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Lecture 11
Regular Expressions and Non-regular Languages
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Regular Expressions

Base case

inductive steps



if A It is a language

A AA.j.am
a a an airmanet

A Ai a ae a e A



Today

• NFA  Regular Expressions (!!!!)


• Non-regular languages (!!!!)
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Equivalence of NFAs and Regular Expressions
Regex -> NFA
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Equivalence of NFAs and Regular Expressions
NFA -> Regular Expression
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Equivalence of NFAs and Regular Expressions
NFA -> Regular Expression
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Sketch of Formal Proof
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Regular Languages



Showing a language is regular

• Find either a DFA, NFA, or Regular Expression for the language!
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How to choose
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Alteratively decompose the language
into

simpler languages
and use closure properties

Finally if the language is finite its automatically

regular in HW





Non-Regular Languages

• Are all languages regular?
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Key Intuition

• Regular  Computable with “finite memory”⟺
for regular languages finite

DFA
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Example

• Let . Claim:  is not regular


• Why is this the case, using the intuition from the previous slide?

X = {anbn : n ∈ ℕ} X
2 a b
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Proof arb new

By contradiction suppose 1 is aDFAfox.Suppose1has
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E
48

ftp.P
7gi.ais.t.aiadai

end up the

suppose Inowreadbifromq The
a bEXso I

shouldreachonaccept
state

butthismeans lalsoaccepta
bigantya.de

ton



Same State, Same Fate

• If two strings  and  reached the same state, then no matter what string  
comes after,  and  will end up in the same state and hence will both be 
accepted or both be rejected


• Equivalently, different fates  different states


•  has infinitely many strings that have different fates, hence, there must be 
infinitely many states!
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Distinguishable
two strings x y 3 are distinguishable
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Myhill-Nerode Theorem S canbeany
subsetof

strings
Common

misconception
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Proof Bycontradiction suppose M is aDFAforA
let Q bethe stof states ofM
let f S Q be a mapping ofstrings in
S to the states theyend up in S is infinite

Q is finite By PP x yes my st fbi fly
letscall fbi fly g Then x andy are indistinguishat

relative toA which is a contradiation b c



Using the Myhill-Nerode Theorem

• By the Myhill-Nerode Theorem, to show a language  is not regular, it suffices 
to find a set  such that  is infinite, and pairwise distinguishable 
relative to . 
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Example
Showing  is not regular using the Myhill-Nerode Theorem.X

X anb new

By MyhillNerodeTheorem it
suffices tofind SE st S is

infinite pairedistnguishable.ClaimjS fai.ie

S is infinite since Scontainsone stringforeachnatural
number

Sis pairwise distinguishable Let isyes s.t.x ty.WS x y are
distinguishable Suppose x ai y as st i j The weclaimthatbi
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