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1. Describe the following languages as regular expressions:

(@) {we {0,1}* | w starts or ends with the substring 001} 3p.
) {we{a,b}*| w begins and ends with a different character} 3p.

(¢) {w € {a,b}* | w contains exactly two bs or the number of as in w is divisible by 3}  4p.

2. Design
(a) a nondeterministic finite state automaton, 4p.
(b) a deterministic finite state automaton, and 3p.
(c) the deterministic finite state automaton with the minimal number of states 3p.

that accept the language described by the regular expression ac(bacUbc*)*c.
3. (a) Design a context-free grammar for the language
L={d"cach™ |m>n+1,n>0}
Sp.
(b) Give the leftmost derivation of acacbbb and a parse tree of acacbb in your grammar. 3p.

4. Closure properties of language classes:
Given a language L over an alphabet Z, let L? = {w® | w € L} be the language obtained by
reversing each string in L. Here w is the reverse of w (for example, (gnat)® = rang).

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

Total 40p.



