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Computability theory and Godel's incompleteness theorem
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Basic atomic expressions attfessionn
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expression regularsets
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Regular expression language
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this expression r
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Regular Operations i Let r and s be two regular expressions

Then rts is a regular expression that denotes L r U L s

Union

expression

ii Concatenation rs r s r s

A B Σ

A a b B 0,1 A B Ry REA and

YEB
A B AO a1 bo b1

A A



iii Kleene closure star

it fundamental

A 197
this is what makes

x MM Nr k 0 such that
each Ri E A
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0 1 set of all finite binary strings

0 1 1 all primarystringsthat end with 1
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all binary strings with consecutive ones

same

Automaton regular expression e.g
0 1 051101 10 1M α

L M α
language represented

by α precedence

1
If A is a regular language then does there exist a regular

expression α such that A L α



Any computation is identifying a language

these three are universal operations other operations like intersection

complementation can be implemented usingthese

there's no non regular expression Regular expression single

entity

Given a regular expression α show that L x is regular
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Now we need to prove that regular expressions are closed under

the 3 fundamental operations

2 101 k 0

tot a regular
language
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p.gg languages Regular expressions

set of languages set of languages
accepted by finite recognized by
automata A regular expressions

Claim 1 A B

claim 2 B A

last class
is reg exp

840,13
Proof of claim 2
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Claim 3 If L1 and L2 are regular languages

theirs U L2 is regular L Σ
alwaysdefined
in relationto
alphabet

Proof Let Mi be a finite automata recognizing Li i 1.23

Me Q1 Σ 81 S1 F1

Mr Q2 Σ 82 S2 Fr

Create Ms that runs Ms and Mc parallelly

Ms Q3 Σ 83 S1 S2 Fs
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Fs Fix Q2 U Q F If alphabets
are different

addbasecasef
to reject exceptional

symplifor
each



CollecessfMs L Ms La u La prove by induction on
the length of Ms

Take se E L Ms then T n e L Ms N E LOL

RE La or R E LMs

Use 8

Fs F F intersection of regular languages

ompleme hg.it L 2
1Lregea

languages are closed under
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Claims If he and are regular then Ls 22 is

regular
Mr
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At each step
11 novelasubsetfstaes you havemany

options to take

including

Eating.tn Ei n
s

moving to a state
without reading an input

non
detpmigttme.am
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ab

A
90

non deterministic

16 choices

9.92T
Tepathof IE
the computation hasdied 92 93



Mi accepts ab Ea as a

ae b ab a e be

E a Eb E

aa

a why not
E transitions
are helpful in
constructing automata

not necessary

for non DFA

aa rejected
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bydef powerset
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DFA I NFA

NFA seems to
languages accepted by DFA have more power
can be accepted nFA than DRA but

it does not

later nFA equivalent DFA

theF.LetAbealanguagerecz
byaNFAM.ThenAisregular.Proof

to do


