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Abstract: In this paper we analyze and apply one of the main algorithms of TDA (Topological Data Analysis), Mapper, on some real data
sets. We use Mapper for visualization of a data sets, and we tend to get some insights if some key characteristics of the data are captured by
the visualization and how they are connected with human perception of the data. Also, we will discuss if the visualization can make progress

in further work.
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1. Introduction

Topological data analysis (TDA), is an approach for analyzing
data using techniques from topology. Extraction of an information
from the datasets which are high-dimensional, incomplete or noisy,
is a wide field for researchers and scientists in last few years. TDA
provides a general framework to analyze such data in a manner that
is insensitive to a particular metric. Beyond this, it inherits functors ,
a fundamental concept of modern mathematics, which allows it to
adapt to new mathematical tools.

Mapper algorithm was developed by Singh, M emoli, and Carlsson
in [1], and it gives a multi-resolution, low dimensional picture of
point cloud. It’s highly customizable, and has a track record of
revealing structure that some other methods, like clustering and
“projection pursuit” methods miss.

Mapper algorithm is one of the most important tools used in TDA for
data visualization. For input, it use:

-point cloud,;
- “filter function;”
-covering of a metric space;
-clustering algorithm;
- various other parameters.
Output is a Graph (or higher simplicial complex) which is tend to
capture the main topological aspects of the point cloud.
2. Mathematical preliminaries

We will introduce some mathematical concepts, in order to
construct a topological space from given dataset.
Let n> 1 be an integer, let [n] = {0, ..., n}.

An n-simplex ¢ is the convex hull of n + 1 affinely independent
vertices S = {vi},i€[n] in R¢ where d > n.
A simplex t defined by T € S is called a face.

A simplicial complex K is a finite set of simplices which meet
along faces, every one of which is in K.

Let ¢® denote the origin in R™ and ¢! the i-th standard basis vector
for R™

The standard n-simplex A" C R" is the convex hull of {e'}i€[n].
Given any subset ] € [n], let A’ be the face of A" spanned by {e}j€J.
The points of S are vertices of the simplex.

As Dbasic examples, the low dimensional
(plural:simplices or simplexes) have special names:

simplices

- a 0-simplex is called a vertex,
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- a l-simplex is called edge;
- a2-simplex is called triangle
- a3-simplex is called tetrahedron,

- ad4-simplex is called a 5-cell.

-V

Figure 1. 0-simplex 1-simplex, 2-simplex, 3-simplex

Figure 2. Example of simplicial complex

Topological invariants of the space, such as: holes and number
of connected components, can be computed from a simplicial
complex, see Figure 2. One of the basic idea of Topological Data
Analysis is to construct a simplicial complex from a dataset, i.e. in
one hand, simplicial complexes are high dimensional analogues of
graphs, and in other hand simplicial complexes are approximation of
the topological space.

3.Mapper algorithm

The algorithm works very simple: put bin data into overlapping
bins, cluster each bin, create a graph where vertices = clusters and
two clusters are connected by an edge if they have points in common.

Mapper algorithm (implementation)

The Mapper Algorithm
Converts point cloud data into a 2D graph.
Mapper algorithm:
+  Apply filter function

Divide points into overlapping intervals

+ Cluster each interval

+ Clusters become nodes, and clusters witf
points in common are connected with
edges

Figure 3 Mapper algorithm — steps
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Figure 4. How works the Mapper algorithm — an illustration
Next, it is given a more precise description of the algorithm.
Given: X point cloud, [X| =N,
filter function f : X — R.
Assume we can always compute inter point distances.

Let I denote the “range” of f: explicitly I = [m, M] € R where m
= minxex {f (xX)}, M = maxxex {f (X) }

Divide I into a set S of smaller intervals (of uniform length)
which overlap. Obtain two resolution controlling parameters: / the
length of the intervals, and p the percentage overlap between
successive intervals.

e  For each interval Ij € S, let X := {x : f (x) € [j}. Then the
collection of all such Xj is a covering of X.

e (2) For each Xj, perform a clustering algorithm to obtain
clusters {Xik }.

e Each cluster defines a vertex of our simplicial complex:
draw an edge between vertices whenever Xk N Xim # 0.

4. Application of the Mapper algorithm on the Tori
( two rings) dataset

In this section, we choose 3D object form of two rings (tori), see
Figure 5. It’s synthetic dataset, consisted of 2048 points. We apply
Mapper algorithm on that dataset.

In these experiments, made in mathematical software R, we use
different values of the parameters:

Figure 5. Tori

e  p=number of intervals, varying between 6 and 16,
e  p=percent of overlapping, between 20 and 80,

e  b=number of overlapping bins when clustering,
between 5 and 15.

The results from Mapper algorithm for Dvatorusi datset are given
in Figure 6, Figure 7, Figure 8 and Figure 9. Every figure corresponds
to a Mapper algorithm results for different parametars.

Visualisation of the Mapper Graph
for Tori (Dvatorusi Dataset)
n=10, p=30, b=10
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Figure 6. Mapper algorithm on Tori- 2 obtained cycles

Visualisation of the Mapper Graph
for Tori (Dvatorusi Dataset)
n=15, p=80, b=10
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Figure 7. Mapper algorithm on Tori - 1 obtained cycle

Visualisation of the Mapper Graph
for Tori (Dvatorusi Dataset)
n=16, p=50, b=10
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Figure 8. Mapper algorithm on Tori - 3 obtained cycles
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Visualisation of the Mapper Graph
for Tori (Dvatorusi Dataset)

But, if the filter is bi-dimensional [11], the obtained Mapper

n=15, p=80, b=12 graph is of the form, showed in Figure 12.
Raw visualisation of
@ the Mapper Graph

for the Torus dataset
flter bidim, n=(8,8),p=40,b=8
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Figure 12. Mapper algorithm on Torus- bi-dimensional, filter
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Figure 9. Mapper algorithm on Tori - 4 obtained cycles

We can conclude that there are different graphs obtained for
different values of parameters. There is no one way of choosing
parameters of Mapper algorithm. It depends on the subject of the

research. 6. Application of the Mapper algorithm on the

5. Application of the Mapper algorithm on the Diabetes dataset

Torus dataset In the following case, we apply Mapper algorithm on the
Diabetes dataset, consists of 145 lines, with 6 attributes in each line-
Miller-Reaven dataset. Reaven and Miller (1979) examined the
relationship among blood chemistry measures of glucose tolerance
and insulin in 145 non-obese adults [10]. They visualized the data in
) 3D, and discovered a peculiar pattern that looked like a large blob
T with two wings in different directions. In this dataset, the data is split
g up in three categories. Data from non-diabetic patients, data from
patients with diabetes classified as overt and data from patients with
diabetes classified as chemical diabetes. Overt diabetes is the most
advanced stage, characterized by elevated fasting blood glucose
concentration and classical symptoms. Preceding overt diabetes is the
latent or chemical diabetic stage, with no symptoms of diabetes but
demonstrable abnormality of oral or intravenous glucose tolerance.

In this section, we choose Torus- 3D object see Figure 10 and
apply Mapper algorithm over the database.

Visualisation of the Mapper Graph
for Diabetes dataset
n=10, p=50, b=10

Figure 10. Torus @ @ @
In these experiments, it is interesting that Mapper graphs with @
one dimensional filter, for all values of the different parameters, are @ ®
of the same form, showed in Figure 11. ®
Raw visualisation of @
the Mapper Graph
for the Torus dataset n=10,p=50,b=10
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Figure 13. Mapper algorithm on Diabetes dataset (n=10)
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Figure 11. Mapper algorithm on Torus dataset
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Figure 16. Colored Mapper Graph on Diabetes dataset (from Fig.15)

The peculiar pattern visualized in [ 10], can be seen on Figure 14
and Figure 16. The two types of diabetes are distinguished on the
obtained graphs.

7. Discusion

Mapper algorithm is useful tool for visualization of datasets.
There are many open problems in the process of choosing parameters,
as it can be seen on the visualizations in this work. It is open research
area. In the future, we like to optimize that process. Also, we plan to
apply Mapper algorithm on bio-medical data and used it for
categorize or group observations of some diseases.

82 YEAR III, ISSUE 3, P.P. 79-82 (2019)





