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Lecture 10
Regular Languages



Review
DFAs



Review
NFAs



Regular Languages

• A language  is regular if and only if there exists some DFA , such 
that 

A ⊆ Σ* M
L(M) = A



Complement

• Claim. If  is regular, then so is A A



Union

• Claim. If  are regular, then so is A, B A ∪ B



Closure
If  are regular, then so are…A, B
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A ∩ B
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An

A*



Concatenation: AB



Equivalence of NFAs and DFAs





Regular Languages



AB



An



A*



Regular Expressions

• Fix an alphabet . Then , the set of regular expressions over the alphabet  is defined 
recursively/inductively as follows.


• Base cases: 


• Functions:


• 


• 


• 


•  is the set generated by  from the base cases . 

Σ RΣ Σ

B = Σ ∪ {∅, ϵ}

f1(R) = (R*)

f2(R, S) = (RS)

f3(R, S) = (R |S)

RΣ {f1, f2, f3} B



Precedence

• * then concatenation then |



Language of a Regular Expression



Examples



Shorthand



More Examples



Equivalence of NFAs and Regex



Regex ⟹ NFA



Regular Languages

• The following are equivalent


•  is regular


• There exists a DFA  such that 


• There exists a NFA  such that 


• There exists a regular expression  such that 

A

M L(M) = A

N L(N) = A

R L(R) = A




