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1. Consider a DFA D = (Q,X,0,qo, F).
(a) What, if anything, can we conclude about the language L(D) when
i. (1 point) |F|=|Q|? (Explain your answer in at most 3 lines.)
ii. (1point) 0 < |F|<|Q|? (Explain your answer in at most 3 lines.)

(b) (2 points) A student claims that if §*(qo, pho) = q1, d(q1,€) = qo, and 6*(qo, phoenix) & F, it
must also hold that nix ¢ L(D). You may assume {p,h,0,e,n,i,x} C X. Is that reasoning correct?
(Explain your answer in at most 5 lines.)

(c) (2 points) Consider now a DFA D' = (Q,%, ¢, g0, F). A student claims that since the set of
accepting states of D’ and D are the same, it must hold that L(D’) = L(D). Is the reasoning
correct? If so, prove it. If not, provide a counterexample in the form of two DFAs of at most 3
states each.

2. Consider the following two DFAs, D on the left and D’ on the right:

b
Cl,b Cl,b
b - b
a

a a

(a) (1 point) Construct a new DFA D" of at most 2 states, such that L(D"”) = L(D). A transition
diagram and a short explanation suffice.

(b) (5 points) Use the procedure from Sipser to construct a DFA D, such that
L(D") = L(D)U L(D"). You should leave out unreachable states.

3. Consider the NFA N depicted as:

(a) (1 point) Give a word of length 5 that is in the language L(N).

(b) (4 points) Add at most 5 states to N and modify the accepting states to create a new NFA N’
such that L(N’) = L(N) o L(b*(a U ab)*).

4. (2 points) State three properties a GNFA should adhere to in one line each.
5. Consider the following rules of a CFG G = (V, %, R, S), over £ = {a, b, c}:
S — bAb|aBa|A| B
A—albd
B—c| AbA | €

(a) (1 point) Give a valid set V.
(b) (3 points) Show that this grammar is ambiguous. (Explain your answer in at most 6 lines.)

6. (3 points) Consider the following PDA P; give a grammar G with at most 6 rules such that L(G) = L(P).

a,e — A b,A— ¢
b,e - B a,B—¢

a,e— A
5,5%$Ab,€%5 % —e
qo @ q2 @

7. (6 points) Consider the following language, where the alphabet ¥ = {a, b}:
L={b"abv|veX* n>1, and |v| = 8n + 4}

This language is not regular. Prove this using the pumping lemma in at most 20 lines.

End of the exam



