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student id, and your signature.

Asslgnment 1 Consider the parallel composition of the following LT8s Ly = (£, 8 & 4)
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}lﬁ List all pairs of independent actions of the parallel composition Ly | La || Ly Write the actions as

wuplos (1, 12, ty), where each £ € AU{=}. (2p)
(y{ Conatruct the reachable part of the ssynchronous product LTS L = Ly || La || La. (2p)
(¢)  List all reachable states of I that are deadlocks. {2p)
(d)  List all reachable statos of L in which a livelock exists. (2p)
(e}  List all reachuble states of [ in which o conflict oceurs, (2p)
(F) Fﬁr eich reachable state s of L with no conflict, justify why there is no conflict in s, (2p)

Assignment 2 Consider the Kripke structure M = (,8° R, L) with § = {80, 81,52, 83,84}, W= g,
= II{Hu.a.).(m,sﬂ,{m;,#:;},{a;”s,ﬂ, (840 81); (84,82} and the function L defined by L{sg) = 0, Lisy) =
L{sa) = {power}, L(sy) = L{sa) = {ready, power}, For each of the LTL formulas below, check whether
the formula holds in M er nat, If the formula holds, give a briel explanation (max b lines ol text) why
the formula holds, Tf the formula does not hold, give n counterexample axecution of M and explain why it
violates the formula,

(n) G (ready =» power) ()
(b) GFready (3p)
{c) FGpower (dp)
(d) G(ready=> XXX X ready) (ap)
(@) Ildentify which of these are safety formulas and which are liveness formulas. Justify your answer. {3p)
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Asslgnment 3 Consider the following LTSs over 57 = {a, b}
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(a)  Construct a deterministic finite atate sutomaton A’ that recognizes the language L*\traces(Ly). (2p)

(b)  8Ses A’ as an LTS L' and compute the asynchronous product LTS 2 « Ly || £, Explain how P oan

be used to argue that L, <, L. (2p)
(€} Doed Ly %m La hold? Justify your answer, (2p)
{d) Doss Ly Sei Ly hold? Justify yeur answer, (2p)
{e)  From the theory of LT8s, define the bisimulation relation. (2p)
(1) Does Ly ~ Ly hold? Justify your answer, (2p)

Assignment 4 Consider two philosophers who sit around a table, They spend their thime in thinking,

outing and sleeping, In order to eat, a philosopher needs o fork and o knife, However, there is only one fork
and one knifie on the table, g0 the philosophers cannot eal at the same time.

(a)  Model the behavior of the philosophers, the knife and the fork na LTSs Phily, Phily, K nife, and
Fark, respectively, (8p)
(b} such that the parallel composition Phily || Phily | Knife | Fork is deadlock-free and in avery infinite
brace, both philosophers et infinitely often. (4p)

Explain the meaning of the states and actions of the LTSy or give self-axplanatory names to the states and
actions,



