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Functional 
Programming

Intended learning outcomes
By the end of this session, you will: 

• be able to explain the principles of functional 
programming, including the avoidance of mutable data 
and the concept of functions as first-class citizens.

• be able to demonstrate the ability to apply functional 
programming concepts by constructing and using first-
class functions in code exercises.

• be able to analyse code to identify and critique the use 
of recursion and side-effects, contrasting functional 
and imperative programming paradigms.

Introduction

• Functional programming is a programming paradigm 
that treats computation as the evaluation of 
mathematical functions and avoids changing-state and 
mutable data.

• In functional programming, functions are first-class 
citizens, meaning they can be passed as arguments to 
other functions, returned as values from other 
functions, and assigned to variables.
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Introduction

• Functional programming languages, encourage 
programming without side-effects.

• Recursion is a fundamental concept in functional 
programming, often used instead of traditional looping 
constructs.
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Understanding Function 
Type



3/12/2024

3

Understanding Function 
Type

Key Points:

• A function takes each element from the 
domain and assigns it an output in the co-
domain.

• Not every value in the co-domain needs to be 
an output, but every function output must be in 
the co-domain.

Example
• Domain (Student): Alex, Bob, Carol, Dan, Ellie

• Co-domain (Grade): A, B, C, D, F

• Now, let's say the following mappings exist:

• Alex → A

• Bob → B

• Carol → C

• Dan → B

• Ellie → A



3/12/2024

4

Python Example Activity 1tiny.cc/er9uvz

Functions as First-Class 
Objects
• In functional programming, functions are 

considered as first-class citizens. 

• When a function is treated as a "first-class 
object", it means it can be used in the same 
ways as other data types.

• This means they can be passed as arguments, 
returned from other functions, and assigned to 
variables or data structures.

1. Stored in a 
variable
• You can assign a function to a variable.

Activity 2atiny.cc/pnauvz
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2. Passed as an 
argument to 
another function

Activity 2atiny.cc/pnauvz

3. Returned from 
a function Activity 2atiny.cc/pnauvz

4. Data Structures Activity 2btiny.cc/qvgyvz
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Partial Functions Activity 3atiny.cc/1jgyvz

Composition of Functions

• Function composition is the process of 
applying one function to the result of another 
function.

• Given two functions 𝑓 and 𝑔 , the composition 
of 𝑓 and 𝑔 is denoted as 𝑓 ∘  𝑔 and defined as:

(𝑓 ∘ g)(x)  = (𝑓(𝑔(𝑥))

𝐿𝑒𝑡:
𝑓 𝑥 = 𝑥2 

𝑔 𝑥 = 𝑥 + 3

𝑡ℎ𝑒𝑛:
𝑓 ∘ 𝑔 𝑥 = 𝑓 𝑔 𝑥 = 𝑓 𝑥 + 3 = 𝑥 + 3 2

Image Processing Activity 4tiny.cc/2hiyvz
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Immutable Data

In functional programming …

• data is immutable, it cannot be changed once it's 
created. Instead of modifying the original data, new 
data is produced whenever a change is required.

• this feature leads to more predictable and 
maintainable code in functional programming. It 
encourages the use of functions and recursion to 
manipulate data rather than updating variables in 
place.

Activity 5atiny.cc/h2kyvz

Pure functions 
& Side Effects
In functional programming …

• functions should be pure, meaning their output 
should solely depend on their input, and they should 
not produce side effects.

•  a side effect is any operation that modifies some 
state outside the function, like altering global 
variables or external files. 

• A pure function shouldn’t have any observable 
effects, besides returning a value to the caller.

Activity 5btiny.cc/0glyvz

Higher Order 
Functions
Functions that accept other functions as 
arguments, return functions, or both.

• map(function, list): Applies a function to each 
item of the list.

• filter(function, list): Returns items from the list 
for which function returns True.

• reduce*(function, list): Continually applies a 
function to the elements of a list, reducing it to 
a single value

*The term reduce and fold are interchangeable

Activity 6tiny.cc/wstyvz
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Head and Tail 
Operations

What are Head and Tail?

• Head: The first element of a list.
• Tail: The remaining elements after the head.

Example:

For the list [1, 2, 3, 4],
Head = 1

Tail = [2, 3, 4]

Activity 7tiny.cc/j2wyvz

Procedural vs functional 
programming Activity 7tiny.cc/pxwyvz

Intended learning outcomes
By the end of this session, you will: 

• be able to explain the principles of functional 
programming, including the avoidance of mutable data 
and the concept of functions as first-class citizens.

• be able to demonstrate the ability to apply functional 
programming concepts by constructing and using first-
class functions in code exercises.

• be able to will analyse code to identify and critique the 
use of recursion and side-effects, contrasting 
functional and imperative programming paradigms.
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Isaac Computing Gameboardisaaccs.org/  

Check for more ISAAC boosters

Keep an eye out 
for more student 
booster events

Thank you


