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1. Consider a DFA D = (Q,Σ, δ, q0, F ), with:

• Q = {q0, q182, q42, q1}
• Σ = {a, b, c}
• F = {q182}
• δ is represented by the following table:

a b c
q0 q182 q182 q42
q1 q1 q0 q182
q42 q0 q1 q1
q182 q42 q42 q1

(a) (2 points) Give a transition diagram that corresponds to D.

(b) (2 points) Give a word w of length 3 that is not in D but is in D′ = (Q,Σ, δ, q0, F ∪{q1}). Explain
your answer by giving the state transitions for w.

(c) (2 points) Now imagine that we create a DFA D′′ = (Q,Σ ∪ Σ2, δ1, q0, F ), with

δ1(q, s) =

{
δ(q, s) if s ∈ Σ

δ2(q, s) else
for some function δ2 : Q× Σ2 → Q

Describe as accurately as possible the relation between L(D) and L(D′′) in terms of ⊂,⊆,= rela-
tions. Explain your answer.

2. (a) (2 points) Assume that we define an expanded NFA model by imposing the additional requirement
that |F | = 1, and we call this an SNFA. Are the SNFA and NFA models equally expressive? Start
your answer with ”Yes” or ”No”. If you answer yes, explain how an arbitrary SNFA can be rewritten
as an NFA and vice versa. If you answer no, give an example of a language that can be accepted by
an NFA, but not by an SNFA or vice versa.

(b) (1 point) Give an NFA of at most 4 states that accepts the word mia and rejects the word maya.
No other restrictions on the language apply. A transition diagram suffices.

(c) (4 points) Consider the NFA N depicted as:

q0 q1 q2

b

a, b

b

b

a, b, ε

a

ε

Using the method from Sipser and leaving out unreachable states, construct a new DFA D, such
that L(D) = L(N). A transition diagram and a short explanation suffice.

3. (a) (2 points) Provide three differences between a deterministic finite automaton (DFA) and a gener-
alised nondeterministic automaton (GNFA).

(b) (3 points) For the following NFA perform the first two steps in transforming it into a regular expres-
sion. To this end, perform the first step of such a transformation (transform it into a GNFA) and
then for step 2 remove state q2. Follow the algorithm provided by Sipser, and show both steps with
a separate diagram.

q1 q2 q3

a

b

b

b

a, b

4. (8 points) Consider the following language, where the alphabet Σ = {1,4,≡,�}:

L = {(14)n1(�1)n ≡ 1 | n ≥ 1}

This language is not regular. Prove this using the pumping lemma.
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5. Consider the following rules R of a CFG G = (V,Σ, R, S), with V = {S,A,B}:

S → ASA | Ba
A→ bB | S
B → c | b | ε

(a) (1 point) Give a valid set Σ such that |Σ| = 5.

(b) (6 points) Convert G into Chomsky Normal Form (CNF). Use the procedure from Sipser, showing
intermediate steps.

6. Consider Turing machine M below with Σ = {0, 1} and accepting state qacc. The rejecting state and
transitions to it have been omitted.

qacc

q0

q1 q2 q3

q4 q5 q6

0̇, 1̇→ R 0→ 0̇, R

1→ 1̇, R

0, 1→ R

t → L 0→ 0̇, L

0, 1→ L

0̇→ R

0, 1→ R

t → L 1→ 1̇, L

0, 1→ L

1̇→ R

(a) (1 point) Give a possible tape alphabet for M .

(b) (2 points) Is there a w ∈ Σ∗ such that when M processes w the machine reaches configuration
q30̇0̇? If you answer yes, give the corresponding sequence of configurations. If you answer no,
explain why this configuration cannot be reached.

7. (3 points) Given alphabet Σ = {a, b} and language L = {abw | w ∈ Σ∗}. Is it possible to construct a
Turing machine with four states that decides L? If your answer is yes, give its transition diagram. If your
answer is no, argue why this is not possible.

End of the exam


