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1.

The relation corresponding to a* is:

Ra* = {(1,1), (1,2), (1,3), (1,4), (2,2), (2,3), (2,4), (3,3), (4,4)}

and that corresponding to b* is:

Rb* = {(1,1), (1,3), (1,4), (2,2), (3,3), (3,4), (4,4)}.

(i)

The relation corresponding to a*;b* is defined by:

Ra*; Rb* = {(x,y) in A^2 : there exists z . (x,z) in Ra* and (z,y) in Rb*}

So it equals {(1,1), (1,2), (1,3), (1,4), (2,2), (2,3), (2,4), (3,3), (3,4), (4,4)}

(ii)

The relation corresponding to (a;b)* is:

{(1,1), (1,2), (1,4), (2,2), (2,4), (3,3), (4,4)}

(iii)

The relation corresponding to q?;a* is:

{(3,3), (4,4)}

(iv)

The relation corresponding to a;(q ^ <a> ¬q)? is the empty set. Consider each a in turn:

1 -a> 2 (q is not true at 2)

2 -a> 3 (q is true at 3, but there's no a transition out of 3 to a state where q is false)

2 -a> 4 (q is true at 4, but there's no a transition out of 4 to a state where q is false)

2.

(i)

True. The only a you can do from 1 goes to 2, there's a b from 2 to 2, and q is not true at 2.

(ii)

False. You can do 1 -a> 2 -a> 4 and q is true at 4.

(iii)

True. If you do 1 -a> 2, any sequence of b's done subsequently will leave you at 2, and q is not true at 2.

(iv)

True. Since q is not true at 1, there won't be any successful execution of [q?; a*] starting at 1, so it's true that "for every successful execution of [q?; a*], ¬q".

3.

(i)

The truth-set is simply the empty set {}, since the only states which satisfy q (3 and 4) don't have an a transition leading out of them to a state which satisfies ¬q.

(ii)

Since this is equivalent to [a](p ^ ¬p), clearly the only way it can be satisfied is if a state has no a transitions leading out of it at all, in which case it would be trivially satisfied. The truth-set is thus:

{3,4}

(iii)

This is tautological. If every state we can get to with an a transition satisfies p, and every state we can get to with an a transition satisfies q, then obviously every state we can get to with an a transition satisfies p ^ q. So the sentence is equivalent to true and is hence satisfied at every state, giving us the truth-set:

{1,2,3,4}

(iv)

The for all bit is over an empty set again (see 1(iv)), so this turns out to be true at all states. Our truth-set is once again:

{1,2,3,4}
