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Mapper graphs
Idea : Approximate Reebgraphs
Won't always have

a P2-space !

What about point
clouds?

Idea : ↳ "lens'n
· Give R-values to dots

· Use a cover ofI

· Cluster into components
a build a groph



More details :

A cover of a set X is a
collection

of sets M =EU -, U2] st . X- UHii

open cover-> each
Un open

E : St
U,

Cover : Wal
-i-
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Let's start on a simplicial complex :
R
contained
in

var

· Given f : (k)-> I ↓

· Ex a cover Ha,

U = [Uc] ofR Fu Ioverlap

· The collection Kensets
f(u) = Ef"(ual3

↓

-

is a cover of D Dia
X .



Mapper for simplica complex
(port2)

· Let f"(U) bethe

cover J
then splut sets

&

in each preimage
into

connected components
·Then

, Mapper is the
nerve ofthis cover

(Remember nerves?

-



Given a finite collection of sets

I = EUaSceA
,
the nerve of I,

N(U)
,
is the INCull

simplicial complex
with vertex set A

S

where Exo---,]EA
is a k-simplex EN/EL) V=Ga

,
b
,
<
,
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Some examples to try :

unv
js
↓ K ↓ wass

O

· nev
Difference: balls somehow reflect topology



Let's try : What is Mapper graph for cover
(0, 5). (410) , Us= (9.5, 185),>

Un = (10 , 20)
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Note : Cover is the key ! ht
A "poor" choce of cover mig

yield a disconnected mappergraph
on a torus :



In book :

Lots of technicalities
for why maps

from K to /NCU)) travel through
homology,

Some technicalities
!

· Singular
versus simplicial

homology
can collapse

· Nerve construction things



He is special
· Every one-cycleUin INCU) has

a 1 cycle U" in N(U)
S.
t. U=[I'l]

= If U is path connected,

Ou : H(X) -> H .
(IN)) is a surjection .



Point cloud mapper

Idea :
· Choose R-valued function on data

· Choose a cover
of the range

· Cluster points inside each cover element

· Construct a nerve



Lots of choice !

What if we have points, but
no function?

fix->I can be :

~
->the "lens"

- density estimate
f(x) = Ed(x,Y)

- centrality yeX
f(x)= max d(x, y)

- eccentricity yeX

- PCA coordinates
- distance to some

"root point"
Ge filamentary structures)

- functions detecting other behavior
·



Density estimate
Gaussian kennel version

: For XEP
,

fa(x)= Cn[exp(d)
yep

Parameters :

· x,yEP
· E >0 : determines

Smoothness

·C
,

constantst .

Sta(x)dx =1



Eccentricity
low values are points neer center

Idea:
of date high values

are for away

Given 1pC A,
YP

Ep(x)=(Ed(
where N= total points



Whop Mappers would these give?
Creed cover + cluster still !)
- -
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Choice of covers

· Resolution & IS max diameter of an

interval in U

Can also use N for # of intervals)
U

· Gain g
is % overlap between intervals

Intuition :
-

· smalle or large N
↳ finer resolution, more

nods

· large r Cor
smalI
resolution, few

modes
↳ roug

· small g
- less connected

· large go
more connected



Choice of clustering
select #neighbors

① Build a graph :

or r for Rips
for kNN graph,

graph
↳ then take

connected components
of subgraph spanned by
vertices in " (U)

② Take points in
bin
,
a choose

E(u) your
favorite clustering algorithm

!

⑤I ↳ more adaptive : can vary
between

the bins



Shape analysis
Singh et al,*Eurographics 2007
Build mapper
"Skeletons" :

Find landmarks

on mesh
,
a scale f

by eccentricity. T
Then : Use these for IS intervals*shope matching 50% overlap



plorative!In applications : nasy - exy
Yao et al

,
J. Chemical Physics ,

2009-
Date : conformations

of molecules

Goal : Detect different folding pathways

Clustering on density
level

sets identifies + separates
metastates from intermediate

States

Refolding
pathway

Unfolding pathway



Another : breast cancer patients

Goal !

Defect variables

that influence

Survival after

therapy In
breast concer

patients
Lum etal

,
Nature

,
2013-

& ESR1 : estrogen
receptor gene, Result : Identified subgroups#positively correlated w/low ESR1 who

survive

u/survival across 2 studies



Post-Nature: Lots of usage

Used for visualization
in biology,

finance, socd
sciences

,a many
other applications.

Implementations
:

(plusmore)

!



Some take-aways :

2 key pieces
:

- local clustering lguided byf)
- global connectivity

between clusters

covers + nerve)

In eneral
,
used for exploration &

gvisualization of
data

applications
- powerful in many varantees
- not many

theoretical g

Warning
;

VERY sensitive to parameters!



Dotko 2019Ball Mapper#
An alternate (parameter-free) way

to

of a cover : build balls that cover

9 a-net)
The data Can

Mapper :

Ball

Mapper :



New
,
but seeing more usage

↳

↳


