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The Topology ToolKit
Julien Tierny, Guillaume Favelier, Joshua Levine, Charles Gueunet, Michael Michaux
English Abstract—This live demo presents the Topology ToolKit (TTK), a software platform designed for topological data
analysis in scientific visualization. While topological data analysis has gained in popularity over the last two decades, it has
not yet been widely adopted as a standard data analysis tool for end users or developers. TTK aims at addressing this problem
by providing a unified, generic, efficient, and robust implementation of key algorithms for the topological analysis of scalar
data, including: critical points, integral lines, persistence diagrams, persistence curves, merge trees, contour trees, MorseSmale complexes, fiber surfaces, continuous scatterplots, Jacobi sets, Reeb spaces, and more. TTK is easily accessible to
end users due to a tight integration with ParaView. It is also easily accessible to developers through a variety of bindings (Python,
VTK/C++) for fast prototyping or through direct, dependence-free, C++, to ease integration into pre-existing complex systems.
While developing TTK, we faced several algorithmic and software engineering challenges, which we discuss in this live demo. In
particular, we present an algorithm for the construction of a discrete gradient that complies to the critical points extracted in the
piecewise-linear setting. This algorithm guarantees a combinatorial consistency across the topological abstractions supported by
TTK, and importantly, a unified implementation of topological data simplification for multi-scale exploration and analysis. We also
present a cached triangulation data structure, that supports time efficient and generic traversals, which self-adjusts its memory
usage on demand for input simplicial meshes and which implicitly emulates a triangulation for regular grids with no memory
overhead. Finally, we describe an original software architecture, which guarantees memory efficient and direct accesses to TTK
features, while still allowing for researchers powerful and easy bindings and extensions. TTK is open source (BSD license) and
its code, online documentation and video tutorials are available on TTK’s website [15].
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I NTRODUCTION

As scientific datasets become more intricate and larger
in size, advanced data analysis algorithms are needed
for their efficient visualization and exploration. For
scalar field visualization, topological analysis techniques [8], [12] have shown to be practical solutions in various contexts by enabling the concise
and complete capture of the structure of the input
data into high-level topological abstractions such as
contour trees [5], [6], Reeb graphs [16], or MorseSmale complexes [7]. Such topological abstractions are
fundamental data structures that enable the development of advanced data analysis, exploration and
visualization techniques, including for instance: small
seed set extraction for fast isosurface traversal [9],
[16], data simplification [17], data compression [10],
similarity estimation [18], geometry processing [14],
[19], or application-driven segmentation and analysis
tasks. Successful applications in a variety of fields of
science, including combustion [1], material sciences
[2], chemistry [3], or astrophysics [11] to name a few,
have even been documented, which further stresses
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the importance of this class of techniques. Despite
this success in applications, topological data analysis
(TDA) has not yet been widely adopted as a standard
data analysis tool for end users and developers. While
some open source implementations for specific algorithms are available, we still identify three main issues
preventing a wider adoption of TDA.
First, these implementations lack, in general, support for standard data file formats, genericity regarding the dimensionality of the input data, integration
into graphical user front ends, or access through highlevel scripting languages. These limitations challenge
their adoption by end users and domain experts with
little or no programming knowledge. Second, regarding software developers, each implementation comes
with its own internal data structures or its own list of
third-party software dependencies, which challenges
their integration into pre-existing, complex systems
for visualization or data analysis. Third, regarding researchers, despite the isolated open source implementations mentioned above, many TDA algorithms do
not have publicly available implementations, which
challenges reproducibility. While other research communities have excelled at providing software platforms that ease the implementation, benchmarking,
and distribution of research code, to the best of our
knowledge, there has not been such a federating
initiative for TDA codes in scientific visualization.
This live demo presents the Topology ToolKit
(TTK), a software platform designed for topological
data analysis (TDA) in scientific visualization, which
aims at addressing the three core problems described
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above: (i) accessibility to end users, (ii) flexibility for
developers and (iii) ease of extension and distribution
of new algorithms for researchers. TTK provides a
unified, generic, efficient, and robust implementation
of key algorithms for the topological analysis of scalar
data. It is easily accessible to end users thanks to
a tight integration with ParaView (Fig. 1, left) and
flexible for developers (Fig. 1, right) through a variety
of bindings (Python, VTK/C++) or direct, third-party
dependence-free, C++ access (to ease integration in
pre-existing complex systems). Finally, it facilitates
the implementation, integration, and distribution of
TDA codes, by simply requiring the implementation
of a handful of functions, while providing efficient
data structures and, thanks to ParaView, advanced IO,
rendering and interaction support for end users.
While developing TTK, we faced several algorithmic and software engineering challenges, which we
discuss in this live demo. (i) Algorithmic consistency: For advanced tasks, it can be desirable to
combine several topological abstractions [3]. However, each abstraction comes with its own simplification mechanism, which challenges the development of a unified framework. More important, several
competing formalisms exist to represent the input
data, namely the piecewise-linear setting and the Discrete Morse Theory setting. The lack of compatibility
between these two representations challenges even
more the design of a unified framework. (ii) Core
data structures: Combinatorial algorithms for TDA
mostly involve mesh traversal routines. Thus, generic
and time efficient triangulation data structures must
be derived. (iii) Software engineering: Designing a
software library which has no third-party dependency
and which also seamlessly integrates into a complex
visualization system such as ParaView is challenging.
Related challenges include avoiding data copy within
the visualization pipeline. Also, designing such a flexible library in a way that still enables easy extensions
is an additional difficulty.
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C ONTRIBUTIONS

This work makes the following contributions (further
described in [15]):
1) An algorithm to construct a discrete gradient
which complies to the critical points extracted
in the piecewise linear (PL) setting. Each critical
simplex resulting from this algorithm is located
in the star of a PL critical point. This relationship
between the discrete and PL settings enables
a combinatorial consistency across the different
topological abstractions supported by TTK. As
a byproduct, it allows for a unified and independent topological simplification procedure for
multiscale exploration and analysis.
2) A data structure for time efficient traversals on
2D or 3D piecewise linear triangulations. In the
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case of input meshes, it self-adjusts its memory
footprint depending on the traversal operations
it is queried for. In the case of regular grids,
it implicitly emulates a triangulation with no
memory overhead.
3) A software architecture that eases the development
and distribution of TDA code to end users.
The creation of a new module only requires
the implementation of a handful of functions,
while TTK automatically generates a commandline program, a VTK-based GUI and a ParaView
plugin connected to the module. dependency
4) A software collection that implements in a unified
and generic way a variety of TDA algorithms. It
is accessible to end users as command line programs, VTK-based GUIs, or ParaView plugins.
It is accessible to developers through a variety
of bindings: Python, VTK/C++, or raw C++.
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Fig. 1. TTK is a software platform for topological data analysis in scientific visualization. It is both easily
accessible to end users (with ParaView plugins (a), VTK-based generic GUIs (b) or command-line programs
(c)) and flexible for developers (Python (d), VTK/C++ (e) or dependence-free C++ (f) bindings). TTK provides
an efficient and unified approach to topological data representation and simplification, which enables in this
example a discrete Morse-Smale complex (a) to comply to the level of simplification dictated by a piecewise linear
persistence diagram (bottom-right linked view, a). Code snippets are provided (d-f) to reproduce this pipeline.

Fig. 2. Gallery of TTK pipelines executed in ParaView. From top left to bottom right: (i) The contour tree can
be used for shape skeletonization. Skeleton noise is removed by imposing the level of simplification dictated by
the persistence diagram in the bottom linked view. (ii) The interior 1-separatrices of the Morse-Smale complex
emanating from 2-saddles directly capture the atomic and covalent structure of molecules (electron density).
(iii) The cells of the Morse-complex (colored regions) enable segmenting and tracking features during viscous
fingering [2]. (iv) Fiber surfaces (bottom right) from user strokes in the continuous scatter plot (top) enable an
easy classification of the features in molecular systems. (v) The Reeb space (top left) enables peeling continuous
scatterplots (bottom left) into layers where the fibers are made of only one connected component in the volume
[13]. This enables localized inspections of the scatterplots (bottom right). (vi) Mandatory critical points (colored
regions) provide predictions on the location and function values of critical points for uncertain scalar fields with
non-uniform error [4]. These regions always admit at least one critical point for any function randomly generated
from this error (top and bottom, vortices in computational fluid dynamics).

