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1. Describe the following languages in terms of deterministic finite automata:

(a) A={we {a,b}* | wcontains an odd number of a’s}; 3p.
(b) L={we {0,1}* | wcontains 010 as a substring}; and 3p.
(c) L={we {0,1}* | wdoes not contain 010 as a substring}. 4p.

Hint: It may be easiest to derive the solution to (c) from the solution to (b).

2. Describe the following languages in terms of regular expressions:

(a) A={we {a,b}* | wcontains an odd number of &’s}; 3p.
(b) L={we {0,1}* | wcontains 010 as a substring}; and 3p.
(c) L={we {0,1}* | wdoes not contain 010 as a substring}. 4p.

Hint: It may be easiest to derive the solution to (2¢) from the solution to (lc).

3. Consider the properly nested strings of parentheses and angle brackets. For example, ([1) []
and [([1)] are strings of properly nested parenthesis, but ([1, [), and 1 () [ are not. More
formally, the properly nested strings can be defined inductively: € is a string of properly nested
parenthesis, and if X and y are strings of properly nested parenthesis, then so are (x), [y], and

Xy.
(a) Design a context-free grammar that produces L. 5p.
(b) Give the parse trees of the strings ([1) [] and [([])] in your grammar. 5p.

4. Closure properties of language classes: Given a language L over an alphabet 2, let LR = {wR |
W € L} be the language obtained by reversing each string in L. Here WR is the reverse of w (for
example, (gnat)R = tang).

(a) Show that if L is regular, then LR is regular. 5p.
(b) Show that if L is context-free, then LR is context-free. 5p.

Total 40p.



