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Three ways to define a regular language

« Alanguage is is regul.
- Al if there is an FSA
. Al lar if

the language

Regular languages: some properties/operations

£, Concatenation of two languages £ and £5: any sentence of £1 followed by
any sentence of
Kleenesar of £: £ concatenate with self O o o tines

¥ Reverse of : reverse of any string in ¢
T Complement of £: allstrings in £ except the ones in £ (L — £)
€102 Union of languages €1 and £ strings that are in any of the languages
thl

languages £, and £y h

Regular languages are closed under all of these operations.

Regular expressions

by a regular

d every

regular expressions defines a regular language
+ A regular expression o defines a regular language (e]
d

- Llalb) = £(a)U.
e et is

Z(ar implementations)

as,
iy e e )

where,  is the empty string, 2 is the language that accepts nothing (e 8.,
-1

« Note:

Regular expressions
and some extensions
« Kleene star (a#), concatenation (ab) and union (a|b) are the basic operations
* Farnireescan o wsed o groupth sui-opresons Oervis, th iy
of the operators are as listed above: albcx = al (b(c¥)
« In practice some short-hand notations are common

Some properties of regular expressions
Vel denies for smpliyin regulr expressions

cull = @il
culv=viu

i) =l An exercise

Simplify alabs

anl. - la, - Caal=. - Glble)
o A Gefl) - \a= @Il 1819)
- facl = Galble) -
o s s e st s of i
+ Ands like he term regexp is paeses
used for expressions with non-regular extensions)

Converting regular expressions to FSA

« For more complex expressions, one can
replace the paths for individual symbols
with

« Using ¢ transitions may ease the task

+ The reverse conversion (from automata to
regular expressions) is also casy:

= identify the patterns on the e, collapse
paths tosingle transitons with regular
expressions

Exercise
comvet b((ab)+18) to a0 NEA

Exerc

comvertb((ab)+13) toan NEA

® Dot

Exercise
comvert b((ab)+18) to a0 NEA

(a)s

Exercise
comvert b (ab)+1a) toan NFA

Exercise
comvert b((ab)+13) toan NEA




Converting FSA to regular expressions Converting FSA to regular expressions

o dea: emove tate, replacing edge labels with o labels with
regular expressions regular expressions
Converting FSA to regular expressions Converting FSA to regular expressions
(blbb)(ab)*(blaa) alab)*aala(ab) blb
. alabl'b . Q
i1 (blbb)(ab)*(blaa)lba \
© (3) {3}
alab)*aa
e
+ The general idea: remove (intermediate) states,replacing edge labels with ° labels with
regulr expressions regular expressions

Converting FSA to regular expressions Converting FSA to regular expressions
@ @
@ ((BIbb)(ab) (blaa)lba) (a(abl"aala(abl Bb)" (bbb (ab) (blaaba) (a(ab) aala(ab) BIbT"
« The general idea: remove (intermediate) tates, replacing edge abels with . labels with
regular expressions regular expressions

An exercise: simplify the resulting regular expressions

Two example FSA Concatenation
what langusgesdo they accept? [ ] [z

b
[
b D
. - [
0dd number of a's over (a,b) Odd number o b's aver {a.b)
We will use these languages and automata for demonstraton.
PO p——
Kleene star Reversal
o
b [ |
2 b
— -

 What if there were more than one accepting states?

pe——, [rS——

Complement Union

(hok




Intersection

Closure properties of regular languages

languages are

closed under

- Concatenation
Kionetar

S

Union
- Intersection

Wrapping up

« FSA and regular expressions express regular languages.
« Regular languages and FSA are closed under

- Concatenation - Reversal
~ Kleene star - Union
- Complement ~ Intersection

+ o prove a lnguage i regula, it i suficient tofind  regular expression or

FSA for it

+ o prove a lnguage i not regula, we can use pumping lemma (sec
ppendi)
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s a language regular?

« To show that a language is regular, it s sufficient to find an FSA that
recognizes it

+ Showing that a language is nof regular is more involved

« We will study a method based on punmping lenma

Pumping lemma

Pumping lemma
et
For every regular language L, there exist an integer p such that a string x € L can
be factored as x = www,

cwiwelViz0

cvie
- hwi<p
« What s the ength of longest string generated by this FSA?
+ AnyF? i finit havea loop
recursive rule(s) in the grammar)
. g longer P the
same substring (‘ckim’ above)
How to use pumping lemma Pumpm,, lemma example
rove L~ a7b" s not egular
+ Assume L s regular: there must be a p such that, if ww s in the language
1ouviwe L(vi=0)
« We use pumping lemma to prove that a language is ot regular 2vte
« Praof is by contradiction: 3. hvi<p
- Assume the language i regular « Pick the string a”b?
», for all splits of x = t least one of the. « For the sake of example, assume «aaaaal
"~ pumping lemma conditions does not hold e el p LD
o0 + Three different ways to split
SR L ga bbbt violates T
adag ab bbb violates 1&3
das,gb bbb
adaaabbbb. b violates 1&3
Lengablb L
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