Helsinki University of Technology, Laboratory for Theoretical Cortguiscience KH
T-79.4301 Parallel and Distributed Systems
Examination, May 10, 2006

Please note the following: To pass the cour se you need at least 50% of the home
assignment points. Please contact the L ecturer after the exam if you've not com-
pleted the home assignments successfully.

Assignment 1 Consider the following finite state automaia andA,, wherez; =
2o = {a, b}
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(a) Construct the finite state automat®n= A; N A,.

(b) Construct the finite state automatégnthat accepts the complement of the lan-
guage accepted by the automatgn

Assignment 2 Consider the following three labelled transition systems (LTSs)
Lo, andLs:

Ly: le{a,b,d} Lo: 22:{a7b,c,d} Ls: 23={b,C,d}
So
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(a) Compute the parallel composititn= L ||L2||Ls.

(b) DoesL contain any conflicts? If it does, please give a list consisting of all the
triples (v,t,t"), where:v is a global state of where a conflict occurs artdt’
are a pair of global transitions afwhich are in conflict inv.

(c) DoesL contain any deadlocks? If it does, please give a list of global states of
which are deadlocks.

(d) DoesL contain any livelocks? If it does, please give a list of global statés of
in which a livelock exists.

(e) DoesL contain a pair of independent transitions? If it does, give one example
of two global transitions which are independent.

(f) Give a deterministic finite automatdk accepting the languagg \ traces(L ),
whereZ is the alphabet df.

(9) Answer the question: Isaces(L,) C traces(L)? Please use the automatén
constructed in the previous step. If the answer is no, give a wdrddas(L ;) \
traces(L).

Note! More assignments on the other side of the paper.
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Assignment 3 (a) LetL be a parallel composition of LTSs = Li||Lz||--||Ln
with n global transitions enabled in the initial state that are all pairwise inde-
pendent, and in which each transition becomes disabled after its firing. How
many states does the reachability graph @it least have? How many edges
does the reachability graph afat least have? (In both cases give as tight a
lower bound as possible as a function of the paranmrejer

(b) Give two LTSsLp andLj, such thatl, <¢ Lj holds butL{ < Lp does not
hold.

(c) Give two LTSsL¢ andL; such thatL; <gm L; holds butL, ~ L. does not
hold.

(d) Is the following claim true: If bothy <sm L andLy <sm Lg hold, thenlLq
andLj are bisimilar. Please explain your answer in a sentence or two.

(e) Define formally the notion: Safety property.

Assignment 4 Consider the Kripke structur®! below. For each of the formulas
below check whether the formula holdshhor not. If the formula holds, give a short
explanation (max 5 lines of text) why the formula holds. If the formula doesolok,
give a counterexample path through the Kripke structure. (A simple yea&voes is
not sufficient to obtain full points in this assignment.)

(a) DoesM = G p hold?

(b) DoesM = G (Y p) hold?

(c) DoesM = G(g=- (Y —q)) hold?

(d) DoesM |= G ((pAg) = (Y ((-6) V'Y (~0)))) hold?

Sf:{p,q}} L=(p} } SLS:{p,q}}

Assignment 5 Create a P/T-neN with at most 4 transitions, whose reachability
graph matches the reachability grapibelow (all labellings removed).

4.
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