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Introduction

Welcome to Beginning Mathematica and Wolfram for Data Science.

Why is data science important nowadays? Data science is an active topic that is 

evolving daily; new methods, techniques, and data are created daily. Data science 

is an interdisciplinary field involving scientific methods, algorithms, and systematic 

procedures to extract data sets and thus better understand the data in its different 

structures. It is a continuation of some theoretical data analysis fields such as statistics, 

data mining, machine learning, and pattern analysis. With a unique objective, to extract 

quantitative and qualitative information of value from the data being recollected from 

various sources, and thus be able to objectively count an event for decision-making, 

product development, pattern detection, or identification of new business areas.

 Data Science Roadmap
Data science carries out a series of processes to solve a problem, which includes data 

acquisition, data processing, model construction, communication of results, and 

data monitoring or model improvement. The first step is to formalize an objective in 

the investigation. From the object of the investigation, you can proceed to the data 

acquisition sources. This step focuses on finding the right data sources. The product of 

this path is usually raw data, which must be processed before it can be handled. Data 

processing includes transforming the data from a raw form to a state in which it can 

be reproduced to construct a mathematical model. Proceeding to the construction 

of the model, a stage that intends to obtain the information by making predictions in 

accordance with the conditions established in the early stages. Here, the appropriate 

techniques and tools, which consist of different disciplines, are used. The objective is 

to obtain a model that provides the best results. The next step is to present the outcome 

of the study. Which consists of reporting the results obtained and whether they are 

congruent with the established research objective. Finally, it comes to data monitoring, 

with the intention of keeping the data updated because data can change constantly and 

in different ways.
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 Data Science Techniques
Data science includes analysis techniques from different disciplines, such as 

mathematics, statistics, computer science, and numerical analysis. The following are 

some disciplines and techniques used.

• Statistics (linear, multiple regressions, least squares method, 

hypothesis testing, analysis of variance (ANOVA), cross-validation, 

resampling methods)

• Graph theory (network analysis, social network analysis)

• Artificial intelligence

• Machine learning

• Supervised learning (natural language processing, decision trees, 

naive bayes, nearest neighbors. support vector machine)

• Unsupervised learning (cluster analysis, anomaly detection, K-means 

cluster)

• Deep learning (artificial neural networks, deep neural networks)

• Stochastic processes (Monte Carlo methods, Markov chains, time 

series analysis, nonlinear models)

Even though many techniques exist, this list only shows a part of it since research on 

data science, machine learning, and artificial neural networks is constantly increasing.

 Prerequisites
This book is intended for readers who want to learn about Mathematica / Wolfram 

Language and implement it in data science; it focuses on the basic principles of data 

science as well as for programmers outside of software development, that is, people who 

write code for their academic and research projects, including students, researchers, 

teachers, and many others. The general audience is not expected to be familiar with 

Wolfram Language or with the front-end program Mathematica, but little or any 

experience is welcome. Previous knowledge of the syntax would be an advantage in 

InTroduCTIon
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understanding how the commands work in Mathematica. If this is not the case, the 

book provides the basic concepts of the Wolfram Language syntax. The fundamental 

structure of expressions in the Wolfram Language. Basic handling and understanding of 

Mathematica notebooks.

Prior knowledge or some experience with programming, mathematical concepts 

such as numbers, trigonometric functions, and basic statistics are useful, along 

with some understanding of mathematical modeling, which is also helpful but not 

compulsory.

Wolfram Language is different from many other languages but very intuitive and 

user-friendly to learn.

The book aims to teach the general structure of the Wolfram Language, data 

structures, objects, and rules for writing efficient code, and at the same time, teach data 

management techniques that allow them to solve problems in a simple and effective 

way. Provide the reader with the basic tools of the Wolfram Language, such as creating 

structured data, to support the construction of future practical projects.

For this new version, all the programming was carried out on a MacBook Air M1 

with Sonoma 14 environment with the installation of version 13.3.1.0 and 14 of Wolfram 

Mathematica. Wolfram Mathematica is currently supported in other environments such 

as Linux, Windows, and macOS. The code found in the book works with both the Pro and 

Student versions.

 Book Conventions
Throughout the book, you may come across different words written distinctly from 

others. Throughout the book, the words command, built-in functions, and functions may 

be used as synonyms that mean Wolfram Language commands written in Mathematica. 

So, a function will be written in the form of the real name; for example, RandomInteger.

The evaluation of expressions appears in the Mathematica In/Out format; the same 

applies to blocks of code.

In[#]:= “Hello World!”

Out[#]= “Hello World!”

InTroduCTIon
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 The Layout
The book is written in a compact and focused way to cover the basic ideas behind the 

Wolfram Language and cover details on more complex topics. Some chapters have been 

revised and redesigned in this new version to focus on novice and advanced topics.

Chapter 1 discusses the starting topics of the Wolfram Language, basic syntax, 

and basic concepts with some example application areas, followed by an overview of 

the basic operations and debugging techniques, and concludes by discussing security 

measures within a Mathematica session.

Chapter 2 provides the key concepts and commands for data manipulation, 

sampling, types of objects, and some concepts of linear algebra—the introduction to 

lists, an important concept to understand in the Wolfram Language.

Chapter 3 discusses how to work properly with data and the initiation of the core 

structures for creating a dataset object, introducing concepts like associations and 

association rules are discussed with a conclusion remarking how associations and 

dataset constructions can be interpreted as a generalization of a hash table aiming to 

expose a better understanding of internal structures inside the Wolfram Language, 

including an overview of performing operations on a list and between lists and then 

discussing various techniques applied to dataset objects.

Chapter 4 exposes the main ideas behind importing and exporting data with 

examples throughout the chapter with common and newly added file formats. It also 

presents a very powerful command known as SemanticImport, which can import data 

elements that are natural language.

Chapter 5 covers the topic areas for new data visualization, common data plots, data 

colors, data markers, and how to customize a plot. Basic commands for 2D plots and 3D 

plots are presented, too.

Chapter 6 introduces the statistical data analysis. Starting with random data 

generation begins by introducing some standard statistical measures, followed 

by a discussion on creating statistical charts and performing an ordinary least 

square method.

Chapter 7 exposes the basis for data exploration and reviews a central discussion on 

the Wolfram Data Repository. Performing descriptive statistics and data visualization 

inside Fisher’s Irises dataset objects is also covered.

InTroduCTIon
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Chapter 8 starts with machine learning concepts and techniques, such as gradient 

descent, linear regression, logistic regression, and cluster analysis, including examples 

from various datasets like the Boston and Titanic datasets and newly implemented 

features.

Chapter 9 introduces the key ideas and the basic theory to understand the 

construction of neural networks in the Wolfram Language, such as layers, containers, 

and graphs. The MXNet framework in the Wolfram Language scheme is also discussed.

Chapter 10 concludes the book by discussing training neural networks in the 

Wolfram Language. In addition, the Wolfram Neural Net Repository is discussed with 

an example application, examining how to access data inside Mathematica and the 

retrieval of information, such as credit risk modeling fraud detection, and concluding 

with the example of the LeNet neural network, reviewing the idea behind this neural 

network and exposing the main points on the architecture with the help of the MXNet 

graph operations and a final road map on the creation, evaluation, and deployment of 

predictive models with the Wolfram Language. In this new version, LLM (large language 

model) features are introduced with the connection to GPT services, use of chat cells, 

and presentation of the GPT-1 and GPT-2 models.

InTroduCTIon
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CHAPTER 1

Introduction 
to Mathematica
The chapter begins with a preliminary introduction to why Mathematica is a useful and 

practical tool. It explores the core concepts of the Wolfram Language and its syntax. 

It starts by explaining the internal structure of Mathematica and how to add code 

effectively. The concept of a notebook is introduced, which is important to understand 

the type of format that Mathematica handles. The chapter examines this interface class 

and demonstrates how notebooks simultaneously support code and text. In this way, 

a notebook is a computable text file. Next, you inspect various add-ons that can be 

employed within a notebook to help the user maximize their code’s capabilities.

The next section demonstrates how to write expressions in Mathematica, examining 

topics such as arithmetic, algebra, symbols, global and local variables, built-in functions, 

date and time formats, plotting functions, logical operators, performance measures, 

delayed expressions, and accessing Wolfram Alpha. You then look at how Mathematica 

performs code computations, including its accepted varieties of inputs and the 

evaluation of these inputs. This chapter concludes with tips for seeking support within 

Mathematica, managing and handling errors, searching for solutions, and safely dealing 

with security concerns in notebooks that incorporate dynamic content.

 Why Mathematica?
Mathematica is a mathematical software package created by Stephen Wolfram more 

than 35 years ago. Its first official version (Mathematica 1.0) emerged in 1988 and 

was created as an algebraic computational system capable of handling symbolic 

computations. However, Mathematica has established itself as a tool capable of 

performing complex tasks efficiently, automatically, and intuitively. Mathematica is 

https://doi.org/10.1007/979-8-8688-0348-2_1
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widely used in many disciplines like engineering, optics, physics, graph theory, financial 

engineering, game development, and software development.

Mathematica provides a complete, integrated platform to import, analyze, and 

visualize data. Mathematica does not require plug-ins. It also has a mixed syntax, 

performing both symbolic and numerical calculations. It provides an accessible way 

to read the code with the implementation of notebooks as a standard format, which 

also serves to create detailed reports of the processes carried out. Mathematica can 

be characterized as a powerful platform enabling efficient and concise forms of work. 

Among computer languages, the Wolfram Language falls into the group of programming 

languages classified as a high-level, multi-paradigm interpreted language. Unlike 

conventional programming languages, the Wolfram Language adheres to unique rules, 

facilitating order and clear, compact code composition.

 The Wolfram Language
Mathematica is powered by the Wolfram Language, an interpreted high-level 

programming language that covers both symbolic and numeric capabilities. To 

understand the Wolfram Language, it is necessary to remember that the language’s 

core nature resembles a normal mathematical text, as opposed to other programming 

languages’ syntax. The following describes some remarkable features of the Wolfram 

Language.

• The first letter of a built-in function word is uppercase and is also 

human-readable.

• Any element introduced in the language is taken as an expression.

• Expressions take values consisting of the Wolfram Language atomic 

expressions.

 – A symbol made up of letters, numbers, or alphanumeric contents

 – Four types of numbers: integers, rational, real, and complex

 – The default character string is written within the quotation marks (“ ”)

Chapter 1  IntroduCtIon to MatheMatICa
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• In Mathematica, there are three ways to group expressions.

 – Parentheses group terms within an expression (expr1 + expr2) + (expr3).

 – Command entries are enclosed by brackets [ ]. Also, square brackets enclose 

the arguments of a built-in function, F[x].

 – Mathematica uses curly braces {} (e.g., {a, b, c}) to represent lists, arrays, 

matrixes, and other collections.

 Structure of Mathematica
Before entering code, you need to get the layout of Mathematica. To launch 

Mathematica, go to your Applications folder and select the Mathematica icon. This 

action brings up the new welcome screen, illustrated in Figure 1-1.

Figure 1-1. The default welcome screen for Mathematica’s latest version

Chapter 1  IntroduCtIon to MatheMatICa
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Tip the startup window offers valuable information for new and adept users, 
including the Mathematica version, access to documentation, resources, and the 
Wolfram community, among other things.

After the startup screen appears, you can create a new notebook by selecting the New 

Document button, and a blank page should appear like the one shown in Figure 1-2. 

New documents can also be created by selecting File ➤ New ➤ Notebook or with the 

⌘+N (macOS) or Ctrl+N (Win) keyboard shortcut command.

Figure 1-2. A blank notebook ready to receive input

The blank document that appears is called a notebook, and it’s the core interaction 

between the user and Mathematica. Notebooks can be saved locally from the menu bar 

by selecting File ➤ Save (or Save as). Initializing Mathematica always exhibits an untitled 

notebook. Notebooks serve as the standard document format. They can be customized 

to display text alongside computations. However, the key feature of Mathematica lies 

in its capacity to perform computations, extending beyond numerical calculations, 

regardless of the notebook’s purpose.

Chapter 1  IntroduCtIon to MatheMatICa
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Note Mathematica version 13.1 introduced a new default assistant toolbar.

Mathematica’s notebooks are separated into input spaces called cells. Cells are 

represented by the square brackets on the notebook’s right side. Each input and output 

cell has its bracket. Brackets enclosed by larger brackets are related computations, 

whether input or output. Grouped cells are represented by nested brackets that contain 

the whole evaluation cell. Other cells can be grouped by selecting and grouping them 

with the right-click option. Cells can also have the capability to show or hide input by 

simply double-clicking the cells. To add a new cell, move the text cursor down, and a flat 

line should appear, marking the new cell ready to receive input expressions. The plus 

tab in the line is the assistant input tab, showing the various types of input supported by 

Mathematica. Figure 1-3 displays grouped input (In[-]) and output (Out[-]) cells.

Figure 1-3. Expression cells are grouped by input and output

There are four main input types. The default input is the Wolfram Language code 

input. Free-form input is involved with Wolfram knowledge-base servers, and the results 

are shown in Wolfram Language syntax. Wolfram Alpha query is associated with results 

explicitly shown on the Wolfram Alpha website. External Language Input is built-in 

support for common external programming supported by Mathematica.

There are four main input types.

• Default input: Wolfram Language code input

• Free-form input: involved with Wolfram knowledge-base servers and 

the results are shown in Wolfram Language syntax

• Wolfram Alpha query: associated with results explicitly shown on the 

Wolfram Alpha website

• External language input: built-in support for common external 

programming supported by Mathematica

These are illustrated in Figure 1-4.

Chapter 1  IntroduCtIon to MatheMatICa
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Figure 1-4. Main input types in Mathematica

Tip Keyboard shortcuts for front-end instruction commands are shown on the 
right or left side of each panel.

 Design of Mathematica
Now that you have the lay of the land of Mathematica’s basic format, you can learn 

the internal structure of how Mathematica works. Inside Mathematica, there are 

two fundamental processes: the Mathematica kernel and the graphical interface. 

The Mathematica kernel is the one that takes care of performing the programming 

computations; it is where the Wolfram Language is interpreted and is associated with 

each Mathematica session. The Mathematica interface allows the user to interact with the 

Wolfram Language functions and, at the same time, document your progress.  

Chapter 1  IntroduCtIon to MatheMatICa



7

Each notebook contains cells, where the commands that the Mathematica kernel 

receives are written and then evaluated. Each cell has an associated number. There are 

two types of cells: the Input cell and the Output cell. These are associated with each other 

and have the following expressions: In[n]:= Expression and Out [n]: = Result or (“new 

expr”). The evaluations are listed according to which cell is evaluated first and continue 

in ascending order. When quitting the kernel session, all the information, computations 

made, and stored variables are relinquished, and the kernel is restarted, including the 

cell expressions. To quit a kernel session, select Evaluation ➤ Quit Kernel ➤ Local.

Tip to start a new kernel session, click evaluation ➤ Start Kernel ➤ Local.

To begin, try typing the following computation.

In[1] := (11*17) + (4/2)

Out[1] = 189

The computation shows that In and Out have a number enclosed. This number is the 

number associated with the evaluated expression.

A suggestion bar appears after every expression is evaluated (see Figure 1-5). 

The suggestion bar in Mathematica is always visible unless the user hides it. But the 

suggestion bar offers suggestions for possible new commands or functions to be applied 

to the generated output. The suggestion bar can sometimes be helpful if you are unsure 

what to code next; if used wisely, it might be helpful.

Figure 1-5. Suggestion bar for more possible evaluations

The input form of Mathematica is intuitive; to write in a Mathematica notebook, 

you just have to put the cursor in a blank space, and the cursor indicates that you are 

inside a cell that has not been evaluated. To evaluate a cell, click the keys [Shift + Enter], 

instructing Mathematica kernel to evaluate the expression written. The next chapter 

looks at the new form to evaluate expressions using the new toolbar.

To evaluate the whole notebook, go to the Evaluation tab on the toolbar and  

select Evaluate Notebook. If the execution of calculations takes more time than  

expected, you make a wrong execution of code, or if you want to seize a computation, 

Mathematica provides several ways to stop calculations. To abort a computation, go to 
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Evaluation ➤ Abort Evaluation. Alternatively, use the keyboard shortcut in Windows  

[Alt + .] or macOS [⌘ + .].

When a new notebook is created, the default settings are applied to every cell (input 

style). Nevertheless, preferences can be edited in Mathematica with various options. To 

access them, go to Edit ➤ Preferences. On macOS, the Preferences (settings) menu is 

located in the application menu, go to Mathematica ➤ Settings.

Once opened, a pop-up window appears (see Figure 1-6) with multiple tabs 

(Interface, Appearance, AI Settings, etc.). Basic customizations involve magnification, 

language settings, and other general instructions. The Appearance tab is related to code 

syntax color (i.e., symbols, strings, comments, errors, etc.). The AI Settings tab is the new 

tab associated with the LLM (large language model) evaluator. Other options belong to 

advanced settings that are not used in this book. Feel free to navigate each option.

Figure 1-6. Preferences window
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Later, you learn about in-depth settings and customization options for the notebook 

interface that allow you to tailor preferences.

 Mathematica Environment
This section explores the user interface of Mathematica, with a focus on the notebook 

interface, as well as the other user experience functionalities.

 Notebook Interface
Mathematica is always on the quest to improve user experience and boost productivity. 

In version 13.1, a big enhancement has been introduced—the seamless integration of a 

default toolbar (see Figure 1-7) across all standard notebook user interfaces (UIs).

Figure 1-7. The new UI default toolbar showcases essential tools and 
functionalities for efficient code development. Toolbar icons may vary by 
Mathematica version

This new toolbar (described left to right) includes several new features to enhance 

user experience. Evaluate allows users basic and costume code evaluation. Abort 

lets users cancel queued cells and remove chosen ones; both options are shown 

in Figure 1-8. These features can also be accessed via the keyboard, as previously 

mentioned.
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Figure 1-8. Extensive options for code evaluation and abort options in a notebook 
interface; the double arrow-like shape hides the toolbar

The other options integrate text cell formatting, offering styling options like cell style 

(title, subtitle, etc.) and cell color background. Users also benefit from the convenient 

cell management functions, such as grouping, dividing, merging cells, and inserting 

input/output of cells, all reduced to simple buttons. Continuing to options like extend 

selection, convert natural language into Wolfram Language code, collapse cells, insert 

comment, math form input, and LATEX rendering, users also have access to drawing 

canvas and hyperlink features. Finally, the rightmost section of the toolbar includes 

buttons for chat notebooks (utilizing LLM features), saving or publishing to the Wolfram 

Cloud, accessing documentation (local or web-based), and searching within the 

notebook.

Note different buttons may appear based on the selected cell type where the 
cursor resides, ranging from text to code formatting. Figure 1-7 shows for Wolfram 
Language code input cell. Figure 1-9 shows for text display cell.

Figure 1-9. Text cell options for bold, italic, and underline and insert code text 
evaluation and abort options in a notebook interface
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