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First Name   

Id. Num   
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                               QUIZ I                         Duration: 60 M inutes  
Problem Grade Your Grade 

1 20  
2 20  
3  20  
4  10  
5  10  
6  15  
7  15  

 
Total 

 
110 

 
 

 
Instructions 
Write your name, Id number, and your major in the space provided above.  

THE EXAM IS CLOSED BOOK, CLOSED NOTES, & “CLOSED NEIGHBOR”!! 
Your answers must be presented on the question sheet itself.  Your handwriting should be 
readable so it can be graded. Use the provided space for your answers.  If the space is not 
enough, then most probably you are writing more than what is expected.  In case you need 
more space, put an Òexplicit pointerÓ to where your answer is written or continued (e.g. draw 
an arrow, or say back of page or both !!!É)  

There are 7 problems altogether and 7 pages (besides this front page).  You may use the back 
of the sheets for scratch work.   

DO NOT CUT OFF ANY PAGE !! 
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Problem 1.(20 Points) True or False questions. Circle T or F  [ Not Both ]   If True prove the statement.  If 
false give a counter example. 

. 
 
a. (10) If AoB is regular, then A must be regular.  

 

 
T 

 
F 

 
FALSE:  

Let A ={0n1n : n ! 0 } 
B = !  

 
 
 
 
 
 
 
 
 
 

 
b. (10) Let !  = {0,1}.  Let B = {0nu0n : u " ! *, n ! 0 }.  Then B =   ! *  

 

 
T 

 
F 

 
TRUE: 

Obviously B is a subset of ! !  
Let u ! ! !  and let n = 0. So 0nu0n = u ! !    
 

 
! ! ! !  
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Problem 2   (20 Points)   
Let !  = {0,1}, and consider the following language: 

 A = { 1 y | y" ! * and y contains at least one 1 } 
i.e. A is the set of strings that start with a 1, and contain at least one other 1. 

 
a. (3) List the first 6 strings of A in shortlex order (string order) 

 
 
{1, 11, 101, 110, 111, 1001, 1010} 
 

b. (6) Show that A is regular by giving the state diagram of a NFA, with as small a number of states 
as possible, that recognizes A.  

 
 

 
 
 
 
 

c. (6) Give the state diagram of a DFA, with as small a number of states as possible, that recognizes A.  
Briefly explain. 
 
 

 
 
 
 
 
 
 

d. (5) Give as simple a regular expression as possible that describes A 
 
 
10*1! !  
 
 

1 1

0,10

1 1

0,10

0

0,1
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Problem 3   (20 Points)   
This problem relates to the Òconcatenation constructionÓ and the Òequivalence constructionÓ for constructing 
the equ9valent DFA to a given NFA.  Let !  = {0,1}, and consider the following languages: 

EVEN = { w" ! *  | w has an even number of 0Õs} 
ODD =   { w" ! *  | w has an odd number of 0Õs} 

 
    
      1       1                  1      1   
  0             0        
        
          
  0            0    
 

a. (5) What is the state diagram of the NFA for EVENoODD according to the Òconcatenation 
constructionÓ? 
 
 
    
      1       1                  1      1   
  0             0        
        
          
  0            0   
 
 
 
    !  
 
 
 
 

b. (5) What will be the DFA that is equivalent to the NFA of part (b) according to the equivalence 
construction, where, starting with the start state, only states reachable from the start state are 
considered. (Should be very simple). 

 
    
                               1      1   
               0        
       
         
              0    
 
 
 
 
 

c. (3) What is EVENoODD as a language?     
 

EVENoODD = ODD  
  

q
3 

q4 

 

q
1 

q2 

 

q
3 

q4 

 

q
1 

q2 

 

 
q
1, 

 



Page | 4 
 

Problem 4 (10 Points)  
This problem relates to the proof we did to show that every regular language can be represented 
by a regular expression.  Consider the DFA M whose state diagram is   
 

M          0   1 
      

1 0 
                       

           0, 1 
             
 
a. (4) Give the state diagram of a 5-state GNFA that is equivalent to the given DFA 

above.   

 
 
 
 
 
b. (6) Give the state diagram of a 4-state GNFA that is equivalent to the GNFA in (a) 

obtained by eliminating q2, 

 
 

 
 

 
 
 
 
 
 
 
 

S q1
1

0

a

!
q2

1

q3

!

0

0U1

S q1
11*0

0

a

!
q2

(0U1)*10

11* (0U1)1*

q
1 

q
2 

2 

q3 
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Problem 5 (10 Points) 
Recall that the pumping lemma is: 
Pumping lemma. Let A be a regular language.  Then there is a number p > 0 (pumping 
length), such that for any s in A of length at least p (i.e. s" A, and |s|# p), s can be divided into 
three pieces, s = xyz such that: 

1. xyiz " A, for each i # 0, 
2.  |y| > 0; i.e. y $ %, and 
3.  |xy| & p. 

 
Here we are going to illustrate the proof of the pumping lemma, as we trace the computation 
of M on the string s = 100101.  Consider M to be:   
M          0   1 
      

1 0 
                       

           0, 1 
 

Complete the following: 
 
a. (2) The pumping length is 3, because M has 3 states 
 
 
 
b. (3)   The computation of M on s = 100101, goes through the following computation - sequence of 

states:   (fill out the sequence of states by indicating the subscript.) 
 
 

   q1 
1

 q 
0

        q 
         0

       q         
1

      q    
0

        q 
         1

       q 
 
 
c. (5)  So s =  x y z    where x = __11__, y = ____00_____, and z = ____101______ 
 

 
 

  

q
1 

q
2 

2 

q3 
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Problem 6 (15 Points) 
Let  !  = {0,1}, and consider the language C = {0m 1n  : m < n }.  (less 0Õs than 1Õs)  
 

a. In an attempt to show that C is not regular using the pumping lemma, the ÒproofÓ starts as 
follows: ÒAssume, that C is regular and let p>0 be the pumping length. Let s=0p+1 1p . Then |s| = 
2p+1 > p. So s may be decomposed as s=xyz, ectÉÓ This cannot lead to a proof. Why not? 
 
S ! !  

 
b. Prove that C is not regular using the pumping lemma 

 
 
 

! ! ! ! ! ! ! ! !
! ! ! !   !!!!!!! ! ! ! ! !
!""# ! ! ! ! ! ! ! ! ! !
! ! !! ! ! ! ! !
!" !!""# ! !  
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Problem 7 (15 Points) 
Let  !  = {0,1}, and suppose that A is a regular language.  Define 

 A-2 = { u | For some a, b " !  ,  abu"  A}  
(i.e. A-2  is obtained from A, by taking every string in A and removing its first 2 characters.) 
Show that A-2  is regular. 
 
IDEA: 
Skip 2 steps: 
Have a new start state with ! transitions to my state q & is reachable from the old start state in 

two steps from the DFA. 
 
SKETCH: 
Go from: 

 
 
To:  

 
 
Let ! ! ! ! ! ! !! !! ! ! ! ! ! ! ! ! ! !! !! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
 ! ! ! !! ! ! ! ! !  
 ! ! = !  
 ! ! ! ! ! ! ! !𝐾! !!!   ! ! !! ! ! ! ! ! ! ! !!!! ! !  
 ! ! ! ! ! ! ! !!" !! = ! !  𝐸𝐿𝑆𝐸!! ! ! ! ! ! ! ∈ ! ! ! ! !  

S q1 q2

q1 q2

S

!


