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Ph.D. Entrance Examination

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

points . Let L, an e two languages over an alphabet 2. Define,
10 poi P1. Let L, M and K b languag Iphabet 3. Defi
LK'={ze¥ | 3ycK zycL}.
Prove or disprove:
a) (LUM)K' =LK 'UMK™! b) (LNM)K' =LK 'nMK™".
(10 points) P2. Let z and y be two words in ¥*. Determine whether the following three statements are
equivalent.

a) There exist m,n € N such that the words ™ and y™ have a common prefix of

length |z| + |y|.
b) zy = yz.

¢) There exist z € ¥* and p,q € N such that z = 2P and y = 29.
(10 points) P3. Let L = {0,1}* — {ww | w € {0,1}*}. Is L a context-free language? (why?)
(10 points) P4. A grammar G = (A,,A,, S, P) is said to be typical if,

a) fa — g€ Pand |f| <|al, thena=X € A, and = X (X is the empty word).

b) For every production & — 8 € P we have || < 2.

Is it possible to transform any given grammar to an equivalent typical grammar?

(why?)



(10 points) P5. Let {7, } _\ be an enumeration of deterministic binary Turing machines, and let <n >
be the binary representation of the natural number n. Determine whether the following

language is recursive (decidable),

L={<n> | L(T,) is infinite}.

(10 points) P6. Let f : 3* — ¥* be a partial recursive function and let ¢ € 3 be a symbol. Is the

language L = {zcf(z) | = € Dom(f)} recursively enumerable? (why?)



