
 

Alphabet finite set

A a b a b et 0,17
Elements of the alphabet letters
For A La bt the letters are a and b
A word is just a sequence of letters
u abab.ba

u is a word of length 6 6 letters
A La b eh
V cabaabe

Product concatenation of two words

u abba V bbaab ur abbabbaab

This product is associative

abra cadabra Cabracad abra abracadabra
Is this product commutative

ur vu

u ab v ba uo abba Vu baab

special word empty word no eelter
Notation 1

1 U U UI

1 is the neutral element for Are produch

Length of a word u number of letters
Notation ul

b b I I I



I abracadabra I 11 lay ant n

I 11 0 The empty word is the

unique word of length 0
Powers

ut u U2 u u u U UU

Convention fu1T lent un u u un

Exercise up49 upto

Fast luv I l ul IVI
I Un l n l ul

Reversal of a word u an an
I an as

If u ab ca I acba

Factors prefixes and suffixes of a word u

v is a Mortal or infix of U if there exists

some words x and y such that u x Uy
a h

v is a p f of u if there exists some word y
such that u vy Cleft factor

a TI
v is a LAT of u if Here exists some wada
such that u xv Cright factor



a 1 4
Exercise let u abaab
Give some factors of u

1 ba aa baa baab abaab

some prefixes of a
aba a ab 1

Some suffixes of a
ab baab

Languages A language is a set of winds

If A a br

Ly aba babaaf finite language
anban In of
b aba ciba 1

Operations on languages
B Y union intersection complement

difference

Ly U L U E Ai I U C L1 or UEL f
Ly n L2 ueA I uely and he Let

complement L UEA U Lfof h

L h L we l u C Li and UI Laf

ETI of e



LET of two languages

L L U Uz UI C 4 Uze Let
ab aba 3 1 af ab aba abaa

The product of languages is associative

LgLz Lz 4 Latz
Is there a neutral element identity for the
product of languages Is there a language E
such that for all languages L

L E EL L 9
E tf is the unique solution

The product of languages is 1 commutative
a Ebt abt bf af bat

The product is distributive over union

L CLe v Le L L U LL

L U La L L L U L

what happens with the intersection
b a aaf ba baat
ba a aat baa baa a t

b Ea aap n ba Ea aa baat

Cbf n bat La aaf of
0

I 1 I



0 L u uz l un E Cf Uz EL f e

The product is not distributive over intersection

PowersofalanguageT

litL E L L I L'LL

Convention Lo 17 Ln L

Example L a ab bat

Lf I
aa aab aba baa abab abba baab baba f

starofalanguageT

E U Ln Lo w i v E U
If U L v E U

Lt U I L u e u P U
n 0

Example L a abt

E 1 a aa ab aaa aab aba aaaa aaab h

Important but confusing formulas

117 lot of

13 If 1ft If

Rationallanguageim regular languages

Definition The Set of rational languages of A
is the smallest set RatCATof languages such



is the smallest set Ralch of languages such
that

A 0 is a rational language
2 For each letter a CA af is a rational language
3 Rational languages are closed under the
operations of finite union product and star

Lt Lz C RatCAT u Lz C Rat At

Lz C Rat CAT
L E RatCA't Ee RatCAT

Rope Every finite language is rational

azaz an ab act
ab act at Lb a Ect

T T
are rational languages

tanao ant haeffaat Lant
If L is finite say L Ue Uz 4kt
where Ur Uq C At

L Unf u EazyU U Unt

Examples

a a ab ba is rational

2 A abaA a

we A such that aba is a factorof uf
3 ab A u e I ab is a prefix of Ut
4 set of words of even length is rational



of g
pear

d u c A't LUI 2n for some on of
suppose A La bt
Then A2 faa ab ba bby
A2 words of even tengtht

Automata
a

tr t
a Q1 Ib

Iv

Set b

ofStates I 2T Alphabet A a.br
Initial States I et
Final States i 21 O

Transitions i r a CI a 2 2 b 1 k b 2 f
aG

a be 2b

consecutive transitions

a b

Lathi a set of consecutivetransitions

to p
T p

Po is the of the path of the path



lo is the 7 of the path of the path
a as ah is the I ofArepath

Special path the empty path around some

state 9
no transition

at st
a Gt 22 b

i
b

Initial path path starving in an initial state
Final path path ending in a final state
successful patch path both initial and final

ao a b b a b

a b b a b

I recognisedThe language defined by the automatonI accepted
is the set of labels of some successful
path
Here the word aabbab is recognised

Exercices A a b t

Hn't n't



At A A

E E 49 L

atb

ASAFA u v I ne A re A t
Z I v I ve Aff A't

a b I a a f b

Lb ab ahb 1

Eb 1 u A b

b amb an b amb

niro niro in 0 k

zotabbbabababab.at b


