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Theory of Computation

Lesson /

Context Free Languages
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Noam Chomsky

Language is a process of free creation; its laws
and principles are fixed, but the manner in which
the principles of generation are used is free and

infinitely varied. Even the interpretation and use
of words involves a process of free creation.

(Noam Chomsky)




Chomsky Hierarchy

Type 0 - Recursively enumerable-

Type 1 - Context-sensitive«

Type 2 - Context-free«

Type 3 - Regular«




Context Free Grammar

S -—> NP VP 1.0 NP --> NP PP 0.4
PP --> P NP 1.0 NP -> astronomers 0.1
VP -> V NP (7 NP --> ears 0.18
VP -> VP PP 0.3 NP --> saw 0.04
P --> with 1.0 NP --> stars 0.18
V> saw 1.0 NP --> telescopes 0.1

\ P(astronomers saw stars with ears) =7




Context Free Grammar

How can we generate a 0"1" word or sentence

with memoryless tools just like in regular language?




Context Free Grammar

This iIs also a method that people with a weak

memory can use: getting the job done on time.




Context Free Grammar




Context Free Grammar




Formal Definition

A context-free grammar is a 4-tuple G = (V,1,R.S) where
=V is a finite set, whose elements are called variables,
®) s a finite set, whose elements are called terminals,
»VNL=0,

»S isan element of V; it is called the start variable,

» R |s a finite set, whose elements are called rules. Each
rule has the form A — w, where A is element of V and
w is element of (V U X)*.
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Derivation of ‘aaaabb’
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New Grammar

How can we derivate ‘1010101°
Improve the grammar

S— 131 | 080 | ¢ 101 € 101
S— 131 | OSO | O | 1 101 0 101
101 1 101

S—1ST [0SO | O] 1 ]¢

S— 10S|01S|0S1]180] €




A first example: Properly nested parentheses

In this first example, we will model the  (3*(x*2+1))-(y+1)*(x+5)
spelling of parenthetical symbols used

IN mMathematics. You know, when @ ( ( ( ) ) ) ( ) ( )
left'parenthesis is used, it has to

atch a right parenthesis typed later. gaabbb ab ab
Otherwise, there will be a typo in the

use of parentheses.



A first example: Properly nested parentheses

There are three critical details that ( ( ( ) ) ) ( ) ( )

need to be modeled here: aaabbb ab ab




A first example: Properly nested parentheses

There are three critical details that ( ( ( ) ) ) ( ) ( )

need to be modeled here: aaabbb ab ab
. Nested parentheses,

S —asb




A first example: Properly nested parentheses

There are three critical details that ( ( ( ) ) ) ( ) ( )

need to be modeled here: aaabbb ab ab
ested parentheses,

S —aSb S —3S

2. Side-by-side parentheses,



A first example: Properly nested parentheses

There are three critical details that ( ( ( ) ) ) ( ) ( )

need to be modeled here: aaabbb ab ab
ested parentheses,

S —-aSb S —-SS

2. Side-by-side parentheses,

3. Termination of recursive steps S —€



A second example: a"bMch™

Consider the language a’b*c®

L={a"b"c"™ :n >0, m =0}




A second example: a"bMch™

SIN2~O
Consider the language a“b“c

L={a"b"c™™ :n 20, m 20} aaa bb ccccce

S —-aSc S —=bSc




A second example: a"bMc"™

SIN2~O
Consider the language a“b“c

L={a"b"c™™ :n 20, m 20} aaa bb ccccce

S —-aSc S —bSc

® abaccc




A second example: a"bMctm

Consider the language

L={a"b"c"™ :n >0, m =0}

S—H>A | ¢




A second example: a"bMctm

Consider the language

L={a"b"c"™ :n >0, m =0}

S—H>A | ¢

A—)GAC|B|€




A second example: a"bMctm

Consider the language

L={a"b"c"™ :n >0, m =0}

S—H>A | ¢

A—)OAC|B|€

B— bBc | ¢




» That's all.

» Thanks for listening.
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