(a) We know there is no limiting distribution since

doesn't exist, as  obviously depends on the parity of 

Yes, but partly. If the initial state is , after it evolves for one turn, it enters state  or  with equal probability, but no matter it ends up at  or , we can only know that it comes from state  or  equally likely. Thus it “partly” remembers the initial state. 

By intuition, we evenly distribute among the four states to get the stationary distribution is , and we have

for all , which verifies our intuition.
(b) Yes, from the form of , we know that the chain tends to equally distribute among states  and , and use the formula in (a) to get

Yes, it ends up equally likely appearing in state  or  regardless of the initial condition.

The limiting distribution is also the stationary distribution

and  verifies it. 
(c) We want 


which gives 
It always exists for this chain because all states are positive recurrent (since there are only 3 states, a finite number, and they are in the same class)

(d) We have

which gives 

