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Today's learning goals Sipser Ch 1.1

•Design finite automata which accept a given 
language

•General Properties of Regular Languages
•Operations on languages
•Closure properties



•Alphabet: nonempty finite set of symbols
•String over an alphabet: finite sequence of symbols
•Language over an alphabet: some set of strings

•DFA over an alphabet: deterministic finite automaton
• Input: finite string over a fixed alphabet
• Output: "accept" or "reject"
• L(M) = {w | M accepts w}

•Regular language 
language that is L(M) for some DFA M

Recall terminology

Start state
(triangle/arrow)

Accept state
(double circle)



Building DFA
Typical questions
e.g. HW2 Q1c, Q2

Define a DFA which recognizes the given language 
L.

or

Prove that the (given) language L is regular.



Building DFA
Example
Define a DFA which recognizes

{ w | w has at least 2 a’s }



Building DFA
Example
Define a DFA which recognizes

{ w | w has at most 2 a’s }



Building DFA
Remember

States are our only (computer) memory.

Design ans pick states with specific roles / tasks in 
mind.

“Have not see any of desired pattern yet”
“Trap state”



Regular languages: general facts
Is there an infinite regular language?

A. No: all regular languages have to be finite.
B. Yes: all regular sets are infinite.
C. Yes: all infinite sets of strings over an alphabet are 

regular.
D. Yes: some infinite sets of strings over each 

alphabet are regular and some are not.
E. I don't know.



Regular languages: general facts
Is every finite language regular?

A. No: some finite languages are regular, and some 
are not.

B. No: there are no finite regular languages.
C. Yes: every finite language is regular.
D. I don't know.



Regular languages: general facts
True/ False: each DFA recognizes a unique language. 
I.e. if two DFA are different (different number of states 
or different initial state, or different transition function, 
etc.) then they recognize different languages.

A. True can you prove it?
B. False can you prove it?
C. I don't know.



The regular operations Sipser Def 1.23 p. 
44

For A, B languages over same alphabet, define:

These are operations on sets of 
strings!

These are operations on sets of 
strings!



Closure of … under …
•Z under addition.
•Set of even ints under multiplication.
•{0}* under concatenation.

Which of these is true? 

A. The set of odd integers is closed under addition.
B. The set of positive integers is closed under 

subtraction.
C. The set of rational numbers is closed under 

multiplication.
D. The set of real numbers is closed under division.
E. I don't know.



Complementation
Claim: 
If A is a regular language, then so is its complement A

Same as: 
If A=L(M) for some DFA M, then A=L(M’) for some 
(possibly different) DFA M’

Proof Strategy: Show that any DFA M can be 
transformed into a DFA M’ such that L(M’) = L(M)



For next time
Homework 1 due tonight!

• Set up course tools: Gradescope, Piazza, JFLAP, ieng6

Next Time:
Class of regular languages is closed under 
complement, union, intersection, and several other 
operations. 
It is also closed under concatenation and Kleene 
star, but harder to prove (next week.)
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