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Part 1: Fundamentals of Calculus

1.1 Introduction to Calculus

● Definition of Limits
● Calculating Limits
● Continuity of Functions

1.2 Derivatives

● Definition of Derivatives
● Rules of Differentiation
● Applications of Derivatives in ML

1.3 Integrals

● Definition of Integrals
● Techniques of Integration
● Calculating Definite Integrals

Part 2: Linear Algebra

2.1 Vectors and Matrices

● Vector Spaces
● Matrix Operations
● Matrix Inversion

2.2 Eigenvalues and Eigenvectors

● Characteristic Equations
● Diagonalization

2.3 Matrix Calculus

● Gradient Vectors
● Jacobian and Hessian Matrices
● Applications in Optimization

Part 3: Multivariate Calculus and Optimization

3.1 Multivariable Functions

● Partial Derivatives
● Gradient and Hessian Matrix for Multivariable 

Functions
● Taylor Series Expansion

3.2 Optimization

● Local vs. Global Minima/Maxima
● Gradient Descent
● Constrained Optimization (Lagrange Multipliers)

- STEP 0 / Foundations / Elements of calculus for statistics and ML / Part 1 : Fundamental of Calculus

Partie 4 : Outils en Data Science

4.1 Outils Computationnels
● Langages de programmation (Python, R)
● Bibliothèques de calcul numérique (NumPy, SciPy)
● Systèmes de gestion de bases de données (SQL, NoSQL)

4.2 Outils Statistiques et de Machine Learning
● Scikit-learn
● TensorFlow
● PyTorch

4.3 Visualisation de Données
● Matplotlib
● Seaborn
● Tableau

4.4 Gestion et Manipulation des Données
● Pandas
● Data Cleaning
● Feature Engineering

4.5 Big Data
● Hadoop
● Spark
● Kafka

4.6 Cloud Computing
● AWS
● Google Cloud Platform
● Microsoft Azure

4.7 Automatisation et CI/CD
● Git
● Jenkins
● Docker, Kubernetes
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Part 1: Fundamentals of Calculus

1.1 Introduction to Calculus

● Definition of Limits
● Calculating Limits
● Continuity of Functions

- STEP 0 / Foundations / Elements of calculus for statistics and ML / Part 1 : Fundamental of Calculus / 1.1 Introduction to Calculus

●

Description:
Calculus is a branch of mathematics that deals with 
rates of change and accumulation of quantities. It 
begins with the definition of limits, which describe 
how a function behaves as an input approaches a 
certain value. Calculus is essential for modeling and 
analyzing dynamic systems.

Reference:
"Calculus" by James Stewart. Link

Link to Biology:
Calculus is used in biology to model population 
growth, understand rates of change in biological 
processes, and analyze data from experiments

https://www.youtube.com/watch?v=rfG8ce4nNh0&list=PLZHQObOWTQDMsr9K-rj53DwVRMYO3t5Yr&index=9

https://www.youtube.com/watch?v=rfG8ce4nNh0&list=PLZHQObOWTQDMsr9K-rj53DwVRMYO3t5Yr&index=9
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Part 1: Fundamentals of Calculus

1.2 Derivatives

● Definition of Derivatives
● Rules of Differentiation
● Applications of Derivatives in ML

- STEP 0 / Foundations / Elements of calculus for statistics and ML / Part 1 : Fundamental of Calculus / 1.2 Derivations

Description:
Derivatives are fundamental in calculus and 
measure the rate of change of a function. This 
section covers the definition of derivatives, rules of 
differentiation, and their applications in various 
scientific and engineering fields, including Machine 
Learning.

Reference:
"Introduction to the Theory of Neural Computation" 
by John Hertz, Anders Krogh, and Richard G. 
Palmer. Link

Link to Biology:
Derivatives are used in biology to model the rate of 
change of concentrations in chemical reactions and 
study the growth rates of populations.

Definition of the derivative 
of a function f(x):

https://www.youtube.com/watch?v=WUvTyaaNkzM&list=PLZHQObOWTQDMsr9K-rj53DwVRMYO3t5Yr

https://www.youtube.com/watch?v=WUvTyaaNkzM&list=PLZHQObOWTQDMsr9K-rj53DwVRMYO3t5Yr
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Part 1: Fundamentals of Calculus

1.3 Integrals

● Definition of Integrals
● Techniques of Integration
● Calculating Definite Integrals

- STEP 0 / Foundations / Elements of calculus for statistics and ML / Part 1 : Fundamental of Calculus / 1.3 Integrals

Description:
Integrals are used to calculate the accumulation or 
net area under a curve. This section covers the 
definition of integrals, techniques of integration, and 
the calculation of definite integrals.

Reference: "Calculus: Early Transcendentals" by 
James Stewart. Link

Link to Biology:
Integrals are used in biology to calculate the area 
under curves in concentration-time graphs, helping 
determine drug clearance rates and enzyme 
kinetics.

Definition of the definite 
integral of a function f(x) 
over an interval [a, b]:
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Part 2: Linear Algebra

2.1 Vectors and Matrices

● Vector Spaces
● Matrix Operations
● Matrix Inversion

Description:
Vectors and matrices are foundational in 
mathematics and many scientific fields. This 
section covers vector spaces, matrix operations, 
and matrix inversion, which are essential for solving 
systems of linear equations.

Reference: 
"Linear Algebra Done Right" by Sheldon Axler. Link

Link to Biology: 
Linear algebra is used in biology for analyzing 
genetic data, such as gene expression matrices 
and protein-protein interaction networks.

Equation Example: Addition of two matrices A and 
B:

Addition of two matrices A 
and B :
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Part 2: Linear Algebra

2.2 Eigenvalues and Eigenvectors

● Characteristic Equations
● Diagonalization
● Principal Component Analysis (PCA)

Description:
Eigenvalues and eigenvectors are crucial concepts 
in linear algebra. They are used to understand the 
behavior of linear transformations and diagonalize 
matrices. 

Reference: "Matrix Analysis and Applied Linear 
Algebra" by Carl D. Meyer. Link

Link to Biology: Eigenvalues and eigenvectors are 
used in bioinformatics to analyze biological 
networks and identify key components in protein 
interaction networks.
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Part 2: Linear Algebra

2.3 Matrix Calculus

● Gradient Vectors
● Jacobian and Hessian Matrices
● Applications in Optimization

Description:
Matrix calculus deals with derivatives and 
gradients involving matrices. We have vectors, 
Jacobian and Hessian matrices, and their 
applications, particularly in optimization problems.

Reference:
"The Matrix Cookbook" by Kaare Brandt Petersen 
and Michael Syskind Pedersen. Link

Link to Biology: 
Matrix calculus is applied in systems biology to 
model biochemical reaction networks and study 
how biological systems respond to perturbations

● .

Calculation of the gradient 
of a vector f(x) with respect 
to vector x:
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Part 3: Multivariate Calculus and Optimization

3.1 Multivariable Functions

● Partial Derivatives
● Gradient and Hessian Matrix for Multivariable 

Functions
● Taylor Series Expansion

Description:
In single-variable calculus, you deal with functions of a single 
variable, and you find the derivative with respect to that single 
variable. However, in multivariable calculus, you often work with 
functions that depend on more than one variable. In such cases, 
you can find partial derivatives to understand how the function 
changes concerning each of its input variables.

The partial derivative of a function with respect to one of its 
variables is denoted using the ∂ symbol (a rounded "d") followed 
by the variable of interest. For example, if you have a function f(x, 
y), the partial derivative with respect to x is written as ∂f/∂x, and 
the partial derivative with respect to y is written as ∂f/∂y.

Reference:
"Advanced Calculus" by Patrick M. Fitzpatrick. Link

Link to Biology: 
Multivariate calculus is used in computational biology to model 
complex biological systems with multiple interacting variables.

The Hessian Matrix
Calculation of partial 
derivatives of f(x, y) with 
respect to x and y:
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Part 3: Multivariate Calculus and Optimization

3.2 Optimization

● Local vs. Global Minima/Maxima
● Gradient Descent
● Constrained Optimization (Lagrange Multipliers)

Description:
Optimization aims to find the best possible solution 
from a set of feasible solutions. This section 
explores the concepts of local and global 
minima/maxima, gradient descent as an 
optimization algorithm, and constrained 
optimization using Lagrange multipliers.

Reference:
"Convex Optimization" by Stephen Boyd and Lieven 
Vandenberghe. Link

Link to Biology: 
Optimization techniques are used in bioinformatics 
for tasks such as protein structure prediction, 
parameter estimation in biological models, and the 
optimization of experimental conditions.

Gradient Descent for minimizing a 
function f(x):
(where a is the learning rate)
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Part 4: Data Science Tools

4.1 Computational Tools

● Programming Languages (Python, R)
● Numerical Computing Libraries (NumPy, SciPy)
● Database Management Systems (SQL, NoSQL)

4.2 Statistical and Machine Learning Tools

● Scikit-learn
● TensorFlow
● PyTorch

4.3 Data Visualization
● Matplotlib
● Seaborn
● Tableau

4.4 Data Management and Manipulation
● Pandas
● Data Cleaning
● Feature Engineering

4.5 Big Data
● Hadoop
● Spark
● Kafka

4.6 Cloud Computing
● AWS
● Google Cloud Platform
● Microsoft Azure

4.7 Automation and CI/CD
● Git
● Jenkins
● Docker, Kubernetes
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Use Case: Optimizing a Linear Regression Using Gradient Descent

In linear regression, one common task is to fit a line (or hyperplane) to data points to minimize the Mean 
Squared Error (MSE) between the model's predictions and the actual values.

The linear regression model can be formulated as follows:
y=β0 +β1 x

where y is the dependent variable, 0 β 0   is the intercept,  1 β 1   is the slope of the line, and  x is the 
independent variable.

The goal is to find the values of  0 β 0   and  1 β 1   that minimize the MSE. 

This can be achieved using gradient descent, an optimization technique that involves computing the 
partial derivatives of the cost function with respect to  0 β 0   and 1 β 1   and then iteratively updating 
these parameters until convergence.

In this example, we use the concepts of partial derivatives to compute gradients with respect to 0 β 0   
and 1 β 1   , and then iteratively adjust these parameters with a learning rate to minimize the MSE. 

This is a simple example to illustrate the use of differential calculus concepts in statistics and ML for 
model optimization. 

In practice, models and cost functions can become much more complex, but the principle remains the 
same.

Here's a Python code example to optimize a linear 
regression using gradient descent:
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Top 15 Libraries in R, Python, MATLAB, or Others 
for the Given Course Topics

Python Libraries
1. NumPy: For numerical operations, including calculus and linear algebra.
2. SciPy: Extended library built on NumPy, with additional modules for optimization, integration, 

and other mathematical tasks.
3. TensorFlow : For machine learning, and contains functionalities for derivatives and 

optimization.
4. SymPy: For symbolic mathematics, including calculus.
5. scikit-learn : Primarily for machine learning but includes several statistical tools.

R Libraries
1. calculus: For symbolic and numerical calculus.
2. pracma: For practical numerical math functions similar to MATLAB.
3. gsl: Wrapper for the GNU Scientific Library, for advanced statistical and mathematical 

calculations.
4. Matrix: For dense and sparse matrix calculations.
5. mvtnorm: For multivariate normal and t distributions.

MATLAB Toolboxes
1. Symbolic Math Toolbox: For symbolic mathematics.
2. Optimization Toolbox: For optimization problems.
3. Statistics and Machine Learning Toolbox: For statistical analysis and machine learning.
4. Parallel Computing Toolbox: For parallel computation.

Others
1. MathJS (JavaScript): For mathematical operations in web-based applications.

Top 10 Articles or Books

● "Calculus" by James Stewart: An excellent introduction to calculus.
● "Introduction to Linear Algebra" by Gilbert Strang: For understanding linear algebra 

concepts.
● "The Elements of Statistical Learning" by Hastie, Tibshirani, and Friedman: Machine 

Learning from a statistical viewpoint.
● "Probability Theory: The Logic of Science" by E.T. Jaynes: Covers probability theory 

deeply.
● "Convex Optimization" by Stephen Boyd and Lieven Vandenberghe: Covers 

optimization extensively.
● "Deep Learning" by Ian Goodfellow, Yoshua Bengio, and Aaron Courville: For machine 

learning aspects.
● "Numerical Optimization" by Jorge Nocedal and Stephen J. Wright: Focuses on 

optimization algorithms and methods.
● "Pattern Recognition and Machine Learning" by Christopher M. Bishop: Covers 

statistical methods in ML.
● "Bayesian Data Analysis" by Andrew Gelman, John B. Carlin, Hal S. Stern, and Donald 

B. Rubin: For Bayesian methods.
● "Multivariate Calculus and Geometry" by Seán Dineen: For multivariate calculus, 

particularly relevant to machine learning.
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Embark on an enlightening journey through the realm of mathematics as we delve into the fundamentals of Calculus. This 
immersive experience begins with an enticing narrative, inviting you to explore the captivating world of mathematical analysis and 
its applications. Imagine yourself as a curious mathematician, poised to unlock the secrets of limits, derivatives, integrals, and 
more. Calculus isn't just about equations; it's a powerful tool for understanding change, rates, and continuous phenomena in the 
world around us.

To fully appreciate the significance of Calculus, it's essential to delve into the historical context and the influential mathematicians 
who have paved the way for this mathematical discipline. Picture luminaries such as Sir Isaac Newton and Gottfried Wilhelm 
Leibniz, whose pioneering work in the 17th century laid the foundations of Calculus. Their contributions revolutionized mathematics 
and science, enabling breakthroughs in physics, engineering, and countless other fields. As you embark on this educational 
journey, you'll follow in the footsteps of these mathematical giants, drawing inspiration from their groundbreaking insights to 
navigate the complexities of calculus.

The practicality of Calculus extends far beyond the confines of a math classroom. Consider its applications in machine learning, 
where derivatives are used to optimize models and integrals help calculate areas under curves. Engineers rely on calculus to solve 
complex problems in structural design, physics, and electrical circuits. Statisticians use probability and statistics, built on calculus 
principles, to make sense of data and draw meaningful conclusions. Whether you're a student, a data scientist, an engineer, or 
anyone seeking to harness the power of mathematics in your field, this course offers essential knowledge and skills.

In an age driven by data and scientific inquiry, mastering the fundamentals of Calculus is not just advantageous; it's indispensable. 
As you progress through this course, you'll gain a deep understanding of mathematical concepts that underpin critical 
decision-making processes in various disciplines. Calculus empowers you to model the world, analyze complex systems, and 
make informed predictions. It's a universal language that transcends boundaries and opens doors to innovation. By mastering 
Calculus, you become a problem solver, a critical thinker, and a contributor to the advancement of science and technology.

Are you ready to embark on this illuminating journey into the world of Calculus? Join us to unlock the full potential of this 
mathematical tool and elevate your analytical skills. Whether you're driven by academic curiosity, professional growth, or the desire 
to make a positive impact in your chosen field, this course offers the knowledge and expertise you need. Enroll now to become part 
of our learning community and begin your exploration of the mathematical wonders that shape our world. Feel free to reach out to 
the Weeki team for further guidance or any inquiries you may have. Together, let's navigate the intriguing landscape of Calculus 
and discover the boundless opportunities it presents.
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