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1. (20%) Tell whether the statements below are true (T) or false (F).

(1) ( F) Ifa DFA M contains a self-loop on some state g, then M must accept an
infinite language.

(2) ( F){w:wisaregular expression for {a"b™ : n + m < 2007}} is a finite
language.

(3) ( F)P({neN :n<2007}) is uncountable. (P(A) is the power set of A.)

(4) ( F) The concatenation of a regular language and a non-regular language is
necessarily non-regular.

(5 ( T) Suppose that L is context-free and R is regular, L — R is context-free
language.

(6) ( T) The nondeterministic Turing machine is not stronger more than the other
Turing machines on the computability.

(7) ( F) The complement of every recursive enumerable language is necessarily
non-recursive enumerable.

(8) ( T) The class of recursively enumerable language is closed under union and
Intersection.

Q) (T)D{I a}.

(10) ( T) There is no algorithm that decides, for an arbitrary given Turing machine
M and input string w, whether or not M accepts w.



2. (12%) Say whether each of the following languages is regular or non-regular,
and prove your answers.
(a) Li={a" : i=3j}
(b) Lo={w: we{a, b}* and w=w" }

Solution :
(@) L, is regular. Because L; can be rewritten as
L,={a’": n=0,1, ...}
And its regular expression is (aa)*
(b) L, is not regular.

Suppose L, is regular language, then the complement of L, is also regular
language. But the complement of L, is {w: we{a, b}* and w=w® } that can be
proved not regular by using Pumping theorem.

3. (14%) Describe the language accepted by the following finite automaton, and
give a Context-free Grammar for the language.

Solution :

(a) The language accepted by the given finite automaton is
L=(aa U bb)*(aU ba)b*((aa)* U (ab*a)*)
(b) The same language is generated by the CFG G=(V, %, R, S), where
V={as, 9, 3, &, b}, Z={a, b}, S=q,,
R={ g — agy,
g — bap,
02 — aqy,
02 — bay,
Js — ad,
s — by,
q2 — e}



4. (18%) Consider the pushdown automaton P={K, >, I'; A, s, F} where:

K={s, f} A ((s,a,e), (f,e)
>={a, b} ((s. b, €), (s, b))
I={b} ((s. & b), (s, b))
F={f} ((s. e e), (f e))

((f, a e), (f, )
((f, b, €), (s, b))

Describe the language accepted by P, and give a Turing machine M that
decides the same language.

Solution :

® The language accepted by P is L={a*}.
® A Turing machine M decides the language L is:

®

>R — N
b
o
)

5. (10%) Show the following function that is primitive recursive.
x+1, ifxisodd
f(x) ={ .
X, if X Is even

Solution :

® f(x)=(x+1)-rem(x, 2)+x-(1~ rem(x, 2))



6. (14%) Let Ko = {"M " “w” : M halts on input string w }, K; = {"M ” : M halts on
input string “M " }. Try to sign the languages of KO, Kl, recursive, context-

free, regular to the corresponding zone of the following figure: (Note: Co. R.E.
means that the complement of R.E. set is also R.E. .)

7. (12%) Show that the following language:
H={*M”: M is a Turing Machine and halts on empty string}
Is recursively enumerable. An informal description suffices.

Solution :
The universal Turing machine U can semidecides the language
{“M” “w”: M is a TM and halts on €}



