
Formal languages, grammars, and automata
Assignment 6, Wednesday, Jan. 7 2015

Exercise teachers. Recall the following split-up of students:

teacher lecture room email students

Bastiaan Cijsouw HG 00.310 bastiaancijsouw@gmail.com A—K
Maaike Zwart HG 00.065 maaike.annebeth@gmail.com L—Z

The delivery boxes are located in the Mercator 1 building on the ground floor (where the Computer
Science department ICIS is located).

Handing in your answers. The exercises marked with points should be handed in:

1. Delivery box (default): Put your solutions in the appropriate delivery box (see above).
Before putting your solutions in the box make sure:

• your name and student number are written clearly on the document.

2. E-mail (in case your exercise class teacher approves): Send your solutions by e-mail to your
exercise class teacher (see above) with subject ‘assignment 6 ’. This e-mail should only
contain a single PDF document as attachment. Make sure:

• the file is a PDF document that is well readable

• your name is part of the filename (for example MyName assignment-6.pdf)

• your name and student number are in the document (since they will be printed).

Deadline: Monday, January 12, 16:00 sharp!

Goals: After completing these exercises you should understand pushdown automata (PDAs), be
able to construct a PDA for a given language, be able to construct a PDA from a context free
grammar, and being able to construct a CFG from a PDA.

1. For each of the following languages Li, construct a PDA Mi that accepts Li, i = 1, 2, 3, 4.
In each case, explain why the constructed PDA accepts that language.

(a) (5 points) L1 = {anb2n ∈ {a, b}∗ | n ≥ 0}.

(b) (5 points) L2 = {w ∈ {a, b}∗ | w = wR}.

(c) L3 = {w ∈ {a, b}∗ | |w|a = |w|b}.

(d) (5 points) L4 = {w ∈ {a, b}∗ | |w|a ≤ |w|b}.

2. Let M = 〈Q,Σ,Γ, δ, q0, F 〉 be the PDA given by:

Q = {q0, q1, q2}
Σ = {a, b}
Γ = {A}
F = {q1, q2}

δ(q0, a, λ) = {〈q0, A〉}
δ(q0, λ, λ) = {〈q1, λ〉}
δ(q0, b, A) = {〈q2, λ〉}
δ(q1, λ, A) = {〈q1, λ〉}
δ(q2, b, A) = {〈q2, λ〉}
δ(q2, λ, A) = {〈q2, λ〉}

(a) (5 points) Draw the state diagram of M .



(b) (5 points) For each of the following words, check whether they are accepted by M ,
and if so, give a successful computation, if not, give all non-accepting computations:
abb, aba, aabb, aaab.

(c) (5 points) Describe the language accepted by M using set comprehension notation.

3. Consider the following context free grammar G3

S → AC
A → aAB | λ
B → b
C → cC | λ

(a) (5 points) Describe the language L(G3).

(b) (5 points) Construct a PDA that accepts L(G3).

4. (Extra exercise) Construct a queue automaton that accepts the language {anbncn | n ≥ 0}.
(A queue automaton is a PDA that has a queue instead of a stack)


