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The Goal

Speed up the construction of the Vietoris-Rips
complex in three dimensions using multiple CPU
cores and GPGPUs.

Introduction

The Vietoris-Rips complex describes the topology of
a point cloud. It is used in topological data analysis
(TDA) to compute persistent homology, a method
for finding topological features at different spatial
resolutions. The construction of the Vietoris-Rips
complex is the primary bottleneck in TDA due to
the necessity of building the complex at different
scales. Previous work has developed fast algorithms
for creating complexes in arbitrary dimensions [1].
In this work, we focus on speeding up the construc-
tion of 3D complexes which have many relevant ap-
plications [2, 3, 4]. The key contribution of our work
is:
•A novel set of algorithms and data structures to
parallelize the creation of a 3D Vietoris-Rips
complex.

Mathematical Background

A topological space is composed of simplices:
•A k dimensional simplex σ is the convex hull of
k + 1 affinely independent points v0, . . . , vk ∈ Rn.

•A face τ of σ is the convex hull formed by the
subset {v0, . . . , vk} of the k + 1 points.

Simplices can be joined to form simplicial complexes:
•A simplicial complex K is a finite collection of
simplices such that if σ ∈ K and τ is a face of σ,
then τ ∈ K.

•Given a set of points X = {x0, . . . , xm−1} ∈ Rn

in Euclidean n-space and a fixed radius ε, the
Vietoris-Rips complex of X is an abstract
simplicial complex whose k-simplices correspond
to unordered (k + 1)-tuples of points that are
pairwise within ε distance of each other, Figure 1.

Persistent homology allows us to study homology
(i.e. connected components, holes, and voids) at
multiple scales [5]. It provides a framework to

Figure 1: A Vietoris-Rips complex formed by joining together
simplices of dimension 0 (points), 1 (edges), and 2 (triangles).

quantify the homological evolution of a parameter-
ized sequence of topological spaces. Changes that
occur as the scale parameter varies can be visual-
ized through a barcode diagram, Figure 2. As the
scale value changes, homology is born and dies. The
pairing between births b and deaths d over varying
spatial resolutions is known as a filtration. Topolog-
ical features that exist for a long interval d− b can
be perceived as significant, while features with small
intervals are indistinguishable from noise.

Problem Statement

Let X ∈ R3 be a topological space. We con-
struct the Vietoris-Rips complex, K = {σ ⊂
{x0, . . . , xm−1} | dist(xi, xj) ≤ ε,∀xi 6= xj ∈ σ}
where dist is the Euclidean metric, as follows. First,
we perform a nearest neighbors search about each
point. Next, we use the results of the nearest neigh-
bors search to determine the edge and triangle rela-
tionships among the points. Finally, we construct a
list of edges and triangles to be used for persistent
homology computations.

Figure 2: The evolution of a scale parameter defining the neigh-
borhood radius about each point (left) and the corresponding
barcode diagram (right).

Nearest Neighbors Search

Given a 3D point cloud, we begin by sorting the
points by their Cartesian coordinates. Next, we ini-
tialize a kd-tree and perform a parallel nearest neigh-
bors search about each point. The nearest neighbors
search is performed using nanoflann [6].

Edge List Construction

After computing nearest neighbors we find the total
number of edges by performing a parallel reduction
on the vector of nearest neighbors. To find the offset
of each edge a parallel prefix sum operation is done.
An edge list is then created in parallel where an edge
exists between two neighboring points.

Triangle List Construction

Triangles are identified in parallel by finding all three
cliques in the edge list. The total number of trian-
gles and their offsets are computed using a parallel
reduction and prefix sum, respectively. After the
resulting operations a triangle list is constructed in
parallel.

Experimental Results

Figure 3 shows the performance of our parallel con-
struction of the Vietoris-Rips complex in 3D. The
results are averaged over ten independent runs. All
experiments were performed using a single node with
24 CPU cores and an NVIDIA Tesla K40 GPU.

Figure 3: Construction time and complex size of a 3D Vietoris-
Rips complex at scale ε for a point cloud consisting of 12,000
points.

Conclusion

This work develops algorithms and data structures
for the parallel assembly of a 3D Vietoris-Rips com-
plex. Fast construction of the Vietoris-Rips com-
plex, having many important applications, is a ma-
jor hurdle in TDA due to its high computational
costs. We’ve shown the increased performance of
constructing a 3D Vietoris-Rips complex in parallel
with a 13.1x mean speedup over a serial implemen-
tation.
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