
NON-REGULARI

LANGUAGEL



Recall: We showed how to formally show a languag
e

not regular.

Use the Myhill-Nerode theorem (canalso show regularity!)

or t he Pumping Lemma (can only show non-regularity).

Today: Try to fill i n m o r e
details into thispicture.
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Consider the language o v e r Σ--{a,b}

α--{co/w has a n equal number of 'a's and 'b's}

Instead of directly jumping to Myhill-
Nerode

o r
the pumping lemma,

try to see what closure propertie
s

for regularity c a ngiveyou.

Suppos

e,
towards

a contradiction, that α i s regular.

What i s α n a*b*? a*b* ≤ { * i s regular, obviously

✗ n
a*b* = {a"b"/n≥ 0} i s not regular!

Contradiction.



Why a r e w e e v e n bothered about whether a languag
e

is regular o r not?

Perhap

s
I want to find a l l strings which c a n match each'a'with a 'b'

Would behandy to be able to write a regex; but not
possible

!

So
n o w that w e know that the language is not regular,

what is possible? Representations

?

Machine model?

(Not
regex, but

what?
'Automata?

Grammars/

What is a grammar? A set of rules which specifi
es

how to

construct well-formed object
s

i n a language.



What does a grammarfor α = {a,b}
*

look like?

• E i s
included i n the languag

e
•

I f a string i s included i n the language, s o i s

- its extension with 'a'

- its extension with ' b '

So
w e c a n write i t a s

follows, i n what is called

Backus-Naur form (BNF)

S : = E/as/Sb
S:-E/Sa/Sb

* What language i s coded up
by S::--E/as/bS?



What does a

grammar for a
mobile number look like?

10 digits precede

d
by E , 0 , + 9 1 -

S:: = Cfd>
( d a d s d a d s ads( d )( d ) ( d ) (d)/

u

Ofd? /
U

+91-fd?

fd:= 6/7/8/9

d : = 01112/3/4/5/6/7/8/9



Amajor advantage ofgrammars i s the recurs ive
specificatio

n
.

What language does the followin
g

code up?

exp-exp
+ term/exp-term/term

term→ term * factor/ term/factor/factor

factor → int/(exp)

int → digit/digit i n t

digit → 0/1/2/3/4/5/6/7/8/9

The symbols i n red a r e called the terminals of thegrammar

exp, term, factor, int, digit a r e
non-terminals

We start a t exp and expand non-terminals a s w e s e e them.



Expansion of a non-terminal works according to the s a m e rule(s)

n o
matter what symbols surround i t . Only o n e n-t o n the left!

So this
grammar i s

called a context-free
grammar

(CFG).

A CFG i s formall
y

described by a 4- tuple:G = (NT,T , R , S)
-

- the set of non-terminals N T a l l finite sets

- the set of terminals T each of the form

- the set of production rules
RX::=y o r ✗ →

y
where XENT,

- the star t symbol S E N T and YENTUT)
*

What i s the language of G? ✗ → y,/yet..../yn
✗ (G) = {w/S →

*

w}≤T*
- some

finite
sequence of

rules i n R

takes S to w



Going back to o u r exampleof

L = {w/ w contains a s many
'a's a s 'b's} ≤ {a,b}

*

Can
w e write a grammarG s-t. 2=2(G) ?

G:
(NT,

T, R ,S)

T : {a,b}

S : : = E/asb/bsa /SS, o r

S:-E/asbs/bsas


