Review: What can happen
with the Hoare-Calculus

« Hoare Triples can be :
- not provable (counter-example)

- provable, but for trivial reasons
 non termination of the program
« precondition false (falseE) or equivalent

- provable for interesting reasons



Exercice 5

Task :-{0=xAx mod 5>5} x:== x*x {x div 2=1}

We compute : 0=xax mod 5>5 = False

FalseE
—{O=xAX mod 5>5} x:== x*x {x div 2=1}



Exercice 6

e Task : —{x=—2}WHILE 0 < x*x DO x:==x+1{x=0}
« Justification :

affect

X<OAO0<X*X—> (X=O[xpXx+1]) H{X<O[x-x+1] } X:==x+1 {x<0} X<0 —xs0
—{x<0 A 0 < x*x } X:==X+1 {x<0} "
wniie
X<—2—> x<0 H{X<O}WHILE 0 < x*x DO ... {X*x<0AX=0} yy_0rx<0_. x=0

H{x=-2}WHILE 0 < x*x DO x:==x+1{x=0}



Exercice 6

e Task : —{x=—2}WHILE 0 < x*x DO x:==x+1{x=0}
o« Justification : x<0A0<x*x— (x<O[x~x+1])

(x<0 Y% x=O) AO<X*X— (X<O[x~Xx+1])

(x=0) NO<X*X— (X=O[x~Xx+1]) v
(x<0) AO<X*X— (X=O0[xrXx+1])
False v (x<0 r0<x*x— x=-1 ) = True

affect
X<0A0<X*X—> (st[x@]) H{X<O0[xrx+1] } X:==x+1 {x=0} X<=0 —x<0

C
|—{XSO A O < X*X } X-==X+1 {XSO} § ons
wniie
X=—2—v XSD H{X<O}WHILE 0 < x*x DO ... {X*x<0AX=0} (" y*y <0 x\ko_,x\=o
<0AX&0— x=0

—{X<=—2)WHILE 0 < x*x DO x:==x+1{x=0}



Exercice 7

e Task :

S:=1;P:=0;
WHILE P <N DO
S=S*X;P:=P+1;



Exercice 7

« Task :
prelude= S:=1; P :=0;

body S=S"X;P:=P+1;
A N=0 A S =1 A P=0

aff
H{[P »P+1][S »S*X]}S := S * X{I[P »P+1]} +{[P »P+1]}P:=P+1{l} af

cons
INP <N —I[P »P-1][S »S*X] ={I » P < N}body {I}

—{l » P < N}body {I} _
while
A—I —{BWHILE P < N DO body {IAP>=N}  1AP>=N —S=x\

| — |

cons

—{N=0} prelude{A} —{AWWHILE P <N DO body { S = XAN} =
seq
—{N=0} prelude : WHILE P < N DO body { S = XN}




Exercice 7

» Task :
prelude= S :=1; P :=0;

body S=S"X;P:=P+1;
A N=0 A S =1 A P=0

aff
H{[P »P+1][S »S*X]}S := S * X{I[P »P+1]} +{[P »P+1]}P:=P+1{l} af

cons

@< N — I[P »P-1][S »S*X —{I » P < Njbody {1} L

E— cons

—{l » P < N}body {I} _
whil —
@ H{JWHILE P < N DO body {IAP>=N} (1xP>=N TO’EZXA'\
b R

—{N=0} prelude{A} —{AJWHILE P < N DO body { S = XN}
seq
—{N=0} prelude ; WHILE P < N DO body { S = XN}




Exercice 7

« Task:
prelude= S :=1; P :=0;
body=S:=S*X;P:=P + 1;
A =N=0AS=1AP=0

 Invariant Proposition : 0<=P<=N A S = X*P

* A—I1=N20AS=1AP=0—0<=P<=N A S=X"P = True

e IAP <N —I[P »P+1][S »S*X]
= 0<=P<=N A S=X"P A P<N
— (0<=P<=N A S = X*P[P »P+1][S »S*X])
= 0<=P<=N A S=X"P A P<N
—> (0<=P+1<=N A S*X = XA(P+1)

= 0<=P<=N A S=X"P A P<N
—> (0<=P+1<=N A S*X = X * XA(P)

= True

* IAP>=N S=X"N = 0<=P<=N A P>=N A S = X"P —S=X"N = True



Rappel : La Logique Hoare

Calcul de Hoare

skip aff
- {P} SKIP {P} F{P[z + exp|} x := exp {P}

F{P A cond} ins; {Q} F{P A -cond} insy; {Q}
i
- {P} IF cond THEN ins; ELSE ins; {Q}

f

F{P MAcond} ins {P}
- {P} WHILE cond DO ins {P A —cond}

while

P=PF F{P'} ins {Q"} Q' = Q
F{P} ins {Q}

Cons

falseE ={P} ins; {Q} F{Q} ins; {R} .

- {false} ins {P) (P} ins, ; ins, {R)

q
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