The fixpoint has been reached, thus this relation contains all state pairs that satisfy

both SIM1 and SIM2.

Also, SIM3 holds, i.e., for each initial state of the first structure, there is an initial
state in the second one that simulates it. Hence, the second structure simulates

the first one.

Induction base :
Induction step

SIM3 does not hold for the following initial states of the first Kripke structure

suck (i)

{Q2}.

—AXFG-a=EXGFa ab ‘; f]
AFXGa  =AXFGa

AG(Xa & a)=AGa cd |gh
AG(a +» Xa) =A(Ga V G—a)

FIFa ULJ=F [Fa U v GFa=FbV GFa | ©=1/a f=b/-a
FlaUb =FlaUbVFGa =FbVFGa |
EjaU [bU (EQJ]=E[aU b U d] g=c/a h=d+df
Ela U [b U (Ec)]]J=E[a U [b U d]]

AlaBEDB d]=AlaB [bB ]

= AaB BB VG B )

L, can be encoded as GF(Y(ﬁa A Y(a A Yﬁa)))
which is equivalent to GF(—a AX(a A X—a)).

GF(X(~an X(an X-a))
= Aa({111}7
a1,
(qu Ed _‘a),
GF(X (—a A
= Aa({1117(12}7
G N g2,
(Xq1 ¢ ~a) A (Xg2 <+ (a A qu)),
GF(X (-anq)))
= As({q1, @2, g3},
WA RANEN
(Xq1 <> —a) A
GFgs)

K(ana)))

Xg2 > (aNq1)) A

(Xg3 <> (ma A q2)),

structure.

¢ is inductive with respect to the given Kripke structure iff

- Induction base can be proved.
— To prove the induction step, we have to compute suck (¢, ), i.e., the existential
successors of the states satisfying 1.

= [Fa,b,c. (raN-bNd N~V =aANbDAN=d A=V maAN=bAcANa A=Y A
A (ma VbV —e)sbe
=@ A=V =d A= Va A=V NG
=-cVaAh-bAc
suck () — ¢y is not valid.
Therefore, we conclude that 1); is not inductive with respect to the given Kripke

@1 — 11 holds,
¥y — O¢ holds with respect to g,
i.e., 1, holds in all the successors of the states that satisfy 1.

a’ b e’
ab,c

- Check whether K |= Ay holds by means of LTL model checking:
K E Ap
S K ': ‘\E"ip
& K E-EA,
< Ky ': —Epr
< Ky« = -EGF(pV —a A b)

[-EGF(p V a A =b)]x, = S\ {}, therefore we conclude that K |= Ap.

- Check whether K |= -A¢p holds by model checking of £,:
KE-Ap
< K EE(—y)
s KEEA,
& K | EA3(Q, ¢z, ¢r, ¢7)
< Ky | Epr
< Ky EEGF(pV —aAb)

[EGF(p V a A =b)]k, = {}, therefore we conclude that K [~ —Ap.

AX[bB a] VF[a U Xb)

=AX[bBa VXFb)  _ g U Xb] <5 FXb ¢ XFb
= AXFb
AXAFb - X[I)Ea,] V XFb <+ XFb
= 0O(vy. Oy — (pa. (bV Ox))

([( a) Wb AF[aU b))

(I(~a) W b] AFb) // Since Fla U b] < Fb.
[(—a) Wb // Slnce ([(=a) W B AFb) 4 [(~
il

U (—a V —b)] V FGb)

= AF(=G(a A b) V FGD) cs
= AF(G(a A D) — FGb) ~— =2

= AF1 // Since G(a A b) implies FGb.

—AXX(GF(=E[1 U (E=a)]))

= EXX(FG(E[1 U (E-a)]))
= EXX(FG( E[l U (-a)))

) W1

3 € Ss

(Gb) T d A GXFa
= As({ao}.
1,
(g0 £ b A Xqo),
a0 U ¢ A GXFa)
// a0 U ¢ AN GXFa A GF(b — qo))
= Aa({(In,fh},
ar,
(g0 ¢ DA Xqo) A (Xgu > eV o Aaw),
(¢V qo A qi) A GXFa)
// (eVago A q1) A GXFa A GF(b — qo))
= As({90, 01, %2},
(48
(g0 ¢ bAXqo) A (Xqu ¢+ ¢V go Aaw) A
(eV g0 A q1) A GXgz) A GF(g2 — a)

Gla Ty v [ (?b)]
= As({qo},
9o,
(Xgo > bV aAq),
G(bVang)V [c B (?b)])
= ‘A]({’IOJII}:
—qo,
(Xgo < bV aAg) A < (bVaAg) AXqr),
(v [cB(FO) AGFBVana) —al) /v B
= As({q0, 01, ¢},
—qo N g2,
(Xgo <> bV anqo) A
(01 Ve B (bV)]) AGF[(bV a A qo) = qi])
= As({90, 1, @2, 43},
~qo N g2,
(Xgo > bV ang)A(q+ (bVanq)AXq)
A (Xgz 3 bV g2) A (g3 < (b V g2) A (¢ V Xg3)),
(q1V g5) NGF[(bV ango) = q] AGFlgs V (bV 2)])
= As({90, 1, @2, a3},
g0 A =gz A (q1V g3),
(Xgo <> bV anqy) A
A (Xga bV g2) A(gs > ~(bV g2) A
GF[(bV aAq) — ] AGFlgs vV (bV g2)])

?b }

(1> (bVaAg) AXq) A (Xgz > bV q2),
/N [eB(bVa)])

I/ aVg)

(@1 <> (bVaAq)AXa)
(e V Xg)),
// 1)

/7 (eV qo A q1) A GXga A GF(b — o) A GF(g2 — a))

(g2 ¢+ aV Xga),

= EFG( 1y ( a)]) // Since XXFGa is equal to FGa.

= EFEG(E[1 U (—a)])

AG-[a U Gl

=AG[-a B Gb // Since = [a U Gb] is equal to [-a B G
= AGA[-a B Gl

— AGA[-a B (EGY)]  P1€%

EFGa — AFG—a 05 €S

= AGF—a vV AFG—a -

= AGF—a // Since AFGa implies AGFa.

= AGAF—a

CTL" has no restrictions:
state formulas: S =

= Ve |-S|SAS|EP|AP
path formulas: P =

S|-P|PAP
IxP|Pur | XP|PT A
LTL has essentially only pure path formulas

state formulas: S := AP
path formulas: P := Vg |-P|PAP
I Ixp|Pup kPP A

CTL has a restricted set of state formulas

state formulas: S:= Vs |-S|SAS
|EXS|E[SUS]|AXS |A[SU S]

To apply the Rabin/Scott construction, we first have to make the automaton totally
defined, i.e., every input should be readable in every state. To this end, we add a * 84 e

sink state s4:

With this sink state, we use the acceptance condition F(s; V s3) A G—sg to have
an equivalent prefix automaton. The acceptance condition is no longer just an
F-condition. In addition, we have to state that we never reach the states that have

only the sink state.

b

Rabin/Scott Subset Automaton

dXp)x & Aa ({a}. 1, qHX'vﬁ(q)x)
dXp)x & A3 ({g0:a1},1,(q0 < ) Aq1 <> Xqo), P(q1)x)
PGy = Aa ({a}.1,9 < ¢ A Xq,9{(q)x A GF[p — q])
O(Fp)x = A3({q}. 1,9 ¢V Xq,®(q)x A GF[g — ¢])
P(pUd)x & A3({a}. 1.9 < PV AXq ()« AGF[p — q])
(U]« & A3({g}, 1, ¥V AXq,®{g)x AGFlq — 1)
OBy & Az({a}, 1,9 ¢ ~¥A(pVXq), ®(q)x AGFlgV ])
(e BYl)x & As({q}.1,9 < =¥ A (pVXq), (q)x A GF[g — ¢])
o(Xo) & As({a},a,Xq ¢ 0, ®(q)x)
O(Xp)e & As({a}a,Xq & ¢, 9(q))
®(Go)x & As({q}h g, Xg 0N g, P(pAq))
o(Fo)e & As({ah~a,Xq ¢ oV a0 Va))
o(lo Ul Aaﬁq}, 4,Xq 6 $V A GOV Ag))
oo Uvlx & As({ah~a,Xq &9V eAqOHVoAQ).)
oo Bule & As({a)a.Xq e wA(pVa), (A (oV Q)
o(le Bl © As({a},-a,Xq e ~wA(pVa), 0¥ A(pVa))

Q2:{s1;s2;s3}

Q3:{s0;s1;s2;s3} E‘) 1

The given automaton is totally defined, and the acceptance condition pr = Fgo
defines the accepting states F = {so,s3}. We can apply the subset construction.
The new acceptance condition is F(Q2 V Q3 V Q4 V Qs).

EF([a U b] A F [Xa U b])
- F[Xa Ub] < Fb
[aUBAFb< [aUb)
FlaUb) < Fb

EF([a U b] AF[Xa U b])
= EF([a U b] A Fb)
=EF[a U]

= EFb

= px. (vy. Sy Ab) Vv Oz

N N B N B B B B N |
I Initial States nicht vergessen mu-calc/bisim



