
CPSC 531f

Intro to TDD (topological data

analysis)·

Topics :

(1) Intro to algebraic topology
that is most relevant to TDD ,

namely simplicial and sigular
homology ,

and Hodge Laplacians

in (colhomology
(2) Applications.



Domini

- There's na single textbook :

we're trying to give the minimum

amount of algebraic tapology needed

to understand
papers

in TDA

~ Class notes mostly self-contained ,

but I'll refer to various textbooks
,

articles available for free to UBC

Students .

- Grades !

-> IS I'll take you
as a student

,

I'll write< nice

letter of recom.

90 :.. very strong



&S you're prob not

speciality in TBB,

CampSi Theory who

more background courses

-> 80 satisfied the

exceptations of a

grad student

Grading based on

- Homework Problems

metaPos
4) ,

courses

~ exams
had to and of the last

day of classes



First I weeks should
give you

an idea of what's expected-

J

I've written some notes

to myself , handouts

-Intre to TDA
,
Paint Cebds

,

~
Paint-Sat Tapology-

Sectio 1 overview

Section 2-details



Idea : A simplex in IRH

is the convex hull of a finite

set of points in general

position :

O simplya

/simplex-

Zsimplea



The convex hull of SCIR'

is the intersection of all convex

sets in IR' containing S.
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If S = 4 --.,ab CIR
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Hat general position :
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To

4 should spr a

3dim subspace of IR'



parts
S: SESaYcIR' is in

general position if :

(1) S does not lie or any

d I dimensional affine subspace

12 22 plane in IRI

(2) 555
, --
5d--these

span a d dimensional subspace of
IRN

(5) the vectors % ...., -5
are linearly independents



A simplicial complex in IRY

is affinite) set of simplices !

&

a ↳
"grunk"·

-2-dim

simplex

3 vertices -> 2-dim

· simplex
,

2-dim faces



but not

#

·
If you

have
a simplexi

S Convex Hall (5
, ...,

Ja)
,
a

& of S (i-dimensional face)

is Convetull)5., .... 5 %)
where 45, ..., jib (450 , --,]



& A collection of simplices

K in IR" is a simplicial

complex if

() Sok ,
S is a face of Si

then SK

(2) S
, Sick , the SUSz is

i (if SinSi).
↑
a face of both S ,

and of S2

(corrected on Jan 7]
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TDA !
-CIR2

-------
in re !

%

↑ finite subset.

Def : A pant dad in I is

just a finite subset
,
P
,
in Ro

Idea !

figure 8
O

↑ could be a

X curve in 1Th2



-

or X

⑨ might be a

"thickening"
↑ of

es
"Z dimensional

bit
So

---turn P

into a simplicial complex... ?



A simplicial complex in IRK

is K= Set of simplices in IRY

sit-sok => fall faces of KS
- S

,,
S
,
k =$4

SinSz is both a

or S
, nSz-0.

Draw picture②
face of S

,
and S2

Corrected on Jant



Given a "point cloud"

R
looks like a "sample" from

X- & i

or

thickened figure 8

*
in 12

To
any topological space ,

X
, we

associate its "homology groups,



+ 1 paints d-dim thing

CIRI

if H3d
-

-> lies in IR2

,

↑ has to lie in IR3
↑ date points : something I'


