
Mathematical  Structures  of 

Information and the Deep Universe

Introduction

The vastness of information that surrounds us today is 

a  testament  to  the  incredible  progress  humanity  has 

made  in  the  field  of  information  science.  From  the 

intricate structures of DNA to the vast expanse of the 

digital  universe,  information  is  the  fundamental 

building  block  of  our  universe.  As  we  continue  to 

explore  the  depths  of  information,  we  uncover  new 

insights into the nature of reality and the workings of 

the universe.

At  the  heart  of  this  information  revolution  is  a 

powerful  mathematical  tool  known  as  wavelets. 

Wavelets are mathematical functions that allow us to 

analyze and manipulate information in ways that were 
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previously impossible. They have revolutionized fields 

as  diverse  as  signal  processing,  image  compression, 

and financial analysis. Wavelets are also playing a key 

role  in  emerging  fields  such  as  artificial  intelligence 

and machine learning.

In this book, we will embark on a journey to explore 

the  fascinating  world  of  wavelets.  We  will  begin  by 

delving  into  the  mathematical  foundations  of 

information  and  the  role  that  wavelets  play  in 

processing and manipulating information. We will then 

explore the wide range of applications of wavelets in 

various  fields,  including  image  processing,  audio 

processing,  video  processing,  financial  analysis, 

medical signal processing, geophysics, engineering, and 

more.

Along the way, we will discover how wavelets can help 

us solve complex problems, extract meaningful insights 

from  data,  and  gain  a  deeper  understanding  of  the 

world  around  us.  We  will  also  explore  the  latest 
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advancements  in  wavelet  theory  and  discuss  the 

exciting  possibilities  that  lie  ahead for  this  powerful 

mathematical tool.

Whether  you  are  a  student,  a  researcher,  or  a 

practitioner  in  any  field  that  involves  information 

processing,  this  book  will  provide  you  with  a 

comprehensive  understanding  of  wavelets  and  their 

vielfältig applications.  So join us on this journey and 

let's unlock the power of wavelets to transform the way 

we interact with information.

Wavelets:  Unveiling  the  Mathematical  Structures  of 

Information  and  the  Deep  Universe  is  an  essential 

resource for anyone who wants to stay at the forefront 

of information processing and analysis. With its clear 

explanations,  engaging  examples,  and  wide-ranging 

coverage of applications, this book is sure to become a 

classic in the field.
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Book Description

In the vast sea of information that surrounds us, there 

lies  a  hidden structure,  a  mathematical  tapestry that 

weaves together the fabric of reality. This structure is 

the foundation of our universe, and it holds the key to 

unlocking the mysteries of existence.

In this groundbreaking book, Pasquale De Marco takes 

us on a journey to explore the mathematical structures 

of information and the deep universe.  Drawing from 

the latest advancements in wavelet theory, Pasquale De 

Marco reveals how wavelets can be used to unravel the 

complexities  of  information  and  gain  a  deeper 

understanding of the world around us.

Wavelets:  Unveiling  the  Mathematical  Structures  of 

Information and the Deep Universe is a comprehensive 

guide to the theory and applications of wavelets. With 

clear  explanations,  engaging  examples,  and  wide-

ranging  coverage  of  topics,  this  book  is  an  essential 
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resource for anyone who wants to stay at the forefront 

of information processing and analysis.

From  the  basics  of  wavelet  transforms  to  the  latest 

developments in wavelet-based machine learning, this 

book  covers  everything  you  need  to  know  about 

wavelets. You will learn how wavelets can be used to:

 Compress images, audio, and video

 Analyze financial data

 Diagnose medical conditions

 Explore geophysical phenomena

 Design new materials

 And much more

Whether  you  are  a  student,  a  researcher,  or  a 

practitioner  in  any  field  that  involves  information 

processing, this book will provide you with a powerful 

toolset  for  solving  complex  problems  and  extracting 

meaningful insights from data.
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With its  clear writing style,  comprehensive coverage, 

and wealth of practical examples, Wavelets: Unveiling 

the  Mathematical  Structures  of  Information  and  the 

Deep Universe is the definitive guide to wavelets and 

their vielfältig applications.
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Chapter 1:  The Mathematical  Roots of 

Information

The Nature of Information

Information is a fundamental concept that permeates 

every  aspect  of  our  existence.  From  the  intricate 

structures  of  DNA  to  the  vast  expanse  of  the  digital 

universe,  information  is  the  underlying  fabric  of 

reality.  As  we  continue  to  explore  the  depths  of 

information, we uncover new insights into the nature 

of reality and the workings of the universe.

The mathematical study of information is a relatively 

young  field,  but  it  has  already  made  significant 

contributions  to  our  understanding  of  the  world 

around us.  Information  theory,  developed  by  Claude 

Shannon  in  the  mid-20th  century,  provides  a 

framework  for  quantifying  and  manipulating 

information. Shannon's entropy measure, for example, 
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allows  us  to  measure  the  amount  of  information 

contained in a message or signal.

Information  theory  has  also  shed  light  on  the 

fundamental  limits  of  communication  and 

computation. Shannon's channel capacity theorem, for 

example,  tells  us  the  maximum  rate  at  which 

information can be transmitted over a noisy channel. 

These  results  have  had  a  profound  impact  on  the 

development  of  communication  systems,  such  as 

telephone networks and the Internet.

In recent years, there has been growing interest in the 

role  of  information  in  the  physical  world.  Physicists 

have  discovered  that  information  is  not  just  a 

mathematical abstraction, but a physical entity that can 

have real effects on the world around us. For example, 

it  has  been  shown  that  information  can  be  used  to 

create new materials with unique properties, and that 

information can even be used to control the behavior 

of quantum particles.
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The study of information is a rapidly growing field with 

the potential to revolutionize our understanding of the 

universe.  As  we  continue  to  explore  the  nature  of 

information,  we  may  uncover  new  insights  into  the 

fundamental laws of physics and the workings of the 

human mind.

In  this  chapter,  we  will  explore  the  mathematical 

foundations of  information theory.  We will  begin by 

discussing  the  basic  concepts  of  information  theory, 

such  as  entropy  and  channel  capacity.  We will  then 

explore  some  of  the  more  recent  developments  in 

information theory, such as the role of information in 

physics and the relationship between information and 

consciousness.

By  the  end  of  this  chapter,  you  will  have  a  deep 

understanding  of  the  mathematical  foundations  of 

information theory and its  wide-ranging implications 

for our understanding of the universe.
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Chapter 1:  The Mathematical  Roots of 

Information

Mathematical Models of Information

Information is a fundamental concept in our universe. 

It  is  the  raw  material  of  thought,  the  essence  of 

communication, and the foundation of all knowledge. 

In recent decades, there has been a growing interest in 

developing mathematical models of information. These 

models  provide  a  framework  for  understanding  the 

nature  of  information  and  its  role  in  various  fields, 

including  computer  science,  physics,  biology,  and 

neuroscience.

One of the most widely used mathematical models of 

information is the Shannon-Hartley model. This model, 

developed by Claude Shannon and Ralph Hartley in the 

1940s,  defines  information  as  the  reduction  of 

uncertainty.  According  to  this  model,  the  amount  of 
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information in a message is measured by the number 

of possible messages that could have been sent instead.

Another influential mathematical model of information 

is  the  Kolmogorov-Chaitin  model.  This  model, 

developed by Andrey Kolmogorov and Gregory Chaitin 

in  the  1960s,  defines  information  as  the  algorithmic 

complexity of a message. According to this model, the 

amount of  information in a message is  measured by 

the length of the shortest  program that can generate 

that message.

The Shannon-Hartley and Kolmogorov-Chaitin models 

are  just  two  examples  of  the  many  mathematical 

models  of  information  that  have  been  developed  in 

recent decades. These models have provided valuable 

insights into the nature of information and its role in 

various fields. They have also laid the foundation for 

the  development  of  new  technologies,  such  as  data 

compression,  error  correction,  and  artificial 

intelligence.
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In  this  chapter,  we  will  explore  the  mathematical 

foundations  of  information.  We  will  discuss  the 

different  mathematical  models  of  information  and 

their applications in various fields. We will also explore 

the  relationship  between  information  and  physics, 

biology, and neuroscience.

By the end of  this  chapter,  readers will  have a deep 

understanding  of  the  mathematical  foundations  of 

information  and  its  vielfältig  applications.  They  will 

also  have  a  better  appreciation  of  the  role  that 

information plays in our universe.
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Chapter 1:  The Mathematical  Roots of 

Information

Information Theory and Entropy

Information  theory  is  a  branch  of  mathematics  that 

studies the quantification, storage, and transmission of 

information.  It  is  a  fundamental  theory  with 

applications in various fields, including communication 

engineering,  computer  science,  statistical  inference, 

and physics.

One  of  the  key  concepts  in  information  theory  is 

entropy. Entropy measures the amount of uncertainty 

or randomness in a message or data. It is a measure of 

the average amount of information contained in each 

symbol of a message.

Entropy is defined as follows:

H(X) = -sum(p(x) * log(p(x)))

where:
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 H(X) is the entropy of the random variable X.

 p(x) is the probability of the symbol x occurring.

 log is the logarithm function.

Entropy  has  several  important  properties.  First, 

entropy  is  always  non-negative.  Second,  entropy  is 

maximized  when  all  symbols  are  equally  likely  to 

occur.  Third,  entropy  is  additive,  meaning  that  the 

entropy of a joint distribution is equal to the sum of the 

entropies of the individual distributions.

Entropy  is  a  powerful  tool  for  understanding  and 

analyzing information. It is used in a wide variety of 

applications, including:

 Data compression: Entropy is used to determine 

the  minimum  number  of  bits  required  to 

represent a given message.

 Error correction: Entropy is used to design error-

correcting  codes  that  can  detect  and  correct 

errors in transmitted data.

14



 Random number generation: Entropy is used to 

generate  random  numbers  that  are 

unpredictable and difficult to guess.

 Statistical inference: Entropy is used to develop 

statistical tests and confidence intervals.

Entropy  is  a  fundamental  concept  in  information 

theory  with  a  wide  range  of  applications.  It  is  a 

powerful  tool  for  understanding  and  analyzing 

information, and it plays a vital role in many modern 

technologies.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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