COMP3153/9153
Homework 2

SPIN, LTL Model Checking

Due: April 3, 2020, 10am
Submission guidelines are given at the end of this document.

Exercise 1 (LTL) (15 Marks)

Question 1 We extend LTL by an operator L™ (n € IN), which shall indicate
that a formula is true if it occurs at least n-times on a path p. Formally, we
define

pEL"
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Prove that this extension is not more powerful than LTL, i.e. show that L™ can
be expressed in terms of standard LTL.

Exercise 2 (Biichi Automata) (25 Marks)

Question 2 Give Biichi automata over the alphabet £ = {a, b, c} that accept
the following languages.

e [; = {w|w contains only finitely many as and bs} ;

e [, ={w|w contains the substring abc infinitely often} ;

o [3=(a+bc)*((b+c)a® + (abb*)?).
Please try to keep the automata simple. No automaton needs to have more
than 10 nodes. You might get negative points if an automaton is too large.

Question 3
e Assume that Figure [1| depicts a finite automaton (finite state machine).
Which language is accepted by the automaton?
e Assume that Figure (1| depicts a Biichi automaton. Which language is
accepted by the automaton?



Figure 1: Automaton for Exercise 2

Exercise 3 (LTL Model Checking) (25 Marks)

Question 4 Assume that the set of atomic propositions is {p, q}. Give a Biichi
automaton that accepts the language defined by the following LTL formula:

(Gp) V (p A ((Xq)V—q))

Remember that the alphabet is 2¢(®), where ® is the above formula.
There is no need to use the algorithm given in the lecture to derive the
automaton; just provide the automaton and explain your answer.

Question 5 Consider two LTL formulae ¢ and . Sketch an algorithm to
check if the formulae are equivalent, i.e., <= .

Note: You can use the objects (e.g., Biichi automata) and algorithms (e.g., check
for emptiness) that were presented for LTL model checking.

Exercise 4 (SPIN - PartI) (15 Marks)

The official webpage http://spinroot.com provides good overviews and
manuals. See e.g. http://spinroot.com/spin/Man/.

A SPIN version of Peterson’s mutual exclusion algorithm for two pro-
cesses was introduced in Week 3 Friday. The code for the two processes is
given here: http://www.cse.unsw.edu.au/~cs3153/20T1/Week%2003/2Fri/
Code.html under “Third Attempt”.

Question 6 Give a SPIN/Promela model for Peterson’s algorithm for three
processes. Briefly describe your algorithm in your own words.

Note: The probability of accessing the critical section should be the same for
all processes.

Question 7 Use SPIN to verify the following properties for Peterson’s algo-
rithm with three processes:

1. Mutual exclusion: no two processes are in the critical section at the same
time.


http://spinroot.com
http://spinroot.com/spin/Man/
http://www.cse.unsw.edu.au/~cs3153/20T1/Week%2003/2Fri/Code.html
http://www.cse.unsw.edu.au/~cs3153/20T1/Week%2003/2Fri/Code.html

2. Deadlock freedom.

3. Eventual entry: If any process desires to enter its critical section, it will
eventually do so.

Exercise 5 (SPIN - Part II) (20 Marks)

Refer to the Promela specification provided on the course website for a naive
system with two water tanks, modelling only the water levels of the tanks.
There is a pump which tries to balance the levels. It succeeds if the water levels
are equal.

Question 8 Describe in English words what the processes Pump does.

The final goal is to have the same water levels in both tanks. In this case the
pump can be turned off.

Question 9 Use SPIN to check if the pump can always be switched off in the
given scenario.

Question 10 In case the Pump cannot be switched off, modify the system in a
way that the water levels are equal at the end. Prove it.

Question 11 Check whether your system always balances out the water levels
for all initial water levels. If not modify your system to achieve this. The pump
should be switched off as soon as the water levels are equal. Use SPIN to prove
it.

Note: If you do experiments with SPIN, describe the procedure, provide the
code and discuss SPIN’s output. We want to see that you used SPIN and not a
pen and paper analysis.
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