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— Exercise Sheet 4 (due 28th May) —

General Remarks

e The exercises are to be solved in groups of three students.

e You may hand in your solutions for the exercises just before the exercise class starts at 12:15 or by
dropping them into the “Introduction to Model Checking” box at our chair before 12:00. Do not
hand in your solutions via L2P or via e-mail.

Exercise 1 (6 Points)

Let AP = {a,b} and let
E:{U:AoAlAQ---e (24P)“ | (Elnz().VO§i<n.aeAZ—/\An:{a,b})/\(W20.3i2j.b€Ai)}

be an LT property. Provide a decomposition £ = SN L into a safety property S and a liveness property
L. For this, give w-regular expressions s and [ over the alphabet 24T such that S = L£,,(s) and L = L, (1).

Hint: For a regular expression § over the alphabet X, we let £(§) C X* denote the language of finite
words induced 4. An w-regular expression 7 over the alphabet X is of the form

v=a1.07 + ...+ an.fy

where n > 1, a;, B; are regular expressions over X such that ¢ & £(8;) for all 1 < ¢ < n. The semantics
of an w-regular expression 7 is a language of infinite words defined by

Lo(y) = L{e1)L(B1)* V... U L(an)L(Bn)”
where
o for L C¥*itis L¥ = {010903...|Vi>1.0; € L}, and
o for L CY* Lo CX¥ it is LyLe = {0109 | 01 € L1 Nog € Lo} C X%,

Exercise 2% (1 + 2 4+ 2 + 3 Points)

Let TS; = (S;, Act, —;, S, AP;, L;) be transition systems for i € {1,2}. Note that TS; and TSy have the
same action set.

Prove or disprove the following statements under the assumption APy = ().
(a) Traces(TS;) C Traces(TS; || TS2),
(b) Traces(TS;y || TSz) C Traces(TSy).

Furthermore, let F = (0, Fs, F,,) be a fairness assumption.

Prove or disprove the following statements (for arbitrary APs).
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(¢) Traces(TSy) C Traces(TSy) = FairTracesy(TS;) C FairTracesz(TS3), and
(d) if E is a liveness property and TSy =5 E, then

Traces(TS1) C Traces(TS3) = TS; =7 E.

Exercise 3% (14343 Points)

Consider the transition system TS given below. Let B; = {a}, By = {a, 8} and Bs = {8} be sets of
actions. Further, let E,, E, and E’ be the following LT properties:

e B, = the set of all words AgA; Ay --- € (2{2Ph)w with A; € {{a,b},{a}} for infinitely many i (i.e.,
infinitely often a).

e E), = the set of all words AgA; Ay --- € (2{2*h) with A; € {{a,b},{b}} for infinitely many i (i.e.,
infinitely often b).

e ' = the set of all words AgA;Ay--- € (2@}« for which there does not exist an i € N s.t.
Ai = {(L}, Ai+1 = {a,b} and Ai+2 = @

TS:

{a,b}

(a) For which LT properties E € {E,, Ep, E'} does it hold that TS = E?
(b) For which sets of actions B; (i € {1,2,3}) and LT properties E € {E,, Ey, E'} does it hold that

TS Eri is a strong fairness condition with respect to B; that does not impose

stron

any unconditional or weak fairness conditions (i.e., Fi.on, = (0, {Bi},0)).

strong

. E? Here, F!

(c) Answer the questions in (b) for weak fairness instead of strong fairness (i.e., .., = (0,0,{B;})).

Exercise 4 (2+3 Points)

Consider the transition system TS depicted below and the regular safety property

“always if a is valid and b A =¢ was valid somewhere before,

Paafe = then neither a nor b holds thereafter at least until ¢ holds”

As an example, it holds:

{b} 0 {a,b}{a,b,c} € pref(Pyy)
{a,b} {a,b} 0 {b,c} € pref(Pyy)

{b} {a, c} {a} {a,b,c} € BadPref(Pyyy)
{b}{a,c}{a,c} {a} € BadPref(Py.y.)
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TS : {a,b} {a,b,c} (b, ¢}

s ﬂ/sl\v
ﬁ
(+)

{a,c} {a, b} {a,b}
(a) Define an NFA A such that £(A) = MinBadPref( Ps,y.).

(b) Decide whether TS |= Psqfe using the TS ® A construction.
Provide a counterexample if T'S & Pqpe.



