
Set Partitions  

in Discrete Mathematics 

 
1. Definition of a Set Partition 

A partition of a set is a way of dividing (or "splitting") the set into smaller, non-

empty groups (called subsets) such that: 

1. Every element of the original set is in exactly one of these subsets. 

2. The subsets are disjoint (they don't overlap; no element is shared between them). 

3. The union of all these subsets gives back the entire original set. 

 

2. Purpose of Set Partitions 

Why do we care about partitions? They're not just for fun—they're super useful in math and 

real-world applications! Here's why: 

Organizing Data: Partitions help group similar items. For example, in computer science, you 

might partition data for efficient storage or searching (like dividing files into folders). 

Equivalence Relations: In discrete math, partitions are closely tied to equivalence relations 

(like "is congruent to" in modular arithmetic). The groups in a partition are like "equivalence 

classes"—elements that are "related" in some way. 

Counting Problems (Combinatorics): We use partitions to solve problems like "How many 

ways can I divide n objects into k groups?" This leads to cool things like Bell numbers (total 

partitions of a set) or Stirling numbers (partitions into exactly k subsets). 

Real-World Applications:  

• In statistics: Partitioning data into clusters for analysis. 

• In graph theory: Partitioning vertices into independent sets. 

• In scheduling: Dividing tasks into non-overlapping groups. 

  Partitions help us think about structure and classification without overlaps or gaps, which is 

key in proofs, algorithms, and modeling. 

 



 

 

 

 

Question 1 (5 marks) 

Define what a partition of a set S is. Your definition must clearly state the three key properties 

that the collection of subsets must satisfy. 

 Question 2 (6 marks)    

Consider the set S = {1, 2, 3, 4}.   

For each of the following collections, state whether it is a valid partition of S. If it is not, 

explain which property (or properties) of a partition is violated.   

(a) {{1, 2}, {3, 4}}   

(b) {{1}, {2, 3}, {3, 4}}   

(c) {{1, 2, 3, 4}}   

(d) {{1, 3}, {2}, {4}, ∅} 



 

Question 3 (8 marks)    

List all  possible partitions of the set A = {a, b, c}.   

(You may write them using any clear notation, e.g., {{a,b},{c}}.)   

How many partitions are there in total? 

 

Question 4 (6 marks)    

True or False? Justify your answer briefly in each case.   

(a) The collection {{1, 2}, {2, 3}} is a partition of {1, 2, 3}.   

(b) Every set has exactly two partitions: one consisting of all singletons and one consisting of 

the whole set itself.   

(c) The empty collection ∅ is a partition of the empty set. 

 

Equivalence Classes 

An equivalence class is the group of all elements in a set that are "equivalent" to a particular 

element under an equivalence relation (a relation that is reflexive, symmetric, & transitive). 

 


