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Today's learning goals Sipser Ch 1

• Review notation and terminology associated with strings, 

languages, machines

• Connect definitions, theorems, and constructions relating

• DFA recognizable languages

• NFA recognizable languages

• Languages described by regular expressions

• Languages resulting from applying regular operations

• Recognize and prove when sets are not regular



Reminders
• Exam 1

• Wednesday (tomorrow) April 20 evening 

• 8pm-9:50pm

• SOLIS 107 (seating chart on Ted)

• One (double-sided) handwritten 3" by 5" index card for notes

• photo ID

• Lots of office hours on Wednesday – check Google calendar



Pumping
• Focus on computation path through DFA

Idea: if one long string is accepted,

then many other strings have to be accepted too



Pumping Lemma Sipser p. 78 Theorem 1.70

# states in DFA 

recognizing A

Transition labels 

along loop



Key ingredients when using PL
Claim: Language L is not regular.

Proof: Assume, towards a contradiction, that L is regular.

By the Pumping Lemma, there is a pumping length p for L.

Consider the string s = …… You must pick s carefully: we want 
|s|≥p and s in L. *Confirm these facts as part of your proof*

Now we will prove a contradiction with the statement "s can be pumped"

Consider an arbitrary choice of x,y,z such that s = xyz, |y|>0, 
|xy|≤p.  This means that...What properties are guaranteed about x,y,z?

Consider i=… In this case, xyiz = …, which is not in L, a 
contradiction with the Pumping Lemma applying to L and so L is 
not regular.



Using the Pumping Lemma
Claim: The set L = {0n1n | n ≥ 0} is not regular.

In proof, we used s = 0p1p and i=0

Claim: The set {anbman | m,n≥ 0} is not regular.

In proof, we used s = apbap and i=3



And another
Claim: The set {w wR | w is a string over {0,1} } is not regular.

Proof: …Consider the string s = ……

You must pick s carefully: we want |s|≥p and s in L. Now we will 

prove a contradiction with the statement "s can be pumped" Consider i=… 

Which s and i let us complete the proof?

A. s = 0p0p, i=2  B. s = 0110, i=0  C. s = 0p110p, i=1  D. s = 1p001p, i=3

E. I don't know



How do we choose i?
Claim: The set {0i1j | i,j ≥ 0 and i ≥ j } is not regular.

Proof: …Consider the string s = ……

You must pick s carefully: we want |s|≥p and s in L. Now we will 

prove a contradiction with the statement "s can be pumped" Consider i=… 

Which s and i let us complete the proof?

A. s = 0p1p, i=2  B. s = 0p1p, i=p C. s = 0p1p, i=1 D. s = 0p1p, i=0

E. I don't know



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

How many different ways can we find to prove that this 

language is regular?

Method 1: Build a DFA over {0,1} which recognizes L.



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

How many different ways can we find to prove that this 

language is regular?

Method 2: Build a regular expression which describes L



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

means

"every 0 is followed immediately by a 1"

Which of the following regular expressions describe this language?

A. 01* B. (0 U 1)21  C. (1 U 01)* D. None of the above

E. I don't know



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

How many different ways can we find to prove that this 

language is regular?

Method 3: Construct NFA from regular expression

(1 U 01) (1 U 01)*



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

How many different ways can we find to prove that this 

language is regular?

Method 3: Construct NFA from regular expression

(1 U 01) (1 U 01)*

What’s the deterministic version of this machine?



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

How many different ways can we find to prove that this 
language is regular?

Method 4: Use closure of class of regular languages under 
concatenation and complementation

• WTS {w in {0,1}* | 00 is a substring of w} is regular

• WTS {1} is regular



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

How many different ways can we find to prove that this 

language is regular?

Method 5: Prove new closure property for class of regular 

languages



A big example
L = { w in {0,1}* | 00 is not a substring of w and w ends in 1}

Method 5: Prove new closure property for class of regular 

languages

Claim: The regular languages over the alphabet {0, 1} are 

closed under suffixing the symbol 1. That is, given a regular 

language L over {0, 1}, La = { ra | r is in  L } is also regular.



A big example
Claim: The regular languages over the alphabet {0, 1} are closed under 

suffixing the symbol 1. That is, given a regular language L over {0, 1}, 

La = { ra | r is in  L } is also regular.

Construction: Given M = (Q, {0,1}, δ, q0, F) recognizing L, define NFA 

M'=(Q U {new}, {0,1}, δ', q0, ??) and 
What is F'?

A. F

B. F U {new}

C. Q'

D. {new}

E. I don't know



A big example
Claim: The regular languages over the alphabet {0, 1} are closed under 

suffixing the symbol 1. That is, given a regular language L over {0, 1}, 

La = { ra | r is in  L } is also regular.

Construction: Given M = (Q, {0,1}, δ, q0, F) recognizing L, define NFA 

M'=(Q U {new}, {0,1}, δ', q0, ??) and 

Proof of correctness?



Another closure proof example
Claim: The regular languages over the alphabet ∑ are 

closed under reversal. That is, given a regular language L 

over ∑, the set { 𝑎𝑛…𝑎1| 𝑎1…𝑎𝑛 is in L } is also regular.



To prepare for tomorrow
• Review notes and definitions: create index card

• Work problems yourself, using only index card

• Review solutions; read others' solutions; compare and 

critique

• Sleep, eat, exercise

• Find assigned seat, organize ID card


