
Course: 
Mathematics for IT 

Professionals

Lecture 8
Recursion and Relation

By
Solomon Mensah



Outline

The topics to be treated in this lecture are:

Slide 2



Lecture Learning Outcomes

At the end of the session, you will be able to 
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Introduction
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Defining functions recursively
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Defining functions recursively
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• Example :



Defining functions recursively
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Defining functions recursively
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• Worked example 1:
Write a recursive definition of 

Answer:
= (Basis step)

= (Recursive step)

• Worked example 2:
Give a recursive definition of Fibonacci sequence

Answer:  The recursive definition of Fibonacci number sequence is
f0 = 0, f1 = 1 (Basis step)
fn = fn−1 + fn−2  (Recursive step)
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Defining Sets
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Defining Sets
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Relations
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Terminology
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Binary Relations
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Binary Relations
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Reflexivity Property
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Reflexivity Property
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• Answer: The relations R3 and R5 are reflexive



Reflexivity Property
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Answer: The relations R1, R3, and R4 are reflexive



Symmetric Property
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Symmetric Property
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• Symmetry

• Example:

The relation consisting of pairs (x, y), where x and y are

students at your school with at least one common class is

symmetric.

• Example:

The relation consisting of the pairs (x, y), where x and y are

students at your school, and x has a higher-grade point

average than y is not symmetric.



Symmetric Property
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Answer: The relations R2 and R3 are symmetric



Antisymmetric Property
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Antisymmetric Property
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Answer: R4, R5, and R6 are all antisymmetric



In-Class Assignment
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Answer:

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

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



Transitive Property
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Transitive Property
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Answer: The relations R2, R3, R4, and R5 are transitive



Equivalence Relation
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• Example:

Let R be the relation on the set of integers such that a R b

if and only if a = b or a = −b. R is reflexive, symmetric, and

transitive. Hence, R is an equivalence relation.



Equivalence Relation
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In-class Exercise
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In-class Exercise
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In-class Exercise
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Solution:
c) The relation {(0, 0), (1, 1), (1, 2), (2, 1), (2, 2), (3, 3)} is an equivalence relation, 
because it is reflexive, symmetric and transitive.

It is reflexive because it contains all reflexive elements (i.e. (a, a)) formed from all the 
elements of the given set {0, 1, 2, 3}

It is symmetric because, for each pair in the relation, say for example (1, 1), the 
reverse ordered pair which is again (1, 1) is present. Also, for (1, 2) we have (2, 1).

It is transitive because, for each set of pairs of the form (a, b), (b, c) we have (a, c). 
For the case of (3, 3) there is no pair with 3 as first element and hence can be 
ignored.

The rule is, whenever (a, b), (b, c) are present, we must have (a, c). For some (a, b), if
there is no (b, c) to decide upon transitive property, such an (a, b) can be ignored
and we continue treating the relation as transitive.



In-class Exercise
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Applications of Recursion
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• Algorithm design

• Data structures

• Dynamic Programming

• Fractals and Graphics

• Backtracking algorithms

• Parsing and expression evaluation

• Function calls and call stacks



Applications of Relation
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• Database Management

• Set theory

• Graph theory

• Order theory

• Equivalence relations

• Fuzzy logic

• Formal languages and automata theory



Summary
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• Recursion and relations are powerful
concepts with diverse applications in
computer science, mathematics, and
related fields,
• enabling the design of efficient algorithms,
• data structures,
• and mathematical models.

• Recursive definition
• Binary relations
• Properties of relations

• Reflexive
• Symmetric
• Transitive
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See you next 
time!
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