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● The Law of Large Numbers
● The Central Limit Theorem
● The Correction for Continuity

3.2 Simulation in Probability

● What Is Simulation?
● Why Is Simulation Useful?
● Simulating Specific Distributions
● Importance Sampling
● Markov Chain Monte Carlo
● The Bootstrap

3.3 Advanced Theorems and Applications

● Generating Functions
● Characteristic Functions
● Gaussian Random Variables
● Convergence of Sequences of Random Variables
● Borel-Cantelli Lemma
● Inequalities
● Almost Sure Convergence
● Convergence in LP
● Convergence in Probability
● Comparison of Different Types of Convergence

3.3 Information theory

● Mutual information



Baptiste Mokas

OUR STORY LINE  

Baptiste Mokas- STEP - 1 / Program introduction / Part 2 - Storyline & Timeline / 2.2 Presentation of the Storyline Baptiste MokasBaptiste Mokas- Stochastic dynamics & probability / Probability Theory



Baptiste Mokas

OUR STORY LINE  

Baptiste Mokas- Stochastic dynamics & probability / Probability Theory



Baptiste Mokas

The History of Probability

Baptiste Mokas- Stochastic dynamics & probability / Probability Theory / Part 1: Foundational Concepts / 1.1 Introduction to Probability

Part 1: Foundational Concepts

1.1 Introduction to Probability

The History of Probability:

Probability theory, as a formal mathematical discipline, has its roots in the 
study of gambling and games of chance. Some key milestones include:

Ancient Civilizations: Historical records indicate that ancient cultures, like the 
Chinese and Egyptians, were familiar with rudimentary games of chance. Dice 
games, for example, have been around for millennia.

Renaissance Europe: The modern development of probability theory began in 
earnest in Europe during the Renaissance. Notably, an exchange of letters 
between the French mathematicians Blaise Pascal and Pierre de Fermat in 
the 1650s laid the groundwork for the discipline. They discussed the 
"problem of points", which is about how to split stakes in a game of chance 
that is interrupted before its end.

18th & 19th Centuries: Key figures like Jacob Bernoulli, Abraham de Moivre, 
and Pierre-Simon Laplace expanded the theory, moving it beyond games of 
chance to encompass other phenomena.

Description:
Probability is a mathematical measure of the likelihood of an event 
occurring, within a set of possible events. It quantifies how likely an event 
is to happen and ranges between 0 and 1, with 0 meaning the event will not 
happen and 1 meaning it is certain to happen.

Reference:
Laplace, P. S. (1812). Théorie analytique des probabilités. Courcier.

Link to Biology:
Probability plays a vital role in the study of genetics and heredity. For 
instance, Mendelian genetics uses probability to predict the outcomes of 
genetic crosses. When Gregor Mendel conducted his pea plant 
experiments, he used the laws of probability to predict the outcomes of the 
crosses. The probability of inheriting a particular gene or trait is 
foundational to understanding genetic inheritance patterns.
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Part 1: Foundational Concepts

1.1 Introduction to Probability

Interpretations of Probability:

Subjective Interpretation: Here, probability is viewed as a measure of one's 
personal belief or confidence in the occurrence of an event. It's 
subjective because it can vary from person to person. For instance, two analysts 
might assign different probabilities to the likelihood of a particular team winning 
a game based on their individual assessments.

Classical Interpretation: Rooted in the original problems of games of chance, 
the classical interpretation states that if all outcomes are equally 
likely, then the probability of an event is simply the ratio of favorable 
outcomes to the total number of outcomes. For example, when rolling a fair 
six-sided die, the classical probability of getting a 3 is 1/6.

Classical Interpretation
If all outcomes are equally likely, the probability is the ratio of the number of 
favorable outcomes to the number of possible outcomes.

Frequentist Interpretation
Probability is the limit of the relative frequency of an event after many trials. 
Subjective (or Bayesian) Interpretation: Probability measures the degree of 
belief or confidence in an event occurring based on available evidence.

Link to Biology:
Probability plays a vital role in the study of genetics and heredity. For 
instance, Mendelian genetics uses probability to predict the outcomes of 
genetic crosses. When Gregor Mendel conducted his pea plant 
experiments, he used the laws of probability to predict the outcomes of the 
crosses. The probability of inheriting a particular gene or trait is 
foundational to understanding genetic inheritance patterns.
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Part 1: Foundational Concepts

1.1 Introduction to Probability

Experiments and Events:

In probability theory:

An experiment refers to any procedure or situation that results in a 
certain outcome from a list of possible outcomes. An experiment 
doesn't necessarily have to be a laboratory procedure. Tossing a coin, 
rolling a dice, or even just observing the weather on a random day can be 
considered experiments in this context.

An event is a set of one or more outcomes from an experiment. For 
instance, when rolling a dice, getting an even number is an event that 
includes the outcomes 2, 4, and 6.

- Stochastic dynamics & probability / Probability Theory / Part 1: Foundational Concepts / 1.1 Introduction to Probability
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Description:
Set theory deals with collections of objects, termed as "sets". It provides a 
foundation for nearly all of mathematics and has applications in many 
areas, including logic, computer science, and probability.

History: 
The modern study of set theory was initiated by Georg Cantor in the late 
19th century.

Reference:
Cantor, G. (1874). On a Property of the Collection of All Real Algebraic 
Numbers. Journal für die reine und angewandte Mathematik.

Link to Biology:
Set theory can be applied in taxonomy, the classification of organisms. 
Species can be grouped into sets based on shared characteristics.
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Use Case: Analyzing Risk with Probability Distributions

In the context of the course on Foundations of Probability, Discrete and Continuous Probability 
Distributions, and Advanced Topics in Probability, let's explore a use case related to analyzing risk using 
probability distributions. This use case involves the application of probability concepts to assess and 
manage risk in financial investments.

Description:

In this use case, we will focus on modeling the risk associated with a financial investment using 
probability distributions. We will consider a hypothetical investment in a stock and assess the potential 
returns and risks associated with it by modeling the stock's price movement.

Key Components:

1. Foundations of Probability: Understanding the basic concepts of probability, such as sample 
space, events, and probability axioms, is essential for modeling and assessing risk.

2. Discrete and Continuous Probability Distributions: Knowledge of discrete and continuous 
probability distributions, including their probability mass functions (PMFs) and probability density 
functions (PDFs), is crucial for modeling financial data.

3. Expected Value and Variance: Calculating the expected value and variance of a random variable 
helps assess the average return and risk associated with an investment.

4. Advanced Topics in Probability: Concepts such as joint and marginal distributions, functions of 
random variables, and convergence concepts are useful for analyzing the relationship between 
multiple financial instruments.

Python Code Example (Analyzing Investment Risk):

In this code, we model the probability distribution of a stock's annual returns 
using a normal distribution with a specified mean return and volatility. We 
calculate and display the probability density function (PDF) of returns and then 
calculate the expected return and risk (standard deviation) as measures of 
investment risk.

This use case demonstrates how probability concepts can be applied to assess 
investment risk, allowing investors and analysts to make informed decisions 
based on the expected return and risk associated with a financial instrument.

- Stochastic dynamics & probability / Probability Theory
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Course Overview: This course provides a comprehensive exploration of probability theory and random variables. It covers fundamental concepts, key elements, and advanced topics, 
making it valuable for students, researchers, and professionals in mathematics, statistics, engineering, and data science.

Foundational Concepts: In the introductory section, we delve into the historical development of probability, explore different interpretations of probability, and understand the fundamental 
concepts of experiments and events. The foundation is built on these historical and conceptual pillars.

Understanding Sets and Events: We dive into set theory, where we explore set operations like intersection and union. You'll master algebraic manipulations on sets, understand the correct 
order of set operation execution, and grasp the principles of distributivity and De Morgan's Laws. These concepts are applied practically to a card selection game.

Kolmogorov Formalism: This section introduces Kolmogorov's formalism, which provides a precise definition and axioms of probability. You'll explore probability in discrete and continuous 
scenarios and extend your understanding to product spaces, encountered in complex probabilistic systems.

Key Elements: We delve into key elements of probability, including conditional probability, Bayes' Theorem, and independent events. The Gambler's Ruin Problem provides a real-world 
application of these concepts. You'll also gain insights into random variables, their laws, expectation, variance, and the law governing tuples of random variables.

Random Variables and Distributions: This section deepens your understanding of random variables, focusing on discrete distributions, covariance, correlation, and continuous 
distributions. You'll learn about cumulative distribution functions and the intricacies of bivariate distributions, marginal distributions, and conditional distributions.

Random Vectors: Explore the concept of random vectors, their definitions, and properties. Dive into joint, marginal, and conditional distributions, and understand how to compute 
expectation, variance, and covariance of random vectors. Linear transformations of random vectors and Gaussian random vectors are also covered.

Expectation and Variance: Learn about the expectation of a random variable, its properties, conditional expectation, and the distinctions between mean and median. Delve into variance, 
covariance, and moments of a real random variable, including variance and standard deviation.

Advanced Concepts and Simulations: This section delves into advanced topics, including the Law of Large Numbers, the Central Limit Theorem, and the Correction for Continuity. We 
explore the concept of simulation in probability, its applications, and various simulation techniques such as Importance Sampling, Markov Chain Monte Carlo, and the Bootstrap.

Advanced Theorems and Applications: Discover advanced theorems and applications, including generating functions, characteristic functions, Gaussian random variables, convergence of 
sequences of random variables, the Borel-Cantelli Lemma, inequalities, and different types of convergence.

This course equips you with a robust foundation in probability, advanced concepts, and simulation techniques, making it indispensable for those working with uncertainty and statistical 
analysis in various fields.


