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Sharif University of Technology

Department of Mathematical Sciences

Ph.D. Entrance Examination

Computer Science

All answers must be supported by appropriate reasoning, proofs or counter-examples.

(12 points) P1.

(2 points) a. Prove or disprove: For every reqular language L there exists a nondeterministic finite
automaton N (without any A-transition), such that N has a unique accepting state

and L(N) = L.

(10 points) b. Let us call a regular language L C {0,1}* 1-regular if
Vaz,y,2€{0,1} (xeL&yeL&xzel)=yzel.
Prove that every regular language is a finite union of 1-regular languages.
(12 points) P2. Let ¥ = {0,1,+,=} and define the language L C ¥* as follows,
L={z+y=2 | z,y,2€{0,1}" & x+y =z as binary numbers}.

(e.g. we have 11 +1=0100 € L but 11+ 11 =111 ¢ L.)

(4 points) a. Is L a regular language? (why?)

(8 points) b. Is L a context free language? (why?).
(12 points) P3. Let L be the context free language generated by the following grammar,
S —0]0S|S0|1SS|S1S | SS1,
in which S is the start variable and {0, 1} is the set of terminals. Prove that

Veel |z, > |z,



where |z|, is the number of times the symbol 7 occurs in z.

(12 points) P4. Let L, C X7 be a regular language and L, < L,, where L, C ¥ and <, is the many-to-

one reduction. Is L, necessarily a regular language? (why?)
12 points) P5. Discuss the decidability of the following problems:
g
(3 points) a. For a given algorithm A and a given input z, “does A stops within the first 20 steps

of its computation on the input x7”

(3 points) b. Assume that P is an arbitrary property of languages in ¥*. Given a Turing machine

T, “does L(T) have property P?"”

(6 points) c. Given L,,L, C ¥* where L, is reqular and L, is context free, “is L, N L, a nonvoid

set?” (ie. is it true that L, N L, # (?)



