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Multivariable Strategies
Intuition

• In each step:


• Pick a descent direction


• Decide a step size
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Gradient Descent
Gradient Descent with Line Search



Gradient Descent
Pseudo-Code

• The gradient points perpendicular 
to the level sets of the function:



Gradient Descent
Inexact Line Search



Gradient Descent
Example: Violation of Wolfe Conditions



Gradient Descent
Gradient Descent without Line Search



Gradient Descent
Learning Rate Schedule
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Newton’s Method
Newton’s Method in Multiple Variables



Newton’s Method
Practical Considerations



Newton’s Method
Handling Indefinite Hessians
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Quasi-Newton Methods
Overview



Quasi-Newton Methods
Secant Condition



Quasi-Newton Methods
Symmetric Quasi-Newton Update



Quasi-Newton Methods
DFP Update



Quasi-Newton Methods
DFP Derivation Outline



Quasi-Newton Methods
DFP Algorithm Implementation



Quasi-Newton Methods
From DFP to BFGS



Quasi-Newton Methods
L-BFGS



Quasi-Newton Methods
Summary
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Gradient-Based Optimization Methods

Image source: https://medium.com/@pau.moskwa/eli5-ml-optmization-algorithms-9ba6305b1190

• In each step:


• Pick a descent direction


• Gradient Descent/Newton’s 
Method/Quasi-Newton 
Methods/…


• Decide a step size


• Line Search/Scheduled Step 
Sizes/…
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