CS21004 Formal Languages and Automata Theory, Spring 2010-11

Class test 2

Maximum marks: 20 Date: April 11, 2011 Duratiohhour

Roll no: Name:

[ Write your answers in the question paper itself. Be brief and precisevéyral questions,
1. Consider the following language ovEr= {a, b, c}:

Ly = {d'(bc)? | i,j > 0andi > j}.

(a) Design a context-free grammar far. Briefly describe the substrings generated by the non-terminal
symbols used in your grammar. (5)

Solution The following grammar generatés .

S — UV [S is the start symbol
U — € | aU [U generates the excessd$ over (be)’s]
V. — € | aVbe [V generates equal numbersais and(be)’s]

A single start symbob itself can generaté, as follows:

S — € | aS | aSbec.

(b) Design a PDAM = (Q,%,T,4,s, L, F) to acceptlL;. M must contain at most two statellention
clearly whether your machin&/ accepts by final state or empty stack or both. (7)

Solution We takeQ = {s, ¢} with the start state and no final statesH{ = ). The machine accepts by empty stack. The
alphabets ar& = {a, b, c} andl’ = {a, b, L}. The transitions are described in the following figure.

b,al/b
c,bl/e
allal €,ale
a, alaa €,l/¢e

S g L1/1L t
g, ala

In the start statg, the machine reads the initial block @6. For everya read from the input, an is pushed to
the stack.M subsequently makes aftransition to the stateto read the block ofbc)’s, that follows the block
of a’s. Only if a matching: is found at the top of the stack, the reading of one occurrefgeis initiated. The
a at the top of the stack is replaced byo indicate that the reading o6t is only half-way through. Only if a
c is available at the input at this stage, this consumed, and the intermediate markés popped out of the
stack exposing the nextto be matched against the next occurrenckeof

When an input ofZ; is fully read by M, the stack contains— j occurrences of and the bottom market .
M uses the transitions a / € ande, L / ¢ against the loop at the statein order to pop the excesss and the
bottom markerL. If M uses the transitioa a / ¢ more than — j times before reading all theoccurrences of
be, the machine gets stuck before reading the entire input.
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2. Consider the following language ovEr= {a, b, c}:
Ly = {a'V¢ |i,7 > 0andi > j}.

Prove thatl, is not context-free. (8)

Solution We prove thatl, is not context-free, using the pumping lemma for CFL's. Saggpthatl, is context-free. Let
k be a pumping-lemma constant fos. By definition of Lo, the string3 = a*b*¢* belongs toL, and is of
length> k. The pumping lemma gives a decompositipa= 3132638455 such that

(i) |B2B4] > 0,

(ii) [B2P304] < k, and

(iii) (133833305 € L forall i > 0.
We consider all possible cases féyand3,, and show that in each case, there is a contradiction. Gondit)
implies thatg, andj3, belong either to the same block or to two adjacent blocks.

Case 1:(3, or 3, (or both) contain different symbols. In this cagej3 333335 is not of the forma*b*c*.
Case 2:Both 3, and 5, belong to the block of’s. In this casef; 5535 contains less’s thanb’s or ¢'s.
Case 3:Both 3, and3, belong to the block of’s. In this casep; 32 333735 contains moreé’s thana’s.
Case 4:Both 3, and3, belong to the block of’s. In this casef; 32 333735 contains more’s thana’s.

Case 5: 35 belongs to the block ofi's, and 3, belongs to the block of's. If 5, # ¢, consider the string
(132333235 which contains moré’s thanc's. If 3, = ¢, theng, # ¢, and3; 3335 contains lesa’s thanc's.

Case 6: 3, belongs to the block df's, and /3, belongs to the block of’s. In this case3; 32333335 contains
moreb’s or ¢'s (or both) tharu's.
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