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Preface

Writing efficient and structured code has emerged as an essential skill across different domains such as
engineering, scientific computing, data analysis, data science, machine learning, mathematical modeling, and
research fields. Among several tools available, MATLAB and Python are noted as the two widely adopted
programming languages, each with its own strengths and applications.

This book is created to develop a common understanding of these two languages among readers. It provides
a learning guide as well as a practical reference for the students, educators, researchers, data analysts, data
scientists, and professionals who wish to gain proficiency in these two languages and to enhance their coding
skills as well.

Initiating with the basic concepts, this book covers a wide range of topics, including variables, data types,
control structures, functions, data handling, plotting, and advanced topics such as signal and image processing.
Each chapter provides the key functionalities in MATLAB and Python with comparative examples. This side-
by-side comparison will help readers identify the syntax differences, conceptual similarities, and distinct
strengths. Real-world applications and practice exercises are incorporated to reinforce the learning process
and to bridge the gap between theory and practice.

Whether you are a beginner who is exploring the programming scope in scientific domains or an experienced
professional, this book is designed to enhance your coding and problem-solving skills. By the end of this
journey, readers will gain the ability to make suitable choices in tool selection and apply their coding skills in
different domains, including data analysis, data science, scientific computing, etc.

Chapter 1: Introduction to MATLAB and Python- This chapter provides a basic introduction to the languages
MATLAB and Python. By the end of this chapter, you will have an understanding of the key differences
and strengths of MATLAB and Python. Moreover, you will learn how to set up and navigate the respective
programming environments. Apart from this, you will gain familiarity with fundamental operations, data
structures, and functions in both languages.

Chapter 2: MATLAB and Python Variables and Data Types- A thorough explanation of the variables and
data types in MATLAB and Python, is given this chapter, respectively. This chapter covers a number of topics,
including how to define variables in MATLAB, how to use arrays and matrices in MATLAB, and how to use
strings and structures in MATLAB. Several subjects are introduced in relation to Python, such as declaring
variables, data types, and strings, lists, tuples, dictionaries, and sets. Additionally, a comparison of Python and
MATLARB is given through a number of examples. You may practice the topics they have learnt by completing
the assignment at the end of the chapter.

Chapter 3: Basic Operations in MATLAB and Python Languages- We will examine the basic functions
and operations of two potent programming languages—Python and MATLAB—in this chapter. Engineers
and scientists like MATLAB because of its well-known prowess in numerical computations, especially in
arithmetic and matrix operations. We will examine how well it can execute logical operations, sophisticated
matrix manipulations, and fundamental arithmetic operations—all of which are critical for data analysis and
algorithm creation. However, Python, which is well-known for its ease of use and adaptability, has a wide
range of features, such as list operations, string manipulation, arithmetic operations, and several built-in
functions that make it appropriate for data processing and general-purpose programming. By comprehending
these fundamental ideas in Python and MATLAB, readers will acquire a deep knowledge of the concept.
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Chapter 4: Control Flow and Structures in MATLAB and Python- The fundamental ideas of control flow
and structures in MATLAB and Python, two popular programming languages in data analysis, engineering,
and scientific computing, will be covered in this chapter. Readers who understand control flow will be able to
write more effective programs that can repeat tasks and make judgments under certain circumstances.

This chapter is organized into three primary sections, the first two of which concentrate on the Python and
MATLAB languages, respectively, while the third portion deals with popular instances of each. You will study
loops and conditional expressions in the MATLAB portion. You may examine related ideas in the Python
portion, but with some syntactic variations. Python implements decision-making logic via conditional
expressions.

Chapter 5: Functions and Scripts in MATLAB and Python- You will learn how to create and utilize functions
and scripts in MATLAB and Python, two robust programming languages that are frequently used in data
analysis and scientific computing, in this chapter. You will discover how to use the function keyword in
MATLARB to define reusable functions in distinct files, enabling modular and well-structured code. MATLAB
scripts, which are collections of commands that are executed one after the other and are perfect for automating
repetitive activities, are also covered in this chapter. You will also find anonymous functions made with the
@ symbol, which offers a rapid method of defining basic, one-line functions without requiring a separate file.
The def keyword will be used to define functions in the Python section, allowing for organized and reusable
code blocks. Additionally, you will study lambda functions, which are concise and anonymous.

Chapter 6: Data Handling in MATLAB- In order to assist users in managing data for analysis, calculation,
and visualization, this chapter provides a thorough overview of MATLAB's data handling features. Text files,
spreadsheets, and binary files are just a few of the many sources of data that may be read and written using
the powerful array of tools that MATLAB offers. Additionally, it allows import/export procedures for picture
and audio files as well as formats like .csv, .xls, and .mat. Anyone working with experimental measurements,
simulation findings, or system inputs and outputs has to understand these procedures. Beginning with basic
I/0O methods like fopen, fprintf, and fread, this chapter progresses to high-level functions like readtable and
writetable that are utilized for tabular data. Additionally, it offers information on best practices, data cleaning
methods, and real-world use cases.

Chapter 7: Data Handling in MATLAB and Python- You will study fundamental Python file handling
strategies in this chapter, with an emphasis on using built-in functions like open, read, write, and close to
carry out file operations. Data persistence and manipulation are made possible by these functions, which
make it possible to read from and write to files efficiently. This chapter also explores working with common
data types, including CSV and JSON. The CSV module in Python will teach readers how to read from and
write to CSV files, which are frequently used to store tabular data. To manage JSON files, a popular format for
data transmission, the json module will be presented. You will have the ability to handle files and process data
in a variety of formats at the end of this chapter.

Chapter 8: Plotting and Visualization in MATLAB- This chapter aims to give readers the hands-on skills they
need to design and modify different kinds of plots in MATLAB for practical uses. You may efficiently visualize
data by mastering fundamental 2D charting functions like plot, bar, and scatter. In order to improve plot clarity
and presentation, this chapter discusses customization approaches, such as adding titles, labels, and legends,
and changing line styles. Additionally, you will learn how to display complex data in three dimensions by
utilizing functions like plot3, surf, and mesh in 3D plotting. The chapter concludes by introducing specialized
plots like polar plots, heatmaps, and histograms, which expand your capacity to evaluate and present data in
a variety of fields, including science, engineering, finance, and data analytics.
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Chapter9: Plotting and Visualization in Python- In this chapter, MATLAB's plotting features are systematically
compared with a thorough tutorial on data visualization approaches in Python. Beginning with an overview of
Python's visualization ecosystem and its major libraries—Matplotlib for simple plotting, Seaborn for statistical
graphics, and Plotly for interactive visualizations—the content is organized to guide users from fundamental
ideas to sophisticated applications. After that, this chapter moves on to more fundamental charting methods,
showing how to make and modify a variety of chart types, such as line plots, bar charts, scatter plots, and
histograms. Advanced modification options to improve plot clarity and visual appeal are covered in detail in
a separate section. A significant part of this chapter is the comparison analysis, in which we will compare how
Python and MATLAB implement visualization tasks side by side.

Chapter 10: Working with Data in MATLAB and Python- With an emphasis on practical applications, this
chapter aims to give readers the fundamental knowledge and abilities they need to handle, analyze, and
preprocess data in MATLAB and Python. Readers will discover how to effectively index, slice, and reshape
datasets by investigating data manipulation techniques. These abilities are essential for jobs like processing
financial records or cleaning sensor data in engineering. Additionally, statistical functions are covered in the
chapter, allowing users to calculate metrics like mean, standard deviation, and correlation—all of which are
essential in domains like market trend analysis and biological research (e.g., evaluating data from clinical
trials).

Chapter 11: Signal and Image Processing in MATLAB and Python- In this chapter, methods for image and
signal processing in MATLAB and Python environments are examined. MATLAB and Python are important
in domains like computer vision, audio analysis, and telecommunications because they offer powerful tools
and frameworks for processing signals and images. A comparative analysis of MATLAB and Python programs
with examples, MATLAB-based material with examples, and Python-based content with examples comprise
this chapter.

Chapter 12: Case Studies in MATLAB and Python- This chapter aims to present practical, real-world case
studies that demonstrate how MATLAB and Python can be applied to solve complex problems across various
domains, including engineering, finance, signal processing, and data science. Through interactive, hands-on
examples, readers will learn to perform numerical computations, data analysis, and visualization in both
programming environments. The chapter is designed to build problem-solving capabilities by walking
through industry-relevant scenarios such as signal filtering, image processing, financial forecasting, and
statistical evaluation. By engaging with these examples, readers will enhance their ability to convert theoretical
knowledge into working code, streamline workflows, and make informed decisions when choosing between
MATLAB and Python for specific applications. The chapter also highlights best practices in algorithm design,
debugging strategies, and performance assessment, empowering readers with the skills needed to effectively
address real-world challenges.
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CHAPTER 1

Introduction to
MATLAB and Python

Introduction

In today’s data-driven world, computational tools play a crucial role in scientific research, engineering,
and data analysis. Two of the most widely used programming environments for numerical computing and
algorithm development are Matrix Laboratory (MATLAB) and Python. While MATLAB has long been a
primary tool in engineering and academia due to its powerful matrix operations and specialized toolboxes,
Python has emerged as a versatile, open-source alternative with extensive libraries for scientific computing,
machine learning, and automation. This chapter provides a comprehensive introduction to both MATLAB
and Python, covering their core features, environments, and basic syntax.

Structure
This chapter contains the following topics:
e 1.1.MATLAB
e 1.2 Python
e 1.3 Comparison between MATLAB and Python

Objectives

By the end of this chapter, you will understand the key differences and strengths of MATLAB and Python and
learn how to set up and navigate their respective programming environments.

You will also gain familiarity with fundamental operations, data structures, and functions in both languages
and be prepared to apply these tools in mathematical modeling, data analysis, and algorithm development.

Whether you are an engineer, scientist, or programmer, mastering these languages will enhance your ability
to solve complex computational problems efficiently.
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1.1 MATLAB

Matrix Laboratory (MATLAB) is a high-performance numerical computing environment developed by
MathWorks. It provides an interactive platform for algorithm development, data visualization, data analysis,
and numerical computation. MATLAB is widely used in academia and industries such as engineering, physics,
finance, and bioinformatics due to its powerful toolboxes and ease of use.

Some key features of MATLAB are:
e Matrix-based computing: Optimized for vector and matrix operations.
e Rich library of functions: Built-in mathematical, statistical, and engineering functions.
e Toolboxes: Specialized add-ons for signal processing, control systems, deep learning, and more.
e Interactive graphics: High-quality 2D /3D plotting and visualization tools.

e Integration capabilities: Supports interfacing with C/C++, Java, Python, and Fortran.

1.1.1 MATLAB environment

When you launch MATLAB, you interact with the following key components:

e Command Window: The Command Window in MATLAB is the primary interface where users can
execute commands, perform calculations, and interact with the MATLAB environment in real time. It
functions like an interactive shell, allowing users to enter expressions and immediately see the output.
This is particularly useful for quick computations, debugging, and testing small code snippets without
creating a script or function file. The Command Window also displays error messages, warnings,
and outputs from scripts or functions. It supports command history, so previous commands can be
accessed and reused easily. Overall, the Command Window is an essential component of MATLAB's
workflow, enabling rapid experimentation and immediate feedback during numerical computations
and programming.

o Itisused to enter commands and execute scripts.
o Example: Typing 5 + 3 and pressing Enter displays ans = 8.

e Workspace: The Workspace in MATLAB is a dynamic area that displays all the variables currently
in memory during a MATLAB session. It provides a convenient way to view, inspect, and manage
variables, including their names, sizes, types, and values. Users can interact with the Workspace through
the graphical interface or programmatically using commands like who, whos, and clear. This feature
is especially useful for monitoring data during computation, debugging, and understanding how
variables change over time. The Workspace complements the Command Window by allowing users
to keep track of their data and results visually, making it an integral part of MATLAB's environment
for efficient data handling and analysis.

o Itlists all variables currently stored in memory.
o It shows variable names, values, and data types.

e Current Folder: The Current Folder panel in MATLAB displays the contents of the directory (folder)
that MATLAB is currently accessing. It allows users to easily navigate the file system, open files,
run scripts, and manage data files directly within the MATLAB environment. The Current Folder
is important because MATLAB only has direct access to files located in this directory or on its path.
Users can change the current folder using the navigation bar or commands like cd. Having quick
access to project files, scripts, functions, and data sets makes the Current Folder panel a vital part of
the MATLAB workflow, enhancing productivity and file organization.
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o Itdisplays files and scripts in the working directory.
o MATLAB executes files from this location.

Editor: The Editor in MATLAB is a built-in text editor designed specifically for writing, editing,
and debugging scripts, functions, and other code files. It offers features such as syntax highlighting,
automatic indentation, code folding, and error checking, which help streamline the coding process.
The Editor also provides tools for setting breakpoints, running sections of code, and stepping through
code during debugging. Unlike the Command Window, which is used for executing individual
commands interactively, the Editor is ideal for writing longer and more structured programs that can
be saved and reused. It supports multiple tabs and integration with version control systems, making
it a powerful tool for developing and maintaining complex MATLAB applications.

o Itisused to write, debug, and save MATLAB scripts (.m files).
o It supports syntax highlighting and automatic indentation.

Toolboxes: Toolboxes in MATLAB are specialized collections of functions, classes, and Simulink blocks
thatextend MATLAB's core capabilities to specificapplication areas. Each toolbox is designed to support
tasks in a particular domain, such as signal processing, image processing, machine learning, control
systems, optimization, and more. These toolboxes are developed and maintained by MathWorks and
provide professionally developed algorithms, ready-to-use functions, and extensive documentation
and examples. Toolboxes make it easier for users to perform complex operations without having to
build everything from scratch. Since they are modular, users can install only the toolboxes relevant to
their work, making MATLAB a flexible and scalable environment for both academic and industrial
applications.

o Extend MATLAB's functionality (e.g., Image Processing Toolbox, Simulink).

Different types of toolboxes can be explored at the following link: https://www.mathworks.com/
products.html

1.1.2 Basic syntax and operations

Variables and data types: In MATLAB, variables are used to store data values, and they are created automatically
when a value is assigned using the equal sign (=). MATLAB is designed for matrix and numerical computation,
so all variables are, by default, stored as matrices or arrays, even if they contain a single number. MATLAB is
dynamically typed, meaning that you do not need to declare a variable’s type before using it. Common data
types in MATLAB include numeric types (double, single, int8, int16, etc.), character arrays and strings
(char, string), logicals (true, false), cell arrays, structures (struct), and tables. MATLAB’s powerful
handling of arrays and data types allows users to perform complex mathematical and data manipulation tasks
with simple and concise syntax. Understanding variables and data types is essential for writing efficient and
error-free MATLAB programs. MATLAB is dynamically typed (no explicit declaration needed).

Some common data types are as follows:

Numeric: double, int8, single
Logical: true/false
Character: 'Hello'

Cell arrays: {1, 'text', [3 4]}

Example 1.1: [Numeric (Default double)]:

a =

5.25; % 'a' is stored as a double by default

class(a) % Returns: 'double'
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Example 1.2: [Integer data types (int8, int16, etc.)]
b = int8(127); % Assign an 8-bit signed integer
class(b) % Returns: 'int8'

Example 1.3: [Single precision floating point]:
c = single(3.14); % Converts to single precision

class(c) % Returns: 'single'

Example 1.4: [Logical values (true/false)]:

d = true; % Logical variable
e = (5> 10); % Evaluates to false
class(e) % Returns: 'logical’

Example 1.5: [Character array (String using single quotes)]:
greeting = 'Hello, MATLAB'; % Character array

class(greeting) % Returns: 'char'

Example 1.6: String data type (introduced in newer MATLAB versions):
name = "Quantum”; % String scalar

class(name) % Returns: 'string’

Example 1.7: Cell array with mixed data types:
myCell = {1, 'MATLAB', [2 3 4]}; % Cell array containing number, string, and array
class(myCell) % Returns: 'cell'

Example 1.8: Accessing elements of a cell array:
element = myCell{2}; % Accesses 'MATLAB'

class(element) % Returns: 'char’

Example 1.9: Creating logical array from condition:

A =11, 2, 3, 4, 5];

logicalA = A > 3; % Returns [0 0 0 1 1]
class(logicalA) % Returns: 'logical’

Example 1.10: Combining types in a structure:
student.name = 'Alice’;

student.age = int8(22);

student.passed = true;

student.grades = [85, 90, 78];

% Use 'class' function on a field
class(student.age) % Returns: 'int8'

Example 1.11: MATLAB’s array structures for row vectors, column vectors, and matrices:
= 10; % Scalar

[1 2 3]; % Row vector

[1; 2; 3]; % Column vector

rand(3,3); % 3x3 random matrix

Q N O w
Il
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Arithmetic operations

In MATLAB, arithmetic operations are fundamental and are performed using standard operators such as
addition (+), subtraction (-), multiplication (*), division (/ for right divisionand \ forleft division), element-wise
multiplication (.*), element-wise division (./, .\ ), and exponentiation (* for matrix power and .» for element-
wise power), which are detailed in the following table. MATLAB is inherently designed for matrix and vector
computations, so these operations can be applied to scalars, vectors, matrices, and higher-dimensional arrays.
Element-wise operators are particularly important when performing operations on corresponding elements
of arrays. MATLAB follows standard operator precedence rules, and parentheses can be used to change the
order of evaluation. Mastery of arithmetic operations in MATLAB is essential for performing calculations,
implementing algorithms, and developing simulations in engineering, science, and applied mathematics.

Operation Syntax Example
Addition + 5+3->38
Subtraction - 7-2-5
Multiplication * 4 * 6~ 24
Division / 10/ 2-5
Exponentiation n 2”3 »> 8

Table 1.1: Basic arithmetic operations in MATLAB

Vectorized addition:

A = [1J 2, 3];
B = [4) 5, 6]3
C =A + B; % Element-wise addition -» [5, 7, 9]

Matrix multiplication:

M1 [1 2; 3 4];

M2 = [5; 6];

result = M1 * M2; % Matrix multiplication -» [17; 39]

Scalar division:

totalMarks = 450;

subjects = 5;

average = totalMarks / subjects; % - 90

Element-wise operations (for arrays):

A [12; 3 4],

B [56; 7 8];

C=A .*B; % Element-wise multiplication » [5 12; 21 32]

Functions and scripts

In MATLAB, both scripts and functions are types of program files that contain sequences of MATLAB
commands. While they may appear similar at first instance, they serve distinct purposes and differ in terms of
how they handle input/output, variable scope, and reusability.

Functions

A function in MATLAB is a more structured and modular type of program file that allows for input arguments
and output results. Functions operate in their own local workspace, which means variables inside the function
do not interfere with variables in the base workspace unless explicitly passed in or out. This makes functions
ideal for performing specific tasks repeatedly or with varying data.
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Characteristics of functions:

Syntax:

It is defined using the function keyword.

It accepts input arguments and returns output values.

It has their own isolated variable workspace.

It supports modular, reusable programming practices.

function [outputl, output2, ...] = functionName(inputl, input2, ...)
% Function body

end

Let us look at the following types of functions:

Scripts

Built-in functions: MATLAB provides a wide range of built-in functions that simplify mathematical,
statistical, and engineering computations. These functions are optimized, pre-defined operations that
can be applied directly to scalars, vectors, matrices, and higher-dimensional arrays. Whether you
are performing basic arithmetic or complex scientific analysis, built-in functions in MATLAB help
streamline your code and enhance performance. Functions like sin(), cos(), and sqrt() are used for
mathematical operations, while mean() and max() are commonly used for data analysis:

(¢}

sin() — Sine of an angle (in radians):
angle = pi / 6; % 30 degrees in radians
sineValue = sin(angle); % Returns 0.5

cos() — Cosine of an angle (in radians):

theta = pi / 3; % 60 degrees in radians
cosValue = cos(theta); % Returns 0.5

sqrt() — Square root calculation:

distance = 25;
rootValue = sqrt(distance); % Returns 5

mean() — Average of an array:
scores = [88, 92, 79, 85, 90];
averageScore = mean(scores); % Returns 86.8

max() —- Maximum element in an array:

temperatures = [22.5, 27.8, 25.1, 30.0, 28.4];
maxTemp = max(temperatures); % Returns 30.0

User-defined functions:

function y = square(x)

end

y = X"2;

A sequence of commands saved in .m files. A script is a simple program file that contains a sequence of
MATLAB commands. It operates in the base workspace, meaning any variables created or modified in the
script are accessible after the script finishes running. Scripts are typically used for performing a series of
calculations, visualizations, or simulations where data is already available in the workspace or defined within
the script itself.
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Characteristics of scripts:
e It does not accept input or return output explicitly.
o It shares the same workspace as the base MATLAB environment.
e [Itisideal for quick analysis or when working with existing data.

Key differences between scripts and functions in MATLAB:

Feature Script Function
Input arguments No Yes
Output arguments No Yes
Workspace Base workspace Local workspace
Reusability Limited High
Best used for Simple tasks, quick computations Modular, repeatable tasks

Table 1.2: Main differences between scripts and functions in MATLAB

A function or a script in MATLAB can be used in the following ways:
e Use scripts when working interactively or when prototyping with known data.

e Use functions when you need to encapsulate a task that might be reused, or when you want to pass
specific inputs and get well-defined outputs.

Example 1.12: Steps to run a script in MATLAB:

1. Script name: circle_area.m

radius = 5;

area = pi * radius”2;

disp(['The area of the circle is: ', num2str(area)]);
2. How to run:

a. Save the file as circle_area.m in your MATLAB working directory.

b. In the Command Window, type:

circle_area
3. Output:

The area of the circle is: 78.54

1.2 Python

Python is a general-purpose, interpreted, high-level programming language known for its simplicity and
readability. It is widely used in:

e Scientific computing (NumPy, SciPy)
e Data analysis (Pandas)

¢ Machine learning (Scikit-learn, TensorFlow)

e  Web development (Django, Flask)



