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DISCLAIMER



PREFACE 

 

Alhamdulillah praise to be Allah S.W.T, with His grace and mercy; peace and blessing upon 

Prophet Muhammad P.B.U.H. his family and companions; this workbook has been 

completed. 

 

The content of this workbook has been designs to meet the syllabus requirements of 

polytechnics so that students can make use out of it. The process of completing the workbook 

smooths along the way since we were experienced in teaching and learning of this course for 

several years 

 

This workbook caries synopsis notes and exercises from 5 chapter. Every chapters introduces 

a synopsis of notes and is augmented by details worked examples that lead on to the 

questions for the exercises attached in the end of the section. 

 

We hope to see this workbook as a catalyst to attracted interest students to go on learning 

more related advanced material such as Discrete Mathematics and Its Applications course. 
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𝐍 = the set of positive integers : 1, 2, 3, ….

𝐙 = the set of integers : ….., -2, -1, 0, 1, 2, …..

𝐐 = the set of rational numbers

𝐑 = the set of real numbers

𝐂 = the set of complex numbers

EQUAL SETS 

 

 

SPECIAL SYMBOLS FOR SETS 

 

 

The set are equal if and only if their number of elements and the member of elements 

are exactly same. 

Example of equal sets: A = {5,6,7}, B = {7,5,6}, C = {5,5,6,6,7,7} 

 

𝑨 ∪ 𝑩 𝑨 ∩ 𝑩 𝑨 − 𝑩 

 

 

 

 

 

 

𝑨′ 

OPERATION ON SETS 

 

 

 

 

 

 

𝑨⨁𝑩 
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RELATION REPRESENTATION 

 

 
GRAPHICALLY/ ARROW DIAGRAM 

Example:  

R= {(1, 1), (2, 4), (3, 9), (4, 16), (5, 25)} 

 

 

 

 

 

 

DIGRAPH (DIRECTED GRAPH) 

Example:  

R= {(1,2), (1,3), (1,4), (2,3), (2,4), (3,4)} 

 

 

 

 

 

 

MATRICES 

Example:  

Suppose that A = {1,2,3} and B = {1,2}. R= {(2, 1), (3,1), (3,2)} 

In matrix form; 

𝑴𝑹 = [
𝟎 𝟎
𝟏 𝟎
𝟏 𝟏

] 
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*A relation on a set A is called an equivalence relation if it is reflexive, symmetric and 

transitive. 

 

 

 

 

 

 

 

 

Example 1: 

 

 

 

 

 

 

 

 

 

 

 

 

REFLEXIVE

SYMMETRIC

TRANSITIVE

PROPERTIES OF RELATIONS  

 

 

IMPORTANT TERMS USED IN FUNCTIONS 

 

 
• The element in set A is called the domain 

• The element in set B is called codomain 

• Unique element of B which is assign to A is called image / range. 

 

•  

 

 

 

 

 

 

 

Domain = {a, b, c, d} 

Codomain = {r, s, t, u} 

Range/Image = {r, s, u} 
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Example 2: 

    

  Determine whether the function f from {a, b, c, d} to {1, 2, 3, 4, 5} with f(a) = 4, f(b) = 5, 

   f(c) = 1 and f(d) = 3 is one-to-one. 

 

  Solution: The function f is one-to-one. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

ONE-TO-ONE FUNCTIONS 

 

 

a 

b 

c 

d 

1 

2 

3 

4 

5 

A 
B 

ONTO FUNCTION 
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1. List the elements of the following sets; here 𝑁 = {1,  2,  3 … }. 

a) 𝐴 = {𝑥 : 𝑥 ∈ 𝑁,  3 < 𝑥 < 10} 

 

b) 𝐵 = {𝑥 : 𝑥 ∈ 𝑁,  𝑥 𝑖𝑠 𝑒𝑣𝑒𝑛,  𝑥 < 15} 

 

 

c) 𝐶 = {𝑥 : 𝑥 ∈ 𝑁,  4 + 𝑥 = 7} 

 

d) 𝐷 =  {𝑥 ∶  𝑥 ∈  𝑁, 𝑥 𝑖𝑠 𝑜𝑑𝑑 𝑛𝑢𝑚𝑏𝑒𝑟, 𝑥 <  20 } 

 

e) E = {𝑥 ∶ 𝑥 ∈ 𝑁, 𝑥 is a factor of 20, 𝑥 ≤ 20  } 

  

2. Given the universal set)  𝑈 = {𝑥 : 15 ≤ 𝑥 ≤ 26,  𝑥 𝑖𝑠 𝑎𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟}, 

𝑀 = {𝑥 : 𝑥 𝑖𝑠 𝑎 𝑝𝑟𝑖𝑚𝑒 𝑛𝑢𝑚𝑏𝑒𝑟}; 

𝑁 = {𝑥 : 𝑥 𝑖𝑠 𝑎 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑜𝑓 3}; 

𝑂 = {𝑥: 𝑥 𝑖𝑠 𝑎𝑛 𝑒𝑣𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟} 

a) List the elements of set M, N and O. 

 

 

b) List the elements of set  𝑁′ and 𝑂′ . 

 

 

c) State the value of n (N’) and n (O’). 

 

   

  

EXERCISE 1A 
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3. List the element of the following sets: 

a) {x: x  N, 5 < x < 12}, where N = {1, 2, 3…} 

 

b) {x: x  N, x is even, x < 15}, where N = {1, 2, 3…} 

 

 

c) {x: x  N, 10 < x < 35, x with sum of digits less than 6} where N = {1, 2, 3…} 

  

4. Given that the universal set . 

𝜉 = {x : x is an integer, 1 ≤ x ≤ 10} 

P = {x : x is an odd number} 

Q = {x : x is a factor of 12} 

 

a) List the element of set P and set Q 

 

 

b) State the value of n(P) and n(Q) 

 

 

 

 

5. List all the elements of the following sets: 

a) A= {x: x is a letter in the word MATHEMATICS} 

 

 

b)  B= {x: x is a month of a year not having 31 days} 

 

 

c)   C= {x: x is a letter before e in the English alphabet} 

 

 

d) D= {x: x is a vowel in the word “EQUATION”} 
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6. Determine whether each pair of sets is equal 

a) {1, 2, 2, 4}, {1, 2, 4} 

 

b) {1, 1, 3}, {3, 3, 1} 

 

c) {𝑥 | 𝑥2 + 𝑥 = 2} , {1, -1} 

 

d) {𝑥 |𝑥 ∈ R and 0 < 𝑥 ≤ 2} , {1, 2} 

 

 

 

 

 

1. Consider the following sets: 

                Ø  ,   𝐴 = {1}  ,   𝐵 = {1,  3}  ,   𝐶 = {1,  5,  9}  ,   𝐷 = {1,  2,  3,  4,  5}  ,    

                𝐸 = {1,  3,  5,  7,  9}  ,   𝑈 = {1,  2,  … … ,  8,  9} 

 Insert the correct symbol ⊆ or ⊈ between each pair of set. 

 a)  Ø ,  𝐴                b)  𝐴 ,  𝐵                    c)  𝐵 ,  𝐶                      d)  𝐵 ,  𝐸 

 

  e)  𝐶 ,  𝐷                f)  𝐶 ,  𝐸                    g)  𝐷 ,  𝐸                      h)  𝐷 ,  𝑈 

 

2. Use a Venn Diagram to illustrate the relationship 

a) 𝐴 ⊆ 𝐵 and 𝐵 ⊆ 𝐶. 

  

 

 

 

 

 

EXERCISE B 
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b)  𝐴 ⊆ 𝐷 and D⊆ 𝑈 

 

 

 

 

 

 

 

3. The universal set,  

U = {x: 10 < x < 35, x is an integer}, 

F = {x: x is a prime number}, 

G = {x: x is a multiple of 3} 

H = {x: x < 20}. 

a) List all the elements of set F, G and H. 

 

 

b) Draw the Venn diagram to represent all elements of F ∪ G ∪ H in the universal set. 

 

  

  

c) Find n(F ∩ H) 
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1. Given 𝐴 = {1,  2,  3,  4,  5} , 𝐵 = {4,  5,  6,  7} , 𝐶 = {5,  6,  7,  8,  9} ,  

                 𝐷 = {1,  3,  5,  7,  9} , 𝐸 = {2,  4,  6,  8},  𝐹 = {1,  5,  9}.    

    Find: 

a) 𝐴 ∪ 𝐵   

   

b)  𝐵 ∩ 𝐷        

 

           

c) 𝐷 ∩ 𝐸   

 

               

d) 𝐹\𝐴 

 

  

e)  𝐶 ∪ 𝐹   

  

     

f)  𝐸 − 𝐵   

 

         

g)  𝐷\𝐴 

 

 

h) B⊕𝐶    

 

2. Let 𝐴 = {𝑎,  𝑏,  𝑐,  𝑑,  𝑒} and 𝐵 = {𝑎,  𝑏,  𝑐,  𝑑, 𝑒,  𝑓, 𝑔,  ℎ}. Find: 

     a) 𝐴 ∪ 𝐵 

     b)  𝐴 ∩ 𝐵 

     c) 𝐴 − 𝐵 

     d)  𝐵 ⊕ 𝐴 

EXERCISE C 
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3.  Given U = {1,2,3,4,5,6,7,8,9},  𝐴 = {2,4,6,8}, 𝐵 = {1,3,4,5,7},  𝐶 = {7,8} 

a)  A ∩ B 

b)  B′ 

c)  A′ ∪ B′ 

d)  n(A − B) 

e)  (A − C)′ 

f)  (A ∩ C) ∩ (A ∪ B) 

4. Given A={x:x is an integer and-3≤x<7) and  B={x:x is a natural number less than 6) 

a) List all the elements of the set A and B 

 

b) Find A⨁B 
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1. What are the ordered pairs in the relation R represented by the directed graph shown 

below? 

 

 

 

 

  

 

2. Draw a directed graph (Digraph) for the relation 

a)  R = { (1,1), (1,3), (2,1), (2,3), (2,4), (3,1), (3,2), (4,1)} on the set {1, 2, 3, 4} 

 

  

 

 

 

 

b)   R = {(a,b), (a,a), (b,b), (b,c), (c,c), (c,b), (c,a)} on the set {a, b, c} 

 

 

  

 

 

3. List and display all the relation graphically the ordered pairs in the relation R from A = {0, 1, 

2, 3, 4} to B = {0, 1, 2, 3} where (a, b)  R if and only if 

a) a = b 

 

 

 

EXERCISE D 
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b) a + b = 4 

 

 

 

c) a > b 

 

 

 

d) a divides b (a | b) (*it means b / a) 

 

  

State the domain and range for all the questions above. 

 

 

a)  

 

 

1. Consider the relation on the set { 1, 2, 3, 4, 5}:R = { (1,1), (1,3), (1,5), (2,2), (2,4), (3,1), 

(3,3), (3,5), (4,2), (4,4), (5,1), (5,3), (5,5) }, determine whether the relation R is reflexive, 

symmetric or transitive. Explain your answer. 

 

 

 

 

  

 

 

 

  

 

 

EXERCISE E 
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2. Let M = {0, 1, 2,3} and defined relation R = {(0,1), (0,3), (1,0), (1,1), (2,3), (3,0), (3,2), 

(3,3)} 

a) Represent the relation R using directed graph 

 

  

 

 

 

b) Determine whether the relation R is reflexive, symmetric or transitive. Explain your 

answer. 

 

 

 

  

 

 

 

 

 

3. Given those three relations on set A = {1,2,3,4}: 

 R = {(1,1),(1,2),(1,4),(2,1),(2,2),(3,3),(4,1),(4,4)} 

 S = {(1,1),(1,3),(1,4),(3,4)} 

 T = {(1,2),(2,2),(2,3)} 

a) Determine which relations are reflexive. Give your reason. 

 

 

b) Determine which relations are not symmetrical. Explain your answer. 

 

 

c) Give a reason why S is transitive. 
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4. Given A = {1,2,34}, B = {1,4,6,8,9} where element a is in A is related to element b in B, if 

and only if b = a2  

a) List the element of the relation 

  

 

b) Draw the directed graph for the relation 

 

  

 

 

 

c) Determine whether the relation is reflexive or not. 

 

  

 

d) Is the relation symmetric? Explain your answer. 

 

  

  

 

 

 

 

1. Given that 𝑓(𝑥) = 3𝑥 + 𝑥2, 𝑔(𝑥) =
𝑥

2
− 4 and ℎ(𝑥) = 𝑥 − 5. Determine,  

a) fh(x) 

 

b) gh(2) 

 

c) h2(6) 

  

EXERCISE F 
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2. Given 𝑓(𝑥) = 4𝑥 − 1 and 𝑔(𝑥) = 𝑥2 + 3, find 

a) fg(−3) 

 

 

b) The value of x when f 2(x) = 7 

 

 

 

3.  Given that f(x)= 2x+x² and g(x)= 1 –
𝑥

4
 

a) f(3) 

 

 

 

b) fg(– 4) 

 

4. Let f and g be functions from the positive integers to the positive integers defined by 

equations f(n) = 2n + 1, g(n) = 3n – 1 . Find the compositions f ∘ f , g ∘ g , f ∘ g , and g ∘ f. 

 

 

  

5. The function f and the composite function gf are defined as follows. Find the function g. 

a) f(x) = x + 1,  gf(x) =
3

x−2
, x ≠ 2 

 

 

 

b) f(x) = 3x + 2,  gf(x) = 9x2 + 9x + 2 

 

 

6. Given the functions 𝑓(𝑥) = 3𝑥 + 7  and 𝑓𝑔(𝑥) = 22 − 3𝑥,  find 𝑔𝑓(𝑥). 
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a)  

 

1. Given g = {(1,b), (2,c), (3,a)}, a function from X = {1, 2, 3} to Y = {a, b, c, d} and  

f = {(a,x), (b,x), (c,z), (d,w)}, a function from Y to Z = {w, x, y, z}, write f ∘ g  as a set   of 

ordered  pairs and draw the arrow diagram of f ∘ g.   

 

 

2. Given that the function f(x) = 4x + 1, find a formula for 𝑓−1(𝑥). 

 

 

 

3. Given that the functions g(x) = x – 2 and f (g(x)) = x² – 4x + 8. Find:  

a) g (8)  

 

 

b) The values of x if f (g(x)) = 13  

 

 

 

c) The function f  

 

 

 

d) g ⁻¹(-1) 

 

 

4. Let  𝑓(𝑥)= 2𝑥+1 and 𝑔(𝑥) =3𝑥² – 4. Find:  

a) (𝑓∘𝑔)(𝑥) 

 

 

b) (𝑔∘𝑓)(−2) 

 

 

c) 𝑓 ⁻¹(𝑥) 

 

 

 

EXERCISE G 
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5. The function f and g are defined by 𝑓:⟼3𝑥, 𝑔(𝑥)↦𝑥+2 

a) Find an expression for (𝑔∘𝑓)(𝑥) 

 

 

  

 

 

 

b) Show that 𝑓 ⁻¹(18)+ 𝑔 ⁻¹(18)=22 

 

 

  

 

 

 

6. The information below defines the functions ℎ and 𝑔 

 

 

 

 

 

  Find 𝑔ℎ−1(𝑥) 
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a)  

 
 

 

1. Given 𝜉 = 𝑃 ∪ 𝑄 ∪ 𝑅 where  

} 103:{ = xx  

number} prime a is :{ xxP =  

            𝑃 ∪ 𝑄 = {𝑥 : 𝑥  is an odd number}  and  𝑃 ⊂ 𝑄 
 

a) list the elements of: 
 

i) set Q          
 
 
  

ii)  set PQ'   

 
 
 

         
b) find )'( QPn    

 

      
 

 

2. Given the universal set U = {a, b, c, d, e, f, g, h}, set R = {a, b, c, d, e, f}, set S = {c, d, e} and 
   set T = {f, g, h}. 

 
a) Construct a Venn diagram illustrating the sets. 

  

 

 

     

b) What is the relation between set R and set S? 

  

    

c) Give the element for S’ U T. 

  

 

d)  Find n(R∩T’). 

           

 

ADDITIONAL EXERCISE 
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3. Given that the functions g(x) = x – 2 and fg(x) = x 2-4 x +32. Find 
       

a) The values of x if g(x) = 20  

 

 

 

 

  

 

 

 

b) The function f 

 

  

  

 

 

 

 

 

 

  

c) g-1(6)  
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4. Given the function 𝑓(𝑥) = 6𝑥 + 4 and 𝑔(𝑥) = 2𝑥2 + 3𝑥. 

a) Calculate 𝑓(4). 

   

 

 

b) Determine 𝑓𝑔(𝑥) and 𝑔𝑓(𝑥). 

 

   

 

 

c) Determine 𝑓−1(5). 

 

 

                

     

 
 

5. Let 𝐴 = {𝑎, 𝑏, 𝑐, 𝑑} and 𝐵 = {1,3,5}.Given that the function 𝑓 = {(𝑎, 1), (𝑏, 3), (𝑐, 5), (𝑑, 5)}. 
 

a) Sketch the arrow diagram of the function f. 
 

 

 

 

 

 

 

b) State whether the function f is one to one or onto function. 
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6. Given the function 𝑓(𝑥) = 𝑥 − 5  and 𝑔(𝑥) = 3𝑥2 − 2. Determine: 
 

a) The value of g(2)      
  

 

 

 

  

  

                                       

b) The value of 𝑓𝑔(𝑥) = 5      
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7.   Given the function 𝑔(𝑥) = 5𝑥 + 7  and 𝑔𝑓(𝑥) = 7𝑥 − 9. Determine: 

a) The value of  𝑥 if 𝑔(𝑥) = −8  

 

 

 

                       

b) The function of 𝑓(𝑥) 

 

 

 

 

c) 𝑔−1(3)  

 

                                                 

  

 

8. Given that the universal set 𝜉 = {𝑥: 12 ≤ 𝑥 ≤ 25, 𝑥 𝑖𝑠 𝑎𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟}, 

Set 𝑃 = {13,15,16,18}, 

Set 𝑄 = {𝑥: 𝑥 𝑖𝑠 𝑎 𝑝𝑟𝑖𝑚𝑒 𝑛𝑢𝑚𝑏𝑒𝑟} and  

Set 𝑅 = {𝑥: 𝑥 𝑖𝑠 𝑎𝑛𝑑 𝑜𝑑𝑑 𝑛𝑢𝑚𝑏𝑒𝑟}. 

 

a) Find the element for the set (P ∪ Q)′ ∩ R. 

 

 

 

b) Sketch the Venn diagram for the set ξ, P, Q and R. 
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9.  Given the function 𝑔(𝑥) = √(𝑥 − 1) and 𝑓(𝑥) = 𝑥2 + 1. 

 

a) Calculate 𝑓(2) − 𝑔(17). 

 

 

 

 

 

b) Determine  𝑔𝑓(𝑥). 

 

 

 

 

c) Determine 𝑓−1(5). 

 

       

 



 



CHAPTER 2

Directed 
Graph
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GRAPH TERMINOLOGY 

 

 

SUMMARY OF GRAPH TERMINOLOGY IN GRAPH THEORY 
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Euler path -A connected multigraph has an Euler path if and only if it has 
exactly two vertices of odd degree.

Euler Circuit- A connected multigraph has an Euler circuit if and only if 
every vertex have even degree.

Hamilton path-A Hamilton path is a simple path in a graph G that passes through 
every vertex exactly once.

Hamilton Circuit-A Hamilton circuit is a simple circuit in a graph G that passes 
through every vertex exactly once.

EULER PATH, EULER CIRCUIT, HAMILTON PATH, HAMILTON CIRCUIT 

 

 

EXAMPLE OF TREES 

 

 

 

 

• The root is a. 

• The parent of h,i and j is g. 

• The children of b is c. The children of j are l and m. 

• h, i and j are a sibling. 

• The ancestor of e are c, b and a. 

• The descendants of b are c, d and e. 

• The internal vertices are a, b, c, g, h and j. (vertices that have children) 

• The leaves are d, e, f, i, k, l and m. (vertices that have no children)  
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PRIM'S ALGORITHM

KRUSKAL ALGORITHM 

SPANNING TREES 

 

 

MINIMAL SPANNING TREES 
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1. Find the number of vertices, the number of edges; identify all parallel edges, loops and 

isolated vertices for the following graph.  

a)   

 

 

 

 

 

 

b)  

 

 

 

 

 

 

c)  

 

 

 

 

     

 

d)  

 

 

  

  

EXERCISE A 
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1. Find the degree of each vertex for the following graph.  

 

  

 

 

 

2.  Draw a graph having the given properties or explain why no such graph exists.  

a) Six vertices each of degree 3 

 

 

 

b) Five vertices each of degree 2 

 

 

 

3. From the graph shown below, 

 

 

 

 

 

 

a) List down in a table form the in degree and the out degree of each vertices 

 

 

 

 

EXERCISE 2B 

http://www.google.com.my/imgres?q=directed+graph&um=1&hl=en&rlz=1R2HPND_enMY334&biw=1024&bih=563&tbm=isch&tbnid=H-hBrO-Ul7knaM:&imgrefurl=http://hostilefork.com/nocycle/&docid=LaHHNLQrXIkDNM&imgurl=http://hostilefork.com/wp-content/uploads/2009/03/directed_acyclic_graph.png&w=260&h=231&ei=EYJET-3pCIPOrQew7IyxDw&zoom=1
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b) Determine the parity (even or odd) for each vertex and  

 

  

  

 

 

 

c) Determine the sum of degrees 

 

 

 

 

 

 

 

 

     From the graph below, 

 

 

 

 

 

 

 

a) Determine the parity (even or odd) for each vertex 

b) Identify the leaf vertex 

c) Identify the pendant edge 

EXERCISE C 

http://www.google.com.my/imgres?q=simple+graph&um=1&hl=en&rlz=1R2HPND_enMY334&biw=1024&bih=563&tbm=isch&tbnid=T3VJvxj2Z8Z4-M:&imgrefurl=http://homepages.ius.edu/rwisman/C251/html/chapter10.htm&docid=xWyoT2y-gzWDqM&imgurl=http://homepages.ius.edu/rwisman/C251/html/ch10/10_4_02.jpg&w=800&h=395&ei=sYVET-KgMMjqrAe1wdHHDw&zoom=1
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d) Identify the distance, D from a to g  

e) Identify the size of the graph 

f) Find the 2-simple path, P1, P2 from a to c 

g) Find a trail, T from d to e 

h) Find 3 simple cycle, labeled as C1, C2 and C3  

 

 

 

 

1. Base on diagram below, does Hamilton path or Hamilton circuit exist? If any, list down the 

Hamilton path or Hamilton circuit. 

a)  

 

 

 

 

 

 

b)  

 

 

 

 

 

EXERCISE D 
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1. Give the characteristic of Euler path and Euler circuit. 

 

 

2. Which of the following graphs has Euler path or Euler circuit? If any, list down the Euler path 

or Euler circuit. 

 

a)  

 

 

 

  

 

b)  

 

 

 

 

 

c)  

 

 

 

 

d)   

  

 

 

 

 

EXERCISE E 
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Based on the diagram, determine whether the graph has an Euler Path and Euler Circuit. 

Hence, construct such path and circuit if they exist or state the reason if they do not exist. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXERCISE F 

EXERCISE G 

Question:  

a) Which vertex is the root?  

b) Which vertices are internal?  

c) Which vertices are leaves?  

d) Which vertices are children of 0?  

e) Which vertex is the parent of g?  

f) Which vertices are siblings of k?  

g) Which vertices are ancestors of m?  

h) Which vertices are descendants of d?  

i) What is the level of each vertex of the rooted tree 

above? 

k) Draw a subtree that is rooted at b. 
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1. Based on the following figure, 

 

 

 

 

 

 

a) Draw 2 possible spanning trees 

 

 

 

 

 

 

b) Find a minimum spanning tree by using Kruskal’s and Prim’s algorithms (compare 

the findings) 

 

 

 

 

 

 

 

c) Draw the minimum spanning tree. 

 

 

 

 

EXERCISE H 
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2.    By referring to the following weighted graph, 

 

  

 

 

 

 

     a. Draw the minimum spanning tree by using Kruskal algorithm. 

 

  

 

     b. Calculate the shortest path. 

 

 

   

3. Based on the following graph: 

 

 

 

 

 

 

      

 

 

i. Draw the minimum spanning tree by using Prim’s algorithm. 

 

 

ii.  Calculate the shortest path. 

 

 

 

EXERCISE H 
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1. Determine whether the given graph in Figure 3 and Figure 4 has an Euler circuit or  

not. Construct such a circuit if it exists.  

 

a)                                                                    b) 

 

 

                                                          Figure 3                                                               Figure 4 

 

 

 

 

  

 

2. For the directed graph below, 

a) Give a Hamiltonian path if it exists. If not, state why. 

b) Give a Hamiltonian circuit if it exists. If not, state why. 

c) List the in- degrees and out degrees for each vertex in a table. 

 

             

  

                    

 

 

 

 

                                     Figure 5                                                                      

 

 

 

ADDITIONAL QUESTIONS 
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3. Answer these questions about the rooted tree as illustrated in Figure 7. 

 

 

 

 

Figure 7 

a) Which vertex is the root?     

    

b) Which vertices are leaves?     

    

c) Which vertices are children of C?  

    

d) Which vertices are siblings of J?  

    

4. Find two (2) possible spanning trees for the following weighted graph in Figure 8. 

 

 

 

Figure 8 

  

B C 

D E 

A F 

2 

2 

2 

3 

5 

6 1 3 

4 

A 

B 
C 

D 

E F I G H 

L 

J K 
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5.  The Roads represented by the graph in Figure 9 are all unpaved. The lengths of the  

roads between two towns are represented by edge weights. Using Prim’s algorithm, 

which road should be paved so that there is a path with a minimum road length? 

(Begin at Alor Setar and end at Jitra) 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

   

  

 

 

  

  

 

 

 

 

 

   

  

 

Sik 

 Baling 

 Sungai Petani 

 Gurun 

 

Changlun 

 

Kepala  

Batas 

 
Jitra  

 
 

 

Alor Setar  

 
 

 

Pokok 

Sena  

Yan 

 Kubang Pasu 

 

60 

 
55 

 35 

 

70 

 

20 

 20 

 
25 

 

23 

 

25 

 21 

 
10 

 
30 

 

12 

 
45 

 

Figure 9 
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6.  Consider the following graphs in Figure 11 

  

 

 

 

 

 

 

 

 

 

      

a) Determine whether the graph above has the Euler circuit or not. Explain  

your answer. Construct the circuit if it exists. 

 

 

 

b) Determine whether the graph above has the Hamilton path or not.  

Explain your answer. Construct the path if it exists. 

 

 

7. Give the correct answer for each of the following statement. 

a) A graph with a number is assigned to each edge.                                             
 

  

 

b) A path that begins and ends at the same vertex. 
 

 

 

c)  An undirected graph with multiple edge and loop. 
 

 

 

d) A vertex with degree zero 
  

 

Figure 10 
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8. State the suitable graph terminology for each of the following statements. 
a) A graph with numbers on the edges                                                                         

 

b) A graph without any loop and parallel edges 

 

c) A Graph with loop and parallel edges 

 

d) A vertex of degree zero 

 

e) A vertex with degree one                                                                                           

 

9.  
 

 

 

  

 Based on Figure 11 
a) Identify isolated vertex 

 

b) Identify pendant edges 

 

c) Identify the loops. 

 

d) How is the size of the graph is being determined and what is the size of the graph? 

 

e) State the degree of vertices a,b,c and f. 

Figure 11 
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10.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Consider the graphs above: 

i. Determine which graph has the Euler circuit and then determine which graph has 

the Euler Path. Explain why the graph has Euler path or Euler circuits.  

  

 

 

 

ii.  Construct the circuit and path in (i) if it exists. 
 

 

 

 

 

𝑔 𝑓 

𝑒 
𝑑 

𝑐 

𝑏 𝑎 

𝑔 

𝑒 

𝑑 

𝑐 

𝑎 

h 

h g d 

a 

b 

c 

e 

f 

i 

Graph X 
Graph Y 

Graph Z 
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11. State the terminology for the following definitions. 

a) A path that starts and ends at the same vertex. 

                

b)  The edge linking vertex to itself.  

 

c) The path with no repeated vertices. 

 

d) A vertex with degree 1. 

 

e) A path contains at most two vertices of odd degree. 

  

 

12.  Consider the following graphs in Figure 14  

 

 

 

 

 

 

 

                                                                              Figure 14 

a) Determine which graphs have a Euler circuit. Explain your reason. Construct 

two different circuits if it exists. 

 

    

b) Determine which graphs have a Hamilton path. Explain your reason. 

Construct two different paths if it exists. 

  

   

B 

A C 

D E 

F 

G 

H 

I 
J 

K 

L 

Graph A Graph B 
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   A proposition (or statement) is a sentence that is either True or False.  

 

 

   

𝒑 𝒒 

T T 

T F 

F T 

F F 

 

 

𝒑 𝒒 𝒓 

T T T 

T T F 

T F T 

T F F 

F T T 

F T F 

F F T 

F F F 

Example of proposition

•10÷2=4

•5 is an even number.

•Today is Wednesday

Example of non-proposition

•Where do you live?

•Please answer the

• question correctly.

•x < 10

TWO PROPOSITIONS 

 

THREE PROPOSITIONS 

 

Meaning of proposition 
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CONNECTIVES IN 
PROPOSITION 

LOGIC

CONJUNCTION

𝑃 ∧ 𝑄

DISJUNCTION 

𝑃 ∨ 𝑄

NEGATION

∼ 𝑃/¬𝑃/ ത𝑃

CONDITIONAL

𝑃 ⟶ 𝑄

- Converse, 
Contrapositive, 

Inverse

BICONDITIONAL

𝑃 ⟷ 𝑄

• A proposition 𝑃 𝑝, 𝑞, 𝑟, …… is a tautology if it 
contains only T in the last column of its truth 
table. 

Tautology

• A proposition 𝑃 𝑝, 𝑞, 𝑟, …… is a contingency
if it contains both T and F in the last column of 
its truth table.

Contigency

• A proposition 𝑃 𝑝, 𝑞, 𝑟, …… is a contradiction
if it contains only F in the last column of its 
truth table. 

Contradiction
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Type of Quantifiers

Universal quantifier (∀𝒙)

∀x P(x) =  for every x, P(x).

Existential quantifier (∃𝒙)

∃x P(x) =  There exist an x 
in P(x).

SOME EXAMPLE OF QUANTIFIERS 

Let the universe be the set of airplanes and let 𝐹(𝑥, 𝑦) denote “x flies faster than y”.  

Write each proposition in words.  

a) ∀𝑥∀𝑦𝐹(𝑥, 𝑦)                       “Every airplane is faster than every airplane” 

b)  ∀x∃yF(x, y)             “Every airplane is faster than some airplane” 

c) ∃x∀yF(x, y)               “Some airplane is faster than every airplane” 

d) ∃x∃yF(x, y)               “Some airplane is faster than some airplane” 

   



 



Chapter 3- Basic Logic  
_________________________________________________________________________________________________________________________ 

__________________________________________________________________________________ 
DBM 20153 DISCRETE MATHEMATICS  45 
 

 

 

1. Which of these sentences are proportions? What are the truth values of those that are 

propositions? 

a) Kuala Lumpur is the capital of Malaysia. 

b) 8+2=10 

c) −48 < −47  

d) Do you want to go to a cinema? 

e) Answer this question. 

f) x + 2 = 18 

g) Today is Monday. 

h) Move this table to the other room 

 

 

 

1. Determine whether the statements are true (T) or false (F). 

a) 3+2=5 and 4+4=8 

b) Changlun is in Perlis and Alor Setar is in Kedah. 

c) −48 < −47 and 25+3=38 

d) Duck has 4 legs and cat has wings. 

e) 4x + 3x = 5x and 
5

4
+

3

7
=

47

28
 

EXERCISE A 

EXERCISE B 
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f)  

 

1. Determine whether the statements are true (T) or false (F). 

a) 3+2=5 or 4+4=8 

b) Changlun is in Perlis or Alor Setar is in Kedah. 

c) −48 < −47 or 25+3=38 

d) Duck has 4 legs or cat has wings. 

e) 4x + 3x = 5x or  
5

4
+

3

7
=

47

28
 

 

 

 

1. What is the negation of each of these propositions? 

a) Today is Tuesday. 

c) China is in Asia 

d) 2 + 1 = 3 

e) All kittens are cute. 

f) No prime number is even. 

g) Some cookies are sweet. 

h) Every lawyer uses logic. 

i) No bullfrog has lovely eyes. 

EXERCISE 3C 

EXERCISE D 
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1. Let 𝑝 be “It is cold” and 𝑞 be “It is raining”. Give a simple sentence which describes each of 

the following statements: 

a) p → q  

b) q → ¬p 

c) ¬𝑞 → ¬𝑝 

2. State the converse, contrapositive, and inverse of the following conditional statements 

“I come to class whenever there is going to be quiz” 

  

 

 

 

 

1. Let 𝑝 be “It is cold” and 𝑞 be “It is raining”. Give a simple sentence which describes each of 

the following statements: 

a) p ↔ q  

b) q ↔ ¬p 

 

 

 

1. Which of these sentences are propositions? State the truth value of those that are 

propositions? 

a)  If it snows, then the schools are closed. 

b)  x + 2 is positive. 

EXERCISE E 

EXERCISE F 

EXERCISE G/1 
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c)  Take the umbrella with you. 

d)  No prime number is even. 

e)  A triangle is not a polygon. (*polygon is a closed path) 

 

 

 

 

    Let p and q be the propositions 

    p: Andy is going to Brunei 

    q: Andy is having a holiday. 

    Express each of these propositions as an English sentence. 

a)  ¬p  

b)  𝑞 ∨ ¬p 

c) ¬p ∧ ¬q  

d)  p ↔ q 

 

 

 

 

  Represent the sentences below as propositional expressions: 

a)  Tom is a math major but not computer science major. 

b)  You can either stay at the hotel and watch TV or you can go to the museum  

c)  If it is below freezing, it is also snowing. 

EXERCISE G/2 

EXERCISE G/3 
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d)  

 

Determine whether each of these statements is true or false. 

(a)  If 1+1=2, then 2+2=5 

(b)  If monkeys can fly, then 1+1=3 

(c)  2+2=4 if and only if 1+1=2 

(d)  0>1 if and only if 2>1 

 

 

 

 

 

 

1. Construct the truth table of these compound propositions. 

 

a) ¬𝑝 ∧ 𝑞 

 

𝒑 𝒒 ¬𝒑 ¬𝒑 ∧ 𝒒 
 

 
 

   

 
 

   

 
 

   

 
 

   

 

 

 

EXERCISE G/4 

EXERCISE H 



Chapter 3- Basic Logic  
_________________________________________________________________________________________________________________________ 

__________________________________________________________________________________ 
DBM 20153 DISCRETE MATHEMATICS  50 
 

b) (~𝑝 ∨ 𝑞) → ~𝑞  

 

c) 𝑝 ∧ (¬𝑞 ∨ 𝑟) 

𝒑 𝒒 𝒓  
 

  

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

 

d) ¬𝑝 ↔ (𝑞 ∨ 𝑟) 

    
 

  

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

 
 

     

      
 

𝒑 𝒒   
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1. Construct the truth table for each of the following: 

(a)  ¬(𝑞 𝑉 𝑝) 

 

 

 

(b)  ¬(𝑝 ∧  𝑞) → ¬𝑞 

 

 

 

(c)  ¬𝑞 ∧ (𝑝 𝑉 𝑟) 

 

 

 

 

 

 

EXERCISE I 
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(d)  (𝑞 𝑉 𝑟) ↔ ¬𝑝  

 

 

 

 

 

 

 

 

 

 

1. Use the truth table to determine whether the statement ((𝒑 → 𝒒) ⋀ 𝒑 ) → 𝒒  is a tautology, 

contradiction or contingency. 

 

 

 

 

2. Use a truth table to show that the proposition  𝒑⋁(𝒒⋁ ∼ 𝒑) is always true (T). 

 

 

 

 

3. Determine whether the proposition is tautology or not, (𝒑 → 𝒒)⋀(𝒒 → 𝒑) ↔ (𝒑 → ¬𝒒). 

 

 

 

 

EXERCISE J 
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1. Let P(x) be the statement “the word x contains the letter a”. What are these truth values? 

a) P (orange) 

 

b) P (lemon) 

 

c) P (false) 

 

 

2. Let P(x) be the statement “x is the states in Malaysia that starts with the letter P”. Find the 

truth set of P(x), where the domain is all the state in Malaysia. 

 

 

  

3. Let P(x) be the statement x = x2. If the domain consists of the integers, what are the truth 

values? 

a) P (0) 

    

b) P (1) 

 

c) P (2) 

 

d) P (-1) 

 

 

 

EXERCISE K 
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1. Let 𝑄(𝑥, 𝑦) denote the statement "𝑥 = 𝑦 + 3". What are the truth values of the 

 propositions 𝑄(1,2) and 𝑄(3,0)? 

 

 

2. Let 𝐴(𝑐, 𝑛) denote the statement “Computer 𝑐 is connected to network 𝑛,” where 𝑐  

is a variable representing a computer and 𝑛 is a variable representing a network? Suppose 

 that the computer 𝑀𝐴𝑇𝐻1 is connected to network 𝐶𝐴𝑀𝑃𝑈𝑆2, but not to 

network 𝐶𝐴𝑀𝑃𝑈𝑆1. What are the truth values of 𝐴(𝑀𝐴𝑇𝐻1,  𝐶𝐴𝑀𝑃𝑈𝑆1)  

and 𝐴(𝑀𝐴𝑇𝐻1,  𝐶𝐴𝑀𝑃𝑈𝑆2)? 

 

 

3. Let Q (x, y, z) denote the statement “x2 + y2 = z2”. What is the truth value of Q (3, 4, 5)?  

What is the truth value of Q (2, 2, 3)? 

 

 

 

 

 

1. Translate the specifications into English sentences where P(x) be the predicate “x must take 

a discrete mathematics course” and let Q(x) be the predicate “x is a computer 

science student”. The universe of discourse for both P(x) and Q(x) is all students. 

a)   x (Q(x) ⋀ P(x)) 

 

b)   x (P(x) → Q(x)) 

 

c)  (x Q(x) → P(x)) 

EXERCISE L 

EXERCISE M 
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d)  

 

1. Let S(x,y) be the predicate “x is expensive than y” and let the universe of discourse be the set 

of cars. Express the following in sentences: 

a)   x y S(x,y) 

 

 

b)   x S(x,Mercedes) 

  

 

c) xy S(x,y) 

 

 

 

2. Let P(x): 'x likes sport'. 

Let Q(x): 'x can speak English’. 

The domain for x is the set of all lecturers in Polytechnic. Translate symbolically the 

              following expressions: 

 

a) Some lecturers in Polytechnic like sport and can speak English. 

 

 

b) Every lecturer in Polytechnic like sport if they cannot speak English. 

 

 

 

 

 

 

EXERCISE N 
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a)  

 

 

1. Which of these sentences are propositions? State the truth values of those that are 

propositions. 

a) Sunday is the day after Saturday.  

  

     

b) I love teddy bear! 

   

       

c) Is 2 is a positive number?  

  

     

d) 2n + 3 > 6, let n = 2 

 

   

      

2. Let p, q, and r be the following statements.     

     p:   You study hard; 

     q:   You will get a good job; 

     r:   You are happy. 

      Express each of these propositions into Logical Connectives.  

a. If you study hard, then you will get a good job.  

 

  

b. You are happy if and only if you study hard and you will get a good job.   

 

 

c. If you do not study hard, you will not get a good job or not be happy. 

   

 

ADDITIONAL EXERCISES 
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3. Let P(x) be the statements “x can speak Russian” and let Q(x) be the statement “x knows the 

computer language C++”. Express each of these sentences in terms of P(x), Q(x), quantifiers 

and logical connectives. The domain for quantifiers consists of all students at your school. 

 

a) All students at your school can speak Russian and knows C++.  

 

   

b)  There is a student at your school who can speak Russian but who doesn’t know C++.   

        

4. What rule of inferences is used in each of these arguments? 

 

a) If I go swimming, then I will stay in the sun too long. If I stay in the sun too long, then I will 

sunburn. Therefore, if I go swimming, then I will sunburn.  

 

   

b) If it snows today, the children are happy. The children are not happy today. Therefore, it 

did not snow today.  

   

     

c) It is either hotter than 100 degrees today or the pollution is dangerous. It is less than 100 

degrees outside today. Therefore, the pollution is dangerous.  

 

 

          

5. Assuming 𝑝 is “Amir will go to Japan” and  𝑞 is “Amir intends to buy souvenirs.”. Express each 

of the following statements in English sentence form. 

 

a) 𝑞 ∨ ∼ 𝑝  

             

b) ∼ 𝑝 ∧ ∼ 𝑞  

 

 

c) Show that (𝑝 ∨ 𝑞) ∨∼ 𝑝 is a tautology. 
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6. Classify whether the following sentences are proposition or non-propositions. 
 

a) Clean up your room. 

 

 

b) x + 2 = 2x, when x = 2 

  

 

c) The product of 3 and 4 is 11. 

    

                

7. Prepare a truth table for the proposition ~((𝑝 ∧ 𝑞) ∧ 𝑟) and show whether the proposition 
 is tautology, contradiction or contingency.  

 

 

  

 

 

 

 

 

  

 

 

8. Let 𝑀(𝑥, 𝑦) is a predicate “𝑥 has sent an email message to 𝑦” where the universe of 

discourse consists of all students in your class. Use quantifiers to express each of the 

following statements. 

 

a) Alia has never sent an email message to Nurin. 

 

 

b) Every student in your class has sent an email message to Sarah. 
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c) There is a student in your class who sent an email message to everyone in your class. 

 

 

d) Every student in the class has sent an email message to some students in the class. 

 

9. Assume 𝑃(𝑥) is the statement of “x is perfect” and 𝐹(𝑥) is “x is your friend”, whereby the 

domain of x consists of all people. Translate each of these statements into logical 

expressions using predicates, quantifiers and logical connectives 

a) All people are not perfect. 

 

 

 

b) At least one of your friends is perfect. 

 

 

c) Not everybody is your friend or someone is not perfect. 
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X X’ 

0 1 

1 0 

 

   

X Y F=X+Y 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

 

   

X Y F=X•Y 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

 

Example 1: 

 

Find the value of  

1.0 + (0 + 1̅̅ ̅̅ ̅̅ ̅)  

 

Solution: 

1.0 + (0 + 1̅̅ ̅̅ ̅̅ ̅) 

= 0 + (1̅) 

= 0 + 0 

= 0  

 

BOOLEAN SUM

BOOLEAN PRODUCT

COMPLEMENTATION

BOOLEAN 

ALGEBRA 

BOOLEAN SUM 

 

 

BOOLEAN PRODUCT 

 

 

COMPLEMENTATION 
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IDENTITIES OF BOOLEAN ALGEBRA 

 

IDENTITY NAME 

𝒙̿ = 𝒙 Law of the double complement 

𝒙 + 𝒙 = 𝒙 
𝒙. 𝒙 = 𝒙 

Idempotent laws 

𝒙 + 𝟎 = 𝒙 
𝒙. 𝟏 = 𝒙 

Identity laws 

𝒙 + 𝟏 = 𝟏 
𝒙. 𝟎 = 𝟎 

Domination laws 

𝒙 + 𝒚 = 𝒚 + 𝒙 
𝒙𝒚 = 𝒚𝒙 

Commutative laws 

𝒙 + (𝒚 + 𝒛) = (𝒙 + 𝒚) + 𝒛 
𝒙(𝒚𝒛) = (𝒙𝒚)𝒛 

Associative laws 

𝒙 + 𝒚𝒛 = (𝒙 + 𝒚)(𝒙 + 𝒛) 
𝒙(𝒚 + 𝒛) = 𝒙𝒚 + 𝒙𝒛 

Distributive laws 

(𝒙𝒚)̅̅ ̅̅ ̅̅ = 𝒙̅ + 𝒚̅ 
(𝒙 + 𝒚)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 𝒙̅𝒚̅ 

De Morgan’s laws 

𝒙 + 𝒙𝒚 = 𝒙 
𝒙(𝒙 + 𝒚) = 𝒙 

Absorption laws 

𝒙 + 𝒙 = 𝟏 Unit property 

𝒙𝒙̅ = 𝟎 Zero property 
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LOGIC GATES 

  

 

 

 

 

 

 

 

Example 2 : 

 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1- The Inverter 

 

Performs the Boolean NOT 

operation. 

1- The AND Gate 

 

 

Performs the Boolean AND 

operation  

X 

Y 
X

1- The OR Gate 

 

 

Performs the Boolean AND     

operation  

Y 

X 

DRAW A LOGIC CIRCUIT CORRESPONDING TO THE BOOLEAN 

EXPRESSION 

                     (A +  B̅̅ ̅̅ ̅̅ ̅̅ ̅)(C + D)𝐶̅ 
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Example 3: 

 

 

 

 

 

 

 

  

 

 

 

Example 4: 

 
  

 

 

 

 

 

 

 

 

EXPRESS THE OUTPUT FROM THE GIVEN CIRCUITS 

        

      𝑌 = 𝐴 + 𝐵𝐶 + 𝐷̅                                  𝑌 = (𝐴 + 𝐵)𝐶 

 

MINIMIZE BOOLEAN EXPRESSION USING KARNAUGH MAP 

Minimize the following Boolean expression by using K-map. 

𝐹(𝑥, 𝑦, 𝑧) = 𝑥𝑦𝑧 + 𝑥𝑦𝑧̅ + 𝑥𝑦̅𝑧 

 
𝒚𝒛 𝒚𝒛̅ 𝒚̅𝒛̅ 𝒚̅𝒛 

𝒙 1 1 0 1 

𝒙̅ 0 0 0 0 

= 𝒙𝒚 + 𝒙𝒛 
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1. Find the values of these expressions. 

a) 𝟏 ∙ 𝟎̅ 

 

b) 𝟏 + 𝟏̅ 

 

c) 𝟎̅ ∙ 𝟎 

 

d) (𝟏 + 𝟎)̅̅ ̅̅ ̅̅ ̅̅ ̅ 

 

 

 

 

 

  Simplify the following Boolean expression: 

a) C + BC̅̅̅̅  

  

  

 

 

b) AB̅̅ ̅̅ (A̅ + B)(B̅ + B) 

  

  

 

EXERCISE A 

EXERCISE B 
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c) (x + y)(xz + xz′) + xy + y 

 

 

 

 

 

d) x̅(x + y) + (y + xx)(x + y̅) 

 

 

 

 

 

 

 

 

 

1. Find the output of the given circuits: 

a)  

 

  

 

 

b)  

 

 

 

 

EXERCISE C 
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2. Draw a logic circuit corresponding to the Boolean expression: 

a)  Y = (A+B)C 

 

 

 

 

 

 

b)  Y=𝐴 + 𝐵𝐶 + 𝐷 

 

 

 

 

 

 

c)  Y=A + BC̅̅ ̅̅ ̅̅ ̅̅ ̅ + B 

 

 

 

 

d)  Y = A′B̅̅ ̅̅̅ + A + C̅̅ ̅̅ ̅̅ ̅ 
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1. Find the truth table 𝑇 for the equivalent Boolean expression: 

        𝐹(𝐴, 𝐵, 𝐶) = 𝐴𝐵𝐶′ + 𝐵𝐶′ + 𝐴′𝐵 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Here is a truth table for a specific three input logic circuit. 

               Draw a K Map according to the values found in the truth table. 

 

 

 

 

 

 

 

 

 

 

 

  

 

𝐀 𝐁 𝐂 𝐎𝐔𝐓𝐏𝐔𝐓 

0 0 0 1 

0 0 1 1 

0 1 0 0 

0 1 1 1 

1 0 0 0 

1 0 1 1 

1 1 0 0 

1 1 1 0 

EXERCISE D 

EXERCISE E 
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2. Use Karnaugh maps to find the minimal form for each expression.  

a) xy +  xy’  

  

 

b) xy +  x’y +  x’y’ 

 

  

 

c) xy’ +  x’y’  

  

 

d) xyz’ +  xy’z +  xy’z’ +  x’yz +  x’yz’ +  x’y’z  

 

   

 

e) xyz +  xyz’ +  x’yz +  x’y’z 
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f) xyz +  xyz’ +  xy’z +  xy’z’ +  x’y’z 

 

 

 

 

 

3. Design a minimal AND-OR circuit which yields the following truth table: 

𝑇 = [𝐴 = 00001111,  𝐵 = 00110011,   

𝐶 = 01010101,  𝐿 = 10101001] 
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4. Redesign the following circuit so that it becomes a minimal AND-OR circuit 

a)  

 

 

 

 

 

 

 

 

 

 

 

b) 

  

 

 

 

 

 

 

 

EXERCISE E 
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1. Simplify the following expression using a Karnaugh map:   

i. 𝐹(𝐴, 𝐵, 𝐶) = 𝐴̅𝐵̅𝐶̅ + 𝐴̅𝐵𝐶 + 𝐴̅𝐵𝐶̅ + 𝐴𝐵𝐶 + 𝐴𝐵𝐶̅             

 

 

 

 

 

ii. 𝐹(𝑥, 𝑦, 𝑧) = 𝑥̅𝑦𝑧 + 𝑥̅𝑦̅𝑧 + 𝑥𝑦𝑧̅ + 𝑥̅𝑦̅𝑧̅ + 𝑥𝑦̅𝑧̅ + 𝑥𝑦𝑧 

 

  

 

 

 

 

2.  Consider the following circuit. Minimize the circuit using Karnaugh map. 

 

 

 

 

 

 

 

 

 

ADDITIONAL EXERCISE 
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3. Simplify 𝐹(𝐴, 𝐵, 𝐶) = 𝐴̅𝐵̅𝐶̅ + 𝐴̅𝐵̅𝐶 + 𝐴̅𝐵𝐶 + 𝐴̅𝐵𝐶̅ + 𝐴𝐵𝐶 + 𝐴𝐵𝐶̅ using a Karnaugh map 

and draw the simplified circuit. 

 

 

 

 

 

 

 

 

 

 

 

4. Use a K Map to simplify the following expressions: 

  

i. x = B̅C + A̅B̅C̅ + AB̅C̅ + ABC̅ 

  

 

 

 

 

ii. y = ABC + A̅BC̅ + C̅ + A̅BC. 

  

 

 

 

 

iii. z = A̅ + ABC̅ 
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2. Use a K Map to simplify the following expressions: 

 

i. x = A̅B̅C̅ + A̅B̅C + A̅BC + A̅BC̅ + AB̅C̅+ ABC̅ 

 

 

 

 

 

ii.  F = A̅B̅C̅ + A̅B̅C + A̅BC + A̅BC̅ + ABC + ABC̅ 

 

 

 

 

 

 

iii. G = A̅𝐵 + BC̅ + 𝐵𝐶 + 𝐴𝐵̅𝐶̅ 
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