IMP: Eingaben

SeStm:=...|newvarx :=ainS|abort |outa|inx

Erweiterter, rekursiver semantischer Bereich

Q= (B+(ZxQ)+(Z— Q).

¥ N
Isomorphismus Q@ —— (X +(Z x Q)+ (Z — Q)) 1

P
Injektionen

lnorm

Labnorm

o L_J © L] © lporm = lterm -
po L_J O L1 © labnorm = labort -
po l_J O3 = lout -

po|—] ot =tip:

Semantik von Programmiersprachen

DIy
DIy

-0
x—-0
(Z x Q) — Q
(Z — Q) - Q

lnorm0 = O

Labnorm?@ = (abort, o)



IMP: Eingaben

Funktionserweiterung f: 20 zu f,:2—-0Q

fila=1lo
filtermo) =f o
f*(babort U) = labort0
Je(tou(n, w)) = tou(n, fuw)
filting) = Lm(AV Jfi(gv))

Funktionserweiterung  f:X =¥ zu fi:Q—Q
fila=la
fT(Lterm o) = tem(f 0)
fT(Labort U) = Labort(f )
fi (tour(n, w)) = tou(n, f w)
S+ (tin g) = Lln(/\v fT(gV))
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IMP: Eingaben

SeStm:=...|newvarx :=ain S |abort |outa|inx

Semantische Funktion S[—]:Stm — [¥ — Q]

S[skip] = term
S[x :=a] = Ao . yermo|x — Aa] o]
S[S1 ; S2] = S[S2], o S[S1]
S[if b then S| else S;] = ite(B[p], S[S1], S[S2])
Swhile b do S| = Yis_q (N .ite(B[D],fi o S[S], tterm))
S[hewvarx :=ain §] =
Ao. (Ao’ € B.0'[x — o (x)])+(S[S](cx — Ala] o]))
S[out a = Ao . tou(Ald] o, tiermo)
Slin x] = Ao . tin(Av . tierm (o [x — v]))
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IMP: Fortsetzungssemantik
SeStm:=...|newvarx :=ain$

Semantische Funktion C[—]:Stm — [¥ — P] — [¥ — P]
Clskip]k =k
Clx :=a] k = Xo.kolx — Ald] o]
C[[Sl H Sz]] R = C[[S]]] (C[[Sz]] KJ)
C[if b then S| else S| k = ite(B[b], C[S1] &, C[S2] )
Clwhile b do 8]k = Ys_p/( A&’ .ite(B[b],C[S] ', k))
Clnewvarx :=ain S|k =

Ao . C[S](\o’ € ¥ . ko'[x — o(x)])(o[x — Ald] o])

parametrisch in Bereich P

FirP=%, Cl[S]ko =k (S[S] o)

Semantik von Programmiersprachen



IMP: Fortsetzungssemantik

SeStm:=...|newvarx :=ain S| abort |outa|inx
Cl-]:Stm = [X - Q] - [ — Q] - [ — Q]

Clskip] ki kf = Ky
Cllx :=da] ki ks = Ao . kyolx — Ala] o]
C[S1 ; S2] ke ke = C[S1] (C[S2] ki kt) K
C[if b then S| else $y] ki ke = ite(B[b], C[S1] ki ks, C[S2] ki k)
Clwhile b do S] ki kt = Yn) (A . ite(B[b], C[S] &’ ks, 1))
Clnewvar x :=a in S| ki ke =

Ao . C[SJ(Ae’ . ko' [x = o (x)])

(Ao’ . keo'[x — o (x)])(o[x — Ala] o])

Clabort] ki Kt = Kt
Clout a] ki ks = Ao . tow(Ala] o, ko)

Clin x] Kt kg = Ao . Lin(AV € Z . Ky o[x — V])
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IMP: Ausnahmen

e € Exc

SeStm:=...|begin §; handlee: S; | raisee

C[-] : Stm — (Exc - [¥ - P]) - [¥ = P] = [¥ — P]

Clskip]nk = Ao .ko

Clx :=a]nk = Ao .k(clx — Ala] o)

C[S1; S2)nk = Xo. C[Si]n(\o". C[S2]nko’)o

C[if b then S| else Sy nk = ite(B[b],C[Si1] n k,C[S2] n )
Clwhile b do S[nk = Ys_p(Ax' . ite(B[b],C[S]n ', x))
C[begin S; handle e: S2]nk = C[Si](nle — C[S2] nk]) k

Clraisee]|nk =ne
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ASSN: Syntaktische Kategorien

n € Num
x € Var
X € Log

teTerm:=n | x | X
i+ | h—t6 | 41
Ac€Fm:a=1u | ff
=06 | n<n
‘—|A ’ Al NAp | Al VA |A1:>A2
IVX.A | 3X.A
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ASSN: Freie logische Variablen

flog : Term U Frm — pLog

flog(X) — {X)

flog(t; + 1) = flog(t)y — 1) = flog(#; - 1) = flog(¢;) U flog(z,)
flog(1r) = flog(ff) =

flog(t; = 1) = flog(t; < 1) = flog(#;) U flog(z,)

) = flog(A)
flog(A1 A Az) = flog(A; V Az) = flog(A; = A;) = flog(A;) U flog(A2)
flog(vVX.A) = flog(3X . A) = flog(A) \ {X}
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ASSN: Substitutionen

Substitution ¢ : Log — Term

Fir A € Frm sei X¢ 4 € Log \ J{flog({(X")) | X" € flog(A) \ {X}}.
n¢ = n, x¢ = x, X(=¢X
4] bOp t2) (tIC) bOp (tZC) far bOp € {+7 ] }

(

(t1 bop )¢ = (11€) bop (12€),  fur bop € {=,<}
(—A4)¢ = ~(AQ)

(A1 bop A2)C = (A1C) bop (AxC), flrbop € {A,V,=}
(0X.A)( = 0Xa ¢ A(CIX = Xac]), furQe{V,3}

Analog fir Substitutionen ¢ : Var — Term
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ASSN: Kompositionale Semantik von Termen

Semantischer Bereich
» Interpretationen Val =Log — Z

Semantische Funktion 7[—]:Term — (Val — ¥ — 7Z)

Tn]1o=Nn]

T[x]Io = o(x)

T[X]1o =1(x)

T+ 6]lo=T[u]lo+T[t]Io
Tt —]lo=T[u]loc—T[t]Io
Tt -t]lo=T[t]lo-T[t]1o

Einbettung von AExp in Term (+ — +, — — —, * +— )
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ASSN: Gltigkeit von Formeln
Semantische Relation = C (Val x ¥) x Frm

Iol=1t

LoEt=t, falsTu]lo=T[u]lc
LoEn<t, falsT[u]lo<T[u]lc
ILoE-A, fallsl,o A

I,o =A NA,, fallsl,oc EAjund o EA;
I,o =A VA, fallsl,cEA| oderl,ocfEA;
IL,o EA = A,, fallsl,ol~A oderl,o=A;
I,o =VX.A, fallsI[X—v],c =EAflralleveZ
Lo =3X.A, fallsi[X—v],cE=AflireinveZ

» Erweiterungzu E; C (Valx X ) xFm mit 1,1 A
»IEA — VYoeX.l,oEA
> =A <= VieVa,boecX.l,ol=A

Einbettung von BExp in Frm (true — #t, false — ff, = — =, &C.)
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ASSN: Substitutionslemmata

Lemma Seienl € Vul, 0 € ¥, 1,1 € Term, A € Frm und X € Log.
1. TtX — 1o =T[i]I[X — T[{]10]o0;
2. Lo FAX—1] < IXw— T[t]lo],0 E A.

Lemma SeienI € Val, o € 3, t,' € Term, A € Frm und x € Var.
1. Ttlx — ] To =T[t]Iolx — T[] 10];
2. Lo EAx— 1] <= I oxw— T[t]10] = A.
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IMP/ASSN: Hoare-Tripel fir partielle Korrektheit

Partielle Korrektheitsaussage {A}S{A’} mitA,A’ € Frm, S € Stm

Glltigkeitsrelation I € Val, o0 € 3, A,A’ € Frm
Lo ={A}S{A"} <= (l,o A = [LS[S]o =1 A

» I={A}S{A'} < VoeX.l,okE={A}S{A"}
» E{A}S{A'} < VieWd ocecX.l,0E{A}S{A}

Ableitbarkeitsrelation
» - gemanl Hoare-Kalkil fir partielle Korrektheit
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IMP/ASSN: Hoare-Kalkul fir partielle Korrektheit

(skipnp) ~ {A}skip{A}
(assignnp) {A[x+— al}x :=a{A}

{A}Si{A’} {4} S {A"}

(S€0hp) (A} S5 S {A")
(o) {ANDb}S {A} {AN-D}S{A"}
P {A}if bthen §; else S {A'}
(whilepp) '{A ND}STAY
{A}while b do S{A A b}
(conspp) (1) § {45) falls = A, = A}, EA, = A

{A1}S{A2}
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