Beginning Mathematica
and Wolfram for
Data Science

Applications in Data Analysis, Machine
Learning, and Neural Networks

Second Edition

Jalil Villalobos Alva

Apress:



Beginning Mathematica
and Wolfram for Data
Science

Applications in Data Analysis,
Machine Learning,
and Neural Networks

Second Edition

Jalil Villalobos Alva

Apress®



Beginning Mathematica and Wolfram for Data Science: Applications in Data
Analysis, Machine Learning, and Neural Networks

Jalil Villalobos Alva
Mexico City, Mexico

ISBN-13 (pbk): 979-8-8688-0347-5 ISBN-13 (electronic): 979-8-8688-0348-2
https://doi.org/10.1007/979-8-8688-0348-2

Copyright © 2024 by Jalil Villalobos Alva

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.

Trademarked names, logos, and images may appear in this book. Rather than use a trademark symbol with
every occurrence of a trademarked name, logo, or image we use the names, logos, and images only in an
editorial fashion and to the benefit of the trademark owner, with no intention of infringement of the
trademark.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are not
identified as such, is not to be taken as an expression of opinion as to whether or not they are subject to
proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the
material contained herein.

Managing Director, Apress Media LLC: Welmoed Spahr
Acquisitions Editor: Melissa Duffy

Development Editor: James Markham

Editorial Project Manager: Gryffin Winkler

Copyeditor: Kim Burton

Cover designed by eStudioCalamar
Cover image designed by Mathew Schwartz on Unsplash (www.unsplash.com)

Distributed to the book trade worldwide by Springer Science+Business Media New York, 1 New York Plaza,
Suite 4600, New York, NY 10004-1562, USA. Phone 1-800-SPRINGER, fax (201) 348-4505, e-mail orders-ny@
springer-sbm.com, or visit www.springeronline.com. Apress Media, LLC is a California LLC and the sole
member (owner) is Springer Science + Business Media Finance Inc (SSBM Finance Inc). SSBM Finance Inc
is a Delaware corporation.

For information on translations, please e-mail booktranslations@springernature.com; for reprint,
paperback, or audio rights, please e-mail bookpermissions@springernature.com.

Apress titles may be purchased in bulk for academic, corporate, or promotional use. eBook versions and
licenses are also available for most titles. For more information, reference our Print and eBook Bulk Sales
web page at http://www.apress.com/bulk-sales.

Any source code or other supplementary material referenced by the author in this book is available to
readers on GitHub. For more detailed information, please visit https://www.apress.com/gp/services/
source-code.

If disposing of this product, please recycle the paper


https://doi.org/10.1007/979-8-8688-0348-2

To my family, who supported me in all aspects



Table of Contents

About the AUROF ........cccceemmismsinsnssssss s nnnnnn s xiii
About the Technical REVIEWET ........cccccussssmsssssansssssnssssnsssssnsssssnsssssnsssssnsssssnssnssnssnssns XV
Acknowledgments........ccccciuiissnsmssnmmmmmmssssssssssnnsssessssssssssssnnsseesssssssssnsnnnnsssssssssnnnnnns XVii
INtroduction ........cccciiimmmnmnnnns s ——————————————————————— Xix
Chapter 1: Introduction to Mathematica ........ccceemmmmmmnnnmmmmsssss i ————————— 1
Why MathematiCa? .........cceevrerierererrereresesserersessssss e sseseesessessessesssssssessesaesassessesssssssessesaessssnsesaens 1
The WOIfram LaANQUAGE ......ccocereririniineresissesse s se s sss s s sss s s ssesnessssennennens 2
Structure of MathematiCa ...........ccocereerrererese s 3
Design of MathematiCa ..........ccoveerererrnsesreer s 6
Mathematica ENVIrONMENT..........cccoorieinierncsere s 9
NOLEDOOK INTEITACE ..o e 9

TEXE PrOCESSING ..ucrvrecrrreerreesessesessesesessesesse e s sss s ses e ss e sas e ssssessssesessessssssssasessnsssnsenens 12
PalBHES... e e nr s 14
Notebook Style and FEAtUIES .........c.ouvevrerererernsesre s 15
Expression in MathematiCa.........c.cucvverneneninsnesne s sens 18
ASSIGNING VAIUES......ccueeerreerreisisessse s sr s s s sr s sen e snnsnnens 19
BUIIE-IN FUNCTIONS ..ottt 22
DAtES AN TIME.....civecerrierisesire s p e se e pe e nr s 23
STIINGS cvverrreerree s e R e e R E e nne 25
BaSIC PlOMHING.....ccvieerrierriesineser s e 27
Logical Operators and Infix NOTation ..........ccccuceericnniennicsinssc e 30
AIgEDraiC EXPreSSIONS ......cceveverrresrrsesersssessssessssesessssessssessssssessssssssssssssssesssssssssensssanssssssssssenens 33
Solving Algebraic EQUAtIONS .........ccvuerriesennsesenesesese s sss s sessessns 34
Using Wolfram Alpha Inside Mathematica..........cccccuvrernrenrnsennsesnesens s 37
Delayed and Immediate EXPreSSiONS........cccvueernsesrsesesssessssesssese s ssssessssssessssesesssssssssessanes 40



TABLE OF CONTENTS

IMPIOVING COUE ....evuerrerteirererresessersesresessesse s sse e s e ssesaese s e s saesas e s e saesaese s e naesaesae e naesaeseesaenenseaes 4
Code PErfOrMANCE........cov i 42

0 LT LT Lo = (0] S 43
Debugging TECHNIGUES .....evuerierie et a e e s s n e s 45
How Mathematica WOIKS .........cocreerercereeree s 47
How Computations are Made (FOrm of INPUL)........ccceeererrrrenriecrnce e 47
Searching for ASSISTANCE........c.ccvecrrierrc s e e 50
NOLEDOOK SECUIILY ....cveeireeirecr et e s se e e np s 53
SUIMIMANY.....eeeeeeecee e e e e e e Re e e e s e e e e e Re e e R e e e e e e e Re e s Ee e nr e e e nnnneas 54
Chapter 2: Data Manipulation.........cccccccmmmrmmnnsssssssmmmmmmmmssssssssmsmesssssssss .- 55
I £ S 55
TYPES Of NUMDETS......cucieieeerieeresesesse s sesse e s se s e s ses e s e e ssenesenssssnssnnns 56
Working With DIgiS ......ceeerererrnisrrese s se s se s sessssesssnens 60

A Few Mathematical FUNCLIONS .........ccoveernenenenernsesese e se s sessssessenens 61
NUMETIC FUNCHON ...t 63
(I SR 0 0] Tt 3SR S 64
List RepreSentation...........covceerernenennsc s 65
GENErAtiNg LiSTS......vceeerreerrnerine s e 65
Arrays Of DALA.......cccouvererenmriesnesrne s r e r e nnnne s 68
NESTEU LiSTS..cvueerrrererriserrssessssesssesessne e e s e r s sn s re s r e e s e ne e nra s 4l
L1 (0] OSSR 72
MIAEFIXES. . e veerreseserre st s R e R R r s 73
MatriX OPErAtiONS .....cccceirierrreserese s a e nr s 75
ReStructuring @ MatriX........cocveeerenernsesrnessssse e 76
BT T o0 T X OO 77
LR TE TN T4 oI v R 77
Assigning or RemMOVING VAIUES ........ccvcerierivinririerese s e sessesse e ssssessessesssssssessesssssssessesaes 79
00T (0T R 82
Criteria SEIECHON .......ccuvviiccire s 84
11T 1117 USRS 87



TABLE OF CONTENTS

Chapter 3: Working with Data and Datasets.........ccouseemmisssnnnmmssssnnnmnssssnnnmsssssnnnnens 89
0perations With LSS .....ccccivceirerircscris sttt se st se s 89
Arithmetic Operations t0 @ LiSt..........ccoeverrieirecrncrn st 90
Applying FUNCLioNS 10 @ LiSt ..o 91
Defining OWN FUNCLIONS ..ottt s e 93
PUIE FUNCHIONS......ceceeeceecceree e 95
INAEXEA TADIES ... 96
Tables with the Wolfram LangUAQJE .........ccccevvvririennsnnne s sssssssessesnes 96
ASSOCIALIONS ... e e n e ae e nre e e e e e nnenn s 101
Dataset FOrmat ... s 103
ConStructing DAtaSEIS ......c.cueevererernserssesere s 103
Accessing Data in @ DAtASEL........c.cccvrererenmrnsmsnese s 109
AQAING VAIUBS ......ceeeeererecerreserre s s se s s sn s sss s sessssesss e ssssesensssnsenens 113
Dropping VAIUES........ccvceririeirrine sttt bt st 117
FIRENNG VAIUES ... s s e s nns e 119
APPIYING FUNCLIONS.......citiiiiccerse e 122
Functions by Column OF ROW..........ccueerienneninesessse s ss s ssssesssssssssssesenses 127
Joining and Merging Datasets.........c.cccvvvernenmninmnnsesne e 132
Customizing @ DAtasel..........cccvrvrernresnesinnse s 134
Generalization of Hash TADIES ..........ccoveiieiernienncssne s 138

£ 1§14 OO 145

Chapter 4: Import and EXport ........cccccmmmmmmmnmmmmmssssssnmnmssmmssssssssssssssssssssssssssssssssnnss 147

IMPOIEING FIlES ....cieieeererir e a e s e e a e s 148
CSV @NA TSV FlES....ceivieiiiiirisissssse e ss s ss s s s 148
XLSX FIlBS ...urururueusresararassrsssssssssesesesesesesess s ss s s s ssssssssssess s e e e s s sssssssssssssssssssssasanas 150
JSON FIlES ..voveriirictrerese e 153
WED DALA ... e 156

SeMANtIC IMPOIT ... e e e p e e 157
QUANTIEIES v.vucvverescsssresessssse s bbb 159
Datasets With QUANTILIES .........ccccoceerernenercrerrr e 160
Costume Import (Dealing with Large Datasets).........ccccvrvrrrerrnscrnicnne s s s e 164



TABLE OF CONTENTS

{010 SR 166
Other FOrMatS........cccoviiiirscse s s 169
XLS and XLSX FOrMALS ......cccverrrrriiisisisssssssse s ssss s sssssssssssssssssssssssssssssssssens 173
B O 0] 11T T 174
CONtENt File ODJECTS ..vuvrvevreeriererirrerrere s se s s sse s se s s e s s e s s s sae e e s e snesaesae e ssesnees 177
Searching Files with Wolfram LANQUAGE .......cccevreverreriereneesenserereesessessessessssessessesssssssessessens 178

Connecting t0 EXIErnal SEIVICES .......cccuvirerrrierire st sas s 179
External CONNECHIONS.......c.couvueeeecreresr e 179
EXTEINAI RESOUICES......cereeucrercereeerseeree e s se s se s se s se e esre e neens 181
Database and File Operations (SQL) ........cccevrureererererensenesereresssssesesesesssssesesesessssssesesesens 184

£ 186

Chapter 5: Data Visualization .........coceeeemmmmmmnmnmsssssssssmmmmssssssssssssssssssssssssssssssssnns 187

BasiC VISUANIZALION ........cccoveeerrresenesese s ses s ss s s s e s e sesssnenns 187
P4 N (0] T 187
PIOHING DALa.......ccceeereeerrecrreses e 191
Plotting Defined FUNCHONS ........coccorenmrnernesersse s s 196

CUSTOMIZING PIOLS ....vveeiccciscsnr e 197
Adding TEXt 10 CharS.......cccceeerererneriree e e 197
Frame @nd GridS .......cccuoerererrnesenesesesess s sr e s sr s sn s s sss s s s s nsnnis 200
LT I ) PR 202
Filling Patterns and Gradient..........c.ccocuveennienmninennse s senses 204

{01010 T T T N 0 [0 R 206
T o 0 O 207
UL VST [0 210
[0 10 4T N [0 T4 OO 211

COIOrS PAIBHE.......cceccccririse e 216

3D PIOES....cucueueririrsrersrssse e e e e e bR R R R E e e 218
CuStOMIZING 3D PIOLS.......ccoviierecrircrir et se e e ae e sp s 219
Hue Color FUNction and LiSt3D ...........cccceeveernnenenesesesssse e sssssesesesssssssssenens 220

viil



TABLE OF CONTENTS

0] 01 (011 o 1] P 222
3D Plots and 2D ProjeCionsS ........ccucererinrinnenirir e sses e se s e s s s s s se s snesae s 226

[ 0] 1 1T T 227
£ 1117 231
Chapter 6: Statistical Data AnalysSis .....cuccemmrsssssnnnmsssssnnnmsssssnnnssssssnnnsssssnnnssssssnnnnss 233
RaNdom NUMDEIS ..o s 233
Random SaAMPIING ....ccvovreernerrneserese s s ses e ssssenenns 235
Systematic SAMPIING......cocorrrerrerrresr e e 237
Commons Statistical MEASUIES .........ccovererirernerire s srs e 239
Measures of Central TENUENCY .......ccccervrerrneniniserese s srass 239
Measures 0f DISPEISION........cuccerereresernse s sr e sr e re e 240
STAtiStICAl CAITS.......cccocrerirrrccre s 242
Bar ChartS.......cccocririiiciiri e 242

g Ty (00111 O 245
Pie Charts and Sector Charts............cunmnnssnsss s ssssesens 250
BOX PIOES.....cciiirriit 252
Distribution Chart ..........cccoviiisss e 254
Charts PaIBLEE ........cccverereiieiiri i 256
Ordinary Least SQUares MEthod..........ccccvveriernrnieriennnensnese s sessesse e ssssesessesssssssessesaes 262
Pearson COBTFICIENT .........cocoiieiescrrr e 264
4T L | N 265

1 0T Lo B o 0] 01T TSP 266

£ 111117 OO 269
Chapter 7: Data EXploration........ccuccurmnsssennmnsssssnsmssssssssssssssssssssssssnssssssssssesssssnnnss 271
Wolfram Data REPOSILOY .........cccorererrecrrrcrerenessese s e se e sesss e sse e sessesessenens 271
Wolfram Data Repository WEDSITE .........cccoeeerreererererese e 272
Selecting @ CAtBUOIY ......coeocrrcrerererere s 274
Extracting Data from the Wolfram Data RepoSitory .........cccucuernrrnsesesnsnesssesssesesesessssesessesenns 275
Accessing Data Inside Mathematica ............couevvrerrnnnnssnnse s 278
Data Observation and QUEIYING..........cucureeeeererrmesssesesesssssesesesessssssssesesssssssssssssssessssssssssssens 281

ix



TABLE OF CONTENTS

DeSCHPLIVE STAtISTICS ...vvivrerrerresirrerere s re e e sr e s r e s aesae s e e e naennens 287
Table and Grid FOrMALS .........coovveennnnnsisssssssss s ssesens 289
Dataset Visualization ..o 293
Data Qutside Dataset FOrmat ... 296
2D ANA 3D PIOLS ... s 297

£ 111117 O 301

Chapter 8: Machine Learning with the Wolfram Language......cc.coeuremssssessssssssnnnss 303

Gradient Descent AIGOFtNM ... e 303
GEtting the DAta..........ccoeecreeeeeer e e 304
Algorithm Implementation ..o 305
MURPIE AIPNS ....c.veiiireres e a e e nns 307

LiNBAr REGIESSION .....cceveereeeresesessesesreseresesesssse s e srs e es s e s e sss e sesssssssssessesesessessssssnssessssnssnenns 308
Predict FUNCTION .....ccveeeecceeccs e s s 308
BOSEON DAtASEL ..o s 309
MOEl Cre@tion .........ccoveereenerrnereseses s ne e s 310
Model MEaSUrEBMENTS........ccovererirrrrenerrssesesese e srs e s e s s s e sse s e sss e sesssssssssensnses 316
MOdEl ASSESSIMENT ......cccrveerrrrrerese s nre e 318
Retraining Model Hyperparameters..........cuvorvnernnsnsesnsesessse s ssssesessssessssessnses 319

LOGIStIC REOIESSION.......veceireerrresirseserre s sr e np e 321
TItANIC DAIASEL.......coreerererire e 321
Data EXPIOFAtioN .......ccccevenerrnesrnesesese s s s ne e 325
ClasSify FUNCLION .......cccvuieriicrerese s s s nsa s 327
Testing the MO .......c.cciiecreerrer e 332

D L B0 T T o OO 338
Clusters 1dentifiCation...........cocv i 338
Choosing a Distance FUNCLION ..........ccocvevrincn e e s ss e 340
1AENEITYING CIASSES ...evuerrerieiriererierersere s r e e r s s a e e e s s a e e e e e nae e 342
K-MEaNS CIUSTEIING ....ceceruerreiriereresirsere s s ss e s s s s e sae st s saesbe e s saesae e s e saeenes 343
Dimensionality REAUCHION.........ccccvievririere e sae e enes 345
APPIYING K-IMBANS ...t s et se s s s sa e e e sae s sae b e s s e sa e e s naesnes 347
Changing the Distance FUNCHION........c.ccocvvvrvn s 349



TABLE OF CONTENTS

D =TT 0L A N 350
ClUSTEE ClaSSITY ...veitrererrerresersersersesssseressessssessessessessssessesaessssessessesasssssesaesaesssnsssesaesssssnsesneses 353

£ 111117 OO 357
Chapter 9: Neural Networks with the Wolfram Language ......c..cccusmmmmssnnsnssnnssnas 359
I T 360
INPUE DALA......cec e e e e s 360
4 To T Ll I T 360
WEeightS and BIaSES .......cccoerueiereeerercreree e se s e ennenens 361

L TUE 14T 0T I - 362

22 (L= Vo L 364
Mean SQUAEA LAYET ........cccorererererenerersesesesessese s sesse e sse e ses e sss e e ses e sessesessssessnnes 365
ACHIVation FUNCLIONS ........coveeeecc e e e 368
L0111 TV I 372
LT 0] T I T 374
Encoder and DECOURIS .......cccvvererreserreseressesessese e ssssesesse s sss e sesse s s ss s ssssssssssssssesssssssenns 375
=10 T TS 375
o001 T I TS 379
D210 0L TS 380
Applying Encoder and DECOUETS.........cuurerrererensesesesesresesessesesssssssssessssesessssssssssssssssenssssssenens 382
NetChains and Graphs ... s 383
CONTAINETS ...c.veeeiseeeree e e e b e e e e R b e e n e e R nr e 383
MUIEIPIE CHEINS.....c.ceeeeeerreeriressse e sr e r e pe e 386
NELGIAPNS.....eiviererererrese e e e e e se e R R e e e e e e R e 387
CombiniNg CONTAINEIS ......covveierreerieerrne s nr s 393
NEtWOIK PrOPEITIES. ...cvecerreeriresisese s 395
Exporting and Importing @ MOdel .........ccviernisrnsc e 399

RS0 1] 01 N 402

Chapter 10: Neural Networks Framework ........ccccesnmmmnmmssssssssssssnsssssssssssssssssnnsnnnss 403

Training @ Neural NETWOIK ........cccevriiinnenirin i s se s s s sae s s s snesnesae s 403
D L ez BN 1011 S 403
TraiNING PRASE ..ottt a e s s e e s n e e 405



TABLE OF CONTENTS

Model IMpIeMENTAtion..........cccviereiirirs e 406
Batch Size and ROUNGS...........ccccvrrnnr s 408
Training Method (NetTrain) ........ccocvirinnnnininir e s 412
Measuring PerfOrmMancCe.........ccuceveririenienenienses e s s sse e s seesae s s e s sassaesaessenns 413
Model ASSESSIMENT ......ccciviiririirce e 415
Exporting a Neural NETWOIK .......ccooovrvrinnrnen s se s s sessnesaessenns 417
Wolfram Neural Net REPOSIIOrY........ccccvirieriinsni s s se s 418
Selecting a Neural Net MOEL..........cccccvrernenrcserrcerer e sas e 419
Accessing Inside MathematiCa...........cocccvvrerenninn s 421
Retrieving Relevant Information..........c.cccovvnvnnnsnsni s 422
LeNet Neural NETWOIK.........ccovorerec e s 423
LI 0o L T 423
LS I e T TS 424
LIy AT o T (= T 425
MXNEL FramEWOTK.......cceeeececereser et 426
Preparing LENET.........oo et 428
LIy =TT 1 T T 430
LeNet Model ASSESIMENT ..o 432
TESHNG LENEL ... 434
GPT @Nd LLIM BASICS.....uecereeerenesessesesseseressessssssesssssssssssssssssssssssssssssssssssssnssssnsssssssssssnssssnssssssssnns 436
A Brief OVEIVIBW ... coveceerecerreserreesessssessese s sesse s e ses e sss e ssesessssssesssssssssssssesenssnsssenens 437
LLM in the WOIfram LANQUAGE ........ceererererreserensesessessssssessssmssssssesssssssssssssssssssssessssssssssnsssnnes 437
Chat NOTEDOOKS ......cceeeerreerrneserese s s sns e nrnnis 438
Wolfram Prompt REPOSITOrY .......ccccveriniirinne s ss s snes 441
LLM FUNCHION@NTIES ..veuvveeeesscerreeriesesessesesss e sesesesse e e sessesesss e s sessssessssessssesessssssnssensnnes 444
GTP-1 @nd GPT-2 MOGEIS.......ccreerrrererenerreseressesesesessesesessesesssse s sessssnssssessssesessssssssnsssnnes 446
FiNAl REMAIKS .....coviuiiiitciriee e e nr s 448
INA@X iiiiiissnnnnnnnnnnnnssssssssnnnnnnnnnessssssssnnnnnnnnnsssssssssnnnnnnnnessssssssnnnnnnnnnessssssnnnnnnnnnnnssssssns 451

xii



About the Author

Jalil Villalobos Alva is a Wolfram Language programmer and Mathematica user. He
graduated with a degree in engineering physics from the Universidad Iberoamericana
in Mexico City. His research background comprises quantum physics, bioinformatics,
proteomics, and protein design. His academic interests cover the topics of quantum
technology, bioinformatics, machine learning, artificial intelligence, stochastic
processes, and space engineering. During his idle hours, he likes playing soccer,
swimming, and listening to music.

xiii



About the Technical Reviewer

Andrew Yule is a co-founder and managing partner of
Pontem Analytics, a global consulting company in the
energy industry specializing in combining domain expertise
with data-driven solutions. Andrew has over 13 years of
professional experience leveraging the Wolfram Language
and was the recipient of the Wolfram Innovator Award in
2017. He is an editor for the Society of Petroleum Engineers,
The Way Ahead magazine, and is also currently a member
of the Young Entrepreneurial Council. His technical
background includes a bachelor’s degree in chemical
engineering from the Colorado School of Mines and a
master’s degree in data science from Southern Methodist
University.



Acknowledgments

I want to thank the collective support and guidance received throughout the
development of this project’s second edition. The contributions of numerous past and
present individuals have played an integral role in shaping this work. Their assistance,
feedback, and mentorship have been invaluable, enriching the content and presentation
of this edition. I also want to thank the technical and staff reviewers for their valuable
comments and feedback during this manuscript. They both helped me improve the
material’s presentation and theoretical work. And finally, I would like to thank Las Des
Nestor and “Los Betos” for teaching me great mastery.

xvii



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.

Xix



INTRODUCTION

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.

o Statistics (linear, multiple regressions, least squares method,
hypothesis testing, analysis of variance (ANOVA), cross-validation,
resampling methods)

e Graph theory (network analysis, social network analysis)
o Artificial intelligence
e Machine learning

e Supervised learning (natural language processing, decision trees,
naive bayes, nearest neighbors. support vector machine)

o Unsupervised learning (cluster analysis, anomaly detection, K-means
cluster)

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

e 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
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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!”
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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.
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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.

xxiii



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,
anotebook 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

© Jalil Villalobos Alva 2024
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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.

o The first letter of a built-in function word is uppercase and is also
human-readable.

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

o 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 (“ ")
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e In Mathematica, there are three ways to group expressions.
— Parentheses group terms within an expression (exprl + 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.

[ ] Welcome to Wolfram Mathematica

SIGN IN to access your # WOLFRAM 14.0
Wolfram Cloud services... FOR DESKTOP

RECENT FILES
|#] 1. SourceCode...pter_10.nb M‘ \ I I IEM‘ \ I IC‘ \

|#] 2. SourceCode...pter_09.nb
[#] 3. SourceCode...pter_08.nb

[#] 4. SourceCode...pter_08.nb

Hello, %
[#] 5. SourceCode...pter_07.nb ®! ¥
[# 6. SourceCode...pter_06.nb Getting Started v Dac C ity Open Courses
B3 open...
) Version: 14.0.0.0 Show atstartup ()

& Open from Cloud

b >

Figure 1-1. The default welcome screen for Mathematica’s latest version
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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
38+N (macOS) or Ctrl+N (Win) keyboard shortcut command.

[ XN | untitled-1 125%
B v [ v [+ msentcell.. vim B % Pd @ FEZ2L DOEQ

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.
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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.

Inf- = "Hello World"
outf = Hello World ]

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.

e Default input: Wolfram Language code input

o 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.
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B v [ v |4 msertcell.. vim g ¥ @ Ea
l1+1(x — This 1is Wolfram code 1input =x)

E —» This is Free-form input

ﬁ —» This is Wolfram Alpha Query input

— This 1is External language 1input
a4
(Ruby)

@ Wolfram Language Input (default)

E Free-form Input =
% Wolfram|Alpha Query =

External Language Input >

T Plain Text $7

“A Other Style of Text...

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.

6
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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.

prime factorization *  divisors * name (*/ binary form (v more =1 D

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 [38 + .].

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, Al 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 Al 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.

® Preferences

Interface

L2 st saown Interface Settings

2 A.DEIeﬁ’!a_ncf e Global Magnification: 100% [5]

— Al Settings Language Settings

oo Language: English ]

-',-l Secunty . Translations for user interface may not be ovailable in some longuoges.

: . T Code caption language: Same as user interface language 8

Y Kernels Enabled (non-English languoges only)

Smart quotes: Enable for normal text editing and pasting
7 Internet & Mail

i Advanced Input Assistance Settings

Use fuzzy matching for autocompletions
List only case-sensitive matches for autocompletions
Automatically insert matching delimiters while typing

Check spelling as you type

General Settings

Show at startup: Welcome screen a

Ruler units: Inches 8

Show cell group opener icons:  Inline 8

Recently opened files history length: 15

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).

E v :-: v |4 InsertCell v 1] | % " d @ & = [FE S P a @ L:_] Q

Figure 1-7. The new Ul 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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= [a v E v :_-|- Insertal:.__ B

Evaluate: fo) v |+ msertcell... vim 8] b &

J Selected Cells {r«J T AbortEvaluation

¥ Abort All Cells in Queue
§ Initialization Cells

Jx Remove Selected Cells from Queue
is] Notebook
Evaluation Controls

s Parallel Kernel Status...

i3]t Localize Symbols to Notebook

© Global Notebook

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.

Bl I /U|v

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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