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Operationale vs. denotationale Semantik

Operational (a,0) —aexp N Denotational A[a]
me Z <ma U> —Aexp M {(0’7 m)\o’ € Z}
x € Dom(o
x€ Loc 7() {(o,0(x))lc e X,x €
(x,0) = pexp 7(X) Dom(c)}
x & Dom(o)
(X,0) = Aexp L
<31,0'> > Aexp N <327 g'> > Aexp M
nom=# 1L ,
a10a i Ho,no' m)lo € X,(o,n) €
(@1022.0) Zaep O Aa], (0, m) € Al2]}
<3170> —Aexp N
<32~,0> 7 Aexp M
n=_1 oder m= 1
<'31 o ap, U> — Aexp s
o€ {+x—}
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Operationale vs. denotationale Semantik

Operational (a,0) —aexp N Denotational A[a]

<31,0'> 7 Aexp N
<3270’> —Aexp M

a/a m#0 mnzl {(o.n/m)|o € %, (0,n) €

[
<21 o 22,0'> %Aexp no'm A|[31]|, (0_, m) c Al[aZIL m ;é
0

<3170'> —Aexp N
<32,0'> 7 Aexp M
n=1,m=_1oderm=0

(a1/a2,0) = pexp L

Aquivalenz operationale und denotationale Semantik

» Fir alle a € Aexp, fiir alle n € Z, fiir alle Zustande o:
(a,0) = pexp n < (0, n) € Ala]

(a,0) = pexp L & 0 & Dom(Ala])

» Beweis Prinzip?per struktureller Induktion iber a. (Warum?)
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Operationale vs. denotationale Semantik

Operat. (b,0) —Bexp t Denotational B[[b]
<307U> —Aexp N
(31, U> —Aexp M
nom# L n=m
wema T T o aoer,
(a0 == a1,0) —=Bexp (0, m0) € Afao],
(a0, 0) = Aexp N (0. m) € Alai],
(a1,0) = pexp M mo=n}
n,m# 1 n#m U
(a0 == a1,0) —gexp 0 {(0,0)|c € %,
<30,0'> —Aexp N (0'7 "0) S ./‘lIIa()]]7
(a1,0) = pexp M (o, m) € Afa],
n=_1 oderm= 1 no #m}
(a[) == 3170> 7 Bexp is
al <= a2 analog
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Operationale vs. denotationale Semantik
Operational (b,0) —pexp 01 Denotational B[b]
1 (1,0) = pexp 1 {(o,1)|0 € £}
0 (0,0) —Bexp 0 {(e,0)|c € T}
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Operationale vs. denotationale Semantik
Operational (a,0) —pgexp b Denotational B[b]
<b1~,0-> —7 Bexp 0
b1&& T S R — ,0)|(0,0) € B[b
1&&bo (&b, o) — 0 {(0,0)|(0,0) € B[ba]}
<b170> —Bexp 1
b 2X| b
A g) ep b (.01 €
(br&libz, o) = Blbal. (. b) € Bleal}
(b1,0) —Bexp L
(b1&&by, ) — L
by||b2 analog
In
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Aquivalenz operationale und denotationale Semantik

» Fiir alle b € Bexp, fiir alle t € B, for alle Zusténde o:

<b30-> —Bexp t & (0'7 t) S B[[b]l
(b,0) = Bexp L & o & Dom(B[b])

» Beweis Prinzip?per struktureller Induktion tber b (unter Verwendung
der Aquivalenz fiir AExp). (Warum?)
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Operationale vs. denotationale Semantik

Operational Denotational C[c]
(¢,0) = stme 0’| L

<b> U> —Bexp L
<C7 ”) —stme L

Operationale vs. denotationale Semantik
Operational Denotational C[c]

(¢,0) = stme 0’| L _
& {},0) =sume o Cl{} =

(c1,0) —stme o' # L
{c2,0") = stme 0"

ClICQ]I o CI[Clll

G _
. (c1;¢2,0) = stme 0"

(c1,0) = stme L
(c1; €2,0) —stme L

=2 (2,0) Do n {(o,oln/x])I(0, n) € ALal}

(x = a,0) = stme o[n/x]
(a, 0’> ‘>Aexp iR

(x = a,0) =stme L

Korrekte Software 10 [16]

Rl v

if (b) oo (b,0) —pep 1 5 ;L(O’, U’)|/(<7, 13 €
(o) S, [61. (0. ") € Clacl}
(¢,0) = stme 0’
<b7 ‘7> %Bexp 0
!
else ¢ M {(0,0")|(0,0) €
{€.0) stme o Blbl, (0,0") € Clarl}
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Operationale vs. denotationale Semantik

Operational Denotational C[c]

<C-,<7> —Stmt r7’|L

(b’ 0) — Bexp 0 (ba U) — Bexp €L

while (b) ¢ fix(T)
———— (w,0) =smt 0 (W,0) —stme L
w
<b717> —Bexp 1 <C7U> —Stmt 4 #1 <W7U/> —Stmt a’
(w,0) = stme o
<bv U> _)Bexp 1 <Cv U> — Stmt 4L
(W,0) —stme L
mit

M) = {(0:0") [ (0:1) € B[b], (0,0) € poClc]}
U{(0,0) | (0,0) € B[b]}
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Aquivalenz operationale und denotationale Semantik

» Fiir alle ¢ € Stmt, fiir alle Zusténde o,0”:

(c,0) —stme o o (o, (r’) € Clc]

(¢, 0) =stmt L = o & Dom(C[c])

» = Beweis Prinzip?per Induktion iiber die Ableitung in der
operationalen Semantik (Warum?)

» < Beweis Prinzip?per struktureller Induktion iber ¢ (Verwendung der
Aquivalenz fiir arithmetische und boolsche Ausdriicke). Fiir die
While-Schleife Riickgriff auf Definition des Fixpunkts und Induktion
iiber die Teilmengen /() des Fixpunkts. (Warum?)
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Knackpunkt

Clwl = fix(r) = F(fix(N) = F(J r'(©)) = J (7' ()

i>0 i>0

= U{((r, o') | (o,1) € Bb], (0,0") € C[c], (¢”,0") € T/(D)}

U{(0,0) | (0,0) € B[b]}

mit w = while (b) ¢ Induktion tber i > 0

{(o,0") | (0,1) € B[b], (o,0")eClc] , (¢",0") €T (B) U{(o,0)] (0,0) €
—_— —/ — —_— ——

(b,o)—epl  (strukt. IH)(c,0)—sumea’ (<i IH)(w,0") = stmec”

(W, 0) —stme 0

Korrekte Software 14 [16]

(w,o)—

1)

tmt 0
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Aquivalenz operationale und denotationale Semantik

» Fiir alle ¢ € Stmt, fiir alle Zustiande o, 0’:

(c,0) =stme 0’ < (0,0") € C[c]

(c,0) =stme L = o & Dom(C[c])

> Gegenbeispiel fiir < in der zweiten Aussage: wahle ¢ = while(1){}:
Clc] = 0 aber (c,0) —>stme L gilt nicht (sondern?).
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