DD1350 Logik for dataloger

FO 14 — Hoare-logik, forts

Partiell korrekthet

|=par { (I) ) P ( ) ) géller om:

om exekveringen av programmet P borjar i ett
tillstand dar forvillkoret ¢ ar sant,

och exekveringen terminerar,

sG ar eftervillkoret sant y i sluttillstandet
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Exempel

Fakultet-programmet Facl

y = 1;

z = 0;

while (z !'= x) {
z =2z + 1;
Y=y * z;

}

kan specifieras med Hoare-tripletten

(Ix=01) Facl (ly=x!1)

Exempel

Fakultet-programmet Fac2

y =1;

while (x !'= 0) {
y=y*x;
X =x-1;

}

kan specifieras med Hoare-tripletten

(Ix20Ax=xyl) Fac2 (ly=x,!1)
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Programverifiering

Med regler
— Over Hoare-trippletter
— vi fokuserar pa partiell korrekthet
Bevis
— som bevistrad
...eller som s.k. “tablder”

— reducerar validiteten av Hoare-tripletter till validiteten av
predikatlogiska formler 6ver aritmetiken!

Regler: Tilldelning

(W[EXD) x=E (vl
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Regler: “Implied”

>0 1oDCay)
TXXRD

(onH Cayh =y —y
aoncCaw

Regler: Sammansattning

(oHC,anl anhHC, Ayl
(oD C,; Cyly

infor ett mellanliggande pastaende 1 i kontrollpunkten
fore C,




Exempel

Programmet Swap

zZ = X;
X = y;
y = z;

kan specificeras med

(Ix=xoAy=yol) Swap (I x=yyAy=x)

Bevistabla

Korrekthetsbevis kan presenteras som “annoterade”
program, dar “annotationerna” ar pastaenden
associerade med kontrollpunkter.

Mer lattlast an bevistrad.

Operationell tolkning:

Om exekveringen borjar i nagot tillstand dar forvillkoret

(dvs forsta pastaendet) ar sant,

sa galler att varenda gang exekveringen nar en viss
kontrollpunkt, sa ar alla annotationer sanna i den
punkten
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Bevis i tablaform

(Ix=x,Ay=y,l) Precondition
(Iy=yyAx=x,1) Implied (v)
z = x;

(ly=y,Az=x,l) Assignment
X =Yy

(Ix =y, A z=x,1) Assignment
y = z;

(Ilx=y,Ay=x,l) Assignment

Beviset i tablaform (steg 1)

(Ix=xyAy=y,l) Precondition

zZ = X;
X =Y,
y = z;

(Ix =y, Ay =x,l) Postcondition

2015-12-04



Beviset i tablaform (steg 2)

(Ix=xyAy=y,l) Precondition

zZ = X;
X =vy;
(Ilx=y,Anz=2x,l)
y = z;

(Ilx=y,Ay=x,l) Assignment

Beviset i tablaform (steg 3)

(Ix=xyAy=y,l) Precondition

zZ = X;
(ly=yoArz=xy)
X =y;

(Ilx =y, A z=x,l) Assighment
y = z;
(Ilx=y,Ay=x,l) Assighment
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Beviset i tablaform (steg 4)

(Ix=xyAy=y,l) Precondition
(ly=yornx=x1)

z = X;
(ly=yyAz=2x,l) Assignment
X =vy;
(I x =y, A z=1x,1) Assignment
Yy = z;

(Ilx=y,Ay=x,l) Assignment

Beviset i tablaform (steg 5)

Vi har en kontrollpunkt med tva pastaenden, som ger
ett bevisforpliktelse:

- x=xoAy=y, = y=yoAx=x,

som uppenbart ar ett sant aritmetiskt pastaende
som enkelt bevisas (t.ex. i naturlig deduktion)
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Regler: If

GOABNC, Iy (dA—=B)C, ()

(10 if B {C,} else {C,} (y])

Exempel

Programmet Abs
if (x > 0) {

Yy = x;
} else {
y = =%,

}

kan specificeras med
(Ix=xy)Abs (I y =1x,l1)
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Bevistabla (steg 1)

(Ix=x,1) Precondition
if (x > 0) {

y = %x;
} else {
Yy = -x;
(y=1Ixylh Postcondition

Bevistabla (steg 2)

(Ix=x,1) Precondition
if (x > 0) {
(Ix=xyAx>01) If

Yy = x;
(Iy=1lxylh
} else {

(Ix=xyA=(x>0)NIf

Yy = X,
(Iy=1lxylh
}

(Iy=1lxylh Postcondition
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Bevistabla (steg 3)

(Ix=x,1) Precondition
if (x > 0) {
(Ix=xyAx>001 If

(x=1xylh

Yy = %x;

(y=1Ixylh Assignment
} else {

(Ix=xyA—(x>0)D If
(I-x=1xyl1

Yy = =%,

(y=1Ixyln Assignment

(y=1Ixylh Postcondition

Bevistabla (steg 4)

(Ix=x,1) Precondition
if (x > 0) {
(lx=xyAx>01) If

(x=1x,l1 Implied (V')
y = x;
(Iy=1lxylh Assignment
} else {
(Ix=xyA=(x>0)NIf
(I-x=1x,11 Implied (v')
Yy = =%,
(Iy=1lxylh Assignment
}
(Iy=1lxylh Postcondition
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Regler: Partial-while

(InaAaBD)C(Unl
(Inl)while B{C} (nA—-Bl)

f

Slinginvariant (eng: loop invariant)

Slinginvarianter

* Enslinginvariant till slingan
while B {C}
ar ett pastaende 1 for vilket
I=pu IMABI) C(MNT)
ar sant.
* Till Hoare-trippeln
(o) while B{C} (Iy))
behdver vi en slinginvariant 1 for vilken:

- ¢ —n och

- N A—=B — Y (ekvivalent -1 — y v B)

2015-12-04

12



Slinginvarianter

Det finns ett helt “pastaendeintervall” att valja fran:

- ¢—->n—yvB
Tva omedelbara kandidater att testa:
-0
—VyVvB

...ifall de ar slinginvarianter.

Exempel

* Verifiera fakultet-programmet Facl
y = 1;
z = 0;
while (z !'= x) {
z =2z + 1;
Y=y * z
}

specifierat med Hoare-trippeln

(Ix=20Ax=xyl) Facl (I y=x,!1)
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Bevistabla (steg 1)

(Ix=20Ax=x,l) Precondition
y =1;
z = 0;

Loop invariant?
while (z !'= x) {

z =2z + 1;

y=y*z
}

(ly=x,!D Postcondition
Bevistabla (steg 2)
(Ix=0Ax=x,0) Precondition

y =1;
z = 0;
(ly=z'Ax=xyA2201) Loop invariant

while (z !'= x) {

z =z + 1;
y=y * z
}

(Iy=x,!D Postcondition
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Bevistabla (steg 3)

(Ix=20Ax=x,l) Precondition
y=1;

z = 0;

(ly=2z!Ax=xyAz2201) Loop invariant

while (z != x) ({
(ly=z!Ax=xyA220Az#xl) Partial-while

z =2z + 1;
y=y*z
(ly=z!Ax=x,A220]) Partial-while

(ly=2'Ax=xyAz220A—(z#x)l) Partial-while
(ly=x,!1 Postcondition

Bevistabla (steg 4)

(Ix=0Ax=x,0) Precondition
(11=0Ax=x,A0201)

y =1;

(ly=0lAx=x,A0201) Assignment
z = 0;

(ly=z!Ax=xyAz2201) Assignment
while (z !'= x) {

(ly=z!Ax=xyA220Az#xl) Partial-while
Iy @+ D)=+ DIAx=xyAz+1201)
z =2z + 1;

(Iy-z=zlAx=x,A2201) Assignment
y=y*z
(ly=z!lAx=xyA2201) Assignment

(ly=z2'Ax=xyAz220A—(z#x)l) Partial-while
(Iy=x,!D Postcondition
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Bevistabla (slut)

(lx=20Ax=x,l) Precondition
(11T=00Ax=x,A0201) Implied (v)
y =1;

(ly=0Ax=x,A0201) Assignment
z = 0;

(ly=z!Ax=xyA2201) Assignment
while (z !'= x) {

(ly=z2!'Ax=xyAz20Az#x]) Partial-while
(ly-z+ D=+ D! Ax=xyAz+1201) Implied (V)

z =z + 1;
(Iy-z=z2lAx=xyA2201) Assignment
y=y*z
(ly=z!Ax=xyA220)) Assignment

(ly=2!Ax=xyAz220A—=(z#x)]) Partial-while
(Iy=x,1) Implied (v)

Hoare-logik: Egenskaper

* Hoare-logik ar sund.

* Hoare-logik ar fullstandig...
— men det kravs ett “orakel” (en procedur som avgor)
pastaenden som anvands av “Implied”-regeln
* Hoare-logik ar oavgorbar

— pga ovanstaende kommentar + att det inte finns nagon
automatisk procedur for att finna slinginvarianter.
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