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Temporale Logik

Grundlegende Beweisregelniir Systemeigenschaften

Im folgenden seiedl, B, C' Zustandsformein.

Typische Arten von Formeln zur Beschreibung von Systemeigenschaften

Invarianzeigenschaften. A — OB
PrazedenzeigenschaftenA — B atnext C', A — B unlessC, A — (B atnext C) atnext C, ...

Response. A — OB

Grundlegende Beweisregeln
(inv) A — B,Binvof Ar - A — OB gultig in jedem MSTS,y I'
(inv’) startr — A, A invof Ar - 0OA gultig in jedem MSTS T’

execCAN A — O(C — B)AO(=C — A) furalleX € Ar
(atnext) nilr A A — (C — B) gultig in jedem MSTS,) I'
F A — B atnext C'

exeCAANA —OCVO(AAB) furallex e Ap
(unless) nilirAA— BV C gultig in jedem MSTS,y I'
F A — BunlessC

exeCANH\NA —O(BVIzZ(z<2zNA,(Z))) furallex e Ap
exeCAN-H\ANA—O(BVIZ(z=22NA,(Z))) furallexe Ar
0A — O(BV E)

(well) F3Jd2A—B (z nicht frei in B) gultig in jedem FSTg,) I’
Dabei:Ar = {\1,..., A}
Hy,, ..., H,, Formeln vonZ 1 ohne flexible Symbole

E = (H), Nenabled,) V...V (Hy, Aenabled )

Herleitung von (well):  SeiC = (execA; A Hy,) V...V (exech,, A Hy, ).

(1) execAANH\ANA—O(BVIZ(Z=<2zANA,(Z))) furallei e Ap (Ann.)
(2) execAAN-H\ANA—0O(BVIZZ=<2NA,(Zz)) furallexe Ar (Ann.)
(3) DA—<SO(BVE) (Ann.)
4) A—-3TzZEZ=2ANA.(2)) (pred)
(5) execAANIZ(Z<X2zAA,(Z)) NAO-B —0(3zZ(z X 2zANA,(Z)) ANO-B) furalleX € Ar(1)(2)
6) 3ZZ=22ANA,Z)ANO0-B—-03zFZ=22AA,(z)) AO-B) (inv)(5)
(7) AANO-B—03z(z 2 zAA,(2)) (4)(6)

8 AAO-BAO-3Z(z<2zAA,(Z)) - OAAO-B @)



©)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)

0OA —OO(BVE)

0A —-OCBVIOOE

OOCFE — OO(Hy, Aenabled,) V...V OO(Hy, Aenabled,)
OCenableq — Cexec)\  furalle) € Ar

H, — OH, furallel e Ar

OCE — OC

AANO-BAO-3Z(Z<2ANA,(Z) - OCAOAANDO-B
OAAO-B — (OC — O(C AN AAD-B))
ANO-BAO-3Z(z<2ANA,(Z)) = O(CANAANDO-B)

execA A H\ANAANDO-B —03%(Z < 2N A,(z)) furallex e Ar
AANO-BAO-3ZZ <2NA,(Z) = 03Z2Z < 2N A,(Z))
A—O(BVIAZ(Z < 2N A, (7))

dzA— OB

Anwendungsbeispiele

1. Turme von Hanoi (als MSTS

Zusatzliche Axiome:
(TH1)
(TH2)
(TH3)

Behauptung:
(1) start — B

(2) execA;2AB — OB
(3) execA;3AB — OB

(7) exechso N B — OB
(8) B invof Ar
(9) start — OB

. Berechnung der Fakalt (als FSTS)

Zusatzliches Axiom:

(F) execa —i>0Ai'=i—1ANerg =ergxi
Behauptung: (neX)
SeiA=i=zANerg= Z—;,Bzi:O/\erg:n!,Haztrue.

staftA i = n — O(nilp A erg = nl)

() exeCa/\A—>O(i:z—1/\erg:%!!*z)

(2) execaANH,ANA—O(BVIZ(Z<zAA,Z)))
(3) execa A—H,ANA—0O(BVIZ(z<2ANA,(Z)))
4 A—(i=0nerg=n)Vi>0

(5) 04 — <©(BV (H, Aenabled))

6) 324A— OB

(7) starttAi=n—3zA

(8) B — —execa A erg = n!

(9) start Ai=n — O(nilp A erg = nl)

(3)(T30)
(9)(T32)
(T32)

(fair)
(ItI6)(ind1)
(11)(12)(13)
(8)(10)(14)
(T1O)(T17)(T29)
(15)(16)

1)

(17)(18)
19)
(wfo)(20)

EXEC\1o EXOr €XeCA 3 eX0r eXeCly; €X0r execAss EX0r eXeCAs; eX0r execlss
exech;; — p; # empty A (p; # empty — top(p;) < top(p;))
exech;; — p; = pop(pi) A pj = push(p;, top(pi)) A pj, =
start— OB mit B = AG(pl) A\ AG(])Q) N AG(pg)

fur alle);;
far alle)\ij, k#i,k#j

(data)
(TH2)(TH3)(data)
(TH2)(TH3)(data)

(TH2)(TH3)(data)
(2)-(7)
(inv)(1)(8)

(F)

(1)(data)
(prop)

(data)
(4)(ItI3)(T5)
(well)(2)(3)(5)
(data)
(F)(prop)
(6)(7)(8)(T5)



