
446 Section 4



Plans for today!

1. Reminders
2. Gradient Descent
3. Generalized Least Squares
4. Importance of Regularization in Least Squares
5. Convexity
6. Ridge/LASSO (if time)



Reminders

● HW1 was due yesterday
○ Remember that you have 5 late days!

● HW2 was released yesterday; due Wednesday, May 6

Some tips:

- Use office hours to your advantage
- Student TA OH for homework questions
- Professor OH for conceptual questions
- Motivates you to get things done on time, starting an untouched 

assignment can be daunting



Gradient Descent



Gradient Descent

Purpose of this exercise: 
Understanding how 
gradient descent relates 
to approximations, and 
why it works.



Question 1a



Question 1a



Fancy way of saying f’(w0)

(Derivative of f(w) at w0)

Hint: Plug in here

Question 1b



← Given

Question 1b

plug in here



Remember: 
We want to 
minimize this

Hint: Why 
would this be 
good?

Question 1c



In English: The loss function after a weight 
update will always evaluate to be smaller than 
before the weight update

- If the step size is small enough
- If the approximation is good enough

Question 1c



Question 1d

Hint: how could 
we generalize this 
equation from part 
b?



Convergence 
guarantees iff 
convex!

Question 1d



Gradescope Section Participation

Suppose you are guaranteed to find the global minimum when your 
gradient descent algorithm converges. What assumption can you make 
about the loss function?

Convexity



Generalized Least 
Squares



Least Squares Proof(s)

Has shown up…

● In lecture (Lecture 2)
● On your homework 

(A5 Ridge 
Regression proof)

● And now here!

You can look at the 
generalized proof in your 
own time.

Should look familiar…



Question 2.2a



Question 2.2b



Importance of 
Regularization in 
Least Squares



Question 2.2c



2.2c setup

Let’s do a linear algebra 
refresher so that we can show off 
an interesting and actually useful 
result about the utility of 
regularization!







Visualized
- If X has a non-empty null space, 

matrix XTX has an eigenvalue of
0. This corresponds to a “flat 
valley” – no unique solution

- By adding I, we shift all the 
eigenvalues, moving it into a 
“stable bowl”





L2 norm





Question 2.2c



Convexity



Convexity in functions

The function 
between x 
and y

Must be less 
than or equal to

A straight line 
between x and y

Note: The sum of convex 
functions is convex



Convexity in functions

Guarantees that any local minimum we find 
will be as low as the global minimum

If you perform GD with a small step size on a 
convex loss function, you will reach the best 

possible performance!



Problem 3b

Note: Convex over all real numbers



Problem 3b



Problem 4b



Ridge vs. LASSO







Questions/Chat 
Time!


