
Lecture 4: Regularization and Optimization
01/21/2026

ROB 430/599: Deep Learning for Robot 
Perception and Manipulation (DeepRob)



Today
• Announcement, Feedback, and Recap (5min)
• Regularization and Optimization

– Regularization (15min)
– Optimization (20min)
– Computing Gradients (30min)

• Summary and Takeaways (5min)



Project Tips
• Upgrade to Google Colab Pro

– "session crash"/low RAM issue: Try using a high-RAM 
runtime

• Submission on Autograder
– upload ALL files, even if some are empty (not worked on 

yet).



Grading
● Programming Projects (individual)                                                            (52%)

○ Project 0               5%
○ Project 1               11%
○ Project 2                                                                           12%
○ Project 3                                                     12%
○ Project 4                           12%

● Midterm (individual) (10%)
● Final Project (Group)                           (23%)

○ Proposal Presentation                               5%
○ Final Report and code (paper reproduction, algorithmic extension)       15%
○ Showcase (Video, Website, etc.)                                                               3%

● In-class activities (individual)   [quiz, notebooks, etc.]                                 (10%)
● Participation (individual) [in class participation, office hours, Piazza, etc.]   (5%)

        Total: 100%



Grading
• Participation: Ahaslides

– Lectures + subset of discussions
– Officially beginning week of Jan 26 (next Monday)
– Five (5) absences, no questions asked 
– Late arrival due to class schedule conflict: no penalty
– Attending OH / Post on Piazza: not required to receive full 

participation credits
• Late policy for project submission

– Three (3) late tokens, each 24 hrs
– After late tokens are used: late penalties (10% per day)

• Details in course information doc

https://docs.google.com/document/d/1CUDTYKhLYfZFyHA_iggz70BhSl-GayzJKvcJu4C_-A4/edit?usp=sharing


Project 1 - Dataset Deadline: Feb. 1, 2026



Project 1 - How was this dataset created?



Recap: Linear Classifier - Three Viewpoints

①  ③②



Recap: Loss Functions



Discussion on Last week’s Quizzes

(refer to Canvas)
- If you have questions, please come ask!



How to find the best W 
and b?
 

Problem: Loss functions encourage good performance on training data 
but we care about test data (i.e., generalization)



Regularization

 



Overfitting

A model is overfit when it performs too well on the training data, 
and has poor performance for unseen data



Overfitting

A model is overfit when it performs too well on the training data, 
and has poor performance for unseen data

Low loss, but unnatural “cliff”
between the training points



Overfitting

A model is overfit when it performs too well on the training data, 
and has poor performance for unseen data

Overconfidence in regions with no training data could give poor generalization



Regularization: Beyond Training Error

Data loss: Model predictions 
should match training data



Regularization: Beyond Training Error

Data loss: Model predictions 
should match training data

Regularization: 
Prevent the model 
from doing too well 
on training data



Regularization: Beyond Training Error

More complex:
Dropout
Batch normalization
Cutout, Mixup, Stochastic depth, 
etc…



Regularization: Prefer Simpler Models



Aha Slides 
(In-class participation)

 
https://ahaslides.com/J5D83 

https://ahaslides.com/J5D83


Regularization: Expressing Preferences

Q1: Which weight would the data loss prefer?
Q2: Which weight would the L2 regularization prefer?

Hint: what does it mean by “prefer”?  Higher? Lower?



Optimization

 



Finding a good W



Optimization 



Optimization 

The valley image and the walking man image are in CC0 1.0 
public domain

https://creativecommons.org/publicdomain/zero/1.0/


Idea 1: Random Search (bad idea!)



Idea 1: Random Search (bad idea!)

~15.5 % accuracy on CIFAR-10



Idea 2: Follow the slope

The valley image and the walking man image are in CC0 1.0 
public domain

https://creativecommons.org/publicdomain/zero/1.0/


Idea 2: Follow the slope



Idea 2: Follow the slope



(example)



(example)

???



Aha Slides 
(In-class participation)

 
https://ahaslides.com/J5D83 

Q3

https://ahaslides.com/J5D83


(example)



(example)

     Numeric Gradient:
- Slow: O(# dimensions)
- Approximate

①  



Loss is a function of W

Use calculus to 
compute an 

Analytic gradient②



(example)



Computing Gradients

 



Computing Gradients

①
②

Also check out: https://cs231n.github.io/optimization-1/
https://pytorch.org/docs/stable/notes/gradcheck.html  

https://cs231n.github.io/optimization-1/
https://pytorch.org/docs/stable/notes/gradcheck.html


Computing Gradients

①
②



Computing Gradients

①
②



Gradient Descent

Q4: guarantee?



Aha Slides 
(In-class participation)

 
https://ahaslides.com/J5D83 

Q4

https://ahaslides.com/J5D83




Gradient Descent

https://docs.google.com/file/d/1hXNxucnkvPhUxZb_cve4ZY61lWDjEQBN/preview


Batch Gradient Descent

Full sum expensive when N is large!



Stochastic Gradient Descent (SGD)



Stochastic Gradient Descent (SGD)

For reference: an interactive web demo:
http://vision.stanford.edu/teaching/cs231n-demos/linear-classify/ 

http://vision.stanford.edu/teaching/cs231n-demos/linear-classify/


Aha Slides 
(In-class participation)

 
https://ahaslides.com/J5D83 

Q5

https://ahaslides.com/J5D83


Problem with SGD ①



Problem with SGD ①



Problem with SGD ②

What if the loss function 
has a local minimum or 
saddle point?



Problem with SGD 

What if the loss function 
has a local minimum or 
saddle point?

Zero gradient, gradient 
descent gets stuck

②



Problem with SGD ③

https://docs.google.com/file/d/18tVcFUhO8xuUGSwyyHp-RhJ1dnKS5qMw/preview


Problem with SGD 

What if the loss function 
has a local minimum or 
saddle point?



More than SGD…

 



SGD + Momentum
“Ball running downhill”



SGD + Momentum



SGD + Momentum

You may see SGD+Momentum formulated different ways, but they are equivalent - give same sequence of w

Sutskever et al, “On the importance of initialization and momentum in deep learning,” ICML 2013



SGD + Momentum

https://docs.google.com/file/d/1nzP2EVBHDQKDtJd-QXGVrtoGWIyxqXwE/preview


SGD + Momentum



Nesterov Momentum

Nesterov, “A method of solving a convex programming problem with convergence rate O(1/k^2),”, 1983”
Nesterov, “Introductory lectures on convex optimization: a basic course,” 2004
Sutskever et al, “On the importance of initialization and momentum in deep learning,” ICML 2013



Nesterov Momentum



Nesterov Momentum



Nesterov Momentum

https://docs.google.com/file/d/1A3SIInX_-FdlUIQGY0WN9lIfibiGTK8a/preview


AdaGrad

● Added element-wise scaling of the gradient based on the 
historical sum of squares in each dimension

● “Per-parameter learning rates” or “adaptive learning rates”



AdaGrad

Duchi et al, “Adaptive sub gradient methods for online learning and stochastic optimization,” JMLR 2011



RMSProp: “Leaky AdaGrad”



RMSProp: “Leaky AdaGrad”

https://docs.google.com/file/d/1UzESL-BEWCd1orH-6h3nIPqXuyrJk3ml/preview


Due dates

Canvas Assignment: 20260121 Optimization Quiz 
Scored - individual (as part of in-class activity points)
Due Sunday Jan. 25, 2026
 

P1 (KNN and Linear Classifier)

5 submissions per day - Start today!!!

Due Feb. 1, 2026
 


