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-
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by Michael Sipser



Regular expressions :
- -

- A syntax for describing string patterns
- Used for text search in text editors

- Also present in some programming languages

txampe: a b*c - Pattern consisting of an 'a' followed

by some no. of
'b 's
,
followed by a

'
c'

eg . Abbe , abbbc , ete .

In this course: - Formal understanding of regular expressions
- -

- An algorithm for searching patterns in text .



LANGUAGES £ : an alphabet-

:

→ is a finite set of symbols
I , = { a , b }

Ez = { O , I }

Se = E a , b , c, . - s N , y , 23

Lords ' a word is a finite sequence of symbols .

Assume I = {a , by

Eg: aab
,

abd baba , bbbaaa
,
. - . .

Language : a set of words .



Li : { set of all words that start with '
a
' }

{ a , aa ,
ab , Aaa , - - - - - .

infinitely many words
in L ,

22 = words that contain 'ab
'

as a sub string
{ ab

, a ab , Aba , . .
. . . . }

Li
,
La are examples of languages .



OPERATIONS ON LANGUAGES :
- -
-

Union : L, U Lz = E w I w E L, or WE 223

( set theoretic union
)

"

:c
"

in:*.

11 1 17

*

Star: L



]

Concatenation : Lt . 22 = { w , we
l w , Eli , wee Lz}

L, = E ab , aa 3

Lz = s b
,
ba }

Li . Lz = { abb
,
abba , aab , aaba }

L , = words that start with
'
a
'

La : words that end with 'b '

Li . L2 = words that start with
'

a
' and end with 'b '

Ts Li . La = Lz - L, in general ? No .



Question Give two languages Li
, Le S - t .

4 . Lz = Lz . L ,

wrong :- L, = starts with 'c '

↳ = end with ' al

Li - La = start with ' a
' and end with ' a'

Lz . 4 : enbftaub E La - 4

t t.
C- Lz C-Ll

One correct answer: Li = words of length 2 , h= words of length 3 .

- -

Li . Lz = Lz . L, = words of length 5 .



<
*
:

-

L .

L - L = L2

is = 2 .
L2

^

In = { w, we . . . Wn ) wi E L }

t.

late pick
'
n' words from L and concatenate

them
.

LO : ?



Emptying : E

length ( w) = no . of symbols present
/ abba ) = 4 lab1=2 . .

C- : is defined to be a word of length O

↳
a string of length o
→ called Empty string



<
*
:

-
l

L .

= L

L - L = L2

is = 2 .
L2

^

In = { w, we . . . Wn ) wi E L }

t.

We pick
'
n' words from L and concatenate

them
.

LO : { E3

<
*

= LO U L
'
u 22 u 23 . . . . - n

U Lk
ko



<
*

= LO U L
'
u 22 u 23 . . . . - n

U Lk
ko

2. = { a } Ltt :
EE , a , aa , aaa , . . . . .

3

[ = { a , b } L* : E U set of all words over Ea , b 3

a = E

L = { a , b )

if = Eaa , ab , ba , bb 3 ( set of words over

÷
{a,b3 of length 23

Ln = words of length 'n' over { a
,
bb



So far ,
-

- Alphabet E= { an b 's

- Languages
- Union , intersection , complementation ,

concatenation, Star



Coming next : An informal introduction to
- -

regular expressions



Example 1 : describe the language described by the
-

following regular expressions . I = { a , b }

1. I . a*b

I -2 . Ab t ba

I -3 b# a + a* b + a*

1.4 (at b ) lat b)

I - 5 ( at b)
*

i. b E.* a 2.
*

*
1- 7. a + aa t b



I. I . a*b

*
A o

b

a* = { E , a , aa , aaa . . . . .
}

att b = { E , a , aa . - - - - , a
"

, . . .
I . { b 's

= b , ab , a' b , . . . a
"

b
, . . . .



i.z . ab t ba = E ab , ba }

1. 3 . b* a + a
# b t att

= { a , ba , b'a . . .
bia

. . .
} u { b

,
ab
, . . . .

aib !

U E E , a , a
'
, a
'
.
. . .

3

1.4 (at b ) lat b) = E aa , ab , ba , bb
3

I - s ( at b)
*

= { a , b }
*
= Eet set of all words over

=

f EI Eai 's }

i. b E.* a 2.
*

1- 7. a + aa + b*



I
*
a Z* : set of all words that contain an 'a'

↳
Words in S a E -*

= w, a we

→ they will contain an
'
a
'

If u is a word that contains an 'a '
. we can break it as

F e E
*
a Ext
-

- -
W,

we



1.6 . A t aa t b*

= { a , aa , E , b , bb , b
'
,

- - - }



Example 2: Write regular expressions for the following languages :
-

E- {a , b3

2. I . Set of words that contain
''ab

'

as a sub string
2.2. words that contain both 'al and

' 'b'

2- 3 . { Aa
, ab , ba , bb }

2-4 . words that contain no la 's

2.5 All words ending with an 'a '
.



2.1 . Set of words that contain
'' ab

'

as a sub Shing
2.2. words that contain both ' al and

' ' b'

2- 3- Eaa
, ab , ba , bb } I = a + b

-

2-4. words that contain no la 's

2.s all words ending with an 'a '
.

2. I
.

( at b)
*
ab (at b)

*

2. 2
.

- (at b)
*
a Cat b)

* b ( at b)
*

+ ( at b)* b ( at b)* a latb#

-

{
*
a E. * b Ext t s # b E # a Ext

- Ext ab t Ext ba xx
at

- s*abE* + zxtba Ext
-

- E* ( ab t ba) sext



2.1 . Set of words that contain
'' ab

'

as a sub Shing
2.2. words that contain both ' al and

' ' b'

2- 3. E Aa
, ab , ba , bb }

2-4. words that contain no la 's

2.5 all words ending with an 'a '

2- 3
. aa t abt bat bb ( atb ) . latb) E. E

2. 4 .
b.*

2- 5 .
( atb7* a

Ext a



Regular expressions : SYNTAX
- -

R is a regular expression if R is :

- l . A for some a C- I

- 2. E

- 3 . Of
- 4 . R , t R2

,

- 5 . R, o R2 ( also written as R , Rz)

- 6 . R ,*

where Ri and Ra are regular expressions



Regular expressions
- -

: SEMANTICS

LCR) : language associated with regular expr . R

- l . Ha) = { a }

- 2. LCE) = { E }

→ . LCE) = E

- 4. LCR
, -1 Re) = LCR,) U LLRZ )

- S - L CRI Re) = { n, Nz I n, e R , , me Rz 3=414
) -"Rd

- t . L ( R,* ) = { nine . . . q 1h30 and Mi ER , for

is is k }

= CLIK,)]*



- l . Ha) = { a }

- 2. LCE) = { E }

→ . LCI) = E

- 4. LCR
, -1 Re) = LCR,) U LCRZ)

- S - L CRI Re) = { N, Nz I Ni ER, , Nat R2 }

- t . L ( Rix ) = { nine . . . q 1h30 and Mi ER, for

is isk }

L lab + ba) = Ll ab) v Llba )

= Lta) - Llb) U Llb) .LK)

= { a } Eb } U { b3 - { as

= E ab , ba }



- l . Ha) = { a }

- 2. LCE) = { E }

→ . LCI) = E

- 4. LCR
, -1 Re) = LCR,) U LCRZ)

- S - L CRI Re) = { N, Nz l N, C- Ri , ME Rz }

- t . L ( Rix ) = { nine . . . q 1h30 and Mi ER, for

is is k }

L ( att ) = (Lca ) )
*

= ¥g*
= {E ,

9 , aa . . . . .
3



- l . Lta) = { a }

- 2. LCE) = { E }

→ . LCI) = E

- 4. LCR
, -1 Re) = LCR,) U LCRZ)

- S - L CRI Re) = { N, Nz I Ni ER, , ME Rz }

- t . L ( R,* ) = { nine . . . uh 1h30 and Mi ER, for

' Eisk }

Ll ab* + b )



r

Example 3: write regular expression for the following :

-

E= {a ,b3

3-I . Horde that do not contain
'ab

'

[ 3.2
. Words with even length

y3.2- Words that contain even no . of
'a' r -

Eixample : Write the language corresponding to the foll. expr .

4. I . Ab t E

4.2 .
ab t §

÷: ::}4. 5 . (at E ) . b

*
4. 6

. OI



Eixample : write the language corresponding to the foll . expr .

4. i . Ab t E

4.2 .
ab t §

4.3 .

A - E

4- 4 . a- of

4. 5 . (at E ) . b

*
4. 6 . OI



Solutions :
-

3-I . Horde that do not contain
'ab

'

[ 3-2
. Words with even length

3. l :
'

b* a#

*

3. 2 .

[( at b) . Cats))

( E. 2)
*

Not correct

(aa)# t ( bb7* + Cab)# t ( bb7*7
* *

Aaaaahh - - . = Caat bbtabtbb)
-

Aa bb



Summey:

- Languages , operations on languages
- Regular expressions : a notation for describing

languages(
syntax , semantics, examples .


