
CSE105 (Spring 2013): Homework 5

Instructor: Daniele Micciancio

Due on Monday, May 13, 2013.

Problem 1

Prove that there is a language L ⊆ {0, 1}∗ which is not context free, i.e., it cannot be described by a context
free grammar. [Hint: give a proof by diagonalization, along the same lines as the one given in the lecture
notes on nonregular languages.]

Problem 2

Exercise 2.1 (a)-(d) from Sipser.

Problem 3

Exercise 2.6 (b) and (d) from Sipser

Problem 4

Problem 2.27 from Sipser.

Problem 5

Regular expressions over the alphabet Σ = {0, 1} are defined by the grammar GRegEx

E → T + E | T
T → FT | F
F → ∅ | 0 | 1 | F ∗ | (E).

(a) Prove that for any regular expression E ∈ GRegEx there is an equivalent context free grammar G over
the same alphabet Σ such that L(G) = L(E). [Hint: prove your answer by induction on the structure of of
E]

(b) Prove that there is a context free grammar G over the alphabet Σ = {0, 1} such that L(G) 6= L(E) for
all regular expressions E ∈ GRegEx
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Problem 6

Consider the set of context free grammars (say, over the alphabet Σ = {a, b}) using the following syntactical
conventions:

• Variable symbols are indexed by positive integers n ≥ 1, and they are written as [1n], i.e., as a sequence
of n ones enclosed in square brackets.

• The start symbol has index 1, so it is written as [1].

• Rules are written as V → A; where V is a variable symbol, A is a list of terminal and nonterminal
symbols, and ; is a special teminator symbol.

• Rules are concatenated together into a single string.

For example, the grammar G6 in Example 2.10 from the textbook is given by

[1]→ [11][1][11];
[1]→ a[111];
[11]→ [111];
[11]→ [1];
[111]→ b;
[111]→;

where, for readability, we have broken the string over several lines. As you see, each context free grammar is
described by a string over the 7-element alphabet Σ = {a, b,→, ; , [, ], 1}. So, the set of (syntactically valid)
context free grammars is a language over Σ.

Is the set of context free grammars a regular language? Prove your answer correct, using either the
pumping lemma (to prove the language nonregular) or by giving a regular expression (to prove the language
regular.)
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