu'o P,-' "'rit ^. ."r.,\rr,,or.^J. 9(s") 1.^r 
"ArLù 9. ,J*<..1.l*

.b 
f"^ 

^rI' a.L Jf..oc€/ê{â P*i 1,- 
LV,ù}� * olle^^l-" J- l. 

ta,tr€.L.

tl o.ra aelrrrÀa J*.. i

nffp'J = fç,,d\t m u {s(s",1),4(se,;)rt(s", i),ç6", ' , j)  ,  seeôè r. i , jem n ;+i i
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bq,uo ,rrn dl-q,l- t^;h'aQ, .0. .onf*ô0E ^Y ^ JJt"i &. 1'trtrr.ar"uwrc.. l*n o^ap|t-co

Seeùq, ant- -Qo ..ro00.,* ÀiFia0" r4g(se) (ài!,^^. fa* 't \e. J.0*cF,',rr,,,,, ) .Y 0o N;8.

âf",$"th. .,,tr.r'"/ -l' *J" ',

e[pça!(a) z L:LeJ, rlte J(" , Qe(9e-- n,(') ( b-- 1L,M,4) n Pf'= L:{ ^

rù ce e € . (M (se) = *3s (s.) I Ç(s.)= < ))l

2.8.5.2.4 Relation de transition

?ou^ -I"nq.tr 'ons 
*,È'e 

o,,, , ,n-A -0a *OaFiËn Je À.a,uer'h'"n eot'p^i0ar,e, A

oQh J* f*t* 7*o&û^ *1r'J,r,.,n- GN. :.a. ,'2"\ t It u,,l* .J-8" +iQr-
llo$" 'l-. J* nâ*p}.^* on'âharrt loo *"Jrfr*1 +* * o.f,'^o). trg .ô"^r.'..'.t

âloio,rFe^ 
Tù* 

..o.À -*-tponJr.*t à .Ore^^J.r h'on àl^e *",u,J" "w),t ,.i{l

trloç1.r,* :

b I Pf tno1r., 
r\(( 

L", "' r 1,.-,r ), H rQ ), (11 o r ̂  t L! ^-, >rm',Q'>) =

[f1r = Ps[P.ô"ll,,, l lPoa^-.It1Ps' , '  Por,.=o(r-": ç(s");P r M(s")ço ̂

t0e lq6"1l. Q6.)o+; r tRe o. t-'.=t-o r Mr.t't r 4is")" (Q{se)"<i>) n

{sr*< (dPe.-se). q'6s^;=gqsnn) I

(Lc. 
1'wrztrt^ 

P*, .."i"..L ,f(5") Jt" 1^,. 0- FJ^aPh* ^ ,ts'u'e païeut-

*JX.!ù. ou "..d" "T 
1,.'.,* 

À f\oc?r."' P-, ,t'*l 7ao 
)*o !" Nt'l-

ârott".^l-" L Pra; ",oho Ào^^o .to P,'0" )talI.^^lz ol !.

.-,*|'.,i$. *"h a.uq anârn- f"l^^} J, -frnoTa,arvnne- ).

u I Pf " X+ 
1r.,r) 

( <t Lo, "'' L"-. )' M,Q ),, <t L',' "'' L'*-t >,, pr " ç' )) =

[e1s= PsI P"a,tl,,,l lP',4"-.Il;Pr' ,r Pr1= aL.: f (s.); L!' f rr t4(s.)to ^

V&e('";\. tJo = La rr t't'(s")= r,r$e) -l r,, Vve (tl'se).Mtv)=t'l(v\ n qte]
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(/e 
1',r..a,uu È*, oJ.^r-l-. 

ç(S") 
o.[". 

1o" 
). n"lna;plr*" a. u]ûz oo8*

tï*"Fowr"^^t ffil',i,e. . L ..*l-ô0". J* 
f\nee,r\rta fa/yt<- J-. !^

"*no^J* f, (se) "l Q" nafi* J" pJ*opl.^" J!v*t/^^,a ). +\,

tçe1dt(s.,;) ((r1o1,,,11*-,)rM,e>, 1< lot.,., Lî-, >, l 't 're'>) =

I pfr= Ps[Fa"1\, . . \ \P**-, , I ;PJ ,r  P,^r=vLr, {(s"),r j ,p r,  4(se)=() ^

{&e(m'i) ,Ltn=L* ^ rrts'\=}4(s")+,r ̂ Vv€(&5ù.}4'(v\=r,t(.r) ^ q'.4 I

(t" 
at'*c.cæ--a P-, uol"^*J.r '0* **,o^Ju- *1s") t8"- y','tt.,r,n ^tt-

f\rcr,àtr,ô ,nt*F .^ thr.r&L p4/\. cz rÀo.pTt.r.r. . 14 ,mlrÂlt J" Pu" $-^J,tl
-La ,st*u^,.,'^)" ,t -8a ro0.r^^ À d^4\r''t .^l a-unnn^H )" 'r\.

t [ .Ff"n*F(sc/ i , i )  ( { t  1"," ' ,L.- , ) ,  A,Q\ (1Lto," ' tLk-, . }z t t ' ,4 '>\  =

[ fy= FsIP'r^r , l l . . . l lFu". ,J l ;P" '  n P*r=<Lrr  r r (s.) ; f ' r r  P ^ q1s.)=(<1>"Q'Cs")  r ' ,

Pnr.=q't; ' , ç(sà; Li ,p' r. Vk.e (,n'l; i l).1[=Le r. Mifr r. Vs*e(fe"s").qts-\ =qé^) ]

(t* 
fit{rc€lrrâ{/ô 

Èrn -rl*r-h -Qa ""xrwyra,raâc- g (s.) aQaa 
1^tr. 

/e 
1',oc.r"raa P*,

rot e,r. t-âF. J. 0o +i0. Jâtb^h. o.,JL c.. ^Â1h-. otr efirrLr,l-e à'eÀ.nl;n Jr.

,F(tu). Dc- nno^ueè ah*n,7a I. 1a*xrrt" P.* 
1*[r 

lo î"'U Jt"$.-h

..-F .[- f1"c!r!rrâ P*.: ,y È*i 
{**"Ri,^.^b 

,ù^tti-Y.,.é^"^k !* .*n^o-L

*oç"&o* g(s") * 41s.))

2.8.5.2.5 Traces

baila .rr.$,e ÀFQ""*FoF,'u. J. f*1f*- 4*.oO0.T- a.À;.<. r""J".11--

,Àûr- rûônoPrto.4/bu t -0. -ont-*Â-[url.- ( "rcleàA^") ay"R"t*^.",f, .l*

,pla-f;o* ^* .0.o aoJtopl,* q 1. rt".,nn *"ï-Q.';r**b qr.,L .ûotaô4

J'Àh"$!i*rrs à'1,^0rç , T^) 
*,*orran". 'pJ-J,'.rn a,,Â. -l- i'^"yl^-

,t'rol- ,^[rtty; ,
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b. nmo^ ide 4A'" ob'l-"s.iL , .e}r..' Àôf"f|.Jt J'Jr;[.' f"r[|. pz h"J*i,L

f* Q. +e T* r" .0. "-"nh"â0. -\- J.,r-r^l -r,v\?- **J., +(sù ( *lJ

edÀ I'o^" i- )*o o"$,'.,np w(s",i) ocL f (s",1) *l- Fo,lbuar u,""LtaU.) "J-.

{"Fo$.*-rt 
-0* fÊ€ectôuÀ câr;\Àfcryt à"-k Àe,L4 r{rv{.À Jr^^ Qo !''lr- àta:llr.;"*lz (f

e-Jo^|ion J" .0ât;"n w (s",,i\) ôs ft*^"RÀe lo **J" + 
(sc) (.y"* ,^t-.,hn

J" .Qforh'.,n 4(e"ri)). be. rn*â,,ne , Â Xo "*l-+0. Àt^r itaocertxt^D 
^ï- Lrt*,t

".snnr\o^J. g(s"\ (*T& <&b !l.u,re- J- aJ,',t* g(s".,;\ aq ^t+ (s.rr,{),rfj

eoF Fo,1o.r.^." ..o,J"*lob\. ) J*, -f.t" 0.^* f -lo 
f.*oce,,.u +"^ ^t-^ .lo n*^o.,L

g(s.) (f"^ n^.trfL* â. .0lr.r*" J* cJ,'ôno t(*,t) ou 4 (s", jrd))'

fu P* 
..o}L*nr-^t, mouâ JW'* -{b^-.,.U. ".a^t& J'o"l^,'*^

n t [P1s l l  =L+d ] " "  " l - f  ( se , i \ , t ( ç , 1 \ ,  see f , e  r *em]

,* !" .,o ',ç*Jt^'L.e- 
t". 

(A[,hs-X.**tl l l frn) fe* 
ca.a

{{*(U1s",r\)= {"(t(se,;\) = ç (s",i) bi" .se e€ , ien

1o 
(*(se,i\ - *" (S [s",;,i)) = u(r,i) ^è^ ççe*e , L,s e n

Je (-) = =- t* a -l '  fr,F' on ien

/*^ |r.'crs,a

a,r têq2 4

ô l
t  znap

.j'oo;[-o kl.
I

Z[ PFs] r*l- .!*

( # *ff*l"na,t
f ) o
Pr"

h-arrn ,^X^^à^"L y^!" Ftr;}..À" à" h',*illzn

Jon" à z( s IPpsn, AEPps n, b[r9s l!, e [Pgs] >) d.*I /
'.onn,r\*^r' /* tolirrno F^* 1", ^l t*;Ll-rt",tle <{a> (p), a;A a^roi

f.^ n^. I Pp']l

Z[Pfsn  =  L f "  Z  <s IPp, ] ,  A [Pps ]1  t [Pps ] ,  e [pp . ]  > '

Fr.w /norrâ **t*^*e. ?"* 
"nS. J"[-,"^^'k.rn J"

oÂ^1\r** .-*nrp^J Etbrr, â ,0'.d"é

J.Â^1"* à*
^  t F lL€â 

+'vrt"^^'eJ€2

. r v r  A

f 
rroy.u'ote,r c,Vata, 

T*

' <{.>(1) " U{3* < Ar[PpsX> G.f"t(r<strPps!r Êf,Pp,]rLflPf.],e[Pp.n >$

2.8.5.2.6 Propriétés de la sémantique des sémaphores

"^FUF;" 1)Lè 
(t\otrr)

)'a)ntoaxiat^a ù

-0.' æ1"t,1n. J*

Clr\ 4^tcmÂ 
) 

Xrp�tJtj

A':1-il-' à- n^cgl*

f oru 'rrrrOr'ea îouao.^f $*h".^m*rt o,l-'0i"L rma.ra h.^nrrc.
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ÀÀ^'F",oku. ou ett -.h'{ùJ J* " 4*,',* ,b À!*^rX^

t'louo c,srrvm€^^îmD f^ 
JÂ"*bn- à* lrn*-* 4.l.)'*;^ot)eo t

fc g....,,,nio,t -0" t*" .-o.1*'. L 
1)Lc 

p. Io t*Qrrt* i^^'f,'o0- "1. Dil"opÀ^. -b

f-iF;e o* ^u-00. o.0^o J "^l- tolouaa ^"i ?./y\ c-au,t^ à'o^/o.,b,'ar,, A' f""f-'^"n"

1r. a. ,0o dnlq0e,q tr nJ*"1h.^. o,l- ,o*.l-.c ou *u}.l. t9* "0, +;A *F *'t "t

1... a -I,� ro0"r"^,. A' ^Â11.n* "^F ,*,.0..0. '-0^" la N;A. "^h'.^t (a' ç0,*) 'n

tq*rceæ{râ Juun à J*0, A,Wri^^h i

l.r**. 3.4.5. s, 6 v.1

vç e Z[Pf"ll, i"ld, Le c[PpsX , fi, J(", Qe ('-fe,*.'*), se e f,e.

=*[tr= 
< L,M,q> ^ riS1L(ç) zd

lttq 1se)l=o n n(sà>o) v (0.<lq(s.)1.<,n n r{(s")=o r $A,At lq(s.)|.(ft+&'+ qrs")o*q(.ùÉ))]

b.^onrtt"ahion

Poo. rrvrâr*'\.i.ro ",* i"hl. Su j=o "0"'a .[.PFrX(fJ , f"= 1L,t4,{> -l- Ilgr(s.)'-o

"^À4.*^b q(so) =< > J*. [çcso.\l= o .] rr(s.) = Tes$ (se) >,o . S,' !" pr1".^'d,li' -l-,'r,or'c-

f"..- fj= (L,Mf ç) '\-1+r.ltl , J''it^" 1"^e t^ J"f,;r'l-,'*' à. L[,PçsnU, , 1o

f^ofiJk' 
*t ,ù,o{'e 

f"* fj*, = qL!,n',e'\, s,' I!rL,'on E; -t +, fi ot iem "tui

"lilJ*^t ca,- t4r6s.)= t{(sg) .b c?'(se) -Ç(se), 6t fj = g (s.ri) Jr,o cr,.o(ra aa.'orao

H(s")so ..b v0e lq(s.)1. q(s{+l, J Jon" ç"^ 
.û,trpot-hàe J!,ndr"[,',n o..le(s")l<,'n

eL $(s.)=o *h-0e. d0. "rh J" q(sà ,r^\- do,o à J^rn J^'+f"l*Ja. com,rnc çts")=q(se\^4iy

eb M'(sc)=$(se)/ mou^ a" à"à.L* 
T,. 

,t-<4'(se)4,n,, r,r'(s").o uY )-Uh'th J.

q!s.) nonl- Jnrro e- )*n Ji:|.{.r:e, A; fj = 4(s",;) o0ou !\(s.)yo "F f,"n.

g"", \ 't l* JrôJ,r"F,'on 1Q(s")l= o. Noua aÊcrno Jqo0r*.^^b F'(se\ =n(s.\ -t ,t

qr(s"\= q(se\ Àmc Âoua c/v\ l"t{.*i.r* M'(s.) r,o + [4'Cs"\l =0, fl i= g.(s",i)

6^oqô 4p6\^ê f 4(s"\l=o, rrrr(s.) =u(s")+r .i q'6so)=E(s.) J- Jon. le'{s"51 =o eL M'G")>0.

,t èr= $(seri,Ê) "1"" 1q1s.)lro -l-Janc M(s.)=o. c6î^r,4. M/(s.)=M(ss) ,È

,51çti")\a1*1r.)\ t $atL)at J.'J*dan. og\q(s")\<,rr, ttr(s"\ =o ,1l-rL^t J. qtsô o^J-
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^*l-t. T" o.

r,f,Y\ pl* J.

l^,A -Prcca,*la -l A"no !"

"mt'"^ô0- *P ob^rJ au^e

E"lÀ a'
r

t  )an ,
ti = $(s.r;r*1 , 1o^ 

JJ'f; 'h'^ À t[Pps] ft\ok é$.^4â Q(s")= an4'(se'\

à' q* .z .s.r .{, , 6 ,r, ,r

{"t* k;^i"9..

tr

àe^ro. ù Je,ro dJîç.:.rub "fr*5r.^r cirr.( J. çCs.1 ln p^l 
f*4.df l-fù J'ÀJ'Jidn.

tr

h. D*,Â."t"*b

ârr,,n p";trït-. s<- "1''o

Letwmg ?,.E'5.1,C "rlv

Vpf.e 9j", ,^€,u)) .rueZ[,PpsI., (Lor,,,rt-.-,y eà8] !\e {", qe(Pe-,n<.\, See f,e.

rï\ e.n, i"ltl.

[rfr=P"[P*;t.,. l lPq-^ll;Ps'^ f i 
--11Lot,,,tL."-,>/M,E> r' 3ie\e(tu)l.qG"),.=^l

* f r**=o{L*,4(s*) ; f lJ

berivrr-v.h",^abionæ

Pa^, Àdr^.fi* p^r. i"\d. 14 i*';^e ool'or'o, t"* d=o cnr- ê[Pptn(1J

*th11ua q(s"\= o. 9i "0a !*" *h ro^ +o* ft = <,Lo,,,,,1.-.)rs,Q) .t iu elll

,1.* ii *rl-" nno^ fn,* fi*r. (( L'or,,.r È^-. ), M1Ci.

- AL Vte lq(s.)l , q(se)r*,,n .,b 1Èe lq'ts"i.Q'(s.)o=*l ol^" +^ àlfu'f,'avl à

bIPFsn , rnou, qr,.h^â 
Èi = g (sc.,rm) .] P'.a- = xL*: ç(se); p

- '\t 3Q,e lq(se)|. Q(s)a-,rn "0^" 1r^ \"t'ha&. I'aJr.J;oil\, no'u o.'c^^ô

Prau^ =xL^rç(sù;f . Pa^- À.{,;ch',^n Â. ugep.n,, &i mreal-1o' f r {, U(ser'n), È(sq*)

(.* rûauÂ an$r"cÀÀâ $(ss)>o t d'î,d ). l"t',"*. b,3.î't,,6N1 , <ect -ùîF0r'î"t";t

qlse\ = ()),r ù(s", ^) 0., 
S 

(S",sri') (,-* *olta otrrtrimo Pta.' = o{'L* , g(s.) iÊ'

"onhor,,,- { }lltfot'[;e" a\e L,,n r'*pp*ni] 1tt'unc. foÀ ),rr* P*^ ) , ); +i ^f

Len, g(Shr i) r f  (s,rnr, i)  7 È(s,,n, i),  S(s, 'r, ,r, iJ anxc srme (fcn',5e) , (hoct 'e a'çr.rw

,.*r" * 
i'+^ ,l- Jonc L'*-- L^ .1""^ â.p;'h^ J. t[Cp'X' AtF0,'1"e^rb

{ ' [{,T"tâ J'.ùJ"t i^., , t \ouô ot\ J*â,à** 1.,o 
Parr=vy', ' , f  cse);p.

PA" J r"[-^l-.

qr.n^/vîl ar^Jo ç(se),

, vÈe lq'(.")l . qts*)e *h r * y' ÀyÙ1^'+ L 1",','^. J.
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l- -0",**. )ùa^t " .pvÀe- 1... 
"0. m.mtr" Jlb,*/.,rF,'cno JLr*ro

csr.rmanrJa +(s") "{.J;.^^t à ûa mnùc- et1 a.}rc,.,r.Fe. Jrr- +4ocutlua 
,yt I'æi-,h.

e.l- .k4$- er-L *onnt*- Jl"-iJi*" Jrerz,re *^,rno^nJ, t1s.) omJrr-.t arÂ*

"4"i[ Jt ,,tr 
+,toca^>ila e^^ a-HJ. tU 

P. romLr- L y-"rt"t- "n &"'rfe-

J-^o -[o {r 0. J loj*t.^.b â^^ o.!n ,çL-. se.

El=*k J.^^ir ;r"rt\e- oÀo*[,'*. 1s,È,2) 7 mou.o J"f"U*.r^

c.  ( tâ  - ' ( (zxar \ ' - * ) )

c n ( f , i )  = k f t ^ l . d l ( è r e a + a l o )  ( * n  E d = o )

J. .oJ" T," 
s't(frl) e^l- -0. m-l!n. J. 

l"l^
*l- *Jo l.L ,^^h* f" .b fj .

l-enn.tnc- i,8,ç, à/,6 N 3

e Z[P1sn, [ . ld ,  L, c[Pç"Ir tre JG, Qe (9e-+*<-\,  see.Pe.

[t+ = ( L,M,q>] .+ ["]* (s",i), r-e m](4,$ = r{tp (se,L,i '\ ', i,L'e",}(1[).leCtàlJ

qr^t't raz o"F,'.tn oppo.tl-"^or"L o v

b"inonof"a.h'"n

Po- àÀJion Ar.^, j"lt\. s; i=o / r$ou, a,4ro,\À ellPfsX(ç;) .I )rnc

14 Ct"11= o J" p^lr" s le (se,i\ ' ie.J (t,i\ = 61_E (se,i,i,) , i, Jen l Cf,j) =

[q(se\l= o. si fe4 &6."tt æ à tÀdr'f,'rn )" 1'*p^ik' *l' ara.r! 
fou^,

fO' '  <L,M1Q)7 [+.r e\Al "t t j*,= 1l ' ,A',4' l  o0.* ^t +i "oL ,F, t j  ,  i"^,,

ar (stn,i), p (s"'r,;), ù (S*,i) , gp (t^ )itk\ fo* 
s.^ e (OPe.nrSe), 4(s",i) ô(À

u(Se,i) / Nou'i a,{rù^, <lg Cs.,i), ie "} (p,t*^; = c{e (se,i) ,ie" } (f ,l) ,
u{ç(s",r ,u\r\ i ten}(t , i . , r)  = sl tp(se,L,"t \ : i , iem}(f,à) * e'=q. Â; t i= o(. . , ,g\ " [o' .

sf u(sa);), ie"rJ(1,i*r1 = s{e(se,'\: iem}(t,ù *{ ,, .LS çse,),t '\, i,L'e'}(f, i+r) =

sf4 (sezr.,)|\,), i i"\(p,1) t le(*)l=l+(s.)\*r, -8J fo - S(se, Ê.,9) ".0'o

s f u (se,*) , r e^) (ç,6) .= s {s (se,;) ' .tem}(f ,i*ùr stç(se,i ,i '),i,;!e^\(f, j*ù =

efç(se,i t\ tL,L'em](ç,1)+r "F le'(s.)l=lçt'.) l-r .

D
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t l*o- ^ù4^^.t *fù" f l" mmbn J'r""'.^rl','uv.o dto " *"^Ju

ç(se) Àa^rô "lF.r^).. J*^ 
4-.rtr,.- 1,,. 

,l'*'rl,;! ^l lXe!. ,,,L ^*,bn,. À'u/"tlis"""

Jo -0o .^l*un*J. uG.) J* 
î.r,t'arqr,n fn,oc/nu, *'!-l-oiÈ ?v\ "ft"t e. )"n" .0"1;8.

). sz 10* 0o ^o0*r* innli"!* ^rù À -o0.* <-o.uJe, à* /r.^egh,ru- se

I-elryvmc t,3,f,. 2,,6 Nq

VleE[P1sX, i . l t l  ,  t -ec[Pps]I M€à6, Qe(./e-"^<-). ,  seef,e.

=* [ f .  
=  (L ,Mre) ]

I s{4(seri), ie,^} (1,g) = s lt(se,i),.e*}(p,j)*l5s(s")- u(s.\]

DÂ"n"hla,h im

P"r Àdr^.-l-isn p 
i.ltl. 

?o.w 
1=o, mor.ra a4^ô^a e {ç(s",'),ian'}(çrr) =

slUts",i\,,1e"](1,i) =o à. e[Pçsn(t) *h;^" 1*. M(se\ -- rgg0t (se). $ -0q.

1*flâ"' ..h -0.,'" fo.,* fg= (L,m,e >, i+r e lfl "b f{r = (L',M',ç,> "!^* a ti uV

&,C, Len/.^r (snl, i ) ,  ç(s*,;)7 t(smrr),  4(s*ro, i ' \  a,t<. s 'n+s "t  Q(se,r.)  , , .  *(s.," ,4
"P"lâ M:M "y s14{e.t) ,  ie '}(ru, j+l)  = s[ç(se, i ) , ie.](aj)  .b "t t(se,;) ,r tem](f , t*ô=

e fu(se,i) ,, j e*] h,i\ , ,Âd +,i eob 4 Ge,,t) "-0^a sf ç (se, d) ' ier](ç4iÀ =

< f g(s.,i) , ie"!(1,i) *{,, s{g (s",r) ,ieo}(f ,+*ù = "lg1s",i) ' i e"r}(1,i) "F vl'(s"\ = M(se.\-.t.

^ù4i *b g(s., .)  o.t^" s{è(s., j )  ,r ' .*}( f ,  j* l )="1* (s*,.)  11'eô}.(f , t) ,

cfo:(s",;\rie,,) (1,i*^) = rttGc,")'iem!(f ,À)*^ 'r nl(s.) -- vl(se)+a t )*-, .lu J^n

u^ t i^oùr) J"'À**" À P'Atr1"h-lô d'.,^Jrr[,a f 
s lp(sc,i),jen] (t,6+r\ =

clù(se, i) , iem] (+,1*,r) + qgg(se) -vt ' (se),

tr

Na.ro enn- -l.iJ.rÀrot -I. $J"rÀa J' $4.!e,.rwro,anrr[+zl y n'.,]^o 'ril,t^"!lr at,

ê{tY.^/vn,c, È;.,b ,

'Âi 
.0o ro-0.,^^ rr^iho0. À o*ra,p!'rar- se *l- 4.*l'dc. ou ^,.0,0" o0* l" oavnbec- J. pr; ;

(a,rnt,v,ron^). 
+(fu\ " lh'{"o^J*i ,.t jne.0, *, .m'^ianw* À,,no*Ln L*", tï -Qq

c,*,\ard" +(Ee) " dkt otàuf.L "h â'^r*nL* J" 
fo; 

"l {e e.nrvnaar)" y(so) a jF.'

,*;rrt";10* "0" ^roOerr^ i,,.^h'4-0. t Ânf'-,,",
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T h " e t à e  ? . 8 . f , X . 6 o 5

11 e 2 [fç'!, j. lt l i Se€ efe .

I^*S(s") >.o

f1 :(L,rl,4'r. O'"fû -0. l"^rm. t.s.r,ù,6 v4 Joln "o n.,.z"}. à

afp Csc,i)r ienn!(f ,t\* c{e(se,,) , ie,, ' ,} (t,{) = "{è (sc,i) ,e, (se,i) I ie* }(p,j) , r '"^^h' -t"*L

2,8.5-,1, c ̂ ,1 -'Jn"-ine- 
1^rr- 

s fç (s"ri ), $ (se,i,i') , i,i'e ,r'! (;,i) r<

s f t(se,") t S(u,L,L'\ 
,, i,l"*Ï (fd) +r3gg (se) ,F J,snc e 14 (s.,;)roç(se, i,L'\zL,i'e'\(f,j) -l

"1.0 à l'À+,;*^,"^ L .^ J** 1"*JikJ
À lq(s")\ro Jt" M(se)=o .l. Jon. t"8,5.2.6^'3 " ^hooitt 

T.
<f4 (s. , ; ) r t f  (Se,*,L ' \ ' , i , i 'e" \ f t ,1)  < " l .ç(r . , i ) rco(sc. , i \ , r 'e  ̂ ] (76')  r"^, 'J-1.  $.8.r , t ,c- l

.^,!"; 
*. 

s lç (s",;), 
* G", L,L')ti,l en!(U) = e lg(s",i),q(s.,t,i ),iÉriCf,i\+r*n(s") ,l )n"

e f4(s.,;\, +,(se,9i )', i,i'et\(ç,j) -l .{"! a ,'À+À,,*) J" .* J*"r y"'};f- '

14 ao.,amiàr. à- ynof-'Llr; Jrt*,'l.�'J* rirn'1ln- *l T'a,.u,,.t^

4*^hâ1". blt# J.*"*b r'qlv\e ci5ûrn\arnJg g(sa). Em fo,rmea Jt.fiono .f

,hh,a"ra ",^4ù* r_ ûos qr'(tna 
lua 

p,ua^<. Jco arl-r'or*a 4'(s"r*) atL 
S

+e (otrrn\ *b "**'*,[otl. o0ro ,*. Jo epzr o,ch.rno oua !*lalr^"^L

tr

f\pcpàùu/a 
il4

f,oru )+a

(serml  i  ) ,

*/-thz:

s fç(e, i) ,  + (se,d,, i ) ,  .1, I  e] ( t ,{  \  = n I  u iu (se, i) ,  g (se, i  )  r ,e  ̂ }  ( f ,  j  ) ,

s ft (sc,i), q (se,i) ,, ., ife,nl, (3ri)*TgU (sù

D"ion^rol-',oh'on

Par,ru

."*o.À.le^, ,
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Thoore,tvtc s,E,t l,.G,v 6

VpeZ [\.n,

I hl=*-1u ; r r .

b**o*h..o'.l',;

Seef,e,,, n\€ n\/ t. ltl .

n las s[Fps[.( b[,npslo,ro,^]G'o),u l, ten U[Pf.n,+(se,,m,n,)(1r, o)) J

( fi 
= g (s",,rn) v l^ânr.6i= ,4lse,rm,nn'))]

Âù g.(s.,-) xr- q,f (s.rrm,r.') eoh oo-.'.^rl-otl. *, 4, ,0* ,y* &|{t;^h'o"

J.,UtPtrn / mou.ô q,.rrrna P'ra^ = sL-:g(se\; Ll r çr . ,! i  g(se,,,m) "t +(s",rm,,rr, ')7

rm'e (^"r,r'\ ^" ptnl- ôo^où .;tL "i* -0- "*h,ô0" J. P-n, *l-. ..,rr L^ 
1o,r^ 

loat

fd , j',; (.u^ 
ço^ 

J.F h'.r J" EI[Pç"ll , nr,,J- Qbo/ù'n J.. "0|'^" L "o, q"\'6w

f"^, 
!- â,.fQocr (e"nù.)). Po"q^,b 

f{= (. Lot.,.tLn-}rMrd), moua .,tr** y- ).-

can zrr:r,rl' 4r.r.r.'!l- 
.l

Àt Q (se) = 4 y "0^" "2'o.h'"n nr ( s.rm) *l- "oc'.."h[1.,

Ât e(so\ = A q'(s.) o0.*o J'"ft )o -!"rrr.*. r,E,t,e",c ^'z ) /Yloui a^hM\,ê

t' L n^b. y*Poa"= nt  L* . ,ç(s" ) ;p '  t  J , l , . .  J ' " fd  À o ln l -o . . , -  q 'L&rp(s") ;L 'p ' f

4 t.l-,rl E (ser -r A ) *l- "i,rrh"û..

tJo.ra a.,rcruâ d;^bJ y Q't ̂ . J* ool',^ g (s"rr*\ oo q (..r., rm') , nn !(o,.,.m) ..F

F 1o,r^ *lJ*Ll" ^ ft pout f,>.i , o'ïù ,n'414"H"^; )'"^1^u^ln' F"U. ",i,lr,*l ou

s,E,fr&,f, J t!l- 
+- ç,rr^'Ll. TrÂ )*o J*o tJ,'** *u noir"rt an^,rta,';t ,-tbtjèr;

o, 1.0* Jn f;.
tr

ù Lf* ft , ,0" ,0c "*^r.*J, f (s.\ *l- "n .'.r.hotl. ;{À; -rL t,o*or|

40tr^ eCIc o-r {"o^^.R^".. Ce,** 
ç""p*.i' 

p'"^otu $^ 4"ir*rrnr^tL o^^fe-rxr'

J L.Iiô^" J 
f",r^ à". h*- ÀW- c$rww\4- r*

^ù ÀFl*-ù eort'ot..,'&. :uru.- àco eJi.*. g(s",n^)r ç (s",*\ ao,r$ (se,,r.,nn)

.r.e(,*,v'm) *l' *J",'FoLl- o0r ,r*- J* e''l-,^,n',o ,f.(se,rrn) o.r tg(s.,r,*), i"(rn,'n)

^rÀa Polr" A"^^k .^ir'"h; r



2-99

f1/o'tùrre. ù,8,5, Q,6'  ̂r1

dçe [Èçs[,  seef,e-/  m€m.,  "{ ,e hl .

I ttl=*l
= 

ç ; li r, r. I & r, j 1 À € s [pr rn . (t [Prrxoc.",r1 (fo, o) n b[Pesn 
*1*1" y(fs,À) v

1..n'e'n . b[FP\ 
çr", *,]-, 

(.pa, o)!

=[]à',,1. (q = +(se,rm) v 3ntL*. f i = uf (ser,';*))]

Nennonok"ahr'on

,'1 jp^.,*o \t\= .^, .h fôd\^ô fc = < L', *1 qs; *". LL= I t! ,,,, ,1-,, lt !"

*!ni0- ak )*.*.r. 0r o***^&- y^c.I!'i!" J' Pç" = Prf Ptoo 1l.,.ll Pnon,-,,n; Pr'. Â*1p.rvr. rye-

;{;;.r^} , -.r^re.^.b -o5 eoh',.nno g,(9o,-) , t CÉer*\ o., e 
(se, ro',rm ) o,*. ,.'€ ,1, p^,,L

*Â*fo!\no 4\.r Jf0o. ,J.. fr.

- .A; l,m'e m. e| (s", m'r^) *l- ,*.fo',i*[lt, C .'+V- d-lù" lir.; 1 A'e sfi Pp.n .

t[Pgsl**(se,nn,,nr,)(firr')) *0* .tr+"'t (Jk{"À ,0e J.{.*.'l-,'rn J" e[Pf'n \ y'- l- y*,*,*

P^,.r-,, æ,! er^ Fâl-e â" l. +'0u Jtrlf".^lr. J" n",'lr"ph,"" s. ( ?i(s"\ = * eb.) où

Àl=4Ll,pr',q'>), Si V,,.Jrg.r,l tf (s.rr",*) m'.t-oilto o; ,'olu^l.l *rltjti"tn'*o^L.l-1^,e.

,*"0" ""hL. ac-b,'on f*,,.J è È,,a^ J" pJri J. Jo 
$0" Jr s", Pta^ '.rot-o,.a l',n[t,r,-' ^

hrL )" lo |,'0" d. QÉ(s"), R.r,j. b'arho +""f L f\{,^;^z e,f,qe.e^,G .*a,uha y

{"F"{*l' r*Y "^;,ttIeL ^ fre, &r,j, to.u 1*r- g(Se.,rm')

,S:(s"r,ro',rm) Jl*^h *oJ.zil. ert f i, l !.f,"n -(s.z*t)') ,,t gp (se., rn',,tn") n'e,.e

f"r,-. â-1"" ,-*t\.t !. )l +*'l^;t

f* À{;!,'^ J" P[Plsl! 
f 

-0" 
f,'a- à" Se Ao;h ,o.J. 4 qÊ1s.\= < >) ..mhoor^e o,.

4ù f" P-n,, 'oh .', hâb?- 1 qeçr")o = /yî \ , e!,1- J *" q, (sEl *',*') 1-.*, *h o.'-'t i

.f à."t 
fe^ Je'{,"^t'\r'"n )* L[Pft.Il14,(serrm,,m,,) , rrn" <aF ",",' Fêl'c. J* lo $'8. J.s"

( q{(t") o = -') "y don. ^'"'= ,n , .. 1^4{ ̂6.m1'nr T* tF ( to,*'r*\ +l' fal'e Qr^"t

--*tr'"I.1

Âù { .,nre '/\ , q (se, ncor, rrn) nr,'.ol- 
4oo 

*Lh"hl" (".t^l-à-Ad- {trai, 7rle s[Pprl.

rL[Pgs]*G€,*,,*l(fl,o')) a!.m d+;J*-^l- a',,,,.trr,^L l'^r,uc J." o.[,'"nno g(tcr.r) o,,

g(ser'.) .F *dJotl. .or^ J*-0*' À ft. {L "*;1" * .r"j, ù',i f& T* 
.!to,.,c-

àoo o.f iono gg (se, "n) o., + (se, rn\ ^Y o,*lt".l-*[i. , E,n ,* 1dnk t f * tN;lt'dt,
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à ![Pft[*(se,*) ub e[Pp.n+(s.,r*) L 1,*,.r^* 
P-^ ,rr'-l- 

4a.o Jor lq {^'8-
A" *'ra1\^,* 3c. ou c€ll., {,4" *F -ù, V4elei(s")l . QiC..)e+*, bcrcv c^oa a<aa,l'

"Qr" f."ibL ,

. ,Eù P.o* .^ iâ ^0.F"jr'*.r'L Jo^r, .0". +'|.- )toJt,.,J,.. J" "rir allr,ne- sz ,
o,'+f- â- âric r& rj, {. lqeçr")l . qaçr.)g= m.i l"* f n* ,qF. )ou^ -9* l.;8- J!*Ji,

-0* o,a,L,* g (se,rm\ "f 1Cs",*) r$e n".l4"t "^"'--rl*\L J-."rrr*," ,^N^ù^"t
pr..^,e^^.b {'^r.. â'.0.û' Jr.} .0ral-n^ , } (t f 

Pto* o^h L!" $'Q* J'of,"i.

à.. 6. ay; { ô[ar *,H Po^ dJfil Ir',^^ L b [PçsI , *'!* "r'** ocl-,'ar

$ Ge, tm', ̂) f-^| 4ot; ,*.b. ^ A" "0" +'A J. s" .FJ^" o,i {. q,"[,'arr J*o-

Ftt* ",1- +"t" U,"^t ';rttïr/ ,

J,^"
A;, P*^ ,n'*r.bb ôÂrnoJ^ 

àor'^ lo 
+'q 

J!o--h",rl. J" "#"fh^.L sc.r.,'+l-â-

tkr,j, 0*lqe(t")l .q€Cr"\e+m. Pq,, J.p, ,:f, '^r L bfiPpsn , ./ ^\l- faa

ç.^oible T. 
-!^ *Jl^o g (s.,,.ù *b + (se.,,*',,rn), *2n. pio-*L "-;r.,*V.L

"* "-81l* ".^'^à** f o,u 4W à {.r..i "^,J*^ ot ^o^.b*^ &. p"out '"* P-* J" lo

t,[ 
Jfo-.lfo,Jt J- €,e. €.,qrryre g (s.,^) ou 4(s",,r,r\ uV ,'*ic-r*e.ble * lj ,^o*

a^l*lu,'! P**=- nts , 4 (se); p , **1* !r. ."*FôL J. P,.À^ n L)pQ,* à |:i;

o*^ âo, J"-0") â. 
fi | ;! +*tLt;h 1^t'.t',',t 

*.1,'an ç (se,^', *) -r f (serrm)

>,;tY "t;"ttk; . La 
4"cr^i"à 

o[h*rnoJ., "e ^'rl- g^ .p"r.rJ[|" , lo B...^J* h.,^4,.i,ô

-Qo 
4*-^,o . ,À1"p-^^^ 1rr. 

-0'*.1'rn .ç Csa,rm\ ^e oâ,T- Fr^^ "r^ "*,nl..,fr/

ï 
do.O.o, J. fi, tr-,^**o J.* T $Ar,t , Pno-= q*1+(se) ip a,tee

ul., = '-1, . Po,'' , *âr,j , * Md(se).<o ̂ .0c* d (se.,*n\ .^oF

dcrJab(" |"^Jù f â. t{s 6s") > o où,t* è (s ", ^) *l- ,t l''hbl. , *" J./a

A" 
f j , !'"rnn J* Jorr c"l,',fto g (se,,rn) æ.r p(se,mn) ..1- |r"6ou^ "^i*Àt'|"

€h .â'opo lo JJft;1-,'^ J* -h** E[pgsl J*rr' ^ s,rlf,, *,r r -Ittu-
l. cr, *À'^o ^sra. {,<.l"Po,'nr,...,.:- ,r-r/"t-r]^t/ . e*\^r. )! t* f" f ,'o# "t

g G.,m\ ("-^ 'P,.Àm a'eu}ie è"*a,, Jar^o /o 
{'0- .lto$.^^J: J. s"\ , J

o'o1.,b J. f (se,rm\.

tr
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l€À 'rgÀr^,,.\* o.Fu"0.0* A{l^ lea 
fnu,,tea 

A" p"p-^J}-.1 J. faF.Q*/
à" 

fF-€*4,^^rwrr4â f*o$àl- 
a^tzc- ælrnaçh^* c-{tndnê tahrmo,vr, P^^r"O'-shuxp{

ar-,'L  {r" r; p.- J* &f"f{-." à't4le'J* d"^op\^- nAl{'rir. à *!!.
J., '.^rd J* -0* 'r l."t r)n* g,r.r,g.6-Ê "-b Q,,g.t.$,(.1. C," -. j lhoJ* A.

1." r**^,b 
f", â-t^n. "*phl.* fr* 0* ,oo,,.r", 

T. ."^fo-À* ,.b'orto

a"h;$"r;^^ t e{, 
fu" ll\àr^ dt/ïr. fe/ m< o*.b f* à"n kouo à.Z[Ppsn,

Cr*f l" ..rô er) t*,\-i*,-Qr-^ fe,tcc T. l^ y^,r1-..:l l-el, )'/7-r'1.' ^^Jo

)o*t )^ F\onruÀ.o &,î, f ,1,G.6 , t  &,f ,r ,J,6^,T rrr.)-^Â***t faa y.
l-'otrrr"I" 

fo.* f*n -dln o"Â*tt* 1*- p","k f.^ L"*./

Au ..mf"rr,.e-, 
foura 

-0* ^-rtr "-h1-,. J" ù,êAotn*[6S] , /\osD a,r6v\Â

'[* 
4,oP^.'lï1€'o.r^;o^]. / 1.^{ ôorrâ Ju,*rnhrr
'h 

ila 
f 

trotaatu.o P** *l- u* dùa-u'Yo J-rt*^rL Jpl\L c4^\^r/fl o^J. ÈG.)
.n 

4'","1','.nn 
,s Jor- '0* $U J'"$"^À J* n l.ryl^. s., J^a rL+,l

"*n^""" L È ( su) cL ^rr,',, ^onn t^r, +J*' b-^l J. éon^/vyl "^.J o f 
(se)

tttno.'cuVq.rrt "*"^^"b 
1^tc 

,t"lfe^rl'. m.<, f ^c/ /vr€. 4* .'

ThddrÀe- t,8,5,€,,€ o 8

YPg" e 91.ar ,il€a,/ çeE[+psn, Qe (ttl-(y"-"*t^))r l,È.ltl, seedPe, ]r€qr.

[fp,s: P.[P,^,fl.,. l l  Pta.-rl I Ps' n j.A ^ îryn ern"V{,elt l. ( Q'..tsA)=>
(1 ( 1"c,,,,, L,l-,t. Sl mee (ù-- s) : fg= (. t3,,,,, 4,-,r, *s,qc> ̂
P*^ =- <{, ç(s"); L: , p n Qe (sô,"= ,,n I

t s{U (se,i) : i e*} (ç, È\ - .ls (serà) : iem}(ç,tr\ = o
^

^ 
t {*(s",^, , .U; r  L,L)e"}( tê)  -  s ' la4(se,, i , . i , ' ) r i , i le " \  ( f , t )  = r ,+i

"  lç(se, i . )  r  ie  m](ç,e)  -  a. l "+(se, i )  '  ic ,h](1, t r )  =,
^

s tg(se, i\ r iem ) Cç,ru1 - ç [e Gc/L\ ., ien](t, i) .< ,û- leù(s")l*" ]
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uLmono\-'.ahon

Na.'a c.rrrohr*;*o Re (lç1.-.r) ft 
f 

Ê1 :'r. t Vêe lal. i..0..4 ôo\,ô adc,v\À

QcGà*= *, .  fq (se,i, i ' )  , i , i 'e,,r!(ç,[) - ut+(s., i , i , ' )  ,), i t6'](t, i) -- e;- R4r

a' [v(s", i )  '  iem](f ,g\  -  6{ù(s", i )  , iem}(ç, i )  = o "b e fç(se, i \ , ie ' } ( f ,C) 
-

s f çGe-, N , r'e'n\ (1, i) = o

Po^ \"fd;& , motta 4,^,'û\^â qi{.")o= r J. p*h" f 
lu 

4"'y.,'{14 o\J*

4 + a
Pps , mouô q^€^r,. t-1, + L;, 

' 
.F J.on"

B{, = g (se,L,r) J^" f*- J.$^'h'^ J"
= ;'4c*'6su1 ùre4 Ptar,= n't, , ç(se) , É;i , p', b'îù

fl'pr*f qf h" o*^.0*. !.A Ja^- -0" f',rtàq,/u/'^e
rnn +i' carr fu^ = |.l-l Proono R.r*^-- Rr-,r # J^"

.a^l- o,orLo 
f"* ô= 0 ,n 1^o^^L *.1: z, \"^ù "*^t-d.b Rg 

Fo,u 
LrÈ,, r\o,rà

l"Fr ","^ &u*^ crJ'\^^rn^e, p* r À

b I Pf " X rg (s",i, i') ila*â a-.onÀ qu(t")

g 'ûupo 
tlùe a.uz -!* .i b,'

o l  '  
ù  . t *

d*t(..)*n*^ = qc<s.)*€*^*" = q0(so)*, = rfh . Dc. ç0,* " [S (se,),Lt\ , i,Lte*] (1r 0*ù =

u f  +  (sc , i , i ' ) , . i ,1 'en ! (1 ,1 )  *n  #  J ' *  " {9N ( t r r l , i ' ) : i , i te ,nJ  (? ,L+ù -

"{S(ser i , i ' ) ' t , i re"}  t t , i \  = Êa.-R'r+ ' r  = êi-  Q*r^,  | , lo* rnr-  
1eôutr /vra 4e" 

aro.^

44e.= È.(se,i) (cen i., +.-J";b qe(s.) . < )) *F J.no" clu(se,i) , r'e,vr\(f, enr\ =

efl(s",.i) :leo](ç,0). Èc. c*â.n. r ôorJô.{\È {ou,rrovra {c,o a*oL 
Èc= f 

(s",i)

G* J 
{r-Lo*b 

v\c(s")>o "} J,mc J'1"d ). !.,**. .4,6,r,s,6,,t4 ) N\erbte,ru'cry\A

fe(s.)\ = o .rnl-oa.in. à q0{s")*"= m ) "l Jo^ sf ç(se, i) , ie^} (pr0+a) =

" l+ (se , .ù \ ' ;en ] ( t ,e ) .  -3ù  è .  - l  g (se , i , ) ,  g2(s ,n , i ) ,  f (s ,vn , i ) ,  ^ r (s , rn r i ) ,

S(t*, L,L') ê^)e,<. Snrre (dPc."se) hocrâ a^,ôa q0*^(so) -- qe(s.) 
f^ 

"Uf.^*'k'^

â" t[Pfsn -Y .0o 4^op*i'[' *l-. n*,-e €^^ q*r^^L Ro*, = &4,,

Okr.n^t"l'.o 
1^t fo* 

&=&,-,r I ho.ro o^lsrÊ à&-n = 
E(scrjr*). 

E^.H"t 
f*

A"$l-lo^ d" tfiPpsÏ .h l. lt T" 
P,.a* a nt" +(ss) , * , f n"ouo ne- foruxrrna

*ot^ T. Br-. . 11 ç(s",rrn\, ,ç(s.rr,*)), na; fÊ-n--f (se,nn) *l-i^p*".'L'L "tn ^l

4*.L.i,.b 
r.\t-r (se)>o "h Jr,,. J 'açù ù,r,r,1,6,v,1 qê-t Cr.) = ( ) e,vr .-,i-* Jr'ol','rn

.â)r4Ç o&-r(s"\^Ê-. = ffi, Po,. J"{ù'h'a^ à" b[PpsJç(s.,ir^n) ùQ" ,Io,,,^r-

!,9.f, r,6^,1 (î,i Àç0,'1*,c 
T" rr\ /vre fd f"- 4,t** ).t^ 

{,o; âo,- -0o

+,'0" qs't(sù) / ,.Â."!,",! .a.^,o',^â Ê&-.. -- o . [Q ô{'JJon., "lq+(se,i,i ') rl,iLn\Q?,A)-

" f ge (se,i, L'\', L,i'e "j (t, i)
& . - e ^  + 4  =  & , + 4 = 4 - * , 1  .
d tc-,r d
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okrerr.ucns 
f 

'.^rhr 
tj d fn-^ I .-l. Jcn" ç1t\ !^ ç,*".ro"^^ 1,.. 

c'tt 1b{r.

"*!rthr.- -0o .-,.r.0o,^nd. +Cs.) lonl- cclo( 
T ^'Jl--. ^t f4a dt.r^ !q. #'0"

dra.he^JÈ qi(s.) * f; --;; 
T" 

æ)tat 1".^ .Jl'er.-f )-n,^,} Pramn Jo'u, lu

$$'U at"-U..,)L Oils") "I T' r^l- oJÀ J,. ,"-tr- +A *o^^I P*,r. ilo.,o *
ôur" 

1,1'. 
-f t*.'.'".,,.[i^ à\t^" tr10- Ç6y\À/ryr "^L -. 

# 
aa,r.r;aoJ.,r,r- 

1d'a.\ !Lr],",

rU (se,i) 1,ri o fou^ .?f-F J. *o^,q,.^ -Qr. 1^r* P-/ T'û P** J"' lo

+fl,Q" à'o$.rlu J. se. crrv.nrr.z P** ^e- ,*F A. 0o +'A T'^ la L

t^oca.n^r^rÂ 
rt€. +*Y *^'f"r* àtt* l" 4r'{L 1u'at, fl2tt tv'e- fu;, noù) ùû

I

Po.w JÂonfo,,t ..^f".,qr" 
ç'-p*"li,J J* rp'-X^o^,,^, ça,^,eQLi.0^ a)'(e

,"1;8;u n^\e u)^ or,,,l 
1^. -0|Lû"1"

n {s"e.:â. r't(se)=43gc! C*à]

^  l a (se )5e  ̂

âo-â,,r-a,,"  e {g(s", i \  ' r ,e*}(f ,ê\ -  cfe (t" , i ) : ie"}(ta) --  ^- [e*(. .) l* , . .

2.8.5.3 Sémant ique l ibérate

r"*o1h,^* , tv\4t1, feu^roÂa fûf"FO

1^" ^\e, 4"r-^L t* ^ *ph. -f.o lt2" Jr"lF.^'L *-f " r*1o,td. â )r,,.e elo.^f.

,e.l*rit<, .

50 [P.psJ = cflPps\r ù/-

ee [P,ps! Ê pL.,U, nr. 4 , ( t= ( L, M) ^ pps= L:or

b0 [î'psn* (u.,i) ((( Lo1 "'r L^-^ ), M],, 1' (',,', L' ̂- ̂ >,M')) =

th'= P" [U" ll ,., ll Pun-.ll; Ps' n Pta, = qLi r ç(sa) ; I

{&e *. Lf= u. ^ t1'= M I

i l  [ PftnÈ (so,i) ((<L,,.,., Lr-,),A), 11L'o,,,,,,/"-r)r m' )) =

[Ot'= Fs[Pn^r.tt,,,t lP*^-^ $iP"' ^ fu;= aL. rç(sc.);dr: p r M(se)>o ̂

VÈé(*,";). Ll= Lâ rr t4r(se) = M (s")-.r r.. V V6 (tl^,se) . i4'(v\ = rr(v) J
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,t '{.IPgtn*1s",i)(<< Lo,,'., L^-"rr14>/ << Llo,,',, L'*-,t, M'>) --

[Pgt = Ps I Ftl" ll .,.il Ptt.-rn ; P"' ^ P'car = qL ". ,,r(s"\; 11 r' p A

Vfi'e(rn';\. L'n=Lu r, Mts*)= M(sù+.r 1 V\e (û'se),t"t'(v)=vt(v) ]

4 [Pf t nq qr.,r,i)(tt Lo,.',,Ln,-^>/ M >/ << | o ,,', .L'^-. t, M'>)

Lpt.= P. flfu"[,,,[\P*,' '-,,n j P"' I Pzr, = : t(se) ;ti,rP ^

t* r= i t - t ,  ç (se) ;  r - '1r f '  n  tAe* ' l i , i ] .1 'e- -Lr  À Mr= M ]

C"S. ,p^*^k'1^t dk h "^rL'{.À./ *o* 
^oÀ,rn,nea, r-u,r, }^ .^*"mL'l-

dUF""b a.""rr,!l*, ,ûo{ra Re^ma^lÂrôÀA 
Iu" 

.?h"fi"n âroserrt-s *(s"rr\ *"^tl' ah"

,tf*-â f,û"l' ofr* ae Jt" qe, 1,aA -0!l-*F ""*o^^l. No.r, oL**^'^o

J1"0*'*^t T" À. 8' ,,*Jurli^ ). I!.f;* ,4 (s", "ri\ .^â'it ). l'il"L t
à {,trJF*} A' .0,' 'J *F "T"0"**',b 4.-.'bl. f 

g.o o.$,an.o g(se,i) 1r-

çG.,r) oo,'*b t^{trL , u{.+^ÀÂ*.l- +0.^'"rb À r à. /, Pou*
(4!r.r\\.â^&r, DÀL\. !'o--.tl. J^ âh.h o*.*'!l* {.a+ -|.* ,"I^o"'$;y" liçk2" ,
.0-e." oÀ'o"o .u (se,;) "L ^g (s",i,À) 

f"*^*,*,b 
J^. àt-..E

A0[rrsX = ff.,ç'] u ^ u fç(se,;), s(se,i) : scefe ^

fiocu,,rc, yrç*"112 d!ï"U *'ll-o*b À f',-,À"

rÀ"Ji1* û'tà8" , nou.â J.f;^*" ,

Ze[ep'n = Z<se IPgull, ft[[Ppsll, tt,[.pp,n, egIPF,n>

. f

À&ff4rlrvlceâ i

, -e" \

cr\ *Fl'" )".,* ,.j$e-
T

l-a I'op*iU iriJ*^F. À ".,$e. r"l-^'J-;y. ^Y T'â ,r^. {,^o\;n J- ll"h,

.t' 
'.o! , -0'"^*.,rttU" J* d l-"b ..rrarrr'[\"o Jt"i"d la ,i^"r,],:y. (*o"t-.) -l ÀJ'^

àor' 0r*^^*lf" J* al-ob .".","*'tl* Jt"f* 0* æÀ"^t'ïu. bLJo!"
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Thio^àôr\a- 2,8,5,1 ",1

2 . 8 . 5  . 4

lo Purrn J,T* ear-cc.le durirrr'

Xor.o tÀe"t 
ï" 

lL c.h er?, A*{\b e/Y1

e*-alale. 
X""*r[.b 

Ltuuy*; u\^ no,r[i*

&[i..Q",

{0e (sçegsl+ s0[Pgs]t) "l- J{f,^r 1e- lt(rr,M,Q>) = (1, M;

lre sg[p1s] , 3çe r<ft '>(zurp,I), i.111. .9, = r]
- -  l os  5 { ,  [Pçsn ,  1 f6  1 [ f lPpsn ,  " . l g l .  f r=o l

ç*a$à0. p.;*.b *.'aLà" ^rnu pàim, *'h'Iro t

-k0* Itu^o L

d.;

,"1^rr'0.

L'o,n T* 
.-0* uk "rt'T," -0^'Lr.i'"1*

.ro^-QQQQQ*rt'* ^.rfuu[f. . l-e **t^^l''y.

*1-,'r" ,.,r. o 1oo 0o æJno*h;yu-

Se.to

U :

nr
4 :

ç 
(se) ;

g (se);

g(s");
g(çà;

À.ue à"
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3. PROPRIETES D'INVARIANCE ET DE

FATALITE DES PROGRAMMES

3.1 SPECIFICATION DE PROGRAMMES

f{^..ç'rru*" J* 
1-tr'to-*'" o*oùl^<, â J-*onl-nrr, t,^" n Qcrli^ ,"t-

u^e a.)rn"*l';1." ( Ji4;ho^t "c. 
1n' +"* ltno."'o"Ii,v' àt f,@t&(^/t^e.")

.l t^" spâp,"rF,'an ( ÀfÀd."^.b ttcc- 
1ue )"n"t ]";'* Qtodu"l,'orr A"

f*tro^^. 
" ).

Poo.ç 
T'*^" 

J.l-"Je J* ,^JiloJ- ). 
1,,o'-t 

rlz À"'y^)r ç"n 
J"^

f-".\,^ y o\àÀo,� fo,* "p"Lf,'.^ 9* 4,*X^on"^^ ,! {t J*".. t),ve-

J.{,^ han ot'r,"orfa .V Xl^uo\. )" Qo ofLÊ'.J,',nn ). f'wtq,\w^eA,
ilr,o f*T-^ J" J"Ft Lo Af"U$'.,a1','.m à(*^ f*tr^-'e P't- c.!ïn,wt€.

dfo^,h .r.,^. lJ**J-i1," <s/A/>.> . Èe *S. 
4"t* 

.u^e, 
+4nt!rc 

J.

f 
"rraXlro,^n.me "*ùbè à J.!*^h* 

1u'^r^. 
'nQoh'uo u,,'l ^t\dc. *.b* Jorn

rÂo-li1* ,. !a, 
TJ4"*I-J^ <s,4,É> oT- -0* rn""'t;y* opJ"eHn^oûo

< sEF, . l l ,  N [Pt ] r  âEF. l )  .

E*rlp& e r-r
El-*,.| J^rr,.i )^ o^^"",*tl..o s Jfât-4b *h A J'"À'onr" ,j ^" o^"^f,'.ry

Q. (s-'!t,f{}) ^.r^ !* ;1"k , 'L!.u*,o^Ll" J^ -bnar^ f'* -0"^1^'0!^ + ̂ F t",,+

S. t-,r^r.o ̂n*L e.^^ cou,^-È àt*'.ulron eal- z=fçe z<s/A> , Vi< lç1. {fr)} .I

('t) fo )ft<ar^^re )- -l�'!y4{:.9g15_ )- + fol* 
.ur,^ f*{x*" Pt "ôn^;l-.

i dÀ.5.n1-"æn 
t" 

( s[P.cll, l EPullr Z EPvn> ç < s,A,E ) u'-l-â - Jôe " ", f,.Qi*n*f

{ ç e E [ P t n 7 ; e l { . ô ( t l ,

t?) te y,r*^1. )" 
f:fdgælb ). 4 1o..,-\ rr.tt 1^,aga,'r"vnc P' ""s''^"àk à

JÀ^hn- q,, .  sl lP' l l  çsr È[PtneA .Y Z[Po]nZ*6 "Ll ' -a'-J*. *u^.f ,L{t l r^r^t

1ç ez [P'"n . {, e\.p1. ${1" \ .
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Eha^^h â*rn- l* *or"'bl* s Jtt"b .h R Jb"F,'tn" "l .rlly.c on*^Fi.n

q e (s * WfrÏ) ,.,.r . .0. J l-b , ,0f*^ae,m lle à* }*,*"n fo* "0^y"û^ V ^F

À//.iLable,nn*^,l- ,r*otL ov\ août6 )'oiu*lirn *l- t=tf 6 Zcs,A> '. t ielçl,V(fJ)l

(3) Lc 1**u" J. +*bg$ à. v fo,r^, .,//r f"*lo*^o P'. "*^,,ot à
àÀ^Y*.n 

T* <sEPsllr A EPvlt, Z[Pt ll> c- <s/A,Z> ot,,l-e'- 1,,.; ,o,t;.Mu,'t

V,.,'" e z[Pt ]1. l,,eh[ ,l(t ) .

(q) La 
1*"r-, 

e ). 
fghgE 

J. v lo** an\ ?*We Pt- ..MùhL

à "\Àonhu^. ?L sllP,.,n cs r R[Pr.f eA "l' z[Ptn Az + C "!.F-a-J"* *'J:0!-*t

t1e ZIp,..n, r "hl. ,k(f,.).

tr

t* d*P.ol'i.no A. f*y^ -0^ 18* p'*"'"1 "IiU"J ^n."n^u,L

b t*f,.^'dÉ à\ipaa'at^ce. oY )o +.frQik' J.r,rl- rîouê J*.^o -;h"--.f

à^ "*-*l0*,
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3.2 INVARIANCE

tla"ra J*^^o ,r a J.?,^,|,'^ J" Qt),waru'a',cz onnJj ho^,"0!" cr^;
|  æ æ l

X;â4U. 
rr,^e ^rl'i,rn -i^hrÀnF" fa^, l*f "f [eo]. No.ro oU--,.* c{vyvw\€.

r'aÀ tq^li J* Lo *ol','a" "Q"*;y* JlrÀrnor...' a^^cz J.*F -0o .,*"Â'orn

4o,u\i"L0" *ot- orr\ L,".\ 4^!iJ'.^. Na,,l âùFÀqruôÀa -laggttg43 XU,,qd&\ \ 0 *

T ç."r.n"b àtet+,urrrtor rrr^?- 'ce-Qa,l,'.m *^h" "^-vr dl-".,h ai|ra,Q. "l .ttn Jl'*t

coqnarn,h- Ar/v .rr^^p- ,t*aog "j lltu^*an;o^nte 
Trr f*^+ 

J 
+*^*

s,.^ Àc oro*li"n ,è.{r,! .8';l^Ï .o,.^no^ t J f"rr^€ }.qre- J., 0* A^t*|,'T* )t

fnonrarwvno. rJou," J**^ -0- {,-r'L'"* t #f^* ^&

3.2.I INVARIANCE CONDITIONNELLE

,3"irr''h (srA 12177 ttre- AÀâ^^J"i1e "pâl-,'-*.0i" "t' {, y e(s.s -"t*,ff\)

l* ,"0o1",*o "^'f* "'t-t . V el-.tgg$gb "Rg, ry[!g, + fjs* <s,A,t->

Ài J r*-0r*.^^h â^

Vçe:',, i" hl. tvl"i . t(f.,t)l -, v(j",f;)

E.qtnrpP.* \ -

Cono^'J;ônA -,c^ 
f- Nnanrna 1.^"OL0. orEÂ**. Pf o =- Ps fiPzoollP,,ann;PJ.

[1 " * * \on  ]3111t?r1" )  = [ rL" ,L^e f ,  ]4€Jg.  A= ( { !o ,L r ) ,M)  n  P \o .=vLr , l  * fù "
n l  |  \

1,-uc 
Q 

'no-r.^"Fi,no 
â* 

thoc€/r,{rA 
F^ra, , i: d,i n t-l- l^rr*^.; "-r.rt-r*r ^t ,

L'-^>el".'*n^.€, âu V(o,o') = rTer,-nmrÀJ.. fr\ Ào(rê "^mÀ"|-,or *(:,o')= .T-rydo(n') por.t

Pfo *p*Àe t" 
t# 

1,*" Q'n^L, l-;^ J- fÈ"oc€lt!.{r, Ptao rn'-F 1"o )""t"'^L

corr.rol-awr e,u.t, .01"*/."11"n âr. ff€cr/ôr.ra 
P*n

tr
rna. 

fJ f"" Dz l'crr,,vvnca.,
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Nota 
1ou.lo,ro 

À"fl* l. "Ë ,ndr{\berâ€o ,,yel.icuhe,c J"

qlw.ry\.e, oQ!.-à i

ec$c, J"$ll,a

\ e( srs - ft {{!) rt .{4Er{*ù" æ$ erdfL[ { e (s^s* th çf }) à teù* &
ee (s* L*,#D /'.' .F p*0"** t e.

v1e:, À.lg\, i"j, [a(fr) I v0e (i";).t(tn,fe*.)]+tv(fi,fj*.,)

U^ ."^h"À m,r.n\n Je f'æp^rël?^ àu r"hLrno 1'.-ÀJ,arr^ 
-..*"^rrrrola*

l 3 :
oà,,

r\.. - )
J ;

1 t

ili'r m,'exradc *t- çn-ârit J"^o -0ldl'J <<c,tÊL>)Â> A+ c4=41 "F lUt-el.

Arccerrrer.r. ."F & 0o 9.^r,*" 4ÀL,cl,yrl4r; i

?c(<< cA)ç2,1,11rit <<ci)cr,'>, r4'>) = fct.rt n c.t' s /rJl

d^ d\errete -l- ..*,oo* n/ àat* .0,;Fat- <tç4,cL>/t > l. ez -_2,2, e? Nrt

^Àrccelvr Qr,^,r ̂F J. -0" 
**" 1( c.tt ,t 3>/ t4, >

Exe,m P0*,
/ $ É l *

M"i-.t f*,rr€"I l\-À.t ^o,- -lo +^rtn c.r"'- Je,uuo

o i n

lL .to :
-L'0. L*t àp

4iz

f:14*" (rx);
.12".

c l  e x ;
4 3 :

. ù i
t \ :

il
è 0 :

*f,.0. Ir*e J"
9 1 1

l l l
ct, cxi

"cnoa,",*et(cx) i

x(<<c,r,Ç{)rM)7 11e4',cz'>rM/>) = fcr,=ar r, ,  ct '=t3]
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En "ho"'i,rrra^^! e(a).Jf,, {= rr .t, V=r{ Jq^- !.o torr*u!. cl-)o,rt*,

'vro.ro e,a-1cn,rnn"rr,n 
ï^'à 

,pa^f; e.u **r*rL "ù -p'on{c*rllav, à l-W ub

^rtr*ur""/ ,:! ^'nnt-,lg* g.rutl" ). cdrnÀdwwv\c. l'c^Àl T'J 
^'t* 

f* *

çn"â.."h'"n.

fi^.'"0.
E.., JoànLa^^,b e(<<ct,cz>,M)) = [cr=lr], {=-rrr eL g=r( Jor* )o

ci-JrÀâ^tÀ / ûolrâ "*fù* 
1r'a'fÀ 

)uue- .ono*trmo.l-i,rn .9 "^Y 
1"^

à. <-d,,\âdm/m€ à ^ou+earL pqra y',t! t\ d* 
1*nrJ,r."h^ 

tt^b* h""f"1*.'U"

3.2.2 INVARIANCE RELATIONNELLE

L<. rnn 
1o,"-\'i*!.r. ôù- {(a,o')=& cnu'prnJ, à l'm+atiance, ^te0.h'anartL.0.,

tf ,. (sxs + l\{f }) -l- @ fo,w 4s,A,t) n' oY or,,?""^.^l- o;

V ç e Z , ; . l t l . v ( f . , t )

Eot€^\nP-.æ l *

L,â :91e-t!b fùi&ç ool-^*o- ç"op"r'i hJ à'')*ox^'auu- ,..0oh,'-*.ff..

Eb^^l' à'*â rJ.^ ç. .rçà'f,"-lrio" 4, Q(-. {t,# }) J' PU l-o} c*-rnr^. At"^^b,'L ,l

rrr\^e rp.L$.r.t-J"t' J. p-l-,L t e (furàL- lû/#!) 2,'.*F -Lt"'lof ,'n"Atoin" l^"!-
ô {';l-.t- ^Àoù.l- ;nil'.,'J , lt ".*À'* 4*h'..00. Jr.,"" f*t* Pr e 8n

fo,r^ ç, V e-p.À., 
T- ^* ,trn-l.^th;"nn ersnvvnc,LÀc*, ào^^ rn\ al-"} U ^"h"iN*;".,"L

e ,f t*";"t ,u,^r\ dF'"} J. A,r.h's m' o0,* t lr" yt sl- rql. [*.|-,ru*,,,.L XJ

p(r ,o ' )  = ( [ : r ,U,]4, t4/ .  f=(L,M) r  { ( r . r )  r ,  l '=<tJr i r r '> r  Ft=qt l , ]=+ t(m,r . t , ) )

"'.1--à - )ie y' ;! *T- l-a,r1.r,,^a nnoi ern ætyut àto,.c'u*Fi.'n y^ x !';Fot À^'h'o-0.

,'ehÀ{ai! + 'F ltlat- **-,L eol-,,. Jh.f 4;"{. ",0'" f tb !.,ëlat *Àû d 4'.'f-J

àik'J,

I
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3,2.3 INVARIANCE ASSERTIONNELLE

L," ea^ 4*l'ic't.Or* J. lt;^ro;...r'aarq€ ..nn#l-J.rn^r00" àù Q6,^,\ -- JÈ "t

V (o, o') -- + (^') ."nr* ponÂ â "0 *uegæ ql!d!rt4& ,

V € (s * l&P\) *l- ,l,^n"a^jq^^L f",u 4s,A,E) ,lt "l- * ,0r.m*^l è- VpeZ,ie$1. ,r(t)

Exc,*pQc
æ l æ

t':X&11g p*U"9." -h.r.rme 1rcp^r"FJ Jtr ^ra,,..'a-.. orn"rl-,'onr, .@..

Pa^ *p0. , r.riolrâ *1",l-h* 
T. 

Du J*n 
1"o.cror,ra âr. p^l,fa^arfiwte z,s.r,q

l f

rn" 
1"rure.t ù*^r\al" 

ét-te ÀÀ"ltq^;Ne^L €,,i,\ peal-r'.rn ,ril;7AL 
fa,v 

.ltrrua^r^.u"rz

J.
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4. PREUVES D'INVARIANCE

4 .L  RELAT IONS ENTRE SEMANTIQUES CONSERVANT
L'INVARIANCE

4.I.I CONSERVATION DE PROPRIETES D'INVARIANCE POUR
DES SEMANTIQUES CONCORDANTES A DES RELATIONS
ENTRE ETATS PRES

4.I.2 CONSERVATION DE PROPRIETES D'INVARIANCE APRES
REDUCTION DES ETATS INOBSERVABLES

4.I .3 CONSERVATION DE PROPRIETES D'INVARIANCE PAR
RETRACTION DE LA SEMANTIQUB PAR TRANSITIONS

4.2 PRINCIPES DIINDUCTION

4.2. I  PRINCIPES D'INDUCTION POUR LES SEMANTIQUES
CLOSES

4.2.1.1 Principe d'induction de base pour I ' invariance
4.2.1.2 Transformations de principes d'induction

4.2.r.2.1 Transformation par distinction/confusion des états
initiaux ou finaux

4.2.1.2.2 Transformation par déduction/prédiction
4.2.1.2.3 Transformation par inversion
4.2.1.2.4 Transformation contrapositive
4.2.1.2.5 Transformation relation/assertion

4.2.1.3 Principes d'induction dérivés par transformations
4.2.1.4 Equivalence forte des principes d'induction dérivés



4.2.2 PRINCIPES D'INDUCTION POUR UNE SEMANTIQUE NON
CLOSE FERMEE PAR FUSIONS

4.2.3 PRINCIPES D'INDUCTION POUR UNE SEMANTIQUE (NON
CLOSE ET) NON FERMEE PAR FUSIONS
4.2.3.1 Pr incipes d ' induct ion pour une sémant ique non

fermée par fusions définie par une condition sur les
préfixes des traces engendées par un système de
transition

4.2.3.2 Pr incipes d ' induct ion pour une sémant ique non
fermée par fusions définie par concordance avec une
sémantique close

4.2.3.3 Equivalence forte des deux principes d'induction
('1{) et ÉS#)

4.3 CONSTRUCTION D'UNE METHODE DE PREUVE
DIINVARIANCE A PARTIR D'UNE SEMANTIQUE
OPERATIONNELLE ET D'UN PRINCIPE D'INDUCTION
PAR DECOMPOSITION DE L'INVARIANT GLOBAL EN
INVARIANTS LOCAUX

4.3.I FORMALISATION DE LA CONSTRUCTION
4.3-l.l Défînition de ra sémantique opérationneile
4.3.1.2 Définition de ta propriété invariante à démontrer
4.3.1.3 Choix d'un principe d'induction
4.3.1.4 Choix d 'un langage pour expr imer les invar iants

Iocaux
4.3.L.5 Définit ion de la sémantique du langage exprimant les

invariants Iocaux
4.3.1.6 Propriétés du Iangage exprimant les invariants locaux

et sa sémantique
4.3.1.6.1 Treillis complets des invariants locaux
4.3.r.6.2 correspondance entre invariants locaux et globaux

4.3.L.6.2.I Correspondance monotone

4.3.I.6.2.2 Demi_correspondance de Galois



4.3.1.6.2.3 Quasi-correspondance de Galois

4.3.1.6.2.4 Correspondance de Galois

4.3.1.6.2.5 Correspondance de Galois surjective

4.3.1.6.2.6 Correspondance de Galois injective

4.3.I.6.2.7 Isomorphisme complet
4.3.1.7 Dérivation de conditions de vérification correctes
4.3.1.8 Vérification de la complétude sémantique

4.3.2 EXEMPLES DE CONSTRUCTIONS
4.3.2.1 construct ion d 'une méthode de preuve de

non-terminaison, dtabsence d'erreurs à I'exécution et
d ' invar iance globale par I 'absurde pour les
programmes séquentiels
4.3.2.L.1 La non-terminaison est une propriêtÉ, d'tnvariance
4.3.2.I.2 Choix d'un principe d'induction
4.3.2.1.3 Choix d'un langage pour exprimer les invariants locaux
4.3.2.1.4 Dérivation de conditions de vérification correcûes

4.3.2.t.4.1 Bæe

4.3.2.1.4.2 Induction

4.3.2.I.4.3 Connadiction

1r1,1'l,liltîd*Ëild*"-'*î#:ï,.*u
pour des programmes séquentiels' 

4.3.2.r.9 Preuve d'invariance globale, par l'absurde, pour des
programmes séquentiels

4.3.2.2 Extension de ra méthode de Morris-wegbreit dite
'subgoal induction" aux programmes parailèles et

iTï;":"'ffiiJ:[::",1i:p 
riét és d' i nvari an ce

4.3.2.2-l.r choix d'un langage pour exprimer les invariants

locaux et sa sémantique

4.3.2.2.1.2 Dérivation de conditions de vérification correcæs
4.3.2.2.1.3 Vérification de la complétude sémantique

4.3.2.2.1.4 Résumé des conditions de vérification pour la preuve

de correction partielle de programmes séquentiels par

induction en arrière



4.3.2.2.1.5 Preuves d'auftes propriétés d'invariance de programmes

sequentiels par induction en arrière
4.3.2.2.2 Programmes parallèles asynchrones

4.3.2.2.2.1 Choix d'un langage pour exprimer les invariants

locaux et sa sémantique

4.3.2.2.2.2 constuction de conditions de vérification conectes

4.3.2.2.2.3 Vérification de la complétude sémantique

4.3.2.2.2.4 Résumé des conditions de vérification pour la preuve

de correction partielle de programmes parallèles

asynchrones par induction en arrière

4.3.2.2.2.5 Exemples

4.3.2-2-3 Construction d'une méthode d'absence d'interblocages

dans les programmes parallèles asynchrones pat

induction en arrière
4.3.2.2.4 construction d'une méthode de preuve d'exclusion

mutuelle dans les programmes parallèles asynchrones par
induction en arrière

4.3.2.2.5 construction d'une méthode de preuve de
non-terminaison de prografirmes parallèles par induction
en arrière

4.3.2.2-6 Conclusion sur la preuve de propriétés d'invariance de
programmes par induction en arrière

4.3.2.3 construct ion d 'une méthode de preuve pour les
programmes parallèles communicants

4.3.2.4 comparaison des méthodes de preuve pour les
programmes parallèles connues dans la littérature
4.3.2.4.1 Utilisation d'un seul invariant global
4.3.2.4-2 Utilisation d'invariants sur les variables associés à

chaque état de contrôle
4.3.2.4.3 Utilisation d'invariants sur les variables associés à

chaque point de conffôle du programme
4.3.2.4.4 Utilisation d'invariants sur l'êtat de contrôle et les

variables associés à chaque point de contrôre du
programme

4.3.2.4.5 Utilisation d'invariants sur les variables et des variables
auxiliaires associés à chaque point de contrôre du
progarnme

4.3.2.4.5.1 Correction de la méttrode



4.3.2.4.5.2 Compléarde sémantique de la méthode
4.3.2.4.6 Utilisation d'invariants sur I'êtat de contrôle et les

variables associés à chaque processus du programme
4.3.2.4.7 Utilisation d'un invariant global et d'invariants locaux
4.3.2.4.8 Classification des méthodes de preuve d'invariance selon

la finesse de la décomposition de I'invariant global en
invariants locaux

4.3.2.5 Analyse sémantique des programmes
4,3.2.5.1 Analyse d'invariance "en avant"
4.3.2.5.2 Analyse d'invariance "en arrière"
4.3.2.5.3 Analyse d'invariance "avant-arrière"
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tr (ur'q>(2, I ')) e,l- f(:,,r,), xa(e,o,) .1- .V(gr,{) (Jc rol-e 1"te 

"00-{eVs u (ofo,)

eof nn*' !"^^Jù 
1re 

**-{e V o-u->(o',a,\ *| 
{*. 

n ), fr.^}"p; oouo )^..r*L'l.ioo

$.* t^t*.hùro I ry\ùtr./! ,!l"ar.r^o leo lï^"'o.,À- \,,r,4^rl .l- h,,t,,t^rrl l"ttti"^th

C )

(&)

(3)

=+

=+
^

[V *tÂua,tâ,.^}" .o"* { 1",., <s,A,r;]

[V' *f ,*;ar,.'*. fc- æ* f' çr.r^ a s, A,: )]

uÂæhqh"n

(=+) Âi lez', ielt'l "f vjei.|'(t:,tro') "0-, àt"1nà ta), 11e: l"!, y" ltl=lt'l .t

tjs;. - (fi,?i) Pa,r, ,l. '>i.(^"t Jtf'.à (r) /ïcu, a^'cma V6ec.4(1"q) c2- T^'\

d*f V(prp) ",l- J",, ' . v'(f:rf!) J'Tô (r).

(+) M2rnne .ho,x ryz Jor^ -Ia â.k^noh"of, ' .xr J" \.4'4atÀ a.t lec 4'(o,o,)=È.

I

(dont -0% Ffut*l}v,<a h,'l,.to t çY u,,t,4e'tr r"^t- à* ,^ 1a,"1-lJ.^ ^t pccf','fs ) :

Theotàe- 1,4,.{.3

y  <w ,b ) (<s ,A , z ) ,  <s lA f  z ,> )

( Q'(ai,,,'"\ r,, 
'r"-a(rl , rn ) l ta (ar, r'o))

( \ ' (ar,ar,) r ' .  u ( l , , l j  )  A ' ta-{(^1,,n)

4 (o.n,ar\

v'(ol,ol)
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Tr''J;À" \ , , r . l n  q

A

^

À

À;
g(Br ral ( a s,A,u >/ asin', : '>)

(4'(o'", ÀL) n u-a (,'1,, ar\ r. 'tr (rr, o'.'\) + f (a.,ar,)

( V (n", a.,) À * (o^,11,\ r,, ',a'a (r'o, où) * g!"oi,an\

(Q (o., or) n 'ra (a^,r l) n ' ,^-^1.o!,a)) * Q'6'n,o'o)

(,y'(ol,À!) r. 'r^r-a(r!,q) r 'ta(r*,,À'"\) * tt(Â",Ào)

LV d- .r'rnalaru'q,r,t\rc eaqo + fo,tt <s,A,z>l

[ 9' *b À^tq,*.ar^h" rorr" {' foù <s]nf z'>]

(4\

(r)

G)

G)

(r)

batYlô^Àt-dqh,;

(=+) [e ryti*o "f" 
+",u k,'1,1ru3,

arapi o), 3t'.: ' V,tr * lt ' l=ltl ' l-
{\or.rô a,u .lt^À vj e i . {tftt" ,t'i ) ec ?r,'

i '"pd Cr),

B

.l*'sh" r"t d !."i tlt

ol- Jonc, V(f"rf;)

(e) .{ i  .pez,, elf l  *t- vlei.{(1,,q) oPa'o

Vi( t . ' , " ( f j , f : )  Pa^

-*f0'1-z. V'Gl, fl)

banra -0e. ca1 
1-r.F,'.r-Q..^ 

dr^,.,n" *n.-Jor^"" -^h" n"fno*h'ar- À ;rU^.

{oncF,'on *h" Jl'"}" fd, foouâ otf*ono .1" "aoQloi. Nt;ô"t',Ï ,

a"noQla*e t1..l..ln,S

À;.

A

4 s"  A iz 'y

Q (o., ro\

Y (4.,  ̂"\

o<{o) (<s,r,z>)

4'( Er^.t , {^trù
\v'(t^0) , 4^0ô

L g d- .rh^rqt^qa.\'c loua c<mJ.rh^ + loun (S,A,Z>J

(+

IV' .h Àpar..'or.l'" ÀouÂ actJihr'oo 4'fr* ai,r{y'>)
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4.L.2 CONSERVATION

REDUCTION DES

DE PROPRIETES . D'INVARIANCE APRES

ETATS INOBSERVABLES

La .*r*r"ot-i^r

tl-"h Âot"*+ot\* *t-

qÂ.i'*Q- ol-iar *F oÀ;.

àr*r,tl,c 
1..op- 

"lhJ

J;. ̂ "L ( J*

)  f * ,

J'*nl*oL*'orn.. a$

^riu ca,À n Àp0.f,""'

n/Àoh'rn J*

,**' J^nt- .0.2

Thu'mùe \. ' l , t ' ,1

o0*

f r

D a{.{\ arv:l-,<.4, l'r axt

(r) J"ù f 
^,nre, lÉq." J. (s,À,2;, ;"tt\ FeQ 1re

o0"o J. rroaa.r'"-- *jttJotl-. nou, q^rô^ô g(f.,f;) . AL f;es'1

V'(f",f;) *h n:nat- X0 a^"f{;t 1,*o Q'(+,f.caù **

<t lâ ' ,  E/)  = f lg lu (r ' )  (<s,A,z>) , r  dpe z.1,as'

t ,y' *T- ,^^ror..'or^la ro,ra "onùhr'un +' +où <s',r',2,>]

t

IV (o,^')= ['es'.+ ry(a,r'! ^f r^*old",-"t-.. ro,ra .onâ,l.im {(r.,a,)--[ais'+{tr,t)] jtoro (s,4,:;]

vje ,i-.{(t",ti) . "L; f"+d
e +ù *au,f.e,,- f*

nnà 
l"* 

ho,rl È>.o

-8 ;  &,= o c-8*  f "es 'l,!. 1;u" 
'cC€\<i (où "c(f') q Jl'.' J{il e^\ r.,s'r'.{)

àp0'1" u(Ê\=o. Ât i>o a0* foes' -f tk",t,) Àîfu?'^ f Q'(1", f"r,))
Av Êro "f t(Ê)<i o0* fo(a, u.' .F d''c e- t',,û,'<alL 4(f",t"C^*q""t?t",f.to),

(<=) ,À",-F t' l,Àe À*.e J" <ulA', z') t i'.h'l 1"8 T" Viei'. Q'(t!,ft\. e-";

o^hnai^" 
f* F,,,u 

f'""1- 'L>o h0 
T" 

's (Ê ! <'(i ) Âotb d'lw + G",f.t*) . )t

^"o^-l-*",^l- je ',.(ir) l-eQ 1. f; t s'. a<* J^o*. J. *o^;; i,o'l.,t tç",ti).
F,io?**I' nau6 ser6D 

l. 
ocr'). *(t.,fa) , )toi mo,- J..âù"no g(f",f,.Crl) *

Jar rc  V ' {1 , " , f : )

n
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4.I .3 CONSERVATION

RETRACTION DE

DE PROPRIETES
LA SEMANTIQUE

D'INVARIANCE PAR

PAR TRANSITIONS

rmq.nu'ùe. 
X.lnâe0., 

an {ar,\- 
J.^ 

fh€r{rea 
Jlà^ron'.nno. 

1-- 
ÀJ^."h'rn

rur" ,8o {^Xo* )"^ .o{,rr0o . G.., .h.^.ln. Jon. à .-"$iQLr-. -* nçl-tù " J'

}.;.^tt;hion, Cetl-c. Je*ar.rho 
1t,"| 

el"wùl's q. ',crrnp0ace-r- ,rurræ. 
f\uue 

)"tt'sanlan^..

r-l"bw* a ,q)^a- roÀ.u*l-i1. fa^. .^u^< f^€&re 
t.Q*l-t" à Qo- ',-âj^"athttt Â.

'"-So ,rk"Jni1^" .,oon- ,bto o'h'nn^ *F ehf,'.L yo^ J- ""I"[}ak p,r^-*h i

Théc'tôrvre \.'l.T^r4

Iq ^f À^tor,.'o^'l-.

I ry -F* *^'*.]"

1e65 .c.rÀtf,o { 1o4.t 
(s,ArE> ,r <sin',  Z'>ç (s/A,Z>]

oo,ro ..rnÀtao { 1"ur" as}N,Z>]

Theotei.n" lr.'t,3't,

bÀ"*,t"ah'on

(+) ,,Àçpaor" f . E t'<",4>,i.Er 
t*i ,, Vcez, &,e l"l, [q"4.{(".,t;)]=àv&",nte\

"F;e l3l . ÀQnÀ ve€ld .f*= 1. .\-Jan" [v6e;.$(f.,q!-rfvçei.*(q",,UI*v(1,1;)=+

v(p",f;).
(ê) ÀL lezr'€lf l

âonc q(ç ,ç , )  *F  nnor . ,

U

[V *h-r,r.,..ror,.'a^"Ft ls,r.o ,rnrd.^'lri"m t ft,u 4srnr,z>1
* 

L* .ol- "^oor..'orrF. po.,o ..1.,À'l','.m + fo.À P'r"N<*(as,*,2;)1

.l- Vt€ i . {(f.,fj) *Q* f'" *h *^,'' f*{.a* {,i" 
J. 1 

J
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ilo..^ €/\ J"'â^.t"or* 
î,.. Ft* *ù. A)r\e, tôau^r€- 

dl,cÀl.le,rl'or, oc, à* p rauo

.,rr,À\ion t fo* ;-L^^e e-+^a^rl', ry- <srÀr:> , *.0 *l houtro.r.ra *rF L +"i^.
Q" ç^rtut" 

t.QqFùr=r.n" rl- à *!34 44s,n,2>) "'c.tF-â - dn p/v*.a-.1"n*rl- Àu^ !-

rXr\-eÀc à. ,h.4^^r^'l-,:^ô 
T'&" *t-nAn , c.lte J.j**"|. m'*l' ç",. I-oujr,r,^r .*f0*".

POrÀ faJcÀ"roJ ,

Cd."Ql"; [..1,3 a.,3

IV eot À^]ar"iar^,1-e lo,.r.o .onJ,.r'l-icn f fo* 4s,f ,Z>l

<+ [V .oF **r"reJa ao'a *"n"!'l'ian { ço,r^ ;Ê$<<>(.tro,zù]

bÀ^oh.af,an

(i) (e) P;E;l ̂ lr'J'**. .l \..r,tt't. (.o) 2,6.4^,ï -l- t,,'t,g^,&,

(r) (+) foff *F c.I",^"t,re .l- q,l,s^l. (#) V(r,o') =[.a'--a] *l-r^^tar.r'a^rl-.. ̂oda

rtrÀ^lion {(o1o') --Lo'.1",o}l 
1",t^ 

0a lna"z o3aa"5. ^*,o 1oo ço.r^ r*rïr ,*]+rb

? 4 t3 .

(ù T'^ria0,

(q) (e) Ëfi1g *f ,o!r,,*i^te .| h,r.l'.t . (#) Â:, \,(d,o), g (o,.r) I V(.r,^) , V(.r,l) .t

43ù{(o,r') po,rt- *'ô o0* V ."t- à^r.a^qrrF po*.*rnÀ'hX + po,r^ .8rr" .}.arr.. o\'t .l-

nt'a; 
f 

* 
fou^ 

!" l"t*i,rtt o5.r 3A .

* | V .oF Ànr*r'a^^h æu^ ,,mât''avr { f ,,r* P""f (<s,r,:>) 1

(s) 5[V.^hÀ^'"^t*-.L
(r) ê[y *FÀor,r*'|.

('{) $,tq *f À*'*1"

O '+ [ \r *t' -,*,*.^'*^}n-

(6) eIV eoLÀ"*,'o,].

O) =* t V -l ,,ù*; ".,'1"

gC(n)<^ "Q'"

(8) * [V ""t "i*-ioJ"

"rota ".md",'f,an f fr,* *ff(<s,n,:,>) 1

,or.',o .d\â^1.,ôn + f",r^ qg6s,*,:.)J

^o,!) êdr\âr'l,io 4 fr* Eh(.s,n,:,y)]
ro* .*rn,À'|,'^ + fr* Fjô(<s/s,z)) ]

thtv)(n^J" |.,'avr 4 çr.r^ &t'1*(<t,n,:>)]

ro,.a ..mÀ'l-,^ * f"* &h:t(<.,1F>)]

ooua ,.md.r't''- f f"* Y{*<<)(<s,r,:y)]
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Lf) \ . { '3o r ,  r l '  t ,6,+ À'3-(1) ,

(e) (+) 4àf^: *l-'.dÀ.t'ôr c,F r,.t,r't. (+) g(a,r')=$f *F *,ue,.r'aple "r,r""v'Àf,h

$(a,rr)= Ê fou^ <to},\oI ,4\ = (gbâ (<{t,}ilr\,:>) *. Z=b,o-1,0,..,r05030,.. o2-0r,.tr

"mab 
feâ 1È'ôrr^, 4lo)rla\pE> .

t+) (e=) tf -T- *À*,'ar.h Ao{râ ""n&'h'oo 4 ,y.,,t^ Rft.qrvr(4s,*,22) î "f o.ttrt*,^t

Ar d'tû \,,t,t^,3.4 9 *,1- àtau'a^^l po* .*J*han + fo* Pff+" ÊtH{(4s,ô,:>)

ee 
Î^.t,r 

o't'.oi^" J'ïd â.6,8 arl f \,.t,3u.t T. 
g *h ,,,in>a^,'J ,roq,o aonotr'},'- +

fr,r^ 4s,A,E). (+) rlâne "*t '*-.-*p0t ïre +o.r-ç 
(q).

(s), (1) \,,t.3 o t' * 1.6. t* u -l .

n

â!e.À*anraru.or.',.u.OoFin.

çb*& (< s,o,z>) *h

à'*fi \,1,3,u& -mgt 1rr" ï" y -l-r*^r.^it^rb- po,u rm.['f,'*t + fo* R!g41<t,n,*),

. L J

ri.- -

ô!s"r,*,"no 
1o. 

-0o JÀc"ù" 
1^^, 

cr$\a."be. a n"*pà.r. .^rn^e f,ùeu^;e

à -r-nue 2*n*.!iry. 4s,A,t) f<.,L rr \e 1trruoe 
'.r-0rhôn

fr"{"t-" .^"o.}" rmaia f* b"jru.^Â arï\pQal'" ("{. l,.r,r"s),

1"*f"+o6 -0o *np0"'l-uJ" *l- atl-.^r.e. aù k o.Lr""^H1" <s,t,z> "ol'

**Jt f a^. f,-.'r" i

thcol'une 4,.,1.3^,q

.* [V *t-,r;^tor""n^F" ro.u .s,.J,^tion Ô lorlu <s,ft,z> À
=à E&g (<., A, :>) - 4s,4, E)]

LV *T- ,^*o.tLr^^F oo,- or*\JiLi.m + f..,- çISs(<s,A,z>)]

ùenr*.not*qF,'on

V *hir'.tq^^'or*t ro,^ orndjFcn { f* <",R,:,> aiJ,o.^{.rrnr,rl'oi tr.ot'à^hr'i4r^là

ro.,a..srdnF,'o + fq^ P*Uf*(<s,*,2>) JtïÀ h.,{,3o1 . Ce.;, r^,}d^. Jt"fù r,,6.8vT

c,h q,l,r' ^ ,f. Ll, *F r^,""^r'"r^h Àouô arryr"L'T.'"rvr { fo*^ L"4t-"&t5gg(<s,t,:>) ï
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Por" .o*11o.^^t, JrT'ù f ,i,3o3.8, q..1,3\,3.g "b ,*.r,t'ç, .l* 
f..€Ir^'e, 

dlr,il>ar..hnn.c,

fr* {" -0o^ne1" 
ï" 

.nouô draô^.À .-*,'JJ,"l an\ r,.8 p.ttu*k t-o.r-iotr,ra Ae +"^. 
e'vr

xaioa"*,o*b Àr.t^, ̂rru\ a,pl-ù. J" ho^". F,'an ,

baa* Q. c-al àt ̂ un" ptin o^^}' 1. rnrtvl l^t i. 1"^ 
-f'-,*o , )l- ul Fo'tt L

,nLnne 
4"r:.'t1. ).. be tscâ/yv\€/se,^- à ,u/yr *aio,ttr,,,*n"^^.b puÀ llvt l.pl-.i. J"

,tis^^"^'l-r'cn , ço^ 
*,,*pQ" €.,$ ap.L$'"^l -lt" ÀÀ" -j^;f fM ,nr-t)orarz

a^I.&c, A/v\(. n"*",r^I'y* .|^" ("t. z,+ x'f )'
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4.2 PRINCIPES D'INDUCTION i

U^ fù+c. d\ÀJr..f,on eol' U,^^"- àt^r.tn, *J{'hoJ. J" f'u.r,.^)e.

4.2.r PRTNCTPES D'INDUCTTON POUR LES SEMANTIQUES

CLOSES

Norro esnvmc^/\tdr\t 1oa, .c^oi[:"t* )e- ,-at J* P,Jan^l:oP* "^X"^J^L l
L 

: ). Jiqa^a,l-,,,m.
fû4 

.{rr^ Àt[Àl €^^\

4.2.t.1 Principe d'induction de base pour I' invariance

h- çr"Àry. â\.ÀÀ.lr,'rm Je !*e "nl 8'^*^n ). {o -Jl-hoJ. J. re",4â-

Nae* , To*Fea .0- r^,to *JfhoJ- J. 
f\c&\rc 

J. 
1'.ogn'.'l-./ 

âtt)*exla^t,rz- etl

d;i,''.,h, e<. fd*. *l- J.'l*it- J. !'

Exe^nnp0E [ .2 .1 . .1 - ,1
æ l æ

Pa,rlz JÀonf".* U "n.'..h,'.,vt 1o^l''.0. J- .?raodtzal,w\ttt,è ̂dr"^^f f"

*0J" P* 1^o[,'.^^F *h 0. ,*oh" J" J*n .,,^ln,.,o æ- .l 1
^ . ,

Q r = o ;
Dr

*k0. X>,J Jo
j l

'Q 
r--  Ç+a;

l . :

X  l =  X - l ;
( '

ù i
c ;

' ^ 
o\t"^ "";l'io0eo;0 

fa.^h èFaLl,+ -{q *"0o1','o6 + =ExX+â ^ A.t ".*h" l.o n,

Ar  t ,  1 'F  {*o0*  € ,d, i  J . .  . r . ra ,u 'eLf€a X,  V c- l '  4 .
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Cnvwte. k "nJ[\,oJ. J. fQr$- Nora. ^'J,0ro. y. à^ a-,,o.,.1"'.*o P('qX,q)

gr^ -Q* po0* â- *a,.,i.rtleo X, ! ef Q , ;e t*Y Àl-,",oJr.t^1, À)r^r- ^nqr,io Lf .

ar*qO,'oi,,e xt â P,..{�,..Û" .at- alNrtT* .0. "oD".r^ ,^'1",'a0. À x e',A UW

â. 1*"1^ar$^/ync, "I 34rl 
t'r'l- 

fe,- -oo['$'.J 1^ 
!" r*l'e :

Xl r=X ., Qt=o i -}u-Q.. x >,t & Q I = Q+11 r,= X-S; od

J. l,t"ï-" 1rt'à 
la hâ/.^Àeùa,n morJâ 

foÉ{tô.ô tr.dtver "f. [.cl=1x1+x. " -<$J.

catlc, âc,".a{rt**l'iur, 1.^"1- afn J"'fJ e,^ "L'!Ào^"} "lt stJfl'"J" J.

ua"*,a[+ll ?^ -T- l-o*t â 
{"i} 

ru;i .0;* à -0o *J hh"J" J. r%,trJ - tla.,,r" *aL q"i

""'vio\. à ,.h'0'o.- J* *Q*b,'o* -'t'- *8o'^o ., u l'"40* J ..,*ot^ J* to"/."tl*

fffif y. )^ or"*ib* ,r- !,^ *0..rro .-ro"^,1^.. , h ^.tLk^j. "n."1-. â

qrooc,re^. ÀuA *^^rq^,'*f -\o.oo Pl ù Ja1.^. fr(^LL L ) i=Àr.,,te J^

?t(.rrtÀa,^,\À^^^e " tl,.À^ror'er"h -0""o0- Pj elr,"q!/ "â.,.r l"'ù .r' à .f.oqpr.lvvvle-

*f r^^c ,æQaF,an .-L P. n o0* Àihbp- = rî (,noua crn"lto,* 1 T *fà.^f,'L) Jen ua^r'aLler

X7Y .f '00000* *o0".rra cotrrr.o,'wl-ea o,$,1 à. c2À ̂ r*'otl., X,Y,Q ?- e:l? n'.ai 
1u"^L 

I'

"""f"âà a,hr;rt ce- y"irt i '.

P"(e,$, . , , [ , { )  = [e.= a ^ t=U]

Po (* ,$ ,* ,  $,1\  = [  *= a ^ T=!  n 1= o1

B  (e , ! , * r { r i )  =  [ t = I  ^  a=1*5  +o ' ]

Ph (3 ,1 , - ,1 ,1 )  =  [S ' t  ^  T ' (q - ' r )xg** ]

P,  (*r$,*r t1,1)  = [  t=!  x L--1*,1 ' * ]

F"  ( : r  Tr*r  .1r1)  = [  *=1xr1+æ ^ *<1 n $=I ]

Le,- ..*â.,fionr J" ,âji.ol','^ aont- a.nni0aùe, à ull- ,lrfu^n- 'P"^ lo

,rndl-hoJc. J. FqJ-Narr,r , <.u4L'fo* !" ."5J*'l-ion à'n'rh"L i
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Po ( : , I , - ,1 ,1)  ê

P" G,g r *,{,1 ) €

Pt  (= ,H ræ, { ,9 )  F

P* (=,T r* r { , i )  e

P '  ( t , { r * r { , q )  e

Pu (l '.tr , *,$1{) e

[ * = *  ̂  { = t l

[  1 l ' .  Pn (* , . t r , . , { ,  1 ' )  r .  1=o]

[  (  Pr(* |  t ,  -r t , i )v Po (3, 9,*,{ ,?)),r  æ >.3]

[1g'.  P.(o,[ ,9g,, i )  r '  1=11r]

I  r . . ' .  Pr (=, !  ,J , ! ,1)  r  * " r ' -X1

[  (P" (= rg r ær 1,1) o P" (T ,g ,*,{,1)) I  rcgl

[ a = 1 * X * .  ̂  * < . 4  ^ $ = T ]  e  P r ( t , , 1 , . , $ , 1 )

Cea ,^rà\'iono àe ^r.J.tf,,'.al',.m "^fù# 
1"ræ-

- Pn(*rt, ?,1 ,1) erh nnor 
T"^^ ltni"ulian adïn,vvre,lrcÂ a*zc )^ ua O"',uu

? i ! , 1  à '  x / s / 4

- -3; Q'*J,.r[i* am^^\r\?,^^êcf *r"" l* nt"\urt* È,.à ,1 )" x, v, Q *.b€r^t

!" yi^^t ; d" Î\ea{olî'n\e 1*' .h jr*rt 'À'a!r *^}- È.ti^x f^ L +"*L i At

f 
-t*" , "0* -Q'"Q.ùf"l'hà ï4<. P; (= ,!,nl,T',1') oof ̂ r,or' e,u i 7o,u 

-l^

ooQorr '-  *r-ur, t-  J,.6' ,1'  )^ nroa^*bl.o x ,s,f  ÀpQ'1e a(" eO'(:r tr*,{ ,1)

eoh -o" T L .9" .-lôh^^à0c ^h e,r, ù o^)ec. !* ,rQro^r, n,\râ J- **'oLl- x|!,q,

Pe,. ÀÀa[^,'oo ê{a .ga h#"" J.o "o0..r-0,o , * or\ J"'f;t-

Qt*/arrFi^ c-diynrîe/aca dt\t4â X=qg .t S=g .l- aJù€i""b 9. yrlt^t i

$,1 *h A-- I o0,.o P; ( er[ r ?c1$,1) erh -".r '" Eun fo+l', 'J'e" , î i=c

canÀ'f.,',lnî )..dt'Pi.ah'rn 1",,r"v,rh ào *.ù^" 
7"" 

L f4^od^orn,nê -f

cOrrlzc-F.

Po,r^ â.\aX* ,Q'r*.e Je ce$c 
f*" 

nauâ c-(MD{'J.j"no .ît Âtf

ârr ç',oXr.nnn.m. (conn,rne .Qle e Jk'âetpriue 4.{r {,'s,'1,û) i

l*- l l"n (t,M) à. c4
fl1a26trrlo/rJ\r.v\(. 

.ô^D{^FJ ern *.m il'o.}' J" .rnfnâ'0a I

rh *r.,nr dlat ,"mÀoi,ae (i,r. ^r^. t,m.Iim 14 ï4

M (c?) J* ua,u'atl<. X , S, q ) i

Qt.z. ,-n 4olJ d* +'- X,,.a.,wma)

7". a.

dJû<1, X=&t

.tro )a*u'rà

1'Ji.Qlrm."l

J.P?,^*T- .!* *o0rr^ H (x), M(s) r
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$$$$$$ r  { . r , t , ,  3 , \ ,s ,c \

t Ï= {x ,v ,e i

'[= (Ù*S)

s-, &r,, )L

Lrn Jf-",b irntr'l'iauc a & f\ot'{.a$'fi..*nr,tapr,J.uf *f"iot -r d^r 1^loQta,wnz 
ù,}zc

l*^ra0o- r^tihr-* J." oaarbLlca ï

e ( t )  =  [ r n e ( ù + " â  ) .  ê =  ( r , m > ]

1^^"h;$ie* il* E :

t ,

1;,

!ïr' r
& .

lill
$.i

'ï'
ffi..

o0t* l-,o1t^C ^o* J.r".r* 
fe 

Q" 
f'*1,n"a^.4. 

*l 
1*,,t,'r/J!.rne,n,E, 

ç,tz<-l ".-"t-

,'.1g{," ,
Vle I<s ,h ,E ,z l7  i . l t l  .  t 1 ( f . , f ; )

la t Q"fion )," ,h"^',.iF''an *h J/+À'e -fa^ cnÀ e,v\ {cr,;^ra^,t {r,M) g <u,m,)

Te^"L b(<r,m)r<U,tt,y) e,oh ̂ ?. (et'eu ,rrnetfal"l '  .Q.ta.fia, *ï*, .{.t,a..1,1.r,),

Em çQ,* 
(o,l,q) àh"1. Q" f,^"f, '"n |.4 !o',1ll-c M(X)=a, U(!)=g e-l '  tr lç).1 eh oeà

uoD,* â* ta,.r'a[leo x / s/ q & f-ta,ln,mc mnb Àg0.'*h^o,"b ,r,x,^te"n.Qio*.',,L

1 4 , ( * , \  r q ) )  - b  1 2 ,  G , $ , o ) >

< s, (i, T,q) > -5 4 3, (ccr ! rl)) p. "F pc ,lom.^l- ; *- > {

12, (x,\tq)> lr ( 6, (æ, g,q); x .h p,'r0.ru ,,^f /ri t'<t

(  3,  (* , t ,q)> - : r  ( t r ,  ( r ,q, ï r )>

< \ ,  ( 2 , t , 1 ) > - r r  1 s ,  ( * - T , t , d l ) >

1s, (zt$,q)> -5 4 3, (æ, l, q)> r,, e? o*0.,mJ 
' *>,.tr

1f , ,  (* t t , { )> -g+ 1c,  @rgr l )> o" . " f  ,* , . ' , -ou}d * . I

ùJfl\i"".! "

V (= , ! ,3 r  ; , { , 1 )  =  [+=  { *X+ i  T  i< t  ^  6 - - t  I

V ( t rÀ ' )  - -  L l : ,T ,1  , ; , i , 4 r2 .  4 .=14 t  ( t r l , q ) )  A  i= (6 , (â ,d ,q )>  "  Ç ( î , t , 1 , ; , { , 4 ) ]
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tlou.s 
1rr.rtr.r,na 

,m*^konartf Jl'àu !" "F-.*f. Jâd""h'Jn J" lt *o7ùz

-ça^ atrh",noh'on, rror,..eern ^rta :

Noh. l.,ervniar'e 
o[.lt-a"l','on ..^,tùL à n,o\'o.r 

Tu 
,"^ rÀ^ra,u'a^..t Loru"nu

P; *oi"' er q ç.:,r^h i, i--.t,,.,,c à^ fRrl^q/vr\^vr€- 1u^te^'-l èt'r"e ânïl/q, cJtf\xïe-

,^* ,..pqt'ion I arr,r, J- Jkol'" . ilo,r, a,^.r"çr^â

P. (=,g,  - , t i  11)  = f  * , .  n  1=t ]

P, ,&, !  rÈr t r l )  =  [ -=*  n  t=â ^  1- -o l

P . ( r , { r ? , { , { )  =  f ï = t  n E - - 1 * { * * ]

P * ê , ! r E r { ; 1 ) =  [ t = g  À  a = ( 1 - . ) ' ! " * l

? r ( r g , ! r * , $ , i )  =  [ q = È ,  r ' T = 1 * q * * l

î ,  ( "g ,$ ,B, t , i )  =  [o=1*t**  ^  æ<$ "  X=11

J. À*l'" T"
t e  ( 5 x S + f t , f f l )

I( l ,a) = [ f ie$, =r, l , r l  tzrAl]eZ. L=1^t ( t ,X,1)) rr  a:( ir(ac,t ,1)) ^ Pj(t , ! ,* ,{ ,1) l

Nol'ne ac..molc, *tsh'"aoFi,m .,rrra,tab" ê ornpnar,Àe -!*u ,'nJu'l','rno J. ^lfu'f,'.tl'i,m

À{r^- "1"^ Pi, i=1,.,.,G ",q T-er.,mca J" .,mJ*'l','ano J.. ^lÀ'$'.obi"n J1ritr"Qr.'l^ lù#

À\-"^"r"^r,r T ,f d\oâ Ji{àiÀ'ô^À a[s,f"^ajh- e, +\r,7^un/vûe 
"f ). pa caroaJ,'avt

ry . \ - i r00e I ' r * t -âJu ie  - , r f -e , tv r rea  J .  e ,É ,z rc" f  V) :

Lq f 
',r,t"i; ..*Jif,o^ J" ^r"Li$'.*[,'^r élàL

l n=Z ^  T=g ] *  T (er , l , * ,$ ,g )
"'-l' à ',L^" P., (eg,!, 19 ,{ ,î) 1* "ot .1rr.Lte?"^"t' -' VA , É(ê) =+ f (a, ê) fû3o"

L ier I_ ,1  eæ.  è  =( i r (e ,q ,q )> ]  +  : (g ,ê \  eJ  J1- ta0*^b  ;  r ( (a , ( : , , t ,q )> ,< . r , (1 ,q r1)>)

, r " , t  [ r i "U .  i - -^  n P;(=,1 ,  A, t ,3) l  = P.  (e,{  rÉ r  ! r ! )  ,

- t-^..0nÀ'f,'.r.u J" tâ{L.oh,'.ntt g *- 6

[ : t ' .  P n ( T , t r È r , à , { )  n  1 = o ]  *  P " ( = , , 1  r E r t , l )

[  {n  1=r ! rÉr t , i )  u  P ,  ( r : , t  r * , t r1 \ )  n  * r , l  ]  *  P . ( t , t , * ,$ ,1 \

I f  l lP r (=rùrE, f , ,1 , )  n  1 - -q ' * .1 -  P*  (= r ï r r ,g r1 \

I i  * ' .Pr (Ë , t r / , * l ,q )  r  -=* l t  I  *  Ps  (e  r t  rær l r l )

[  (Po (= , t rær l , q )uPs (= ,$ , * , g ,g ) )  ^  *< t l  *  P ,  ( t t r ' 1 ,  * , 1 , i )



"o't' jlt^rq0o,,-F* à i

[11,g ' ,1 ' ,  l (ç ,T,* ' , , t r ' ,q ' )  À q.=2. '  ^  t= t '  n  1=o]  o  P.  (1 ' , ï ,É, { r i )

[ lJ ,g ' ,q ' .  Pr (3, t , * ' , . t r ' ,4)  N * t ) ,g '  r '  r= /  r . , .1=X'  ^  1- -q ' ] *  P. (=,q,ært ,q)

[1 * ' , q ' , q t .  P r ( * , ! , d ,T11 , )  r  r . . ' r , * '  n  *= r ' n  ï= t ' ^  q . t l ' 1=+  F . (1 , { rn { r { )
' l f * ,  

t ' ,4 .  Pr(* , ! rC, t ' ,q ' )  r . ,  ' * 'J  r .  t= t '  n  q . l l r l  =+P, .  ( t , ! rærr t r , { )

[ 1 * ' , t ' , q ' .  P , ,Q , ! rC , f , ' , q ' )  r ,  " "  =d -X ' ^  t= t ' ^  q=q ' ] -P t  (3 ,g  1æ,9 ,q )

[ . ] - ' , , { ' ,q ' .  t  ( * ,8 ,4Ulq ' )  n  *k , t r '  r ,  r 'd  o t= l '  r , .  q= i '1*P"(=r ! ,1 t , i )

I r * ' ,$ iq ' .  Pu{ t ,g ,* ' , t ' ,g ' )  n  * ' .$ '  ̂  *=* '  À T=t '  ̂  î '1 ' l+P6( t  r ! rær { , { )

4 - L 6

L l l ' ' 0 , i * 'F  J ,  v )  S=( * r I , 1 )  M '= ( -11 ' ,q ' )  e t 'M=( *1q ,q ) ,

I  r (<1 , [> , ( r ,  u '> )  r r  t (1 . r ,M ' ) , (a ,M>) ]  +  r (< . t , n  ) r ( t , , v ry )

I r (4.l r S ], 41, M'>) ,. b (<xr t't '>, <1, M))l =+ r (<"{, 4 ), (3rm >)

I  r (<0 ,  U ) ,  ( r r  M '> )  r .  E (<s , t ' t / ; ,  ( ? , t4> ) l  =+  r ( (1 , ! ) i <3 /  M>)

I  r (< . , [  ) ,  (3 ,  M /> )  r r  b ( ( i ,M ' ) , , ( \ ,M) ) l  +  r (< , t , $ ) , ( \ ,M  > )

I  r (<arU) ,  (  t1 ,  M' ) )  ̂  Vk\ tM' ) ,  ( r , t4>)J  + r ( (arS) ,  ( t rM >)

I rga,[  )  r  (  { ,  M'))  ̂  b(<x, M'),  <c.,  m >)] =+ T(4r,S y, (e,}r ) \

I  r (< . , , t ) r  ( r ,  M' ) )  ̂  u(<tM' ) / (6 ,n ' r>) ]  -  r (< , t ,S) ,  (6 ,M))

cr.ol-- â- J.,,.e

V L', L e I . [r (<a, É>, 1 L',û,>) r b (<r. ', r 'r '>, a r-, ra))J =+ r (< 4,Y),< L,M))

td *h Jî"^r40*^f â ï

Vt,o ' ,  o .  [ .Ca)  r .  I (à ,  r ' )  r  b( r f  r ) l=+t (a, r )

- La J""^iàr "rnÀl,cn )" ^r.^..{i.al'i".' *f

P.  (= , ! , ; , n , ! )  +  [ :  =  i xg+ô  ^  ; < t  n  {= ï l

. r - f - â - À ; .

I ( ( . ,S  ) ,  (6 r  f r  > )  +  V  (<{ , [ ) ,  (6 ,û  >)

ao'"8

Vê,J.  [ .ca l  a  r (s ,E) ]  +  V(" - , r )

^ A  F  t l
zwu $ettoc.u) L'ectujlè i

I
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A,rnoi- l rrrt,.^a q,^l-or^a ^,l-th"J 1,u.e ceTtc.mJl-hJ" ào 1r.et^:e "av*bl'. .-o.^h'"e0rrr"rf

àJ."n,t ; ,.rrtr ann*ar,^la^^t r el ô f^rrur+ T,

I  V a e s . e ( a - )  + r ( è , a )

(V4,C, ras .  [eCê.) r ,  I (g,r ' )  r .  t (a ' ,  o)]  *  t ' (1. ,o))

( { è , o - e s .  I  e C è )  r '  r ( a , Â ) ] +  V ( t , r ) ) ]

t* 
ovr J"'ârtr.e

t {3e Z<s,R,r,É) r i .  l t l .  V (p"rp;)

n

te 
lo."znalga 

J àâr^rl',.tr l. t*.

Tld.c'tàrne 11.*.'1.4 ar,l

.of

I l  re  (se- '  u t , r ] ) .  vê,À,Â 'es,  ae A.

(-t.e) É(r) + x(r,a\
^

( -1.1) [Ao'e s.  e(e) r . I (g,ar)  a b*(r fa) l=+I(e,a)
^

ûI .c )  [ . c t )  r  r (è , i ) ]  +  g lg , r )  J
' ê )

LVf . z<s,A,E,e>, i. l tt. V(f.,,p;)l

(-t)

bÀanotno,\-ior,

(+) Pru+ 0o ft€rrrl{, Je "^rr",,\.ttl , noil çeZ<s,A,b,a>, Èe.l6rnrftrro 
1o,t 

rd-ntne,u.ct r*rrr ielpl

T"l (t,f;\ . ?os^ i=o , rao,u a,udr^a ecf,) "}. J^" r(f,,f,\ J'"fù (-T.e), -tU f(ç,,çr1 ct

i+r el?l "0.n4 Lç(f;rf;*r\ *l- (-I.i) *rnp?^ya"f ï(f.,f;*,). iloor J.iJ^rù.t* J. (-1.s)

. f "  vùe  $ \ . v ( f " , f ; ) ,

G) t fï€a s J. ""scnyQeFnJ. Àa^I,'1a *F .-\cp*t*f ,6i -,t"p{* ql

.ko. r , i r ra^F r (a ,o\  =  [17e2<s/A,br€)r i " l t l , ( fo=è ^  f i=o) ] .  ( - t .a)  ,h  GI . t )  À ' .n"J
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o0r^ J. 0". ârpÀ^|.r'^ J" 2(6,4, E,Lt . Ct.o) à";,i*. L ;'&f" l-h'àâ

VleZ<srA,br  o ) ,  L "h l .  ry  ( t , , t ; )  .

E

R.qfrfq+-q+g /r,f,.,/t.4 - g (.Intar,r^arce *5fi l'16vw"Q!")
- l *

Pa- 5o''..,ù )" lÀç0.'.^'hr/, rnoua Jqrwarrr ,t ^'1ur'*a"J t- 
fd*f*

J'ÀJ^.oh,on 
fe\trw llr;t*qÀrrér,À^4e. c.a* !,^ 

tràLa0-,4a1','.m 
à -0lr *a,t't''a^ttca-

"*À \-,',r*.0" .l' ,b.;*'" 0. , Pq^ "^.r^,, pL !- fùï. "l '^Jr.h'on (- 5)

Aa q"^ir^r0;" , r*"À"ol'"**"t- e^ i

I  rre(sxs -+1t,f i  ]).  Vè,r, E es, aeÈ .

ela) =+ r(a,e)
"̂  

t l r 'es. eê) n r(.o,r ' )  r  {( tr^ '}  r .  b.(af r) l  + T (4,r)
"̂  

I e ( r )  r  x ( g , i ) ] +  v ( e , Â ) l
êà

[V1e Z<s,A,b, e; , ;. l t l . [*jei.ô(1.,t1)1*V(ç.,ç;) i

b, 4nt,l. J" *"rhrn -M"Àl's .-"^Jti"00*tt à il'^unb+t* f f*

lou* f " Z< 5,4, f, 9> tnoua dd-ûrïô taÀ 
,nlou,t arræ )>u)w t " hl , lVft. .{(ç,,1$+l(p,tù.

Parrr, -|..a 
f\r^ute 

Jt *ç{r't-"J" NtovÀ Jr,.,*'"r.roa r (a-,r) =

[11u2<s,s ,E ,êr t  i . l+ | .  (1 .=a  , r  S ie r . { ( t " , t i )  n  f ;=a) l  .

D
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4.2.1.2 Transformations de principes d'induction

Pqr ào.^-{.-*"lr''"n Jrr fnran*f. J'rr,J^rJi"m J. bca" G{\ ,.nr.- "!l'*.11o

t1tx ,"*lc.in r*a*t'.a Je 4"c,rnc^1- J'âdr^"h'.rn ArlJ*rL 
T 1arrt".lf.^t 

J. ""^J".

.ornph. J* rmJhhoJ* À f\.erure J1à,,ar.r'aan..e earaFe^,Fc.o annq; /XaQ-n"r^L

dl*t J/.o.^^Y.r',. J. tr.r r"0el ,

4.2.I.2.1 Transformation par distinction/confusion des états

initiaux ou finaux

obse,,r*or.s 
ï. 

0o J.f,ri.^'l-,',m Jc 0' ^r*roo.t'r''o .e

tdçs Zcs,Arbre>, ie l .p l .  V(f" , f ; )

*\- dafroJùai<4^tL à

Vçe E<s,A,b ,W>,  L .h \ .  (  É( f , )  o  V( f " , f ; \

,^ p''',a^t lt(") = lb.

Pqr,- ..,""iî{e^È / *r* oLh.^dna rr{\ f*À*F" J'*rJ*"h'd" (S) ly"*alr'rb acil

âÀ rutshi[oc^^,b * à e .,f q/(a,o'1 = (e(n)eç(r,r,\ â g(a,r,) Jc^l 'o (5) t

(5.e)

({,r)
(X.s)

I  l t  e (so- l* ,#]) .  v4,r ,  r -es,  c e A .

J (a, e)
^ 

Luo'.r . r (a,À,) r co (af r)l + r (e r a)
^

t ( r , r )  =+ v(a, i  1 1
<-ï

[VçeZ< s,A,trb>r t  ol t l  . ,y(f ,  r f ;) l

( J )
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Pe^, a,X*lf*.. o^r€-c l* il-^b i^'hiaro, an 1ed' êh'.e. *tnt.rnJ- ""' &^b*ittr^,rr,

{ r

6 |

la . ''À"|-ion J" ^r.^i{;.ohian olle a.' F(,.6d .oh 'J.â^^.t'ôc " ..

P r  ( ç  r \ t a t t , j )  < *  [ l * ' .  P 1 ( t , 1  , d , t , g )  "  æ = J - X 1

14- 
1"4* 4^L f*l'-o*Jih'"n àlAliL )o la 1t/"on"L[,'on Aâ1 ,^,}.oi^u .{e4,nl--

..mJ"l-ian , La ,onA^l'ion J. "âf,'.*l-,'* Jre a- l'fiaale .l- "p'./À:l';J' ,,

\  ( t , 8 ,  * , $ r i )  ' +  P t ( r g , l  r * - I , 1 , 1 )
LE j'..J"onJ"l'inn ào* "'t^""qu^ -0" ç0^ +sjtt gi..rÀ'F,lm f^lJ.iF. à 1a^l'â
J. ia 4"!..*rn&l-i"n, ôa J"^^v c<rvrâr'l-,'.au Je "r;li.ol.irn o.^l- *q,,..^ro0"^uln,

,* Jfe.f" f,ùa.,ro , e^ e'.r"*rro^f k J.!;h'"m à. l\tÀ^>axtear,"c Ao.L' n^{"u^e

V; e Zcs,ÀrE,e) ,  i "h l .  (s(+; )  =+ v( f , , f ; ) )

si  mor.p r-rt . l - ikcr* v '(o,a')  = [s1a,5 => V(orr,)J â V(ara,) âo* (-I)  ,  *r*

,!h.^* Gf -) r

[  1 r .  (s ,s* \ t , f { } )  .  Vè ,A,  À  es ,  qeA .

(-I-.e) e(t) => r(a,l)
^

C $ . t )  [ l a ' e s .  a ( e ) r r r ( a r l ) r b a ( a f  r ) 1 = + r ( t r o )
^

(- I ' .s) [e(a) rr  r(4,8) n s(;) l r  v(a,E\ 1
e,

[Y1e E<s,n,V,b] , iu l t l ,  (  t . ( f )  ^  s( f r ) l ,e  ra , (1" ,ç : \ )  J

(-tt

4.2.1.2.2 Transformation par aeao.ti*lpæ;;

Pa.r.u "[ra 
f{..l'af,'-'

x  , _ _  X _ V  j

&*e. n€^rt\o^î1" t* cOâr^o0Àe cdn\.,w\s pufl- I



4 -2r

lA ".^âr'l-,'"n ,\r ^r"1r$'.oF,'^ (- [- . r\

L V t r r e s ,  * e A .  I i a r ç s .  e ( g ) r .  r ( ê , o , )  r , ,  b * ( r j a ) 1 +  r ( 4 , 4 )

i1rrr.^ta0",^h. à

LVa, r ' ,  res, ae Ê . [a(gt , , ,  x Q,e')  l* ,  I  b*1ar,t)  * r(o-,o) l l

<+ L $è,o 'eÉ)  a ieÈ.  [ .Ca)  r r  : (4 , r ) ]  : r  LVre s .  bo(r iA=or(4,  a \11

Al^.q à 1*}',^ 
J. (-l-) r ri\rrr.ô JJ"^t^no g. 

f*nn+" Jr.,iArr.lr,'an JT;"vaAL

c- {-l i

at-

I l r  e  (sxs  - ts ,  B  ] )  .  va ,  a ,F  É s ,  ae  A.

('i-..)
(-i-.1)

(-i-.c)

e(a\ -> r(e,A)
^

^
Le(A)  , r  I (è , r )  l+  -L lo ' . s .  bo(a , l )  r .  r I (6 , r , f

I  e(a\ r .  r(+, i )  r .  c( i \ l  â v (e,r) ]
s
f rdle :<s,\ E,*.>, ; e le\ . te(ç) r s(4;\le 9(f,,f;\ I

4.2.I.2.3 Transformation par inversion

Gr-)

Uef,ri^nrar,,.s ll"in"oo. 
ft dl-ulne ,.b'a.e

à = ^ ^ o o r r 4 n - Ù
I  ,  +  Ar  ' , .  À^- ,  - l l i+  Am-a = (m) A re)

c4$^rm& c.Faarh '

f - ^  
=  A . - n  

o ' - t t À r n - û  
. . .  o n  

o o  
t  o o  =  ( ô r  ù '  , Q t )

o . ;  V l e  m , A ' , ) =  A ^ . 1 - ^  e l  V i e ( n - t \ , d , , =

ft"

a,
m-r -Ù

.l- !'^i*et^z à'^,u.r, *rrrerm \l<-

à^ "ù;e^ou à^ ho"* Jo

z - ' t  =  h - t :  f e Z ]

J. ,h-ar* c4m^/wrr. Jl-**f 1to*-rrlL0e 2't''E

z
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O*.,,nh* 
t.'q^ ir"f f 

,Tt'^ * Lo 4r*rpareil-a/ ât;^ret.t'at*u-

vi e [11.I [ . (ç") n r(f;) l.+ v(1",p\1

eof dï.;apq."'Y t J'Tt .0. FloirÀ" \,-1,3,,)ù ) d Ia 
1b\eu^,e 14e fàûr lo,^e X,n

F,"é+,àr^ p"r" 1. =.* â* Je".^ d. z , rnd.L(,ô 4.ùo^a i

I  e(1"\  n c(î ts" l \ ]  - r  'v(1",1t+t)

<^A 1oo*f 
( S, Sr :.<'" > = PIg.? <a (<s,A,E>) , "., &'*, encala e-yt "r.taon*t

or.^n, .0* Àe.* ir*.er-ea ..

V1e (z<-Tt . I  t  u (q"\ ,.  e (1,ç1)1=à v-t(1" ,11q,1)1

mH {ar" """1- e *T- nrliane J*r r'^rfiC" l" -0o À*." )" f -*u*.r,go.^^.1-

a- ft "

V1e Z,  i .  h\  .  [  . ( f r )  *  ( fot  e z)  1

La 
f 

rto ga,tdfc/ q.-Jç.,:aua *f tgr,rroO.r h â "Ia 4^-p*d 
t^.' à't*o^,ia,t^.rL

xrùa^^fe 
1",r 4.nl-e 

p,t^ 9- i,*uleo J" ffk- {;* ). z I

t t .  ( t t -T' ,  ie\ t \ .  I  t  rq,5 À É (fd,) l  o ' .v-t(1, , f ; t1

Dq ^a @ cD,^ / fo,ri-. 
lxautz 

à|tt*, otwalvt"t fy';lù A{! - s, Ar 2,,

€, Çr v forrF ae .+"ir- ?.,{\ xaùantrenrt- *oyerh*e,rne^} r>4r^ sr A, (Z<-) 1
- ' ts , É r Y

ba^ro -0e c.a) 1--Fio,.0,'* ôù .8tu.r**,nil, Je h-orra .l-

_ fo^ ,tr,Y\ ott-"ù" Je ,tnc^riFiôn (srAr E,z) ) mluÂ o{'l-crr,^t"

t  [ sg , [ . s .  t c (e )  À (L* (a , . [ ) ) -n  r  e (Â ) l  +  t t -n  (o , t ) l

\ar,a -0" .(L 
f-,};"^-[r", À tr*f Jl-o.F fr à't n. bnar. 1 J. z

*1""J"1

i

&
!is

L
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1" 1"'.,} o'uj"l-. fur,og^,- 
(k*(e,Â))-n = b'^* (r,E\ )

[Va ,Â es .  te  ( t )  r  F ' *  ( f  , i )  , r  e (À) ]  =+  V-^ ( , " ,Ê)1

Aà f *.,h Dz lo. o.h* e,$ ,rFi Q.; *^h -0. 
f*;t J;À c-l','on GT-) a.;

Ê,L, s.,V p.,rf og".|,itr*.^^,t oho.,>* clîï,yne B,.t-t, Ê,tl-^ L' uA -0- "*&Fiona Jc

".1,i$;".F;"n Adla^^,h- r

I l r u  ( s x s * l t , f f i ) .  ( è , o , À e s ,  e e A .

6(è) => r (4,e)
^

[ la'e s . s(a) r r (ê,r'\ i . u;^ (ar, o)] * r (a,a\
^ _

[ s ( e )  n  l ( t , Â )  ^  É ( Â ) l +  V - ' ( e , i ; 1

loil T .0'^,***. I-" J. l. , ceo ..rvrJJ!,'ap J. ,J",'f,l'.*l','* m,rl- ni1-io 8t^ â :

L a s  " ( s x s  + l * , f f I ) ,  $ è , , t , À  6 s , a e o + ,

s(è\ :> r (t,a\
n 

I  a,r 'es. b* '(r ' , , r)  r  r lol  â \  r  6(à\ ]=" f ,(r ,  g)
n 

L .(r)  r  î(n-,  r- \  r  s(a\ l  * v ' '  (e,6 ) I

Re.nonrur6 o*Y -!* *o,..'obl* ffi1,rc-t|co 4,Ë '"^çecFù-*elk ,^ Erà , mo.r. aLhna,r,ro

I  r  s .  (sxs -+ lq, . l f  h .  tè,  o,  À es,  qe h,

s ( À )  +  J ( À , 8 )
^

[ r ies.  bo, ( r ' ,o)  r r  T(or ,s)  r  s ' (À)  ]a  T(r . , i )
^

[ . (a) ,r .  s(g, l)  r , ,  c( i \  I  -> V- '(S,a\ ]

&l',Q;ort {o JJ{*^r'lr''^ J* ,c"0oF,'.^o ,Àr-rouu, 7açs^s a)Q,"ttc}v1A J. 3;f orlnc^ 
f.

.P.4 {;"f. J'"Àâ^^"f,'rn (-{--t) *l .r *Y # FÀr^"F;**tJ *".np0J

L 1f  e (sx s + f t ,# l )  .  tg,r , f  eSt aeï .

f t - - t  s)  s(E) =+ T(F, i )
À

(-r--".t) [1o's 5. [,o(a,r') ,r J(ri i) ,r s(À)l + T(r,, i)

( -X- ' t . . )  
^  

[e (a \ , r  s (è ,8 )  r  s (E) ]  *  ,+ ( r , [ ) ]

ô

[sf .  z(srÀr b,t ), ielt l .  Le(t,) r s(g\1'+ rr(f. ,  f ; \  ]

(-x-- n )
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a ç"-,r.4. d'ÀA,rÂ,'ô^ *F â 0o Lo,o". J" -0a *dFloJ. ). lld^'ù-

$1b'.eil t+r: A^h" " autXr'g ÀJr"h,'on ".

P(L X*i".aQr^.*t, 
la t o+of^^^ob,'on tttot-l -L .À^â,!t à *.errrap?e.",.

f]
{4 

4h.rru}e

F(s , * ) t re ,  s )v )  <=>  1 r . co [3 ,h ,v ,e ,s rvn ( r )

fqrv 
Jt.,r,4. 

fn4lr* 
I

P!s,* ,b ' }6 ,  er  g-n)  ++ l r .cu ' l ls ,A, t ' ]  s ,  e ,  v- tn( r )

(où n= r-À) îo""À :

P(s ,n ,b ,e rs , r y )  ë>  P ' ( s ,4 ,  E ' t ,  u ,  e ,  V -n )

4.2.1.2.4 Transformation contapositive

,th'0.Àa^l "0a 
I'r,op'aëtJ y^. r-rll'=T, /nouâ fo'u>ô\a n-J.*in -0* *mÀ'l','.mo

J" r,i^^{i.oFio,r G$--{) .o.rame À*F i

I r  r c  ( s x s - r L t , f f ] ) .  V à r À r 5 6 s , e e  A ,

[ . ( r \ r  r r r ( 4 , 8 )  n  s ( E ) ]  *  v ( a , E )
^

[ 1 r ' . s .  f " ( o , a ' \  r  r r r ( r ' f  x )  r  s ( r ) l : )  . . ' 1 T ( a , 6 )

^
s( i \  +  . .  y (Â ,À)  I

Foaarra i = . r "L ,*h'.Q** 9, *t T.
"!o, ratl'l'ia,r .r-J.xl^o ilr..,l .,4tf,^no"-

I  r s .  ( s x s . + t t , f f b .  v a  , o t , s  e s ,  a c A ,

P=+ Q Ai ,t oo,0**,,a.^k d .Q.* .P . Ào"u

,04 .anÀ'h'^ éT)*a,Q"r 1" a";*"t" i

L e( ,g )  , , ,  .V(è ,8)  n  " ( i ) ]=>  î  (4 ,  i )
^

[ ro es. l (a,r) r  to4o,l)  r '  s(s)]* T(r i  F)
^

s( ; )  => . f1 ; , i1 ]

ù p^i; ). !,,1u"Q!, /\ouâ ̂.,0^.** yo I* f"^+" J'âÀ.|','ar, 1-T=1
.oF *ttÀ"0.r"h d. (-I--^) .-l- *l- Jon. "*n**l- "f l."t",r^Ï,'y*t,"*Y .an,rç0rf ,
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L  l l .  ( s 1 s + 1 t , f f \ ) . v a , r , r 6 s ,  a e À .

( - I i1à  [ r (a \  r  " t r (g ,Â)  r .  e  ( ; ) l  +  Ï (a , i )

( - r Ï ; )  
n 

[uo' .s.  T(r ' , r ' )  r .  tn(a ' ,o\  ̂  c( i ) l=al(r , i )
^

( - ITs)  s(r)+-111, ; \J
€-'

[d1e :< S,A, L,È)r t.hl. tr(f,) r. s(ç;\]+ V(f,,f i) ]

(- x-'' )

Not* .'t'l-*,r.ruo où,rûi ,.r^e ôoqpeQ0e ..nil'hoJ" Jo 
frslle 1" '0b1.,,^J..

Err .npQ" q. r , . t ,  L , r . r  - '1
æ \ &

Fnr ^^h;CIÀo^rt- ."lf" 'r,,JtloJ. tar.r.^' JÂ-.fn . .0" *"F,," 1"^h'.QI" A'*

fn,.ot^q,,nt^e !,r,,'l ,L-4 t n\aL'ô 
4^r""jJ^ 

.onrr*te A.rii i

Ce$. ,.ndt-\ o). à. f 
q^su/.'e. ,t-""th "onhop-it-we. , !^ ir*^^':"rth -|n.*n

),"r.tt*"^tL ea. 1rr^ nrr'orr^À*q. +aÀ ço^A^i -Q.tru/.*E'lt 'L f*tro-tnûe i

È  ( * , 1 , 1 ,  € ,  i )  .  [  ( * =  { * g * i ' ) +  ( i > , ' t r ) 1

Po (* , . t r ,1,€, i )  = [  (*= (q--1)xg+;)  + (*>,g)1

P.  (æ,T,1 , i ,4 )  =  [  ( *=( i -q )xg* i )+1à,> ,g)1

P, (*, t,q,i,i ) = [ (e.= (,i-q*.r)x {+ a) => (i >,.'1)1

P, (-,$ ,1rà,i) .  [  (*= ({-q) x1+a) => S ',q)1

Po (*,$, irË,T) = [(t-=(q-q)^lt i)+(;>,tr)) a (*.<16)1

Joi*b n,à,1 *\- ë,q,i .0- uoP* j-f ' 'o0* 't '{"\o0- À^ t*'t 'o;l 'a

X,$,4 Ju 4'ctXLt'n^^^", 6i -P. 
f*T"* m'JFo^T 1o.o 1"^ll.de,*"r"1- uttzct,

rQ,o,o .r\ o^rr,*i . L z= 1-x1+n r. i<X] .F Jan. F., (*,\,1r nri ) a" *l 'uro.t

d' I'ù X." çn mie,L c"nâil-,'an ). "",ifi*T-;^

Pn(*,{ ,q,  â, f ,  )  e - f 'n= {xX+a r"  n<. . t r1

P,ù p À/*"h'.m A{u- -A- ^*,'to ^ Jo 1"." J. *Qr'*2 )"'.^^f l'"^/.uli,m

À f^.tq^,wy$e, , 
9',fu6"hf..i. T" P" (æ, \,Atà,i\ -l' nr'a+ *F Q-or&^l'''.tn"
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à.. ".^l{l 'ol ' , '^ ,*pQ^1^r^l- 
1uc 

l. P; (*,{,î ,L,4) , i =Lt,,,te patl " ',a;,

È , ( * , , à , 1 , â Â )  e  t 3 4 . P o ( * , S ,  l " A , { )  ' r  1 = o l

P . (æ , {  , 1 t& ,4 )  e  [  (P r ( * , , { , 4 , € ,4 )  n  P5 (æ,q ,1 f  f  / 4 ) )  r ( *<X ) )

Pu (æ,T,1 , i , i )  e  [11 ' 'P" ( * , .â ,1 ' ,à ,4 \  r '  1=  1 ' t l J
P. (-,$ ,1,i,i) ê [ I r'. P* (a'1 I ,ir €, {) ,, z = *,'-g 1

Pn ( lc ,q,q, i , i )  ? [1r"  1*, { r i , ; ,  i )  u Po (* ,1,1,È,4)) , r  ( r ,>g)1

4ù morra o"ft*.* f Zte*J"r.h'ao Jt çxoXrt-",,'vre ,re fe,tmÀc-, o8* -0o J*;à

"r.;ç [,'avl à" u.Ju{,'.-h'* ]

. F o ( * , { , î , i , i )  *  [ o . . ë  n  1 = E ]

ÀfSqT 1^,'. P.G,,!,q,n,i) "iF 4"" 
',^a;) Jon" ..^T-noÀ''f, 'nt, Na,roa^roro

Àrnc *^Fd fa,, I'o[.,r^Jo op," )o f-?r*. -f ça,.],.Q!^.nY ,nn"-Y,

I

4 .2. | .2. 5 Transformation relation/as sertion

D,a,r^n ,Xe ce,a, àt,uraz a^"n"f,'an iwasnarwfe-

Vf . :<s,A,Ë,  È>,  t . l t l  .  [e( f " )  r  e  (ç i )1+ V( f i )

l'ti*at;oa^i. r tÈ;4^;J. A* .Q. .1ù*t'* d';Jr.h',m (-I) fo*l- J1o0r*.^nl- ât-".

tttro;*e. Noua o0"t-** 9" ft"r,+" J'ÀJr.l'ir* î

L r ; e  ( s - r { t r ,  f f  } )  .  { a , r ,  É  e s ,  a e A  .

(-i-.e) É(a) => ,(ê)
^

( - i - .1)  [  1o'< s,  *(r ' )  r .  !o(alr)  1 *  i (a)

( - i - . c )  
n  

[ r ( ^ \ r c ( ; ) l ' o v t i t l
e
[Vf . z<s,A/b, t) , i6 hl . [e(f") r. s(-p;)1=+ V(1r) J

(-i-)

1, e"f â -8o n'o,,. )" 0o *"'floJ. J" fQo,6â'N4rrÀ'



4.2.L.3 Principes d'inductioo-AerivCs par transformations

E^ 
f*)"^I J* 3.,-nc,1e"- JLÀJ^*"I','.m le Qto^. C$ 1*r -h , t".L

j-pÂt^,FJ1e^**,ù .cmç0.1-, îî\ë,.tÂ o€'h.�ntto )^ fù-f* àt'tu.l;a JJ^iÂ

* d,fiflbJ !* h"L ,fu'*"{r"^oF,'^o .) -'t t.- 1^.i .ô""4"e^^t' lo ",r'unf"^

el Qo "o.nçaJb*J. n-!non'h'1je, .,e T 
l;F" àt*t"i à ""+"r* -Q*

l.rl*t"oF,'.rna fo* .la?t'z +-,iîr. J âJr."F'^n JJ,.;*{. .

Nau.r 
fau>cr^,l 

',-op",r.àr,thr,n- c--tÀ J-i*"h'.r* ê{t{rvï}\g "tt:t :

4 - n

E,tt O,fa,rtL

rah'(

conF"aparihi{

I = reQe h'on (rqih'aQ (è\ , c-"na^b (q)

t 0it J"o f d.^ç"" dt,ÀJ"'l'io,r J"l;r; ,,oF .Qo pr^**l'. ,

i

slJr.r.f,f

n*cJ""h,t

1= 'rs0aF,d", ( coqall|-(a) , FÂaQ'(i))
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r-r-t É(a) -> I(e,g)

[e(q) ,r r(t , t) ] *, " fl o ! s. !*{o,oà r "r (r,r'il

[a(q) ,r I(e,À) r < (À)1 =+ ry (1, À) J

Ll Îe(s*s- l t , f l f l l .  V^, r ,Àe s ,  aeA.

Ie(e) rr r 9(4,Â) rr s(;)1"+ î(a,r)

(-'i:-')

(-î-)

é5à

- r y

('I--t
^

I f (r,;) r s ( i\l +, " ti r'es. go( r, r') ̂ -, i 1ol,; l)

s(Â) -> - t  11", ; ) )

[ t ie (s*s- 'Lt, f f i ) .  Vè,a,Âes, ecA .

[3ore s.11r ' , i1 r  !o(r fg,rs(À))->îG,r)  '

c(E)+ r f  ( , r - r i ) l

i "

I(-çl

{
I
t
i-t
I

(-L-*)i Ia(a) rr .r 9(a-,8) r. c(Â1] + r-(g,,i) te(o) n .V (è,I) r' "(;[* Ï (e,i)

^

f^ Îcâ

f*nnC^f*
"^.**l-"

J 'r; l"Lioo

; t;o\^'ç\-iar, ,

Dea 1t0.'"oh;^^ Ar^pFp;""!aÀ J*,ho,.^o{*"*,nf,'orrr ', --r J - ator

g*'- J.7*tr, d\è J"t*. "1- ,faa )c /nou^rec&tu

P?r^À \!r^;*0"*"^l , l" À'"g'o-.^^ " p*,t,ro"'t

I V1e E<s,r,E, &), i.lt\. [.ftJ r s(ç;)1+ v(R,1J

[ ] Ie 1s.s* lË,{gi) .  {6,  r ,Ee s,  aeA .

s(E) + J(i , i)

L T(^F) r s(Â)]+ r h r'e s.rlt(rr, [),. L"(a',Àil

[ .(a\ ^ u(g,À) r, s(F)l =+ V (a,;\ l

(s .s+1g141) .  {è ,o ,Àe s ,  aeA.  j  Lue  (s rs+1t , { / } ) .T4 , r ,E€ 5 /  4€4.  i
t i
i i

É( r - \+ r (a , r \  i  " (Â )+ r ( ; , ; )  l ( - I -1 )

[3 r .1 . .s * {È , { f  } ) .  {è ,o ,Àe s ,  aeA.  i  Lue  (s rs+1È, { / } ) .T4 , r ,E€ s /  4€4.

^ i À.  :  A  .  . 1  i

n 
[30!s.  a(a)  ̂r (arr) , r  bo(r ' , r )1+r(a,r)  

i  ^  
[1r 'e s.bo(r ,  r . r ( r iE)r  s(À)JqT(a,s) 

i
- - . ' l  ,  - . ' l  i  ^  

r  . - . ' l  ,  - . ' l  i[e(a) n x(r,I) r, s(À\1=+ V(r,r1] i [egg) n r(ê,E) ,. s(À)]â Vb-,À)l I

LS ie  ( s ' s * l t f f l ) .  V4 , r ,E  é5 ,  s€4 .

[e(l)  ̂ ' . '  rr(è,5),,, a(Â !] 'o i(g, r)

[e(t) n I (a, a)],rr. hoks."î14,r') r to(rf ail

É(è) + . i  (+,1\ l
{-} -

i  [1 ï  e  1s.s+fgS]) .v t ,  ] ,Âe s ,  o  eA.

I  loLs. e(a) ,r bo(a,a') aÏ (4,r ')1.4Ï (e,o)

e(è) 'â  - , Ï ( t ,o- )  1



I
I
I
I
I

- l
I
I
t - ' x '1 " .

(-;)
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Le '8"^tù+.-*olion 'te0ah,'.rn/"aoton .ond^^rh arn çr.,^n.^ç.o J';C*Àr'/l pttj,'."'^h,

, i.ge &s,A,e,û.>,.r,oltl. [e(ç,)r r1ç;t)* tr(p) Vçe Zcs,è,r,Ë;, iel1l. t€(tù ^ q(f.i)le ç(f.)

f : iegs* tÈ , f f l ) .  Yè ,Àr  Ees ,  a .eA.

€(è) ->;(è)
^

fta'cs,.r,(l) r tla',s)I.a r,(a)
^

[ r f . i )  r .  c (À) ]+  v ( r ) l

[ jps(s+1t , f f ] ) .  Va, , r , î  es,  ae A .

t i1)

L t ie  ( s+  l * , #  I )  .  Và rÀ , ie6 ,  qeA  .

e(è) =+ ,(4)
^

i (a) =y . [3]'e s. b*(rrv) r. " i (r )]
^

t i (À )  r .  e  (À ) l  *  VC; t  ]

+à

[ t . t ,  e 1s- l t ,  # ] )  .  r {4, , r ,À 6 s,  a e A.

I r ry (r\ r, s'(Â) ] '+ ,(x)
^

[ 1.2 s, !o(a, a,) r. ,i, (a')] "+ i(a)

€(è) :> .; (a) I
e

l t ;  e  1s - r l * , f l i )  . vâ ,À , fes ,  eeA .

[rv(À\ r .  s(À\l  '+ i(À\

c(À) + -(5)

I l^'e s. t (o,,r,) r i (x) ] =n ,(")

[e6-) r, i (r)l =+ rr(,l) ]

[ 3 r c  ( s . l Ë , # ] ) . V A ,  r ,  À e s , 4  é â .

c ( r \  *y  i (À)
^

i (o )  *  1 f  la 'e  S .  r i (a , )  r .  bo(a i r ) l
^

[s(a) r. t(a)]=+ q(t) l

,  [ : i  e (s* f * , f l ] )  .  v t ,  r ,E  es ,  ae  A.
i

I  e(a) ,.  r 919)1'+ z($
^

L lo'us, .r.(,1') n F*(a',r)l+ i (,r)
^

s(À)  + - r (À) l

t

i  Ia;" (r*| t , f f  ]1. V4,r, I  es, a-êA .
l "

i Lt(e\ ̂  - V(è)] 'r t(ê)
^

i (o )+ . [ ,1o ' "s .  bo  (o ,a ' )  r r i (1 , ) l
^

s(Â)  '+  r i (Â) l

6;)

(r-)

(i1)

êF-)

tt-) (-r1)



Nlohom "rçc^^âa^^f f* lo*.0.o f"rÀr.f.- d'"rÀtTicn ".0o1','*"0^ **,1

lT;t?""tE fo^ila Iu. {o* )", fÀ.^t* J'âÀt[,'^ r^--1,'^nn"!^, yi

,l"^ue^^.F â Jd^h"^" Jjffâ*J^* pp;l''a^" , ,-uJ. s€rrx J '*^e ,"û,nn.

-0^l4. AôÀh h^t',^""Arr"b .

No,r,o 
f 

au,r>ô^a .î-o^"-t

é6-tï\,{n& F*}

fù** 
J'ÀJ^r"l,,',m o^"^l'l^ .0.
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téârrcF,'P"r

;4:
,: "2

t | = a^.!o,,,h,drl o.,r ?^ il-ol-" q,=Xnt-ion .o,r" 0- Jl-oto
Àlflarr"l

En ouuùe

CottF"oPd'" hN

{Àa^rx

F^ aç0.'pqrt ,!. à^on-f*o\''on fc.^ À;fù"1'ion/*fr^h âeo él"E

Àr'h'"r^r(l A* "t\'ab 
{"vro,un 

"\- J.o ëlah.vnn'l-iaun .l' 
f,rn,a,ux t 

îtto,ra "lth-ir*

4q *^hr" 
t**à* 

J!ÀJuch,on ,

Nouo dèLLd$À àor* 9o o..\'" y. -\'^y. 
fdry. 

J âJucf ,.t'rt f ",rl-

4""*r^ "0r'..r* À rrrv- q,.a^t rn*,Le- J. cwlJiloJ* J" ,..rea;;,rr4.
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4.2.1.4 Equivalence forte des principes d'induction dérivés

Toua "0- ,çn^^n.\.a â'ÀJ^r".Fi.rvr Jo,.,^ lnne *â*. "eF"\'er'e (cb-l'â'Jie

1^rn^ella^l 
J. J"in^l-*n- ,^rr\e f\rg^.'Jh' 

J't^roar.r.arut". J'u.^ .t"^ trf")

o*1- -*n"b .f p.*""r\'; T^ù t*p{"t , Po,r, ænn.1n*rl , ,tt^'9 c,*'rrt'e. t,,r\e

+{^te,tr^}€, f 4/t *we .nnJfhoJ" t( *Q.r.a J ,ùh JXo0r*"..} a/ ?- I'tt-err^re Y
t'r, he "*ho ^.'$o J" ((' J" -0o nrâm" *t'.'1 r'o.

E,n cL 
T 

1611cù^^e -!* r^Jt-ho â* À" f0o.4d tr+1 ,h Muuua-uleXtn4f[vr1,

StiRat-a"[zl) d nn^lne 
1ue 

fo.rï-c. f'rcx,rrc â" co'.,recl','ar 1t-h.Ole. f*
"rxr-LXor0 ;d.^r"h,ar" t.r*l' Àe *r].ûn" .oy' rtJle fte&{,-e -p*, lo *"jhftoJ" Je

f%.1À ("1'.orr.Qo\- 1oe .0c r.Jl 'T.oJ" J. Mn^.',^-Welt"dt'  ̂ t 'à"t-i0").

l4dar'rùA J ,,tleXLvaï.l' o,.rolr,^,k "tà*,b"i {c ",lo1n 
?L<., 

Ce- àav'l.c^ *L,'-LJ"V

.F 1ââ tlni- J*^o counol- Ê" Err I a.r^à( 
f 

*ù*." J '*À Juc.l','.r,,, (- t-) .F

(-f --t) csrwr\c- Él- i

Thjo.r-itne tr,t,4.l+ -4

l "^ "^À'bi.,r." .s, , i  . t .e à" (-\:{) ef .e, . i  el '  .c à" (-5-\ o^F

i1*i,ro?e*he u JJ+;^i^r^-t' ,

I  ( r ,o\  = LV;.s.  ( : t (À,À)n s(À))=+ V(,r ,À) l

T ( a , Â \  =  [ v 4 . . .  ( e ( s ) r  I ( 0 , ù * , v ( t , r i l

el' -!o n*n*oft J. SljÈ"hna Às lrin;-Q-. 
J" -0o ,*,ivnt rtc^rù. i

f'tndc..ùe L,t,,.l,t u 1,

Lo "onoL'f, ' .rnn .t ,L "Y ,g

;T;tral.""h" oÂ J.f,;,i^" *^l

r  (a,r )  = L e61 r .  VIe s.

T ( a , E )  =  L o 6 Â \ r . t 4 e s .

Je. (-T: ' )  .F .e,  . . r ,  J .e '  à.  / - { - )  n*Ï-

( f(n,x) r s(E)) :> T(a,i)l

( t(a) r,.  ï(è,ù)o r(a,;) l
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I

Pusùelb
^ù T roL{*i-l- -l.^ ..".,Jil'iatto .ç, .i "} ,e L 6-TJn) ,0* notù

q"^Èdl\A i

(-T-.a) e(a) =+ ta(t\ r VE'es'((r( è,i) I ((Â)):> r(è,Â))l -) r(a, g\

(-1-. i )  [r( t ,À' \  r .  !*(al ,a\ l  =+ [ .( t l  r  vÀes.((s(r ' ,Â) r , .c(Â))->r(g,Â\ r  b(o' ,r) l  =>

[.C.t)  r  $Àes.,{(T(r/ ,8),r  c(Â))+T(4,Â)) n {Fes.((r(^,À'-)  r .  s( i))+s(r! i1)7 (*

bo (,rla) :v [ (r(r',Ët r s(s)):> T(a',8)l J'"Pd 1-u'-l i) ) :)

[e(a) i r  VEes.(r(o,À) r. .  s(a=ù=+Y(a,E)\ l  :y t(Arl)

É l - .s)  [ r1e,1)  n  s(À)1 :>  [e(a) , r  VÀes.( ( r (a- ,a=)  r  s (E))  or (a ,E)  , rY(Â ' ,À)  r  c (ôJ

(â'"fd -0o "ï.' 'f,r*f".m d. T "l (-ut.c)) ==>[e(a)^ T(trÂ) r. c(À\ ->

V(0, ;1  (d ' 'Pd ( f ' -n '  e \ \ '

- ?o.r,,, -Qq *d*bïs r ilouâ ,rl'i&ion" lt }.a*{*ol','at1 ''t '

C*^ "*r-|J-"b" À€ X^âoQ**rl- ,À"jt"l- d Fo,ra -l,,. +ùq^ )'À),.'ln

ârÀjtJ âe (-I) t^ !* ,h*-f*rtnth'ano ' t'4 "! - ,

Ce.<; Al'î^{t" T,. 
À" ,rvu\?- 

fttcr.ta 
o ,LVr' 

4Ù- e,r\ ,rh'0Àt^,1- ,r^.

,mJl-h"A" t( (.lc.l-,â -o\Àe 
?u€- 

rnou, dÂ)rn^a ,b'o-t/ 4r'r *;""i"-,t r rahr:t|à"*l

Xq ,.r,nàt'F,.r,o J" t.!,i{i.o[inr cv ) ,t (t' *l' ,,^" t"h* n,ll]ro)" 7ti

^J*"1" ,!o àJ"o*te^|. dl.rrv, irn^loxr'orrl- r' ^"h;*";^"^*l r-\i o2u* mo.,Â

foa l-.,\À â4,1^ir {"r""re00.-t*^f 
rl eu^vr 

{"^n.Fi^ 
Je T J* o^-l-. I"" 

cv (r)

'  
^ '  t ,.ump&le cV'(t ')  r

. ^L (r('-- & o0^o r'= I

. Â' (v('= ft o ?* T'= -I

. ÀL (r(,'= ((-n ,f K "ul "rrtc ^lfh"J. çoo..t-.e ô,* t,.e\|c -n .jl-qf -J"r'l;,a0

à .*a d.l'oF .or'^no^f cPâo r'(r,i) = LVae s. (e(t\,r r(4,t))+ v(r,Àf l

, Â; (('=&-^ "F f( .ok ,.ure 6ndl-)toJe .sttf"cf ^'l-^re où T*.O^'c un élal;il-,b0

à un ll-ok gr,ru'at*l r{ro l'(1,-a\ = Lites. e (a)n r(6,4\ r' -9(a,À) 1

. Ài (('.(l'^ eh ((.t l,.,,v," *Jll,oJ. 1.n 
hwl- aù r r"eQ,,i t^ "iFoY -ur'a*ha

-n d.l 'crt {"Àa0 o0^a r '(è,,ù= [Vxes, (r(a,Â\ r '  s(À))*> v(a,Â)]
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. Âù (l'= (l-n <.1 ft ,ol- ^rrn. ,rlthoâe ."snh*opo.iiôc aùr. r *L" ,.,n êFol

-una- l  à.stvr  i la l  t 'naL a0.no l ' (è,o)= LlÀes. I ( r r r \ , rs( i ) , . .v(4rE\1

( f() cd\^ÂFd.rr J arrl' eY\ Joft,ta "^rl-

r ( 4 , . u )  =  [ e ( a )  r .  i ( a \ l  ( o , .  b i e , v r  T ( t , Â \ =  [ a ( a 5 n  s ( ; ) ]  )

Lq fechnrque à^ *.,.,,'o'tl* q'xi0'.arr'co ( y ry""m"f Ae ,./*i*

me 
frcetuoe 

Jfr^^"a,r,.^'a-.. àtzulnz tt.Oah'"m 
faru $,vtc ,v',àfhoJ. o.Qg.li,m o&.

g^^ l,l,t^e 
lxaJ^^tc 

*rner'l-i,"rrr,.0" fo,r^ -u,,v\ 
f*fqlwwlc 

.b,a".ro*^l orÏ l- l

*aQr.r^o .r,,i.r'Fio0* l* nrqru'aLl.^o ponl- *.j,.r*J* àor,* J.co -qr*e[lo. ar^rit'aHo)

as 1ââaQ.À. "*" n ̂ ^f i

Av t$le Z<s,A,b,é>,iuhl. s(f;\*rr(f,,f;) l a "h' àÂdnl., i 4-^ -0a

,mlth"d" (Éf) ,+l-,'{"ior^l- ,Q.'t),wo,*'a,u} *"-0el-,',rrvû"0 r, a8,, Noûâ fo.tt6{A

loi^4 
-Q,a rmà.ng Jrl"ron"l-oal-,on +a,\. !." rnll-hoJ" (o) er\ 4-o^l :

, aù r ,c"{r. ^.rvr Jl'al- n .l'ia0 à ,urn e l'al- ,-*t rf ,,

s '=  Êxs ,  A '=  È ,  e ' (<È,n>)  =  [e (a)  r .  4= , r ]  ,  lo (<è ,1) r  (d r  /> )  =

[A=è',,, to (^,^')] ) s' (<è,4)) = s(a) c"',u, 4t.tu^.,o"",tart "r 'w,oue

L (<rt , ,o>) -_ T (arr) ,

. ,tù T ,t"Q*r" )t,t\ el-ol- .ou.r,a^,'} â t^tt JYaV {ÀaQ.,

6r=  sxs ,  Ar=Èr  s ' (1^ tÂ) )  =  [ r r= ,Â-  r  s (Â) l  ,  tL (<o ,E \ ,1 t ' ,Â ' ] )  =

[Lo1a,a') r. ,Ë-;'], t((l.tÂ>) " a (a) d^ec -{ |*Àq,,r'âl^F .u,vtat'te

L  ( < r , À ) )  =  r ( a , Â ) .
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4.2.2 PRINCIPES D'INDUCTION POUR UNE SEMANTIQUE NON
CLOSE FERMEE PAR FUSIONS

$ aaa "?o. c.aÀ I 'r^e 
oJ* ""^)";*t < s, A , z> {r^'*"L y, l'-''t *

(c'*t--à- Ài'" L|1* (<.,h,2>) = (.,4,t>) z -l '^),*oru^o n J" V Fou-o ænà'h'.rr,

+ fou^ <s,A/z> *l- "'o1u.*0*1" ) à'ofù .l^ thJoràw- Ç,1,8,r,3,] "l

f ,.{,i ", q à .0 1Ào"r.r" c. à" y DâuÀ <nd"lrior $ fr,u &h€A 64 s, A, E>\ . c*;

.m,rnft 
T. Jo^* cR.. caê 'J *f Fouiruaa ,-^t"-l J o"Jrr"^]^,'* r^"^rt

"*p0"f J" I"^" {* f^er&$eÀ J'À,n"a,,,.'qr.,r.c. e-\ -ttk'AÀ"t* -9't,,, 
1r."Q.on1-e

à^ ftu/tcrfea dlr â^r.F,'rn Arr 1ar'a1palhe 4,t,,4 you, 8" rçl-Àe J-

àqn-."[','an "^X*rdr./ 
1an 

."he ,.r^"^rH1. 4s,ArZ). ctroYQ+ cor, ext pt*r[.i*

(el' J'açlÀ, 1,.1,3u3,8 .-l- q,{,3tT,3) 
1ou,, 

lz .0*^X"X" 
Te 

^o..D a^.'.c^^â ,'r*n'J,r^i ^ a,E.

4.2.3 PRINCIPES D'INDUCTION

CLOSE ET) NON FERMEE

POUR UNE SEMANTIQUE (NON

PAR FUSIONS

4.2.3.1 Pr incipes d ' induct ion pour une sémant ique non

fermée par fusions définie par une condition sur les

préfixes des traces engendées par un système de

transition

ba,,ua !" cqÀ à't"'t" ,oÀ*"hi3r*" 4s,A,E) rr,rrr) 
t rn".J fa,u

4*'* , J"rfÀ'e f "^ .ur^o *nnJ,^ l.i,oo ,À$^. !t> F*'4t** J* À*.* ^nÀ,Â

tar- ^)/,^ À\à^t-eai,re à. â*^ r'F'on 1s,A,b,ey i

<s ,A ,Z>  =  ( s , 4 , { 1eZ ' ,  qs , k , 2 ' ) =  l g l ( < . , 9 ,E (s ,R , t , e> ; )  , r  Cp ( t ) }  >

? ^lr t* 'q*I-. AouÀ ".*J*[, 'rn + f* (s,A,Z1s/,b,e>> irr '-t-o*O*n-J oi

V *F ,ù,"a;o^^I" Aotta *rqÀ'1lo 4 to,u iO+ (as,A, E<s/A,r,e>>) (.f,. l.a,l'r,r1

.h p"^r0*,,urrL ^. Y *F -r,t*'*^Ie. Àorrô ccÏ.î1À'1.''.m + poi,,- <s/A,z> (+,h,i,î^,1).
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I{, .l' âor'" fo1r,r^a "d*^t )" 
+"rto ù{Ê- fne*te à''i*axla,t'rc

x.Qalaæc ù (s, ArZ(srAr b, ÊD ( 
lou* )o1u.Q!. ^ôvâ fêtLù.r\\ fr1bu^ ,tI"A^k*

I-'o,n o,,u.^"V. JeÀ fùT* J'.,^A^r"î',ot Jr. 
1o^o1,."f[* k,c,{ ) fo',u

**o0...^^" *,Q.ail*tt.^rb 4' <s, Ar:> , Ce,||c, ç1tno.\. *'-t- 4o" fo*4'oun

."*pQdf" (aon.rnc e!\ l--*oi1^. q,,1,3^,.{).

to,re, èhe, *,nl0l moua f 
,'@pc'rc'\^À àt*rl,'Q^À.+ -Q. 

f^^"T. ;';d""['tn

È";r-^.Ï (ou Ar^ h"",r*!"-rn^ cf,Nrvrrle ?v\ t{.g./,à ) 1,r^.' ,*h'4;. A^ +a,tja!l"n

o,uxiQ^'at'reo (à",r* Qa 
+\^eur?- 

rma,, ,Paô Àor* .!. fÀ.,t^a ^/v{e,) 
f**rrtf-^^f

à. "*.,r8^ Je" fufr,,r,- . Cz 
fùI'. JldJ""h,'.rn *l' );r..*r"^r^J ,^"fdâ

d'or,r f**" J t; A".f,'.r" Ài^miQq.;e t*f^.' J ar* C-ovaoh- co,-oh lrll f o,u

à^ f\4^reô )e 4"fbOU, 1g 
f.-t È4 ,*oFi^1.^ cdîn \Àc. t*tl. t

Pa,r,r, Jrln^b^". 
T. 

,

V *h À^rcat'a" ,l.. f"* <s,A,z>

)e +r.rt ,k'J "*1&f ^ XJ^*o0 J. J*r,nl-*^ lr-,iro,.^'o.n^r* àto,*,e 1.^oçru.'k'&f^l'"t
l re (sxs+ tÈ,f{}) .  [T.rb'  rù*r 'o,^Fo ço,,* (s,4,:2 ,r  T+vl

otTÀ -0. l-hi^À?- t1,t,rut 1 )-e.

4^t '
*ffU A. Jâ.,-f^.-, .0'r"oo^o^ c2' f ou. )* tnl*^

35e (sxs..r l*,SI). t v coh l,*^yor..r'*ul.� qo,u P"."P<-<.,A,2, ^ r*rv f

E^ J.r';a^^F Vf . P:g?t-<t,A,z>. Q(t) fo.,^ eLnen,r Vç.[(a: /.lqs,*,2,s=

to{t-as,Ar z> ^ f €z' l)=> e(t) l  ,  ,pi1 " '1'u.iu^t J'TÀ 3,r,.s â i

l re  (s rs*  l * , - t f } ) . IVçe P: *? t ' . s ,4 , ! ) ,Leh l  .T ( f , ,p r \  r  r+q  ]

Ein 
çl"o.ll*^b +oJt ÀJr"F,'o, ,uu ) , r{rotl o?tl-."t.*o i

r  J e (sxs+ t t ,  f f l ) .  Vf .  PFît-  4s,A,z) .

T(f,, f")
^

{ue (lçl"o) . J(+,,f;-.) + tr(ç,, f;\
^

T + r t ,

fe. a*ffrf J. I;" -|""" 1b^&ru,a +o* i=lgl ca-. a. f éÈ.f<*{<s,r,:>)

"F ie fal a0l,o f<i " tgf t*{,<s,A, r)) r
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15 e (srs + ft, fr\) . Vf . PXflt* (4s, R,:,1) .

T(1,,1")

: Ihlr.r n r(f,, f1s1-,\1 + s(f., fr+ù
^

T + v

/o "o.'d*fi,m (,p. P:g1t-(1s,A,:>) n hl'n) i1^,i'd,f à (af'rhr{t-{..,A,Eù

+eA,  ̂ éS. 1= 1 'ga,o> ^ f  "qf f t* (<s,n,z>))  )cz q^,+ Jonn. i

JJe (s*s *t*, |f !) .
V1e P;3f <-1<s,A,z>) . r(f",f,)

A I' { f ' . I5,!t- (<t,A,a>), aeA, res.

. L"Ctl,ti+yf) n I'lr{À> € fulNt-(.r,4,:>)J + J(11,r)
^

T+ ty

(s, A, Zy , "z,u 
f".,J- al cl,t,in-e. i

1s  e  ( s r s  * | t , f f ï ) .

û e s. e(r\ + T(e, a)
^

t f  .  Èe l t - ( . . ,4 ,E) )7  aeA,  A6s .

Fm j^h"d^ôa^^L I. AïÀl-€,ùe J" -h"^^".'h.* <srA/ëre> .nnn*J^. l*

.  e(r)* [3f.qgfr-(1s,A,:>).[ f ,=ê r r(r. ,a)] l
n 

[[{=ê ^ Tê,À,)] n tlola) r. L o'= fldl r ç 
3.<,r) € P$4^'(lsr*,2>)11

o [.d=a r. r(g,41
^ 

[T,=a r.  T(t, i ) l+ tr(a, i)

I s(f,, fnpnt) n bo(fh,1, A) i. fli<o> . qgl <-(<s,È,2>)l .+ T(.r,, r)

5.+ v

Au- ?à\LÈre

I le (s" s -r f*, fft:.
Ya, / ' ' t t ,E  es ,  f ' r i .  k fa - ( . . ,4 ,u>) /  aeA,



4 -3'7

Eo 1^at

H = rygtt-(< ",R,:>)

F(è r f )  = ,  [1 .=41

R (of frr a, r) = t ^'= 
4, 

rr f/-3<a, " lOÇt'(4s,A,z>)1
N (o', t',o,o, f)= [ r'= 1iU, ̂  f = 1'--!a,ry1
T (a ,r,1) = [ 1,= A ,,, T(a,a)l

noirÀ "f'h*^o

l  r  e  (s , ts r f i  .+ { f t ,  
l f  \ )  .  ve  to ,  o ' , ies ,  f i t  uH,  ae  A.

e(g)  +  [ r4  u  f l .  F (a ,ç )  ^  r (ê ,ê  / f ) ]À 
[r(a,oif ')  r Eo(rf a) , '  R(,0f4',4.,A) t [1f e H. N (o',1,4)A,,p)n, r(6,r,ç)1

^
r ( è , À , t )  *  V ( a , i )

Ern 4r.ol','r<, ) mottô "j,xF"^l àz nar,o,r"r,ne,u ,.*r. -0* G"/W J-) .h**

Je. I. o"' -,1^,'0ù"^f J* "{rÀho,^*n 
1)Le- 

',.,,,oûa àl-".,p*tfa* car\./ynè J- 
{^"h ^n

â* 
O"!1,;r". Àt ,h,ar"u ^uQor,.^L Qru--rFi4 A. I'À1,^rrrol,'un c.a.n l-e,n re )or*

ceÀ 
f*"{*. 

Em ot"nfn^"ot fl <rnuna ntt\ c,ro",oÀle à'IÀlolttu, FAr0)

cd{vrl\{- -0'o*},',^ 
T* 

Q,'Aùlo'^" q êdrr/r}1e^À..c- èv\ ItJloL u,, R-(a,t,8',e-,d\

cs{vrn.. .L-t""y�-.},,m 
T'* 

t-crra.rre J. '0'ftrt-r'*cI'' L';lo* >' 4. ,Àr^1 lt4l,.cù\tl-rt A

+a,v 
.0'o"fi"n a- et rt (rf fi | o,,1,.f,,) .dwyv\e -0'oro*h'on ?ue "ltÀ(*rtta)'i,lr,,

T' 
4' fc,trme ). I'Aiol-'o;u {' !1ll;ç o'r * rril N)J:cuf,eû/L A 4*?^ .0ra.}ioo 4.t

Lz *.'lQ. Jo^- ^0',0r.!ri"e R , N\odâ ,bha* Q+ p"'n""y. JtÀlufi,'n,

È4tLa^,,h i
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[ [  i  H ,  F e ( s x h { ' +

N e ( s . F t x A x s r l l  +

f..e( srH x A x s -+ t*,f!),

qlh < s,A,z > (u, r, t, e)

(a re (sxs r  ! l + l * ,E l ) .  Va , r f  r , ,E  es ,  û i f f e  H ,  aeA.
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S e (,.n-,u) t 'c.0 1c $jexn. T(t,,f;,8;\ r. F'(ç",80\ ,r, t ie('moo),N(1;-,,*i..,Bi"rf i,S;).
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INVARIANTS LOCAUX

PARTIR D'UNE

DIUN PRINCIPE

DE L'INVARIANT

DE PREUVE

SEMANTIQUE

D'INDUCTION

GLOBAL EN

4.3.I FORMALISATION DE LA CONSTRUCTION

Noua .monf*sno **r^-^! ory*l'*ôc- 
{o't",n*CI.-otul 

^rrn. .r/$oJ" Ju

fèu rr,^^ -0", 
Xe1" 
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f*xr.*oh'.rl 

éfar*Y Jaun.l Lut\e ,o&r"*li,1o.

,ç"l"aF''^nr .Q1.. , ÀÀ/t\ fdï" d-' À drr"h' sn ; À;",A .8"n XaX. ) to^to..f, o'..o .f

rÂ*l-,'1r,".

fltelæe

4.3.1.1 Définition de la sémantique opérationnelle

Para- conol'..rine 
{^r.n",Q.0.rn^r} 

r)/r\e *JthoJ " )" +,1r)L,,re âu yx,,y*'ll'rl

dlrÀo*n*'onr,.e feq ilrr\ lar'XaX J" 
f-tn""r,-,ohon 

9o oL 
J*l 

c.6rùvr1e,i^é€4,

for e^\ dJ1.*fL L lJ*"^^F,1-" "*ol-,'onn.Q!. 1

P..9" <s[P'"]1, A[fuI], Z[È"X1

cz 
?, 

J"rrrne eEP'c.l l J EEPt,]l ("f.e.l), "..b.'erl,

P,. e 9,. _* 4 É[Ptn, A ItP..n, U[PtII, e [Èr,n>

ce T Jan n" Z EÈt n (4 .,U) ,
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4.3,1.2 Définition de la propriété invariante à démontrer

X0 {*t 
e,rnaurte à!.1;,rr;r" -Lq 

l"o?*iJl'c ât),;rvoasr;,arnrre- à''te;"| ?/(\

âJf,,[ù""^] ,.rû e,oi.sotvrbl< g à, 4r,op*Jl'd .l 'ulv.e q'$.,a.hit

1 Pr e 9', Pe 3 > ------> V [P'G/PI e (s [P.,.! x s l[P'.X * ffr,,tf])

àr- o*l-. 1r" 
l^ apâ{,'"ot'ron " PE o -Qo y,,o7*télet P" ûa6t^'f ic. ;

Vçe Z [Ptn r re tfl. V [P'",P] (f,,,fi.)

4.3.1,.3 Choix d'un principe d'induction

U 4ar.} o,ouihe cha',ao ;ur^ f*ù"q.. 
,t;o1,^^oh'on 7^u, , J. ttno,liù

X^l^Q" a. La 1*" )

L I t u Aa[.sl. cull s, h tz, b )e., \,n (r)

E,n t"^np{aç.r*f s, A, z) E/a el Lr 4^ 
'\rtuo Àd,ah'n, )o-' o ." yÀà7.

â'r"nÀ.l'i*, {v\or,r,r o4lit*o .Qoa *"à*[i^" À. oJ.i{,'.ot','oo Ll"t^" 1"p."1-J 
n

-frûq/t xrrr fùro{^q/v!,iroe- F,s yeQrov.rq"e, SQ, ,'o1�È }e à!lrt.,^;^r*

0/^rupQi.erio^ ;
( È, P ) ------+ < Ai I Pz, Pn, d" I r", Pn>

J" p*L y'^'rrte f,ær!\le 
à-f !" 

{'.rtne 
r

I ri. fraIPt, Pn. d"[,P', Pn (ï) I

el- .srrxafe- âon. A ,lÀnl,e,r^\-eru ,rrn ànrer.a^l i (f" Ar- 
1,td"tal'" Xe^LaQrn"'r,t

AouÀ 4*. 
J 'orn" "oniorch,orl J 

lâtolt'- À )nro ^v at">or-rà 4' .atdr,rt f o&

J^ 
1",cXt"artr''.r.nc) fù à Je;^rn*l-".r, 

îr'"0 w\;tr;t "ralo.Àua .o.At-itn"

). ".kfi.orion 6 [P",pn.

6n . feo\-  ,hooâ SIP-,pn=AoIs[Po.n]  *  c i IPr ,Pn=

Cu[s[,PoTl, A[Ptn, Z[FtX, b[Pt,n, e,[Ptn, v[P,.n X ,-^i^ ce eheix rne ,oeurvrel

çaa Je Iù" l'o*l-* -tr* nÀ çA$.oh,or,, Jôrr,a[l*,
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C'roY 
f 

o\tnToi rnoua e^'d\^À +*?^" tttr" crnbt Àrnan&, ( Couz,ol-Couaofboâ,

Cov,aol-R, [al ], Co,,ooh- Co'aoh [aeo1 , Gu.sof- G,*ol' grl l ) T Ee. â; F,'4,'o.

c6(\rw\e j^ù\- '�,

La */l-hod" J" +4pxNe ào''k ëlnz .orn "Y. r

I  tT " SoIr*,P]. CLI r",  Pl (T)l  + lvpeZIt ' , ,n., i . \ t l .  vIPr,Pn(f", f) ]

.t ",xrvvn. L" fùI* d\ÀÂ^rchion c,lro|*i ̂ ? ,c,r*-t "Y (N!-or^F,'1-,ero..,^l') .anrp&f,

ci l.1u;*at* ô :

t l iu i f r i l [P",  PII  .  c i ' l lPu,PX(i) ]  *  [ l re Aa[sn. c, ] l [s,A,Z,E,Ê,V n(r) l

grl e{\C,.rlQ-

vTe  i i [ .P ' . ,P [ .

ci I P'", pX (ï) ==+ lÏe Ar[sn. cu [s,A, E, t,€., Vn(r)

â'r-,, rnoLra JJÀ;ma g^.':, Joll- .*;l-u.t o^" f^"i'''on Ëé ( Aî[.Pt,Pn- Ao[sUAnl )

t-e&, 
1^r" r

ci I Pn, P Il :+ Cn' l[s, F, z,V,e, g JI . E

be. 
fr* 

n"lni Qai^e , !a ^JthoJ" J. 
f*r^r. 

Ja,h àT'te (re,,^na^^l','1uorrt"^^l-)

*rnpkl'" , J'oî ct\o*ô 1"1À-..ono 
1u';! 

Jolf ,n ùl-c., ,rac- {*"|','.nn

x e (Ar[s [P..,II * S[ p'",Pn ) t"Q0c T" i

C r  I s rA , z ,E ,e , y !  +  c i [P "c rPJ "q

Lq 
f,on"h,'* 

x [.P'.,, Pn J",vue !.o Ài 1f ;P,'*h,'- I [P',Fn (T) J* ,^nr.'*'-.,h
u-Qo.*^n" 

T.fi[.r",eX e/v\ te,zrme )u.o ,;n."r*-*f^ 
"X,Qotatrn " àz Aa[.sEPn,I]l / F;Jr;

ï" 
lo 

{on.F,'x <[P'",fn Jan*r*- L. *td*\-aF,'avr al[Po,P]l(c) J" -0loi.^t-"'o^f

"qQ,obo0- r. e Èr.[. s [Pt nT J* ,^uol*iar,.h 
"L 

"o"r"" l. Ë [ pn, P] . Ceà

é{*r*rt ^J*r,oorF à 4o.rro.trrt"e -{e .n/*,"l-*.cl','.m J" 0o ,*Jl'h"J. J.
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4.3.1.4 Choix d'un langage pour exprimer les invariants

locaux

Enn l"ofiquc 
.L'i,t*otXoult? ,ll,;liùÀI, fu,,..,u +*" 

J^ ,P'ærr^ta rn'*i- .Fa^

e.,n JQ":**rf J" M[s[.f^r,In (ce 
Tt" lon .r'ùl' al;^t\ )^.rat.'4.^^l' Xe"[.@ 1xrlt-.,+

fo'.rl ,0" froXr'aanvm< ) rmaia ;.L lrer'ç..r,,vnao Xââa0"**^i J. tto"a,ià .l1.,Aof.*he

,noq,i^ 
çPrr^ eÀé eô.\^,,rns ë|<Aa.,} J 14"^ "t Ï"^ nn*rm[|. RX [,Pt,, Pll ( 1o" /1ro.rô

opp"Q.^* .s,,,*r"^"hi*^"&r^rul n.0anrXeXc" ), -|." 4et- p,ur.l.^l ÀâÉ!ô f^"
dlÀrd.de*h ,Zr,r-ox axrotiÂ è du.^rcra 

#& 
)., 

ftt{cqfsr/rt^Yte.

*:gf& 1,3..t,h-4

co."^J.ri"a^o -0'un.^,npQe, rr.g.l.1 -,1 
,, mo.ra q.^)rNrâ 

fo,r A ç'r^tXtarl"ne 
P'" I

4 "

Q l = 0 ' ,
ù t

..rï"Qq X>,! à.
3 ;

Q r =  Q + i  ;
l+ l

X  r =  X - ! ;
s:

o À i
6,.

c= f.r,,..,e ! LVoh )" "-td0"

t l ,  lX,y,q \  nraruq[\er.

&= (tn Z,\ JFah ,'J,r'r",,.c

6 = c* N(" ihqt

.Ur\ ànrar..'qr'l- t e Aa[sn = (s*S-Uù,#]) sh .-pw-J cd{ï,r/r€ tt^ *"lttt't

f = < P.,.,,, P. ) ùù. P4 e (zr+lE,#l) , i=4,,,,,6. P.ra, *.l1,.^*^l ft '[ [P"c,qll =

{r" (z '* lb, ff})
n
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4.3.1.5 Définition de la sémantique du langage eiprimant les

invariants locaux

Lq A*t"-FJ1,*e. à Ia^Xe"4. Ai[,P',Pn îw*o-l- 
!^ )tr*oru'o^ut"

%æ,tty Èe âJ4ilf er,n fgrrrrc, à" At[.stre"nl a)L nxal€.r^ )" J*" fât"f'd'^" ; i

aIPt,,  Pn e ( uIsIPzIn -+ foIP",P] )
u [Pt, P ] € (Ai IPt,, Pn - fta[s[P*n])

Exup& t{,3.'l'5-4

L a , o . X m i f ; . a h o n  à .  t = < P n , . . r P e )  ( { . * " y n -  q . s . - { , 4 - 4 )  * V  r = t r ( f }

*,! t 1. n"o0.rr,n ,rlt,tot* 9{,1 J^ ôc^rell<.a X,9/q d^ .,1""1*,*rt"" 1u^L

!" .ql-*â0. *l- * l"'ù ;.

N\*Tm.*)r, .),,{\ ,"t*ot.lo,uÏ 16 (sr,s *l*,tf }) 1*.h èl+e *1"L.rth'

f q lu  r ( r )=1P" , , . , ,P . )  f e ! ,  y "  f a l / -  F , r J i=A t , , . r f  t  P ;4 , t , x r r1 , { )=

[ i1o V,  ,  t  (< . r r  <Tr  ! , {>)  t  1 i ,a*r1,qr>)) .

n
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4.3.1.6 Propriétés du langage

et sa sémantique

exprimant les invariants locaux

4.3.1.6.1 Treillis complets des invariants locaux

ba^^À !* 
4nÀ-P J'Àâ^t"\-,'on 9f" /vlorrs s/>o$À os^ilJâ/" arÀ.

f *o1*aph. \,2 t Aa [sl d.l"* à' lo 
4*" (t* lÈ,14 ]) , (sxs+ l*,fl]\, et-",

eFe.r do'c ho,lotraa ,,,o J'cat.&ù ccnp0,cf !r*0"',.,n < Aa[-sn, èt ! t L, k, lI,-) .

grrar*d .r\ .JoiJ -0. -8*r'X"1" û[,P",pn +o* ,."y*^* .l* riv*ror"."rt

8o^r ) )! **t fou.^>,)t4, "1,t trt- ?.J^ *^**'o^^,F *F î8"^ l,tF âtr fA

{*iH" T'* d'.,f^" J.4"E^ â 1o..r*ù, 'b.qà";'* Jc^^À ûr 0tÀyQ''.*Fi^

T flnr-* Jo^* 4,*, $0 eol' J^" me/-et<n),',,.e- à" J.*p.^.- àto,r,rJ^" 1"nh,"0
ç ,r^^n +ii ",:w"lrorrJa^rt à =à Atr^. Ao. C"c^ /v\or.{â "ttàutno, â r\ai+t^

< Ai [, Prc, P n , E ) c6û^/$d\E r))r\ er*ernrklc +atrl-;.Ql*-t"^'l- -J*^i.

t{, arxi^:e ro.,rr.^"h fl <f^[Pv,PIlrey a,oll- ;.rau\aQ!t^ .-np0J, En .ff"\

Qt +".p*'Jl-J 1)LQ. Qq .onion.l'i,m àt^**a"^t[^ .e^f i,'wat.,to.,nL );t iXeQ"^"t

êt',.e ..*o.,.*-J" +r,u S [Pt,Pil eqù. .N" ç-.^nrF J" ..r,nbù*. Juo 1,4rtllea
Àà+"^)r,uY* €i\À ;ur$. *uQ" Aa).$ or^crw^4. "âfi"^oF,'* "tl{'F0"h e^^fa*re , ceui

a'1i{ie. ïre fi,fie^r,el Jif, êt-re nm-*i À'^. o1."^oF,',nn lro " Àl"krtt^"

,!oT, J. $.,iea] f* 
É-. EmJl,,vr 2'r;"rtto..'**l- .b àe A,rEs[PtTn

e*ç"*^me q.\'^ rv\<. ,oa.iF *r-'4.^ êtt\ )" 
l*xrtryc P^c,. tJo1ro 

féu.l'rûv\a

r  n& 
T* Vi u ù[.Po, r ! .  i " - t ,

,À,,v\ nJ- J*t;- JÂ"ir$ ".,*yQ"t-
ftoea eco ,P'^1.p"fhàea qû[.P"",Pn ,E,11,r) eof

tuL Alrf\l/fl\u/m "l' fù- to*i7"*l- "/-t' ,.rrrr

,  f l r U l T , I ) .

t-o\ou.ra ^ft* ,lt{y*ta*I è Ë [,Ft, PX ,*r,u 8* 
4^" 

)'"n lv*ne;n,u,rtl

ÀriQ0.à .rnp0ot 4 fn [P.,PI, e

1^^d "r.ro ,rh'.0** -0- 1*rn+- ilÀd,trF;"n ""nf*o?.Dil','{s 1*
,I;P;orh -I"c *JXel',^ / n\st'r ^rÀ6\^A ̂ u in à ,j,;,^- <û[P'r,e1,É,u,il,r,rr-r)

c4sr,À^/hg el-ra,.,} errn f.r"iQ[^ ^,npQ"l- \ooQ"'e^,
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Exs"r r t rQ" \ ,3 . '1 ,6,4 -  A

Da,ur l tu*.^pQe q,3.,{ , [ -4 I  r$oua oaHr\^le:

s - -  Lx  (ù+?)  a t i  c=  L^ , . , , r6 ]  . l  r ù= lx , t , eL

rs[sn = (s*s* fu,S\) 1i "ok*,^ t-*i,,Q!ù ..smpQ"t [or0"'*1 Fo* *,t,^,blf, ',

Èi [r.,rvn = "Tc (7"- LÈ,#]) 1^,.. *t' ,-, l'^c.{là "smpQat LooQJ-rn f'u
E, urf,, T, J:, r à"'{''1*i" 

fq^, î

( P . , , , , , P . )  E  ( 4 r , . , , r { e )  , r . . f n e , u O o v v r . * f  ^  
, T ^ r r u Q ,

;H^ < P.",,,,, PJ > = ( 
iu"o 

P.t, ,,,,J.o Pi > el- âe n,ârrvrc lo* t-l eF rr

J E, (ff,.,.,44t oY àa r,nin'tc +ae Te,F rt

- , ( L , , . , r  P a )  =  ( .  P " , , , , , - P c )

n

4.3.1.6.2 Correspondance entre invariants locaux et globaux

Lq ytne C*,() J. 
{.^"I'iono 

a e (Aa * û) -i t e (Ai + Aa\

earho Àr*arcr,'o^^to Xt"barrx Aa e-f i,v,^,o".brJâ -0o"o.tt Ai a. ,oo.,o*l- Jer y-p",Jlzl

i*f.r*-qn^ï.À ?" 1or^,,er*l- ëht "^14"ih".! tu,* .mot",.ui-o- .Io rrn/l'floJ. Jt

&,tcu.,or.. Ceà t*e-'i F- Ao,ul- -[* p.rôo^^]." I
t l t

4.3.I.6.2.1 Correspondance monotone

fe 
4*h 

u,"^. l'^Ju,a E l$r\' # .rnxp*J. a 1r*;"rç0"'.ol'iat =r p.r^ 4o

lr'.ottr*rrne fe^ 9o m*ohrnia Je a -h J., t 'i

(a) Vr,,x,, e A,t. I lrn o rr; + (o((r.) e .((r)l

(b) Yi, îue û. l t Ï ' ,ç Ï ,)  * (x( i .)=p t( ï) l
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4.3.I.6.2.2 Demi-correspondance de Galois

,tu1p.aa^^,1' "< J d rnnonoFcmea ( "k Js'c 
1* 

É ..t*T""r4 à' =>), iù pe

1.^rl' g,^'on di -r( tr.+ .6 (i\) ù q (r)EË . l,çç^.rr, 
1"^ 

"*r^yQ- 
ï. r

roi"f .0. 
fer- +*Ï ,^rt*'o^^-f fo* ..r ̂ e- È€k""'l';?. <s,A/z> ("ll--ê""\ta

atL r (è,r) = [ l tezriel l \  ,  t .= A ^ f j=al) ,  A0oa (8" xr* à.\  i ,  f"  eol

-nr*a^tq,.*k ,rd a} eetlrvtr*,rl pi I,r X(i) . t,to.r.o ̂ louJr..'* yo,*rtoï

,h-a^^opoe* ce talorwr"rrnc^^f Jo^^a si "'^Y- â- J..^. 
T* 

q(r)e i ezov

.houâ ar*à" à FlÀfp<ae^ f" 
x e-t { p.Ml- rïnc^^o h'n* ,l- 

T.
Vre Èr ,  T ,e f ro .  (< ( r )E  i )  =+  ( r  =+x( i$

ou e^^c.in4- , J" rrnaa r'e^! .hrù)o P.^^l-"

u € ( È,r * Ai) *f nn,rno l'.rn e

I e (lÏ -r A,r) *f ,manoFon€.

Xoo( col- .o,l-.^"Lc

4.3.1.6.2.3 Quæi-conespondance de Galois

ô

(r)

G)

?q^^d" 
(n,t) aal- ̂ .,ug â.mi-..nrp^Jar^cz Je GaQoJt , t n f^f

1. t^<,  
Xoo((r \+>T rvnànv,e t r t .J "-nl .  î  Fe01"e, I=>!( î )=+f,  NrhernnJ

dli,F -0o dfL"^^|r.bi^ q (r\ àc I âc^ro fo â,rn^" rrnalara à'À1""*cl.r'.rnÀ

. p, ôrn ^tt,T Jo'w, {(r) = i . ?o.r^ 
1e. 

o(Cr) ,t,l ,!.a ..n*rQler.n*.

""f^tiu-Lhirn 4"r"*'b\. à. ïé Ar àorua # / )!, l*f A.r{,p^- 1,r,t"
Toa(  ( r )  =+ n I tCt l  :  t  - ) ï ( f ) I

fo* Jtr-Yr'. 
1lu.. Toc(a) p,5 n ^"t^* r,+ ((Ë) = f . Gsrwrme ïos *l'e^.h.rrie

a.,tt ."snJ*l-ion ",.e^n's.^,t- o' Ffp**. l^*e tou (r) = À ltCi\.. r,à{(i\} 1to',f

(c) q e (Aa '*Ai ) at- r*onol'rn"

(t) X € (h{+ Ao) ,nl' *anot-ane,

Lô Io { "ol' eol-.^oi",.

(â )  V :e  Aa.  Iu ,o  ( r )  =  n l tC t )  :  r ,+ r t f î l ] l
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0hser.'o.srra ye 1"" 1nop"tlhl (") el (t\ l*l- Àd.'f^Jo*l^ "l ye

Uo o( .rl' J-t*,t'l ye oyàalrtw à. {^m.lr,l.r- au^1.1,:, *rrr" ç e ( Al -r At) lct 1oz
q tÈaI = d I AiJ. Auhearl; 41', à la "î"-*^]ol',cn 4-r,a' , Èn'^!^ I"^

J?.^,'.-h Je fta î ^1p""F,'rr,r.^l à q[ *al r^l- lÀp.*iLl- f",^J dn

no.r.*,rr. âa^* f. o^ O'c,., J" Aa. ToJ ;^t"J".'"r"t I l.^ra âl-n"

açpxrce\^c fa,w .turt À*arr'. F 
f0* f-ibl. , l" rm"-tQ!"rr.u JF4^^f g(r), E,'

td*Ù g(r)4r t "z.bo 
f.-le J'ô{*mah* 1"rrl- s*'J.,,rn*ner^f .snhb,",

à J* ln,ctlà* d'-t*tp0.'trJ" nncio ce rrr'-t- faÀ fo.rtrbu,u P. caÀ.

4.3.1.6.2.4 Correspondance de Galois

Brc^n 
T* 

(q,t) ooil' ,ur\e 
1^<"r;.-"*,,^p.rr,Jo^,.- 

Ào OaQ"b, u 4"tt n"

fqâ âh"e. p)^ ,mon-phÀ*e omp0.F to'.uv .lu âÀj*"|','cn,, Cnrnwre L +% N^h
i^r'u'a,tra,.rl 1",u,0." j*À".p* Jr-/rùcl'ion (lortbi$6) ,:rereprrrrnc c.snl,rûrc r.uv\c ÂÀtr"nllo

(u, 1â*r0 À+-.) ..* fotl- .^rt^ f-,r^ 
,^r*r,rz'1.,*rn". y. {o ""p"ûol'ohot

dl. f0,- 4^l' àryor't'or.^-k te'À D( da^io # ..md,urfe à ,.r,r\^e 4e,.1'e
d,'À{-^ab,'on 

î "rt ,aor!rc€- J lù *pUt-"J. , L^ 4*o7"+'ilc' 1Àrc. o( ^l

4rr^ ,m,rrph,b*. "trtrç0.i f* 
-Qa Jà1^"1-;.- t dor" à, ^o*"iz .'1^ri^ra{o.l-e

1Ae 
f" y;rc (or, x) ^l .u^^e c{r'^Àlôdvr ào^rz J" oa%L ytt àx,t â.lne

,,^È,'0" i

(") o{ € ( Aa - fo) *t môrrol-anc-

(t) I e (A! * Ao) *-oh 'wronohme

CÔ Uoo( eot o*ltww"

G) {oT eàl- nJd,rrF;"

(cm ào.rce^c Jeo J"{*'f"^" iT;vaQ""*lu e,a anr,exz t\ .
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4.3.1.6.2.5 Correspondance de Galois surjective

Lu i{^..^^,b J. ;^rq[Aa1 .v\s l*nr"*.h a upvlxa&^ a^L..).n\e

À{rrnc.l-i"n Je Aa t 4"n^rorh 2I,* t0,:"-; e\\ .,hràÀa^'l- fo'= q [Aol

l)aa.ra c;.l ,anJ.. l*,'ôAA / rr\o{.tâ e+tJv\a X." 
1-p*U hl

ô\ < e ( nt.+ li) *T rmono t'onE

(t) ( e 1nX * A") *t- ctnrrno Fa'oe

(") [oot *f enc.t?^d^]c

(") (oI eaT .iâAJ;+

$ o( e"f xu.ieJi.ro

T" 
^ÀoLri ar;-csrrÀ 

fr**.^"^J 
"t''lt;.* ( 4. 1"^ 

o*",trrpQ- À. Cou,ril-(o.raoT[+6]

Cou"oot'- Co,r"uof F+{ ).

4.3.1.6.2.6 Correspondance de Galois injective

,Â,; rn,T*e Aa ^.*f J*{f;.*h .l- ^h -0" r.oô*e "."Ftca"^^l-.1',or

c(rr) = x(ro) dea^a M ) il 
to 

-crr^€, t*. À''nftt*oFJ"n €,,vr p"'o.ttt J.+o i

à Àl t* o( f*- ry"- J- , t"^"'"^.,b d#**.S dre" "{*r-}*J- çQrt' âf^e

À^t-Àxer,! , &{^' f"'^i *mâr"ir.e è J* 1"".oËlotù* Jr.,,vr",r'pQ/l'"Je lJ**h'1*

t"ùf. -{e. ç.toçmi 
hJ rr*rr, t.Às f# ft" "tt"'op*r^-' âa',- Ai, e-æ;

iy\ouÀ ^r*àe anrùr .rndr'l-,'*o À.lirlq*}.e.o :

(ô xe (Sr-Ci) eol rmorolonE

(b) te (# + ha) erh ,,ntonofon"

(.) Ioo( col- ."ol-e^aôe

G) ( o\ ert '.J.I""hÀe

(il D( <"t- à$e.t'*re
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4.3.1.6.2.7 Isomorphisme complet

E*4rilt , ào^* lc écr ùù !^ ,.ô.tn^rrvt'*lo Jo^- Aa dt, d porf

"1^tt*aQ"^rh, o( eol ;ur{t .r,oonrr,"1Gtma eorrrçP,,f .l X eaf êrn )nrer,ae J" ""1-"

ïr. -{* \p"t-hô- p.^fua^^l-* n.mT- p"hÀt"il*:

(n) c(ryor; \  =;Eaa(rr)

0 r )  n ( â - r )  = r l o . { ( r J
q) o( eaF bideehoc

(e\ f, = o(-t

E x e m e Q e  q , j J , 6 ,  t  , +  -  t
^ ^ * l *

bqJw\ "0lr.e;*p0. tr,a.a.rn-l 
,r"o,rraur,ui 

vrr q,R,t,t  -,1 oT- q,r,t ,6, i-4 I rnou.

4^J-Ût\À :

an( r ) ;  (= , ! ,æ, { r i )  =  [1geZ .  r (1a , (= ,g ,1 :> ,  ( i ,  ( x , t , {>ù ]

xn( t ) (ê ,À)  = [Uucr  3 , ! r !  t  a9t \ t !€2,  è=(ar<?t r1>)  r ,  a=<i ,q*4,1>)r f ; ( t , ,1 , rg ,q i l  ]

J" aol-" 
1ue !* ,.rnJ"l-io'u (+) eh (t) ao,t'nehif"jh" nnaù lbaa lo ./rrd,fian (.).

Nor.ra .fou*cna JXoQ"**l- Jrû,t" i

orr(r) ,  ( t , ! ,  u,à,1) = [ : i .  c  ,  1u7. T(<jr  (æ,t  , ]>>,,1i1(o,  $,1] i

Yu(î) (e,o) = [ ] i , ;6 c, 3,! , f  r . ,$, i  € 7. è=1j,1y,T,t t> * a=1i,1xi{r1>) ,r  f ;(*, t ,*, t1i

f ^"$4*F J^ crnrù'hr'ana (,),(!),(.),ê), (e),(1),(*) mrda 4aa (X),(i),(i\ "lfn),

(N* ci- â.1"iÀ" .hoix ,t ..ç1t-'.a^r,*^ne^*t qu 1*rrnio.r", "!. r'*l- f* n4.t-i

1u.. :(4,r) o .(a).

n
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4.3.1.7 Dérivation de conditions de vérifÏcationn correctes

E T-a^"|- À^rrnâ a.âri f*^.rp" d âârrel-,on .,r1,,r"cf- J tri-"rrfirr"^r^^t

ccr'r pQr-h

Ll r e fta, c*Cr) I

el- rr*e .-r.aoponJE^^cr- x e (Ai+ Aô) "rh" û "h Ao., t-ro.he 
f'e".^tc

[ r i e n i .  c & ( t \ ]

LCI" 1ae.
Cfi' =+ C.t'N

*F ,o.,n .Y". (sr\ 
f*l- â.m,, rf,o'*i dr[ È",Pn cdr]\.,vne é\"^rt

c^r [.s[PrI., tfPrnrz htÏ, b[p'c]., e [Pcl, V [,pn,p] Il . N [pt, pI . pa,n J,,oe.,,oeo

tm" r1.l*0el',oll "0X"['..1rro^ 6\^ J*ç\"ns â q.ppyï\{^ cc,tfo *,rÀ'|.,'on rrottÂ

4^" d'..rn" ecnjoncfion à" æ,râ.|iou 4û- ,*fL .-r.r,ponJo" f Jorrr e

q'rrne c,n* *J. i{.rh'r,vtlûn. â* 
f*?"*" 

P^o, bea r+irrp&'{,'.-ol.,i,na

aonF ,ltt.r\ô{ bt€â fùry" "t^l r) \e. Àçù'.,rh- "l- m,rû -p.,/r anne Jnaî,Fi

t" .,ol- "J1tù", Lc mJÊhoJ" J. ft€Àrrg ,Ilorrue à. u-Vç rna*ieï. *f

.n^o"l-. FoJr ."r"ol-*."1-,-, ?oua1æ, -Q. àg-l*ol ro'u| ntapo[|" m.r,] feô

fou^ )rr\ f {rt^4^/r^/n4e È" 4".^t-'"1,.0r"^ ,*ù to* -tr" ,0*XoX" P" ,^,,*il;L
;l 4*f 4*" dJ* +a'L àJ*J'* Àu^ .0o a1al-o,-e â^ QanfaQe.

Eg,rg q'3"t,T-'l

bc^^,r -0. caÀ à- ftr{"^ +^ J â lr"h'^ f'* -l'r)*-r^,an^r-, la
.,r,.â^ l'ian )u "Ji$ "oh'.r

I e r .  A a .  c r ( r ) ]

pt"'ro,,lte, ÀorM 1^" â'rr^. --tr^"lri*, i

I r r e Àa . Cr. (r) n cu, (r) n cuu (r)1
f"rtY
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Èo^ encempQe 1t.r+ 
-Qe. 

f**" J !iâ".h,'o.r ÊI) i ffi otrâ a^;.dv\A ;

c% (r\ -- [Vè€s. e(a)=> r(e, l \ ]
cuo (r) --  [Va,a6 s. [ro'e srecA, €(è) r .r(4," ' )r  to(afa)l=t :  (ara)]

cuu ( r \  =  [Sa ,Âe  s . t e (e ) r - ,  r ( r , [ ) ] ' +v (a , i ) l

\q ^ô ca cr"À / éN r\no,at.a 9. 4Qt* pulrrnr-lt

cË 1t\ = c'"Ctl ̂  "i, (f \ r c"rCt:
eah)+ara o.^-k ,

ct (ù) -à cu"(d(f))

cÏ", Ci) à cu- ( {(f)\

d'"Ctt È ci(r(ïl)

be 
fPr* â o^,o !. cd! À J..o 

e^ +- d !^ â^,"1','* l"^ -l'^'*ori^^n

!. l^. cu,(r) .,,t' J. Qo 4*. F(r)i, r (æ* l*o0.,*.^^,1- r =>r(r)).

Pq *.* p&, , àor,* .Q. c;l.À, âr f*À +. dlÀJ^r.l','dyl (-T) I ûor.ttt @r'.lv1ô

co. (r) = [r(r)*>rl
rù-

F(r)(a,$ = [ru'e s,ae A. e(a\,r l(a,o') r. bo (r ' ,a)1

a* btern\ / /yrorr^ 
lotu.rorm 

^VW lu lr"t*" c.r"(r) â",r^t CrrrÔ - ql,"; Jotvtr.

ç ( r \ ( a , a )  =  [ X o ' . s r a e A .  e C t )  r , (  E a = 4 f  v  E r ( t , Â ) r . t o  ( r f a ) l )  )

ba,ur. 9e^ J*0. cc-^ Qo ".- "\' l-,'.m €*;(i ) =+ Cnr. (r Cf ù n'Joif ',

dr(t) ==t Ir(t6f1)*> r(Ë)l

1**À 
(o,r\ *\- .u./vle â€^,\i- crh^Àfn )^ n A" ea%'^ ("f, ,.,",.l,e ,t,t ) , o

eah o^*J o' tf,oàù

cËr(f l )  =è f  *oF"{ ( f l  Ë Ï  l

c-qa, uoFo((ï )  É Ï  Àp0'1- 
1r"  

F t ( i )+t( f  ) .  Pc'or. . "  F = aoFod, h .0a

nu.l_" J. Co.*of- Co,_ol- Eo.l I o8orr.rov|

d" r,aQoi^ .r\echir+ (.t. u,z,t,e,e,+) *0* doFT Eo{ r (r" "ff*, a dFe,'.J-

À ; e " b w e  N \ o \ t a  q ^ ' c t r â  { o v . = { ,  o E  J r m .  o ( o F - - * o F o 6 o o ( = 5 o q ) ,
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Â qç.rror.r. * a;h' a-f y- (* .,,r' e' l-o^,F f ar à[eùwe ) , J eÉ{Àl.* rt}A

"p"l,,al^"u^ i Àr-r,L d; Y.Q, 1^* 
o(oF = Ëo or. r.lo.- ard\^p a0ta

[ f  = Ë, Î!oÀJy$f. '  f*,t  âFtc nL't-" .of J .ô " ' ["0. 'hrJ n (,"o,a .1.a'

lor0",on*hâi) q *l- p-r^{.ol^;€"]

( E "  " l F  , ! =  { o F o ( - - Ë " o " x = Ë  c a *  d o T  - l * â " . h . ^ r c .  l ' À e t ç Q ^ l ' r '  
f J t h a

"k*"l., eonvrv\E L rcanhe ,Qf.^e,nnp0. p*iÈ"-h : Àa=d =lo,u] y ec!, or(a.\--

a ( b ) = o z ,  x ( a \ = x ( b \ = b /  F G ) = a r  Ë ( â ) = i ,  f , ( o \ . ! ( b ) " + .  Â t <  * r r * * i * j , i , .

"h* otol -\- 4'.Jonl-' l'e/ )r )nc F - Ë * ô ,I" ,-ryy- ^'o,k 4er, 
,,.r,o.e

cr{ïwyrp- L r**t-^* ) '^yQ. A.^i^t".}  r  Aa=û =\o,b}, ecL, F(*) 'F(*)-Ë(.o)=

o ( ( z - ) = a " . ,  { ( * ) = b .  )

ba,."o oeô ..*À'Liona , on f...rf .1"àu

*,  ct l  = [  F(ï t  E î l
ù Ë "^t' "çJ.oh*r" Ar,. t te{ T. [eFq Ë (g,r,,q^'. F(i\eî ,,mg0l1ue

t ( î ) ç ï  Jonc  do lo6 ( t )É i  " roJ '  F , { ( ï )=à ( ( ï \  " f  Jov ,c ,  < " ' r ( tC i ) ) ) .  A ,ùê \

,n'*l çr.o i.rr,ri""hæe .1. i*r;l!.^ *"nnçl-h J* Êe(fi*#) tu!^ f. f eFeË

.n'^t 
fer x.â*if à p^ r"nd .0.j**^'l- ). Àrl-e 1^.'* *f 4*[l. J'"^n^tùaX."

Àr*o on .""., A,'Fi."o L ,"J;f ,'*Fi^o .

Parrmï aeÀ "o.,ù'I-;o^o à" "'u;t;rà;*, Ë ,f"r't ,^",/^.ilu J* }.o,orr,-

u)l.,i,^*a,co'Jr i f 0.* +t T" f** F pT* Ë Cf t =- i ,,'hp0'7ec

f (t ) Ë T ma,ia lo ,."irç,*.1r. ,vr'n^t fa ,tr,o.r'<- , C"l o",tr*m"-nl e,,t\

+"^,ettL À' "lo,x J. E âof â}n" *oàuQi 1o* Q. +ùI 1rr.'.^ -7+al;y^"

Ë .onâr,lF à À* u.nÀ [-,'.r*À â" ^,J*f i."h,'or f 0,- *tf L, Em 
1u'.li1u",

)Âr^ if1,..i q'he, âr* âh* 'kxoruu{ ",I* J. ,\*a^'o,h +e,^ +';Llr" t )"^

,onÀ h'"*o â" ".li4i*ll^ ,FA,,, *7by"L N J* "),,uaxr'or,^h $* !"h
J J* .o-.,âj l',*o J. ,.1ij,'*l','* +At- o*rF&

n
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4.3.1.8 Vérification de la complétude sémantique

Lq ,J;ti.ol'iao À" "1" *np0"t^J" a.,ln*h',1^" .s*À.ut à ,.noof'rrr,,

?,, ' ' '

[ 1 r ç A o .  c " ( r ) ]  â  [ r i e  A T . c ; ( T ) l

,8; {\orÀô .to,ibaono Û ccû\rvyr€. it ""f la *1"nâ*.Foh'on le T f* o e(ez'-AÏ) )

ùtâtrâ c'{'F-n* .8-o ..nùFisn o.rNfÀ-^h" J" .o*p0ifnJ. ,,

C,rr + dto o

k-eQle- ci. "lho^^l- d'*0.rr^ ^.J^o;n" +^^ r,'/n q c.narevrnatle,mcarF "h",+i ),

^
E r e"mpVc, q, i , / ,?-.1
s l +

ùo^^o {e. cAÀ 
4o^l't'.-0r'.^ 1,LLZ 

inttrÀ pe"6r4fte^r,no ^n nelnnr.;ul, àà lod=!

(4.  q,3. . f  .c.x.c )  \ .7.^.e.r .T) e. t  (o --  c*.6 "-1+eL ca, -Qa .nnÀh.-  *$;"^F- S"

.o,n rbion cî '+ cnroï ",.f JÂ.^riq0"r*"^rt- p"lzr{orh" / /t\,rqô a rcl\À c}oq =

c."oÛo o( = Cr oY ,a " ÀFirn ".*fJ*--h. J. "rnyQil")" c,v e> el o q u'f

/Xo0.^*^F kt,uq0.,*.^rF

tr
r"t*|J".

Exr*p0.  q .3, ' { ,8  -e ,
* l *

Poq,r 
f 

err^Àtu^nr- 4t*o.g0. !,g,,1,1-4, J*- !" "at, ù

c , r ( r )  =  [P ( r )o r  r  r=+ ry )
^  

c i ( T )  =  [ Ê c i ) e i  n  î ç * ( v ) l

âù or eat *rnoh.ne , Fe Ë .f q"F=î,.( , i l 4*l ,rl{|"n y? i

I r ( c ) = + r  r  r = + v ] * [ F ( ' ( C r t ) ç q ( : )  ̂ q ( $ ç  q ( v \ l

tlo..,a c^)..r\r\a [*erv, (r-> tI ) qe.^ ÀfQ't c(r) e q(V) 
f^ 

rrnamohm4'q, J" ^ol-?-

or"'^9 ,'f{;t- À. &9'^ qf.
I e(r\.+ I ] =+ tFC.r(r\) e x(u)l

ce. 1," *t' irfJ"*F c-a,,v [r(s).or ] -, Lq'p(r) gr{(r\l (t* /ynôûol-^r.) +LË(qcrr)s'{(r)]

(cq, , .  xoF=Ëoo( )  *  LF(n(r))  r -  x(r \ ]  ( .*  F=Ë ) .

E
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4.3.2 EXEMPLES DE CONSTRUCTIONS

4.3.2.1 Construct ion d 'une méthode de preuve de

non-terminaison, d'absence d'erreurs à I'exécution et

d'invariance globale de programmes séquentiels par

I'absurde

4.3.2.1.1 La non-ærminaison est une propriété d'invariance

Àoll- Pu e f.o "1,yô f'.o1À^q/oÀirne È1ue^^li"Q- ej $e ((ù*S)* lÈ,1f Ï) r!^e

cn*ae[:,;^qF,'.m J% n,a-0..,.^o 1"*.LL 
J^ oqr.'ahlao a- lt^fn t J" frv,fna-'.,*te .

l- abFto{rra,,rurnc 
Ps fnc- n fe,,rrvl.,rle. faâ 

.-vno0"rrrr.r^} i art^clrxt él-ot- J. l^l-,L

,ûe fe-f àt,l.e- a,hd^h Jnr."^h -0LJ".'h'"n ,

Vçe Z<s[Ps ] ,4 [Ès l ,  f  [P 'n ,z ) , r . | t | .  L  n ( t )  *  rv ( f ; ) ]

&

e (1Lthù = [ ( P" =- r, p) ,r $(nll

e  ( (L ,m>\  = . t

t y (< t - ,  m>)  =  [ - (P .=  pL : ) ]

4.3.2.1.2 Choix d'un principe d'induction

Puralle. tl eoh ̂ ,ne ar*e,tt','cn è{rÀ ,0* Jl'"h {rin*^", J'o{rd & çonaX',aphe
q,&,,f,l 2 fl\orlô 1bou.^'ô^À ,rl-,'{ù0,. .!* t*À*p* J !,^J^^.F,',rn (-L-\ , (Ï-\, ç1,1., çÏ-\.

f,/orp cf'oÀirô.r{A (-i") c.sûvyne "*4r*p0" c;-)e æ tù.rf" J LhJrrl','ao ri'-l 1^

[ ]r. no[P'I . c^r I e,ll (e,c XVXr)l
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tu [P"I = (. [Ps! -+lù,{t})

Cu[P"n (e, s\(w)(t) = Coo [,Ps]l(v,sXr) n Cnrr[Ps](r) ,r Crye IP'n(eXr)

C^ruIPsll(.r,u)(r) = [ {;e sEPsl , [ " v(Â) ,r s'(I)]=r r(x)l

c+, [P. ] l ( r )  =  hre,  s [PsX7 ae A[Psn.  r ( r \+  - t ls 'e  s [P"1. .E(d)r .  b [Ps]o( r lo) ] l

Co.IPsJle)(:)  = [vêe s[Ps]I .  e(è)+ -r(a) l

4.3.2.I.3 Choix d'un langage pour exprimer les invariants locaux

tlotu "Vaà* J. t.1ârr \t- "rryn r,nararuqr^l 18"tag r e Aa llPsn 4èa,t Àtrl. ,v<r.lçL,

Ï J'.jn^ro,r"c^^h !,n.qty o* lu Jl-a,b *",Jorù- e.b a,^oocrd â .lrc.qut f"'; â"

f 
FroX^o/nvrvle,. S{drÀ

#o [P"I = LrJuoa 
( M[Psn*ift, f f ])

dQ-

c[ , ts l l  =  l r -e  S.  Ps=-  pL,F]

p1 [P 'X  =  ( { x "ù r  È r=qXP} - *S)

lo ,oit^ifi.qF,ryr d. ee u"..f-.rrr" JtÀrar.r'4,^rl-u lnrcrttn -F 1*c ,?\a^r.ra,.r'a^rl- itllOlt

anoriJ" a)) 1**l L eof ^^a; +au.',.v LtëYol ^"jt*,," M Jc, t-o,,.h .'l-ol (L,M)

à" 
,uro{,rarrnrme- 

a^14^ i L as*wrrc, "jl-"h Jo "ont-'ô0e . È.€,rô 
J."t""QXon-t

x[P"n u ( i ï [Ps] l*  Ao[P'n)

Y 6Psn( f ) (<L ,M))  =  ïCrXon)

e!-c4x-1^tom.,..t- ) M ,rÀ,uaxt'a^rl- Xe,,b"Q. re Aa[.Psn oot n"yà"n|"' +>,.À-
q[tsn(r) e fifp"n , orr.h-ô-J,rnc ,,.lrn "t..|-"u^ f J'r"o>** *rt .lo"aun ou )^ d|rb

^",i'r,^c" |vl heà 1-,e r

VLec[P" ] .  Ï ( r )Cn)  =  r (<L ,M>)
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4.3.2.L.4 Dérivation de conditions de vérification correctes

tlatr,o aronp à .5rral',,^ br, Cft [p"l t-.Q 1,tte- 1

cil ILrsll (e, s)(v)(i) .+ cuIP"n (e, ç)( u[Psn(il)

d1i" covttPsll *f .l$o''c. c.mion"Fion À. .}��������������.o- .sn"Lh'r^ àc u.1.r{i*l','rn,

mouÀ .hoiainrona ct' [.Ptn J" -0" r*&n. {-ttt" , t'*t-'q'- À,.le i

cË[R"](e, c)(vxi) = cT' up'X(q,s)(i) n &r[Prn(Tl  ̂  d1f r,I(e)(î)

Potea- 
1*a"^h,* 

/q c.mÀ'l-,'.,\ J" .o,^r,.lion t.o'-)q*r* ) ^ou.t .hoLinow,

4.3.2.1.4.1. Bæe

c,fl, [P:1 (v, c)(i)

= c.r. [. PsIl (v,s) ( x EF'I (i))

= [ t ; .  sfPsl t ,  t rv(Â\ r  c( i ) ]+ I [pul( i ) ( ; ) ]

-- [Vr-e c[Psn, i leM [fsll. [.V(< r-,,r,r>\ ^ c(1r_,m>)]* xttpsll (ËX<r,u>)l]

'Àf0.^ t ,
di tr+.1 (v,s)(i) = C*u [Psl (v, cXr I P' n (ï))

cÏ', [e'l (i) = ct. [.Ps]l(r [Pun (fÙ

dci, [n'n (rXi) -- .',*.r[PsI(eXx[P'J(fù

P,rl,i '1ue s[Psll = cEPsX x MIIPsJ / rr\oua qrdv\^ I

Re,mp0agrr,a srv ef \ p* Pur! J.'fri^i F,'ona r

- -  f vue  c [P "n ,  M€  M l lPs l l .  ( p r :  pL : ) ,o  î (u )Cr , l l

Ps e u "t ,u"'r ,o.r,0 f",a,.J. )" 6or-1.,'e_ ),ri I

=  [ ( P s : f L r )  l  y M e i l f p s n . i ( . ) t r n ) l



4 - 6 1

4.3.2.L.4.2 Induction

d. un'ltï)
+

= c.r. [ps]l(xUtnl (f))

= [Vre sIPu]l, a-e A[.ts]. r[n'n(ïXe)+ - Lro'c s[P"].. tIP'](tXo) n tIP"no(af o\11

= [V,'e sl[P'lr ae A[Po]!. t[P.n(i)G)o Lv,.'e sIPrn. ![PuX*(o',a) + r[.P.n(iXa')ll

= [vre ç [Ps n, r't e ],t [Pr]l, a.e A [P"X. i 1111r,r1 + [v ù e c [P"], H'e tu\ II PsX .

t [îsn*(< U, M')r q L,m))+ t((Xnn,ll]

= 
r.  j [ t"X[vlre H [Ps]t .  Ï(rxnn)+.[ t t ] .  c[Psn , Y\ 'e t ' t [P'n.

(.ana I t. X ( r', LXm'),r 4ggclPsll (rXm in)) + i Cr.'l Cm'l ll

tl ooo a^ror.o .r{Àe- ..m[anÀoa J" "r.rÀ'h'"no J. ^.1^4i*f-,'*r ) ))q\e fon* "ha1u.

.p",l,l- J" f*trf,M" , J J" l. {^,*" '

i(uxo,.,)+ [Vt]e c[Fs], nre É[Psn.[*d IP.n(1,,r-)(m,) r,, 4gge[.p.I(u)(],\ ' ,t"ùl,+ i lfXm,)]

ê.,h<. .oroLh'rvr ç"*l- a. J"Jcomg.aca cùrrx J^tf."o.^h eq.ô ." rp.rnJ"r^h e.- la J"f;l-irt

Je :$g[re'l r

(") 5; (Ps= L,f) u0^o r- JeiaSn" .0<, 
lol"F 

dl*.t""; J^ 1.toX*a.,'nvu. , 
q.Q*

St-lectlPsll, $le14SFsn...gd [P.!(r- ',uXn') "t -0a *J,' l- i.^ J" "àf,.*l- iao -t- J,nr. -arc

Àrrio0.rn t*"t-,

C)  sù  (Ps= 
f  L ' ,1+Ut ; r - :5 )  a . .  (Pa=pL ' ;  eOoc PJ#;  r - ,5 )  *  (Ps=çr - " { : ;  r - ' l )  .0*

1g3l Ut l(l',tXn) o^h ,rv,ai ol plggç [t']Cuxt4'/r'r) .".p0^+" M=Ml )e p^].

..nnÀl-ian à" ,u.liB,'.."F,'orl f"*l- êhc' ur*'pQ^ft.r *,, ,r

i (r) tM\ + T(u'Xpr)

(.) su (Ps= PL" v:=E; L:r) "Q* rôô&rÀ J.^t*o o*^{r.^ Are--

i ( r ) tm\  =o Ivon 'é  r ' r [PsX. [n 'e  J . rm 1e[8t r )  l  M=vt 'Lv*cnrn/n, ) l  ' *  i6u11rr , l1

gol'e^, 
1^r" 

1"1' àoLY ô.f..c, J.-0" 
4*" 

pa[v+--rml ù ^.S ,.'l k ooQo^* J. V

*qr.rh Ltr{faJ"h'^ . $0n' "ol|" ".rnJ*[,'an f^'Y n. p.^fâf.'* e,,,,' ;

i (.)tu) -o [v*'e S .[ll [v<-rm]e {gg lef en) r', rl(v\=EIEI(r'tlverml)] + i(r)t* tvc-rml)]

Sv (P"= p1-r1r lr=? i  Lt5) ,  .^rot.o a'{ , - f .a16qo L nnê*n" ;

i1r11m\ :, [ ,{*e S, i lr :)1m1ve,m)))
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(Â) Si (Ps= ÊL': 4 
ô t]re,vt L,5) 0.o.. (Ps= f L'r r^,!r,{.  e Jo L: â) 6L

(P"=-  p && È do L:  coï , , .1  L, :cr ;  L / ,  g ! ;5)  / r \ôuâ &l r , r , " *

ï (r-)(m)'+ L(tt € 4êS(orel) r re [c3(]4)=,Ë) =+ t(ulC]4ll

(e )  Sr  (Ps= pr ' ,  48  b  Ps 'ÂeL,  5 )  r , ,  (0s :  F  L"  3hQ"  È d^o  Ps ' " j  i  r t  I )  &

6 P s = x  ^ h i & ,  È  À o  L , r c o  . , , . ,  ;  t , G ^ , ,  L '  t ù ;  L r  s )

i1r11rr) o [(r 'rn bs(re[Èx\  ̂  ts[B](M)={{).+ i lur)1m11

4.3.2.1..4.3 Confradiction

ci', Ie"n (e)( i)

= Cr" IPs!(a)(r  UPsX(Ë))

= Lvae stPsI.  e(à) +,  r t [Ps]{ f ) (g\  I

= [ { [e c[Prn,  Me r , \ [Ps] I ,  [ (Ps=-L: f ) , r  ô(yr \ ] '+ ' , i ( rxr . , r ) l

:  [  (er= L:p),r  ( r r re n[P'n .  ô( tn\+. i ( lxr '1)) ]

4.3.2.1.5 Résumé informel des conditions de uerifi.ution

E. arh'Qljtonrl J- mol-a l-,'ona rrn.Jmoriqu.o , .\ÈuÂ f ou l.r,rÀ ,.J.c.f il-u{.^. ,-

""nÀ.hiao" J" ^À'{i.of ion .,- Jarrua é{r{h/ync A*i"f ( Pl *l- .Qle,i,,^.ror.'o*f ,r'..r- ie" ^,o rbU.o

â^r at,ttOXr,re^*rmc ̂ *o,rU o* 4"',nl tl ) i
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- Bo.re

- ImJuch'on

. Com.wra,,nJ. ^*Q.$o

p Ln: ̂ rhf I Lnr 5

. Cotrnmnaande. d lo{f"-Fch'on

p L.: V::Ei Lr: 5

pL. :  , , l r=?1Lr . .5

. ccnrrmonn Jc csttà^ h'onn"{Ie

p L ^ ' 4 b t h e n

, " ,  
,

L . :

"0r"

t r "  
, ,

L r :

l*;
Lnt P'

. Ccrvynra,n Àe. il-J"al-,,re,

pt-,l.^rk0. s do

La..
5

L t z

oà i

L,, t P'

P.,\

Pr,â Pr,

f"=+ [V^,, e S . V=E LV+mrl=+P. LV<-,rn1 1

Pr=+[Vr,n e$. P^[V*m)1

P"=;fBeP. 1

Pq*L-l B +P, )

Pn+tP. r P, )

Po+ [a+ ( rn rP . ) ]

P*=+[. B-(Pn n Ps\l

Ê Ln'

- 4rr,ttod*'oh'an

L n t  È Q + - P n
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4.3.2.1.6 Exemple de preuve avec cette méthode

oL',

i\it'i40e J".. , cecr frtJf hz Jà*l-"r^ 4^r^ .Qlo ",rrl e-\^ J,'{d" t

lR^ ,^*,o,.'*h À,*it"^Jâ r

L (., {,1) = [ (X=") '* (*<o)1 f ' ,r^ i-- ' ] , , , , ,s

Pc  @, t ,1 \  =  f r

ÀoiY ô 
fvw^>zx yo )" 1b\.'r?afiryls A^rrJrd^^f

q ' . - - o  i

*U0" x>,s à."

Q  " ' - Q + t  i

X r = X - t  I

qr,1e, Ae fea,^mrane 4ca *ol *eP*4,^rh y" ) !^ *0"rr- ;^i\;qùra ?,1 Jo^ *a.rb[f*

X,J xmt' t'"00" Iwe, *>.0 "f ,1=o. Nor'r.o Èuçp*.^ T. 
L Jornad,e é. A.-

u"0.* à. Aa1o. ,.tor..'atlc e^l- ,|L-"*blE J* or^l','"n, *rmpar, ^rh@ oL-.,

\ar^ea rror'm .l- rnax . e% 4.nvreo e*f ,0.r1r1."../, l-.00.o 
f. 

nnr,.rr, < 0 < rntqx.

Àa "mJol{.ru Jo ""1".{,'*l'J* (of"ù J. arÀp4,f..oh'^t l-'d,^ti4{eÆ) F€iltF

)a ,r-rrlq"^h" (.'ù æt$,g e En^vn, ,rn"rl) :

F.  ( r , t ,1 )

Fe (o, {, q) * [1æ<X)+(Pr,(*,,à,q) r, Pr(*, $ ri\) l

F,-  (* ,T r i  )  =+ P* (*+X I  $ ,1)

Pr ( . ,  t , { )  + P. (  * ,  $r  l -a )

P. G,t ,1)  + [  (*>g)==r(Po(*rg,q)r .  Pt(a,5,q\)1

P" (or1,1) =+ [{1 ' .  [onuvr, , rn,ar) .  (1=o)=ePo (æ,{,1 ' )  ]

[  (o t r * (  nnex)  r '  (g=o) ]  =+-  Pn ( . ,n ,q )

I.nl',r t,^re*e^^l- t p* -Ptb.,r^À, pr 
t=o "!. f'-1.nr�.l".*l'e 

me f.'*

a. \-.rrrm^.r, ye À" *1O 1 e^^ .onl-oaJ.r'..F,'a* aL,r... -Al\poFh"à ,*-. -0e u^Qrt*
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4.3.2.1.7 Vérification de la complétude sémantique

Ca^f,^r.nÀ*I a L f*"1^.aç|., +.s, ûèuÀ J.,.r*r.no -.,i.;f,'* ï"
Vre AaIP"].  C^r l [Ps] (e, uX.tXr) + cï[ ,Ps i l  (e,r)( ,r)(x[Psn(r))

E,n ̂ ^.h'Qà.^'f )" I,;fr ft cï[e"n(e,cXv)(i) -- co[Psl(e,c)(v\(r[P'l(Û)) ,^! ^f

xr+NI;*J- J" ".^r{ir^ 
T." 

ôllPslll.(6Psn1r)) = r , d 
*h Jii^'.c{ ca}\ sffsn

erh ,rme tiiJio. *t.e di[p'] <t AallPsll (cr q[prl ^f pf,fr ,,^^r*r.e.),

4.3.2.I.8 Preuve d'absence d'erreurs à l'exécution, par l'absurde
pour des prografirmes séquentiels

lo,i P, e G /vn f'(oxÀ44À/vl1e pJl,dr^!,i"Q el Q e (ù* $ )* l*,ff I) ,-'.

cq^acF€:,,,r a\^ior, )* ,aQ"*o j-l-icQ"" 
ç".hle" )^ ^ra a[l"o àa f'..ctn^o,/M/me.,

L'.r./.r.F,"m À fh-o?'tâ^n^ne 
Ps r{\?- ..mJ*,,l- +q^ à -r-r,vrc eJvte)t& à'o*-r,.lirn

j .-l p*0^**ï Àr fo,rt- Jl-el- alf"ia^l- Jr-q^t lLu'*F,''rn et ry ,n'rrsl- 4c,o ,rr,

d t-at- à. p.-l-". e a'\A i t-al F).cLùrre^lL , o'rl - â - âiÀc

V.p eZ< s [Ps]I, È[Psn/ b[.P"J, ê), r.. l t l .  t  o(fr\*V(ru\l

à[

e ( < i , n > \  =  [ ( P s - =  L r p )  r . ô ( m ) l

s (1U,  m>)  - -  [ - .  (Ps= aL : ) l

ty(<1, m>) = [ : t 'e c[PsI,M'é MIPsI,  ae f l l lPsn. l IPsno((L)M>,<g,M')) l

a*e-< l'lltPsll=({xell: P'=<xp}+$), c[PsX - lt.V, Ps= f L,5]

Not-",- 1^'e 'l." ,*Q. àffe^*t* e,re. !. aeaaeX"aphe 
{+,3.1.'{,'1 *l- e .19.

APna, zn Ào'*,'nc*h J. ftl*P" Jfr^"t^.rf-,'.rr, eY !" 0aar{aXc ,fo^ "*f."t r

,0* ,^**'r,t^h Qor-;;^o, "s^,;AL;^ qlx 
fa^o1'"ft* tt,3.&,4,à ot- Lr,3't,1'3 / ilt".)À

,^.r"flJ
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i^r nt"}(v,cXt)

= cùo IPs Il(v, s\16[Psn(fù

= fVr- e 5 çPaX . Ery (À) r,, c(E) l'+ É UP"l(ÏlU)]

= ISLec [fuX, $e ],\[Psn . fr (P" = .pl-r),r (vt] e ct[PsÏ, r,tt mf e"I, a e.A[.P'[.

. È S tslto,(gL,M >, (C/ F, >) I * T (r)(n\l

hq'* t",,^^ l'o,ra ,0* 
1"it L J*r abrto{ruarrrrvuc Ps ,,*rqlJ "01.'l-*l- Jr, c*ht,

/\ù{J^ J*t* fïLùq,^re^ r

I vr-' e c S Ps]l, nre m [Psn, a. e Al[ P=X . . E II P.n*(< L, M ), 4rJ,, tt '>) ] * i (rxpr)

Ce&g .,mÀ'l-itn ae- ÂJ..n p,/ù<- alLx A;Pl:*'^h cd,a ".mp^J" ^f â E[ Psf*:

( o \  6 L ( F s = p t : p Ë f ; L / , â )  o . r  ( P = F L , & r J g ; r / , 4 )  ù ! .  ( P ' = P t z p ; f , â ' )  o r L

(Ps= pL:V:=? )Lt, t) "?a" -0. r*a*!* J. 
1*^Â" ap {a.r ' tu .Y lo ".m&'F,' ,rvt L

r",,!'p'.*ri^ ^f iJe^^h; 1^."***.note,

(ù S; (Ps; pL:V:--E ;  L ' ,5 )  n-Q* Ntt \ô "("ht ono ,

Irr + 4gu' (E r,En) lo f (r)tvr\

Ce) ÊL (Pr= | t- '  *{ s fhcn 5") ac (Ps= Pt-,g1}*& È 4e; ) ùu.

( P s - = p r o l ' r ù Q a B â o  L n ' . c 6  1 , , , ) L " r c n ,  I L t o L ; 5 )  * 0 *  f n o { r . ' r  " ! . , 1 ^ *

t r.r + {gg (re usl )l * Ï (u)(rr\

Nuu"rr .{"oturono "/.o1o\-iQe^ ...e.à .,^oL't'ion" J<, u!;$'.olion" édywyy\a

' t -
À.tr-Ll '.
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- Carn rna.ntJc, n*0-0.

p  1 , ,  1 ! [ ;  Lo :  5

- Cc,nrme^ l!. dl"ff""hnh'on

Po+ Pn

. 4 { S , ( E \ + P a

Fo.+f $rrne ô . !*Efvennl+ P.[v.-*]l

Pg=+ htr*e S . P. Eu+-,q$

f ' L n : V : = E ;  L . : S

p L , , r V : = ? 1 L . : I

Comm a^ J. "or,à i','nrr^ " Q!"

P1,, ,  4B 
Fhe/ l \  - {su(b)+Pn

Lr, : Po+ [b+Pn1
rê

L s :

*0o..

L : Pr=+ t"È+Pr]r  â ,
Lr,

+
Lr, p' Pe *[P. ,r r5J

ernvmo^rÀ Llc.|r,ql":e

P Lnr t^rluOe È "lP - 49S(e)+P'

Lr,: Po.+[e=+(Pl r.P3\1
çê

L r t

"!;
Lrr p' Pr,=+E1B+(Pn rt P.) l

- Palr,.l- àt r^^hæ'e

Lnt P Q  o . t
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Po,r^, rnoh. t-X"a^,ntr" f*â cdnvrna eæetrpJr

A "

4 l . o i
1, .

olu0e x>y Jp
à r

Q : =  Q + { ;
lrr

X t = X - Y 1

uâ i
6 t

.îrùtu 
fùullôÂÀ r.*,rnl*r^. q"'J ^'t o far, à'rr*rt^lt a) -0|*J.-han î.e^J' .l^ uo0rrr"^

,^r't',;l"^ *, L 
J. X,! ntnl- ru\- 

f z>.o ̂  tà>o eI S=L.mur,mraxl qrne. m;$<o(mqx .

k, .onÀ'h'ono J" ".J;{;.-oh'-r (*ù J* ""rpP*f;.-h,'* .t**.o!*\ rorrf,

[  (1* . )  > ,n icx I  ==+ P"  (* , { ,q)

[ ( t"-g)<,rnr,rn)v ( tr -T) > rn qx) 1 .+ e., (-,1, 1)

P, (æ,X,{) =+ L ("-<g)=+(Pr,(er.1,q\ r 131o-,,1,q)))

P, ('', 1, q) -+ P* ("*g r t , 1)

P, ,  (x ,g, j )  :+  P.  (o , l r  fa)

rr (*,X,g) =+ Ltu>$)=+ (Pr,C"-,.511) r Pr(z-,rtr,11\l

Po (r,,1,q) + [ $q'e [mrn, onax]. (q--")+P,, (x., q, q') 1

t* r ,o  r .  g>ol  J  -Pn (* , l | ,q \

f.\-.r.hùermo,^F, À. .^rfic0{rw,.^'F Z),o "F tro -0o p-t0.. ëu)tt-a,t, J'ur,i*hrn

4.xJble * f  * r r r r  d l&^J*"* l -  ù0e.* tu*o J .  3r f ,=q+1j .  P"- f .  Ql � * , tP,e f * . | ' f

c*ct- 4at l- ar,,.Àe,{" >*Srr larrh x .Qa ,q-0*^ Ài l-ic0. É J" X ( et+l-d'- J*"

qxt +a e,^n l-ra,*u J* *Qrtt* *ou^hn â* .rc ra\l€.o) *t- -^ç"L'or.e à ,mar,

a^ amt-x-q&cl'iar^ ryc !. +Û T* ?9€ S = E*ù,rmexl .

f,s ,aeÀonan"ma,,^f ^t t,n"taQrié- €^ rrnanl-x-o,u,l- ,1tre -0- ,r,i^"c^,'".tl-h -!o"*^n

À-ù"*h ^"io+,*[ )lo ænrL l','^no J" ,r.J.d{i*l-,'"n C".; *r.l,dl e Errnvùr, ,vnex]) r



4 - 6 9

P . ( * , t , q )  =  [ r ( c , 2 o  r , , . 1 > o \ 1

P"  ( * ,q ,1 \  =  Pr ( * r$ r i )  =  [  (a '> .o  t ' t ro , .  1 t ,o )+  (1xX+*>^qx \ ]

P. &,$,1) .  L( ' . r , t to , r  q ' ,o)  -> (1t t t r+x.  >rmqx\ l

P* (* ,g,g) = [  (*r , t  >o  ̂  1r , l )  + (q-.)* t rÉ >rm"t) l

P. (*,1,j) = !+

4.3.2.1.9 Preuve d'invariance globale, pN l'absurde pour des

programmes séquentiels

Soil- P,eG -r.uv\ t'+oft'ur.nîvt!\e- rJ1^"^.LL[ . U,,r' ;,,",,on"t 1Q-LaQ.

â/ron ,FH.{cqxarûwne- Ps af DdtL aroe^l-,:arr te ((ù+ S ) + ft'fl}) }4,\ -0^ oeQ"t *
l ô

)eo nt-r.-bl- 
T" 

t.z'|f ,vraie l-rJ !. f"*f" Jl^rtq^f -?î*/.r.r-h.* à", f,(rgrLq/rn4û"-.

c'e"l'- à - ÀL

[Vçe Z(s[Ps n, ,  A l [p 'n1 Et fsSr  ê  ) r  r .  l t l .  t  c ( f ; )+q( f ; ) ]

ai

e(<r-,r.,t>\ = t (f.: Lr p) r. ô(mtl

s(<l, m>) z tt,

V ( (L rm>)  =  5 (m)

E,n cÀ"i"nz,a','* l? fù--Tt" d1,rÀJ^rrl','en .Y .1" I^r6^X./ +o* *f**

l* r ^t"r^'"t -[o.-.^n, . ^iâJ.!^ *^g 
1o,.eX'ta1h"a 

q,3,g,4 "t 4,3,1,.{, ) ar�ètJâ "[h4-o

,0* ,ronÀ'l'io,*o Je unli{t""}".nno a^^ 1"^*X**çh" 
q,j,ù,.{,rr e,x.ce-fl'.' 4oo,tn lo Lanc r

ci" U e.l (w, s\(t\

= co'ulPsn (q, sxt I P']l(t\)

= lvie s[Ps] . [-.,V(r\ r. s(Â\] * xtrrsl( i)Ci) l

= [Vt. ç [Psll, 14 e y\[Ps! . . Ë(n) * i(rx v') I

1r* ttolou,Y -t{*"CI*rto^} ( t, à^;Xo^b p*e ét-ilel}e 
1uu0.on1u" 

Ju ptoXta.,vnr,,r")r

. 5 + P ;

_ BqAe

ê L . : P '
l o
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Po,r,^, ^ ol-* f'rrt^rarrvw$ e c4tfY\rfY\c "o*npQo ,

q' .=o )

olrrQ. X >, Y

Q r ;  Q*a  ; ,

X  r - -  X-$  I

ù i

,fà\r,/)
I

4 \

& :

t :

\ ,

5 i

ê t

à6

àz

!e^ ".mâ^l-,'or,.o Jc "J.^'{i.ol'i.m o^h.0* /il;.e/h" 0ù É,,trr1 cE'nù,orraxl) :

rE (a, ,  r l ,g \  *  P;  ( - r .7 t { , { )  i ' - t , , , . ,c

P. (n<,, t,1) *

P'  ( . , t r i )  =

Prr  (e ,q ,1 )  +

F.  ( r ,  g ,q )

P" (e,g,Q) --+

{  (æp g ;q)  +  -  P .  (æ1q I  i )

Pa.r,,. ,trr-êq^'€^ 
1l{l. Q(*,,à,1) = (nr.o

c2. 
f 

r@ 
Xnq,\À^/û{. / f{\o'uJ f *ttùno .0lt;rtL

P. (o,t, i) = Pq(*,q, q) = Po (e,q'q)

P. ( * ,q ,q )  =  t , * (æ1{ ,1 )  =  [ (a> ,g)  =>

P5 (=c1gr {) -- t (* <ï) * (x-<o \ ' $(o \f

[ê<.1) +(Po(*rt,q) n Fo ('cr t '1))l

P* (æ+gr t ,1)

P"  ( * ,  S ,q -a )

t ê>,n)+ ( Po (-r$ rq) ̂  P"- (*,,q,q\ 1

LVlte [rnr.,n, rmax] . (1= o; +Po (*, $ 11' ) 1

^$>o ^ 1t,o) e-rrf um ),ru.qnonf X2'A"L

-A.^ )">ano,^tt Xn.o-n n*ito..l. t

=  l t <o  v  ï (o  v  1<o1

( a . 1 o v $ s o v l < o \ l

1<o)1
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4.3.2.2 Extension de la méthode de Morris-Wegbreit dite
"Subgoal inductiontt aux programmes parallèles et
généralisation à d'autres propriétés d'invariance

La n*éht''oi" àz Ma^l^-Wab'terf Er+l a ëY.t "cnçue ftu JÀrnt*.,r,

lt .ar...h'oo çott;.Q!. à" f'@X'to/rr\,,vn€ô nd1..^l-i"0., EFen .l- àoo .L J-

ry"'..f,i.ohiona à'r,'J,ô 4 a (ù-- D \*lÈ,çf I) -l' ). potlie I e ((rt+ S )t-+lË,{f !)

d '-r^ 
f 

'tætlro./{rvyilE P*, )L areXù â. J *r *t-" la, çt-p-." l-/ d râ*ar,.'qr,n.c I

Vçe2<s[Pn. ] I ,  AIP"n, r [R.n ,L) , ) .  l t l  .  i " ( f . \+  rg(1" , .g ; ) l

&1"

E ( 1 t , v r ) )  z  [ ( p o = L : f l ) , t  $ ( m t 1

s ( < t - , r , t > )  =  [  P * = p L r l

V (<\ , { .> ,  ( l ,M))  =  t { , (U, -1 '1)

Narra ̂ Ao* ^^fn* J*^ ;.^rn 4,rarnir't l-*p of" !'wr^"- à"

"0* rmJ t'h"J* À" 11ô À - v'leXbu-h t++1 cr*àl-.. â u1.pQ;yc* !. +ù \"
d'"ÀJ*rt-;^ (-I- 

*) 
, c'roh.e.'- J.r,e À lrrre c-ovt*ponJaarcz (*rx\ e^^t* it*r**."tt,,

1"d à J"konfnr" lle-
I r r e àa [Pt ]. Cnr I P.I (É, cXyX r)l

ù

âo [e'"n = (s [F'tt s * L*, {f })
CuIP,,X(e,cXV)(r\ = [ .n lPv.! (s\(r) n Cu, IP'sn(sXr) r..C.r.[P'.n(e,cXt)(r)l

a^)Cc-

c^rs[P'X(sXr) = [VÀe e[Pzn. e-( i)+ r(À/Â)l

Cu, IF. l l (s)( r)  = L\r,A',Âe sl lPt l l ,o.g[PzI,  (roIP.I l ( .r ,r ' )  rr(r iÂ)na'(À))+ r(.0,À)]

cd"e IN-I (e,e)(VXr) = LV4,a-€ s[Pr-X . (e(a) r  r  (è, Â) r.  s(E)) '+ q (è,Â)l

E^".ut c{rê.qâ nl^l"abeÀô^À 
)o rm/fhoJe. a*rx fÈL'r1^4/y{/yvr%

-p*.cQ.0à0a .l â J 'J're^ 
1'-p'+.1F.J Jli,r,,çor,ra,vrcc, ( u,,,,o!-n tal I ) .
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4.3.2.2.1, Programmes sequentiels

N**o ".s"aiJ"4.rna d* -ç*oXtq^v\,fleà re1.re^^fi"0o c,r'îr /yns )1" -.f ëfJ

Jd*rr^f" a.,.l' faxogr"aphe 
&,s,4.

4.3.2.2.1.1 Choix d'un langage pour exprimer les invariants

locaux et sa sémantique

Nau"o .holino o*.

{! [Psn = , -,]-^ - (r,r I P'nL'{È,{f })Le C [pc l l

ùù
C[F " I  - -  l ue$ :  Ps=  pL rs ]

M[Ps[  *-  ( lx . t ] ,  Ps=<xf i+$)

f* laturaa- 
an"ou"^ ,-n. *0oh'rr', AurL leo .tl^t *lnroi* d cha14,e, ft',,^"I-

J" f,'otn ^^/he. l-q ^açn,t{i.oLi.rvr Jc, c.z u.}rttn J'-,,**a^.'o^.h Q-oc-o,**r

"at- âJf;d fa/" .Qq {"ntioo re.ina^^,1'i1+"

1[P 'n  "  (  Ë[Psn ' -  Ar [ .P 'n \

r  I  Psn( î )  (<r . ,  M) ,  i f ,  ù) )  =  iç t - ) (n ,ù)

Trnl-*F,^tom"^^|r 
fa,.,rd" 

!. .rlnlôQ" *f r^ L , -Q-a rce0at','ôn l(tt -f ^naæ

^'X^- ltèloY ^r'*o.^" ..rr.o^^l- u o-l- -0'.'l'".1- **dr.no- (]'do81 l'4 ( y"

cr.^rp."rrl qJ^ 
1",*l- L àu acul','e J" Ps ).

4.3.2.2.1.2 Dérivation de conditions de vérification correctes

tlatro crô^À ; .^stwf".^inz ci[Ptn FeQ 
T*

cïy[Ps](e, ux.t'Xi) * c.'[,Psn (e, eXt)( x [P'n(ï))

6*[Psl Jl-ar"l-,^Â,il\e' ani.ln.l',an J" ÀoL .o,ohl'iono ) mouÀ ohrariaono cir[Psl

jn"Qa*o. F ê6quwr€- ".ot[o"cFirrr J. hol .+r,drf,'6nt, clo.curqe Àqhifd-rl-,0. .r,rtei" Jc. ca.rrach'o.
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! ,3 ,2,  z , ' i ,1 ,4 Funa0Àa-t - , 'on

ctr.[]"n (s)( x I P'X ( Û\)

= [v;-e s[.psn. s(À) + r[.p,nCîXt;) l

= [v i€ cIPsI ,  ; .  1t IPsX. s(<i , rq>).+ r [Pstr( f  ) (<t ,M>,( i ,F\>) l

=  t v l ec [ . f sn , t . p r IPs ] t  .  (Ps=  pL ' )+ ,  i c f ) (U ,n t l

= [v fr a t\ [Psn , i  ( i)( t , t ,  ] ' \) l  ùi Ps = ul,

= cË IIP* n(c)t i)

Imh,^ \-"ù-*"r{ .eHe ,r''J hon J. oâf,i.oF""n Jht0.l' 1" l';^)e).r'"r^f

îCf \ o^oi/.'a-u 1'rnY ). p^-h'e Lo',I êYxeuar 
1a* 

rouh"cæ.et.thavr ry ^e !e.r,mi,ne,

t.. ,3, g ,g, '\, r,, L Jm cfcr-cl-r an

c"r. [Ps X (s) (r E P'n (Ï\)

= [v,r, A', À E s I P.]t, o. p I Psn . ( b[r.Iotr r À, ) r.. r Utsn ( t X,rj i' ) r s (r))+ I 66](i)(r,ÂI

= [Vt6 c[ is1, i l , f r"  t4[Psn.

tldecllPsI, t4'e t4llPsll. gry!rR'n(L,u)(m) r.ag6glIP'[(l\(n,tt') ^t(r'!(r'',F\]* iG)(r4,r4)]

= d"r[ .Fsn(e)(T)

T,nl-url,*erme,n"l .e.ttc- ..mA'l-,on J" ,.)..{'2qh'.rvr Jhb0il- T. ri "utt ,faÀ

al-"*i1^e â,u f*Xt*. .uor^l- omÀ..n J^ pà'.^-? L eû lta'laY *'",*;,*

<l't u ù ÀN\ A\LeeùvteLw -^ n^"'oL'ol L' a^)ec .\'.'lqLy ^r n*i{- l'lt f"-l- y.

4g*g.[eun(u)(r.,r, rr') o0^o -lL)*r"^r'"ul L"."!. i(r')(Mtfr) td c-<- ,bca )":,,f

À*'t* J'r;,*" U-l- L,"X. i (r)(y\,R) o^,*,^l- ce fa^,

-,&"ùqr^T- û.o *oh*{- d. .0r. e<t{yvt{r ^à" JF,'1""h* 
fo^ L .l- *,

*l-;Q..;*^,1- -0e^ Ju'{; l-,'ano )" .rnJ g r. tr ,X qgça,[.Psl r mM .Pou,\r.tw.a Lo

dJ** 
\.^* e^^ ^ùq^ - cal , ?o* e*e,*pQa / Êd L JÂt1^. rtrv\a- 0ro,vt.I"

*f*'0. , ry\o,q^ olrFo^c*
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eL

[  (P"=- pL: arUQa b Ao Lr:5) n wle {gg(ra[e$,r  [B[ 'B](M\=t , r  f1c11n,t ' r \1

=+ i(r)(rn,i l\

L (h=pLr rU& B *? P' /  "Ài t ,5) , r  Ms4*g(reusn),r  ts l is l l ( r r )=f f r .  f1r : l (m,f r i l
=+ i(r-\(m,n)

r t .3 .x . r , .4 .e, .3  r^r ' \F ia l raohan

co. [Ps ]l (e, c)(Y) ( u [. P.n (i ))

*  [ v4 ,Â e  s [ ,P . .n .  (e (a) , r  r \ !Ps ] l t f y4 , i )  r  s (Â \+rg(a , i )1

= [vt,I * c [,P"\ S,ilu ]4[PsI.

(Ps= ! :  p n f  (L\( r ! , f r )  r  Ps= p[ : )+ ( f (4\*  V(8,ù))  ]

= [ (+(s) , .  t( l ) tu,fr))* p1s,M)1 où Ps= L:o(

= d:..IPsII(e,,s)(V)(i)

ïoh,r'hbo+ne^rf , L ,y").^fi.*h'^ J'!,ut i .l- Ql^À^re),{'q^rf .{n*0, orrt"ril

4\rr ço,^^l- à\,t'^1"1, Jud,**l- ;,rnpa-1^re^ -/."" op.Lf;.ol*ior J. Au',},e,

4.3,2.2.1.3 Vérification de la complétude sémantique

N-jy-.utrm,o

q[Psn e (*afieun-di[t"] l)

qIP'n(rXL)(mr ]1 \ = [tI  € c[PsI. (P"= pÏ,)+ r(<t,]4>/ <-L/ i l  >)l

7^ rpJ".tic ,.o"'rna,l .{rne. .lr4pot'[ù" JrÀJi.t"l'"arr r e Èr[P"tr 4*"1- ah.

"oà.L .f q,L -rr i rcrl-el,r, r\'*^*ar.^'*rbo !o^n i (,-) -oou'r/ à oharye

rtvnv 
L â" fÈuoïà4/vvwvlE 

P".

n1.^ l- -holoi ô[P"l(., e)(t) = c*llPs](e,s)(V) " dfPsn , Qo

"{icrab,'rn l" ,0e *'oç0r'l'nJ." nJ* or^f,'1^. *l' i
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y16 Ao[P"n. ci[tu!(É,s)(',$(.rtP"X(r)) = G'IP"IG,sXgXt.x[P"I(rù e collFen(e,r)(ç)(r)

car, co [,P" ] (t, oXt ) *h p,6rrel'cne .t f,o{ *l' c"cl'crqpùre.

c" ""),*eIa;Y "i-+e Ltn^X*n, ,1 A. M ia'ta L+ a 1 To 
" e^ tXo".0.

À dr,..hioo t" moY 
Xuota^l'""â 

lo 1F,î.s1r€. a" ,rr'.t fvlxa"vn .r*rt .f ':

4.3.2.2.1.4 Résumé des conditions de vérification pour la preuve

de correction partielle de programmes séquentiels par

induction en arrière

Notta -. l-i0ù.t.,rt, J* .nofql'rô15 ,*mJtn-'i9rr.a in{ortneilu, 4 .ofà

J."r".on L )nu nxtY"ttu-o À* oo-0* **peà^"^en^l j^^' l-,'oO.a "l la*e4ee- J^
6

aroriabla Jt flqtt\â/yr\rmc el Pd aof -l !d^t $,*'"^"1' o loor'e/ a$ +"u.t,f Li.
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- F inqùa a;lian

_ I rn l^1sl'r'cn

. Covrwnanà *u81"

P 1., Allf ; Lo: 5

. cnw,mqÀd. d hffolahrn

p L,,r  V,= E; Ln :8

È 1., v,--?.; Lo r E

Va.  qC; ,n)

Po=+ Pn

Po [V <- E] =+ P,

V,m e $ . P. [v<- rvn] ==+ Pn

, Cnntrnc,,AJ" *âa t'r'anne0e

Ê 1,, if g then.T

L " :" 5

Lr ,

tQae [ 1eo r' s)v (e,. rr - È)] + Pn

Lu, P6 =9 ( I, r. Pr)' 5

[ r :

D .y-i

L - :  Ê '
E t

. C.snvmqrn )" itg..afie

p L., ,Lrle B do

L" t
ô

L r '

ù t

L  :  s '
f l

[ (P" n a) v (P, ,r - b)l -=+ (Pn n P.)

PLn,

- f.ni l-ia{^lq h,rn

L r t P vg,i. L (+(à ,r Pn(a,n)) + g(ç,a)1
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4.3.2.2.1.5 Preuves d'aufres propriétés d'invariance de programmes

séquentiels par induction en arrière

t{oùi^ et NeX!'teLh aff,;rm""b 1,.e 
" a. àn.autbaoR. ,f a"r[X"o0 ^d"fim

À fh,ef .ùh c*,,rr,,oF te al,eà. f, 1præe rr^ roùtiar^t^ abatf ,natl-hrumrvrehÀX

f\otrro./r[a 
x. t f't r hlerin. "at- àe r.nonl'..r, T" 

-?t"y.. -Qt*J*lim d hrt

.f\,otHqrv./ï^s Ps asy,ryre^^c.E Jqn- rtl dl-""t- *"À*; ,nn^t-ic0 S. n^t*Jru"^f

-qÀe opi{i.-F'an à' ,n'J^r.l-e + .l aHei^l- ,.uv\ f"'& L lttzQconntz 
J,'

-f rcoftta,,rrwue q,Dec I'JFol ^rj^orro M / o0ro .p.!i,wot+qol, tr (L)(M) à-;,I

âY+" artai, . Fa"m "CI**t

Vle 2<s [Prll, fl[P"n , b[SuS , e), Leld. t s(1) * 9(f,,+r.l I

aL

e(qr-,r,r>) = [(pu= r-: p) r Q(m)1
s(<r_,n>) .  fr

V (<t,g>,<t-,r,r1) ' ' V (L Xù)

La A;+^ l','ooo c,- Jellaua J" s .j V Jrff.i&^'f àu .oa J' .{e

c-v-chion 4orul'i*QQe .l' Jonc J" " aubXoe0 rÀârrcfion" , â- pr.l-?. 
1*ro

.Qo 4elrv1e^qilre J" Mcru''rr-vrl.nb^'eiF *l- {.^Âl-i+,'.i f* 
" pu[Xoa {' ,;a";:,,1

,mq.rrr ,nor\ 1e.* t'o,.,T-ea -l^ rrdFhoJ- J. 
4'.e.rr.re 

,pa^ Àârr.h,',m en a,171iaj.v.

Po,r," êt-re ..smp0-t-, oon"f".r.roono r;,u.,z r*Jfhode à. -f'teuarc

dTr;^lq)..'"-li -pcrt1, .rÀâ^^oh'an €^^ ardr-t'{,r'ts. q *f ,,no-,leroq^,[ -{r^/\e aroe.hirn

Àu^ l^ afù" {*o^ n ( l,^aQ. r.ç;{,o^"F 1r"O*t'1^re,, J*^, ." *) , o'".pô

h,L,-1.3, 
."* 1otu,rùola ,r-l'''{ri,^ ,!" f*hrj'. J'âJrroF,'.ru (-;-) .*nt"ap"ihf

et\ q.hh{ €Àe . La J"n", o,..h" *eol-" Q" ^ême .t- {^ ..mJ, h o*r J.

"k+i.qh'.nt\ aont p"ini -0e^,.ea â "o.&* 4, f 
q^e 

X*ott\" U,1,&,2,.4, L I^
l l  t  r  |  ,  l ,

faÀ à'tr,nâ.uc-l-, ' .rn 1,3,t,,x.,{,L.? l-amdra tug 
tt,?,gr.-t,e.r ' l- \,e,t,û,.r,g,3

J*'* .*l- i
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- Fwro 0.i"h'a,6

p L r ; S  r r { ; = + p ,

Imit-iaO"Àoh'an

L , ' F  Q = + . P .

E*o*p0"
æ l æ

r.0traf"amo c-lt ^l-l-hoJe t* !-" ("ml'*e) ".-*p0" "*p0- J" Uvraà-

We4bueif t++1 t f *ntoto{-. à *"nl-"o, 1),te. x->o Ja^^"l .I" f'toX'.,r/$vdte
l.rù*^,t :

4 :
X l =  4

t'l 
rh.l* ,h*r. à"

3 l

{ l  

X : =  X + 4 i

"f,;
.i.

t l a r ^  " { r ; ro *  ôê )= " tb ,  rpn (æ)=&,  VdC* )= fæ2o l  , L=L , , , , , r .  Lea

coqÀ'l-r'ôr'Â à" ,^&rc-ol-, on nonl- ,

-r tY, + P; i-- -t,',,,7

Po[æ<-'rl + P'.

[(Po ̂  @)v ( Ps ̂  -fg)] =+ (r*,r,  p*)

P,. [-<- <.+.r 1=+ P.

+ =e -Fr

Cct .+,rÀ'Fi,nrn J" ,"J',f,'"rl-,'^ ^dyll- Jii.rria0€n*.^.1 6al'^{a-,l-ea fa,L
P ; = r f y l  ,  ù - - 4 , , . , , t ' ,

n
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4.3.2.2.2 Programmes parallèles asynchrones

4.3.2.2.2.1 Choix d'un langage pour exprimer les invariants

locaux et sa sémantique

Po,-,,n- *F'.^** l,\e- n Qol-,'"* "-h" JF",L *u,rt' -t- 
{*"r.u ,, /nùtro

a.roocrlonn r'{.t/{\€ o.04h'^n à uîro1u" f".,lrl- 
â^l 

f 
'€t4o,m^^4 " # 

/{\e $,1- f*

Jo^* ,rrn. x-h,'on "r,r'\-11le. ba,'a -Q" y-Q"à" ,j )" 
1*f{,.J" , -'^Ionr.

,ceQaL,'oo *,b.r ;V"h *,{r'à* easnt ,f 
l^qe,. A ,\aq^" f;'t J'.^

f,{€ce^r}4rÀ 
.feol- r.u^e ^*,Qol'i^ *.h" 0* *l.rr- cr<tx*wha Jo Lf"n àe.

*rth*â0" J* "ttf^- 
frocernun , 

!'ifJ ^r^"; ,ùrtttâ^l "l- I'Jl'41- *"Ào-"l.

{;a0. 
fti^^i f* {^r\ 

fx/9t"s^,rÀ$€,
P1", = Ps l[ P'r.o,o ll ,,,11 P'cc.l\,,, ll Fr.a.^-'. 1l; Ps' (m>r)

qrrâ Jouurl*o

diI f t ' l  = i i '  I ls6 ç[?s11. f( t )  e (mutpane- '  l t ,  1+])  l
u L t ; e r n ,  

L e  c [ P . e , n .

tt"lCu\ e (!.5"<[tveln x M[ppal")-- te,ff]) I

n 
[ . le cE]E'I ,  t(L) e (urPgel t  * l*,  t f  ])  I  i

% li1*f,'."h'sn â'*^ reV ,racl-er.r+ î *F ).P,t"r" 
{*"&t"r"',,} f^ !,

f.nn.f'crr nnL*F,'11" X [Pç"n, hJacr,o c^]ô â t[Ppc n(f) = r ù, 1on ""o I

.  r ( < L , M ) r < I , ù > )  =  i ( t - ) ( m , i )  1 , t o ^ À  L e ( c E P s l e c [ . P s ' ] \  e f  P p c = f Ï r

,  r (<  10 , , , , ,  1 . -^ ,  m>,< I , f r> )  =  ;â^  i ( r )Cr . , , . , ,  L . -n ,L i *n , , . , ,  L^ - , , f l ,û )

î r u ^ Â  
L . e c [ È " q ; ] r i s , t t  . I  P ç e : p L ,

(t[Pçan(i)(r,À\ ,,r 'o f* leootan J\âh"e a.{rte 
1ra,nd À rn\ot- çaa "n éf"l +,ha(').
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4.3.2.2.2.2 Construction de conditions de vérification correctes

L^ .rnd,.'l-rcno àz 4À"e*oh'^ eh Jl,,ull-,b0^oh'- n*f r,.,*i0o**

à q,j,?,t,,{,r.4 e.l q,B,&,r,.r.r,.3 '.-p"rh***t -\- fi\e gJ"-l-".f 1ar. J" À'ff''"r$*.

Lz foJ,,,r. f*À-f .0 .o^"Lhe à kn*,n^ cÏ, I Pço Il tuQ, 
T" t

*, I Pf n (sX i) ='+ Cu, IPçan(cX ufPgo[(Ï))

orL

tu [.Pçe n (sX r $.Ppe [ ( Ï))

= [Va,a',i e s[PpaI, a e Afitpen. (t[,fpeno,(o,or) n [[.Pç"n(i](riÀ) ,r s(i\)+ r[r9c[(i)(a,i)]

= [Vo,a'e s[Ppa.ll , i l  e t ' l l lPpall, ae Â[Ppa.X.

( tIPçeno,(r,r,) r t[Ppen(f)(1, <1, i l>) n Ppa= p-L,) + t[Fgan(T)(ar<i,i>)]

N^* à"l..rn,t^* ..lfe con{r1'.'* â. ,nl$'.oh,'- e^^ Jlau^-aat n.8^ lo

t*u â. ^ ÀJ4À'" ,?a,s s [Èpe I ,

C ^  n  :  A =  < 1 , r 1 >  ù  L e  C [ P s ]  e t  $ e  M l L P g e n

9 ) . .1  i  1  (Pa-= pL:)

C<, .d!^ * df.' à*f.' sn k,3,t,,ù.1 1*^ 
"0* 

1,col'ta/yyrrrr ^" rLlo^h'"Qo .

g .t,t , (Ps-= p L:)

D'of^i "0a' J.T,^t'h'r^ a.s.{,.s.tr Je bllPgoJl*r A'*t- ^"/'n;.,^J J" Qo

4^ n. ((1,, , , , ,  L^-.) i l )  àà Ppe : I  Lr[ .  L,r f .  11,, ,  l l  L.-. ,p.-n n $'  .1- e=& J. ,^h

1^" +o^ JefÀbian Ja SEFFqll , ?e "nJ"h'cn àc nrJ,{f,'*ah,an "ot Jo,^ ce-

,2^ 
i(r ;)(  Lor,. ,r  Li- ,r  r  Li*,  , , , ,  L"-, ,  n,fr)  + i  (r-xn,ù)

u.h;lôerrn.,rh, )a .xtioo"h'oo J* ^npaxt'*.^,h àtn&; J" .hal^. 
f,i.ocertrua

À"in.F orlp[ï* !.'.r^*':^ta.,i Je ,rrn-l-i" J* 
1*l"Quâ" .

caô  s  I  Â={L ,n>  ù  ; s [P jn  . t  ne  M[ppe l l

C< caA q ëfr' JæaiFJ e,{\ t{,3,{..1,4 "FBq^ -0* 
1',o1*o 

,',  ̂  Éyr^1i"0^,
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Ç y  3  1  r r - -  ( ( L o r , , , r L n r - , r \ , M )

ùtL Ppe = Pr [P'r,a" 11 ,,. 1l Fca".. I; Ps' , Lie C [ ]rarl ol M e M[Pçan

srt^r'a^'f 1.4 
{*" 1.^^'b\. 

). A' / r\ârrô olà\-'/^?"r* âel.rr .aa ,,

h  t .n  i  a /= {L ' ,  i4 ' )  ùà L '  e  (  cEPsl l  u  c [ .Pt ' I )  * l  M'c  (ù* f l  \

o ^f d -P* J.'f,; h'on {,,8, {,L. \ à. tfPfo no. rnaaÂ a^r<mÀ ̂n"/*to^r,,nr^*

'  t 1 - - v \ r  . \ -  Ppa=  P [È .1 . : [ , . , 11  p . . ,  1^ - . ^ ,X ; r . J ,p ' "Ta=6 ' ] .  n *h  T .  f *  & f , ' ' ; t *  J "

t 6rpa X f ï) , 1* ."onâ^'h'.rnr J" ."L'ff'.oli ,rt o-ot- Jo^u, e-e co,À

ïgr , )  ( rn ,É)  + ^*^  ï ( r r ) (  Lo, , , , ,  L) - , ,  L ;* " , , , , ,  1 , . . ,  M, f r  )

r^h,riF;€/vytc^Ài/ .A'i*"nta^rt àt r^tluL À 1r"h0*Jc ;o',-tr À pt'1u* lq

la am["n-l-ion Jeo ànrq^^'anf" )" Aat],'e à. .ftgr" fr.rocc,r*tra.

9g 
r ,o  r  Ar= << L 'o t , , . t  L l^ . .  > ,  M,> àù t j  e  c  t lPta; l l ,+em , :  Mfe t l l l .Ppan

Pa.,,r, J.{.^rh'avr J" tfiÈgeÏo ) N\è1^,o â.L.Jyyt 
fc/rdr\a 

ee c<.À eryt J".,q 4alaÀ-

ceù Fry.t*"rt f* 
.!.q -b.e^-rt'l-t"tr ). ^q'' Â' "t-rp*J a<t rn<tn 4--

"0L.jorh'an Jr *. pt'^ ',..Fr'1,ue, ,

Cal S.C,l I Txa,q/rt'h.nr no?- cr\^.Èf"n'f rta^"|- ça.o d.,tr,,vre 1*"h'ùt.,t'h'qu<.

Po,r, J"fÀ'Li^ Jo bEPgcn* e.l rfPçall , )" "anÀ'h'o J-

"J..'$,.oh'^ c"{ 1,'rar'a,.r,t' à ,,

[  [A;"^. Pp"= p [P,co, l l , , , l lPrc, l t  . , .1\Pr.a.-.  np' ,r  ({ je (,n, i) .  f - ' r=r-;)

1 l Ip"car I  n(1r ; , r4>/<L: ,M'>)  ^  jâ^ i1r ; ) (11, , , , ,  L l - . ,1 '1*r , . , ,d ._n,n iù)1

Ce*- ".*À'!,'rvt oe J*t..1*ç'r. e/v\ A.^^e "orltr'att4r',lvr À. .rmJ.,,'f,'ann é"
l n

nr""^'{.t.e.lrr"n .."^:,p*Ja,^rf aJrô( "f*ec-oxl;ua P'ce;, îen r

t LxS* IIP^,a;n (l;, r-!)(m) ̂  E1g, [,P"a.$(r-;Xr.r,m')

n i  (L ' ; )  (L . , , , , ,  L i - . ,  L j * r , , , , ,  Ln." ,mlr , r )

^  
i l g , r . " ; )  

i (  L i (Lo , " ' ,  L ; - ^ ,L ' r , L i * , r t " ' ,  L r - . , L j r ^ ,  " '  , Ln -4 ,  i l ' ,  f r ) ]

=+  
*n "  

i { r t \ ( 1 , , , . ,  Lg - . '  , L * , r r , , , , ,  L "_ . ,  m , i ) ]
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De lÀxc<lr4)earr , "e-fh- ..roJ.'f,',m Àg J.t"rl*p*+ €rl\ pêl;u.-caÀ ^d',orf e, i

CqÀ e,$.t.4 : Py19c r"1r1*h'"Q0e (k=L\

tt f** [,Pze;Il1r-r,r!)(m) ^ ^r*99 [Pvo;ll(t-;\(u,vr')

n t l i i )  LLo, , , , ,  L; - . ,L i*^,  , , , ,  L^- ,  ,m" f r )  n q*. \* f  ( r , i \ l

+ i t  r-r\  ( Lo , . , , ,  Li-,  1 Li*,r ,  , . , ,  L^-, ,  n , fr ) ]

À

îù*! ( i ,û ' \  = 
1.r*-1;,r15 

i  {u1)(r- ' , , - ,Li-^,Ùr, Li*. ,  " ' ,  11.",  L1*' , . , ,  L^-, ,  m',  fr)

Celfr- """nd*'f,'an Je u.Jr,r$'*fr'rn .r"r,parrl, q.Àr caÀ J.q +^u^Ne *'1oo"h.{0r.

C"l q,B,$.r.{ ) .-.,-pU +" '* -9" hco,wrc. qû!^bgf (r,J) , F-Q!. m1nrfrc

f1.."" Af )'t;*"*'"r"h T(r!) "-oh ætcr o'p^ù l" lx"-t'hbn J" pr;r'L

L; d)L +offi l; , a0^"0 L'^,*" i"*Y û (r-;) à"'t êlw ,t\a; a^t"nf

cet<. b'q^"ih'on, ,* f0.* , .lef**' ,.nb?sj(t,i) dl-"!0't 
?4< 

meqr

feqp,rô^Â 
,rFi0rÀer Jq^o 0a 

fter.ure 
lr*h l'à{^r^*h'.m d*p.m.,'lL

o.rr- .0* *^hr. 
frtracaoua 

ltai r if r: ^o^.^k lo h*.'l'ion . Po,^ utoin

À* t\,e.t. €^ l.1 ..*Fi"Q0- È.;t\i0aia i*ro X"u cûA A. fao\,xa,'t.mu

^dt.^h"0' â., 1'*o00;Q* r Nru *"hAJt ô^" ). hea.,vna gU.lgd(;,t)

Ef "Î"àù,u*o -0o ..r.,À'l-ion âe ,.,1j4.^'.ol-,'^ fb th ;

t11à[P'cor]l(L;, r-!\(rq) ̂  ry]ts [.P"a;11(t-;\(n,vt') ,'

i  tr lx 10,,,, ,  1j,, ,  Li*. ,  , , , ,  L,-., r4i fr) ]

* i  tr)( Lo,,,. ,  Lj-", L;*.n, 1,., r*_" ,n,fr)

Noho,ra "f" .3$" oÀfàf''eaf,'on eat ".n-"1-" 
f^T. -8e "*Â'kon â.

^roJ..$i*[,'* c{'- olpy*râ ,* pt,'1*" 1t-rq"ù el" . etenl e\aA",*r^'I

orir"*h'to*,,J ".*ttrf 4, ;l'*'l'ùu4yror}, .l\Àt^,nJ,'on J^.nd

fq^ 1gk13f (i, ,\ 1..rt o. ^J*"r* âb* ,^.--1.^" â "^ i (r';,) ",,.

oRol*" 
f"i,^h U; âg .û*1ou f.q{rceÀuê ?+a;.
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CaÀ 3.&,.t,& : !_bseÀ cz àt'^t ,l^tn.u (rt +;\

Èatra, A e (n"i \ , rnauâ J."tono ,*tnf'.e* i

tt gd IPna;n (l;,r-!Xrr) ̂  A*scIPoe;It(rr)(M,A')
^  i  ( [ t X  L o , , , , ,  L ; - ^ , L ; * r t . , ,  r L * - ,  M ' ,  É )

^  i ( L t ) ( L " , , , , ,  L j - . , 1 ! , L i * . r , , , ,  L * . r  t L â . * , , , , , , ,  m ' , f r )  ^  4 û E * f ( t r È \ l

: +  Ï  ( 1 1 \ ( L o , , , , ,  L 6 - o  r  L Â * . , r , , , ,  L r - . ,  1 4 , f r  ) l

f^l-*b*-nn.^^f, !* â^'axda^^.B i(f-*.\ Jen* Jriv\ 
flr€c€ÀÀttù 

h4t

n\€ Ao,,,r.^^l 
f* èYce ,^"uQr'Jô ta,- /'".JJi* )" .{i!^rrvr "^L Jor*

ât*rh'l 
tFtocer,rqÂ 

Pre, r i+ë . Éctnzmr, ;'^srvrA, ') *Y ,6""* Gf

* Êr) ). ^i X{'1"* .9. l*,,n.e reùeel'(t, A \ ,

No,ra )rn.r.r* t*"-h*J '\*h*'S* c,e^ .*mJ.rth'on. J.

^,,1{i.o1.,'* pr,;"r* -8o *of.^n" i* .0o "s***^J. J.ii1."/ 
f* L;.

Ce-o'e,oh dfà n.)l r{\ârrÀ l^^*.o l'-r2.-t*rf )* n;t^t[l"t" eil t{.8,+,c,{,r,

9* 3,g.e Trto,r*a.t'l-r'os c6rÀÀpct{t1a^^h d ut',t. pc{1"n .-'l-i11r

l*.^Te P1c = Ps I Pte"tl.., l lP'<,erl[,.. l lPte.-^ n;F"/, Èze;= pL;:1Ps,};r.]rp'

Ps "= 
!n 1 5 f o: , c.r.t,riâ J.^torno, â tof d -Qo ,m ÀL avr )" "l^i +i"e.h'an,

tn.ml-t"au qrfe I
,

çr f:gyf ( L I Ps' ! *(< 
!",m>, <L',n'>))

,i,

errq/rtg c"'tal- "1. co, Jo^.ro Fou}ea .0* fur,rrra d'r; qriat*ta , ^! ,o'r^l

ya houior.r,u *.J^o,." J. co,ta"elÂhe* o*orlun.,u} -0o n-"{aF,.xr

E[,Fs'$*( <L.o,M>, qI,,, m'>) ,rt]* 1"" ;Ipiu )'"thai "k J.. pt-f,'" J. -0*

le"f,on *^l-i1u+. tl^e *pç""617ynoL,'* tf çauura 
êt-* uli0*.L LoÀ,

la 
{*n0" u'-J.rrrrto -Y *jXa0- à i

llP::sf (r) =
[ [  r  n f  Cr! t t lo ,^ , ,  L '_, ,  L i* . ,  , , , ,1^- . ,  ra ' ,  i l )  , r

1. f " r5  
t (L iXLo, ' " ,  L " - " ,L1 ' ,L ; *n , " ' ,  L ; -n ,  L ; *n , " ' ,  L . - " ,  m ' , f r )1

=+ 
t t*  ï  (Lù(L", , , , ,  Lr_.  r  Lf ,+,r  r  , , , ,  L" . .  ,  n, f r  ) l
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Iaq. (s[to"-n o* 
lt, tf]) .

E [t" 'X *( <t.., [),  (L",t l '>) =+ V((tr,r,ry,4L,,n'>)1

'*,pwl ( v (< tr,il), ( ir, M'>)) ]

Pd?. /r\eqâ 4,r'tr\À à *onha"1ra V *l- ,^*-.^'o^^I/ /v\ou 
{rottqFu

appQ.'1ou^ 9. 
fùï" J'-*àrh,'.r'r (-'l:') Nlouz o[l--,'ono r

L a q u (sEP"ulù-*l*, l{}\.
I I r" (s [es,n ù- \*,{f}) .

(Vr r 'e  1ù .  S) .  J (<  1" ,  r4 , ) ,  4L" , t l ' )

(  VLr ,Loe c IpsnJ l ,  M. ,Mg,M'e  ra [ \en .

(f [P"'n ((L.,i4.), (Lùrnù)) r, tr(<r-",rio]/(Lr,n'>)).+ T(<u.,t4.>,([",n'>))
^

( y n, tr' e (ù+ S ). T (< !.' / M )., < Èû, M,)) -> v (< g., m lr <L,', m, r)J
n 

[ *f* ! tv t<t.1M),4i o, m'>)) 11

Ag* unn pQ.'fi.oh,'^ +eq/" J0^r",r"' q, , /r'âqÀ o.[l'e^*

I I r. (sE]""n'* lt 14]) .
YA e ( t I -S ) .  J(< Lo,d>, <L,,y{>)

^
{ L,, Ll € c ll+sull , s., M, , M' e t't f,opall .

( !  [  P. '  ] l  (< u", M"), (Lr,r M,,)) r T(< L,, Mn>, tL,,u' >)) 'à T(< 1", M^ ), 4 È,, u,>)

^ ef:t l fgl ( "c. t. . ,r),,aL",mry)) 1

s; .nùr.rÀ te1pq'1rrn* t{,3, i ,g,.{,1,,.1 e-l 4,3,r,,$,4,L,î /  c'"ot lyx"!"t l  ;

I r ie  L^  -  (n [Pee] l "  * { * ,  [ f ] ) .Le c llPs'Il 
-

! rA'e (ù+ S \ . i  ( i*) t i l ' ,  M')
^

vL, Lre c fPsun, m, ],1', 1'1"€ la ûPpa]l .

( 9e)â IlPsuX (1, L' )(M) ^ t*99 r,Ps'!(r-\ (m, il") n i (uXn'l r\'))=> i 1r-11 m, ll'1
À

.s1rP9+ ( i( t.,t ( m, r"\r\) l

SÀ^i -|.a ."nd*'h'or J., '"Jt 
f'''oh,'an 16^* /^ ,0",[,'or* "r"tl','1uza 4

dFer Àùù"1 e4\ J*n Dou^-1"t|ùe" , Pættiâpvnu^.k , -0" .^,1* Psn J" 0

,o"ofio., .rrt"l-;1," à;,-f êÂL ,b"*F.' ,"ÀJ+*J.^^.^rl- à" À(m .snt-n*lt" )"

>.^-F" a à^'er^he^ e^^ -lroyue 4o',^"1' L -rune ,..0oh'orr tCr-)tn,n') "^^E*
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.otèlaV ,*ej*ri,.. ..rus^rF m "l Qld.hcf ^"itr*," f"ria0 M', ,rl- q* -tf*

ï. 
i *t ,r*-torr,-a*h u{\ *h;{-e"^f -Q-q r*Jth"J- Je, 

+^Nle' f arv

,rn,Àu.hia,. €^\ tn-'ù ^-.aih*l.J e^,\ \.1, r,ù.1,l{ . P.uÀ +"t)* 
'0*

lq )rz ":ffg+ (ï(r=r)(m,rt')) Èù -0" Àc-l','dvt *^F,'1.. ul ,Â^^$r;-el_

,dy\rrne e.F-n iT" .Y ha ,rrlvr. ,|t,i^re J.{^^t. 
fa. 

t15)1m,m').

Cl*h,we fo,r^ -0* ",hÀ .*,t'to^Ja , eohe 
f^u!^re po,I- a<. JL*;r-".'

ù l

- Jlvre f.\zrx,s ËyaJi"Q!" (e^r, rrrr.ll'qr f ,$hgrf (r,j))

I  iCl . l (  t ' l ,m')  n t  {u;) t r  o, . . , ,Lr-^ tL.+,r  t , , , tL*_, , i l ;  f r  ) ]

o  i { L r \  ( L " , , , , , L ; _ ^ , L r * r  r , , . /  [ ^ - ^ ,  i l , û )

ûrûe f,terr.r)€ 
â{ qhsern"* Jl{tEeÀoN\€a ( orr anrcltaa,'k qbas.}(t,0\

I  i ( r= . )ç r r ,n ' )  n  i ( r - !XL" , , . , tL i - . t tL j * , , . . , ,1 . -n ,  M i  m)  n

i ( a o x L o , . . , ,  L j * n  , L t i , L i r ^  r . , , . ,  L * - , r , L f * r , , . , ,  L r - n ,  M ' , f i ) ]

= +  i c r e \ (  L o r , ,  L * . . .  f L t * ^ r , . , ,  L ^ - n , r n , û )

4.3.2.2.2.3 Vérification de la complétude sémantique

bl4À^ on^ o{ [Ppen e ( A'[PFon* fiifiepcn\ T^ rylat''. e4rï\.,m.l'T- rrrvte

{qpottr.Àa J'rinl^,r\-;* re fta[.PpeX +"^'f ël+e *à/. +a, rr.,r *"Jq-, Àti*t*iq^h

tCl) anr>ou)el 4/n "fic�1:u* 4",^.t L J* f*ta,,vrvme Ppa

Ppe = Ps [F"uao ll.,. l l  Pre,gll ,,, I\ ha,r,-. 1; Ps'

-  v  l lPpcn(r ) (L) (M,ù)  = LVIe C[Ppcn.  (Ppa- :  p [ r \ .+  l (< t ,nr ,< t ,ùr ) ]

?"q^4 L e ( c[PsI u cttPs']l)

-  { ù e m ,  L e c [ P ' . o ; T ,

q  6 rpen( r ) ( rXr ) (1 , , . , . ,  L i_ . ,  L i * .1 , , , ,  L ,n -^ ,  i l ,É )  =

[v r e c [,Pça n . ( Pp" = pl,) * 1 (11Lo,,.,,1.-., L, Li+r r,.,, L.-.,\,m>z(Irfr >)]
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La 
1,uu^:e 

)" .a,nnyQn [uJ. ( J,a,.À o^]i1u-) rm"rr, Fng 
1a�';4 <-rl' a"n 7l'l

J!"ttlh"- -0"," harrne.o g^b*f(i,i\ à*rn )o +'.e{,re. i-y"^rl,.N. ,l- g.b*.1-(",1)

J"r* In ,fretr,,.re J ob."^.. J';t?^l;.- . ECIo rrnrn\'^a. ara; 
1*e 

Q* y*"

J'et"on* âlit4*"^."t f*^i âk- "rnn pl^+l; o\^ tn"ff-**| -0o hrrm. ï (t.\

â XorrÀ" Je .?'Àç0..qb,o. C c1,"e^aJ*}, "^ 1,^rFi1"r- 
,*. f"atv,nz -l--ï-,'0.

fù1",,* i(r! ) fô-u,\^c. t'/,.o,ti,-v f4.- "À pt* *.1) .

tletra J-.*o ,*anh^n- 1* ,

sr e Èa IPpe n cn>[.Pf o J| (e,c)1',y)(r) * ci'[Pgetr(e, s)(vxo( [.fpen(r))

la çnc^r^rc À"if l* .nt .*t'J.,i.ô er^ \,8.e,{,,?,,1,. ÀJatu fr.a",l.mo -.rr,.ri"erte^tl-

,!e cq,À 3,1,.4 (1bur!fle )" ca^ 3.e.4 *f p.rmi.QJ. t-"^J".t 1.u,2 -[eo ,oo,ulo^^I"

Fe -h"rFe^,f cdûÀ,rw\ g e/t^ h, 3, C, f,.,f . f., ),

L. l-*r'"^. ccn^À p"ldar^I 4 ci[ Pf4 n G, c\(v)(<[Ppol(r)) Jaro -1" ,oo

z.z.^ .ol' Pa am1^.\-i"* l'-.u^" f^il^)e éT,t,'.N" J )'ttn* f@)^).
J'otsu-* à'Àlr^tri,n," r

I t(*dI P"o;T(r-;,i!\(n) r. 4gsçllPoarn(li)(m,u'\ n ( vi e cfirçox.

(Pça= pIr)+,  r  ( ( (1, ,  , , , ,L i - r ,  L ' ; ,L)* . , , , , , ,  L^- , .  ] , ,  i l ' ) , ,  ( t ,  M))))

=+ ( t [e  c lPpo l l .  (Pgc= P l , )o  r  (<<1. r , . . ,  L^ - " ) ,M) . ,aL , f r> \  1
^

Aetn,;) L f 11J IPtain(t;,t-!Xm) r. 4gsç[R,arn(l;)(m,m')

:  

, t r .  ctPgel l .  (PFo=-Pi,)+ : ( ( (Lo,. , . ,  L-- . ,1r ; ,L j*n," , ,  L,n-n,  t l '>rqï , f r>)))

=+ (V lec IPpcn .  (Ppq=pË' \=+ ï  (<<1" , , , , ,  l - " - . ) ,M) r< t , f r> ) ) l  ]

1,n *l Àç0'1/ t", '
tt d [hoi n (l;, (;)(m\ ^ tsr [.È',ci] (Lr\(M,r,1')

rr (Vtc c I PpaI . (PFq = f lË ,\  
=+ I (<< to, , , , t  Li-, ,  L' i ,L;n, , . ,  L^-.), n'),  (Lr M))\ ]

=+ (VLe CIPge n, (Ppe= pE,) . .+ r (({1,, , , , ,  L"-^),  M)7 ( irm>)) I

1* 
*f -0.r^ -^â*" ,roi', g1, 1r"' +arv

IvLecfiPpen. (rnq= pl,)+ (9g![ t"o;f  (L;, t ] iXn) r q1çs[Pte;T(L;Xi l ,M') ,r

r(<(1., . . , ,  Li- ,  ,L ' ; ,Lir^y,, ,r  L6-a),14')r{ i , -*>)t - t  r(<<Lo,,. . ,1^-.)rM )r{Lrf i>) ]

1* .of {e learrne d. ColfFpcll(t,c)(vXr) c,lrruçoJa^t} à& l-^"^rrl'ion us'*.'Jôà ou c.1,r8,E,4,
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4.3.2.2.2.4 Résumé des conditions de vérification pour la preuve

de correction partielle de prograûrmes paraflèles

asynchrones par induction en arriàe

Ppo= 4/.,F" [.Pta"ll ,,, l \Pror-.l lor0r*r f l l  Ptar*. 11 ... t } lo,n-, n) 4.0., f,,; f ,

l*^ À^t"""tb^^h P,(-,n) a-oo/ o^r 4"'*f ,. Jr 4td8*d" t} P,t('&/;)

qroo.ril 4q foi'l^k L^ àr, 1^FQuJ. *Qro^^.l- .lo uo[-u .^st^a/"ï-" a- à -0o uoSrt^

$Àale d à^ ,a;aLl.o ( ao^J .l'*/r",Y,'^ *f .r, Z \ , tt.,',*ou^o * A"

oao.}''" Pè (i/ â) +--l'" D, * -0o ro0.rr,. !;"tr" E J* ^ra..r'.bl€o ,

L l * "w" r^ 'a r^ l  P , ,  ( . " , , , , t c i -c te i+^ t , ,1c6 . . r  , - ,8 \  * r r " r * ' /  q . ! t  
+ " t  i  J r r  

çxorc t * ru  L*rl

*Q|. .!^ ;-f "I^ à. .-rfni0. c,t,,,t ai-t t ci*^' ,.,r cm-r J* ^-b"- f.@c€rrdrâ/

.!u *-?"..,no -,r,rqrhe^ re e,l I* oo$,or,o Jr;a!^ a Jeo ,.ra,.^h [1.o,

fuerute 5/6ylsxrhizQlz
æ æ l ^ r #

l^ "md"l'i,ru Je ^r'{i{i.ahon f* l" yi0^à", "0" çr"l-0"J. .t "*o1ue

f'r-ocr,nur h"o.j, ie,n mnl' -0. *âreo 
T" f'* 

-tr* +\rtlr4/rsryvrea ,ll1l.r^l;"â

(.{. r,,r.e,,4.4,q \ fQ,r,)

. FÀq0,À.l-i^ J,, t*o Ql"Q;^"

x l[ p" t,:ll ", ll Ê^.. 4n o, n r\,p
Pç(c,a) *  , t*  Pi(xo, , , ' ,0r .  r  0,*o r  ̂ ,L^-n,* ,2)

. se,.l-i.on .r..il-;ïr,€-

t . ;  t
t
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A .fia?t f "*t lji À,* ,4r,1- l;0, F Lr, , Lttt À^l"û^r'e*f P;i fta,c) n"8'"

lru ûalrrr^ ,tt,.,or,rtq q- 4n &"i 4.*0. uolo^r. d,uo/.rn *' ^ -{'i, J*

"arl.'of,l-, {% "onÀ'l'i,mo )," "r.l;Pt.oV;^ rrnl- ".0ro J." f""{vardvrtu

xJle^l-i.I^ ( c*"",pl-J {,eq^ .l rÀ.r.h,'a{-.j,al'ion \ I

I  P i r (*  ,e ' )  r  P iu ( .o , , , ' t  c i - , r  tc i * , t  t  . , , t  e .^- , t ,  * - ' ,  à)1

==à Pr. (co , ," tèi-^ t ci*^ | ..' r crn-r , *, É )

. I rniliqQr,iqf,'dn dL .t'or.a00,i0,"*"

a 0*r [ 4.. o" ll,..ll {,,r,-r, {r." I P

I râ^  P"  ( ! "  , , , , ,L r -^ ,  L i r . , , , , , ,L^ - . r , * ,  E)  ]  o  P* ( * . ,Ë \

?"qa. hù.q,t' +t^Àt l*i à" l-âuf 
f'rocl,\vr^ 

F**, , &r(,n,r,i)

. Cp."mrmom Jo. *,rQ!.

ot 0;r, rl$-r L;r. I

( Pa, tco<- 2s, J rr hi[.;*4r. 1 ) =+ P*rlcr..!;^7

. C.rrn"m *nd" /"' rffu.hoh'cn

o | i n ; v , = E 1 L ; r , f

(  Br["u*20j,  v-e1 ,r  Pxlt  "n* L,:r  rvee])= PriL ""eL;r)

x 0 . . r  V r = ? ; 0 r . :  I
V' . t 'eû.( P;r["o* n*ù,u+nn] rr  %r["r*4r*rv*, ln1)* P*i [" ,  +Lr^1
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Ccrr,n,rryr o^)u .o.rài f r'onvreQle

x0 , ,  *P  s  t hem
L1 

-T

?.. .
L z F

1,. ,. '
i r

e0ue
L , .
+ \ {

A
{ir"

C,om nt'ornJ" ifeiahurte

aLr^, o,1"{g B &

D" i x '

Lrr' 
I

[(!* L.u*e*.1 ,r B r

r'.-r B r. Pai[ "r* gr*:)] =o

,r PgiL coo.L;ul\

1,,,

[( T,
( p r
\  { .6-

p'
t

i .o+ OsiJ a B r.  Pu, [c *0 "])  u (?ut.u*0xrJ

c** 00. 1 n %i t., n Lirf) * ( %i [c, * 0r.1

o&;

I ' ir" \

Pai [., * 0ro1

Eit r" L;*1)v (1.. t"*. 0s11,\ r a ,', P*. lc;lru ])l * [ t 
rU,

e !.rn7 nPr,ti*0rrl1

. S"cl-,'c'n odt-ire

+\

I  Pr { - , - ' )  n  T , , (êor . , , r  cÊ, - . r ,g41 ,  "p*n , , , , ,  . i -n ,C; *^ r , , , , r  cn- r , ,  * ' , ; \

n  to ,  ( t " ,  " ' ,  c&- .  I  cÊ* r  r  " ' , ' i , . ,  9 r , ,  t r *^ ,  " ' ,  c^ - . ,  * ' ,  i )

*  t * r ( t , ,  " ' ,  c & , - n ,  c Ê * , ,  , " ' , ' ; . - ^  t  L i n ,  " L r n t " ' r  c n - . r ,  t r i )



4 -90

4.3.2.2.2.5 ExemPles

^
Exe^npte | r ,3 ,&,1, t , ,5-4
, \ æ l æ

. Atseanee à'Àlwt|qtic,'r Jr, -pno",aoua A *". !q f 
t€ll^re dr 

1"o"anu,o f 
,

IP*r {* , * ' )  n  Pru ( . r t , * ' r i )  r , ,  !n  ( ru  , * ' tâ) l  =à T, .  (or , * , i )

IPo"(* , r ' )  r  Pr , . ,  ( / \ ,4 t )  n  T. .  (c , , , . ' ,è) ] :+  T*  ( t^ , * , i )

l,Uo ,.rmp0* fd n"*p0. 1t- Ja^ro Owi.h-eu€a[16 ], N'ua Jerr*^u ̂-fn*

^ . Lqte )lz ,F\rql(a,/(n/tY\e Nr^}a,\r,l :
l l \

o 3 *
II

41;  +
. | l ;

t ;=  : (+ ,1  ;
.{ 3:

h
, ,  4 \ '
tl

8 l r  (
dlr

æ,',?3+'{ i
x 3 :

h
'I| ur'
J j

a.

eoF çotl"Q0e,*" f " ^er}. f,* ,

Sf?el  = (3=o)

V (=,i) = (; = a)

t€. qundjh'.ru )" "J;Ni*l'"^ pont !* eoi*at- i

. FÀe QrÀal'ion ,

Pè ( i , , i )

P. (æ, i) -t L r"u trr.., æ,i) ,r P,,u (aq, æ, i )1

. P'ræ..r,^re lcle*h "QL ç*r 
:0" 

f 
'rocznul t :

!. (o,, c)

Pr, (.*l r *') + P." (9 z')

Lr" ,  { r . , * - ' )  n P.u ("n,4n) l  *  Pr.  (c. ,o. , i )
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. be 0q ,mâwre omq^r*o, rnôu^ 4^ld\D 4rûe +\2t Ûe n"'1^l-i"00" fW

Ie -f,uacewua ^ ol -url.4 au,rciure Jlab.er"l.c, dtrnluNetrat.*o àrL

{>xrce.MurÀ
4 il)4<, Qa. l^r;u.:ûQ. 

ârl 
4>.locemul x .

. I'ni t'ie 0ria t''.rYr :

I  P..  (a.1, <, ë.) ^ Po. ( .r1,*,Ë)]+ f  G,i)

[ 4(*\ ,. P" (æ,i)J + g (r.,i)

Ealur*e J'. -0" 
f44.rr,lle 

:

0 :  {x=x-2}
{fr L  

1 1 :  
- i  

( c 2 = 2 1  n  x = V - 2 l v I c z  = 2 4  n  x = x - 1 ]  ]

'  
L 2 :  { x = x ' - 1 }

X :  =X t1  ;
1 3 :  { x = x ' }{-r)

L 4 :  { l " r = 2 1 n  x = X - 1 J v ( c z  = 2 4  n  x = X l  }
l l

2 L :  {  i c t = 1  1  n  v = V - 2 J v ( c r  = 1 4  n x = X - 1  I  }
v

{-
2 2 2  { x = x ' - 1 }

x :  =x+1  I
2 3 :  { x = x ' }-t.  -

n )
2 4 :  { [ c t = 1 1  n  x = X - 1  J v I c r  = 1 4  x x = X ]  ]

TI
l J r

J :  t X = X J

n

lÊ. 
f 

,.rttâ^mvvvre jo,^"01è0" *.'p.1**" Àdlo^J' .aLru(z f= "! "f^L

lgg?g [,3,s,s.{,,r-{,

r n > 4 ,



0 :
.1 . z = 1  i  n 2 i = n t

4 1 .
Î  r  

' = ' l  I

4 1 .  
'  1  r

; :  w h i l e  ( n 1 + 2 1 . n ,
l J !  = . - - -

4 A .  n t : = n I + 1 r

4  t r , .  T  I  :  =T  I  x  n  1  ;

2 4 .
I  z .  t t z tz z a

- - -  w h i l e  I n r + 2 J c n z
z J i  -

2 4 .  n z i = n 2 - 1  t

; ; ' .  f  z :  = f  z x n z ;
4 J '

n d .

z Ô 2  -

( n 1 * 1 ) = n 2  t h e n  f  : = f 1 x f 2 ;
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e l s e  f : = f r x f z x ( n 1 + 1 1  ;  f i ;

n t
n'
ll

d o

" .  l ;
f t

Lu .snd;h'a* à" uâiJi*h'. aonl' .0^ p..rlr*L '

F vraCI"a,hay1 ,

V6, frr /  frù, . P,.. ((,1,;. ,

[ { r. f 3* f,,*{"],r (m.+r).mo)v (e*[1. {xfor(,nnrr)1,t (ar.+r)pao)] * P.

P.=+ (e., tcne,16J , '  ln[co.r-eel)

. ?+eute pJqo*tIi"00" Cr' ç'toee*rru + r

[ (Pr. rr (nn+r,)<,tr*) n (P* r, (,n *a)>.'vro)1=+ f P., n P.o1

P.o[{re 
{oxm.) * Pr,rr

Pr,, f ,noe- tn;r1 + Pn.

Poo I to* ,nn 1* Pnn

. paarr.r.le d'aL."rncc, JlÀ|'.,tÎâr",rtn à* 
lrrrceaaul 

& a*u, 8a 
ftcil.,le 

Jru 
1"o.enu.l,t r

P*  
{  =1 , , , , , â

[ (Pr, ;"n- ri1 r. (,n rr,)<^, ^ a.àf""* tr1)v (t*ntc.+ljl r (o.+r)>m1r P.;Ico.ae3)J

'=+ (Tj E,c.er, l l  I  q. [c.<-rs1)

(P., Lc,n*a{,&*{.x,onl rr Pn,fc"+rl fo.1"*.*1) * Bj Ic"+ ar.]

(F.u [..*-ti, ^.* ,o6-a 1 n T{["n*&trr nsê ,n*-.rJ ) * li [c.<- 93]

(P.af.r* 4!, l"*,n. l  ,r P.,E"o*al ,  ln*^*l) 
* P.i  fco+e,r1

. 
'14 

tRrr^rè È"1ur"ti.Qle À* 
r4,ocëtva t 

"J la

à"r*Ye^prrt r"^ à, ft<æeanaa 4 atrLc ga g*rrrle

i l", In,?,,Ï ), ( ô,fi.,ô",i.,?o,i r)i", l ,, l

l r  I

lbFujr^)e d abse,t^c4,
,.

ëJl l>+Oc*U.tl, 2r
I

"À'' €"ir,:".
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I.nil'ial,Àal,'ôt\ :

( P.. [c."<-alf rr P., E".et]) =+ B

T ttnn+lr or,rrnl + P,

( nrtl ^ P,) =+ ( i= ^! ,r f i=q)

Lt etqttir"te- à. -Q.o
fn-€rtle

* F i

N atro f 
^* n(a, b) = (ort * o x (q.-r) x ".

r = (m=-m r' [ 1fr.*,t= qr!  ̂  f =i.rl"lv(d.+rf fr, r.

t r" ' r  l : t - rr=" i i ;=Ji
D 1 ! = 1 1  h 2 i = n l

1 :  { t f l t < n 2 l : > t 1 < i - z - n r < 2  n  r = T ( n r * 1 , i - r l  n f z = n [ F z , n z ]  n  I l ]
IL

1 1 :  { [ ( c z e  { Z l , Z Z }  Â  r < n z ] v ( c z = 2 3 x n t + 2 < n z 1 v ( c z e  { Z C , Z S }  ^ n r + 1 < n z J  v
( c 2 = 2 6  Â  n r < n z ( n r * 2 1 t s > [ f  r = T I n r + 1 , i - r ]  ̂  A * È  ( n r , F z - 2 1 < F - r < F 2  ^  I l ]

f 1  :  = l ;
L 2 :  { [  (  c z e  { z l , z z }  ^  n  I  < n 2  ]  v  I c z  = 2 3  n  n r  + 2 < n z  J  v  (  c z e  { z c , z s }  A  n r  + 1  < n z  J  v

l c 2 = 2 6  Â  n r < n z S n r * 2 1 t s > [ f  r = f  r x l r ( n 1 * 1 , i - r J  n  A * p _ { n t , F � z - 2 1 3 n r c n 2  n  I i }
w h i l e  ( n 1 + 2 ) < n 2  d o

1 3 :  T f G l e  i z t , z z , z g i  n  n  t + z < n z ] v ( c z e  { 2 4 , 2 5 , 2 6 }  ̂  n r + 1 < n 2  J  l
: > [ f  r = f  l x I r ( n 1 * 1 , F 1 )  n  n g p ; ( n  t + 1 , 6 2 - 2 )  t < n 2  n  I J ]

I s  :  = r l 1 * ] . l
1 4 :  { [  t " g .  { z l , z z , 2 3 }  ^  D r + 1 < n z  J v ( c z e  { z + , 2 5 , 2 6 }  ̂ n 1 < n 2 )  1

:> [ f  r= f  rx t t In r ,F ' r  ]  ^  â*F* t  n t , f rz -Z)< i -1<n2 n  IJ ]
f 1  i  = f 1 * n 1  ;

1 5 :  { [  t c a e  { 2 1  , 2 2 , 2 3 }  ̂  n r + 1 < n z  J  v ( c z e  { z c , z s , 2 6 }  ̂  n 1 < n 2  )  J
- -> [ f  r= f  rx l In1*1 , i - rJ  n  o^*p- (n  1 , f r2 -Z) ( f r -1< i '2  n  I ] ]

o d ;
1 6 :  T f  < n 2 - n r < 2 t s > [ n z  - 2 < n r = i - r . i ' z  n  t r = ç r  n  t 1 1

il
? l :  { [  t c i  e U 1 , 1 2 ]  ^  n t < p z ) v I c r = 1 3  A  n r  + 2 < n z J v ( c t  e { j 4 , 1 5 }  ^  n t + 1 < n 2 J  v

( c 1 = 1 6  Â  n t < n z S p t  + 2 ) H > l f  z = n ( n z , n 2 )  n F r . F , z < + O f - ( É 1 * 2 , n 2 )  n  I J )
f  2 i=( t2 i

2 2 :  { [  t c r e  { l l ,  l 2 }  n  n r < n 2  ) v  I c 1  = 1 3  ̂  n i  + 2 < n z J v ( c r  e { 1 4 , 1  5 }  ^  n 1  + ' l < p 2  J  v
I c 1 = 1 6  ̂  n r < n 2 < n l  + 2 ) ] : > l f  z = n t n z  , n z - 1 ) x f 2  n E - r . E z < i , n ç t n r  + 2 , n 2 1  n  f  . 1 ]

w h i l e  ( n 1 + 2 ) < n 2  d o
2 3 :  T Ï T [ e  i l l ,  l z ,  t s ] - À - n  t + 2 < n z J v I c r  e { 1 4 , 1 5 ,  1  E }  ̂  n r + 1 < n z  J  . ]

: t [F r=n( î -z  ,n2-1 ]x fz  n i -1< I '2s^nr f  fn ,  +Z,nz- l l  ^  I l ]
n2 :=n2 'L ;

2 4 :  { [  t c r  e { 1 1 , 1 2 , r c }  Â  n r  + 1 < n z  J  v  t c i e {  1 4 , 1 5 , 1 6 }  ̂ n r  < n z  J  ]
= ' > [ f z = n t r , z , n z J  x f z  n F - r . n z < f u { t n r  + 2 , n 2 1  n  f  ] }

f  2 : = f  2 * 1 1 2 ;
2 5 :  { [  t c r  e { 1 1 , 1 2 , 1 3 }  A  n r + , , l < n z ) v I c r < {  1 4 , 1 5 , 1 6 }  ̂ n r < n z ]  l

" _ > [ f z = n ( n z , f i z - 1 )  x f 2  A F r . F - z <  i , ' n Î - ( n l  + 2 , n 2 ]  n  I l ]
o d ;

26 :  T l  <n2-nr<21-> [Fz  = f  z  A i - r< lz=nz$- r+2  n  ] l ]

n  f t  = ç r  ̂  f z = f z  n  I ]
t h e n  f  : = f  r x f z ;  e l . s e  f  : d 1 x f 2 x ( n 1 + 1 ) ;  f i  ;......- 

^ r ^-: ^ Ât
î z = t 1 z  A T 1 = f  t  A T z = ï 2  ^ T = T J

x t l t )  " t

f= i.l.* 6;."r))1 )

3 :
T .( . _
t n r  = n r  A  n 2 = n 2
j !  ( n 1 + 1 ) = n 2
{ n = i -  n  n 1  = n 1  Â

!

4 :



RerrnaÀq.re 1,3.t,  $,1,.f  -3
æ l *

4  -94

/ tlrn +vrn"rl"" à'Àùrlilq' *vot*l-a.tn'âr ,Àqmil-*+rù
\  æ l ^ i ' . ^ ^ - { à  æ æ

Lro )tt*ai""i" amodel en "Aoy. 1oàl- Je "âo1rr" +vol?*v$

mnT- J. ûa 
4*" 

A + R àL A )+"^L )- *a8* ..or,,t o'nl* )o lY"h ).

ar.,t*ôle J* r*h* {rræceftâ.t.tÀ "Y J* *oQ"-.o .at,>o,.^F* àrn nro^^a.[leo "t g

.at-.r-rrvre to.0ql-;,tn ,"k* -0* *Q".* ,"uno,*u et 
fit.0* 

)^ aaniaLlro, A

Jd*rl- e- î^ 
q, él'.' o".am p0" U*al i"^ "f & à.',i? ee y "nul" d +"t;e ,

ca- or.r.E-tk él: ev\c,JLQ- f lr" "8*, n ry'totr-D a^)4'6r\.ù oh'Ué )* truran'o'.r1,

*JtnJa^^t 1"- JJ*;J fL* 1*l;rr*t -1. *pJ.^' rt à* f'�qrt'tq,,n,im9

la+ *p.0*

l,r l[*rl r {,,,rl]+[,t=Â r rr^:il. Â ,r,r--ô,, ^ {"={ ^ lu={-" ̂.f 'f t}

1,3: t IL(. . -- , t , ,  l  r t \n=,t  rr  rrrr+t,(nn)v(c"e lau,.s] , \ ,v l , r>,4 af =o.!  , rn. . t t<oo\v

(co',1ç ̂  n^>4 ̂  f.=(nn-.r\! À n +,t cnr\v (cnellrr,lr) ^ d\,r>'l I fr"n ! ^ fi.i+'l...r)l
n 

L""r^ ,r {o= n {^o,,nf 1* [fn= r(ù.,rn6-r)rjn ̂ ô.<6u( *sf ô-^ +è, mn\ ̂ = I }

C*the 4.-,th{.,h"' ,Nf*\-" fr^ 
â'Ààrc}-,'on .M orr,.'.,à )r"r;.;f àle'

."nt"ool-.1. e+?-c- -? -rlt"l^,'on ù^ *"',1 ( L**f*l- L1+1, owirÊ.r'- Ç'rrlc"o [+e o] T

1-""*ef )" ^f,*.?"* ce 1,*,' a *'l-.' +"^f Ç,e, A) *oL /ncrvr "* T; *t a

{ans 
( i , " .  È\ . tâû^ ..*p*Ào. )" 

4arro[ra;vnnme, ̂ L +ù 
"{^^r€r^}e-

. i u f "  ô
à" *Fie.

à f""Ht,," à- cc 1* o JFi I*t ,: â" -f.* op.Lf,"."hlm

A?.M

P

Ce,hc .,r^.rhohqhidr, +âui -0" 
f 

\rtxa/rvvh" " 
{o"l-,l.r'.Q,/"" ,nl on +*rf X^;qt".

/.q 
tlLe{r€ *t- Te s: (À+R) où A(o\ = [ lre s[P"n . a[t) r, L[.P.]*(e,r)] .l

R(r,Â) = [ u[xl*(o,i\ r, s(Â)1, *l- f4* ).Lt\ ,,nru.a,.r'q.^'f fr.r^ -ltÀàu.lin

1"rt 
l-,,e +,,A arrÀj eie, 1- I: 

n) 
. N ohea, 

7u" 
n ùu.o a.rr,\r'ûnô 

f* J rril "nl'""* -0*

""^^pUl"J. ^" "^J-iî." +o<LL ,'dJ-^r"f,'oo -t"-f,'*w.0L eqt o'a,*Y (-'ià etl

/rFiQÀa^^.|- h, heô" €if\ ),.Fi/â.J�o,^t gn 
fd*f" 

d',,nAurl-,'on rrs,.ttle,L C{:')

* 
1or,l- "É?,'* "1. finaoql,n.rln ,f 'r"i{t'^r, 41-,'an A xr^, .0 

'"'l-"} 
o,r^o ,,I à-

t*S*", 1* f"n^o,,l- o* {aw ev\ *^h'Ua,^l !" +''";+L d îJ""h'd'î

€rJ\ A^'

w
"^t Cr-) , th Ltt$.4- ,n,'Ï*Àe "À$**o.h,'an R au * 

1*ri 
-'l-" à

Csà /ï\s ,,"*"* "t fqa ro,rt-efoL àe ng{ie^ )e *"poh,'o t"ht
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t'àlol .o,rÀar^l "f ll.Fof j^iFis0 l* -Pltotltalvv\xne (f* ".ntn,pQ. )ot*'8'e.

f\{t{,tarrrvrvre 
1r,3,&,t,,1,.f-g / ôq f"rtT- *fd* îre 

.h=t d{o l^l^. O' ,t'Jonc.

I1^e Q* uoft* innih'qlea t ù {rt'aQ* rn- à" m pr.,l- dtre0- , nnaio on ^z 4n-J

1boÀ e."p^tina*, 
T* 

n!= m= fr €,ï\ l'o.rl- toir^'l )* ao,æ1"a,wwn"). P",r^ q

ltirv.- 
môu.À f^,oycntrro d'*,.1'tÀ.^ ,.tv'.r,,n^ra^r'q,^"1' K(A,A,I) 

1i^t 
i.l

asr,[.nn.h,ao J. Lt;n't"uîatf r(4,4) ,,"|.,0dJ ]orra -fe fù*. d'+nJ^.rh'.m (-I-)

eY àz -l'r,na^rq,n^'q,,,l T(a,E\ r,"t'Ué ào^^ )" t-ritt" à'r^ùt;arr (-T--t), *

1* *m J^^^t- a.'L 
fd*{'' J '; J*"l'ian y*aÀ '.

[  1  x  e  (s t * { t , f  } )  ,  Yg  ,a , r , ' ,Â  c  s ,  ae  A.

[e ( r  ) ^  s (è \  l * [  R(è ,è ,Â) r r  r (4 ,Â ,Â )1
^

I e(f) I r(A,r', Â) r. to(oir) r. s(s\1<+

[e(e)r '  En(rt , l )  r .  K(èrr, f ,)  r .  c (À) ]

[Vçe z<s,A,b,e>r  r€h l .  (c( f ; )  "oq( f , , f ; ) )  ]

(-lf '-)

(s(ç;) =>

Pcu,,r- ,0o 
fÈLQrJ,rt€, 

Je "ano.Fiort , rr\èuâ q/uô^a [$peZ<s,ÀrEre>, r.ltl r iea .

K (f,, td , f"\) ] . Paor' -0o 
f^zs^,e 

J. *tn pU kJ. lcÂ " h,I * ., J

J" - [ r .Àt i , ,  K(è,a,r \  = [ f  çe f<s,À,b,e),  i . l t l ,  i<,r , ,  -ç.=a r  f i : ,ô n ,o, : r  r .s(Â]1.".^,ffth
D
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4.3.2.2.3 Construction d'une méthode d'absence d'interblocages

dans les programmes parallèles asynchrones par

induction en arrière

La n*Jt-hrJo, J" f ^e,rore J*.loçpâ 4rr f^oX*fh" 
t{.3,{,, s,Q

{^ f\rt4ân{\}rv\ca 1"^oQlil* *1*o0;r"n* /è4 Xââ"1-1" ,ilM S;!l;"*Q*^

f".* ,[* flt.rXno,r,vr{\1â ""la^aCIal, .rftmeAa.cnsâ à;l;'A ,^ z,t,t. Î:an

*r ç0" 4,".r^ .0* o.-"","1^,"1.. !;LL"0. Jeo a.-.p}.^- ,t'*l)à"" on

à,8,f,3 , crroLLD "Qrt'"* )- "or',J* l-ior..o J. ,*i{,'"ol','on puù>ar^Ï^ |

P"tru^r<. o" qrr*h'"Q0.
æ + i æ

, o !i^: f (se) : L,:", P
(sey o n BrESee se-r])  ==+ P;n

.  q L i n :  { ( s e ) ;  0 n * , p

Pro[ Se +- 5e+,11 + Prn

B:Xy." d'a to*v,"" {bj*ll*l:e

(f* .Aoqu" fr, l- Lui J" oflo1*. 
f 

È'rceô-uô P**., & e (,noi) ) ,

. ol,ro: 
f 

(se) i lr"r l5

(s">o ,r  P;r [c6egx, r  se*se- l ]  ^  
kt  

" i* l i ,  se+se' t1)  *  P*{L , rn ! , r*)

.  nA;n:  . r r (se) l  9;" .  È

( P r " l " g * n u j , " " r - S e r t l  , r  % i t " ,  
* 2 i ,  , 5 g * 5 c + l ] \  = +  P * , [ . ,  * 4 i r 7

l'.*Jo.h'an àtrut, 1b4o1i@/(tvrne- ^t4tclltdne not 
X0-fo0"*.^h 

\UTL

nù A fFu.rc€l${.{a 
.n'.*l- faa ho,ra l-.ar*.rn i "l ,ru fa,o 1* 

f*t* 
J.},ù

{L.J.r.l,'^ ntu"f f* 
l-" ̂ r"rir"â r,cl\- €rv'r o$enlfe 

f* f*^J- 
rLNl

-''l"qa1û^l- . P0"^ {^"*"00* r^t ) t

Pf t = Ps I Pr,..ll .., t\ P*^., 111 Pu'
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^l^ Pf. *f (XQ"fo!.**l) 4r.*.4i, d*o -L'tf",f a ar "f pe"Q"''.eJ. N

plP1"n(r) ""f ^nar. , a)rec i

Pr"

p E P p s n ( ^ )  =  [ 3 L " e  c [ , P u . n , , , , ,  L r - . e  c l l P t a n . .  n ,  m e $ t P p s \ .  À =  4  L o , , , , , 1 n . , - r > , M >  ^

[[V;." . (F*r=qLr, f (sc);5 n f1(se.)<o)., ( Pu"= * Li,)l
A -'Lf 

i. ,rr . -r (Pta. = * Li ,)l] ]

))r^ 
flt,o1x^atffvrv\e- 

Pît *l- ,tcrmçl ùtr*\-..[0oc4tc li d)tur.\\e ooi.ruh';ln à-

/\{ "CIJrrrl- { .,iq cj l-af æi Pf , *t &U # , "t-l- à' à;"4'

V1e Z(ssPpsl l , ,  f r [PpsX1 f  IPp.X )e >,  ,  e lç l  .  -p[ .Pptn( f r )

C r*h A^^c 1nc poJe'l-r' J'r^te^:o^." ô; s(Â)= Ë .l Y(A,I\ = . f [.Pp"n(Â)

rûe ârp.nd" f EÀ J. Ll"t À' l-i*.o , N '"f d 1r,2,,4,3 1 .Ltq!r^,. àt ;rfoÀ|. *Xe

terrf âhne y^*ë. +* ;Àrh;.t\ on at^ià" , u,t ul,'!Àa",,i -0" f"-tt'.
d',,^ â^rch,'ovr . nï"aço,i l-;f (-; ) ,

L .{oiq J'r^,n l*^X"1. f* €a.fa{r{yre,, )^ i"**to,,^h .lo"-.o J m

vln""^hi1," ool- pài-Q.àe à ..Q*i J. A .o,nnrh'* çoruf,eQle (.f. l,r,r,e,c,r;

a-*pl-. ir' * tri^rt L; J* 
lroce,ntra 

i / Mlq.â a^rdrÂ nr{t itwa;u'^^f

!o*0 Jr .0" 4*" r
i  f  t ) t  L0, , , , ,  Lr -^  ,Lr*n,  . , . ,  L^-"  ,  M)

a.r. Iror J"

t  (r-r \  (L.,  , , , ,  Lr-n,Lr*^, , , , ,  L.-. ,  14,É)

çùg^';l m'rof tAr- -"." o-" àe n"he, )en dl'"h <tu\ai^,E "-l- f-ia-v.

Lq Jùntcrl-,'"o J* .,snji Hano àu r.Ji{i.oh'o ad\^,rFem J t"ir *^ fo

{'ÀJu"fior ). (-;) *l- ,0n *ô"," "f" J" * l^ .1'*e1*1t* 4,3,s,e,,c.r. .,l '

q,B,&,L,4,3 n'n qYr! qrle )^ ;lqht -u or;t^ ]^u" a.rnl- cnrà. h" cQ^ q""
l f l l

x^\-t"^'t- rttrtnF
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. T.ni t-ie 0ù o li crr

t ta E sttpl" Il . e (a) '+ . x [Pp"X(iXa) ]

= L t t6  c [Pg ' I l ,  Ie (ù*X) ,  (Pçr r t ; *  ̂  { (U \ )+  -T( l ) tU l l

Fr^naQl,oo"firn

[v ; .  sEPgsX.  pEPpsn( ; )  +  r [Pp 'n( i l t r ) l

?**I Â ,n'*k ,ç* J" I" ]^^" <<Lot,,L^..,),s) r p[.Ppsl(Â) " l- fa"^
J. p*l-" T" lo ."rr,Jd h'rn e^f Jr,.ùx*P*.^^l ae^ili"L , o ol "-01. -l

ëa*i^ta0"^,,..l-" à :
I

[V L". cI Pu.n,, , , ,  L^-.  e c[P.a,.- .n, i le n[Pf"tr .

I Rp"= Ps l[ Fr,o"tl,,, ll Ptr..,1; Prt r (3ietn. - ft= cLir)) ,r

(Vùc rn. ( P-r= nL;,)v ( Pr.or= a L;: f(se); 5 r i4(se\<o))l

ott^ i  l lo)(  L", . . , ,  LÊ.. ,L&*n,. . , ,  L^-. ,  n) l

r*f,rtrrn"Q0*r't"*h., f ùe/. lïrÉf I'ç0. Lo,,,,t Ln..t Jr.'t'ilretl-ea r"8!^ 
1l.tc

- Li J.* "çe ,u^\a c.dûl,tw\ a,.nde L, t 
f lse\;

( *, 1^" 0 .a,o 4"1*, [.Pçs n (, / LrXî4) = [ u (s")sol )

oq, brtrn

- L; J.a.1o" Ie ç"i.-l- Je p-l'io J^, -pnlr.orto.r,o 'F*,;

( arq "e.0 co^ W#[Fpsn(;, rr)(m) -- ù )

ù t-"0co 1n'"Q!- Àe J"f i1-.rl- 4oo l-ot^ J* 1o:,,,k J" n#?r

.t\âttA J" no *a',61-nc,r, Iu, 
t

/:2* t&ry{sEPp.II(i, t-r)(m) * iê * i (rrx Lo,,.,, L;-", L;,,,,.., L,,'-., H)
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E*.rmu0c. h,3,g,Q,,3 -,,1
e l æ

côr'È.J"LMÀ .le f*X* e ,Ë Àf& )"^ù'a^,f ,

o: ,,-
IL

, Àit gï"0. &13 & Àrt .f(rn\ ; .r3i t(^); ,l{: "À; À6;
t l

g.l: *!.r& &113, h ?tr Ç('rr\ I &rr g(,rn)i &\.. oà; r,i;r ;
3 :

le. ."srtJ*l-r'ona J" ^rrÏ+,'.ahon o.ml- l,

I.n i lr'e 0roq f,'en

4(tn\ + . f ,( 'n)

I,ndrrcfi<m

. I T., çr,.1, rm) r Po.. (.u , m\ ] + q (,m)

, Ptp.rr,rrc riy""li"U" J.^r 4,r,ocearutra 
.l :

l , ( c'rm) '+ t !,. (cr,or1 n \, (c",,m)1

t *, o ,r P.o ( co, ,rn-,,r) ) + P"" (c", nn)

P.u (.o, ,rn+r) :> Pr, (c1, rrn)

, Abearce. );l^1";,r^r- â^, 1no..,oLr, I artæ. la flcc{^,e Ju p,'o".ttra z t

Potr,u 
f,: 

-tr..,r s

Lç*rai ,nn) , , ,  P" i ( , r { , rm)]  *  [  Pni(r ,m) , r  pr ,C.rrr , ,m)1

L ̂ ro r. P.3( li, nrr-,r) rr Poi (,nrnn-r) I'+ Pr, (.rûrnrr\

I lu ( {d r .nr+ r) n P"i (aq, rm+a)l * Po, (.rr, nn';

, Lq 
tluerur{. ,od1.*h'.80. â* f}@c€ÀurÂ ù "t -!.a 1,tt^t_ Jthre,ur.-

d'Àl-ouf"(,"^,r.* àl* 
f'"roce^ê{.u 

ù *r"o -0o 
tH€u,\r& L +rcoceyytA 

.l

*h p.,vnt Qaue.

. P3 (*) =+ [ q,u (lc,.m) n P.r(rsrnn)l

FÀq 0^À ah'on

, T,Y\l-o,\0occX" 
f.m.'[lo * ,r9 c] r,t I

M.( o -+ L P,"(et, m) n Fo. (rr ', rrn)]
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, Imï.n-l%*t, 
1.t 'e.hlo 

sfl Àz el zc:

r{n <o ==à L P.u (as, rrn) ̂  P., (.,rt,,m) 1

. I.he'!0ocqte .parribïe s$ Àr -t &e. ,

,n -< o + [ i, (tz, ,tn\ n P"o (re, ,rn) 1

Ll^Ti*" àe Qo 
fR-€rA,€. 

*f ,

0 :  { m < 1  }
r
[ t r  1 1 :  { [ m < o . a  c z e  { 2 1 , 2 2 , 2 4 } ] v [ m < 0  ̂ c z = 2 3 ] v [ c z = 2 5 ) ]

whi le  t rue  do
12: 

-T[nfr-î"z?{zt 
,zz, 24i ]v[m<o n c2 =z3fvlcz=zil]

4 (m) ;
1 3 :  { [ m . O  Â  c 2 e { 2 1 , 2 2 , 2 4 } ] v [ m < - 1  A  c z = 2 3 1 v 1 c 2 = 2 5 1 ]

ù ( m ) ;
14 :  { [m<o  n  c2e t21 ,22 ,24 ]  l v lm<o  n  ç2=1 f , ] v [  cz=25 f ]

o d ;
15:  TE i

il
2 l :  { [ m < o  n  c r e {  1 1 , 1 2 , 1 4 } ] v [ m < 0  ^  c r = 1 3 ] v [ c r = 1 5 ] ]

whi le  t rue  do
22:  

- -T îm?o- îcËUl ,  
t2 ,  14 j l v [m<0 Â c1=13]v [c r  =1  5 ] ]

â(m) ;
2 3 :  { [ m < O  n  c r e {  1 1 , 1 2 ,  t 4 } ] v [ m < - 1  n  c r = 1 3 ] v [ c r = 1  5 ] ]

u(m) ;
2 4 :  { [ m < 0  ^  c r e  {  1 1 , 1 2 , 1 4 } ] v [ m < 0  A  c 1 = 1 3 ] v [ c r = 1 5 ] ]

o d ;
.n 25: TË ]
J} ;

3: { .w }

f*{.tr,"rneCIerrne^h, e./$ "l,oy. f".al.}- J* -P^.ot'qa/rn^/vr€ ^ndr{ra J,rtttt.mo

r.r,r,.ne ..r,n À' h'an />t$lr rrn qrrr ç,ol- neâr6q./,(,- ( *o; f€^tl'. êk" f aâ n- ffrÀ*^,f.)

f * Te 0. t^pqqryv\^/v,'E rr l I' VAt 7^i 1"ù* Fo^J , P'.- 1-".,e ..tte-

.o,rài!;^ n'eoY qo,. noh,{a}L" fo^ 
let Jl-at Lt "^tr"L T^ù

Âï\ >r 4 , Qu fn,o tÀa/1^/{vrs r!\q f*^t- laa â' F',.t $" ?J ,

tr
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4.3.2.2.4 Construction d'une méthode de preuve d'exclusion
mutuelle dans les programmes parallèles asynchrones par

induction en arrière

ba11À( Aeg-\-r'c;y\À d'-rr,^nf fttO{ta,^rnrWfe 
pont- rn .nç,..[.^nu* -,rl',."00e oi

"8.0* /ôee *mF,'.^rn.-,F 
f* 

à" c-{tft^vl ^J* 
T fe:.u^r"trF 

ptc,u,,/c,xlo.,- en ,nîne

t-enps. 
, 

,3çp..no" 
T" "Ai (up""l-ie".J .ai) ^t..t^ 1*'l[tJ

.onq*i^t\e 4'^*[T. J* Jl-;y..$"o op1'"^]u-^J à !* ,'".,F,'^ e

â,^ .lçn-ocery:a;a f*; ( *nr"&'.**J Èt 
U ) À lr"Hrt*/mxt/te. I

Pç s = Ps [, Pro, ll ,, . ll F'^r-, n ; Pu'

' Leo peJ,'om ca*li1e" p",tt- "vr ,*rl*i^ *,rl-u.Q0" a; eÏ *A*nt * i

V1e z< s[\sn, ftEPf"] l ,  EILPpsX, e >, {e l1l .  q9[Ppsn (,,[)(a;, oo;)(4*)

ù|t-

,rne[.tpsJ(i){\(a;, ca1)(i) = fvL"e cllptr,n,,,,,L._n€c[^pna*-.]1, f4eu[pgs[.

À = (( Lo r ,,., L"-., ), M) + . (^i (lr) n .^; (r-i))1

l-/rr".?r*cn ,rn..rl'u.&r etl .rr^. f"topnrell-/ d'-rnntqÀ.'qrn.{, 1^^. ar'*tf ât'^€"

àÂ^Y".tL a/û -h{*o "f .0s f*^*{"* ârrÀJ*r.!-,'o11 ..ml'"a,p,"^f4 * "n^rd.

CJt. L€^ ".n'\d^h',"* àe "Ji{,'.ol','* p.tnl- ,Q* a"rin;{o,reo ; ,"A^

fê{.r^, 
,CItef,ser\c€ J'i*l-eo.bQo cqtci , to.ryY. f* .Pq frÀ<Q^;*h* ?*

eot' ,

- Fô.a{*ofion

L - '1S[Pps](d,i)(c], ca;)(À) + Y IPp'n(ÏXÂ) ]

= [  ( .a r ( l ; )  r  c r i ( r i \ )  +  
*^  

i (Le) (  1o , , , , ,  L { - . ,L f t *n , , , , i  L* - . ,  M) ]

T,o{r.,neQ9ortt.o.h, 
f*,rr" 

fo".feÀ -l"o dl'iltrette" Li à, P*i t.|(lu q^te

cr, (L;) u-F fi J. P-j leQlu 1^re 
cai (l-i) ,

Ï t f - r ) ( c o r , , , r c i - . r ,  L i , . i * ^  t , , , ) c i - t t c i * , r  t . . , ,  ê ^ - .  r  M )

"l-
i  C l r l ( . o , , . . , c j - a r  o j + , , r  , , . , r  c i - n , L ; , . i * n , , , , ,  " ^ - . ,  M )
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p& q,3,x,e.,h-.r

l* 
ç"i^^,h ,{3 "r &B J* fàto1}calrÀ/wtr, 

r+,8,r,,$,3-.r *tnl- ,.

fb , 1tâotr.{, t-o"}a -0* dl-''1a"ife" Lk )*

/r\ o..rô Jeto"" a^r-r^t" i

i ( L g )  ( " o r . . . ,  " & - , .  ,  c â + ,  r , , , r  " , * - .  ,  H )

""*-.0lr^*

p.* l- ""Q!^

\  .  I -  ^L
oOvJetJ^  e - t ' \g  , * "n ,  be

1"o 
czr'ua &,

I eoa (cr) rr

&. (n  "  { r , i \ )

ca i  ( c i \  1+

E xsno

orr,.r,l'.'r .Q!. T^& N .(4 ,

àR. f,3,{,,1.3-i '&re+Y/ 
fêo^^.

l t  ( a : '  T n )

p"" (,t l, ,m )

..rn Jq'l-r'ono à o ^J^ 
{; 

rtf;,n

f ù" ?.â a l-,'ôo T - \- '
Le^

!"

lr eo1,he

0 :  { m r 1
I

)" 0e 
f\4ru\t€ *h ,

1 1 :

L2:

1 3 :

t4:

1 5 :

2 ! z

2 2 :

23:

24:

252

{ [ m r 0  n  c r  = 2 3 ] v [ m > 1  n  c 2 e { 2 1 , 2 2 , 2 4 } l }
wh' i le t rue do- - T t n t o  

^  " ; 2 3 1 v [ m > 1  n  c 2 e { 2 1 , 2 2 , 2 4 } ] }

4 (m) ;
{ [  c r = 2 3 ] v [ m > 0  n  c  2 e { 2 1 ,  2 2 ,  2 4 } f }

s (m) ;
{ [mtO x  c r=Z3 lv lm>1 n  c  2e{21,  22 ,  24} f }

o d ;
@ r
{ [ m t 0  , r  c r = 1 3 ] v I m > 1  n  c 1 e  { 1 1 , 1 2 , 1 4 } ] }
whi le  t rue  do- - T î m Ï ' - n  

" ; 1 3 1 v [ m > 1  n  c 1 e  {  1 1 , 1 2 , 1 4 } ] }

4(m) ;
{ [ c r = 1 3 ] v I m > 0  n  c 1 e  { ' 1 1 , 1 2 , 1 4 } ] }
, y ( m ) ;
{ [ m > o  Â  c 1 = 1 3 ] v [ m > 1  A  c 1 e {  1 1 , 1 2 , 1 1 } ] }

]
o d ;
TTï

. I J ;

3 :  { g }

I
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4.3.2.2.5 Construction d'une méthode de preuve de
non-terminaison de prografirmes parallèles par induction
en arrière

U,A 
frt^Ot\d,l^Atrûe PPs ,ûe Fe l-.arrnr,.rra 

fqÀ 
p.' ,J ,*O^* a-L

vje z<sEPfsI l ,  AlLPpsnl  t [ .Pgs$,  e] ,  in l f l  .  V( t )
t(r-

V(À)  =  .  [ f tec l lPpsn,  f renr .Ppsn.  Â= 4- t , f r>  r .  [ .= r i , ]

Ct,oY;u)\tc ,r"arp*"'l^i 7"" 
/.vrdr{.ô 

feq,,.>,rnÀ 
.*anhe,. f* .riJ"rl',.

.n a^,'à {./v\ -h' Q; a^^h ('; ) . t- ..r,'J",'l.'ap ) " ,kt; as1f,'dn p.nruf

.J0- J' f *o Xæp\e q, 3. t , a. q *-yl.' f ê../- .0o fl^oQÀeF,'ar a*
er\- t

V ù' e n [ Èts n . i(t\( r'rl ;," Pps = ai ,

fugr^?s 1,3"c'tJ'5-4

Loo .^mâil-,'"*o à. *^&r'.ah'ôr a.rrrt ,t!tr^ A. "0re-€o"vrF0" \.2,2,Q,.u-.1

eÆ""$L 4oùtt L le {*o 
0,^"h'on 1,^^ *h î

P. (.r")

E sryÀr" J. Io f\,s ^)e i

0, l??)
ti
; i+: I+fl '|,.0e @" & .rg, f#i .f(ar,\; .n: t{f} r(^); r,.,r lif} ù;à* lr}i l '

1r r,,r: lff] di& t-q & :,$r l#l â(d); $i l#] s(m); zr,, l{f} oji ns; lr}
J l i

3,l.È!

I



4.3.2.2.6 Conclusion sur la preuve
programmes par induction

4- r04

propriétér *u*un." U,
a:rière

de

en

"r*ç,*h ). pur-à qtJa e,rr l" mJilroJ" J" r{,",4JL8+1.

*Àdrr#,"n" ^'q ia,*a.i"s

Dr^l"noer. '.-aôana cf

J U *o^uL J^\- .",r-l'oÀeo ^.n'l- À.o-th^ ( csrvme '|,'À*^plJil c

rJ.* l - io,o" rrÀx+[I8l  r  4.  u,u &,x. .1,?) ùu t"lrzulio'"U^ ( ccnvme lo

0jnoilal','ona .*'.*crr^.t -l* 
t\rXï4rm/ryl€. 1rr,, d\<, ae l-en.nr,nvnt- foÀ M,n^;-v.loltnett++i,

.f , U a.s,1..4,s) . o'ltru&,llxa, [er, f.r-t\-r,e.s] JÂ^T-,"e. .',n caa ac",th'J'". d- fhJaùe

q,2..{,\^/ù à fnrrÎ* â',r.,r*r 
f}r4rX"ca/rN/rn& É1ur h'"8, .d"^àl-et <.^/\ /!y\e {tor"0.

"-Ki{.' } "m"0"t (4' 0oa goX. *ri,t) 
1u. 

|u.l,e ce)t\ ,l.1'nate a"rhXra0 .uirârrrhim

le,colrrre LY )^ mofhrnX t{rt l-he Tnnoa,,ia,nrcc ThacrLzvn ù a ".tvtp€.tat'cd ,âÀXuiae ".

ce.*s ..*.i.*.'* th.nÏ€, Ar^, -!'i1u*oQr^n )^ n"/FloJ^ )e fæture .-l- ,,eol-.

Âsrrc ,.>o0otl. 
f* 

)a. *,ilhoJe J" +\at^)L dc, .-r..ol-,'on 4,orr,l;uQ!" T.

\ô(.!à clht$D r^hodr.ih" (onr A^r^AU;^'^f 
la 6illà" ). m,ru\rà- weX[^a.ïf

à[c " rr..rbqoa[ ÀJ*c[,'an" ) 1.ro^â, ôn la e.rcnpatre 
1"- "*"rtnç0" ax.(

.,nll-\rJ* ' Je
î'(2rrttc

â lÀ^'qaja.^,rc,e 
e-^ a^rtt} lo, Lar."p,rul- L++ I ,

o,.ri"U- c'ti€À[+6a] (ry t*é"c&e^"f h */"|-}.oJ"

cd'vr\^y\e mâqÀ 2lr**ta n ^onqu/ ^ tr,B,$,e.,&.f-3 
)

Lq r.n.J"lhoJ. J. ï^.r'r,n^-nJe*[rcit- Lr+l Jihe, "ruhïoa0

&

)e

I"

url

{^"

,r-h'0a

A a R .

flq/.g^*l k {,x
8" 9.ov* à" A

R"

) .

nr e"i Fa b\e t a; .ô ) " ,0 'rr, -,,,..à ). -0 
'à âr, rF, .rn utl

?ue fèir,^. 
-0.ta -/ l'I'oJ* J. ftrert^rc a,\^ *,o^r} ,

F{,o1d,[e l] ). Ql*à"r^f,

l,l itrr^tanîatt A amo"le' e'"t

fo.*t ç"irwl- à'^r^ 
ft.otxr/t\^ms lrru,t *ne *JlIoJ. ), f^ErLû.. on *^ ^I fern

èf'ue ,*h'l^i fô{r,^- ,r.,rn" *d,tfuoJ" à" ,px4rurc u^ at,'ie;e- Àa^tt

euÙe nok ,"lti{-"d c{r{vrv'\{ ."xrvtno,"l-ar c, , c.cd

tHrt'r4/fivYlto f*,ô?^.

p91"9t^f "T R .. 1.uult 
,*oY" À +"t^L

ç'todxa,"nrarno fr^t 
!^ *Jti'oJ.

Crn *-t" r l" /nilrÂ pmbl*f .r 
+àt +aL .on*oran.orh . La-

)'J.^rY cc- Ti e ;L' !";l [r*?",d."
ào',T èh- ,À*^'l-"' +a/w 

9" 9.J* 4^

fFtlr!\re. 
e,{\ outt À"ml- *Y,!^À"L,

a^^jù .ïùrrâ ncrm[fg 2X-

U .roâmaô r^^r4lu'q^^.f"

+r^tù â\-on .rrh'0ô*l I&^.v 
-0e *"h^ 7"nli.@e , lta\to^rz )t^lo,A'0n*X^,
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4'.o".!,r*'^ .*.tFu.00", L'o(o n J'o,rr.r.,,,ro à Qr*J"*l-,'rn, ,!e ^on-Fvyyrl^e^âan, "i".

Czà 
+a^cz T. 

Jar" 0'Âd^^"F,'"n e4l^ orrqrt , !. ,mâmo td."pe JtiJ^^rl-'"d1

CI) f"rt* êt-* ,rl-;{,ai fèq,^, -Do 4}^ertle. à<. 1o,,,}^ eea lnop'+dl'"i

â'r^^nart^'q^e4 , Cç. y* r'*l- ta^ 9" caÀ (eu,r ,0* ..nJfhrJ* Jo

+xerne, 4^r\ a;,uàe f.r<uu Ly"X!^ me.,rÀ J*,*. ,*Fi[ri". Jruo pdri".

â'; Jr"}ion (-t-!) .F C; ) 1d ..nJr-*^t, à J- ^J^'ll'^o ). ,");.lr*hæ

àfr"i*l-*.
U^ .,stny..omÀ ,Rer**q 

4rl,l.^"1 ."srra.rah"n e- ,.|iù;"^ *rrrre. ,r,rL,r"r".ir.lrt

d* 
t'cu*\.-.1"er dt-unÀ""I-;^ €.,vr ala^^} ,1 "^ o*ào c.dy\^,/vyl€ m.,uA -llt*ttt

f* f 
^l e^t l{. 3. à.L.2.tr - 3 , Poq+ L^ 

fFroâ'c4rrwmea f 
or.qQ0àP* , f* .oo*ppr ,

i8, 
{*f 1x^:ertt- JÂ*t-"* rr)y\e ç^."p*.|'c )e 9a 

4^.

!,çeZ<s,AlE,€ ), L, hl.  ( s(fd) + V(f,, .p^r)) ( an,m. . lo "^-oh'.n ço,,1;" i le) -Y ue

.ç*oç'rih. J. -0r +a*'" t1e z<s, A,E, e>,, ,"ltl. t'(1;) (aà f ^F r,,ne.

a-nnj "rtJri.rrf àz ..rn J.^' l-;,*" ..n ,x p.nr,J a"rl- f a.ç ox*rtyi. e- ,[ t!.",n .e

à'*,t r'IQ"*t* t%t*,n 4n..^n,o^"^..h , Q'.o"l,^*; ^u.hreQ!" )u .'J.,.rÀ^

,reoFiatto .r*l-i1.r". , ,1", ).

xu*-tf ,

60 f ouàa "P* oRaài. "1. 
1".'i -1" âtàAo.l;x

[  : i<  e  (s ' - -  l t ,  # ] )  .  Var  r ,d ,  Àe s ,  aeA

I r ( a )  ^  s ( I ) l -  [ K ( è , è , Â ) r ,  K 1 a , F , À ) 1
^

Ie(t \  A K(À,^,1) n t*(a,,*) r .  s '( i ) le

n 
Ie( r ) r .b*(a, r , )  r  K(è,À ' ,À)  r  s (x) ]

I e ( t \ ' ,  (K (à ,è , i ) v  K (4 ,8 , i ) )  r ,  c ( r \ l +V  (a ,6 )
^

I  a(t) r  K(è, ,s,,Â)l  * f  (n) I
eà
[Vf . E(s,4, E,t),a€h\. [{ie;,.afi) n s(çr\1=+lviei,f $6) n V(f,,tu)ll

I t
LLa, .P\4tDe

tp ,e  Z(s ,4,  U,  *> ' r ,  €  h \  .

àe "^"oh^ alîÀ{^bç .^*.1-,u0'ttrq,F à J*n,r,^h^e^

[vi.;. î ç(fi) r.e (çr)1+ [V1.;. K (f,,fj, f^r\l "-l-
T'
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Ia t4erru€. J" ""^p.Pet"J. Àe +àf o\\ .Ao,j"rto',nl x(a,r,E\=

[11e2(s ,A r t ,e ) , re l t l ,  t . < . r .  f .=4 ,  ̂  f jÉ ,À  r r  . , f u=T  r ,  V jea , - r c ( f i )  n  u ( t ) ] ) .

C" -p'r,rn *1e J ',.,,, An t,'on -h À pà';|*q .^r\- uli 0-i J * o !^

fxzu^,' eÀ À{o.r"CI* "y" J^r '.rt R^L",t- ftXta.,.,aQa [ul .
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4.3.2.3 Construct ion d 'une méthode de preuve pour les

programmes parallèles communicants

E,n 
ïpU 1r^f 9a r,^nethoJe âo ca'n5li*tl,'^ Jt'f;,.re au f*t*É"

4.a.4 t r{Dr{a a^}ô^À 
1.o1"^i âo^^o co.rool-- Q.,r,o,rf ["o4 )r,r^e *Jl-ÀrL J.

txeurrs f * A/v\ Aou/)- *oovnlle Jt, cs P Jrmt- !t^X^oQ.]L' ..f^^dt'df

à f- p*r^, -rù\s J-i ar*p* l-'.m J* fx4l 
,ea

e,N\ Jeô 
f&&r€, f* .Roy. -froce.m.ru

1* -0* ftotlta,^n/n^% 
csF

t  A  L  t [ \ l

C *. (otoo"t't"f ,tt-{c-rencr-
T O

a'

( 'Aq

.t"

,UF"J- J, f**æ ), f* "Ruoyr. *oQ Q"^"rth "/W*

{l"tkt- J.. t-gg, -0* f+ocara{tô ,q.... *rrrr"^,F J"" c4rû\,m..,^r'.J,'.mo

"iW* a{D( *rI" Jl'"*" .lr" frtocuvr.ua T" 
-ro.^t,., r'1--"1- i';.t,..'

"o^^ 2 dF,*.h -rrr, .o.^ ça;F" 1\ o,l- {^À J* +4u/eÀ ât oio" n 4l't"4;*^.

(€^/er )^ .^"^-h'.^" ^"u'â a,uô( aa,ilra.r a( -Y {l" "J..rh'an À^ 
f,u.et*ua\ 

'

|A.l ^"ul;"|)" ih"i,t- ). **'J*.^. qrt'-rl,e- I'J"it,'o{^^"h^ "} -l'"ll^f"

âr f\e/rÀrreÀ *J1**"* I è+ ^ti',* J"r..* clf"^..ho J" 'rernJ"-5-^wtr" o<-L

*rh. !r.!}*^f. )" Jn.rw^'e,., *r J1-^,*r^ t -fta ?u'-rn"àat^uvt , Q'*o'u-Ji^

i'r.,,'n 
t\.ocehrr,À 

*h ÀÀÀidt\". C.he A"; ,rr'^Y f0- ooloQr\. 
tr.rr-

.0^ 
f\rtlta'^ûvmeÀ 

.orvmuar-i"rr^Ï. .^n^'J;; a,l,L 
1"^o1',"f," 

ù,8.3 f.*k

l* 
fuceaaur 1e^-to.^t , ,th- J."rq c-u.cnrvnr-raucal-J^o 

F* 
!-

t*fu aa rnror{ean J* **'o!b t(}b"L yJ'oXâ,

So.}

Pp" = P" I Pn , lt .,. ll Pu,-, n ; Ps'

Po.rr. "nl*l-^*rno-

J'ÀJ,t"h''.m (T\, /xè*À

r)^e *Jl-f,oJ* J. 
fttc.tr,ue 

L*"[ A.u.!

fêq^,'df!À 
"-rl,'8;^ -Qr JJ*p.^. t-,'.m

* {b,9f })

'.4;.N' 
1""

ca)^a)^d, 
t

L fd*f.
L'(*" fa^':

saIPF.n '  (s[Pç.n&

tii [,Pp"n = 0'.iû[Prn , Pt]'[Pp"n u P;tQ.[.Pp.n)
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11^. +e,Qal-,on ,r"Q^'*f -f* it-o,h .rnÀo'o. -,^or.h .Ï AiFiorro *f

qrôo.^d à .?ro1ru çau,ù À +"i-UA* "f Jt 4""FfuJe i

p"to [Èrl = l i  ,  at e c[Psn.Ttt) e (MrPp"n" - '  lr, f f  ])\
P. i ru[Pp.n = l i r  ] i .  sf iPs'n tCi)e ( i l [Pp.r ' - lÛ,{ f })}

[^" *€oh'rn ne,|.,",,,i l' ilal ,rtçÀ":'* J '-l-;'Q. cottttp.rt à ltëlaf

*Àa^g 'r,ll.rFie0 eo| araoulr- à "8ogr". t"'^f J. -Qqq^& flLoc€^ô{ra 
I

p"ir" IFç.n = lT , liem, Lec[Prc.I. i(;)(l) e (n[FpT "(*.{"*c[P*jn)^ r'l[Pp"n *ft,tf ])]

La ;t*{..o.F,'arn J',,,,vr t-.0 n"rl* t <,rh "t.T;"'" 
f-m.QJ"rno*f

Iec,w .0o {^cl-i.tn ^Â *F' oy" x[]gcn (i\ = r ) ù'; la* c..À ',

r((t, tS.>, <r-,r,t>) = i1r-11g,rr) t"^l Ppc = !: p ,r Le (cBPsX , cl lP"'I)

r  (<  t ,  [ ,> r  (<  Lor , , , . r  L* - . ) ,  n ) )  =

4^ 
i (L)( [ )  1o, , , , ,  L i_,Lj*^, . . . ,L,n-. ,M) u1^'o.Â Ppc -= L r  I

Noqr me Jo"nnt^'r'* f ea 0" Jd l-J Jt '0o t'nnoh"*t"l^ian Jt' 'mJ'r h''ml

Je ^r.J,..$'.eF,'"n .r,'*prnJJ a' c"be. â"f.*np^.h'."n , *' lo '"Jt$'.ef,an )u lo

*çQ'lr,rJ. /-.\ t^ l;ï. . Em ,,.;rr-,rrqâ , -tr^ ",^ &,'h',"* J. ,rit'p'rol;^

mn\- -D^ p*;;"^^hA ( rt "t *"QrtX l^ c{r{wrn o^)^ J. ".u.,'.^mu^.,'.-e,l','avr,

e- xmh '.d* ç* pâ 1'^ 
Leap,r*f [+ee] .Y pnt- Drr^;Lr;^* a^q

"*À'Firno )" O.rric&' - Gie:r[++ ] ( n*4 f* 
-0'*roo1" àe. ,r*,'etl*

"*^r*^8.'or^.o 
*.,^ 

*h '.o^yQo."' -Pùt nQ*' Ja "o,t pT-*^^a *J, a,c( ) ' Anp.

!R^ .,*n^o^J* Ju. oscnrrnq^nrca..h,ôû ;)1}- Fo..rl- p^il"i"- à Jr* 
lroy^.â feùr

Le^nant+El ( !^ uq,.r'a[l* au".iQ^ainco Jt-"^tl' "t*y,Qo*l 
tCI^- 

Jeo *11-",r,o

cnÀÀ"lq \\ I

L"o ,^^ro"^'qr^h ! (1, æ) *o".'*i a,,d f".,^ h L; )^ y-Q,.à. ,I

1-t'luJ" n.0"'or.l- -l'"'fa.l' "r^t'l-,'c0 ? d ,? !'kl- *,.'t"^*f É Jet

oa,u'atlea T ^L -|'""-rul,^ eo l- {/{\ L; .

L^ i^rra^,'*fi L{ (ç t Ço,,,,, ci-^tci+^l ...r "*-rr t) "uvsodâ a,u {-^h Lti

â* .f rr-ocerx,ra P,tc, t .0,e^ ! I'dF"f ,lanr: f Jc{, a- J^ n'q^tbbl"o À {'Jl-"}
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æ.L,,ua^I € Jr" æ^robl* "l AtJFq"t' .o,,,,,cè-t tcî+,r, ,.,,r c.-,1 Jr omt'"iic. J*

""h* fh.oc'errltrA f^coor,.,, PE,-", È*rrr,,,,, F*". ^ 1,u.^t 
l' 'ro/",*Yran al ot

foi,^,l- t 
i 

Àr f\-ec€rÊuÂ P*r ,

P'ær^ re lJ+. ennl'i.00e
ê l ^ t æ

(.t",r^ l. 4',i QrJ" psr l"pF0uJ" Ps' J "Ra1".u.v- Fxr,cor."* P*,,,,,, P*r-.)

. Innil-ioQ*oFi.'n C ryiA-J" I

L , , : d

. Connrma,^,rJa ^u00"

ot L,r: ,a&if ) Lnr F P . + P o

, Con^^nra^âe â' e ffu.lruh.'o
o ( L , . :  ! r = E l  L n r f ,

o(  L . :  V, ' -  !  ;  Lo,P

. C..n.n*nJe .^Jr[i^"t"Q0e

.( L. , jP s Fhenn-"1

Lr,t
È

L - ,
t

or Ln I ,.,!r..04 B d.o

Lr'
Y

Lc t

où ' ,

Ln' 5

Y;. q (z ta)

Pn * P. [v<-É1

Y u e $ . ,  Ç + B t \ r < - ^ r l

[P .  n  B l  *  Po

L P n n - t s 1  * P ,

I P . v  P r l = à P 5

u0oe

I-9 '
(

t
- t '

:v;
L r I

. I Fer"qh'or

(  r .n B) *  [1o+r*)  , . .  ( .e.+Pr) l
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. Se.l-ian c'ut-i1e. (Jaro ,0" fxoc€mul Ptrr\

o L r , , { 1 . ,
+,r 

!,

L . , f
*3

l t
L . r ' 6

"l

{ c8a 1rre- f r'.-^^} tru â^r crt1* L;": f L;. r J" ,0. p..l','.m

*rl'i1e t ,Ltr1z ,cepql-,'ôq À,uor.r'aa,.l-e. T1 (*'r*) *Qr'" )^ no!r'r^

**l*n^i* æ, ?r\ L*j cur( "* 0* o -rr* Hq !." *' ^ L;o J-

,rlq^^'a !\eÂ Ja,^ro 9o no-.h'ar c^r l-,î4. . 14À .* À'h'ano J-
l ^ ô ,  ru.*+ cq.[Lao c""^tp"trJ"^,F. aml- ."Q0* J* f 

]trrt]@4nJvïrerl

AJï" 1'''.-0" arzc V.c'. |o (n',g. \Q, 4"^.f t ot'J*

I Pr.f*n--'l ^ P;. (e-', o") I * P;,,

, Saohè J f r^rne "orn m"^de "Qt-errnah,be ( d*^o -Qe 
1"o 

cp.,tyrÀ Ptc;)

o (  ̂ e  F " ; L ; : . ' c È . . .  A  F e - r ; r r n - ^ l O ' ,  L ; e ,  P

V 1 e 0 .  t , *  t ,

. IuJ@ lr:lslsb 4s tsg{&b$s

{  L^r  I  L" tP.  l l  . , .  l l  L ._ . r  P"- ,  n  P

P' (= , *) t ,â. P; (* , Lo,,-, Li-^, L.*. ,...,, L.-,, *) 1

(  L  f "  Lor  i l . . .  l l  È"-^  L^-^ :  n ;  L . ,  P

[ * *  t ,  (g ,  Lo, . - ,  Ld- , , ,  L i * . , , . . ,  L^- r ,o . )1 *  P"  (* , . )
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. cq\E .î-lq0e,.^| ,i. Àe E*e; c\\E fh€,vr 4&+; 91 n. t-te,.h. asn^zry,ê

c^ - J.nOatr,u

. ch?v .?duqQorl- È Àe f'q,te; ch?v fhern rii; e" .oe- l-xa.il-e cdyw$e

". - J.rno,la

. Po.u,. ['oJ* fa.il!À d" .*ro J* o 0t"a^qhô€" àa^ro lta 
f\rcd].uj

J"?fJ- ,t ; e\- i ,
o t L ; r a e  *  B . ; c h !  E  f h e m L , , , È g  e à  Y

n+ +\

n'Lj,, ,  âg ,.,  g Èn , ch?V t\e,vr L,o ,,  T'rt ,  , , ,  ea ! '

(P; .  L" ,  <-L1.1 I  b 'n  "  P lo[ ' ;<-L; . l^  Bo)

( p;,, lci <- Li, , v-g I ^ Fio[ ";ç Lir, vo- g l)

- P'tcr.nre {'o}.:ns"- {bbf*i{Jr.

Po.t- h"t 1"'*l t*, )e F .r|- 1x"csr\ôua P*o,, he (nul\,

. Connrnr*u,de t,.{-0"

* L;nr rÈtf ; L;" , p

( P r " t c 6 e - L p ,  1  , r  P . r [ c r o - L ; . 1 ) *  P a r [ . ; . 1 ; . ]

, Ctrr*na,^Je J'"ff"rl-oh'^

d L ; . r  V , - - E ;  t . r P

( nO t"o- Lorl r, O*. t", - L;.1) * Por[ "r* L;n , 
t{<-E 1

*  L . . :  V ,=  ?  ;  L ; . ,  È

( Pj{.[ cn<- Lsrl r. È*rtc;<- L;.1) =+ (td,ue$. Pur[ "i*L;,,, v+dl)
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. Corn*n ar.rt de ."s"râ* l', ,r^^"CI"

o( L. r  -P c hhem
4+ -1

I

I

L ' r* 1

"00"

Lr,,' 
t

Lro t

&;
L ,  : 5ua

( 1.t..* Larl n Po,[c;- q,1) + [(s*Pu.f.r. L;rl) ,r (.e+Prrt";<- L;u) )1

o Lin' {

[ ( P;.[".*Lor1 r' Par[.;o-r-;.1)v ( P;r["*n-Lo.l ̂ Pprlcl+ Lisl)l * Prr[.;. Li.l

. l f e),"qh,N\

4 1.. r .f"Q" B L" 1

L . :
1'\ 

È,

L ; 3 :

o à )

L ; . r  x
q

[ (P;r ["*e Ls.1 , r  Pe.tc;+r;J)v(P;.1. .*Lrr1 , r  Ppr[" ;+ Li ,  ] ) ]

:=+  [ (u  *Ps . tc ;e  L ; r1 )  ^  ( .c+PÊeLc;<-  u ; r l )1

. Se.l'r'ao o.hiTre

I t r t .*  nl&r, r .ex, ' ]  r  Po.Lc;* Lir .  ,  r .+* ' l  n L.(a. ' ,*) l  + P1r[";+L;, ,J
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.  es"^ftûu/v\r "ol- ion (r*A, l*â)

* L ; . r  A e . . , 4  B ^ ; c h l E  f h e n  L ; . : F  * , , , e . t (- 1

o( 'L lnr  43 , . ,  E Sr;  ch?.v l - } r31 Lùr,  F '  4 , , ,  3 ( '

I  Pr . [ . ; *  1 jn , .6 , .  Lgr)  l  bn r  I . [ " r *  L i r , .1ê Lg.1 , r  B.  n  PÊct" r*1q, . **L; /J

==+ Ptr[., u-L;n , "j - Lj, , v <- E I
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4.3.2.4 Comparaison des méthodes de preuve pour les
programmes parallèles connues dans la littérature

la ".rnpaæir,m J.a ^l-fltoà* J. +qeA^te J. 
1"oy,-itra 

)t;,r**;^n*

à" 
f{rX'@/yrv{r\r^ 1*0"!* (.srwra X,t\c^-oflLl+Tlr l*oase.tîsl, Rar.,arv{t+6lr

Kr-Wr', [1c], L*rt*l- [++1, f'10r5,u"{.rer"iq[++1, tl.rl-^Fd], Owiol,i-G,trea[+ea,+(!J,

el'.. ) -Y po,**h Arff'a'P. à cq!Àe à. 8o ùrrir"' )* X*,,r"|"À^*
apl-o*,.1*er 

T 
p-f *h'UuL 

f* 
n1+ioc^ler .0u o%^l'h,mco .

r.latu 
f*grot o )" 9^ 6{\la^€,^- e,y\ 'anf,.n^rl- fe t-o.rl-ea ceô ^mirhol.o

à;d'"rrf ),* ,nnârrne 
fd*t" JràÀ"h'an C1-) (rr* r"o nnaxi*,.h"o (-{),,

(â , .(r) ou- lot o J'"^*{rr"','â f* ' ) 'f ûre Àffâ"^^} T" 4o^ lo

{.S- ào JJ*rn p-* I'À*"^i" rl (% k0 ^,F;l;i d o^- (- {-) .û
{ -  o  . '  \  t

J,^À/ùalq qilJâ 45canr0( a,Àôoç,1 ça L dg5
f ar^.| àa J>\r4 {c,rflvïyl€. .r (

4.3.2.4.1 Utilisation d'un seul invariant global

ba,ua !^ rrndFl oJ* J"

Ke{len, ncl l /r/vr ,oo.0 ,u,nrqr,.or t'

S^aïïc Aa ,Yni fhoJ. )* 
f4cu^r€.

-Fi&Àorrl- ^ol-ne {*r*naQ-*"

f(eu^tt 
J'r^ ralj*n." à" *"{.to{U [+11 .t-

eot- ^l;X;J- Jor* '8o 
f{eu 

r€.. A"R*"{f

f^ &/v\ t-\"hârne 
T 1.'tl.rY , A'*?nitto*

cô{rvYY\e A.*t- I

[ $ a ,  a ' e  s  .

e(a) + ty(a)
A

[  11u s,  c-( f )  r  f*(s, ,o)  r  V(a) n (  lqeÂ. t"  ( r ,a ' ) ) ]+ g(x) 1
é+

[Vres.  (1ge s.  e(a)r  t*(a,ù '+ V(^) l

P'!^ fllha-f | "o^t^1uc. *lalul'" 
1^.r'* 

/{!e ..^^*-l- ç".o ,,"-",.Yr,*n"-ruf

"0l^r"^n[\" )- ë1"h" A r*hÂ?*ù tlè€s. *Ca)nb*(+,a)l J" p^l-" 
T"(^rs ,t^tLà l*" J-?f ffu^ ferurn oo* "+ Fhc ̂ r^r'ft.r2l.i,'ô .-arrÀ,l.,',fl er"L"fu',
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rQ. fa6o..ha 
,l,er,ce^te* 

, ,& t{,e ÀfrdU0il-,à ,f *o"R^X .,,1oÀ al-#eo L

cr,^rc*'aQ, +tt 
,""f6u; 

ç,-p*i,'* 
"!. a fF^ot'tq4r lo ûroQA- " fhon @e .a./^

LpOL'i l-"\ À.,r"1o.eb. $. ;*p*r,:ti0,l-X j^l-o l-L" ator^I;awo w. *irl

"Ar*A fhe qt*e .o.,À'l-,'.ma t", oQL .oLot'*",

f*f âhoE **^L ; u"rwrç0o.".. v f* r fJ, Tue
'{{. r Îa 

1-f- Jonc h,,n â,, lù 3. )tÀ)u "lia" (-i) Jrf

J"rtt^hU ^rlfrkrr*o^u^l fnu KeWeL t+el .

bour l* )u^n @, ôt\ .ilo'"t -0'",*u,^U. J* c.h'r* c6(wyyre Lf""ri

A,'^^,L\. l.o off.-l-oh'ono "l- t-*t-, )" "Qoy" 
f!Çoc€l|r4ô 

A- f*o{rcczvnwre. ,
Àz À,n-\^oo 

T" 
lt ^J fhoJ. ..,\ai"l"c À ,.Fi 0À"r u)tt èaC t *ta^^'o",t

tQ^ot4Q, .f ot'\""'J J" .*À'l-,'ono J" "L{i."l',a,, 
I'J I 

o J r*"ho^o ,
bq.^^À c.z câ.À Qa *dFhoJ" ). ,?rLearr<- ..rr*ùF" à "{'pL'Îlr* JÀ.1" *f

Q" td*l'" J'ÀJr.t-,on. Q,ço^)o'rl /'d0;of','^ )trr^ *-P *ùo^r'o^rf

fatu- J"'*in. ,1. .^c'np^h-*"+l- J lrlvr 
X*f, f\ptrartuw\r f*rl- ll'*

"una JJ1'.F" .

,pHar<. *oQ^'J- anà-

ffwl''t*^mer,.h &t ) 6fi

Vees. r(a) + V(^).

l^ .^tt "F,on a otU

Exnr * rO2 .  4 .3 . s ,4 . .1  -4
/ / q l +

Sr' cm ,o.^rt- Jrfn^ho* k .^nooh^ .çar-Fi"Qge

[ll, xr:x*,t I 4r', l t r,ar Xr=X+e ', L2;n n.QoFôc,*.rrt â rrrne
'J 

l^^J^no ,ho.r,^re^ )t)\^ 4À^lo^r'e,^rl' r leQ.] ,<JDc)b Ar\A ,(./wuq4t6LLr.l J, leL 
T",

f (*) - t Q'r,t.r, z')

I r ( r l  , . " ,  = ' )  À  r r l + , r  ]  = +  r 0 g , . * , * )

L  r  ( .n ,  ta ,  " / )  r r  *= r !+ t ,  ]  =+  r (c ' r$ , r )

rQt,t,$, z, ) =+ tt(*)

tr

à^l 
f*Tr(rrrrrnq€

rp"irf,aehl"n 4;9,
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4.3.2.4.2 Utilisation d'invariants sur les
chaque état de contôle

variables associés à

Ltne. )* f'.**r;;* t-ea,,l-ch;rc, J" Ji*"^y-.'[i"n àz -0l. r.,^^'a",rl-

+Q"ta[ s, iL' {-ih" fa* Aah,nofrt- Mq,ru,rq [+ol . /*^*^ l-"rh niytz .ô^â,bL

à h"r*4cnrvyrc,L -run -txr{r<a,.nwle 
+a,\ACI4Q. ?v\ /.rn 

fr(rt}qr{v\ryne 
^nn JJtn*'*;l-e

+ ^

+t

rr.., @)

l . rgg ê)

rn".c 6

I,,gas (*)

E

"1",beQe,.^h fu- à TFà1^r.^ !" *Jl-f,oJ" Je r%qJ- Hoa,te- r.tarrn f
,rtl-l?rÀ*, A/t\ .ri,rtox+'arnY !.raQ,, 

çalo.*Y Ê^r,! ,0^ ,o,.,'"tl* L lr,oX*a^,r*.,
aar,:"ctl â ,-R"1u" yo,*Y J- f 

ru, 
t"tcrvwv\e hruru;J'r,r*i

.r t&4

E *3ç41pQ.ç.  t , .3 .d.  q .L -  4* l *

[ , r , t  :  X:= X+,{  . ,  / t  r  l l  s . t . .  Xr  X+t  i  tg ,n

*h Àq,^*f^"' .,r\ i

at'ye} 6ô "{'f

\,/
ttL2t

ùqt"

À^2,r1

^

)o *Jl l rJe J" f0o1d [6+] /  ce q, i  Jonn" ,

X : :  X

Q(*) =+ tnn*. (*)

I rrn 
*^ 

(o-) A ?. = ac.'+l ] :+

I r.rcr (*') rt *= J;r, ] ='+

f tnu*n (-'\ n *=r!* I I =.+

I rr,r* {*') À a: J*,r I :+

I.,aer. (*) + qC=)

X:=X+1,

X::X+'t
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l)rnre ̂ ,'I,tc- 
{o** 

J'"r.p0.'1,.e^" It rrnànne ;JL "" .|jl-" )'*oi

à iJf. o^r 
$*u^ 

!. 
f 

lro 
txÂ/vr. ̂ ^ e ..$^^ùk à J.,.iæ- 

T- 
-0o ron J l-fi o Je

J" f%.trd.[e 11 'h AaLo,of t -na^vn+ [+ol r' apgL'1oe à J* f'r?râ^û,w,eâ
A*F -0'*"r*bl" â. it-eh *t Ë = cx yt 'ù. c *l- ,L^**'tL )- :l"h

). ..ml',^â0o "f M 0'e^^o"r^blE à^ tv"h rvn.Àrleo -Y
p" 

fùdt. J r.ÀL'l-'ô^ (-;) ^tnr<- lo JJarnpr,ar'l-r'an i

Ar= (cx r , 1  + l+ ,+ { } )

f t i  = (c-(nr* l t t r l>t

o { €  ( A a - f " )

t (s)" (-) = I ((c,nn))

f e (nï --+ Èn)

x(ï)(<c, , rn>) = i .  (*)

.on6h.- ô ffQ.?^

æ- 
?" 

,"mâ,ril- .*â.^rr'o,"f à â* pJl-[rJeo ",r.-]. .t *l^.^Xt am"*?

.o,trpldl-ro (4. b,3,.'t,+-4 .l' r,3,.r,8-& r "0* \p"l-là- à. h,x,,r,6,s,+ JFor.F

,"hi^l"il-c") ,

S; "u-tz JJ"o.s*-thion *t *f*'Î^,"J â ^v$ 
f*I*. f^o0;0" 

j
I

I P'tolt ,.. $t| Pt*-. n ",r c{e1ue +\,cùw}^ Pn, a Fni f.Lk 
)" us^h"â0" , il *o

rîn,x fln. *,.. x ôy\n-a ,,r,urer*'e^^h In.exn à ""ono'Jû". , ." 4 ..lnJr^l

,biÀ.^*"*F à Ae." 
fr-qq^,€A lîi {^tu* , Ceî,.. yrt,t Zl,r- J+.-Ét ?tl

,t',0,"lqal,h J* JJ.o.pu*l-,'.rno rrno',ara 4^*.
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4.3.2.4.3 utilisation d'invariants sur les variables associés à
chaque point de conffôle du programme

CoU ÀL^r" .u)^
f"{Jcînn/m 

nr e J^ l' -l '.,*on' tl. ) ^ él"h *f
s= cox.,,r c^.^ x M ;. c;, iertr ^\' -01. ^o",vnbl. J.a 

f"ffi 
J" .rlfôl-

â* i&,e- .frrcce,rrar.r.o .t- 14 4! J l-at- *oln o^..

6ô fotf ""n,rpQo..^ .?r;" o,.'-t X%LeQ, *h,'QùJ J,.ru^ .0" y'*"1.
J'À â.^.li"n Gr) fd^ )"u À^rcJtia*t -0r"*, 

1*1"*t- ,l.uru -|ttl,r}

,"nrlno.,rp- "f a or'J â .-8oa. çr.,,,"F )" ."rr.,l-;0o . c."t. ,tc"r.,e.rf

d .-R,LL ( an ""fp* ; +i + (cinc1 =ô)) :

Aa = (co^.. ,  x c"-a x M -> l f t , t {})

û  = d l r * , , ,  *  A ' r r - .  * ;  dr=6cr .+(m- l t , î+ ] ) )

' (  e  ( *a+ fa )

* ( r ) 4 "  ( * )  =  ( 1 c , e  c o  t , , , t  c i o ê c i - r 1 c i r ^ € c i + t t , , , ) c ^ - ^ ê c ^ - . r .

I  ( 11 . . , , , , t  c i - , t , c ,  c î r r r . . , ,  c " . ^  ) ,  m  > )

T e (âi-- Aa)

[ ( i \ (<<co1, , , , c r - . ) , r 'n ) )  =  [v ; . ^ .  f r , . - { * )1

EÆ3gpg" q,3.à, !,a -4 yré t-lroJe à. owi"&i- Gar'eô [+6 a,læl^rr^.

P"u- JÂ ^tn* 4* .^*.-l','"rn 4o^ii-Q[" J.- r

[ 4 , t ,  X r - - X + , { , ,  À z t  l l  r l :  X : : x + t .  s à r ] l

+aL .0o nrJhhoJo i" ouricAr'- G,a'e.. [+eal , )8 {*h uJ;4,,*^ -0.. -md^h'*o

Àùc^,f€^

Q + [1n(* )  r  r r r (2 . )1

L r.,n (*) ^ e:î-'+.i ]=+ rnn(.)

I rrn (""') n *= *1r,] =+ ro" ê)
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t t , (a') o I",, ("c') r, æ=J+& J.+ r",, (a)

I rno ('c) n Ilr (*') n r=l+L 1+ rro (*)

I tro (.') r r.n (æ,) À a: s.'+t 7+ r.. (oc.)

I rrr(..') r. r.,,. (z') r' n=l +.r ]+ xno (*)

I rr, {-) n rro (.) ] =+ q(*)

( AA ,^À'l'i.m" r'oth'"^ .^^h À 4",rT; J,r f"ù-f. J'"rnJ^r"t','ar, (-r)

er\ .ri;Q;"*t h.3,-{,+-i ) * 4'ri"l- Fere ;|/L^ï"; â.^t

tr
t.^et*fh. p.";,-J),

t<aO0ea [+e ] * onri.Ar- GutÀ L+e o-l ont- ̂ onft/ 1"'..e. Sq Ns'l-hoJ. J.

f'*ule .r*f*â"r'l-E *'*l- ,,fa"a **p0;t-" oA ul,'2Ào^,t tu\\ atgune,^*l

/.ï^l-"j l','f b."d I>4&r -r.y$ ,orr78". Ce ^toia"n rrom.r^i +"r"t ëln N

fe!À "r1-o.rrue*rerrn. rl- ?y\ "O.e.r.^r" l 1^,e fa).tqrrf à^ fù*l'.
J 1-' Jrt"À'an (-r, ) T I 

'. b,it- i

I  r  r  e AÀ. (4Cr1 - '  r \n ( r  =+ v) l
olL

{(i!r\ 
= [ e (r) v (i r'e s. T(a,) rr t(a', a))l

.la nmll-hoJ. )" frsr,ue, .ol"*hc, a JÀonI* l..c.e
I ti . fo . n"1, t (ï) +i ,r T =+ q(v)]

ù
T=+i r, "f o"rtQo-*I  ̂ iu d.,)e^, eecl, rn €M. tr,"(^\ * io"{*)

Pooor,o 
f 

-- 0.1" * ,, r'*t- ^rn "pâ"hel,t ,.661,,o1-,me (4atr^ *r) o*. -0.

T^".r'0Qrr ampQJ i^, o'Tô .0" $.f.cÀ" J. Taafu (rorc{* lsil ,
Cotr.uok- côqÀ"h L+sl ) I." fA* W rrn^r"'...qr"t î mh;{;""^} gCt) -rt ^E

lz 8* f"tlr fùF 4,;" &Fq J" + (tz| pue lC+e,{r) = k_til et b;

i t ï l* t  o0* &(f* i) .  s;  dq f",- ' - l 'Ào*,.r tr .  , ,n\ 1b'. t  tx4/,^^/vyrE " l

t t / ^  v  4 î "  kq )4a (v ) , *P r^  -Q t  ^ " ' f l , oJ .  ^ l  Â . *np0 . -h " .
rg *Wt à' -Lti* Iu fl'.^?t"e/rn/Ync

0 ' ,  X r = 0 1  , , t : [ . a l i  X r X + , { 1  l e r  l l  { , . t :  X , , = X + i ;  S g : n
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t*^- "0"1"0 4f" (f) eaf ,
r" ("s) = 4gg

rn (*) = [*=ol

t n (e) = fx.>,o] rg4 e) = l*>.o)

I,,o (.) = [.r.> o] I", (o) -- [".>o]

1* 
rî'e 

1*rrvr.l fal ). JJ*ontn*,,. lt^)*yr^'crl.c A. V&\ = [o <r ( 11 .

R.rrna,t1-uam y. æ'rn=,r , Qo pnl-�ol-irttn e,.l- .&j. J" A,x,s,q,x .r

)" ,*J t\"J. eaF prin*rFi1"r.,rn"^"h .onr,pQ;l-" .

T^^L ^r4 t l" *Jh\rJ.. *T- À.or^çbh "n* J na*ol' 1'à,oÀ 1,r,'r'tfc
à' 

\^;u' J a^^o fiT T" ,t";* ël"Jr. p.,rl- rÀecrenoi t l"a ( J at , .0.

"orhn - eæ€4r\fl" , ôrr r^€, 
f*F f a,o "o-p*vtr.," 

1." 
"{t*1n. 3("*.r'*rh'r*r

eoF ernr .l,l E^!€-c. ,.--- 4 )ot^o It frocentra 
,l | ,Q^o .'*l T,,,&. *f *,

aL Ja^r,o !" 
fFtocq^r<.r, r,) . ?ott* c-e. 

+";û- t ^8 
l*f 1,e<urow 

"rrfrtwt4

Aq r."Q*t-i.t* "^tt* !* Jt-"f" À" ".*l-*J0. J* À.^r",o +'.oc€,vyr.Â. 6r, p*f

JQ,ie^ t- ."-f "|/.rf J* ..rrvr plerua -J.rnq..q ( cc.rrrme Ja^r tarw,ç.,tlt+rù

rxt à^ *o^.'o.Ll- arrorrQr'oi*, (ccwwre )ol^ Dwr'rAr'. 6rtr'ca E+€a,+6 bl,

l-e^,"vr t+gl ) .

4.3.2.4.4 utilisation d'invariantr ù, létat de contrôle et les
variables associés à chaque point de contrôle du
prografirme

No.u 
fùe,^yc'\Àa 

q^"foaÀ. J" tle^ol-cr t+sl "L'*').L , -p"À"J +0r*

"Q'.inr-^r^.Y J** La,,^npr*t- t++1 
1,*r 

.r'n\ÀiÀt'L à aù>octerL à .RoÎ-.,. 
f"t,.^|

J" .-rT*ô0" â- 
f 

'.r-r"t'La^fi\/Vne .u^Àr- orn",.h'^, f*F*T o r {ldlïr}

*.^rt *e. "J *0 '.t ï-ot ) . .*l-no 0" J* f 
lcot{^ardvme .

tf c't^ a^16\À o[mc- ,.
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I  =  (C" * . . ,  x  C . . r ) x  M

As = (s*iÈ, t+])
At " So. *.,, * û^-, à Ë, = (ar+ (cor ..,rc;_^* ci*a"..." cr-.xtrl + lÈ,!f \)

d e  ( A o  * A i )

{ C r ) ; , "  ( t , , , , , t  e i - ^ t e i + , t ) , . . t c r - . , m )  =  a  ( 1 1 . o , , , , , c i , r t è ,  c j * , r , , , , , c ^ - r ) ,  m > )

f e (Ai -' Aa)

\ ( Ï ) (<< co1, , ,  I  cq, -1)7 ^>)  = [Vd e rn .  i r , r r (co t , , ,  t  c i -  r ,  cè*^r , , ,  r  so_a,  d)  ]

Coqwvre. (n, {) ".ot ,urne. ..r.t r>prnJanc€. J" ecà";A ,rr,,6eJôe / rs

fù{r^}.}^À .^C""\-.t^rÀt .&d/ne corélhoJ" J. 
fFteu^rè 

"-"*t ej-,,rejrney*rli1u*rr,"^^t

"."oçQùh qrr\À/vhs e,v\ q.1..,r,+. 4 + h,r,.,r. B-:, .

E xem p0. q.3. ù,\ .  h -- l
/\eplÈ

Cs",tiJe,È.,rÀ .Q'"1'p0.'.o\-ion J^ 
fd.-F" J'";d^r"l.,'- Gr) 4uo( prrafrarnrnnea

1"r,rQI;0* *,6..R-r* Je .?o 
f.n"me :

Pçe -= [ Fûo. ll ,,, ll P'ca^-. n

(cf,. r,.4. 1,, .8^ tdg"J" "L 1."1'8^'J" i h,^l- ̂ iJe^o *F ,0- 0ff..1-eh,'.^o eP/"I-ùro

r.F r,a*l-ioos .r,-rl-i1e" .l-a^rb ,^tJ.,.^ 
f",r^ "ali** 0, y"1*^l-a;,in) <m

,rh'{ri*,,ï- .?" JJ*n^f**'|i^ à. l'r;^ro^'o^'f X%[eQ e-^,\ j*rqr..e^r]" /.1,rrrrn

4.f^r" ".'-J.l,u*

L fùof" àtÀJ^r"l','"o Ci\ A, J,.rrf ,l

[ 3 f . n o .  e à ,  1 ^  F ( r ) + [  r  T = + 9 1

a1a.

Ê( ( ( .o , . . . , c , r - r ) r \ ) )  =  [V iem.  ïL ,  e { .  c i -LL  r ,  Px .q , . -= ! ; , pJ

F(r)(A) = [ 1,.'e s, ien , r(.r,\ r,, t[ ppcn, (tf a)l

t [ tFqJ ,  (  <<  c ' " t , , , ,  " ' . - ,  ) r  s ' ) ,  ( (Çor , , , r  s ,n_ .4)2^>)  =

[ {ie (r";) . "i =.j ^ b I P.'arJl (<{r,*,),, (.r, *>)l
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5, i \ . , . ,  ( "o , . , , , " ; - ,t c i + ^ t " ' , " r . , , ,  I m )
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fort.*, f,; doF" { . Nlatra ,r,ûd11.ô

à .0a 
fæurrt i-1*t"'^1,|8X" (âu g.:".n^ i),

fn€rwr- .l âb."r.r. )'àl^lJ"^r"^ (e^,hl;

"fP^F"^h r'àf.",t',toh^r Ài p^J'f"

6tL

,0"
t

ï '
Ntz ÀâÀp"^*.k 7 ^à.

^,;i f,t.o h,'ro

Qo p*JFhodo

-0e ..m J^ I-iorr J"

gJr , r  
t  , " ,  " * - . ,  m) à

nrâ'{,'.*ï",'.rn :

i r ; ,  ( to  t  " ' )  c i - . ,  c i+. ,  t . , ' l  t . -n ,  m)

= [ ]oLs ,  { .e ,n .  r ( fx^ r \  r  b Ippe]ê  ( /  ,11  co , , , ,1c^_^ ] , ^>) l

[ t " ;  .  co t , , , t " , l , _ r .Cn_ . , ,m '€M,&em,  V t re rn . i o , . iC .J , , . , , " j - ,  , " ' i n r , , . . , " j n_ . , - )
I  $tre(rnvR).";  =.6 ir  LEFvagl l  (<c[,ar l>, <"s, *>) 1

t 1 " ;  e c r ,  r m ' e  M .  i i , i r ( c o 1 . , , 1 c L - ^ t c ; a 1  , . . r c 6 - . ,  r m r )

" 9gf Iii\ (i)(""r ..,r ci-,r t cI , ci*.t, ,,,, c,n_, i,) ,r t [.ptar] (<"j,^,>.,<"r,* >)1

I l q a  ( n , r i )  ,  c ' p e C ç , û ' e n .  T r , " r ( < , t , , , t . i - t t c ; + a  r , , , t c A - t r " , & . , . A * " 1  . , , 1  . ^ - n 1 m , )

n To,"â ( t . ,  " ' ,  cf t -nt  c?.*",  " ' ,  "- ,  ,  * ' )  ^ 1g|3"b l ' ,Ê]( i )( . '  t , , , tcâ.- t , 'L,arrr . , , r .n-.  rd)

r. b [Pr,a61 (<"'x,,n'> , <c*, *)) I

EgEgI" Ë (Ë) (.o,.,., "._^ ,  ̂ n) = Vje (,n,u\. t j,., {n,,,,1 cj-, '  cj+,r r ,,,r s... r r)

Le 
1"rrmier, 

I-.,r.,*c. ."ntspmâ

J".r"rr,fr,, f.^rme .- oç*J, à -0e

fr.r.l- &+i), !. 6,..r"nc J. "^l^",--l^.,

â*^o ,0* *rhÀ f.troeerrr.ua n'olya^dn"ut f*.\ Jat* l-o.^p.nf t++1,

Êtmo^1"r",o !" tzr,r*e, ̂ T"*Jr rl' d gtetsc.r,c-e àt"^tz^lr/*^r-

Notu ;0ùr"t-".sm

V ù e  r n .  c . ' e  C ,  .*

f  ( Ï ) ,  -  C " o , , , ,  , c i - ^ tn  ' n , c i '

Àrr\, .C ' eo.cl"n pO<, ,o*^iuapl-

't' T" ào'r,u'

"'-"ol*trr^*l

ee ceÀ )q

àa,* ïu,ro -l^

.^*Jr'l','^o Jc

caÀ ô ".QX. J..^* ponJ *f

J" F{,o,trJ" Le+l .
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ft
G  , À ,.,r,t: { i..{.o,*)}

X  r =  X + ' 1  ;
. t. t à r  l i r o ( c r , * ) ]

l t ,
r,{: ttr. (.., )\

X ' . =  X + L ,

I r :  l i . "("n, *))
'n
ll

. l
C? AÀr^ d(mÀc, I

I

LTonC.o,o. ' \  n ("r=44 o, ïr. ,  Ql,o-)) r.  (co=r,t o i . .g.,*)) ^ *--* '*r l* i .*(t",*)

[ ï . .  1.r,-) r '  (c.--.r l* Ïr.1or,t.)) I  (c. 'a& * iotrr,- ')) r.  ærd*alo too G.,*)

I  i , ,  { " r ,e.)  , r  t . , '  1r , ,c)  , r  t=d+$ ]  - ,  { ,  { t  t ,* \

I iro {u,*') ^ ion gr,,u) 6 z-=&t+L ] * t., (tr ' ,:r ')

[Ïr. 1,r 't, æ') ^ ïr,n crt,. ') n *"*'*rJ - ' f*. ( ' lr,æ)

[  Ï r"  4r , r ,ar ' )  a t . .6r , r , , ' * - )  x æ.=J+tJ à io"{r . ,*)

Noc,a l"f;; *^ -"ril-*,.""i Ê " ( Ai -- AX \ -ço^ '

Ë  C i ) ; , " ,  ( c -  r  " '  t  c ) - ^  )  t i , t ,  " ' ,  " r - . ,  * )

;  t a " ;  "  C à  , , m ' é  1 " 1  ,  I r , . r ( . o , , , , t c i - , r t c i + t t , , , r  c m - r , ' m ' )  I

t  l [  Fte; \  (<r ' ; ,  f f i ' ) ,  ( .  '  ,  m))

u  
[a&e( rnn , i ) ,  e txecç ,  * tP l ,  in , " ,a ( .o ,  . . ,  t  eh- , t  t  op+, r , , , ,  t  cn- r t , rn ' )  r

L[,Praon (..[ , ,rnf ]r (eÊ r * >) ]

Nosa o{,a*^o o?ro T" 
qo F = Ë"q . L" .6qÀl^,'an, Jo n'J.^'fi.o'l','an

?ràT.^^Ja^.k ô f Cf I =o i. pcnt- ,^rn ; Qolea à ..00* trJr"^'h. f a^,

r,le.,,)To{, [+ç] ( jt.e,.ur q^re )a niÀ'[[-uJ. >o',Y &{f,t'p" â pa;* ea* lt*ohm

-h'0^0.. *o "t{;ul,'^ J* f'*1ry * .o*tOJ0* * f* rùX"{"c^e) '
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6tr,r, ^oh2 *ar*oQ" , N\'ttê ottt-^* '
\

oe1-.^.*Fi"00" ,

(cn,  a , ' )  n  É:q. '+ . r l  +  f . "  ( " . ,o)

(", , *') A *: t'+s ] + t oo (..r *)

P'.e^t le

I i^,

L ion

* ,= dt r ] *  i ,o  (zr , rc)

r. r- '*u] * Ëru 1er,t)

" '---æt+4] * f"^ (.,ra,r)

*--q- '+l] -) irs ( lr, ,o.)

Gwynr

râf ,'"o l','"n

^"lt|,oJ.,

^vn

- ) Fà "

tutç

à" q-" *@.

{ âunté

l" owich'- Gl,.',�.^ t+eal .aL ̂  *ot

er { l  t . ,a .2 .  L . r  ) ctr^€A p*4 à ,

I i"^ ("n, *') r

I t " n  { " r ,  d )  n

z = 1 r l + ^

t = q : + 2

Larvgar-l't+*] ( or*^.' b'{'e,{t

-k;Q;é .0t JJp,"* h;o^ J" ot "J

( "o ,  , , ,  t  ç i -n ,  c i *q  )  , , , ;  t ^ - .  
I  4  )

I l " i  eC ;  t  n r f  eH  ,  Ï r , " : ( . o , , , , , c i - r t . i + , , . , , , co r - . r r * ' )  n  b [P toan (< . .1 , ^ ' ) ,< " r , *> )1

[ 1& ,e ( r r r v ; ) ,  . ï rCg ,  r rn ' 6M.  i r " ,  ( "o t , , , )  G . - .  I  
q i t , 1  , , , r  cA -^  , " ' 1 r . ,  " k r ^ r . , . ) cn - r ,  - ' ) n

1r , " , * ( " . , , . , ,  ck-^ t "Ê*r r , . . ,  cn-n,  û ' )  ^  b l [  Pte* l l  (<" ' r � . ,m' )2 (e61*>)  ]

o'I,ù 4,1.-r.T-,r -0o e*J t-hoJ. l" La,v''rpon-l-[r+1

q,r, . f ,s-9, ,N. -Y æ^"*h'1er*J "r*p0;L.

*ah donc- .ou.ct-s ,I JtTù

N\se,.rrcc, l'âl-"nf.r,rrn.*,

I ir. Cn.r,*') n

I io,, 1a2,";\ n

I inn ( z.t, a.') rr

L inn tza,  c)  ^

rc Ï t .
+tci

=
v

Po.-n , rnohe o,auenmçPt, , /v\&tl^

- Pteu.^re eu.qr,.^hi" Qle i

E+Ë / rnruâ o&l-.^*o

F ( i \ = r i  " . i  f , o F

f*i00^; ** pQ,l-

c4îr\À 
fcMJ 

o,^^,l-

â" fï.cr^,e ,s"-l^i*.Qr'e.L , Pe,^- *-rrr7Q" ,

)" cflrAt'f'r'orrÀ

.û  o* .  ô

Qo z*J l-hoJ.

"0t-.r.r* r,

]* i.. (..,*)

]  *  ï . .  ( .^,n)
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Àts.,..r- J lr^l-"tf;e/v'ceâ

I i .  Cr 'r ,d) r .  Ïr .  t  t ,c) a c=æ/*l  ]  =à i" .1o',*)

I  i "{u,.1) n io. Çta,t !)  n *=/+{ ' ]=+ int"t ,-1

I fr . ,  t rr ,c )  n i .  (e'r ,æ') I  æ=J+'r ]  =+ tr .6t+,t)

I i"u1.l,r') r Ïnn {or.,*') Â *= d,+ai =+ ïr, (. 'r$,r'\

obge,ur,rno 
1-" 

biwr 1rr" 
ho*Fea .0"4 ,.mdthoJ.o J*;"L J'r.tt F

fefl q)re f, => F +,Ë ,oai".,*Y nôr*b,'1oe^,"^t "mrp0tl^* ) )! rz letti 1-ue-

fùu .-"^l-^; -P,-tnÂ^rrr,* / cxr t{riô" * u*ho^ f" 
J- oro*l','.^o

À.r1f ,r.a$aa,t'q^^h?^ q^ ,.F; Oroorl.t- [ "I 
?'fi 

mc 
fù. felr

e,{\ ,t&'&-.^f F. ct-V ). co^ Jo,^,o "toln,- *71" fo4/- |

t.. C.o, *\ = [ f. irr, (*)1 i"^ q".,e) = [" '0 v e-='l]

in* 4"r,,*) -- f. *= ' l  v a'=31 i.r, (".,*) = [*'= & rr z-=31

forrl-e+ù , s ç<r.f t-odxr,us ".^$"".o^ -|l"rno*.^'" ̂ i 't numpPact""

i r , " r ( to  t  , , , t  c i - ^  t  ê i+^ t  , , ,1  t ^ -^  r  dh  )

.1a,!

1i,", (".,,,,, c^,-nf c.,*,r r,,,r ",r-,r r m\ ^ qufuft lt\ (. iX co, "'1ê^-. ; N)

&rr" Fo..h* )* ."s^À'l^,'.rn"o À. ,.r.rfi*h'- F(t\*t n"nt- {atl^evn.,'|- 
J1',.,rq{^la.

n

ExerenpS* r{,3, €. q. h - &
e l e

N at^a 1*"^t-.""nl .Qq ..o*"h'"n 4-tl'i"00t. à" 
fnJgt"{e/fivnle 

$,8,S,3J

.ma^a aa ù'*t Jl-h'0.À* ). fù*t" 
J',,nnJ^r.F,ar, Gt) t ûo4â 'nl;ltrÀ"*

(-tt-) , à" r.*o^^rù â lot^^lo,,t *.À'.^ '04 n'o0.',,^, *^r.'ufi" 'n )t A

,a^'aL\" N d Aq uo0.r* j^il','e0. ,1,

Pt^o1t'" )en Jt.l"q 
fr€c€rr'tl^ 

p.r^l- ntçml'f"u?u , mou' nra'u'r*a

t*ornr àe xornou^.lrr, 
Tu iÈ{r^, .0,u 

f 
>t{ec€itâtt 4 , ilu^ o Q,0* ^',"nth"t"n-

9. lc;^'

T. lo n 0obion :
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I ,no ( ,1  l  or . r  s , f . ,po)  = t (c .ù= ù. {  n  fn .  ù t -^)  v( " , , {z t  ^  f . r fo-  
g t - t ) ]

eoh -^^l"l*'"-h. ol*r* ,1. fûcct,ln4rÀ n -p,..à ;"u'l'lql^ioh;.nn J. .lo ^,"^to[L

Pa . Pùî" -8" ccnzre,'l-r'c,.^ 1""ii"Q0e JJ-,r0" )"'P'r-p-.,'*^^k Tu^L

c"=us (). 
fxæc€^àuÀ 

t, a. t-" *,rnrJ ) "h o.<r\<,l , /nâ4r ,ll*^ o,uJni

,o0* J. N o-p^À llo l.-^.,.1','an ào A c{tovm*J.

f o ilr. ,1 , P**1*" -0q oa0el^ ,'.'nit',blt. e ). Nl *l'

, lt ,*r.r0" J^'çf i.*.,"1-l'*' ^t- ?o-4 p>4' Nq/'^ô cc- cqa N

eoh J..*r***\-t' 
tr- ,^, 

'o- "*u,;J*. -0" oqleu- ,- . Nr*r,ue 1ù, oLa.,r,nt J*

J*n fxæcero.ul 
-roarl f-l-.," r1*." N>.1 *orh 1"^'J 

N\e ,o',I J.r,^ohnot^1"'

^ I L !'r- )"à"^"^rl^ ù T-a.nm u\c^-. È a,qa eE- c-oÀ N ^'qa.Jaa o
f* 

X a$).\A )

apr -0 r.*"i^rh; J. -0" c.ôftvvvror'^J" 
+^oU;Q.. 

bta'^rf,.e çt .t., ,urn f\oceru.rÀ

f"^f 
l-ca\-e^ À" N>{ .} }. )"r,*hr^rhu* *o^^f ,f, ,r*J," me h"l-e. È"

N >,t , È€q -Q^ â.1q 
fÀocirrr{rô t-ea,^m ,u "^^f e.f N ='{ a1."À "o./.r.-l'','an J.

A cd.m/m ^J. f ^uQle 0". Po.r,r. /.trv\e lrtor,rlc 
àttl.uwa'u'au^c-z ) t^

a^t{/$e^& f.1À,,"^.!^ for^rJ A c4t'fqrvne^ "Ààfi"^)-*^"'t AA

keamçs", J roù ,!^ ,^ro^.t'o^rL ûocal'' Au,b"^^h :

T,  ( t , .o ,m,  f , , io \  =  i^" ( t , ' r , rnr  f , r , f i , \

iu(t,". , ,m, f. , fJ -- hrur(:t ,"r,srf ' fo) r E(cue lal,æ\ 1 m=Q, r.,  'n' ,o) v (co=1? ^ô>4)v

( c r = f q  r r  r n > , / ) v ( e o ' 2 , 5  ^  o ( / v l ( 1 ) l l

Ï . . ( t , c r , ro r f . r f )  =  f l ' ^n rç^ , " . rmr? . r fu )^  [ (coe l l ' r , r , r , r r , r ]  , r  m> l \v (c r= tq  I  ,n t ,4 )v

( c o = r s  r  n = l ) 1 1

i.ut t  ,  c",  ô,  f . ,  fo) = [r^t(q,"" ,  û, f . , fo) ^ [{r"u [ : , r , te, l t ]  , ,  * :o) r  ( . , , --  sq rr  m >o) v

( c r - - r s ^  o . ( m  s l ) ] ]

iu (* r t, r hr .p,l, fo\ . [:^lu(l tc+,ût ù ,f") r. f. (co=t,3 rr n:a) v ( c, çe3 r. o.<,n{ r) I

i  ( a ,ô , f , , f u )  =  [ t r * f "  =  t { - " , r  o< " r< ' r  ]

i o ( t , 1 \  =  [ t = * t ]

C|nl ,u*irr pP" )u rnn*l-n-, T^. 
ce^ ,^ 1o,.^'o^.t Qo"^n Èoh; l^Y
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I . r r i l - iqQ;qhi*n ,

[ t r , o l * t  i ,  ( r ,  a l ,  { , f n , f o )  r  ï r . ,  { u r  i 4 r  s , f r , f n \ l

P,tau^re lrl1t.^^b,"CI" t

i . .  ( t  ,c, , ,ô, f . j ,  fo)  
=* i ,  ra,  co,  mrr,  f . , )

[ î-ro(t ,"L, Ât f., f.\ ^ rn>.r I * i" (1, ".,, hr fn, fo)

I  i , .o ( t ,  co ,^ ,  f . ,  1J  ^  msr  ]=+  ino  te , "o ,  o , fn , f . )

T . r { t , " " , . ' ,  f . ' ,  f * )  o  l . r ,  ( r ,  "o ,  "14 ,  s f i  ,  fo )

I i . * t t ,cr , i l r  f . , fo)  ^ n>a f  o i .  (n,"" ,  ô,  f . ,  fo)

Lir , , ( t ,  "o,r ,  f . , fa)  r  m31 1 + i .u (r , .o,rr  tn, fn)

FÀa LÀah'm i

tlrlr,t* ++

C4.  \ ' \ . s , r r '6  - ts ) .

tr

P terr rg J 
I a t s enn .e. àt tÀVr^}r^eln ceÀ i

Poua. &..,1 1.,,, f,

I  i . u ( o ,  e l r m r f . , f o j )  n  i . ( t , r â ,  ^ , f . , t  ) ] = = + i . * { " t ,  t s , 6 r f . , t )

I i .* Ct, xtr 6, ù, fo) ^ i"o ( o, r&, ôr f^, f.) ^ .>-r ] *trs(!, "., m, .1".,f,,)

I  i * ( * ,$s ,o , f i , fo )  n f r ,o (q , , t& , ,o ,ç^  f+ )^  ^s .  J+ ig ( t  , zE,mt f . , f " )

[ Ï.* te, ù3, or, f", fJ ) n t.. (q, aâ, * ' , ]r, dr\ ] 
* irs(t, rq, nr-'t, ç., r ' '1j )

[  î . ,uto,  r \ ,  m,ù, fJ ^ t r ,  ( t ,  ]&,rn,  f^ , f t , \  r .  o>r l=+ tr1.  (È,  t r rn,  f r , f " )

I i.* (0, rh, srt", fr,) r ir, (t , 'rk, o,f",fo ) ,r 'ngr ]+ Ï.rr (r!., ,.r, ' , 1", fo\

L ir, (t r 15, ̂ , f.,, fr) ^ t"o (tr ,.rs , r, fo, f")] * i. (t ,6, fn, f.,)

t i "6 ,0 , f . , f . , )  n  n=o]+  i * t t ,  f " * f " )

I  t . . ( t , ô r t  r t " \  r , . n+o l+  f o ( t ,  . " f . , * f )

t " (q , t ) * [ç=  r !1

N"ta 1*. f *^ F".lr -Q.e 
fxoX*a/{vvw\e / 

ônetr^ a'uc^^A

,.nâ.^!i"no àu nd-'{,'*F,'*, ce ?t *F e^t,'Jert*r",.t' À-.*Q. qrra..a 
1*'l-âh"

dâ^r,f .-*,'J.LUl-tt\ *^| e^^ tA";-'*"f r.u^e J"bop* l-,ar, moi.,uo {;.
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4.3.2.4.5 Utilisation d'invariants sur les variables et des variables

auxiliaires associés à chaque point de contrôle du

programme

ftpd t'èYre x*J^r, '*rTh. T" 
i'rrl-i0*ql-iôn J',*ror..o^h ètnv !*

ryartr'aLîco o'*oriin à cïeye 
1,i*Y 

)" ".-l-"â0" À tqt1,ceÆM^^e (os.r,rrnre e'{l

{,3, €,, \,3 1-u' !* p*rbl"'l- -0o ç^LoQ,-ol'i^ .0q f0,- *aY*'u!!'" A" -0q

tmil-[oJ. J" F{"qÀte+1 ar), c4À J.a f*.,t}tq/*/nô* 1*o€ldp*) 
"l-a,f ̂ ..:*nrfth,

â.ric&-Gtt'ert+eol onf ;l-*"À*il- lo t'"rR^*1u" )- u*dr.ïl- ^tt"iâ'ort-. tl.orro

.rnoot-xoru qfc c-ÊÀ ,.:'aru'.U- a,,*4,oiLo" r{le pcnl' 
ï)'-trtvt 

,cnote,n à.

,tarr,rnrrre,., ,,,n,p2,'*'hrvne^^t- .Ètr.L .!u è1"h, à. *tnô0" & +âsrcX{qr^4^/r€,.

Poua, 
,o't.JrennF"n 

-0q l-.-R*^'1.ue, /nou^ .-*.'J**r. -rt^^ flu2tlta/vvme

4^,1^r\.R**" Ppa = [-P,no"ll,.,ll Ètao-,{n Janl-, 1teêu,\" r-rp0,'fre^ , Q* çvëQlA, t !.

4-l-0"J" aonf o"tPâ n"J*, 'l-r.,--ubl" J* df"f^ â" trtpt^.nrr^irne eol J,rvrc-

s= (Ç x,..x C".n) x M "<r Cd *f -0'" ̂ ar,nn\i" J- f"ùk 
J" .onT-ni0" d" f 

'{æcrrâ.uâ

F,ca, .T- M {'.^-ernLlc J* Jt-.!" ..*Jwoir,.. r.loharra l-L ). 
f";l- 

J r*ho! J,

fH,oceÀtuÀ P'te, (J" e^t^" ï^" 
È*oi-= L;,a) <-ï- C= 

r!^C, 
.2'"*-"[\" J* \'ùh

J" .oorhô}. â^l tlrDtÀ{4/r$/wle..

Em .Ro1oo 1"uwl- 
LeC d" JPàrrrt'r4/'"^rrnc Ppo *f aroo".e' t^\

.^nnn.rhoix. 1.u' <aT ai\^€. *"0ch',,Mt V, e (u$*f*,fl\) n\{, 
1*h^^F T. />4,r

lru Jhah *rhorn. {-l- 
T" 

O r;l-e.^1t t-" cdsvrv\r- ,0,:Xmi{,'a,^,.t 1u. ,

ty  e  (srs . - l t ,  S) )
t f  (<1o,,. , ,L"-a>r/ïn>/<<Uor,, , ,Ll-) ,^n'))  = tr{  C Li.=L; r . .  vg,(m,nn'))1

*h r;r,n**"'4^h. Re,çno,t1o,,.n" 
1"^" V 1r".-mu-l- A. Jl.^lr* -0* ;l.ah ).

"6nhâ}. .l*a 
f'€t>.g/v\^/rre 

.flrajô Àùr.r^ ,rrlv\e 
{a"nne, 

n-\-*Â*-*or\- -2À; t-."

(f*1^^" fol'r, **pl" , J *l- 1"*n'ht. d'"o-p'uÀo,. 1*t',...i\t\ 1r,,."1- L J-

t'trtF1a/rlnf.\è *T- Àq..e*;U" €^/\ .At;^;^^f k,- (ru,*) = 1o0.e ^.,- J ^'^F

+q^ -p.,t.[l. Jre,ttp'c-mel d" ',.0ohi*. *l-^,. -0"o "'l-",t" J" .r"nh.6l. J.^



4-129

À{f;"-h f,tocem*ra à{ f*1M", 
cir*.rne

L; el- L; a.rnf .m,.bu"0$trr..*l- "^.0""i1, ).

f* *a.rnpP" f" -|.^ 4""^-h

P+tr,,' Je,in.nrl-*-- .P'.^^t*"'a^^ce J" V f * Pfo , .Qq ût^;ye

J. O.^ricfu'- Gw'u[+6c) .olr,<,r\-e à ,*r^'àâ"n -r.(^l f"-1^t"^*e h-^Â{r,-\'" FfJ

J" lo f*". [.Pr.o" lt,.,Tl Pu'*-.n o{^ "Roy" f.(.{rce^}.uâ P^.J; e **l',L00**J-

8" nmûme "onnP*.t-om"^ l- 
fe 

P',qj ,.n^ir, .onF;"r.'t- J* ..*^.rmq^J- Jtgf."Ehrtl

à J* uo,,, att* a'r.r *{r'**, rn 'apja,,taioa^,1- 
f c,ô ào ^ Pp" .l- Jeo

'^^n*r.^'.,,'t,Fo, Vl ( 1"tl"""rl n* !^ nroarsbl* à. Ppo ^meà rXol-^enrf'n*

.!* tqa-t*b\* ^'*Q-.'**- ) a" -Àp&'ry." f i* Yr.

PA^," 1"..otme,^f, 
'P'e,rno"nbl. vA Jeo ^ro.r..rhlco a.r*t'alr,- à-

txrXl@/'^'^/rnu Pfa *f -0" 
fA* Xta"nJ 

q-u-.rhf" d" oarriqbleo 
fl

m'alfa.taizne.*F 
î.'* 

.**rmt'Lco 
n*rJ* 

J [ff."]*h'-t è1L ev\ *",*Lo* à";,k

Jleff..tat-ions ô à^ ^or*'q[l* a.!r6q ù'ot)*o.

Ppe a'r&h'r^l- â fJÀ à. Pfo' e),r\ r,u{'f"Àa,,^t- -l^ 'ff.'lal,'*-

q-!ro( ûq'.^q bl"o "^rr,^.0,ù- "'eoF-À- JÀE e^^ $ife"Y ,Àrv\ '',rrnb.r" fu'

) '" 
f l"; 

-,Qo à"r-f"-*ql-r 'an otL, V,=E;P - d P èu Ve vA (t"t^ o,^ "#.tf"a^l

o'J 
T 

r ù'"r" "*.1^o** l,^p&fi.ql',o* &Jor^l-* côc'\^,,vvre -fù- ,ou*ny2. ,

a :  {  2 , :  { r - - Ë ,  r r } ;  4 :  c o t -  ë T ' * c g e ^ l  à  4 r  V : = E l l r  i  ù 4  , 1 , 4 4 . ; & r . u Â i f ) s :

e.h e ' l l r r r ru l r  l  q-  I t l&ipi  t ,  ) .

Ll".o^[1" J* dF"h ^nârno'u.. â" Pfo' f*tF Jooc êlne .*tpn^

(ô ,ctq ,ri,".nrt$ù.nr. f.à) 
.ir^./vy\< J\-a,r^l- ilxM' où fr'-- (vn.l$), Cs'u{$q,

1*J..ârr*rne^tF, ^rT-ano cL -P'c^,*oer*hl. J.a yi'vh> à" .m|-,.rQ. J^. -pt-.-"r

F*! , iern, Ll; )" 1"1^l- à'orff it àt 4r"r,ot',t^ F^.4' ' - l- c/= -u^c!.

Ë rn "Q ay. 1r.-l- | e g' d.r 
f 

*t*c Ppa' . t- a)t>oclet r.t',,tl

.s*n",,*^haix. y oul l \e *"8oh'"0 Vl e ((|AxM')Ù-r Ltr{?}) (ne 4^l-."^f 7".

A.trJL ),^ -c).r'at\- J. Pl. "l- -Q* p.,*'otl.o or,o,{^'o rt.o .h 
1* 

,^lâl--"p"àh
l l

km^,/n\e fteeeJ"*nt'r-i fo,\ 
"f lr*^t**'a,",Le- J" t{' k.QQ& 

1u. 
î

Y'(<rt" , , , , ,L*-^) ,  m)r 11L'ot ' , ' ,L ln-^rrn ' ) )  = {"  t  L i= ( ,  "  Ylr  l tm," t r ' ) )1
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l -  r. f l  J";r*^I âfne "RoLà àu re h T. 4otr.,r.  t-ou.t {rg'rf f i ,d'e$, * àT,

Vr- ( <"!,{! ' ) ,  4t*, 'm'>\ =+ Vr(ru,*)

4.3.2.4.5.1 Correction de la méthode

o[seuroro 1r" ]o x*a^h1tc drr 1trRotF@/îruvr\e Pla a'o2"h.^^f à

t*l-* )o lo leÀor^l','1,. d^^ fÈe€%Fqlw\rne 
^r*0r'.rx" Pl.' f"r,- J,AÀi.ah'ar

à- LY^h Ào!.-**L\a (*1p" t*ro^h d ((ci*,,,xcl-r) '(co*,,..cn-.))x Mx M') f..r.o

larL 
"-n:'ç^J 4^*tc.c e-- ,trÀe 

f^.1-,rn f" 
e (fc"*,,.xC.-.) xf4rtt/+ (cor.,,xc"-.)xI,\)

*hn- *"f" f 
n; ( J"{.i,ue fo}r {"(" 

co;,.,r c.-.)2 mr m,)) = (1co,,,.tc,."), rm) ).

fo t{.rute {r-*".Q!" z n*rrpP. ,rno-L {.^l';À'"r-e / 
'tepcae. ̂ ,,À Q. 9orr*r* s,tr.rol.t,

N<.  - rpQuo, ,  ao q 
Y ' (+,n)  =+ Y ( {^(a) ,  

$(ô)  T^à Ae ( (c"x , , ,xc, " - , ) r r tx t " l ' ) .

Cer-r' 
1et"rn.f 

J" "*,Àt" 
?^. lLhQ.iqh.^n J" uaruatl.o o",n 0,'oilea

-F ."n^""h, âqa^o .lo îry\€.eul'e "à Àr,/v\e ç.,opx^JFet ,*>ar".'a,^r.h 1borr,L 
).

f *X*a^^^ne agou'fuau l r.^h "'ne?-^",.* 1':,ô{r . ,0e fHoXFc4/v'{/vv\e 
guXàq,Q oilr,,,u

fo:, ;0r;;rhX d* oaa.t'atlca ̂ u*Qr'rir.e., cl^V -la ..o*/'1.^"* â" FhJ^À.

!,1,.{^rf -\- .L^ fh"ra.àm" \.{,&u 1 (f f 
'q,pQ'q-" a)^ cl.1 oà -l* dlal"

.t,nj\-,'antq Jo 
tÈ@{Fr4^y\^meÀ Pfo "f Ppa' ao6l' iJ.^nl-''1-e^ eY r" X.LIQ^ "

ari,.ln-'t ),

Êarrr.x1,^l,r"o 
T. ,J'"{rù -0e t'hJ"".; s \,'t,i' s ) .lc *JfàoJ" Jc ow,'.Rr -

Grr'e^ Ae n..âe €.Àc àe- *ar*Àr "liJn*l-" a.uot 
f{eu^reÂ 

J /.raurartr'a,,v.cr.-

"mdih'",r^eQle (ào,,^ la nnre,ruÀg àù a\ 
1'.aFig"e + rïe ço..,'furilf y.n aurL

l* "o.-ot\% a.^ruQ-ræ,ra ),

be ,0q *â*,,. 4oqll , ,* *n*Frl'. 1,u" Qo. .0Àil-eh'.m à" ltt,,aTe J*

*oa'ab\.o qrr-,'0''oin- 4,uq "ff*l-.ï',*o àor* nm.iHr/. Je owi"kl-cw'u *l-â,rh'0",

Pa,,r. eoswty0. , "0*o ,uaar'atlca a.uxeL'".^À 4-^,tt^l 
ât* ."$,'AÀi- àa^* lre

Feot-. dor- -La nrnczru,lue. ôù ceô r'*rd"{'.",f,'* .{o;.^"h .ge -{€;f J.

,qs,lôl" J* 
f 

".1 n4^ï.^rne X€ohol**.'t- À.R"rnX/ '
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4.3.2.4.5.2 Complétude sémantique de la méthode

Perra, âÀ^!'*n^. l" .^*"h'* fù$,'J. J" -0'"-ornp0- ,

0 l  X l = O ;  . { ,  [ r t r  X : = x + , |  ;  . 1 x :  l \  z , t r  X r = X + - l  ,  r t : n j  L ;

1^.1-iQù"' fâ{r^, 
JÀ.*["r^ 1"* -Pa r*ihhoJ. q,B,r,,r+,i eoY ;.,mp0àt-c\ , -

ff*h 
lren^"{^^*.À I" tà.ox'r4r,^rw\c. c6rÀ/v\^€. È"tr i

Qt { Ot i Xr-} 1 aù '. v,t ' , '-41 
i O3: tl c:-- 1.1 i o\t > i

4 t  l [  , . ,
{  . , r , r r  I  X r=X* , l  i  À41 , , ,  V4 :É . l t ;  J {3 :  }  ;

J L :
tl

t , t ' .

{  t " t , t :  X  r = X + , 1  )  z 4 Z  r  ! S r :  { 1 1  a l 3 r  } ;

T  
t t '

J t )

?:

st ,,.h'{^Àr^ l* .,l,nl.tar..'q^h

Vj  ( * ,ù ' { , ,1}ù\  = [o l=.1 '1  6 a]&: l ' l  n  * - -o l

rtj. (..:r'r rr,or,) = f u,r=.r.t ; ((oz,=zt ,,tt æ:o)v(^re=et ^ *=a))1

V,., (*,o,r,ore) = Lo.{=.r& r,.  ((or=gt rr e=.r)v(or=eg r. c€s)I

9j. (*, o.r, orr,) = f ,,rr=e4 r' ((^.rl'-.1,r rr a,=o)v (+t='rt' ,r -' -r))]

Vro (*,o,r, ntr ')  = L^t*=rL A ((a.r=.1,t r,  æ:.t) v (ur=.,tt , .  z '{,))]

trt (*, n r, .rx,) = L c-- rl

f\ ronl' ce.uor 
1r'ô^ 

',ttn,.'.f uh'QrÀu' ^,,". % *dl-hoJo (a ie t\ri*^* f,.â y.

l- ruaieb\- v.{ ef vr, lonf r,l'iQ.ae.l, pru0",

J.^^n 4t"o"erotr,o),

!- ,ornph"rr". ^àÀ^tn J.

be ,mq.^*^'eù far* Xe;rai*aI., o* 
'J..,{"* )^,t$ fx.ot*r.a/wr,ïvlc 1*.oU.;0.

*,1*.R-r,t" Fpo à. !" f*" [, Pta,ll,,,ll P,en -. tr 'T' L g, , Le C û^ 1'l.e V ,
J4* qr*,wre 

fæ.JJc"m/tï)€^^f 
piT- -,^ror".'o,.^-t-. I€, 4*f 

,-arrf*," 1, 
'^ pr^È

t'non^ler Y' âanf ôn f*rl J.Â^fn* -0lÀ*or^brr.o. fau* .,.Lt{t 1à\r1,t*ervû4e

t""r "{^mJ To' ^q^^À t*. ""1;^^ e..rro( .crnpl-ar a

PPo'.

,,tÀrn c^^o )- 
1r<*Xn-rwrmr-
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Cstrnt.t u.on" Èfo' r.7t\ l4nnrpon^f ?e .c,.rrpl-.1* ot[À"Q. J" &oyn<-

fltocelrx.^^ Pze ; ag rmorÀe,lr â t ,nn. oq^abl" a^r*O.airne Vi lnt^pyarcinatu,T

fan Jon* !" 
+Fue?"ta,^r 

rne Èpo), Po.l,t nQo rnacra D^.Fp c^ç,�vt1g yt.l

"oùh, âr./\ c,r,raeayl[\" à" uoQ"r",^ à. ce,bc "o^^'rtl. 
{ , qp dr\ete,$ )t*ri

-Jaq" " {i|".}i$, e^h "'1rif"h^"h ô I'ca*er-[1. J* "'F,'7e-ffco

a,ftpa,tain,aa^rh dqJ* )" +F€cc/r1-ua 
P*., Lf NtèuÀ Âtf'Pdret/.rï\, "'XeL*'","1-

,1^r'ar.to, ëV' yr-llr..a L à" fta .--"r,p*rJ-^f J* "'F'1-.ff-* Lt,ln,1t",,,,

/n'atta^,;."^.,f +oâ J"^" Èpo "i eeÀ e. h'1","-tf* ê1""'i f^t^ J.rrn

â J..,o âÀt-;"f*, fpo' a 'o&tî'"'nF d f"tl-ri- J" Pp" .1ràa^ )o

*n-a^*9^"^q1-, on ?t ^ùe/^!a i' l

.  E ( !  :  [ .Proo 11,. , l l  ] ' .a^- . ,  n;  i )  =

L r \o r=!o ) Un , V. r= t4 i ,.. ,i t1.,, '. Vr-. ',= L^-. i !"' t

I q( Pve") l l  ... l l  r*,. ( Pta*-,\ n j l ,

. r, (L:\ = L,

.  " ,  (  L 1 t E a , ;  L e r d \  =

L . r :  {  L I t l . . e a . . ,  U ' L r  V ; r =  c ( l a ) ;  L { ' t r  } )  r r ( l r t x \

îo^d Êa naF 4+,, Vr=E, v,= ? o.. { P'}

.  r r (1.r ,  
4 

È Û3,rr  Lt :ot  l  LB: 4X- uu,P j r - r ,  È;  L6: 'd)

Lr: { uî, *f e Fhern-1

L r r g :  T ; : = @ ;  ! t ' 3 r  V ; r = c ( u : , ) ;  L 1 ' B :

"!.""

ur t r  1r .  { :$g ' ,  U '€ ' .  V; := c( l r )  i  L l r t  ,

# ;  t l ' r r f l

L{"r 
4 

T; Hrco 
vt (L2: or; L3:) V; i= c (r-e) i L?t,,;

"0o.
1 1 ( r l , p 1 ; r r )  v 1  r = c ( l e ) ,  L l " ' i

L;
t  (te :x\
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. G, ( lr: -[..9" B & Ls: (; L3 : "è; rrr r p) =

L4 : { r.r'r, 4 È F\A

Li ' t , ,  T ; i= f "ure1 L{r3rV1, 'c( t l ) i  L ' r 'q  r

e%ae

Llls 1 1, ,= 
f&"; 

L1'6 , v1r= c(lq) ; Lr'r ',

L l  r t ' r :  5 ,

L'1": .|"'?. T; d,

c .  ( L 2 z a  i  t a : )

{ r3'r: -{ B l-h*r{t

; r1 :  ! , - -  f r , , re i  la ' r :  V;r : . (Lc)t  Là'q:

tâ|f,. 1r= fq0.ei 
Lr'G, V; r,: c(tç) ., t-x'+ .,

P; L ib :  $  ;
LT, , :

o ù i

r r ( t l rp )

uJf,unvn cto .rnor,v,h*o-h V' c{r$^.rfie "o^otYrktt "'*c.Y",rneu} -0*

à*.-rpla^Jô à* dt-a,b àtr,r^T+"L Je Pp. (o-^ ,o)on" Jeo êlah )"

.0oc

*\-"â.0. àe Pp" felr Jco u"Ùrt^ J* nraa.r'atlca *^^*0r'orr.r" A. Pp/ pr).

Po.r F .ra Jl-t h, À J" Pfo , JJ+À;À.r"" :

Vta,,o) = t  *(a), .  (r I^ t [È.q.ù])*(e,o) l

arÉç,

e (1<t" t , . , ,  Lr_.  >,  m)) --  (ê.  L;  = t ; )

àz p--l-" g4r" V" *t- e^*"x^'e^h fou,r" PF*, P.n,ro al* ,

Po..,r lo."ho ,0t dl-i7r"ft-* t- ?^'. 4,1*"*l Ja^- Fpo -t Ppr' ,
xe,mq,rl^rana 

1xc. 
)" F".^o^-.{,"-m*l^;., J" Pfo r,r,r Pfo' -T- F"0i. T"

"0*1" )" .ont-nâ0" *,.,1- qD 
ço,nf L J, ielm. 

f\.oc€/r',ua 
J. Ppo' / €r q

^1 = c(r-) . en cf,oiaih d*mc '"
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\ L  ( ( $ , $ ' ) 1 ( r 4 r s ' ) )  "

Y"(  < .  . - ' (s ' (v , \ ) , , , , ,  c ' t  ( [ ' (v . - . \ ) ) ,  t ' l ) ,

( (  c -a (m ' ( v , \  , , . , . ' t  (m ' ( v r - . ) )> ,  M>)

àe lat}lc l-. 
.Pro^*-hi^n e t L de,.^a PF"' ."h 3. .{"b {oul--t^^rar.r'a.uF L

PFo .,v\ L r&l--nrt €./vr t',anrau,^^ra,."h l. .or,T-',-'0. ut\ t-o.rrne J., ^lqriotl*

eu ou Ù'a^lta" ,

- Por.r,t t'ooF* "trq él,1n.tl"^ ^oYrL Li'i ?* 4"x.g.-"1- J*-

.{J,^^e È.ol-ion .,..^'l-i1u" âo Pp*' ,"rnaù fa^ âa,'n PFo, ôo .^*l','Qd" J*

t^.^Fi*o Àt-*"m/.il à^-a" .L',.rrl' )- u"Qet * .o..rr.*.^J-�o J* ^r.a^.akl".

(X e<,N\ l^râ or,*'O..'*jo ) q-. or ^'aQ*^r" (n"yvnto0.3,r*) J" cr",' -â-*

^to,t^qL\to (2u d"'f,1r-h' J. So ^e-cl','on .^l','3ae / .e 
1,^1 çrzat'nuf J"

f'."jFe" 9* p"h,'*o *,,\'i1u.o e.{$nvvl^e, ^),r^e oe,h'^r el*arrriq-e,

&l '  \ .3 '  t ,e,e,  r '  )  ,

- l-u o^tft- Jl-,'q"r.#* -{r2rr."rth J^^- Ffd cmaro faa Ja.,ra Ppo

"nh Jkt Àf"*Jd L q' ceuae Jtu \-*h" ( â at* ),Ltv\e u*u.^â* aQli^,,,a\,k

arr ih"tr<hr* ), Poc.,t )- JFi 
lucll-c. 

^oF"â L' 
? 

'6$ Frpr.r,.ra po4n .!,

p,rrm+

Lr { L'4 ' 4f s hhem

L/l: !r= l-,cue i Lrt: V; r= c(tr,) i L'q;

"Ine-

Lrc: T; ,= +g-9.'" 
., LrG r !g r = c (r-r+) ; tlî r

4:i r'e ' ;,
i l" ...

âqr^ Ppd, ôn Joi^t,

Vl, ( ( S, s')r ( M' s'>) = [ 14 € 4ds (u ao1) ̂

L g [s l (M)  n  M ' (T , )  r  M l (v ; )=c(ur , )  n  VLo(<$,U,> , (M, i l ,> ) l
" 

[.g[o](r 'r) n -r$'(l) r. vrr(v)= cCL!) n y,r* (<$, U!, <M,M,])]J

I
l

l
l

I
I

I
i
I
I
I



/\ou- .la P*"

V l r =  c ( l r ) i

I llt
L , .

âanro Pfd .h ry 1',J.àJ."1 ^r^ q%-, * * 4r., ôn "0,o^Lta-

'Pr|, (( [ ,s'), < t ' trM'>) =

t V " ( <  U , $ ' ) r ( M , M ' > ) , r  u ( v r ) " c ( L x ) l

(fr\ u.^i$i" oP^o *r"À"-rr\- (bnrn a,.^. )* ,oQotln voi"-u| F.à

4-135

- Po..r- "0- /l-iy.tl-* ^of.L L"r î' ^ t-rtou,ue

L,t I

{" 
F;À'*rn ) ?r" 

-0"o ".vrÀ^F,'ono J" rJ.i|i.ql-r',Fô. &r\,FÀpc^o à**l à

"t'o1p0'.oF,or, à" -0q .*{il'od" q,i,*,q,3 
1F,d{r.,,', rf '*l- Ppo' Aônl- nobr$oil-*

(ra^ Yu ,".kâ{*^} .!* .*mJ" [-''o"o à" ae"ilico-Fr'oo J" -0u mJl-hoJ.

\,1, ù, \, Lr f ùLr^ Pp") e-\- afc-

V| (< $, [ ') ,  ( M, M']) =+ V,_ (r l ,  m1

pott lro*i* )^ e'[-,'î^r-f|'* {iX"^r.,r^'f Jo,....o Pto .T Ppa'.
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4.3.2.4.6 Utilisation d'invariants sur l'êtat de contrôle et les

variables associés à chaque processus du programme

^ù 6{\ ,,-l-,'0J,. -!"^ JJ..r"np"-ùhi.n^ t+,3,1,,rr.3 ùt^- 1r,3,â,r,.q 
f* 

,*

f""Xx4.rnar$g [,P*.eoll.',ll P'cc^-, [ ; "Ro1o" f\rc€rrtra 
P*; , 

ju* a r,,r; 
ftÂ

)" *tl'n^ô!. t .* 'âe ;zu" (,mr-.r) .^J".honn À. ,o,.{i.*l','^o "o^.*p*nJa^rf C '0e

f,u.urR, /t 1-€^r,l','.00è 
,i 

Ê^i|^râr.";l 
(,mrr) = ,l*j 

*r(*{-n) *.'ùl',',*o J"

"â{i*F,'^ crr.r'xy"rnJo^"1- à .0q 
fnsu/re ! olaea."c )'t lr.'lJr"^r* .

P"r^ .kF* ,. 1,-0,.{..,1-o'ho^ J* *snÀ'[','onr J" ^r.lr{t*l','- .,^*pwrJJ a

.0a 
f{n.c-u,^r€, à'ot',^". â rr,,r,tl-"^8. e,\^ceÀ , M 1a} 

'&o,ixi r,\^\e J.'",r*1r^" l-,'an

mnoi.r,r.a 
4*t , c,ry\À^e' ,uâ" 

f"T^J fe,v t^e,,^np"tl-[ao1 fl .o.ru.t'" à a.*toie^

a^\ ^,ù^to r'.o*F 
X.%te0 d oRry" frrr2c€ /fq6 J- .1b{"o1}r4lyr/vyne,

t=I:gf& .*'3' x'\ 'G-.

Pou* Jel$ ônl'""^ -8e ..r*orh^ 1o^l-i"Ql. J., f&rî'Lo{*^e

[ , . ' r ,  x : = x t , ' l  i  À & ' .  l l  c r :  X r = X + ù ,  , , c , ] l

;8. l"'rh "*^'{,',^ -0- .-,àl.i^o ^.-;"^}.

Ô (*) * Lrn (.r't, al, cc) 1 Tu(.rl, r,l, c.)l

[r^ C.r,t, "" , d) À æ = oi +tJ + Tn (,rz,cr, *)

I t , ,  (c , , ,  l , t , . r , ' )  r r  r .=d+8 ]  o  T ,  (e . , , r9 , rx . )

[ . r . 1 . . , t , . t , a . / )  r  d . = a ' i + & l  +  ï . n ( . n , r l , * )

I toQt ,  "o ,  * ' )  À  t  ;  o ' *  t  J  =+  To ( , t  t , , .o , * )

f t . ( , l l , r ,e,z.)  a rn4, l r , r , r , ,o.) ]  =+ g(r)

û
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lq JJ.*p*il-i" .,Rrr,t" eo\' la o.ù""}". ( co,tool- c*,u.aol'tsç])

S  =  ( c , ^ , , , r  c . - . )  x  M

ftr = (s- lt,{?})
É = (m + (c  x . , .xc"-n x  t4  -+ | t , f f \ ) \

ot  e  (Ar+  A{ )

q ( ù ,  ( " . , , , , r  c m - , r y ' î r )  =  T ( < . o , , , . ,  c n - . y r m ) )

T e  ( * l - A l )

t ( i  )  (<<."1, , ,1c,q- ,1)r rm))  = 
râ*  

t ,  (co, . . . ,c . - . , , rn \

^
tsxermPr{c t .3.€,.  t i ,€ -  c
æ +

Lq J. l-e,,"rn,rvr oh',rn J* .a1Jr'l-i.nna )" "âfi.oh'rn +o+ûv J.nÂr att T-^r^ -Io

onn.Fi"o 1--\','"$" J. t\râHa/^^/meâ 1a"to00j0* o,'çoûnone. )" k -N*" ,

[. Pta, [ ,,,ll Pta.-, n

,"F fp.^} ô P"t snmi ?ùe ô q,3,e.'{.1-,r Ne.*o '{"1-."t r"" ( cr.wrol-- co.r.oof taql),

S ( ^ \ +  V i e m .  i r ( L , , , , . ,  t " - , , , * )  ( ù  P t a . =  L r : * , ; e m  )

I i rC . .  1 ' . ,  t  c1-^ ,  " ' , ' , ' î .n1 . , ' r  ém- . r , 'm ' \  n  ! [P tarx  (< . ' r ,n ' ) ,  (  c '  n 'n>)  I

+  Ï ,  ( " ' ,  ' , ,  t  c i - , t t c ;  t  c t+ r f  , . , , . . - . ,  ' , \ )

- Tm;f,'a fual-,'on

- P'crr,rre oÉ1oe't t', "4"

t i i ( co , , , , ,  "F , - ^ , " '& ,cê+ , r f  , , . , c , r , - , r rm ' )  n  g f iF tng I - (< " ' p , r r r / ) ,  ( cn , r> ) ]

=+ l,  (t ' ,  , , , ,  cA,-. r cf i ,  r cx*^ r , . , .r crn..r J m'\

FÀa eÀ qh,'.rn

tùc,q.  i ,  (Lr , , , , ,  t . - . ,  * )  + V(rm) (âè \= n i r ,  ,  iem)

il
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Exe^*n0.  4 ,3 ,  r , \ ,6  -3
æ l â

1*F;.Ile *l' 
1)Jz 

.0u 
t\{rtta/yr^/r1 e 1a'Y 

p* T"nrnr"un o"*^I^r-.,1 T^L
0.( rh .( 4 . P.*r,r. *^r lt C,t ee;;i ) /r êr.râ ,arh o Jn"aOnO i

oe{o,z-t 'e"t- = L(".e l . l l ,-nr}  ̂  cl€1r,.r,rr,}) v (c.n.;r,  r co--ar+)]

A{h^- t-e"l' = L (.. = ,r3 À cre{u, ar, rl}) v (c. e l.u,,rt,,n} r. e,= r.s) I

{t-er- tal- "rrrâ- Je*rnn.^rF = [1.,.=,t,,. r,, cne lar,&{,,r,r}\v ("n e lrr,rr,rr} r. c", ru)]

o , r re-Jerr rcrvn"^F-4"9F = L("n=. ts  À c1=+r \  v  (c , , - - , {3  , rco" t t ) ]

Na.ra jQl-,r"f*.,r* -ga md fhoJ. J. fFt€{^,è 
tr.B,s. r.t.6-ï ,.^^^, {L*rnp{.

s.t. ù,3 . be /vï4,^^r{.{4- "^t'J",.tl'o i-0 ̂ " 
+.*f o bt^ T" J\t"vqe.

*{^tt,otaF,'.on )'" 1,3, c, \.lr -{, e,^,.1', '{.Àc^l- )r,l,rrrn^ta,.rh^r-T- X%6"L f*
"P,'r,calur^ 

fA*lÉt- ï. 
J* .")rr,""t'"^th lo.-.^n -n"dJ *' A"1n*

foi^,'F ). qmt-,.ô0. J" {rurdxamwrne . Qsrnr"ne -0^ 
faocewu A-

f*T*. 
n rnt- n"yrtre,l-* of- ) N\o.lrÀ ,^l*i-0.i,an, -!t mê*ne i,,*o^|et

Ï +r,.,.n, t. ..1- i" t c4 
ï, 1^r,n.Y 

Jg ,",'or.ro,-., à ,.nro.rn,*e,. 
TsL

z9JJ' u/iA *t0 fFuoc€Àà41,â 
.

Pat,,,, ,ua<rrr"à )Lioçnrn .. 1-";- Jl-o',E ). .*tl-*Ë0. À4

ftr.octxa,àfÀrw\e- / rûo{râ ,^ih"J*** q. G,r,ooh- fuuaof façt )

uot-,rfc",heÀ -- (c^=,t4 ^ c"= r, l)

Ra*- ^tlar.-l-.à

P*.,- lhq^,F"d, = (c^{ai ,r "o = r,l)

St 'o^hÀ = (q+44 a c"ge,r )

ttJ* *"rhoa0. A" ftoetlt.a.r,,,me 
s,8,{,3 *F J. ,.naù}'.^^n eÀnrarr'qr,"fe

h '.o-0o5,'^ lr^ r"rar,^l-" :

r^t(O tê^,crtnr f^,fr,) = [ (r. toF-,ofq,r l teà n ,n=6\ v (Prao-rl-q,"1-.J, n po=aÈ-t) u

(P'a.-rt-a,,.t-eâ r fi={a'm) v (st*.h.d- r, f.,^fo--EÈ-") I

Ll^ttha" l^.^rrhon ",o"o\'i"00. f*^^ -0" 
4Fterl,,.,e 

J" .^,ro"|",'"n

uo- àcc,tr,,rnJ' l"{f  = [ (",=,1r À cof eB) v ( e"çl: ^ cr=rr)1
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Pa.^^ .?ra 
7^^. FrLoc-è1\trLr) r d\ùr,r,r! 

fùtd^>cn^A o\roài^ -0 !a rta,.r'or^k xt-te0

À.ùa^^h '

i( t ,". ,co,mr fn,fv) = [r^r"(t te,crrnrf ' fo) n t(84*-leol- r '  Tt>,o) v (N+t-€À-ferF ,r 'n>t)

v(nffe,t-le"k-a'nÀ-de.r.ar.n*l ,r,n>,r)v(one-d..r.p'mo^l-{eff ,r "--l)

v(No-  d"*vr* l -  I "P l  ^  o( i l \ * r )  l l

ry rcb; I"tk 
-l- ..rnÀ'h'ano J. nr/rif,i.ohitr p"rna^,Ie, t

trr i hie 0ù ol','^

Lsr ,o l  :>  i  ( t ,  ^ i r  z^ ,  D 1f , .  r  fo)

- Pte^r.^rt lJïcnrh.Q0. à't 
1,*utttt^ 

't

i  ( , ! , . a . t ,  " . , û r  f . 1 . ,  f r , )  *  t ( t , . ,É rc t rmr  4 , fo )

Li (t ,Àx ,ct ô, f, , fn) r. ,n>a ) =+ i (,! , ,{r , ct, 1ût f" , fr)

L th ,  / t 2 , c . , n ,  f n r f " )a  tn . . . r  I  +  i  ( g ,  , r l ,  " o r ^ r  f . , f o )

T ( r1, ,n ,  c . ,  . ' ,  f l ,  f " )  *  Ë( t ,  44,cr t ,nr r - . r ,  €r f | , f " )

L t ( o ,  4 \ t c t t  n ,  f . r f r )  , '  ̂ r ,  ]  o  i  ( t , 4 3 / . " r m ,  f n , f o )

L i ( t r / \ r c a r  û t f , t t f r )  ̂  q s . r ]  *  f  ( *  , À i , e t , n , f . r f u )

La 
fRe&^re, 

d'ot*c^,rc. â'rjlFe,r{w^.*" à ,frroee,tura ?" ar.}ee .1.'i'u*axt'a^rT

X0"to0 & tlro"e/^"r 
.L eoF .o-qrl-*,rr.^^.1- -0" f*er^re *'1f"J'.0i.

d, ,fro ccrrlra L

FÂq UÀ ah'on

i  (q , . rs , r r ,  n r ,  fn ,  fo )  +  i  (o ,mr rp . , fo )

Em <r*po"-a*.m q,nb 4,3, a,\.t- '-t , "Ir 'ul,L*ol-, '^ )ttne JJ'm1"*.'f, 'avr

.*o"n {"n" "ond.^rit- ) fôn^ *}.,"c^lfQ", e' ,tL^re 
f,*.h^rrrob,'.,1t ^oF*"O"

Àe ..*A^h.*o J. ,.J'j$'.of,'* r'*rila,u* J Jonc o..r0* "-l ; a .**J^l','rno

J.- t.^i{t.e-b,'on ( * ù'r* le 4+ Jo^^o t+, j, *,, rr. r, - I ) , Cel **, pl. *^l''.E

T" 
l. oho.n, J" )o .tt*r" J.t.^r,*ç^if i"tn àz 4'rÀroq,n^'o,^^| te"U0 €/{'l

jnnp"rt'a^t /.c,roun 
4^â d^, fræb\r;" à "nLouâ^".

D
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4.3.2.4.7 Utilisation d'un invariant global et d'invariants locaux

Ur^ ,"nl^;nn .*vrt',-e. à. *ut-hrJ- J. 
fl.err^;e J. 1."p*"J\-"1

âld,lÀ^tar,i a/\^@ J* 
ftæ{'to,,nwre,o ,rl-,'QÀ*F r)/{\ ,À o^r'"^^} 

1(}to 
{, o,.L\

4'af^of ^oriô{^{- ( 
1,^^ 

ar*pp"Ql. !" ",te)our1,c& -.ù^}qr.('c/r,f ' .,ï"b fioorcL*zJ,

Owi.Rr - r,,q"ea t+e f] , Q" ', rnonit-e,r- ,vitroar"q,".| " rR% tlarra,t d. E+C J , J- " 
1%be0

i^^Far,.-c^.f n .R% Agh-Fnamarn-ÀRoeueÀ [401, "lc) €r\ mé'nne l-ompr T" 
J*

À,.,o^^'q^ri" -0o.*q ar,tou'el â Jrù-o 4"i-h J. .ml^ô0" d^r frcfttamvme

oI ..çtr-ha.h n^r^, -['.'l-c.t- ^*f,uir n] Q'e'FoT- J" .^hô0. ( er+ 4','*r /tur,.\,

l'"tl-J .*.m",,*- r,,^^q1*tr."^l uû ^h'{;o^} J* -orr'qbl.e,o -.,*û'*r^.

f ùu/r À";*.r0€^" lul-41- à. -mhâ0" ).

Sù S= (c,x, , , r  c"- . )xÈ1 " f  Aa= (s-+l t , {+})  
,  . .11.  JJ ' , rnp'at 'h"n A€

1.3.il1- crn/vY\e p.nf r

N l =  d X ' n i t

ù AiX = lyr- f t , f{ \)
+Ï0 = (nI ,* , . , rAin, . )

df ,  =  (cr* (c" r . . , ,  c j - ,  (  c i * . * . . , ,  c" - . rxM-r  lÈ, t { } ) ) ,  , r ,eo

o(  e (Ar-+fa)

q ( r )  =  < i t , i o t

ùL ÏX C*) = ( 1c. € Co r.,,, ..-. € C"-. . r (1rr,,,,,,..-"y,,m>))

tU r , " r ( . o , . , , , c j - r  l  c i * . , . . . r  . , r , - . r  r  m)  =  I  ( 1ac " t , . ,  t c i  t , , ,  t . r , n ) r  f r ) )

t e ( f i - A r )

x(<it ,  te>)1..", , , , , r  c*-.) ,m)) = t  ÏX(*\ r .  {ùenn, c€c; ,  t0r,"{",  1.. . tci- ,r tcr,+1t. , . ,  ""-" i  *)J

CoJt.. Uomç.a"F,'an .,t ,lÉJ*r*r*rh l.i-r^t-;1"**^l- .t^p0iF" priquc

"0!^o*'o^,"F 
t%toQ. ë ^\- t.J"n/or^h ",F 0* ;rla^r'o^,k %.*n i f*.,^t*-l-

êhte .Ro*ro crr\.rm€- ?n 4,?, c.4, \ ,
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Parr,r ,s,."r0t^ )- *>a,^^T-e1- J* JJ"mnpoaFr'rm h.B.&,tr.rr el- r.a,e,r,,e

D^ t.^rf ,"*" atp,^, â. 4"r^" f*-t".- 
4/r^^>o^r'o*^l- X0rto 0 ë Au^ { !trl-

I
rrv\.evy\rr^!. dXaQ.r^.rrl- Au^. ,0'il-ol- )" "mF"â{. ) .. 

1tu 
J,mne. :

fiX? = Cor.,, x C,n-a x t4 + lq, flI)

ë (. . ,  , , ,  ,  c,o-,  ,  ,m\ = \ .  (1k,, . , , . r  c^-.  >,  m))

b c^,,'^À Q" cra-à â. 
f 

È,oX,re/$'vwr€ô 
4o^aQ.!à{* "onn p*l-o,.^} à- oa,.rbLlca

XQoto0* T" t. -,.^^f thq-' rm"À{tâ ,fo,u l-o,ro -l,. )noce.w;a ,f J*

*q^*'qt\- -to.o0* 
1^- ô0e Â.^ l- ^à LL 1q..,"c Je^- A. l,aôce\{r4a âi

J.l. o.rql- )Jr-p"^"L t N f"-l' À.?j're^ ). W fr*ttn, Qtiu,o^i-rf

1eQ.[e0 n ̂  .Q* -o,. 'o Ll* 1!.L"4 + l ?Lt- J* ..*h'-!. ] ). F *

f^h^ -llârco^.'or* 'L."Q Àr.!\ -0* ^,o^r'qtl- L*Q^ "ùtl* , t o*^ -!^

^*r'oLl* 
XQ.hcQ.rs .! Mu, Qt;F k à" ""nhâ0", ôq a o0ro i

S  =  (  C o r . . . x  C ^ - n )  r r  M  x  (  m i  . . , , "  M l _ . )

fta = (s --' 1*,-f{})
N T =  û X ^ r Ï n

rù *q , (co* ,,, x c^-,^ x tvt + | *,{4})

Ait  = ( tr"*, . ,*ù^-^)

M ,  =  ( c ; * ( c " r . . , r c j - r ^ c " * r . . . . x c ^ - . x  M x m f  *  l t - , { f } ) ) ,  i e m

q €  ( È o * A i )

or (r) = <Tt, iot

oà iX( " , , r , , ; c6 . , r rm\  =  [ .a , * t ,e  A)o t , , , ) ^ ,1 - "aMi . - " ,  r ( ( .o , , . . , . " -n>rm, (mf , r . , , , - ' " - .> ) I

Ïnr,4co1,, ,7c,-ç cJ*"r , . , ,cr- ,r . ,d,* ' )  = [ t* je n'o, , , ,^) .ém,l-r ,* ' i *^€ Ml*r, . , , ,nnl"- . . i l1-, .

r  (44co, , , , , c . r - , r  ) r  ô ,  ( *1 r , , , ,  ̂ l - . ,  ^ ' ,  -n l * ,  r , , , ,  ̂ i >>)1

X e (S +Aa)

x (<i î ,  ïo>)(<<.o, , , , ,  €nn-.) ,  mr (  mr. , , , , ,  .1,-"  >))  =

I  TX(". , , . , ,cn,-")m) r  { ien . i t  
, "5. . , , , , rc.-r ,c. ! . , r ) . . , rêr-^ rdrrrr ! )  1



y" .l,..,in^rc^,t'a^^.1- e;noq-U o' /J/q fs,.,^À}

Dr.r^, -0*" ^o^'.qLl* "\" fto{'torrwvre

fts{oâ\4^m/wrc. 
C"Sc a1p".o.fe ,,,r'rot-

,l\"*"rmçQ. 2*ùaJ î
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T
+4

A^

^c^ À

1*"
J*

ô\ 1", 
ruJ ,aou^e 

1,l-r" 
,Qt. h,'.€ùol'i.ttr JG ,*r'o Lt -%*L* a.rr

d. r*^'oth, XQ"LoOt" 4"^rm".l- L .1,'ra0;0..n. l* )rr,rn"n^'o^rh vt ce

J" 
flrotùra^rwme ^" ç.*h

p.nnl- ;^itl.^ <rn ce. f;t

"t pO.'lu / e.lYv,,,r{- '0" **l*

^ r a l u M r À t - e q e e . .
__c_ t

F I t:e0el41 ;
I

64 r o.r.n-Jrfl:t. ,--4 ;
Isz, r ":b_$b1g ,:o I

| , \ r = O  i  f , =  Ç r k ;

[ ùq.tL T4 r .rrnF.qa*. ;-----\-

1 4 ' , = O )

-UP" Tl <.lo à@

'P (É1) ;
T{ : = T,l +.,1 i

,  g(sz1 '
o G i

f ( s r ) ;
F: = f'rrre ;

ar (sr) ;

t  t t . ' = r { + T a  } ;

gg* Tt : dg{!^;- \ t

T $ : = O  1

È ( s à ) ;
*l'w0" ..noF F à.

Tt  :Tâ- I  ;

{ (sa) i

,  + (sz);
0 q - '- t

{  } , \ ' :  l - . 4+T t , }  j

l l j
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H
u J "e*iÀ.r*t',rao o^l-

T,r <.t- ta eY

æ. 7* eak

f.*rt- êt-.@

{ ^ "

à e : . i -  c l r a

"^X^. *,f
q , 3 , € , h . 3  )  ,

Potra, J.rlnnrnF* +e ls oq&* f;o0" J. $ *l- .n,rQ0a, )0

luu^row dkt0,., ,.,^1, *oleh'.rh -.h" .0* u"Qorr

âtn. ..tt\e, 't-Qqt'i.w, *hr )rn taoa^r^.c "t,t/.,"^f*

-*p."*.'t\" arùei -lo J.J.*p*n'l','.rvr "ïoini. , (c-l

{^'mc Q^; / à .0'oiJ.. J" y.','rrh W e6{wy{E c/r\

ç:gur& \ '3 's ' \ '+- ' {
t4 rmd l-hoJ" J". Leoqrt+gl -pùu^, csP ( $oanc Lasl) t V;QÀe rr.r,4e

JJot*p"anlion pwnlQaixe. ,^ai î^^ r.îq f*l-" -fat /ru./w Q|élal- J" ,ml..Ê,l",

-0^ ^,ùa'icv^h Qor.* o 1.--|4"^,1- p.r.v )^ ,"^'"tl- J* +'Loc,tttra J"

cs P oY )^ ."-.'ott.o o.rra.r a,''*; ot- .0'e^'oala,^rt- q€.[a0 ^" 1''Fcr^l

qf{re Mr,\. à^ oqa,'a bl- ar.tqr Qr'o,û,u . lq o*PQr'FuJ" o.Jrn o,r,,h'?. J. lo

*etl-hoJ" nrt"^rt- d" ,0'..'Fi0-el-,'^ J- *o^,'*Ll* or *'O'r.r. 1,lr' forriletfr^f
L nÀ'0e^, .Qen ,,rQ*t,'* ,r,h* ,82à êF"h à. **t-^d0. )* 

1r'^oc'^+uâ
(cs.rvwvre snt l* ,3, e ,\ , 5 ) .rn ar,o ile0ennn *^l' d t "^"1n rrnea, ;Jn".h^n^a^^} -l*

n"LFi"no o. h. * qA*tl€o L.^Q- J.." 
f 

ucc€lrtrr^ à I ' *')o Ju-

r*'otl.o e^rx^0,'or^.r 
XQ'["O* 

( !" l-.-h^r'q-"- c.f,\À{ÀF*^l à tccogCe^

)"o ota,n,'oLle,n !n*)ro Jorro -0* **'oLl",o or,o,0r'où, 1Q-L"!<n
a$ tfio1.t" .*o &f,'.q.lrr'ôû À* oo,.*bLl*a l.*8*\ ,



4 - t 4 4

4.3.2.4.8 Classification des méthodes de preuve d'invariance selon

la finesSe de la décomposition de f invariant global en

invariants locaux

f^ *âFhoJ* J. fxeu^'<. 
J. 

t\rt\4/${irheô 1"."oo'l- 
êt-^te .lour/. pQ^

lq .P*1,'" J* 1*.ç*tl-Â f' 
M^ 

f 
"^n"lt"^ f J* Jâ*f** (*À,rou'caace.

""srJ* l-ion^e00" , À,uoru'a,nnce , {*l'o8, l-J, ,,,) ,

L<^ JÀcro* *it'loJ- f** 
Jrh^l-","r" J* 1wç*/l-.1 J" f\ttr'ca^r'/ûoo

âa^o r!v\a rmô.rna "8*. 4o*.^rl- ëYoe "Qo^uL o"0o* -1. f*À*f. J'^J""ho

J.nf a0- J;i-"^^i.

baro -Q" cûÀ J" 4"*ç'"Jl-- Jlà*q.).r'onn.er -0* *dl-hoJ- .1. ,lon".*u

J;.ir". ^l- à|'rn .r,rô*e tù*{'" J'rÀÀ^,tl',* J" !" !*" ;

[ 1 ru  Ao ,  e ,u ( r ) l

a*\- J' Bo 
f*"

ll f ' *T, cs Ctll
eF ^r$l'er^r.,.ntt dÀ rrnoT€/.n à'rrrne *'tn-rptrJ a,mce- (*,'t) .^frt" fta "l- fi l"W.

î" 
dt + C^lo{ (.rnÀ'b,'oo >.ffàr^E J" "^nntht, ) J **l-u.Q.0"''n,.,^,"F

c+ =+ cî o o( (..s",d* F,on utf{rio*hc J. .** ç01,t-- J.)) .

rrj^ra âÀ^o y'^.^,n" rnnJilrJ. M4 â. f{€rrxe 
L"oL }NL rtrv'. J"'**p*'|.,*

( AL , (v. , t,.1\ J. Ar 
f*l- Ae J*^ir.- J 'o^" n*/l'h oJ. Mt, J. f* E "L

AruL )r^\e. JJ**p*ih'.nn (dr, (n,,,\) l" Ao, T^L r^0 "-;l-" )r\\?

âJ.,r ,rp.-h, 'on (ûr1o,x\) J" f"n t-"Qlr 1e 4^=(o{o J (n=d"o{

(a^ryc0 c4À 6utr5 *'**.^r Mo<- ilr,),

E^{$fg r.3, e, h,8 -'t

S; âl a J.it *tld ,{À}ùe 1.,"p',r.:FJ J{rÀ^rar.^'o-.. fsrr,u 
nm frco{tra,u,vne

[.t"o"ll,,,11 Fcq,"-. n €.,$ ̂.];,0;4"*t- ,0. mn/thoJ. h,3.r.L.6 , "LI--a-- â^,te ." *htj'. 1'

J* ù,*o.^'t t Go,,,,,G^-^ À{rL -QtâlaY à" "-,1"â0. -Y .l- ,nyar.rotlco .rr*o.,'d
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à .Ro1*" tttlcr.rfrtJâ P*aor ,,,, P',ia^., Arr flcoà,talMr\ ?-/ orr y-rrF ""f^"tu0..

""*- fR'ru,e ry, ^1r'"Q!" .*r* 
ç*Jo 

q- Qe cnnJh\ol. q,È.c.t*,lr eilt ,th'&"^"t-

J* rÀùo>u"aAt ,)," , Len, c€,C; J{^O 
tCI), r= x(o) f.l 1^,.

l ; , "  ( t " , ' * t  c i - , r  |  
" è * ^ , " ' t  " ^ - l ,  n )  =  G ,  ( "o , " ' ,  c i . ^ ,  ê ,  c i * ^ r  " ' ,  cn . ' "  

l  s )

. (.i*1'-?*"^."^''\-, so f\,er$€, ,rh'0ùor"l ^ À^,'xia'^,.l- ?0.tt0 1**

t.locaiôl 
À ( .{ ,,,:.ù.tt,c n tt- D.. J"û*^ J 

'r-rr 
" fots^^le- 

tJ.ilt;o*l )^

,^oo*^'ar*h -tr"alx ,u.i ; cRa 3rre. f 
o,^f J* 

F,l.oX*. 
(.f . r,.a, e,r,.r-)

e,tl ,,h.û^r^t- o= 1(r) t"Q 
1o.

G r ( t " , ' . , ,  " . - n r  ^ )  =  
. l c ;  

T ; , .  ( c o r ' , , t  c i - , t t c i + ' t t , , , r  t . - . , d )

Pû* 
Xç"\â^" 

l..,o,".^^Ï , luo ^J l-h"J* J" frerr,\r<. 
,n *ilul* anL

f-.tt*4.r, !,i, a, [ 1"rrrr.^^l- Aa J.j,-t"t" .0* rrr^?À J* "ttF"t (.{sfiL'vy\?, >,t ,

4  ,3  ,2 , .  1r ,3
A
I

, . ' ,X .9 ,1 .e
+
I

/ . .3 . { .  q ,  q

î
l+ .3 .  € , ,  \ ,  6

1
q,3 ,  $ '  L r  ,  4

(..i^roxiar^t-pn -l!l-ol' **"tlte q,r "Roy.1""tF J, ç'.t1""^rwr")

(r^1ran^'a.*l ,,..r" I'lth *J*o*. f.* 
,Aoy" JFâf J" .,mhi0"1

(ur,,"auarnt lqt 0|Jlal-..nrtd-0. .l.t.i*r'w. .,n .tc1,r" p"^l-À ytoy**"\

(r^Nâ)ubrrf ltrx ,0'll-"1- ."nif,o0" ,j'*Âo.tc" 
fùu^ 

.û"3t. çn,o."r,rua)

(r^^^roruàrr,F r.^ .f ';l-ol' .nn\-ti,0. 'hnnoror''.r*t 
t/oto0)

n

la *"0oh* J" Jt"oaho.r erf ^.rul f*-,J^. (â*'l^*re .f ".fP.^;"), ùou.o

Àxalo T" 
J.rrq *Jl\oJ* à" 

fv.ar.uc 
(b.vr"â À{rÀ -r{rf\ *d*o p**f" J'r,,iâ""1i}")

,ronl' 
"J*"^\i1uer*qù J1ni.*aP.r^l-c^' 

lro-J 
"|,o^. F )*rh. J" '0'*Jn" ' l-a '.Jol'ltr

J" J..l;oFi^ Àà,.r'la À.rll , i*nnyl[\. J"" *âF\rJ- 'J. 
1"*-<- l-..oh'"uL' f 

o,'

!o *!oF,^ â'e'guùa!*.. lror,lvro,.^,\'5ue *l-.r.*rn ^àn l"rJl'i.0. 
L 2rrl'e€/m'û{n

.^*ç"nÀ *,. t*,À*ff J 
'.ÀÀ.\'on 

".t' e'rn4Àn* ou '|u,dw d' r, *(P) = o, 8(o) = & r .

dr (f) =t ( ^" *l ||roJ" ..-r.h. ,*ù ?" f *.1- J" ^\& Àr'e4^ J*In 6",6F^u-) . cn1

\o,rilo^qre^o 1-" 
.-l- .^*.rrnb\" *Jtn^J ^h'.^r-l- -0o hù"Uû o*g8"1- J^o r*.tIlJ^

â'o^o\F n**^.Fi5u" J* \'\st{arNMnÀea or*,'Jââ l"^^,o 6ot6ot--Gq^of [+sal.
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4.3.2.5 Analyse ,*;" nte des programmes

L' ̂ ^oll1p. f "o *^f '1t )' ^n 
f 

>tl 
txa./f{vvne ( 

Ce,ao l- P. [1+, +8 ) 81) ,

G*ol'- Co"'aot- 1+e,11o.,1ï!, ILe,tIL,Xa,80a, rhl ) ,al- .u/qe *r,o0rri." rFol-,jne

(.,. , r'o^^^ *;-'Jr..* {" 1"^, X***o ) 
J- 1'-p"^'.1h1 \^*; T^ ( i,u.

a'' llnar;.^r1-''* t, J" cp. 
f''c1"qxvfne.

4.3.2.5.1 Analyse d'invariance "en avant"

Sôrt <s', n', z'> !" nÂaohilre dl^ur -txot'�ra/rr\^tn€. , L'arna 0ç.

oori, o^hi 
1.. 

J'*Ào-.^à,,*ce, "rn *r*^tf " c*o*f. à ^o.Yàl*^ -lo

n 0oh'",\ g'f {, 4sf R', z'>) *'f*. -!^ Jfbh è ,^*Lf";"^^,1- ,q \e- ...rJr'l','*,

+ ".l. !.r** J***Jo^ ,b" 
f",t-i[l." À i

{G,  <s ' , * ' ,2 '> )  e  (s* - - t t /4 f } )

ÉC4, <. ' ,4 ' , t '>)(^ , i )  = L l îu 2 ' ,  L, i " l t l . (SCr l  r  f i=a n ;< i  r -  1.=a) l

[e, .oF f"u1*r"^ ftnbl" 
J" ]e xalw\€/v\€à q^^ ea^ a{i g-o "mÀ[i.lf\ +

N\e- 
f*h T" A*lL .!- il-.h ,i^^lior^x €.,n .^rr*.'J"*j *f )o n rn""'hile-

1s,A,z) h"Qle q,tre s.s' / A= A' ,L

t , l f " I < s , A > ,  4 ( f " )  n  S q e I ' . f  * g ]

ef e/û 1^orf I

p (+ ,  <s ,A, t> )  e  (3 ' -  {É /# i )

h lQ, ( s, A, z>)(a, À)

u_  (+ ,<$ ;A ' , : . ' > )  =  h (4 ,4s ,R ,E> )

Lq ,.Q.h; p ( {, qs,A,z)) ^'Jl-*F f a.â *{*po-tl" f '* l-eqr )*

fr.rr1rra/1Mr,{^r€a/ ô\ ^" 
ç".uh 

e,^À^}vrqteiL T. 
J" *Q"À}^ Jea ^lF*^lÀol'i*.

uletrirrtar" [ (+, qs,A, 1>) 1"0-feo ?ur. h (ù, <s/4,:->) * [ {ô, <s/A/:>)
I

(* *or{e,nie*ua ) .e 
1-, pL fi*ail-s fq}t À40,'hi ) ,
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Soi,L <s,A,t,e) ./.. AflÀe- â" t"ol^Àil-' 'ô0 "^X*J",L f*- 4s,&,E>,

(m q \ ,  ( f  J  (s ,  A,z>) ,*  P (ô ,1s,4,E<s,A,b,€,>>)  (  ' "  " f f *  s (4,<s,  À,2<5,4,b,É)ù

^T ,Àrva,*U-h" fùtrr- <sr[,Z<s,A,t,Ê)) .l- J.mc f 
* 4s,A,E) J'Td !,a,3ns),

Ume f {4ryr,i ù ^tF*"-^ ol'i^ "*P"t* 4rr^Àùl'c, J*. à 'tarlan rne," ,u^ !.

1.k"ti" 
J" I'n.o^-h'"n 1s,N,t,€,) J" paa-l-c T ^

b* (<s,r,b, t.>) € (sa * lS, ffI)

[  (< ",n, e, e>)(A,E) = [ e(a) n u* (e,Â)J

4o^o^^-f

'tL 
l' "X,Ï ). .^*ooYon;o"tt à(< s, À, E, e ̂  ô>) .

(rA n$$a^y o?* cû$\.rï\e e,\rl lr,3,J,+-4 T" Èr(<s,A,b,e)) *t-r" 
f!*^ FtJ'

f;l- +*" 
.ff4 Cr) fl.^^ + Ju lbTl'nY"* F au.r, Ao= (su.l*,#!) J.'-|.^^' p*,

F(rXè,F)  = kaG\  r  Â =4)  v  ( i r res,aes,  r (4 , r ' )  n  to( r ' ,1) )1

à" p*l-o 
T 

^ ,rh 8;"^F ,u,N\?- J"t**1.nn'hat (n,{) J* * +"t*u^^f" 1%t"r.n
À. (Al, +y €,À{\ â* , t-,^'-^,h ,/o:l.orrq â" a#rt-, "l .un "p*n}-*tl" "-n^p.r4J*^f

Ë r,n,mol-ore *rr. Al f"[, î" doFo( ti , dyr 4 !4f-tr\*8(4+fÉl) 
lenJ. 1n,t)

*l ,Luûs (âoml-\.rnr1.*Jenc4 À" GqQoL t {SrE) r'uln f""-0-0^" .*pàf,

si ,. F"Jlû .o*pQ.f <#, E> a"I-!"'f -1" ."rvrJ.,'l^""ryr J. .fioir"

ao*nJ"*h" ( tà*h rRoi^" ll-*,h"*o^.h- "^,,À*,$. tèu^, tr -t- f,i.ie ) "P"" .{lCit

-h *Q.r^0oLl* j l-*".hù.nn.r,,f Érr*wls "ïo Ë ̂  ( q (ff)) ,

si I'il{olï* x'= n(?4),,,., X^*t = Ë (x*) 
ç.rF *. 

to^ 
c$r\.pe^(cr €4l ,�ill

mc*n[,{e 4;d Je f*, o,' ,.F;0,it*o .Âr^ùs t-"'h^^'1 ̂e J !"*l-*To0oh'rn )" lo +% f&
re0.^l','al {4CËl â" o.fhhÀ" Jl.1-ah.t." x=ËCx) ev\ ."0*0J l.a 4À*'f"

ï * J"o Ë' 
"lnCgg)) 

': to E\ = Xv É1x) , )'ur c il-o.of,'an "."ri' * .1-" ,,r.o..

,tt?- e^nn er^l- V eehb ?* d r

{ x , s . A l  . [ ( x u y )  ç  ( x v J ) ]

("t 1^ ar'$\',re ?" "(ftCel t î \ -t -0o .*^àh^r 
T' 

)X ̂ '",uh 1* J" -Roi'"

-,^r{^t'. o\-**"k^u.h .^,,;o1^h. )" 0* 
4*. 

f,, ,,,, xd*'= xio Ë(*'),,,, (.2 î'

af,o^rxe 4o .orwe^1exr"a- ) ,
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E^tr f*hiff, It

{*" 
( no,o nf , tt" y*) ùù

f* ,tl^Àe .mJ hh o d" J"

i"hrJ.,r"l- ,^r^e "çf" *À"h'rrr

f^fr^ â* 1*b\d. ç*e',

gr T ^'*h lbea .a,$ fr,-f {,â à" Ë , oQo.a 
& 

(Ë) E Ë(î) . i

et .Q,' 'y7"."'Nrt -h^ n-p;.t"" f Au 4pC;t +"t âl-"e ^r'h*,/n

fdt" fr frl E Ë^(ï\ f* l-oul M),o , be ,*o^^'ù f Ar X^t-{"
;8. *Y .**'F. l,roihle J' * J,Ql^^ l'Tp,**À"htn T âe Wttl
u^ *Q*0o^.h k l , . ;" ' l -"  T=^!oËo^(Ë) È Ëo(x\=XaË{*\,  à' ,*^o

+t-ei,aÏ-''an ÀL^tw"r,L ane.c. "Éf-"tc.À€rvrr*t a leT qr€ i

V x , s  .  r d  . [ $ n t )  s  ( x  a : )  E  J  I

(à" À*h" TLe. h 
(Ë) u i ) *l- t"."h, .Ro.i*. oh*'.h*"*l A.J,.*Ào*Ï,
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v\ ennt[ i

à \ :  { a l ( c r 3 l q  I  3 & { c e  ( z ' r }

ù)

rr, I&94

j { :  ! 4 3 c . . < l t  ^  s l ( c r < * z }

.L'0" l*. à-
3l:  l , r , r  3 c" 6 l \  ^ e, . , t  3 .ù (  r \ ]

P? A,rru ''  È ,

3 3 i  
{ , l { g " r 3 " l g  a  9 , l g c r , ( l \  i r  c . + c o 3 3 T  ^  c { r - c s > . : 3 }

v ? Arn,6 ;

3 r i :  l a , t . . " r  3 l r . |  h  L , l <  c o  d L h  I  c . + c * > - 3 3 )

"!i

3rr t+.9*\
l j

rt l+'0"r\
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c€^ "Â*0"h"b A",ylk ,na^^hr"^,l- X1 {"i[l* fM Ja;dnh.€^,

il *QtrÂur. ^,rFo.0,0" J* 
fr'.^to 

,lr e,l' ur, J^, -fxo{x'a;rr',rna ( +,-tt1"z

c a e À ?  n \ " r ( e t , r 3 t ( c j ( j t {  r  c . - c o < . , t t  ̂ c j + " r r , s , r \ , .  c s = t 3  r l c r s / t  ^  1 t ( c a ( 3 Ç

c.-cn <x?. ^ cjr  o,  >. lg\  .n '*h 
4a," ^dJ-^F;qu44r\€â.LI '  {" . . ) ,

Ig ak "^*'J-*rrn-'t- 
1.orn'Ll" 

Jrrj,ih.^ "",tfg 1*h Jt;+"^"t,*hit t la

*^1'Qu €x\ At.;';dt"r*Y C"rçr{1) cdy\^^e €/v\ f,B,t,rr,& t @ 1* nu-l'nn^I À

o,t-t>octe* ,tr,,{e '.oQoh'avr -Q;lt"t;-.^l-oe -0'"'{-a.t-.oerir,o,nr .rrr,.r' l-, 'e€ "} *uanl

*t lt"b no2",tn J. -P'.'l-ol- À. o.ml-nâ0" . ba/^a .-c, ea^ -l' ^oQ'y"

â"tt^e crtft^ne *rlu,Q'-l-q,h -{'o"r,o.f,'.nr t-^trs t,ooa'el, a*^}s "'FJ. Je .rnfép"

( , l l , e l , r a \ ,  ( . l t , , r , , t , t t \ ,  ( t t , z z , z l \ ,  L t a , r , r , s u ) ,  ( . t z , e e r r a )  r  ( t z , e r , r a )  |  ç t 1 t e : r a t ) ,

( . l l , z t ,33) ,  ( t r , ,  e1 ,  r r , )  ,  ( .1 , t ,23) r t \ ,  ( iq ,e ; r : r r ) ,  ( t } ,ee , ,e t )  t  Qta ,  g3 /3 j ) ,  ( . t ' r ,2 \ ,3q) /6e ,er , r \ ) ,

0g ,zz ,3 . r ) ,  ( r , r ,  r , . t ,àù)  ,  ( ^&,2 t ,  l ' ' r )  ,  L t , l , zz , r ra ) ,  1 . , r . t , r5 ,?ù) ,  Qz. tae) rq \ ,  ( r \ ,e l r rc ) ,  ( ;e ,e r r ,  t c ) ,

(a! ,  za, l r) ,  (æ, r ,rr , rr)  ,  Q\,24,3q)/  ( . i  q,r ,rr , l t , )  - l -  4uq axodeé g'4q a^tf--  êfah )"

*ttl-oi0a. ( or\ Fr4lrna,rl.Le 
T," Â **r^i^n à. ceÂ 

f-,.a^h 
.n'tT- 4*o edû,,,erc€

à'oi 0o +c'J.- J '-i4^"^of-i* a),,<Â -0o Ji.*r'.1*. h'^ *rÀ 4^" ".'-

J.a/t),uÀ ) . drnt,vne +'u^ .tr'.r*--et pùz \,2.2.r,4-a t "1" .ot l- à. ,. 1an'
e/v\ t.4t,-on ent- 1u'J 4*Y rrna^, T-.* *l- c-dn^i' à;** a.$ r^r, t*e

I ',orr^rax.'*^,h ), )''',àtu d, ç',-À--f "f rvldyr f0* J. ,!o À{tr}\-,w\e

Je^ r^L> J" 
f.* 

)e ^hô0" à^ 
flqoe€rr)4rA À +R Xlqa^wme.

4,3.2.5.2 Analyse d'invariance "en arrière"

6y\ f",rf 
".")f,. 7'.,tnlo'uoe* à Lt^r\e- -t't*ùel-ian ). Qo *"0oh'^,

,JL -0eo Jl-.h Â roh-t";"^*Y À)/^z <r*Jih'.m \y * l** u*^J^^h

ry^.+itl* A. i

$ (v, <s, A, :->) e (s** {+,{f})

È  (v ,  {s ,4 , :> ) ( r , l )  =  L l t .E , r , i t  l t l  ,  q (x )  n  , ,1 ' j=À n  "< j  n  fu - -ê l

n
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c4 q^r Ae fxaihe crN\rrre Jor* l" ez,À 1""r*âorl ûA *fpg,'a.r a^^,|. l,

b."^*#,^.nJ^ -4 ("1. ,,t,t,r,a) * l*ft*{.s,4,:>) ef eMààFc. J"n" e-

l"o.r^re* ru^s ^tP'* xÀ oh.n n^.fjJ"*^" À", -0o 
+A! 4<)-ik *Lufi^

J'r.,,,vr È9ft.,Àe J'"n1oah ,rr.a x -- Ë (x\ F€,0 q*" oto B o{ E d t

b ( r ) ( A , r )  =  [  ( 1 1 1 1 6 s , 4 € , 4 .  E o ( è , a ' )  r  r ( t ' , [ ) )  u ( a = f  r v ( i ) \ ]

Exe,tnuQ" r+,i, c,5,?.-, ' t
æ l *

Sot à "Q^,Rn rr.Me "orr Jt''.rn o*W;*nE P(r\ /v1r\ -P. llJ,

À\rhl.L dtr+^l f!.,2tlta/r{\4rne -t*.g @":0u

Ps I  Ptol l  . . ,  l l  qL r  I  l l  . . .  l l  d 'Lr , ] '$, , ,  l l  Pt ,n- .  n ;  P" '

fon- 1*. 
)oo 

ft L ,I f' ào* J*n fr{roc</rrvr^ };ryJ-^th P,c; c.f P^a;

,roio,^,h **,l.u"Ounnr*Y t*rÙt-;{". so,} 4s,A,E.) .8o, lrl",o^},"g^.,. A-

ttrtl<4 vrrlr€, P.ro.rno p€ (s* l*,,fr!) J"4^r'L fûi. lt Ut,r.r>) = Jt .j

f ^ ( < < L o t , , , t l ^ - r ) r M ) ) = - ( L ; - - L r . L i = l ) .  T / . .  l ' o #  â "  l x n , + ^ t e t  F  1 . " - 0  l u e l

V"p e E. (  P(t  t  + Yû €f 'P(t l )

Soil- ( s,A,t,e) !" n^6" À. l-',^arrna.r[', ',,vr e-v1e..uÀÂ ,ya* <srA,I'), {g

^.+f"h À. t',rp.r^re^ p t=0 g*. i

S 4 e s .  [ . ( a )  n  P ( a ) l * [ V i e  s ,  b * ( a , Â ) + f ' ( Â ) ]

Gr\ f..tt- lon" .-Rr;a P(a\ hrL af^e \

[ . ( ^ \  n  [ l i e  s .  t * (+ ,À ) r *  - / t r , (Â ) l l + .P (a )

c Ll-- q.=- d;e e-rs/yyr€- "Qa ^dlaFio dr,..rrne c.r.na[^f-t^ ^r-*t"iu" À{r,{. 9- {*

J'-^h*"! t>eu,! qu';.0n a^e^^l- c6ô^rv!e à-"o^âo.'r,t" 4À èlù où ). o*hà/.

-l- Dù*[fr r)*"^l erû u -l- t-t. C<,lte. ",rnâ,'l-,on Il "4+ir'nf c{tû\.,ms a..,np"""ôohon

"-1Â'.*u â' fe,," fàf 4",,n^l- 
'{';" Je

U

t ( rXr)  =  [6r rbsraea.Lu(a,n ' )  ^  r (a ' ) )v  -p( r \1
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4.3.2.5.3 Analyse d'invariance 
"avant-a1Tière"

Lt"^o0ltr " àt^Àxa>l.arw.g- "alql,,!t-- qtûq'€L,' c.o,u-l'. ô Y,r-oute-" )rne'

*fP-,,rr)nql-,'n, Ê*f€^j€À^r..r, J" I'u^o<rroble J* à^*nJr^h âe, "rFot"

Àihiar x ç r"f-]";at*Y il^\e- ornÀ^h'.ln * ihaP. 4 4"tl-r,',rl- ft""
eacermçQe p{-! I"^ dl-.h J'"^,h.â ) / ?,^ p&;4^F .-. cem À'l-,'o,r 5

CJ.,L.d t* 
no-rt yI. deo J.L/e.r'ol-,'nno) "f n..ml- u*nâo,,t Jco JF"À

{Â*u* (À"f-+*tl-,{^/v\e.-,*A^h'"n {;o0" V +^It +arL u"'--y\"

Àrrr -0* dl-"h J" pt'l,L;,

b"$ (Ô, 5,  v,  {s,4, :>)  e (sr- l t , f { i )

*û ,  (+ ,5 , r t r  (s ,4 , : .> )  (a ,a ,À)=

la le Z,  i , in l t l .  $ta l  r*  Jp"=4 , r  5(A À è=^ n V(À) n fJ=;  n r . . { l

W*e 
1^ermiào 

atPr-(ô0ql,rnaFr'dn o.r1"l*.t." ..mÀi"fe â xaÀsnne.n, ^r t., J.

,rç\-o'î" à. l-'ta.a,r,pil'r'.rn <s,A,b,a> *X.^J"^J fol .0o xÀ"^f11"" <s,A,Ë>, (s4 4;

b* l  (Ô rE,v1<s/A,z>)(e,4,Â)  + ( {3( t )Ca,e)  r  5( r )  n  {ç(o) (4,À))

où <ocrrrrVre +'teJJe"frrle^-F r

r ( rXa, I )  - -  L  (a= ;  r  Q(e))n ( :a 'e  s ,  a  e f l  .  r (ara)  n  to  (n ,Â))1

g ( r ) ( a r Â \  =  L ( T a r e  s r a e A .  b o ( n , n ' )  r . r ( d , x ) ) v ( Â = l  À  v ( x ) ) l

S'J <ff i ,ç) r .u^e J.t-"*t ;F,^ à. 4Aa,+) f* 
lq.-^ '*p*,J"" l*

à" eq?â;o (qrx) ùù ftr = (ss-' lÈ,#!) . (lq 
fdre 

Ë = o("Fo\, Ë= o(oB.I .f Ë=q(:),

ôr\ J"ltr )'o7"t*lt..-* n A,.rlL <Àï,, É) t 8 3^te VP/ e . 41. [.((t (p) ,rd(e)) ç (enQ)]

"i A e,,,f )-\^ ,f ir.aLrr" à" *'l-'to.ino"^ner^i cft.À,he <,vl rr.l,r,S,.{, A p" pqih

J. b,*à-P tvsl ) ô.\ f"^.\- "aQ-J^ /u\q 1p*"À*hrn )-

x(fi) ; ûr(e,A,l\=pft(rXa.,.r) r E(r)  ̂  4t(exr,-A)l

c.'*4n€. .0À; l-" J. !, N l-" àl,.,n,m,.n,T. 
{*^ie 

xo ,,,,, \Ê, ,,, leQ/o. 
Tt 

,
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X
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x t a z '

0u,

ù1L
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X o4-
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z"; S{{')
z'1 $" (+')

z"*= {ç Ç't) "l-

f,nÊ*': flf.Qt*'') ,l-

* = t

J

eF

{"cvl = x"n F(Y)

{ t ts)  = x 'n B$)

3i nrrôu,a 
fèu4iè*lrtcÀ\A 

Q'^"8,"ç-

â"l^é €,ô *.*pP. 1,3,&,t,4-4 / fqrc 
gv\e

t*J-*,# J. 3 (*, f 
,, f?, f) 

= (ff\ s [o,{il

)* ài"tr",.a|-1'onn d" 1N,rcX'..ar,"rwne ), rylê.r.râ

(tr,^ ,0" 
4t'.".^r.o,^ A ) e{\ .oFa*t- + .Iq

rA rê
x  a f ,

x**n Â ztÊ*t =

& = 1

b.,, (eft) j < [",?*1, [ei, fii.1, [e.', |.il I

l" (rÈ) l4[0,f..1, f,r,r1, r-".'*,{i 1 >

sr*1r,Ê\ i< t+,9.i I , [r, {,;+il, L0.,fuf >

e.^/r c^re^h A- 
f*tn-*^e 

:,8.?,.3

*o0.4^" *o,^ f - qxluiàe ."*L*i.i

n f r, f ., f el.Qi ,Ri7) (J*"'"J f €^

.&l'"^*r^ .D*,r;,t"ATt è,t;tr"t"t^

dôi;*t " h'rie "V f"c = (æ+a)xl )

4 .Pt

<to,&.1, [€t,Li], F,r1 )

<to,R.), [r, ,r] ,  Lr,rf >

< [4, *"'1, [.r, R.+ a), Lr,t] >

< ll, l,i- t),[â, Lffi ], [l,rf >

4f0, . t1 ,  t r ,  [ .À"1,  t r , rJ ;

< tr., &.), [à',8n'1, [r, f'.+ r,1 >

<8u,fu1, Er,t1 , tn, fu+a]y

1[r,{*1, tr,  fu+zl ,F,R.+

( Ll,4'r-rl,[.t,,LR.1 ,tr, fu*41>

(Er, l l  ,  Lr,&' I ,L.r ,  { . .+cl>

fleryl= xnÈ n r(v\

fre*'(J) -- *r'A+rn b(J)

-* *lJ* 9* L', ô.' -h'0o" ltt a. il-*,oh'.rrr .Roolilue ,>*'^o^^lc

a^€", il.-*"*\"^"t- 
f^* l. 9u /"{^,h'^ Jlà"" ,o'.-l f * )tr{t f.,"-f

*J"L 
ô\ 0f**J,0.',"r. fq/. ,,tr^ s ;l-"^eh'ar "Raoï'i1e )r1'*,uo*E a^r<-<.

'liF*.;* 't.^.t-. Èiorr .^t-*^J^ a" .p" f*,ilt^ (ûrey brf'{f.ùt -0o .".,Ll'iarr

à. "Roi^u oor" à^L ('r4!f"-t-;?r,,)e*l- J"."rJ"^rf"; d^ yt "Roai,v v=U

(,r" p".h^t.r",r e,ul- À= n ) .

l\
ts {awrprYs [.3. S, f .B -,,tæ l æ

\u (rÊ) l< Lr,9*-a1r1", g6l, [o,R.l)
I
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q| (eÊ)

qr(rÊ\

\.(àÈ\

b1r (?,&,)

q"(tÊ.)

60 
f"ut- 

cernotrba. à

( o!, 
sni{tn)) , ce 1^- J*rn^" ,

o: l.ne to,Ril\

I  n. :  \ ,ne [0, fu]  n l le[CI, fu1 n f .ef{ . ' , {* ' ] }

P, l  l : ,1  I

1r,,, {^e to,(^' l ,r 1acB,,l) ^ fùetf";fu]}

.lr^{e N>4 àD

1Lo,^7 t

4lo,t1 ,

4 [ .1 , , t1 ,

qlo,.t1 t

4 fo,  11,

l 1

i.

i<

.-[o5"" +t:^f /j dt f*nx4r{v/Yvle 
'l'ir r"r'i"'rk

.t3 ;

,{h:

In' e tr, fu) ^ f4 € [r, ffr +a) ^ f s et4.,;&']]

{ N r: N-.1 I F,l r: l,xPl } ;

Ineto, f., '-.r l r .pre [2,1R.) À fx€ t{,. ' ,f i . ' l}

{^ret",.R1 ^ ,."1 6t&',9"'l ,., freEA;{-'J}

P g  l : ' l  )

{ *  e [o,  .P. r ]  n  t ,  c l t , t l  "  f1  e t&; f * 'J ]

to|"0c N>,,t à.o

l ,nctr , {*1 ^ t {e[0i , { . .1 ^ çret . r , { ,+*J}

{  N :=  N. . , , |  I  P l r=  âx  P1 *  i

{ n'' etr &"-r1 a ,f.r e te;f"'1 ^ ,pr, € te, LtuJ}

oJ")

l,n e [o,l ] n +". 10.', R.'1 ̂  t: e tr, t-?"'1]

& ;
4i: {,r,' e [o,l] n f4 e tr, lhl ^ f{ e t{.',&'l }

l.,r :

t s :

8 3 :

t \ :

n,
l f ,:
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{"ne[0,-r1 ^ 1F.{€[r ,Lbl  n f .et ' r ,L{ i i ] }

LP N:O l 'hen Pr= P.{xPt, "0oe Pr= &xP'{xPs Qt ;- T  T - .

{.ne [o,r1 ̂  tl e [4, Lful  ̂  fa€ [a,[fu1 ̂  f €L,fu1]

GÀ "";0.f",h ç*^.tt.*t- à" pQ" "rn à^ h*h T 
Àoi*."T LY+z

ttf;i; f* J^nF.^ )- €rù€rùÀ à l'oo/r-,t\, n ( *oÀ <'{\ ,moào Xa^L
,no*tr.e T< ^\e .lu +.tJ ,.u./t\ .onç.Qah".r," n'r*|J2Àa'u? T" 

!"n

.rrÀ{,a-'ma[,t"" J*n; f s,t -!- J"'.!*.ol^r'cyr,o) or;rr\ lLte J* F*l-. 
T't|

e,al *r"crtçt)ae (*où e..v\ Xr^ét,^Q ..FaÀ n ff;--f: Je ",J;$'"n +,u'b1Ate-

{t.,'/"*[i* â* -fh'onF.o/rvvrn<, ]e ta^.^,,",e ^q^^À €À 'rtÀâ à .stotdroFin J

eÀ /r\€- 
4"^4"'t- 1^re tal' J* él"t^ rckÂ{";^rF )o .".m d. f,'eo t

(cea J*",n^e^.o me ^.tnl- +aa fP"J f* .ur\ or^p.Qolar^ .0"^n"1o.,

^âm" f*l^ -0* Feol-, p^'i^ crro( à.'rlc,rrol-'''.tt* +*f. -l- f^l a-

.01.*i .,rl-irn 6nl- 1,rnLe 
Q"^r,,.,T 1Qa ,i. ar . "o*t- à" ltoff""Ïol,'n

qrro( ,o,.^'cLl* J faa a)L ^".r,o^.F J" Q"* ,tr},'8r^oh',rn)' Pou,n -0* l-*h

â<- lo 
f 

\zrr\t€lL Aùth, n l,eu"^r"

- t.{ < fu+t ar^ 4ô, rl- ^?

- fr" 
( &+s olr +tt,l,t|- 

&3

- t^ .. ftù+fe e,* 1rir,,t t ya^à" N=o

1l < (*"+a)+1r, "r. ,,"',^l- I 1^t""aL N+o

( U^^ <rn p* SoFo* "!"n; 
T" f 

Po..r'o.r,t. J* l-e"l-. )r,,ul,' p^ anôwrrre m'/t >.o

4.r.ro( +".,,'^h 
,1À .h zs u. "l* h^t-r +e^t *FQro,^ c'tr!,yy\t, )fM t-c"h" 1n.

û . . f n x ç r < h  o � 1 L  4 r , < t x 1 4 x t û ( f u  . a . L L + o ' t  a  1 û , a 7 , ' e  ) u  È r ' 1 n z ) "

,t4 .\- 1l ^rer\- tal .,sn.nr.L), Po,-r,t !- \-*t-" à. -îo p-^)t T,,th', m

f'tzure :

- {\)zo âu +"iJ O

(cz t-srl- {iXru."r.orf J"r* -tr ."r* ç.0o1-* .!t"; T* ^7"à -0" .*-**J" ).

.|""ht* J.. lo rol^r'rtl. N), Llrfirrr;"J Jl*.,*" ^c\tr oiv\ a}trudâs fo.r^

an;'h--Aù" J"" Feot-s ^-"^"-* f **^ r.'ri\e f-"n.rurvrarÀon .*o0" -F r*ie,eq

,80.r fl l +* !'.o^np?. A"rr"c^.|- (fù.€tJ. Co*aot--Ft?sl, 1.{")-rr)

4 ;

l l
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1
ï

gglpf 0....; t te^ çJil- "v'l ' i"" , l;ro\

{ù =,,. ) | S* t*^'J ^l'i.^., ff.r,ooo\

hæg .^ht.- = lù .. k ,

{319 N,K, l , I  :  .rrvrt-eXex.

T r qruLq/* Lo,,,looo 1 9f -unt'eXor, I

Àt | *, È) irÀ e te.rfu'1i

ge4 <r);
t: {o e[o,.rooo1 n {,ù,j e L{r,ffil}

K r ; O 1

3r [rnelo,.loool ^ g.ço,o) r. i,iet4.,Rtli

-fu{" k(=N do

l,l | ,n, R e [o,,rooo1 a' ij e t{.)&)]

ræa.à (rtr'l) ;

fl l^,4 e [o,looa1 a, i,[e ff;K.'l]

K:= K+,1 I

6: l*.fo,,roool r, {e[.r,lool] n i,i.t[;R.l]
où ;  

L

+t f rne[o,,rooo] r, * efo,rcotf ̂  i,iet&;Rr')]

I r = N i

a: {.r,,i e[o,rooo1 r' Êef orroorl r' 1e t€,',8i1]

,r$.i0.. r<)o àb

5: ln e Lo,.raoo1 r ie1,aooo1 r. &,je ia;&l!

l z=O i

lo', l.,relo,,rooo1 r ieV,aooo) e 1èEo,ol r {etA,(,l}

*Ri{e T<> I à.

, l l l f,r'e[r,"tooo1 x Lelt,toool rr jeto,ssg] r' €etÙrf*I]

' l  rEJl  ( -  TETri l  fhEn

locEo,loool À .esfr,' looo1 r. jefo,tqgl r. Reft.',f"1!

K r; T [r1; rETf r. T[v+r] ; T[T+ll rr K i

l*re [0,'tooo1n /'qf], losol n ie[o,it91 ̂*et{.;&'1}

k;

,lg:

,r3i
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t \ t  t^n[o, -t000]l ;  i  eQ,toooT n iefo,sgqJ t *e te, ' ,R']]

J r = T + 4 1
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5. PREWES DE FATALITE

5.1. RELATIONS ENTRE SEMANTIQUES CONSERVANT LA
FATALITE

5.I..1 CONSERVATION DE PROPRIETES DE FATALITE PAR
INCLUSION DE SEMANTIQUES

5.I.2 CONSERVATION DE PROPRIETES DE FATALITE POUR
. DES SEMANTIQUES CONCORDANTES A DES RELATIONS

ENTRE ETATS ET ACTIONS PRES

5.2 PRINCIPES D'INDUCTION ''A LA FLOYD''

5.2.I RAPPEL DE LA METHODE DE FLOYD (DITE DES
ASSERTIONS INVARIANTES ET DE L'ORDRE
BIEN.FONDE) POUR DEMONTRER LA CORRECTION
TOTALE DE PROGRAMMES SEQUENTIELS
5.2.1.1 Correction partielle
S -2.1.2 Absence d'erreurs à I'exécution (ou absence d'états

de blocage)
5.2.1.3 Terminaison

5.2.2 LE PRINCIPE D'INDUCTION DE BASE POUR LBS
SEMANTIQUES CLOSES

5 .2.3 PRINCIPES D'INDUCTION EQUIVALENTS POUR LES
SEMANTIQUES CLOSES



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

5.2.5 SUR L'UTILISATION D'HYPOTHESES D'INDUCTION
ASSERTIONNELLES OU RELATIONNELLES

5.2.6 SUR LE NON.DETERMINISME BORNE
5.2.6.L Non-déterminisme +tl-borné
5.2.6.2 La*fatalité peut être démontrée à I 'aide du bon-ordre

qttl'r1> quand le non-déterminisme est +r-borné
5.2.6.3 Quels ordinaux sont nécessaires ?

5.2.7 DECOMPOSITION DES CONDITIONS DE VERIFICATION
5.2.7 .L Décomposition des conditions de vérif ication au

moyen d'un recouvrement de I'ensemble des états du
système de transition

5.2.7.2 Décomposition des conditions de vérif ication au
moyen d'un recouvrement de Itensemble des actions
du système de transition

5.2.7 .3 Combinaison des décompositions selon les états et
les actions du système de transition

5.2.8 PRINCIPES D'INDUCTION ' 'A LA FLOYD' '  POUR
DEMONTRER DES PROPRIETES DE FATALITE DB
SEMANTIQUES NON CLOSES
5.2.8.1 Pr incipes d ' induct ion

sémantique non close
une sémantique close

5.2.8.2 Pr incipes d ' induct ion "à Ia Floyd'  pour une
sémantique non crose spécifiée par un système de
transition et une condition sur res traces qu'il
engendre

5.2.8.2-1 sémantique non fermée par fusion, non réduite par
élimination des traces préfixes stricts et non fermée
par limites

"à la Floyd" pour une
définie par concordance avec



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

5.2.8.2.3 Sémantique (non close) fermée par limites, non
fermée par fusion et non réduite par élimination des
faces préfixes stricts

5.2.8.3 Equivalence forte des principes d'induction rdl et
(4. )

5.3 PRINCIPES D'INDUCTION ''A LA BURSTALLII

5.3.1 LE PRINCIPE D'INDUCTION DE BASE SOUS.JACENT A
LA METHODE DES ASSERTIONS INTERMITTENTES DE
BURSTALL

5.3-1.1 Preuves de propriétés de fatalité des programmes
5.3.1.2 Un exemple de preuve
5.3.1.3 Assertions intermittentes
5.3.1.4 Conditions de vérif ication

5.3.L.4.1 Prémisses

5.3.1.4.2 Evaluation symbolique
5.3.1.4.3 utilisation de lemmes dans la preuve de propositions
5.3.L.4.4 Preuve par induction sur les données
5.3.1.4.5 Conclusion

5,3.1.5 Le principe drinduction de base formalisant Ia
méthode des assertions intermittentes

5.3.1.6 Questions relatives à la correction et à la
complétude sémantique de Ia méthode de Burstall
5.3.1.6.1 Correction
5.3.1.6.2 Conjectures à propos de la complétude sémantique
5.3.1.6.3 Un Ésultat de complétude sémantique partielle

5.3.2 LE PRINCIPE D'INDUCTION DE BASE GENERALISANT
LA METHODE DES ASSERTIONS INTERMITTENTES DE
BURSTALL



5.3.3 PRINCIPES D'INDUCTION EQUIVALENTS GENERALISANT
LA METHODE DES ASSERTIONS INTERMITTENTES DE
BURSTALL

5.3.4 COMPLETUDE SEMANTIQUE FORTE

5.3.5 COMPARAISON METHODOLOGIQUE DES METHODES DE
FLOYD q ) ET DE BURSTALL (4) GENERALISEES

5.4 EQUIVALENCE FORTE DES PRINCIPES D'INDUCTIOI\
q )  E r  t 6 i )

5 .4.1 td. I ==+ tô*)

s .4.2 (ô/ :r (d, )

5.5 CHARTES DE PREUVE

5.5.T DEFINITION D'UNE CHARTE DE PR.EUVE D'UN
.PROGRAMME

5.5.2 CORRECTION ET COMPLETUDE SEMANTIQUE DES
PREUVES PAR CHARTES

5.5.3 EXEMPLES DE PRESENTATION DE PREUVES PAR
CHARTES

5.5.3.1, Présentation de preuves "à la Floyd" par des
chartes

5-5.3.2 Preuve de propriétés de fatalité de programmes
parallèles asynchrones

5.5.3.3 Preuve de propriétés de fatalité de programmes
parallèles faiblement équitables

5-5.3.4 Preuve de propriétés de fatalité de programmes
parallèles synchrones

5.6 REFERENCES
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J. !d" J* 1ââ"0^ol-,'*o aJr (a^ J,^ o.1ob* à. f"" ".'hln'r

+,rnJl-Fer^or^*'l-* ( -l- Àm" 4!q f'uc{rcoawo^a lorro0à0.., * 1J,'.,-Qr;
"",p"{,^*er) g,.ia a,,rt xÀJ,3"- ^0,, .Q** (..F Àr'c ̂  ç.*l''.r-tt", 

a-..u

f *1* * yt^09;A- L1;lutl* ) . C"tt 4^o 0*oh^ fl".0.t'"
$, .*n1..(**'^n J- ^.çlloqsper **-'o".F* )" * ^J{'l,oJoo J. 

fr"t""

o'.;rri 
5.r. 

.0* f * J. .-,.*.1-,^ / À "n ,,pQ. kJ" a- o^Jr,'1*. "*

d.' "tîi,ùq0.nn.. J" c€è ^ro,irr,..^}-eo.

lq *ll-hrJ" -fo 
1b0.- 

qîr\.fyvr.e 
f* 

Jth"^h'.or /q ..r.-."h'.rn

â"o 
ft(l)tlta,ÀN/v\^eA at1g.^^f ''.I," *T- -1.o *Jl'f,oJ. ). f{t1â te+1 J*l-e

F.t-o 0.

) -

'*rsn!ia*o l^po,^'a,^rF"," uY à. "0;À" tiunl,- 
+^){ 

" 
*-"' 

.".âùh. à Jet*r,,',tp^.,n, -0o

fltet!ùe 
e,\ -rr'lv'e +rcule â" .^no.b,an 1*$,*$. ) !J,t\L f\au)e Jrqb.zu.e

J'r-u*^ d .0'*J.-l',,ntr (ut )" 4'?o."o4*) .t- .u^" fÈterrre 
À" t-*-lù^ù*r

(e^.r *{,.'[*^rT- *uv\e- q,eJ.U 1,,. J.''.âf à .Ro1-" fo^ J" 1uft'ra,wv'^a

èrt. à "RR o1* "1"?" À "r- r-r.^^.e. 1,.ot.0. ^ où 
î, 

rr\e +t +^ 
Jl'"*;t*

Àâifr^;.^rh). L" .Ro1if,.e. 1*{oJ*J- nratr-r a, âJ{à f 
q^ù )" 

!^*"L)""
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la .\o",,h;. f\€ui\rea J'rr;qlu'a'cs (c^r.e.|,'nn 1-hJ0", otr*". J. €,%r,.X^\

"t à" .mq.^^.r,c" y^a*"Qt .Io 
fhru,^re 

J" t-arrn"r-re^ian /re l"t 
oQ^À" à

Q'oi). àu .0o mol-r'an J r*e^*tl. Lr'au - 
f*Ji

L-1n !." mor- J"te.n r,nilo*e ,q'*f fa^ f,Ài, b;iAÀha[+e,ra] o *^ld

y'^D ^n'.ol- f"" Fo\au-,ra ,p*rn'[l" J'^^h'0ù* à^ n"?of,'*o Ja,rl- 8" n.o,^X

(on JdF t *- ,"à* ) *f ^h*'"t--* *t -^{t1." à a) .f- *o",o .ar.o.FJp..r*

-!u *Qo\', *o bru^ {*J"A 1^.. n"},\f ^.j*"À^ J ntl{;^^l^ fât',1 !.

*"çQs'f.J. lÀor^h;q1" Jo ^ JÀoa co-À àe *on- Ji lz...-^L*" t".,.-mJ

1ââ"0.i'.*k -0. ^* - lotp,.m,^L*c 1.,n^i J. bi{fuh€.

Lo-1ue Xo or'*"^^Hr-. À f 
'toXxeÀ^Jwr4. m'aol' 1aa 

,!*e, ,!" r*dt-hoJ"

ârÀÂ^r.\*,'^ ^r.t^. !- *€.*l^ J" F0oqd nn'*l- teÀ "pç,0".ott" ^a^^a ,Lzcouù;rL

à Jeo *"*.[l- olo,rQ*.^tt*, the 
1t-*ià" "1p"r"(" ..rtr^Àlr" ,e' .1p0.'qr*

lo r*i t-hoâ" J" farlA À /),Àe ,..{tl'ia,r J. t-',.a^*r'h'a au*r Q.'cb,.r- (+*#

Aru, ,I* df*h .l I* uo^,.'*U* J'{,.;l-o*.) ï *X-nJr,. *o"lun,..,l

"Q'e^r.r*tl. J" f,rq* ^.\ù"0. (l*e. pr"^à. o-,opno"R. T X.tJ'ab.
,l'..l-iÙùal','on J" 

f"t J" .*f*" à* -l'ou.Qu A.,,u,o -0a mJl-l''oJ" J"

%td 1p ùu^" -0- f *,{xowwrca />e'îu-rl-;.-0", w*ùl'. à .,rh'Orir^ À- t":^h
âc côotû.'- (à.i ^r,^^e {"n.hor J" fu.rm,raJran J"LrtT' ,of*uh^'vr*"1-) "Roàin

\^*; 1ur*.^ f "r*l'- ; - J*" €/v, f,"n.l''"on J" -Q'.ftùl-rine J* *0*0" ^ nl."l

àor* .0* ,.>or*obl* t tn^0,'o-L", tJut- ,rno.{-n*^o enno.r, l'" 
1ae 

cl.À )-rn

^jp*.R." 2"ml- e/vr 1""1- {*h,{'\*-t- J?"to 0-n|-"^.

Lo, *ifhoJ. J. Èqnol-00.t+r.l Àl-" J* "**.h,'ono Àl-errrm;\\".,ut;' t*
Jôtnh.^ -Q. .nroo.l-,'^r l-otbp" J* fto{tazwvmea a"'1*"-hÂ *l- r..or- c-dn/nde/

lo,r.,o.^^,t- in,n""ei. )od au,rnatc^ à" {toae (mo<.,,,n'or* -ta F.o,ruJ J.

Jo ^o LrJw.,1t+a1 a,,. So.n "l.o[, frr,l fa* e*enFq ) J- *l- o+[-ff" à

fP;i1u<-o 
( ttan na- $l"PÀ;ten" Ltal , Gnlet t+tl ) . Na.r.o /râr{.ô Êornrmea ,^lr*t"L

à .€lf<, .^Jf-l'J. +*@q"r'Jl-*r,f f\r"*rh" Jc crn "Àù t-',à à;N;^rf"
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â. lq *JfhoJ" )" f%.trd" i /$Dua rne c*.lmprr,Àrô^^ .faa hiean Q. '.appo^-l- "lb*

"-^ Ju.uq 616lt-f,oJe" .

A 1*h* 
J. 0o J.,1..^^11'''^ J"u*"É 

fa,r 
ButahqQ. J F{anma-ura0J.,nXe*

i" -Qo ̂ dl'lnoJ" J* *,r*\'i* àl-cr',,*^itt"ù" C t"ù"çoP--,"-.F o- l'*'J"
[ t  ù  r

o encezrnpr<,o ) flàuâ

-Qa *"h'^. \t
, l

T^ f4rs A{-1,^-

.rnn*n'Jnj+iu, Er.\

J.L"*" .utn fx,À*f. Jîâ^..|';l,l JanT'rnô{r.a ̂aq[-'*

*T' ^";"n"l-;f"^ u,^h .o* p0-d- .rno- patry a) z " 1", h:on

l* F,.qc- ol'erJ.,rh'^ .\- l* t'-prdfnn J" {"f.tL"t-i
r A

qo^l-'''J',^ *-S. **A,. [i^ * \- *o^ pù'. 7"^A dyr

p'ÀT.r.ero. â Qo '^r-oÀ* F"Up" 6,- {0.* à àu 1.*p"r'J t-"i, J. 4"tb0^ fÉ

1,u" r,'uo.1*,n'e^rl À }'*iJ. Jl^*l-,^" tnai;ç.r: À1rr Jr" èfthr. af"^J"rf

rt'ærâ 
{*r 

* )o c.rr,lcJoe T" 
le 

f ù.f" J'àÀ'F,'av' )" Ir^" ,'^l

1bq, *nnyOrf ï.^d c|ô ".r,*n'Jde- J* 1"-ç-'dt-." Au 
+"to|;'V ,x[if""*r,- 

1",.
oonh bùù!" ç.t-l- â - Àe "."Q-.'.^'l- !- *o0* )^ Jl'"h t )* ;L-b

ÀPd*^h J a^- "r. fc^r'.1" ) + lo*1-'oo ,.n. prorri-ùe f 4â -f b*pO-; J"

nnal^'ot\, otro(i0.'ori". .

eeÈ ..nntr".T-.u,<, ^{\ô{râ .,mÀ^..t- â a)\^e- 1*â"0-aoho J" 0o m"'l-hoJ. J"

È.tnhqQl- e/$ ,".ï^i0-"^l' A/^e, Àâr.h',lrt f"*-{,^." (à" /maanr'Àe à 
1'terJr.e vtl

.*npF. -0" .on-JJFn^rt'.^Lr*e r^,, tr^rr,â) .t- ovr ,^\-r-J.^ioorrf -l .rl-;Q-toh^ J.

to^.^'"Ll.o ̂ r*Q.'o.r"l" ^êtrâ ,0" 
{.rt*" 

t-\À -Qù^,.''t"l:, J'**h'*,. \z'runajne (yt

ç.,.rnnott-^\- J" *Q^.e.' lttl,*Y à* ro^^'o[l* a$ J.t!"f À -f*"X]rq,w*oe

arr\Ài 1u'o* 
J*o ^^h- ;"1'"-h ùffJ,-^,b a,! co�tttÀ À ."0J).

A go.hJ" ) " ce tù *t : àt Àâ' oh'an X";"â^"Q;^{ /h ùL{^ JJ;^" rL,'\e

,oai',re ào 
tù*p." 

d'.unâ^,,.1-,'on J" rma",ueù à J%* ). .R*; à^

{^* 
J. 

f'.eu^re/ ç.a"r*c", Cec{' ^\errâ 
4norm"f 

"tn"?*rr"r| J" 
l*-u?"^

lo r*ê I-l oâ" J* 6,-"h*&, potrâ J * f^^* J. fA-- ul ,p 0r" oh.f*'i L

f* ^'* '""fonrr; 4top"*,"'f T" ,l'*^*.

Ter.ra )* f -.-;*1e" "f 'd À.1l*r .s dJàâ ^*l- .-n-ot "I

,tÀ""h1own*l .*pUI. (.-s"r*e -Q" rrn*l-*..*. .0LX.,^e^"1 d" ilanno-rr.to..0Jran1olta1
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î* 
côr\À..i tè à J"t 4- 

1^r',rrne. fïe 
r^,e à -?o ObS 

,r.*^f ale pxvwr"-r- lu %

A\ê{rÀ J"l,n* f"^^" .-u,rr\ d"0f"} L

{^^ ce ^e/,{À T. -0* f*p*'h'*"
Jo^^, -^.r4^e 

flr€rrre fe.l- 
lo r^âl\.rJ.

l* c4r:e^.1'r'ô..A , J-.u*itf-^l-* f.-Qr. e rv\ær .lt*ro.no 
Tââ"h"â f"^**|

ât-"e "Roia-io {r't',"**J (J. r,no aù*â.,ur^e- "*,J"'Fi*'^rio^o;,.. J
o*S; r^'l-" 

1*. /nè{ra fh' p*h o^}ec 4,,l.uirr) ,

L+ l^^^.2;oh'^ iJ*h'1, " J* ^J FhoJ* J "
rhouÀ 

1-.r*e,l J" .*,rç".-rJ-,." rÀgO-*"^"h lr.r.n ,rnfpo.t.

rAt'.6J J 8,,^"1-o00.

Nan o"r.,0o* oJ

(.o*rrnrre lf^r ^"nt-.1 l4qn^rq-ù"U;1*) t-r,rh f\<u,e à 0a r4",4â f*rf
n'"-1*,,*"^ fq,\ )o m/Ff,"J" J. B*l-o00. "*au f"ûlè ft.€lre à -0o f4,4Â
eoh lrne. fneÀr,\r€ â ,0o b,u^h"00 I e^ $;, l" ,r".trÀrfe- J';â,r.h.. (1-
e^,.p'.irme "Qt-*o J" ,0" ^Jl-loJ. l" Bunol'q0. ("s^^r.n^abl.r*.*)- y^a"Q;a
c,ç1f\^{\4 /1\èuâ 9. 

ftcofcrotl ) *onl-* " .Qrn*^","i 
ï. 

-Po ̂ lf l,rJo J. FP.td

.^t ,u^^ ÀpP. crLÀ a*h*&'." J" 0o nn/t-h,1. âo È.,u1-q00.. Èe,"
o^oQ*X^" 4,uec -Qo f 

,.rt*-hi,r t @ ""fp^l- )" lo -/fi,J" J"
Èo""otoQ[ à .$r J" FA",{d *l- p;r,,t; Qrrr* aA *o1p,*l' "f, o r$^e-

f'tpot>tqls ^yt oh^ il-Â.efl-e alx.c

t*1nr^r*oHo,r ^I'A;.r! J*

-rr4\ ""*[ f\r1Ft.o/r]\rvre -f.ra*1e0 a,Àrcc rrn..

AolrÂ- thJq!@rr'À/m{a r,o*l-*"0o*r,^,h r.atr*{",

Po.rrv tne- J* .-*.!^*.CJ.^o 
1,.À'1t* )z "#e ,.r*r^q rs, *f nâu/r ul-.

â .8r[* ^r^Ne *l|l,rJn J. ç*4.^l*h'^ J* fÈ@u,eâ f pt a-u/,ai hwr
-h'0ù"k1" f"*^ J* fF(4'r^,eÀ à .0. fA",6d, ï'o' 

-0o a,u.,ol-eQ.{,. eLl- ruor*1ooi
mâuâ f\opc^cr\ô r.rae 4*!.^'hol-l^ 1r."çk.1. J* ..f**,'^,* Jc. f*h"€.,'L' Aùrr.ô
0* 

f*" 
Je rRoJ* J" 

fÈr€lrre 1,l- fer-r*^J- ..*T'.r^* )^ 
1.8, 

^rÀ
A" t*a^^*oil- pl-nr^.F*o/ . ilo,* ^anhncr* 

To 
.",Se. 

1r*L^"lrJ,^ A""

fxeruea *\- .*$", o.l**^F;r-"*r-F **fL'h" .h ..N\^{t fr* J*,l^l-rrl
J * 

ç"pl^t F"I Je f, *[n Q^ [. ' )^ f F.o 
T 

,.CI,n /,,v1{^ 4*o 00a 0* ,
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Poct, ^"0rr* ,or.r- .84 *rmpo,nol.m L e€ô ,*/t-t,oJb" ) Mè..tA rrooL*o

ta,s* 
p,nÀk 

f**rî* .t1-oe8.^.1-*,, €-v1 eE ̂ ,^rÀ 1r'**. ,?\prt^rL f*- e*
r^lt'h"Jc à" g..,t"h"QQ, 

forl- /e- ,-ln b* ua tr,\r\. furr,rre f* h *Jr.t"J"
J. çQoqÂ ( À ," *â^e p, t 'A ô- - (-- \ -L 

+iqcn y')! -Y todru/n 
1'on'Lle À'J.Qrr* rn -0q

*J*rrL" t-"' .f "'0* ^ôuÀ- frcod;ternrzvrneo J t*- 4.r-"{^,erv,^,,n e),

trlo,,,o a.rlono .?ro',ot A" 7"i"tu c,.- .âgift" * r&o^rÏ J,

fJiJ. (,mdl-k" J<. d. t={rg4 ) 4' 1r,, 6,,,-!. (*ifi\" d. I, B,rrral-o{I- ) "*

1^* c$rr>, p^d à -0'.'ft-\-*,'1ue À" 0o l"l^-oh J. crÀ /*/fl,,r}* J à
rr^Àe, -*pQ-"t".t *oÀ"^h J* tû1- Jt,,ri,.Lrl.,*, Èr,er, ?Àre rmoL
À"H4d#: f-^^ ,Lpt-f ",rr'*rao" -lnj,r*"R" À^rr^â"^rh k n"^L"Qq! p'|iJ* , ^:&. .1*^*,1-ah'- 

/no{râ a n*^'[lJ f.{",{-tt 4*i1u'"-u"
fi"eâ+e. "0^ à;#,r'k; .
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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} '
I

à"r^^ -Qo j-o^r!.1,c. 4s,,Ar, z,> J"fÀe Jer- .0\noermfP" ?,./,s-3 ( s=fo,l], A=fc,b],

be- rmqn,.r'eù .âiàr,rie- J'Td )q J"'f,;i h-^' 3'3'4 /

fhlonaivre r,A,lul

br  <S

Lry *h

LV enY

,A,z) € <s; A' ,2 '1,  Ô, V. (s '^s '- tL*,+f ))

{a"T'"Q" ^oq^ ,r,tùa>.t'anÀ,e J. Q 4,*

f"taQt ÀôuÀ 't'" 'Yartit^^"" J.' 4 f*^^

Paur- 'oà 
1-" 

.0" '*4*t* (+\ ^r'*l- çao '*aic )'0 o.^ff* Je

pd^rJ  i

Wr1{**o)(si{tù. ry Je$*ie pe^ 9(o)=f J Vtr)'t e^I- +h0' Pôq^ <s,A,z) 'maia F*'1""'^ ls"At'z'>'
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C^",0û"Àt t, ' t,4'L

t . t
L \

< s, A f :.> = Elg (<s,4, z>) .F"1*

t h r ô . ,
arl- lQYar<- Àùu-r Jv\d-4"^lo,r^ct-

!

*F l"lrqO*, Êùq/) iu*oiarn
l

&Ift 64s,n,z>) o8*

t* &k{ (4s,*,2>)1

f l , *  
<srA,z>l

(s ,  A,  Z)  =

À +
J . +
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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 ï

l 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"

fêr la" 
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



5 - t 4

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--

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

Loop: il Tt.1 rni0
r 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.,^



5 - n

/ *
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



5 -28

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).
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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 )



5 - 3 8

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{ l r , 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).



5 - 4 0

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
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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 i fe 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 l
1 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"
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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



5 -62

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



5 - 6 9

?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 leqtra
r - 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"
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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

at 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^r
1

)* ,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) =



5 - 8 7

(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 -J
T

:

".*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



5 -94

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}
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(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, tt

iland. - 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 (srArb, 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)



s -120

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*

i ip.*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." l l '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*) '
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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"
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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,

I

A/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.



5 -  1 3 1

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 5

n - 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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|,^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



Eo(env\p0" f.À -4
* l â

rui"alrf

à,

À

odd (x) anà x>,3

I eùq'(x) 3ry! xÈ&
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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

Dtr( . ,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,).



5-  140

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
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5.5.3.2 Preuve de propriétés de fatatité de programmes
parallèles asynchrones
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c ( "xyer,F"l-*" rl- ci) eof "9" y;^^f à" ..*fæ-0. J^

lHrct"ro/Nw\f- 
("sfec-U€/w\€^t Jr,1 4.ucce.,ou.o i f,.y*3"e .0o .*t-;0- erF J* *

Puralle- &âttÀ -frùu,rlor\À t"t---"t-.^ arrr f\ir?'@^'/\rne- ..,p"r.oCI"{e 
+tu- u.^/l

*a,thne ào f,.a,*oill'arr rnan-Je'fz^rm,^À;U , !- "â*lzo J. f..ure lnrr.,th

+A**h a(app0^'9ue* auq f** L f'tsQ."t' à. t*t* 1o^ol1.:0r,

Es3!r.& t',tr3't,-4 (Cnacrfio Fol'o0" Jr{.,tr tholxo^lvvï\e çor.a00a0.)

-0""1" l,'n o,*^o^â N>,o :
I

, 1 .

N 1  : = 0 ;  N 2 : = N ;

II*  1 1 t  
P 1 z = 1

1 2 t  
i f  N 1 + 1  <  N 2  t h e n

1 3 :
T 1  :  = N 1  + 1 ;  P 1  1 = 2 x P 1 ;

1 4 =
N 1 : = T 1 ;

1 5 l .
f i ;  

g o t a  1 2 ;

1 6 :

l l
2 4 .

P 2 z = 1  ;
2 2 .

i f  N 1  + 1  <  N 2  t h e n
2 3 2

T 2 : = N 2 - 1 ;  P 2 : = 2 x P 2 i
2 4 :

N2z= f2 ;
2 5 t

f i ;  
g o t a  2 2 t

2 6 t

t ;
? .

P  : =  i f  N 1 + 1 = N 2  t h e n  2 x P 1 x P 2  e l s e  p 1 x p 2  f j - t
4 z

Na.u "'^i*r" oli

(-'p""Fw-^o*l- c, =i) "i,

A""iJàô^À r-r Àe ,,ùe,iÀt'on -çroaaQle-'0e arr"yn cR u"re J* f*{t..r*^. {8,4-4
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freÀr^ )q .R*t'. A. 4n"rr^r" à. .-noohan hol^qL

P: ( aF4 ^ mo>o ^,rydry^r> olh n f =t"o) ) /nrè{rÀ â^"Fiiv,Xr^e" â"r.* ca,,t'.

b qt Ao.(.{ ,Lz T-noif" ç"n 9" 0..***

zor(ala,4 o(rnog ̂ ,ry^/{pt *lA n -f=tn") . Ce -Q"t{"',r,M 
1"^t} 

at-^o JÀ.^nl-*j fe/,

âoLoh'"r, arynboQ-guc n-l- rnr*- .0o;.r* -9. gu.lrt:,,- 
+-;L -0e, "?,o.,j. ào

-p'taue c{rvu,lto^r\ d a.^^}..

- L. cqÀ +'t^À+a0 no>4 ,0" l'n.o';h" fa,L -0" Qe^"*

Ll (Ah0oop I qr4=S4 ^ ot--$t, r, (1t.U) (9r rr Int ^'�wr"vt'> crh,l6 ^, qlr'6 t\ '!1 <'ù1 {ntJ<ri1((^r*,Or)

n 1r =r"t n fo= s*o-to) , i* AhQorp **pOo. (loher, I À1u,,, ' ,r,r] lv[-,,! l ,,,,,a5]rr ater' l)

eh In^) aoh -? Lri.ra,.r'q,^rl- Àrùa,.rf t

Trnrl '  = [(af ,r , t  =+ t l - r--o |  4l ' ' r ,^1x (afrq'ùla))  r .  (aht\+ b{= n4+1) n

(altr + 6r:,no | 1+= l,ô'-rTtl' x(a.taq * r,la\) r (el'rE+9),= rnq--r)l

P eat 0e .Ro,"h" J. 1bltzr'ure a.ù"'h. '

a t ' l  ^  n o > 0

a t 1 2 x a t 2 1 n n 1 = g
n  n 2 = n o > 1

7 n *
I
l L
+

a t 1 6  n  a t 2 6  n  û < n 1  < n 2 <

I+
at3  ̂  0<n1<n2<,UtJ n

a t 1  n  0 < n s < 1
=

a t 1  A  n o > 1
I
I
I

Y

a t 2 n n 1 = 0 l r n 2 = n o > 1
I
I
I

Y

a t 1 1  n  a t 2 1  n  n 1 = 0  n  n 2 = n o > 1

a t 1 1 ^ a t 2 2 A n 1 = O
n  n 2 = n o > 1

n 4  n g  - n 2
s ) n p 1 = 2 " ' A p 2 = 2 '

,#?-

1 , F l

a t 4  n  p = 2 n o
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,terl,.ls d, !"a,.,.rna L Às {"* 
.1o- Àâ^rÀ'^ Àr.u. ('nr- rn.r) 

""

JJ.-,i rh,utl-crne^,,! à "Ro3u" ;k^a-fiavr à- bou.& Jo^^o !'t n J^ J*0..

trrrclrÀuô, CaSs ;lre^q,Fi.m *h Àîc,^Jl" fe,r" -0" !"^-*u r, (rfQ.eol ̂  m't=r!4 Â

rût: drs ^ (rgrt, l{,\f,) ^ Irylu Nuu'\ ' lu+ fth%op ^ a((rnrr-rn'r)<(qu- o'r; ^ O'I<'TI'{ ^ ôÙ<${, ^

(1t+a)(mr,  1 fow rr  ( ,n . rcm& =)  (at l rvafr ,s) ) ) .  t ' lar . r .o  a. . l . rua À\4si l \ùç( /n{ t . l ) .  Le-  eaa

ry\4e,nù p h',aihc "paL .Q" -Qe^^^g E', (À l, lt,,rt l,{6} r irnltr,, ze,ze\ À nr'r=tï\ ' l  r f l=ë

A rnl,=flt rr "fù:-[Z I (m'r+l)>.rnÙ ^r^,^r^,{rt e-l-4e ,r af f,e r. /î\,1err'|,1 À +.|=f-,t À lltl=rn$ ^ ,t*'?-U).

Sa +r11rt\)e- t3h ,h"-NqQ- fa,u J^t"Q*oli^ o.f"ttQr'1". <) ,*e"ro '0"rrrran^ Ba

"R"^h op ).tlrr* . h. ..to nc: La,tr.ù ae- l',.ÂFe. +u &. 0"^^.

B, (Xt%Op I rî\4=,rt,t À (rn4çr)=mûsrrrr, n}rrru ^r^ru^,&> e}-tg,. ahf,C ,. t{<rna<rnr,<$f("t,t+,trqr-) ,r

.fr=&ta ^ fù3t\-t"). Lq.fto-l'o Ào 
f,"Qr".re L *h '" n'.rr*ar,Fe i

A t l o o p  Â  n 1  = n 1t t  n 2 = n 2  n  n 1  + 1 < n 2  n  I n v

A t l o o p  n  0 < n 2 - n 1  < n 2 - n 1  ̂  n 1 3 n 1  A  n 2 3 n Z
n (n' l  =r12 :> at15 v at25) n Tnv

l ' ( . a t 2 2  ̂ a t 2 5 l v ( a t 1 5  n  a t 1 2 l  I  A t 1  0 < n 2 - n 1 < n 2 - n 1 ^  n 1 ' 3 n 1
^  n1<n1 =n2<n2 n  Inv  n1+1=n2(n2  ̂ Inv  n  n2<n2 n  At loop n

L* f'*1-g 
J^

rnûur f*tqqA i." .{";

n 1  4 < n 2  n  I n v

L , 0 < n 2 - n 1  < n 2 - n 1

Q* ï eF s r\e ç-,r"J.^.T- a)ruuæ, a.'Si-^0h' "F

"-h;.;^*n.-Ï fo* l"o0-h',^,t l*ywrh.-0,'g".,

'-- (t*, r (,g.lt.r)<1r,) âa^.o "trq "â-}. à. 4xata" E t

a t 1 6  n  a t 2 6  n  n 1 ( n 1 < n Z < 4 3 f l ( n ' l + 1  , n 2 )  n  p 1  = 2 n 1  n  p 2 = 2 n o - n 2

Neua 
tct,cr{\A 

T,rÀ^}
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A t l o o p , r  O < n 2 - n 1 < n 2 - n 1  ^  n ' ] - < n 1  ^  n 2 3 n 2 , r  ( n 1 = n 2 : >  ( a t 1 5  v  a t 2 5 J l  ̂  I n v '

A t l oop  , r  n1  =n1  ̂  n2=n2  ̂ I nv '

a t 1 2  ̂  a t 2 5  ̂  I n v '
^  n 1 . n 1  ̂ j 2 - n 2

a t l 2 ^ a t 2 1  4 I n v '
^  n 1 . n 1  ̂ n 2 = n 2

a t 1 3 ^ a t 2 1 ^ I n v '
^  n 1 ' n 1  A n 2 - n 2

a t 1 2  A  a t 2 2  ^  l n v l
^  n l . n 1  ̂ n z - n z

a t 1 3 ^ a t 2 5 ^ I n v '
^  n 1 - n 1  ̂n 2 . n 2

a t 1 4  ̂  ô t 2 5  ̂
^  n 1 r n 1  ̂  n 2 = n 2

a t 1 5  ̂  ô t 2 5  ̂  I n v '
^  n 1 E n 1 + 1  ^  n 2 = n 2

a t 1 4  I  a t 2 1  n  f n v '
^  n1=n1  ̂  n2 .nz

a t ' 1 5 ^ a t 2 1  ̂ f n v '
^  n ' l ' n1  +1  ̂  n2=n2

ô t 1 2  ̂  a t 2 5  ̂  ï n v
^  n ' l  =n1  +1  ̂  nz -nz

a t 1 3  ̂  ô t 2 3  ̂  I n v '
^  n 1 = n l  ̂ n 2 = n 2

a t 1 5 ^ a t z 2 ^ I n v '
a  n1 .n1+ ,1  A  n2 .1 ,2

a t1  4
n  n l . n1  nn2=n2 n  n1=n1  nn2 -n2

a t 1 2 ^ a t 2 5 ^ I n v '
^  n 1 . n 1  a n 2 . n 2 - 1

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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At l oop , r  n1=n1  ̂  n ' 1+1Én2=n2  ^  I nv

a t 1 1  ̂  a
n1  ' n l  <n

t22 ̂  Tnv ̂
1  +1  =n2zn2

6 l  l l  n  6 l l l  Â  f ny  Â
n1  èn l  <n1  +1enz=n2------.. -

a t13  ̂  a t 22  ^  Jnv  ̂
n 1 = n 1 < n 1 + . 1 É n 2 - n 2

N
t \
t \

2 ^ a t 2 2 ^ T n v ^
n1  <n1  +1=n2 -n2

a t 1 6  ̂  a
n1  =n1  <n

ô t l 4  ^  a t22  ^  I nv  ^
nl-n1 <nl+1.n2.n2 ê t12  ̂  a t 26  ̂  Jnv  ̂

n ' l  =n1  <n1  +1  =n2En2

ir E

+
a t13  , r  6126  n  1nu  1
n1-n1 <n1 +1 cn2=nz-  

I  a t15  ̂  a t22 , r  Inv  a
I n1<n1=n2=n2

ô t14  ̂  a t 26  ̂  I nv  ^
n1=n1<n1 + 1=nZ=n2- l

I
I

ô t l 5  ^  a t26  ̂  I nv  ^
n13n1=n2=n2 a t16  ̂  a t 25  ̂  I nv  ^

n1=n1=n2<Ê

E

at16 ^ at26,r  n1<nt<nz<,{ ! f  (n1+1,n2) n p1=2n1 ̂ p}=Zno-n2

a t 1 2 ^ a t 2 3 ^ T
L21 t '  Inv  n  f  I  n ' l  en l  çn .  + .1  =n !

E
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5.5.3.3 Preuve de propriétés de fatalité de programmes

parallèles faiblement équitables

t^ "ûo^,\-^ ). -l,..uârc 4err^,e*.t' qeQ.r*-h o'+û1".^ d{ra( 
f'.orrro'

J" tt-t*- laxa$;0ca f,"iH*^.*f -\,^iFaUe" ' Fo*^ ..4*; / mo*a n"l-att

; Àu,, rûo 3* ci\c J. ,0o 'â*.h" . n* g^n J*,,,l- a- Q .,1" Qt.h'* n5m hÂ\.ra

Jrr^rn /f* J" fnoc{ 11râ Pt.,r; J'*t 
1.-X}tarû,rt,r^c, 1o^oQlj0. {*tlrme,r.r}

"yihaU\. [, Fo,^,oll ,,, ll Prro*-^ n. Por.,,t1,.e, Io mltLÀ p"] .*lPbH , c,tùu

*FrÀ,n- lq 1^uJr*"e d" .rà"L Jo^.^ 0" '\l$;l'l^ ...r.4t4 f* Àld

*f t'.tr o f* à* furue 
j. Fè,.^tûaùon e'.Oe F'{oX.l -ç,o,' ,-n h-F&

(f ,<r,<). ba.u.a c1, câ,r, il (*M ru*ç&"*.rh J-^l^h& 1*nil â * a/n

t\ocelnt,o b\'",^" "Àf 'F t*d ".hrd !" 0^1 Ae ce. 1"0" (Di I" ".1"0"

ta'F 
"Àt-.-,*^L r!{\ .A","r^. | ."â J"^e àt-* Jr,h*l'J +.^ ,u^^r- +nztut<-

Jrr^rlartr'c^ "c À"1-; ), t€ lrr,u^o;^ d.'-*0" eQr* L mq^^i"è "lriJ- h" L

4'l"po rr; J'.t1* l-"' {*tl. , o'o{'ù I" f d*f " 4 '-|À"llo (E,) , '")1"

"1p"rrl" o"\- ,.".nfl"È

Ejg\fg {r,a.3-4

8,. ïgtg ;

[  ^ ^ ' .

4 L t

f l  ra:

t l r

a 3 :

1 \ :
n,;

Porr^- 0'*1Q" .%rr-'1.r. :

b,. 1.0o" ',

1 r & B &

n&+;

j ;

Nôr^, o^tcr\^À !.o "Q*h" À 
f* io,ri^r*.!E ,

1 t

x..

eà;
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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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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"
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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-
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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,*,
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,.^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
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rctr"ârr?"r;
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,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
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. 1Qzt * *X", ., n +r.,al'.irl-^toie
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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

+
+
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+
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
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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
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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

(X-+ l) "0o*" J* 
{^.lt''an 

l'oFc P* J<. X Ja,.^ t

<z(-) '. z.er> Pa f,^"f,.r6 f ** t 1"9)" 1o. væ'. {C*\=cC-)

{nt  
"- \ -*abi.m J.f  à x,  {n(xxïsâ({))

+(.) mofqf,'^ f*"f,'^^.S. )u g f-.{ 1. <2,$)ef, o''!ol,;1.

+- ,,
, t t
Irc

{(*.,,,,,*,,,-n) l(r*",.,,, *... })

{iælX) & {^.1-i* !' l"&. 1o" {fr-)=g "l- {'(r)={(x\ a 5+'
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ORDRES

e tJJ"'h'u*\ à" "0** 1o^1,'"0.,t*^)- 
^Jot*"f

6 *"0t-ip0uJi* J" "Xo^- +'J;"0,r^-^l ^),,^^L

r "i+Âr-n Àt*n -t*;MÀ ".*Fàf

T ÀYe/mu/r{! àt.tt rt f"i!I-t; .*ç4.f

4w,-() u.0*. 4o^h"CI.-,o'b -J^^.â

<w,<rÀ,v,r,T) *,.d00.,À .*pQ.b

(w, (, À,V, L,i r) f'.eiQ0rÀ [uoPâ .o.np'0.f
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