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Problem 1

Give context free grammars that generate the following languages, and give a brief description of the

functionality of each variable in your grammars (in natural language) if necessary.
a. {w € {a,b}* ||alw > |b]w, where |z|,, denotes the number of occurrences of x in string w. }
b. {w € {a,b}* | abb and aab are substrings of w.}
c. {a'cF i, j,k>0N(i=3j]li=k).}
d. {a'bick i, j,k>0Nni=|j—k|.}

Solution.



Problem 2

Let the language L consist of all the regular expressions over the alphabet {0, 1}. Thus, L is a language
over the alphabet {0, 1, €, 0, 4+, o, %, (, )} and includes, for example, the string (1 o (0 4 00 0))*
(For simplicity, let us assume that concatenation is always written out explicitly using the symbol o).

Please construct two context-free grammars for L, one ambiguous and one unambiguous. For the am-
biguous one, please give an example of a string with two different parse trees, and the corresponding left

derivations.

Solution.



Problem 3

Consider the following context free grammar G:
S —0AS |0
A— S14]S55]10

a. For the string 0000100, give one possible parse tree and rightmost derivation according to G.
b. Provide a nondeterministic PDA P that accepts the language L(G) by empty stack.

Solution.



Problem 4

Begin with the grammer:

S — BSA|AC | A
A—aAle

B — Bba|b
Cc—cCcC

a. Eliminate e-productions.

b. Eliminate any unit productions in the resulting grammar of (a).
c. Eliminate any useless symbols in the resulting grammar of (b).
d. Put the resulting grammar of (¢) into Chomsky normal form.

Solution.



