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1. Describe the following languages both in terms of regular expressions and in terms of
deterministic finite automata:

(a) {w ∈ {0, 1}∗ | w contains an even number (possibly zero) of 1’s} 4p.

(b) {w ∈ {0, 1}∗ | w contains an odd number of 1’s} 4p.

(c) {w ∈ {0, 1}∗ | w contains an even number (possibly zero) of 1’s and ends
in a 0, or contains an odd number of 1’s and ends in a 1}.

7p.

(Hint: In part (c) it may, depending on your solution method, be useful to first design
a nondeterministic automaton.)

2. (a) Design a context-free grammar for the language

L = {anbm | n ≥ 0 and m = n or m = 2n}.

Draw the corresponding parse tree for the sentence aabbbb. 8p.

(b) Prove (precisely!) that the language L in part (a) is not regular. 7p.

3. Design a (nondeterministic) pushdown automaton that recognises (accepts) the langua-
ge L considered in problem 2. (Present the automaton preferably as a state diagram
rather than a transition table.) Show the accepting computation sequences (“runs”) of
your automaton on the inputs ab and abb, and explain why it doesn’t accept the input
aabbb. 15p.

4. One of the following:

(a) Show that if the language L is context-free then so are the following languages:

L∗ =
⋃
k≥0

Lk = {w1 . . . wk | k ≥ 0, wi ∈ L for all i = 1, . . . , k},

LR = {wR | w ∈ L}.

(Here wR denotes the reversal of string w, i.e. w written backwards.) 15p.

(b) Explain what is meant by a universal Turing machine, and outline at the level of
basic operating principles the construction of such a machine. 15p.

Total 60p.


