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1. Suppose we have an NFA N = (Q, X, 4, q1, F') with 3 = {a, b} and the following transition graph:

(a) (1 point) Give @ — F.

(b) (1 point) Give 6*(q1, abaab).

(c) (5 points) Use the method described by Sipser to find a regular expression R that is equivalent to
N, i.e., such that L(N) = L(R). Show every step in the process.

(d) (3 points) Give the transition graph of an NFA H such that L(H) = L(N)o L(ca*c) and H contains
no more than 7 states.

2. Suppose we have the following language over the alphabet ¥ = {a, b, ¢}:
L={w|ueX |u/=mand v=a"b"c", with m =3n and n > 0}

(a) (7 points) Is L a regular language? If so, give a regular expression R such that L(R) = L. If not,
prove this using the pumping lemma.

(b) (3 points) Give a brief description (in no more than 15 lines) of how one might construct a DFA D
that recognizes the difference of the languages of two NFAs N; and No, i.e., L(D) = L(N1)—L(N3).

3. Suppose we have a context-free grammar G = (V, X, R, S), with R containing the following rules:

S — ABC
A—aC|D
B—bB|Ale
C— Ac|Cc|e
D — aa.

(a) (1 point) Give a parse tree for the word acbbe.

(b) (2 points) Give two different leftmost derivations of the word aaaac.

(c) (3 points) Give a grammar G’ such that L(G’") = L(G)*.

(d) (4 points) Prove that if Ly and Lo are context-free languages, then L; Lo is also context free. (That
is, context-free languages are closed under concatenation.)

4. Suppose we have the following language over the alphabet ¥ = {a, b}:
L={a™b"|2m =3n+1and m,n > 0}

(a) (6 points) Give a PDA P that recognizes L, i.e., such that L(P) = L. A transition graph suffices.
Your PDA must have no more than 9 states.
(b) (2 points) Explain in no more than 10 lines how P recognizes L.

(c) (2 points) Show how P processes the word aaaaabbb by giving a sequence of state descriptions.

End of the exam



