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Hand in on 18 June before the exercise class.

Exercise 1 (4 points)

Consider the following transition system 7'S.

(i) For each of the following ample sets, indicate whether it satisfies conditions (A1) to (A3). Justify
your answer in case a condition is violated.
a) ample(sg) = {a, v}
) (s7) = {8}
) ample(sg) = {a}
) (s9)
) (

o

ample(s7

Q. o

ample S9) = {Bv 5777}
ample(si0) = {v,n}

@

(ii) Is condition (A4) met if the ample sets are chosen according to ({if)?

(iii) If the conditions (A1) through (A4) do not hold, provide a minimal extension of the ample sets that
fixes this issue. Justify your answer.
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Exercise 2 (2 points)

Definition 1 Let T'S; = (S;, Acti, —i, I, AP, L;) be transition systems for i € {1,2}. A normed simula-
tion for (T'S1,TS2) is a triple (R,v1,1v2) consisting of a binary relation R € S1 x S such that:

VSl el 382 el (81,82) ER

and functions vi,vy: S1 X So — N such that for all (s1,s2) € R:

(i) L1(s1) = La(s2)
(ii) For all s} € Post(s1), at least one of the following three conditions holds:

1) 3sl, € Post(sa) such that (s),s5) € R
2 1552

(2) (sy,82) € R and v1(s), s2) < v1(s1,52)

3) 3sl, € Post(sg) such that (s1,s) € R and vo(s1,sh) < va(s1, s2
2 2 2

A normed bisimulation for (T'S1,T'S2) is a normed simulation (R,vi,ve) for (T'S1,TS2) such that
(R™Y, vy ,vy) is a normed simulation for (T'Sa,T'Sy). Here, v; denotes the function Sy x S; — N that
results from v; by swapping the arguments, i.e., v; (u,v) = vi(v,u) for allu € Sy and v € Sy.

TS1 and T'Sy are normed bisimilar, denoted T'S; =™ TSy, if there exists a normed bisimulation for
(T'S1,TS9).

Consider the following to transition systems TS and TS where TS results from TS by choosing the
appropriate ample sets. States of equal color are labeled equally.

(i) How is normed bisimulation equivalence related to divergence-sensitive stutter bisimulation equiva-
lence? Justify your answer.

(ii) Provide a normed bisimulation for (TS, TTS')



Exercise 3 (4 points)

Consider the following three program graphs PG, PGo, PG3 over the shared variables x and y.

PGy PGy PGs
l l l y < 1
(o) () (m)oe=y
——
1
true: true:
y>1ANe >3 z:=x—1
r:=x+1 ri=x+2
Y
true:
w0 (o) () ()
N——

(i) Prove or refute that the invariant ¢ = [J-n; holds on T'S(PG; || PGz | PG3) (where only ny is
considered as an atomic proposition) with the initial condition x = 0 A y = 0. For this, use the
POR-based algorithm presented in the lecture (slide 151); in particular use the presented method to
derive ample sets (slide 219) and the local criterion (slide 262) for (A2). Whenever you are required
to pick a process (i.e., program graph) by any of the algorithms, try PGs first, then PG and only
then PGs3. Choosing the order of explored actions (in the ample set) is up to you. Write down all
steps that you performed.



