
1

Applied Optimization:  

Gradients

Alexander G. Ororbia II  

Introduction to Machine Learning  

CSCI-335

1/26/2026 (Mon) & 1/30/2026 (Fri)



Gradients Means Derivatives; 
This Means Some Calculus…
• [See Crash Course on Derivatives]



The Value of Derivatives

• How do you solve the following problems?
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Local minima

Global minima

(a) Plot
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(b) Take derivatives, check = 0



Gradient Ascent

• Random Starting Point
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• Take step in direction of largest increase (obvious in 1D, must be 
computed in higher dimensions)
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Gradient Ascent



Gradient Ascent

• Repeat
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Gradient Ascent

• Next step is actually lower, so stop
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Gradient Ascent

• Could reduce step size to “hone in”
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Gradient Ascent

• Converge to (local) maximum
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The Finite Difference Method
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Evaluation

Optimization



signum(v)







Functions with Multiple Inputs

w.r.t. (with 
respect to)





Race of the Optimizers!

http://cs231n.github.io/neural-networks-3/#hyper



Stochastic Hill-Climbing
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(𝑥𝑖 sin 𝑥𝑖 + 0.1 𝑥𝑖) Negative Alpine Function



Stochastic Gradient Ascent
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Race of the Optimizers!

http://cs231n.github.io/neural-networks-3/#hyper





What is a useful constrained version of this cost to get “smaller” coefficients? 
(Hint: Tikhonov regularization)

Linear Regression & Gradient Descent



QUESTIONS?

Deep questions?!

Deep robots!
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