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PART A (Graded by Gabe)

PROBLEM 1 (547 points)

Recall that given a function f : ¥ — A*, the function h : ¥* — A* defined recursively by h(e) =€
and h(wo) = h(w) f(o) is called a homomorphism.

(A) Show that if L is a context-free language over the alphabet ¥ and A : ¥* — A* is a homomor-
phism, then (L) = {h(w) : w € L}, is a context-free language over the alphabet A.

(B) Show that if L is a context-free language over the alphabet A and h : ¥* — A* is a homomor-
phism, then h~(L) = {w : h(w) € L} is a context-free language over the alphabet ¥.

PROBLEM 2 (10 points)

Given a PDA M with the symbol $ in its stack alphabet, let N'(M) be the set of strings w such
that there is a path through M on w starting at the start state of M with the symbol $ on the

stack and ending with an empty stack. Show that a language L is context free if and only if there
is a PDA such that N'(M) = L.

PROBLEM 3 (10 points)

Show that if A is context free and B is regular then A/B = {w : wx € A for some z € B} is
context free.



