
CAS 701 Fall 2015

Homework 4

1. Show that
∀x.(P (x)→ Q(x)), ∃x.P (x) `N ∃x.Q(x)

2. Consider the transition system model M below with atomic propositions
{a, b}. Demonstrate the main (three) steps of the LTL model checking
algorithm applied to M and the LTL formula ϕ = ♦(a ∧©a) and show
that whether M |= ϕ or M 6|= ϕ.

{a}

{a}

∅

{a, b}

3. Which one of the following LTL formulas can be expressed in CTL?

• ♦(a ∧©a)

• �♦p

If you give an equivalent CTL formula, then you should prove equivalence.

4. You will verify the correctness of the following distributed token ring pro-
tocol using the model checker SMV:

In a token ring protocol for solving distributed mutual exclu-
sion, processes 0 · · ·N are organized in a ring and the token is
circulated along the ring in a fixed direction. Each process, say
p, where p ∈ {0 · · ·N}, maintains a variable xp with domain
{0 · · ·mN − 1}, where mN is the smallest integer not dividing
N . Process p has the token iff

xp 6= (xpredp + 1) mod mN

where predp is the predecessor of process p. When a process has
the token, it passes the token by the following action:

xp 6= (xpredp
+ 1) mod mN −→ xp := (xpredp

+ 1) mod mN
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Finally, a fault can corrupt the value of each xp to any arbitrary
value in its domain.

You are to model this protocol in the model checker SMV for 5 processes
and verify the following CTL formulas:

• A♦Q

• E♦Q

where Q is the following predicate: “only one process has the token”. In
your written submission, justify the result given by SMV.

Extra credit: Verify the same formulas if occurrence of faults can only happen
finitely many times (i.e., assuming a fair scheduler). In your written submission,
justify the result given by SMV.

Deliverable
Your solutions must be typed and submitted by 10:00am on Monday, December 14.
Please email your SMV model to the TA and submit your written part at Prof.
Bonakdarpour’s office.
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