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Zhejiang University
Theory of Computation, Fall-Winter 2013
Final Exam

1. (24%) Determine whether the following statements are true or false. If
it is true fill a () otherwise a x in the bracket before the statement.

(a) () Language {a™b"c/|m,n,j € N and m + n + j > 2014} is regular.
(b) () Let L be a regular language, so is {ww?| w € ¥* and w € L}.
(¢) () Let Ly and Ly be two languages. If L;Ls is regular, then either L; or Lo

is regular.

(d) () Let L be a context-free language, then L* is also context-free.

(e) () Language {wi#wa# - - - #wy,|n € N, for each i,w; € {a,b}* and for some 7, w;
is a palindrome} is context-free.

(f) () Let L be a context-free language, then so is H(L) = {z|Jy € X*, |z| =
ly| and zy € L}.

(g) () Language {“M;” “My”|M; and My are FA, L(M;) C L(Ms)} is undecid-
able.

(h) () There’s a function ¢ such that ¢ can be computed by some Turing ma-
chines, yet ¢ is not a primitive recursive function.

(i) () If Ly, Ly, and Lg are all recursively enumerable, then L; N (Ly U L3) must

be recursively enumerable.

(j) () Let Ly and Lo be two recursively enumerable language. If L; U Ly and
L1 N Ly are recursive, then both L, and Ly are recursive.

(k) () Let L be a recursively enumerable language and L <, H, then L is recur-
sive, where H = {“M” “w”| Turing machine M halts on w}.

(1) () The set of undecidable languages is uncountable.
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2. (20%) Decide whether the following languages are regular or not and provide a
formal proof for your answer.

(a) Ly = {uwvult|u,v € {a,b}*}
(b) Ly = {uvu|u,v € {a,b}"}
where Lt = LL*.

3. (20%) Let Lz = {ab™c"a™ " c|m,n € N}.
(a) Give a context-free grammar for the language Ls.
(b) Design a PDA M = (K,X,T', A, s, F) accepting the language Ls.

Solution: (a)
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(b) The PDA M = (K, %, T, A, s, F) is defined below:

(¢,0.8) | (p,v)

4. (12%) Try to construct a Turing Machine to decide the following language
L = {ww®|lw € {0,1}*}.

Where w? is the inverse of w. Always assume that the Turing machines start com-
putation from the configuration cUw. When describing the Turing machines, you
can use the elementary Turing machines described in textbook.

5. (12%) Show that the function: ¢ : N — N given by

(z) = x mod 3, if z is a composite number;
LASVA P + 1, otherwise.

is primitive recursive.
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6. (12%) Consider the problem
Leven = {“M”|M is a TM and L(M) contains at least one string of even number of b's}

(a) Show that Ly, is recursively enumerable.

(b) Show that Ly, is non-recursive.

Enjoy your Spring Festival!



