(UL T aancy

Cours MALG & MOVEX

Vérification d’une annotation

Dominique Méry
Telecom Nancy, Université de Lorraine
(22 mai 2025 at 11:27 P.M.)

Année universitaire 2024-2025

Vérification d’une annotation (22 mai 2025) (Dominique Méry) MALG & MOVEX 1/6.



Ecriture du contrat

lbi:x=3 Ny=z+x Nz=2=x
Y= 2+
ly:x=3 N y=ux+6

On définit un contrat comme suit :

variables x,y,z
requires 0 = 3 A y0 = 20420 A 20 = 2.20
ensures xy = 3A\yy = x;+6

begin

bi:x=3 Ny=z+x Nz=2=x
Y= 2Z+T

by :x=3 N y=ux+6

end
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Conditions de vérification du contrat

On pose les assertions suivantes a partir de I'annotation :

> pre(xo, Yo, 20) “ro=3n y0 = 20420 A 20 = 2.20

> prepost(zo, Yo, 20, T, Y, 2) =3 n y = 2+6

> Q1($07y0320am7y7z) déf$:3 A y:Z+$ ANz =2x

> Q2(3707y073073373/72) d;fx:‘?’ A y:$+6
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Conditions de vérification du contrat

On pose les assertions suivantes a partir de I'annotation :

> pre(xo, Yo, 20) “ro=3n y0 = 20420 A 20 = 2.20

> prepost(zo, Yo, 20, T, Y, 2) def r=3 AN y=x+6

> Ql(x07y0320amay7z) déf$:3 A y:Z+$ ANz =2x

> Q2(3707y073073373/72) d;fx:‘?’ A y:$+6

On établit les trois cpnditions pour valider le contrat :
> (Imt) pre(mo,yg, ZO) A (:c,y,z) = (x()vyOa ZO) = Ql(any()vZvaaya Z)
> (Cond) pre(vo) A QQ('xOv Yo, 20,2,Y, Z) = prepOSt('x()v Yo, 20, 2,Y, Z)

» (induct)
pre(zo, Yo, z0) A Q1(zo, Yo, 20,%,Y, 2) N\TRUE A (2!, y, ') =
(‘Ta Z+$7 Z) = QQ(I’O, Yo, =0, I/a y/a Z/)
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Preuve du pas induct
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Preuve du pas induct

> pre(mChyO,ZO) A Q1($0790,20a$7y7 Z) ANTRUE N (xlvylazl) =
(x,z—i—x, Z) = QQ(x07y0a ZO,J}/, y/’ Z/)
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Preuve du pas induct

> pre(x(hyO,ZO) A Ql(x07y0,z()ax7ya Z) ANTRUE N (xlvylazl) =
(.T,Z+$, Z) = QQ(x07y0a ZO,Z‘/, y/’ Z/)

> = pre(xo, yo, 20) A Q1(xo, Yo, 20,2, y,2) A\TRUE A (2/,y',2') =
(.’L‘,Z—f—.’l}, Z) = Q2(3307y0, 207x/7 y/’ Z/)
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Preuve du pas induct

> pre(zo, Yo, 20) A Q1(xo, Yo, 20,7, y,2) N\TRUE A (2',y/, %) =
(x, 24z, 2) = Q2(x0, Yo, 20, 2", y, 2')

> = pre(xo, Yo, 20) A Q1(x0, Yo, 20,2,y,2) N\TRUE A (2,4, 2") =
(@, z4+x, 2) = Q2(x0, Yo, 20,2, Y, 2')

> pre(zo, Yo, 20) A Q1(wo, Yo, 20, 7,y,2) N\TRUE A (2',y/,2") =
(SC,Z—F.’IJ,Z) - Q2($anoa7«’0a$/7y/72’/)
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Preuve du pas induct

> pre(zo, Yo, 20) A Q1(xo, Yo, 20,7, y,2) N\TRUE A (2',y/, %) =
(x, 24z, 2) = Q2(x0, Yo, 20, 2", y, 2')

> = pre(xo, Yo, 20) A Q1(x0, Yo, 20,2,y,2) N\TRUE A (2,4, 2") =
(@, z4+x, 2) = Q2(x0, Yo, 20,2, Y, 2')

> pre(xo, Yo, 20) A Q1(o, 0, 20,2,Y,2) N\TRUE A (2,4, 2') =
(x, 24+, 2) F Qa2(x0, Yo, 20,2, y', 2')

> pre(xmyOaZO)?Ql(x()vyOvZOaxvva)?TRUE’ (m’,y’,z’) =
(x, 24+, 2) F Qa2(x0, Yo, 20,2, Yy, 2')
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Preuve du pas induct

> pre(zo, Yo, 20) A Q1(wo, Yo, 20,7, y,2) N\TRUE A (2',y/,2") =
(x, 24z, 2) = Q2(x0, Yo, 20, 2", y, 2')

> - pre(zo, Yo, 20) A Q1(0, Yo, 20, ,y,2) N\TRUE A (2, y, 2') =
(7, 24z, 2) = Q2(0, Yo, 20,7, Y, 2')

> pre(xo, Yo, 20) A Q1(o, 0, 20,2,Y,2) N\TRUE A (2,4, 2') =
(x, 24+, 2) F Qa2(x0, Yo, 20,2, y', 2')

> pre(wo, Yo, 20), Q1 (%0, Yo, 20,2, Y, 2), TRUE, (2',y, ') =
(x, 24+, 2) F Qa2(x0, Yo, 20,2, Yy, 2')

» 20 =3 Ay0 = 20+20,20 =
2.20, Q1(xo, Yo, 20, %, y,2), TRUE, (', y',2') = (x, 24z, 2) -
Q2(xo0, Yo, 20, 2", y, 2')
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Preuve du pas induct

> pT@(l’OyyO,ZO) A Ql(m07y0,z()ax7ya Z) ANTRUE N <x17yl,2/) =
('Ta Z+l‘, Z) = QQ(x07y0a ZO,Z‘/, y/’ Z/)

> pre(x()ay(hz()) A Ql(x07y07207x7yaz) ANTRUE A (xlayl»zl> =
(xa Z+.’L', Z) = QQ(x07y0a ZQ,Z‘/, y/’ Z/)

> pre(zo, Yo, 20) A Q1(xo, Yo, 20, 2,y,2) N\TRUE A (2',y',2') =
(SC,Z—F.’IJ,Z) = Q?(m05y07207x/7ylvzl)

> pre(x(byo»zo)?Ql(x()vyOvZOux?yvz)?TRUEv (ff/»y/»Z/) =
(SL’,Z+.’L‘,Z> - Q?(m07y0az()ax/7y/7zl)

» 20 =3 A y0 = 20+20,20 =
2~‘T0aQl(l'OvyOyZOaxvyaz)vTRUEv (xlay/wzl) = (a:,z—i—x,z) F
QZ(x07yO7Z07x/aylaZ/)

> 20 =3ANy0=20+20,20 =220,z =3 AN y=z+x Az =
2., TRUE, (z',y',2") = (x, 24z, 2) F Q2(x0, yo, 20, 2", y', 2")
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Preuve du pas induct

> pT@(l’OyyO,ZO) A Ql(m07y0,z()ax7ya Z) ANTRUE N <x17yl,2/) =
(.T, Z+x, Z) = Q2($07y0, 20, Z‘/, y/’ Z/)

> pre(x()ay()vz()) A Ql(x07y07207xayaz) ANTRUE A (iUI,yl»Z/) =
(xa Z+.’L‘, Z) = QQ(x07y0a ZQ,Z‘/, y/’ Z/)

> pT€($OyyO,ZO) A Q1($071/07207$71/a Z) ANTRUE N (xlvylaz/) =
(SC,Z—F.’IJ,Z) = Q?(m05y07207x/7ylvzl)

> pre(‘rmyOaZO)?Ql(x(vaOvZOaxvyvz)?TRUEv (mlaylvz/) =
(SL’,Z+.’L‘,2) - Q2($07yo,20a33/7y/73/)

» 20 =3 A y0 = 20+20,20 =
2-950,Q1($07y07207$7y72)7TRUE7 (x/7y/7zl) = (.’L',Z+.T,Z) t
QZ(xO)yO7Z07x/aylaZ/)

> 20 =3ANy0=20+20,20 =220,z =3 AN y=z+x Az =
2., TRUE, (z',y',2") = (x, 24z, 2) F Q2(x0, yo, 20, 2", y', 2")

» 20 =3ANy0=20+20,20 =220,z =3 AN y=z+x Az =
2., TRUE, (z',y',2') = (x,24x,2) b2’ =3 AN ¢y =2'+6
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» 20 = 3,90 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (2',y,2') = (x,24x,2) 2’ =3 N ¢y = 2'+6
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» 20 = 3,90 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (2',y,2') = (x,24x,2) 2’ =3 N ¢y = 2'+6

» 20 =3,y0 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (z',y,2') = (x,24x,2) b2’ =3
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» 20 = 3,90 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (2',y,2') = (x,24x,2) 2’ =3 N ¢y = 2'+6
» 20 =3,y0 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (z',y,2') = (x,24x,2) b2’ =3
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2.2, TRUE, (z',y,2") = (z,24=,2) -2’ =3
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» 20 = 3,90 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (2',y,2') = (x,24x,2) 2’ =3 N ¢y = 2'+6
» 20 =3,y0 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.x,TRUE, (',y,2') = (x,z4zx,2) Fa'’ =3
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2.2, TRUE, (z',y,2") = (z,24=,2) -2’ =3
® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+x,2 =
2.2, TRUE, (z',y,2") = (z, 24x,2) - =3
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» 20 = 3,90 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (2',y,2') = (x,24x,2) 2’ =3 N ¢y = 2'+6
» 20 =3,y0 = 204+20,20 = 2.20,2 = 3,y = z+zx,2 =
2.2, TRUE, (z',y,2') = (x,24x,2) b2’ =3
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2.2, TRUE, (z',y,2") = (z,24=,2) -2’ =3
® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+x,2 =
2.2, TRUE, (z',y,2") = (z, 24x,2) - =3
® 1 = 3 est une hypothése a gauche. Le séquent est valide.
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» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6
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» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (z',y',2") = (z,24+x,2) F ¢y = 2'+6
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» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (z',y',2") = (z,24+x,2) F ¢y = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) -y = 2+6

Vérification d’une annotation (22 mai 2025) (Dominique Méry) MALG & MOVEX 6/6.



» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (z',y,2") = (z, 24z, 2) -y = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) -y = 2+6
® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+x,z2 =
2.2, TRUE, (z',y,2") = (z, 24x,2) F 2+x = 2+6
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» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (z',y,2") = (z, 24z, 2) -y = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) -y = 2+6
® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+x,z2 =
2.2, TRUE, (z',y,2") = (z, 24x,2) F 2+x = 2+6
® 20=3,y0 = 20+20,20 =2.20,x = 3,y = z4x,z2 =
2.2, TRUE, (2',y,2") = (%, 2+, 2) F 2.2+x = 2+6
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» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (z',y,2") = (z, 24z, 2) -y = 2'+6
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) -y = 2+6
® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+x,z2 =
2.2, TRUE, (z',y,2") = (z, 24x,2) F 2+x = 2+6
® 20=3,y0 = 20+20,20 =2.20,x = 3,y = z4x,z2 =
2.2, TRUE, (2',y,2") = (%, 2+, 2) F 2.2+x = 2+6
® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) - 2.3+3 = 3+6
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» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6

® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (z',y,2") = (z, 24z, 2) -y = 2'+6

® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) -y = 2+6

® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+x,z2 =
2.2, TRUE, (z',y,2") = (z, 24x,2) F 2+x = 2+6

® 20=3,y0 = 20+20,20 =2.20,x = 3,y = z4x,z2 =
2.2, TRUE, (2',y,2") = (%, 2+, 2) F 2.2+x = 2+6

® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) - 2.3+3 = 3+6

® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,z =
2.2, TRUE, (z',y,2") = (z,24®,2) F9=9
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» 20 =3,y0 = 204+20,20 =220,z = 3,y = 2+z,2 =
2., TRUE, (¢',y',2") = (x,24x,2) by = 2'+6

® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (z',y,2") = (z, 24z, 2) -y = 2'+6

® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) -y = 2+6

® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+x,z2 =
2.2, TRUE, (z',y,2") = (z, 24x,2) F 2+x = 2+6

® 20 =3,y0 = 20+20,20 = 2.20,z = 3,y = z+x,2 =
2.2, TRUE, (2',y,2") = (%, 2+, 2) F 2.2+x = 2+6

® 20 =3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,2 =
2., TRUE, (z',y,2") = (z, 24®,2) - 2.3+3 = 3+6

® 20=3,y0 = 20+20,20 = 2.20,x = 3,y = z+z,z =
2.2, TRUE, (z',y,2") = (z,24®,2) F9=9

® Réflexivité de I'égalité.
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