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Lecture 11
Regular Expressions and Non-regular Languages



Recap
Regular Languages



Closure



Regular Expressions



Regular Expressions



Today

• NFA  Regular Expressions (!!!!)


• Non-regular languages (!!!!)

⟺



Equivalence of NFAs and Regular Expressions
Regex -> NFA



Equivalence of NFAs and Regular Expressions
NFA -> Regular Expression



Equivalence of NFAs and Regular Expressions
NFA -> Regular Expression



Sketch of Formal Proof





Regular Languages



Showing a language is regular

• Find either a DFA, NFA, or Regular Expression for the language!


•



How to choose





Non-Regular Languages

• Are all languages regular?



Key Intuition

• Regular  Computable with “finite memory”⟺



Example

• Let . Claim:  is not regular


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

X = {anbn : n ∈ ℕ} X



Proof



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!

x y w
xw yw

→

X



Distinguishable



Myhill-Nerode Theorem



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 . 

A
S ⊂ Σ* S

A



Example
Showing  is not regular using the Myhill-Nerode Theorem.X


