
CS 745 Fall 2017

Assignment # 4

Due date: Dec 5th.

0.  Consider two Kripke structures, M1 = (S1, S1_0, R1, L1) and M2 =
(S2, S2_0, R2, L2), where the set of labels is AP. 
The state set S1 = (s0, ..., s4).  L1(s0) = a, L1(s1) = b,
L1(s2) = b, L1(s3) = c, and L1(s4) = d.  The set of initial states is
S1_0 = {s0}.  R1 = {(s0, s1), (s0, s2),
(s1, s3), (s2, s4), (s3, s3), (s4, s4)}.

The state set S2 = (t0, ..., t3).  The set of initial states, S2_0 =
{t0}.  L2(t0) = a, L2(t1) = b,
L2(t2) = c, and L2(t3) = d.  R2 = {(t0, t1),
(t1, t2), (t1, t3), (t3, t3), (t2, t2)}.

(i) is there a bisimulation between M1 and M2 that includes (s0, t0)?  
Explain your answer.

(ii) are the languages (sequences of state lables) of the two machines
the same?  Explain your answer.

(iii) do the states s0 and t0 satisfy the same CTL formulae?
Explain your answer.

1.  Consider two Kripke structure M1 = (S1, S1_0, R1, L1) and
M2 = (S2, S2_0, R2, L2) where there is a bisimulation B \subseteq
S1 \times S2, that includes S1_0 \times S2_0 and the set of labels for
the structures is AP.

Show that for any pair of states (s, t) \in S1_0 \times S2_0,
M1, s \models EFp if and only if M2, t \models EFp
and
M1, s \models AXp if and only if M2, t \models AXp.

2.  Given a CTL formual, g, specifying the behaviour of a system
composed of processes P1 to Pn, and  a permutation, perm, of the 
process indices [1..n], we can apply  perm to g and obtain
the formula perm(g)  by replacing each atomic proposition of the form



a_i in g with the atomic propsition a_perm(i).

A specification g is said
to be symmetric, if for every permutation, perm, of the indices [1..n],
perm(g) is equivalent to g.  Here, by equivalence, we mean that any
state in a structure that satisfies g must also satisfy perm(g), and vice versa.

Write a symmetric CTL formula for the mutual exclusion exampe of n
processes that expresses that at any state, at most one process
is in its critical section. 

Can you write a symmetric CTL formula that expresses that every
process that is trying to enter its critical section eventually
enters its critical section?  Explain your answer.

3. Consider the synchronous parallel compostioin of processes as
described in class (similar to that given in the Model Checking book).

(i) Suppose P_1 satsifies AFp.  Does this guarantee that P_1 || P_2
satisfies AFp?  Explain your answer.

(ii) Suppose P_1 satisfies EFp.  Does this guarantee that P_1 ||P_2
satsifies EFp? Explain your answer.

4.  A property, Spec, is said to be an invariant of a
program P, if every reachable state of P satisfies Spec.

Suppose that , P = P_1 || P_2, is given by  the synchronous 
parallel  composition of P_1 and P_2.

If the behaviors of P_1 satisfies an invarian Inv_1
and the behaviors of P_2 satisfies an invariant Inv_2
must the behaviors of P satisfy Inv_1 ^ Inv_2?

Explain your answer.



5.  Consider the two processes 
P1: s_0 -> s_1 -> s_2 -> s_3

P2: t_0-> t_1 -> t_2 -> t_3
         |                               ^
         |                               |
         --> t_4 -> t_5----|

where P1 has a self loop at s_3
and P2 has a self loop at t_3.

Suppose that s_0, s_1, s_2 and s_3 
are labeled, respectively, with a, b, c and d.

Similarly, t_0 is labeled with a, t_1 and t_4 are
labeled wit b, t_2 and t_5 are labeled with c
and t_3 is labeled with d.

Is there a bisimulation between P1 and P2 that includes
(s_0, t_0)?  Explain your answer.  
   

  


