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Solution 1

(a) We start by computing the closure of ¢:

closure(p) = {true,false, a,—a, Oa,~ O a,

(CL A O(l), _'(CL A Oa)7 @, P }

The elementary sets are:

true a Oa aNQa ¢
Byl 1 0 O 0 1
Byl 1 0 1 0 1
Bs| 1 1 0 0 0
By, 1 1 1 1 0
Bs| 1 1 1 1 1

(b) The GNBA G, = (Q,247,4,Qo, F) is defined by:

Q = {B1, B2, B3, By, Bs }

Qo = {B1, B2, Bs}

F = {Far0au-a}
FlanOa)u-a = {B1, B2, B3, Ba}

The transition relation § is given by the following

graph representation:

(1+4+ 5 points)




Solution 2 (24 4 + 4 points)
We consider the maximal proper state subformulas Sub(®):

1. ¥ =a: Sat(a) = {s2, s3, 56, 57}

2. U =10 Sat(b) = {so, s2, 54, S6, 57}

3. U =3d0b:
The following equivalence is used to compute Sat(30b):

sk e = skEc Ve = skorer Ve = s L e

According to the LTL semantics, we have Satyrr,(—-0b) = Satyrr,($-b) = {so, s1, S2, $3, 55 }. Then,
S\ Satyrr,(—0b) = {s4, s¢, s7} is the satisfaction set Satcpy+(30b):

Satcrr+(30b) = {s4, s6, 57}

The labeling is extended by a fresh atomic proposition agg, according to Satcry+(30b).
The corresponding subformula 305 of @ is replaced by agmp.

{b}

{aa b) aHDb} {CL, ba aElDb}
4. U =30 (aUazmy):

The above equivalence for existentially quantified path formulas yields:

s Fers 30 (alUazm) <= s e ~ O (aUazog) -

By the equivalence = O (aUaznp) = O— (aUazmy), the satisfaction set of = (aUazmp) can be inferred:

Saty L (— (aUazmp)) = {s0, 51, S2, S5}
Saty L (O— (aUazmp)) = {so, s2}
Satcrr+(3 O (aUazme)) = S\ Satrrn (O (aUazm))
= 5\ {s0, 52}
= {51, 83,54, 55,56, 57}

The labeling is extended by a new atomic prop. aso(auass,) according to Satcrr(3 O (aUazms)).
Again, the corresponding subformula W of @ is replaced by a30(auasg,):

{aaO(aUaaub)}

aub)}
{b, azob, 430 (aUazas) ¥

{a,b}(52)
{QEO(aUaaub)} g
9

{a’ b, azop, aEIO(aUaggb)}
@, b, a30h, 430 (aUazos)
5 U = VODago(aUaaub)i
In the case of universal quantification, we can directly apply the LTL semantics:
Satyr(C0a30 (aUasey)) = {505 81, 83, 84, S6, 57} -

Because of s5 € Qq, but s5 ¢ Sat(®), this yields T'S .+ .



Solution 3 (7 + 3 points)

The two transition systems were given as follows:

(a) TSy # TSs.
Argument: Consider the CTL-formula ® =3O (bAVY O (a AD)).
Then T'S; = ® and T'Sy = ®. Therefore T'S; and T'Sy cannot be bisimilar.

(b) T'Sy; ~TS5. To show this, we consider the cases:

e TS| XT8s:
Graphically, the simulation relation is outlined below:

{0}

R = {(s1,t1), (s2,ta), (52, t2), (83, 13), (54, t3), (83,7), (51, %6), (54, t7)}

[ J TSQ j Tslt
The simulation order can be outlined graphically as follows:

R = {(tla 31)’ (t2’ 82)’ (t3’ 83)’ (t4’ S2)a (t5’ Sl)a (tﬁ’ Sl)a (t7’ 83)}

= TS| ~T58S,.



Solution 4 (24 4 + 4 points)
(a) We first consider P:

(i) The linear time property P; can be described by the following w-regular expression:
P =L, ((D*.{a}. 0+ {b} + {a,b} + {a}.{b})“’)

(ii) According to Lemma 3.36, any LT-property can be decomposed into a safety and a liveness
property:
P = closure(P)N <P U <(2AP)w \closure(P))) .
N—_——

Psafe Pli'ue

Application to P; yields

Pyofe = closure(P)
= L, (0" {a}. (0 + {b} + {a,b} + {a}.{0})* + 0)

Piive = PU ((2AP)W \ closure(P))
=P U ((2")"\ Puse)
= PU Pyyfe
= PUL,(0*{a}. (27)" {a}. ({a, b} + {a} + 0). (247)")
U Lo, (07, ({b} + {a,b}) . (2*7)")

(iii) Since pref(Pye) = (ZAP)*, Py is a liveness property.
As closure(P) = closure(closure(P)), Psaf. is a safety property.

(b) We consider each of the fairness assumptions F; for i € {1,2}:

We have T'S =z P iff FairTracesg,(T'S) C P.

Because of 3 k. Ay, = {a, b}, each trace has to visit
at least one of sy or sy4 infinitely many times.
Additionally, from some point onwards, each a-state
must be followed by a state that is annotated with
(at least) b.

(i) TS =x, Po:
e Any trace that reaches sy is not Fi-fair as « is executed only finitely many times.
This is in contradiction to our Fi ycond = {{a}}
e Therefore s3 1, S4 is never taken.

e Because of {n} € Fi strong and because 7 actions cannot be executed infinitely often (in
fact, only once from s3 to s4), the state s3 must not be visited infinitely often.
e The transitions s N s1 and So N $o cannot be taken infinitely often because of the
enabled v transitions to sg or si, respectively.
e As 3 is enabled in sg, all F;—fair paths visit exactly sg, s1 and ss infinitely often.
Therefore FairTracesy, (T'S) C Py and T'S =z, Ps.
(i) TS ¥r, P
Consider the path m = (sps25351)“ with its corresponding trace o = ({a}{a, b}0{b})“.
We have 7 € FairPathsz,(TS), but o ¢ Ps.
— FairTracesg,(T'S) L P;.



