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What is Convex Optimization?

http://www.youtube.com/watch?v=-nlR62Mpo-A


ChatGPT and OpenAI: Introduction                                                     Anis Koubaa @ 2023CS313: INTRODUCTION TO DATA SCIENCE ANIS KOUBAA | APRIL 2024CHAPTER 4: CONVEX OPTIMIZATION

What is Gradient Descent?

http://www.youtube.com/watch?v=huyBoeTkm8I
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What is Optimization?

● Definition of Optimization

● Optimization involves selecting the best element from a set of 
available alternatives. 

● In mathematical terms, this process is often associated with finding 
the minimum or maximum of a function.
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Importance in Data Science

● Core Component

○ Optimization is the backbone of machine learning. 

○ Enables models to learn from data by systematically improving 
performance according to specified metrics (i.e., loss function).

● Objective Function

○ Machine learning models are trained by minimizing or maximizing an 
objective function, also known as a loss or cost function. 

○ This function measures the error or the discrepancy between the predicted 
values and the actual values in the training data.
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Types of Optimization Problems
● CONVEX OPTIMIZATION PROBLEMS

● Definition: An optimization problem where the objective function is 
a convex function and the feasible set is a convex set.

● Characteristics: Unique global minimum; any local minimum is 
also a global minimum, simplifying the search for solutions.

● Example: Least squares linear regression, where the function to 
minimize is a quadratic function of the parameters.

● NON-CONVEX OPTIMIZATION PROBLEMS

● Definition: An optimization problem where the objective function or 
the feasible set is non-convex.

● Characteristics: Potential for multiple local minima and possibly 
saddle points, making these problems more challenging to solve.

● Example: Neural network training, where the loss landscape is 
highly non-linear and contains many local minima.
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Convex Optimization Problems in Data Science
● Linear Regression

● Problem: Minimize the sum of squared residuals (MSE) 
between observed values and values predicted by a linear 
model.

● Nature: Convex problem as the objective function is a 
quadratic function, ensuring a single global minimum.

● Logistic Regression:

● Problem: Maximize the likelihood of correctly predicting 
binary outcomes using a logistic function.

● Nature: Convex problem due to the log-likelihood function 
being concave; minimization of its negative is a convex 
optimization problem.
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Definition of Convexity
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Examples of Convex Functions
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Examples of Non-Convex Functions
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Unconstrained vs. Constrained Optimization

EXAMPLE



ChatGPT and OpenAI: Introduction                                                     Anis Koubaa @ 2023CS313: INTRODUCTION TO DATA SCIENCE ANIS KOUBAA | APRIL 2024CHAPTER 4: CONVEX OPTIMIZATION

Unconstrained vs. Constrained Optimization
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Unconstrained Optimization Techniques
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Intuition behind gradient descent
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Unconstrained vs. Constrained Optimization

https://docs.google.com/file/d/1bE4UqOoYKVTEtbexi2yuW-IwEsBaPiLO/preview
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Unconstrained vs. Constrained Optimization

https://docs.google.com/file/d/1Bao2-fwMzF2v4w8gbfFHrrvar6qkvIRG/preview
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Unconstrained vs. Constrained Optimization

https://docs.google.com/file/d/1Bao2-fwMzF2v4w8gbfFHrrvar6qkvIRG/preview
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Mathematical Foundation of Gradient Descent
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Mathematical Foundation of Gradient Descent
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Mathematical Foundation of Gradient Descent
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Gradient Descent Algorithm


