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Goals for today

9.1, 9.3: Mapper Graphs
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Recall: Reeb graph definition

Given a function f : X → R.
Define an equivalence relation ∼ by
s ∼ y iff

f (x) = f (y) = α

x and y are in the same
connected component of the
level set f −1(α).

Let [x ] denote the equivalence
class of x ∈ X .

The Reeb graph Rf of
f : X → R is the quotient space
X/ ∼.

Let Φ : X → Rf , x → [x ] be the
quotient map.
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Section 1

Mapper Graphs
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Mapper

Idea: Approximate Reeb graph when we have only a
point cloud sample of the space.
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Cover

A cover of a set X is a collection of sets U = {U1, · · · ,Uk} such that X ⊆
⋃

i Ui .
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Recall: Nerve

Given a finite collection of sets F ,
the nerve is

Nrv(U) = {X ⊆ F |
⋂
U∈X

U ̸= ∅}.
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Mapper graph paper
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Mapper definition (continuous input version): Part I

Given f : |K | → R.
Fix a cover U = {Uα} of R.
The collection f −1(U) = {f −1(Uα)}
is a cover of X.
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Mapper definition (continuous input version): Part II

Let f −1(U)∗ be the cover which
splits the sets into connected
components.

Then Mapper is the nerve of this
cover.
Recall: Given a finite collection
of sets F in RN , the nerve is

Nrv(F) = {X ⊆ F |
⋂
U∈X

U ̸= ∅}.
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Try it:

What is the Mapper graph for the cover

{U1 = (0, 5),U2 = (4, 10),U3 = (9.5, 10.5),U4 = (10, 20}
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Section 2

Point cloud version
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Point cloud mapper idea

1 Choose a R-valued function on
the data.

▶ ”Lens function”

2 Choose a cover of the range.

3 Cluster the points with values
inside each cover element.

4 Construct the nerve.
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Assumptions

Given point cloud P of N points with distance d(x , y).

2 0 2 4

2

1

0

1

2

3

4

5

Next goal: What function if we don’t already have one?
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Lens Function: Density

Idea: Choose function based on estimation of density.

Gaussian kernel version: For x ∈ P,

fε(x) = Cε

∑
y∈P

exp

(
−d(x , y)2

ε

)
Parameters:

x , y ∈ P

ε > 0: Determines smoothness.

Cε is constant so that
∫
fε(x) dx = 1 3 2 1 0 1 2
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Lens Function: Eccentricity

Idea: low values correspond to points near the “center” of the data set, high correspond to
points far from the center data set.

Given 1 ≤ p < ∞:

Ep(x) =

(∑
y∈P d(x , y)p

N

) 1
p

Note: No actual center has to be determined!
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Differences
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Cover choice is important!

Interval length: r Overlap: g Image: Carriere et al. 2017
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What do we want the clustering to do?

Work on general metric spaces (not just
point clouds in Rd)

Don’t need to specify the number of
clusters in advance
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Choice of clustering: Histogram heuristic

Use the 0-dimensional persistence diagram

All points are (0,death).

Draw the output as a histogram.

Determine cutoff where there is an empty
bin in the histogram.

Sometimes called single-linkage clustering
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Choice of clustering: DBScan

Doesn’t require the number of
clusters in advance.

Based on density of points.

Image: Wikipedia
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Clustering: More options
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How it gets put back together
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Notes on visualizations

Size of nodes

Choosing different colorings
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Section 3

Breast Cancer Data
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Breast Cancer Data Paper
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Clustering of data

Red: Patients with poor survival outcome (c-MYB+ tumors)
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The Mapper Graph

Liz Munch (MSU-CMSE) Lec 18 Tues, Nov 11, 2025 28 / 35



Section 4

Ball Mapper
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Ball mapper paper

arXiv: 1901.07410
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ε-net
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Ball mapper - Definition
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Multiscale Ball Mapper
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Is it mapper?

Similarities Differences
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Next time
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