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Finite state automata ja regular expressions.

(a) Show that the language {w € {a,b}" | the number of bs in w is divisible by 3} is regular
by describing it as a regular expression. 5p.

(b) Show that the language {w € {a,b,c}* | w contains the substring bac or ends in the substring bc}

is regular by describing it as a (possibly non-deterministic) finite state automaton.  Sp.
(c) Design the deterministic finite state automaton with the minimal number of states that
accepts the language described by the regular expression bb(cabUab)* Sp.
Consider the language
L={a"(ca)"»"*! |m>0andn >0}
over the alphabet {a,b,c}

(a) Show that L is not regular. 7p.
{b) Design a context free grammar that produces L. 6p.
(c) Give parse trees for the strings cacab and aacabbb in your grammar. W)

Design a Turing machine that decides the language
L={wew|we€ {a,b}"}

over the alphabet {a,b,c} If you wish, your machine may have multiple tapes. Present your
machine as a state diagram and describe its method of operation verbally.

Give the computations of your machine with the inputs aca and bacab. 15p.

(a) Define the notions of a recursive (“decidable”) and recursively enumerable (“semidecid-
able”) language.
Is the language Lyimeprod = {x € {0,1, .,9}" | x is a product of two prime numbers} re-
cursive? Justify your answer. (E.g. 15 belongs to the language as 15 = 3 x 5 but 16 is not
in the language.) Sp.

{(b) Prove the following claim either correct or incorrect; If L is a context-free language and
L, is a recursive language, then L; MLy is a context-free language. Sp.

(c) Given a language L over an alphabet I, 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)® = tang).
Prove the following claim either correct or incorrect: if L is a recursive language, then L?
is also a recursive language. Sp.

Total 60p.



