
Welcome! 
The meeting will start shortly…

Try out this problem first! (Solution will be revealed at the end of the meeting)



Counting & Probability
Prepared by Vong Jun Yi



What are sets?
In a vague sense, a set is…

▪ A collection of different things, 

known as elements, which can be 

objects of any kind (e.g. numbers, 

symbols, points in space, etc.)

A set containing different kinds of polygons



Let’s recall…
If we are given a set A, 

▪ Universal set, 𝜉 – A set which contains all objects, including itself.

▪ Complement of set A, A’ – The set of all elements which is not contained within A.

▪ Cardinality of A, |A| - The number of elements in A.

▪ B ⊂ A means B is a subset of A (B ⊄ A means B is not a subset of A)

▪ x ∈ A means x is an element of A (x ∉ A means x is not an element of A)



Warm-up problems
Solve the problems below under 4 minutes.

1. Let set M = {1,2,3}. How many possible subsets of M are there?

2. Given 𝜉 = 𝑥 53 ≤ 𝑥 ≤ 62, 𝑥 is an integer}, P is the set of integers such that the sum 

of both digits is a prime number. Find the number of elements of set P’.



Solution to warm-up problems
1. Let set M = {1,2,3}. How many possible subsets of M are there?

▪ First approach: Start by listing out all possible subsets.

▪ Second approach: In general, the number of possible subsets for any set is 2n, where n 

is the cardinality of the set.



Solution to warm-up problems
2. Given 𝜉 = 𝑥 53 ≤ 𝑥 ≤ 62, 𝑥 is an integer}, P is the set of integers such that the sum of 

both digits is a prime number. Find the number of elements of set P’.

{53, 54, 55, 56, 57, 58, 59, 60, 61, 62}

{8, 9, 10, 11, 12, 13, 14, 6, 7, 8}

Sum of digits

There are 3 integers in P, 
so the cardinality of P’ is (62-53+1)-3 = 7



What are 
unions and 
intersections?
Refer to the Venn diagrams on the right. 
Can you tell which of them is an intersection?



Intersection of A and B
𝐴 ∩ 𝐵 = {3,5,7}

Union of A and B
𝐴 ∪ 𝐵 = {1,2,3,5,7,9}



Principle of Inclusion-Exclusion (PIE)
▪ Lemma 1 Given sets A and B, the cardinality of the union of A and B is

𝐴 ∪ 𝐵 = 𝐴 + 𝐵 − 𝐴 ∩ 𝐵



Problems #1 
▪ Lemma 1 Given sets A and B, the cardinality of the union of A and B is

𝐴 ∪ 𝐵 = 𝐴 + 𝐵 − 𝐴 ∩ 𝐵



Solution to Problem 1.7



Shortcut?

𝐴 ∪ 𝐵 = 12, 𝐴 = 8, 𝐴 ∩ 𝐵 = 5, 𝐵 = ?

𝐴 ∪ 𝐵 = 𝐴 + 𝐵 − 𝐴 ∩ 𝐵
12 = 8 + 𝐵 − 5

∴ 𝐵 = 9



Principle of Inclusion-Exclusion (PIE)
▪ Lemma 2 Given sets A, B, and C, the cardinality of the union of A, B and C is

𝐴 ∪ 𝐵 ∪ 𝐶 = 𝐴 + 𝐵 + 𝐶 − 𝐴 ∩ 𝐵 − 𝐵 ∩ 𝐶 − 𝐴 ∩ 𝐶 + |𝐴 ∩ 𝐵 ∩ 𝐶|



Problems #2 

The Form 5 pupils who are involved in Recycling Programme manage to collect old newspapers, 
plastic bottles and tins. 72 pupils collect plastic bottles, 36 pupils collect old newspapers, 25 
pupils collect tins, 20 pupils collect old newspapers and plastic bottles, 8 pupils collect old 
newspapers and tins, 18 pupils collect plastic bottles and tins, and 7 pupils collect all the three 
types of materials. Calculate the total number of pupils are involved in the programme.



Principle of Inclusion-Exclusion (PIE)
▪ Can you find a generalization for PIE?

▪ Theorem The principle of inclusion-exclusion states that for finite sets 𝐴1, 𝐴2, … , 𝐴𝑛, 

one has the identity



Final quiz
Please write your answers on a sheet of paper. 

Working is optional, no extra points will be awarded for working.
You will be required to submit it to the teacher advisors for grading once complete.





Thank you
Try this evil question! 

A school has four clubs, A, B, C, D, whose member are students in this school. Every two 

clubs have 227 common members. Every three clubs have 117 common members. There 

are exactly 17 students that join all four clubs. At least how many students does club A 

have?


