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Preface

Welcome to this book.

This is not a book for learning to program to do mathematics. There are many excellent books that do this [1, 6, 10]. This is a book for people who would like to learn how to use programming tools to assist with when doing Mathematics.

Mathematics is often thought of as solving problems. In secondary school this can be sets of quadratic equations that need to be solved or probabilities of specific hands of cards that need to be calculated.

As one progresses further into mathematics, the subject becomes less about solving problems through mechanical calculation and more about using our mathematical knowledge and insight to choose which problems to solve.

This is what this book attempts to address. It aims to be a user guide for how the Python programming language can be used to reduce mechanical calculation which leaves more space to do real mathematics.

Whilst no book should ever try to stop a mathematician from picking up a pen and pencil and thinking about a problem, this one does aim to show how modern mathematicians can replace, some of, the use of their pen with openly available Python tools. For example, in Chapter 3, how to solve an equation by essentially just writing it down is covered. In Chapter 7 probabilities of specific events are simulated.

In the second part of this book, a more traditional approach of programming with Python is used to show how to build tools. Not only does this cover commonly taught programming techniques but also goes into principles of software development used in industry. For example, Chapter 16 covers a modern way of writing documentation for software and Chapter 17 covers how to write code that tests software.

This book is for you, whether you are a seasoned professional mathematician who would like to know some of the best practices for using Python or perhaps more typically, if you are a first year university student with an understanding of the mathematical topics covered. I hope you enjoy it.




I__________________Overview





Chapter 1Introduction
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1.1 Who is this book for?

This book aims to introduce readers to programming for mathematics.

It is assumed that readers are used to solving secondary school mathematics problems of the form:

Given the function f:R→R defined by f(x)=x2−3x+1, obtain the global minima of the function.

To solve this, you need to apply mathematical knowledge:


	Differentiate f(x) to get dfdx;


	Equate dfdx=0;


	Use the second derivative test on the solution to the previous equation.



For each of those three steps you will usually make use of our mathematical techniques:


	Differentiate f(x):

dfdx=2x−3



	Equate dfdx=0:

2x−3=0⇒x=3/2



	Use the second derivative test on the solution:

d2fdx2=2>0 for all values of x

Thus x=3/2 is the global minima of the function.



As you progress as a mathematician, mathematical knowledge is more prominent than mathematical technique: often knowing what to do is the real problem as opposed to having the technical ability to do it.

This is what this book will cover: programming allows you to instruct a computer to carry out mathematical techniques.

For example, you will learn how to solve the above problem by instructing a computer which mathematical technique to carry out.

This book covers how to give the correct instructions to a computer.

The following is an example; do not worry too much about the specific code used for now:

Differentiate f(x) to get dfdx


Jupyter input


1 import sympy as sym
2
3 x = sym.Symbol("x")
4 sym.diff(x ** 2 - 3 * x + 1, x)



2x−3

Equate dfdx=0


Jupyter input


1   sym.solveset(2 * x - 3, x)



{32}

Use the second derivative test on the solution


Jupyter input


1   sym.diff(x ** 2 - 3 * x + 1, x, 2)



2

Figure 1.1 shows a summary.

[image: A flow diagram showing a common mathematical problem leading to the mathematical knowledge needed to solve it followed by the mathematical techniques used.]
Figure 1.1 Knowledge versus technique in this book.




1.1.1 How is this book different from similar books?

A traditional structure of this book would probably be to re-order the chapters as follows:


	Chapter 2


	Chapter on variables (seen in Chapter 11)


	Chapter on conditionals (seen in Chapter 11)


	Chapter on loops (seen in Chapter 11)


	Chapter on functions (seen in Chapter 12)


	Chapters on data structures (seen in Chapter 12)


	Chapter 13


	Chapter on Sympy (with an overview of the topics in Chapters 3–5 and 10)


	Chapter 6


	Chapter 7


	Chapter 8


	Chapter 9


	Chapter 14


	Chapter 15


	Chapter 16


	Chapter 17



The choice to flip this structure and start with real use cases (and not code recipes) is deliberate. The tools covered in Chapters 3–10 can be used with little to no programming knowledge and need only an understanding of the mathematics. Following this, the topics covered in Chapters 11–13 let the reader expand on the knowledge and learn basics of programming. The topics and techniques covered in Chapters 14–17 show how modern research software is designed.




1.2 What is in this book?

Most programming texts introduce readers to the building blocks of programming and build up to using more sophisticated tools for a specific purpose.

This is akin to teaching someone how to forge metal so as to make a nail and then slowly work up to using more sophisticated tools such as power tools to build a house.

This book will do things in a different way: you will start with using and understanding tools that are helpful to mathematicians. In the later part of the book, you will cover the building blocks and you will be able to build your own sophisticated tools.


1.2.1 How is this book organised?

The book is in two parts:


	Tools for mathematics and


	Building tools.



The first part of the book will not make use of any novel mathematics. Instead you will consider a number of mathematics topics that are often covered in secondary school.


	Algebraic manipulation


	Calculus (differentiation and integration)


	Combinatorics (permutations and combinations)


	Probability


	Linear algebra


	Sequences


	Statistics


	Differential equations



The questions you will tackle aim to be familiar in their presentation and description. What will be different is that no by hand calculations will be done. You will instead carry them all out using a programming language.

In the second part of the book, you will be encouraged to build your own tools for tackling problems of your choice.

Each chapter will have four parts:


	A tutorial: you will be walked through solving a problem. You will be specifically told what to do and what to expect.


	A how to section: this will be a shorter more succinct section that will detail how to carry out specific things.


	A further information section: this will be a section with references to further resources as well as background information about specific things in the chapter and answers to common questions.


	An exercise section: this will be a number of exercises that you can work on.



There are a number of different Python libraries, programming techniques and frameworks covered in this book:


	Diátaxis (Chapter 16)


	Recursion (Chapter 8);


	itertools (Chapter 6)


	random (Chapters 7)


	statistics (Chapters 9)


	sympy (Chapters 3–5, 10);





1.2.2 How to use this book?

Readers are welcome to use this book in any way they find useful; however, it is designed with the following suggestions in mind:


	Start by following along with the tutorial. Carrying out the steps and observing the outcomes. It is not expected that a reader gains a deep understanding of a given topic when working through the tutorial. The goal here is to achieve some level of familiarity.


	After the tutorial, work through the how to section. It is through this section that a deeper understanding is to be gained by making connections to steps taken in the tutorial. After working through the how to section it is hoped that the reader would understand all steps taken in the tutorial.


	The exercise section is an opportunity for the reader to practice the topics in the how to section.


	After working through those three sections, it is possible that some readers have further questions or would like to find more information about a given topic. This is covered in the further information section.





1.2.3 How is code displayed in this book?

In this book, you will see code displayed in a number of different formats. The most common is the following:


Jupyter input


1   2 + 2
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This is shown as input to the programming tool “Jupyter” which is described at length in Chapter 2. As well as the input, it will also display the output (as above).

You will see typical usage instructions for particular code commands:


Usage


1   sym.solveset(<equation>)



You will see how to write a particular language called “markdown” (covered in Chapters 2 and 16):


Markdown input


1   # Algebra with Python



In Chapters 14–17 you will also see Python code saved to Python files:


Python file


1   print(2 + 2)



You will also see commands written for a command line tool. This is how you will start “Jupyter” in Chapter 2 but will be introduced more formally in Chapter 14.


Command line input


1   $ ls



Note that when some lines of code are long, they might include a carriage return symbol (↪):


Jupyter input


1    123456789 + 123456789 + 123456789 + 123456789 + 123456789 +
 123456789 + 123456789



The carriage return symbol should be ignored as it is only present in the book due to the physical constraint of the page width. The code should still be written as a single line.




1.3 What
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