
Week 2 9/2/2025
-

↳ Quiz ! Last week was warm up
for machine learning !

-> How
many

read the notes? Important !
-
-

↳ Encourage practice, problem
sets due every week.

·First 2 problems still alzz

· In general ,
due Mondays 11 : 59 pr

- Office hours change :

Monday + Wednesday 12 : 30 to 2

& Post questions, come to office hours :

↳
username on discord

, so I can follow up !

↳ How
many on discord?



Review
-

-
What about when M is not square?

L

dxd
A EIR
- Use : PageRank where

A=i we purred up
matrix multiplication !

X
, ...,
Xr EIR eigenvalues

I , . . . . Up
Etha right eigenvectors Avi = YiVi

,, . .., r Ed left eigenvestors WA = Xi wit

vi"1j = 1(i =j) = wT]

wAvi = wJXiVi wit : = 1(i = j]
(7)

X ; wri = Diw ;TVi

(Dj - xi) W,Vi = 0



&pervisedLearnings Goal : Find function f:R
&
EIR

Problems so that f(x() = y(i) Fi
· predicting temperature

empirical risk minimization :

· identifying objects in an image
① Function class F

· generating next word from which to select f

② Loss to measure how
wellf fits data↳

need
dat

aE ③ Optimizer ,
method to select

↑ with low loss
n pointss ...

(
(1

, y()) , . .

.,
(X()

, y(n))



② Loss

-nivariateLinear Regressinas

Attempt #1 : f(x) - y

f(x) = 2x
= ys f(x) -t

very negative
&

① Attempt #2 : 1f(x) - y)
output · Gi, y (i) ↓ not differentiable at O

⑧ &

①
o

f(x)=* Attempt #3 : (f(x)-y))

input
↳ Far gets penalized more

① Function Class : ↑

f(x) = wX for welR L V
!

z = f(x) -

y



Mean Squared for (MSE) Loss = (Eu]= X - y())
L(w) = ↓ (fro(x)) - yci]

2

=> 2(x -y(i)](wx -y')
⑤ Exact Optimization 2Swx() - y(i)]x()
key insight : Squared loss is convex = 0

-

↳ differentiable = yex
↳ sugle minima

Q : How do we find minima? ↳E
- In general , X") FIR

&

Again,
but with some linear algebra

Z

no improvement in any
direction !



9/4/2025

Reminders
Review

-

↳ Notes? y(), . . .,
(X(n), y(u))

↳ Pset 2 due Monday
Goal : f so that f(x(yli)

(self grade following Friday) ① Function Class

↳ Quit ② Loss
is grades released

-> let's chat ↳ ③ Optimizer

Tuesday Thursday
dim ? d= 1 d- 1

① Linear Linear

② MSE MSE

③ Exact Exact



Multivariate Linear Regression ② MSE

(((, y()) , . .

.,
(x()

, y(n)) X() +R92(u) = E((X, 23 - y(l)?
① Function Class nxd

coefficient # E I & E
Let weights Weird for each

T

d
d feature

* (If(x) = <
,
w)

=
X

+
w

= [WkX1 I !
k= 1

y(n)

f(x) = 22)[ ↓ 11Xw - y /12 =1(w)

I I If(x) =(()) )



⑤ Optimizer Hm+ Dei)
- 2(w)

key insight :

#
*

When no improvement
= Iim 1/ X(2 +Dei) -y 11 - 111-yn=

in
any

direction Ae o
A

Twtcr =(
llatb11?= (a: + b) = (a+b)T(a+b)

= at + aTb +6a + 676
= llall2 +2,b) + 116112

position
a = X-w -Y b = AX2i

Ei= # =lmIyI
A

=him2EW], Eei) + @lI Keil
Aso

A

= X-Y,
Xei)



#Ii = i >ngular Value Decomposition
& -

assume features
-

x()
indep

NitI "
nX IXd

-
in)I

* PseudonneraT

dx11xn

Dr2( =/ winj = H(i = j) = Vij
: = 2X

-

T(X w -y) dI =iT
d

d

(**) *y=Evit
VL(wt = 0 = 2XT([w

*
-7)

&

X
- TX w

*

=Y
=

w
*

= (X TX)
+

X
+

7
= X

+

y



Q : Why squared loss? ERM
saysAndmodea

generatedthat

Before : data ...

↳ differentiable

↳ penalize far ,
more Pr(y drawn from model wh

Now ·

= Pr)y - N(X,
w>

,
02))

Q2 :

Why use linear model?

o unknown =exp)-
y = <X

,
w

* ) + 1

where no N(0,
02) argmaxPr(y"N(Xw,

o,..N,
& F

mean O unknown = argmaxexp)-variance
~ CentralLimit Theorem -

Equivalently,

y - N(X,
w
*
>

,
03)



argmaxexp)-
=

argmax log (d)
(i)

= argmax log(6) + log) exp) ly
W

= argmax -(2)
W

= argminyR
W

= argmin

-




