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Relations and Their Properties 

Section 9.1 
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Section Summary 

• Relations and Functions 

• Properties of Relations 

 Reflexive Relations 

 Symmetric and Antisymmetric Relations 

 Transitive Relations 

• Combining Relations 
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Binary Relations 

   Definition: A binary relation R from a set A to a 
set B is a subset R ⊆ A × B. 

    Example: 

 Let A = {0,1,2} and B = {a,b}  

 {(0, a), (0, b), (1,a) , (2, b)} is a relation from A to B.  

 We can represent relations from a set A to a set B 
graphically or using a table: 

 
Relations are more general than 
functions. A function is a 
relation where exactly one 
element of B is related to each 
element of A.  
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Relations and their properties 
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• Sets of ordered pairs are called Binary relations 
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Relations and their properties 
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Relations and their properties 
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Roster notation 
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Builder notation 
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Relations can be represented by: 
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Relations can be represented by: 
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Graph notation 
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Table notation 
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Example 
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Example 

16 



CS285: Discrete Mathematics   

Relations 

Solution: 
{(3,2) , (4,2), (4,3)} 

Example: R: A →B such that (a>b) 
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Relations on Set 
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Example 

• Consider these relations on the set of integers:  

• R1 ={(a,b)|a≤b}, 

• R2 ={(a,b)|a>b}, 

• R3 ={(a,b)|a=b or a=−b},  

• R4 ={(a,b)|a=b}, 

• R5 ={(a,b)|a=b+1}, 

• R6 ={(a,b)|a+b≤3}.  

 

Which of these relations contain each of the pairs 
(1, 1), (1, 2), (2, 1), (1, −1), and (2, 2)?  
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Example 
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Solution: 

• (1,1) 

• (1,2) 

• (2,1) 

• (1,-1) 

• (2,2) 

R1, R3, R4, R6  

R1, R6 

R2, R5, R6  

R2, R3, R6 

R1, R3, R4 
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1. Reflexivity & Irreflexivity 
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1. Reflexivity & Irreflexivity – cont. 
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Difference between 
Not Reflexive and Irreflexive 
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Difference between 
Not Reflexive and Irreflexive 
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Reflexive or not? 
Irreflexive or not? 
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Reflexive or not? 
Irreflexive or not? 
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2. Symmetry & Antisymmetry 
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2. Symmetry & Antisymmetry 
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Reflexive or not  Irreflexive or not  
Symmetric or not  Antisemmetric 
or not? 
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Reflexive or not  Irreflexive or not  
Symmetric or not  Antisemmetric 
or not? 
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Reflexive or not  Irreflexive or not  
Symmetric or not  Antisemmetric 
or not? 
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Symmetric or not 
Antisemmetric or not? 
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Symmetric or not 
Antisemmetric or not? 
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3. Transitivity 
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Combining Relations 
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Combining Relations 
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Composition 

   Definition:  Suppose 

• R1 is a relation from a set A to a set B. 

• R2 is a relation from B to a set C. 

   Then the composition (or composite) of R2  with 

R1, is a relation from A to C where 

• if (x,y) is a member of R1  and (y,z)  is a member of R2, 
then (x,z) is a member of R2∘ R1. 
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Composite Relations 
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Example 
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Power 
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Power 
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Example 
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R3 = {(1,1),(2,1),(3,1),(4,1)} 
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Representing Relations 

Section 9.3 
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Section Summary 

Representing Relations using Matrices 

Representing Relations using Digraphs 
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Representing Relations 

Some special ways to represent binary 
relations: 
 
•With ordered pairs ( section 9.1) 
•With a table ( section 9.1) 
•With a Zero-one matrix 
•With a directed graph or diagraph 
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Using Zero-One Matrices 
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Using Zero-One Matrices 
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Using Zero-One Matrices 
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Zero-One Reflexive, Symmetric 
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Zero-One Reflexive, Symmetric 
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Example 
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The Boolean Operations 1) join and meet 
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Example 
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Example 
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2) Composite 
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Remember how we did 
Boolean product!!!!!!! 
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Remember how we did 
Boolean product!!!!!!! 
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Example 
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Example 
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Attention 
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Attention 
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3) Power 
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Example 
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Example 
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Example 

6
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Using Directed Graphs 
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Using Directed Graphs 
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Example 

7
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Directed graph and relation properties 
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7
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Directed graph and relation properties. cont 
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Example 
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Digraph Reflexive, Symmetric 
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Closure Relations 

Section 9.4 
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1) Reflexive Closure 
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Example 1 
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Example 2 
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2) Symmetric closure 
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Example 1 
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Example 2 
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3) Transitive closure 
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Example 1 
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Example 1 
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Example 2 
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Equivalence Relations 
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Equivalence Relations 
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