
Reminders 919/2025
-

↳ Quit

↳ Pset +Self Grade!

& Office Hours

↳ Discord

↳ Events

· Conference Oct 3-5

· Redistricting Sep 16 Lunch@Ath

· Trees Sep 16 7pm & Mudd



&
viewed yet

why pseudo inverse ?
"
Invert" non-invertible matrices

e .g. X ERRUXd

X-
Rud YEARL X=i

I =(-x= (5) d

=> ViViT = Id

Goal : f(x()) = y(i) Greatest advice : "Go sit on your rock"

O Model Linear ! f(x) = wix Two issues :

② Loss MSE ! L(w)= [f(x-y(i) ↳ Time to compute w
*

③ Optimizer Exact ! w
*
= (X

+ X)
"

XTy ↳ What if data is not
linear ?



The Math (as promised)PradientDescent(H-O2(wt) We
"2(w't) 2) =lim

-2
Asc

6 => 2(0 +1)-z(w)=
Choose & so L(w + 1)-2/w) is

fos
negativee... A = - 22()

Parameters W* with with
zu

IntuitionMoreawayofhe

d = "Step site" or "learning rate"



Wed For linear regression ,

Vw[(w) = = XT(Xw -y)
↳limi

Time to compute :
=> z(witDei) - ED < Unta)

,
ei]

2(w +v)- 2(w) = A < VwI(w)
,
vL

Choose Av = -XVw2(w)

2)w +v)- 2(w)= - C 11 OwZwill
= - LIInL(w/2110wL(w)112

Recall(a
,
b) = Hally 116112 cos(0)

max cosO = 1 => achieve "best" update !
O



Reminders 9/11/25
-

↳ Notes !

↳Self-grade due Friday 4 Sit on your rock

↳ Pset 3 due Monday & most important thing I can offer

↳ Quiz Tuesday
& exercises + notes = fair game

↳ Events /
O

& Please ask specific
questions ,

e .g,

"Explain concept Al

-

Why is B true
"



&

Review : Gradient Desent

Fastere
prohibitively large

W Enter : STOCHASTIC gradient descent
T

fos
↑Sokhos"

5 - El
, ..., n3 s .

t . Isl = m

w with wit
...

well
2) (wi=s

(f(x()) - y(i)y3
↑ random
Start

w(t
+ 1)
= w(t) - xX2(w(t))

For linear regression,

Linear regression :
TwYs(w)= XY(Xsw - ys)

- 2 (w)=X
Time

,

"

Time :



LearningRate Momentum

-

fo
↳ ⑮26X

Parameter

heuristic strategies :
↳ If loss unstable

,
decrease (4/2) w

If loss Slowly decreasing, increase (22) m(t+1) BmH)+ (1-B)VwLs(wt)
is "Scheduler" start bige small, cycle w( +=- w(

-
2m(+ 1)

↳ Adaptive <+
(V2(w(H))2



Polynomial Regression Polynomial regression e .g.,

&: We covered how to speed up f(x) = w ,
X

,
+WeXz + WyX , Xz

optimization, how do we 2

address model mis-specification ?
+ wyx? + Ws X 2

A : Add more expressive features X = [Xz]
aug

Linear regression 5 .g .

f(x) = w
,
X

,
+ wzXz I 11

w
*
= x

y
= (XTX)+Xiy

und

w
*

any
= Xangy

Q : What changes in 3 step recipe ?



Expressivity w
*
= Xty wa Xing Y

Claim : expressive

min didmoregw-ylmin
wEIR · Eid

11Xw-yll

Proof : choose = (w
*

] ·

Then lang-yl = /IXw* -yl

Since is is always a choice
, wang must be aleast as good



Which degree to choose? Generalization Error

Training Validation Test

degree
10 degree 2

idea
E

&

Data

la Train model

2. Check loss on validation set

repect

over fits
3. Update hyperparameters

- 1

↑
cmemorize (learning rate, momentum,etc)

L

12

X X
S
X10

Pernicious issue : model performs
A

L ↑
just right:

better on validation even though
not expressive never "trained" on it

enough
Solution : Use test lossne
on final model



Regularization Double Descent
-

Idea: Use simplest model
Traditional View :

Weight magnitude complexity validation loss

↳ More output variation per - "too complex"

input change
X cover fit)
train loss

# epochs OR #parameters
New loss :

2 + X 11 wll? Modern View :
validation

~↑
implicit
regularization

train loss

# epochs or parameters


