
Data Mining 2026 Spring ! www . real witter
. com/datamining 2026spring

This class :
· discord for communication

challenging
· linear algebra + probability 3 course! · reading for each Lecture

· machine learning · these slides are online

· foundations of gen Al

Prereqs : linear algebra, probability , algorithms, calc 3 Plans
· Warm up
↳ math review

Time Expectation : 9 .
5 hr/week ↳ Page Rank

&usin ·Supervised Learning
· Unsupervised Learning

· Earlier= better· More drawing better

· More talking= better



Review #tion: f(x) Creative:x)
2

machine learning ? X 2 X

calculus and linear algebra ! Xa

ax +6

Derivatives
-

In(x)
f : R-IR

eX
"maps real number to real number

"

f(x) = 27 f(x) Q : If my investment earns 10% per
year, how much more will I

=lim
have in 60 years ?



In ML
,
we'll combine many Pradients

functions (e .g., neural net) In ML
, process high-dim input

f:ReIR g : IReR F : &- IR
"maps a real numbers to one real

"

f(x) = (n(x)g(x) = x2

↑(X,, X 2 , ..., Xd) =
visualize as

mountain with

ChainDue-g(f(x)) +(x) = f)[]) = f(x)
* north/south, X2 east/west

2x
= f() = how changing Xi changes n

dutRe ae
= lim f.. Xith-d) -f(x. .
heo

=> g(x)f(x) + f(x)g(x) *xf(x) = c2x

= I i Iaf(x)
Exc



&or and Matrix Multiplication) le-norm
- d

crucial to ML
,
neural nets only IIak = 4 =En-

succeeded with GPUs

↳ R& VERd A epdxm BERMXn
j

6, -" bin

Admi
...

am

!0
Imi ban

1V=Vi AB

j
dimmi

CAB].=dir

= vi = [v Ve ... Val

Ju

: lo)
A lus3] B=n

= (4
,X) AB =? BA =?



We1 Thursday
Today :

· No OH Monday 1/26
· Matrices

=> Problem 2 due Monday 2/2 & multiplication
& eigendecomposition

· Join discord ! ↳ inversion

· Discussions !
· Next up : Page Rank !↳ host can write quit question i.e., how to return

most relevant pages
↳ TA hosts 6-8pm Sunday in RN 104



xMultiplication A EIRAXm BERmYn

Perspective# Perspective#2

A ABB

AB= A B[AB]i= AirBi = A

Check : (AB)
;;= Air Br

, i

Example : A =[*] B =[]



-Figenvalues& Eigendecomposition
dxd O

Consider square, symmetric AER A =

O

When does A act like a scalar?
NGIRxn VEIR"Xd

Av = XV VERt
d

eigenvector Verdan
-

- ER eigenvalue

I,, . . .,r eigenvectors

X, .
. .

, Xr eigenvalues - [+ /

Eigenvectors are orth normal =
< Vi

, Xj) = 0 if itj
What is Ali ?

< Vi ,Vis = /



#tixInversioneach
, Jala:

"I" in higher dimensions : I = I 00

9I 4x4 10"identity
I

A A = I claim : A = V &"V" when red

AA = varivarT = vd"Eddav" = va"nVT = VIVEVUT

viv = Idd did = Exddxcdxd dxd dxd

'I
...

x
....[ ( (



#AnotherView on Matrix Inversion

d

A_i.
claim : [vivIde

Atvivittivir Proof : Since v
.. ...,d SpanR

&

(as arthonormal basis) ,
we

&

=viv
can write

~
projectiononto

-
1 if i= i Vi

= Eo else X = C ,
V , + CVz +... + CdVd

& T
> 2

ifi; viv; = Vi (Viox)

= Vivit =
d

= VuT HenceEvivi acts as identity for all

* <2) must be identity !



PageRan
we find important web pages?

Important if :

· lots of incoming links

·
clinic

.org

May fealscats
.

com incoming links from iptant pages

wikipedia . org



BageRank
iterature process of computing importance

p(o) -IR" where p= In

pl ; links to i)ouyger
->

① Q

↑- ↑
pla = [up③


