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Computationally and data intensive workloads including design space explorations or large studies often lead
to multi-dimensional results, which are often not trivial to digest with conventional plotting software. 3D
scatterplots can be a powerful technique to visualise and explore such datasets, especially with the help of
colour mapping and other approaches to represent more than the 3 Cartesian dimensions. However, modern
software commonly lacks this multi-dimensional functionality or is ineffective. One such limitation is the
frequent use of the orthographic projection that produces same-sized points, and this is equivalent to removing

one entire dimension.

A novel open-source JavaFX-based plotting framework is presented that focuses on easy exploration of
multi-dimensional datasets, and provides unique features and feature combinations to improve knowledge
transfer from single stand-alone or interactive plots.
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1. Motivation and significance

Efficiently understanding multi-dimensional data is an important
competence in data analytics. Numerous research problems come with
many dimensions. A notable case is with design space exploration (DSE)
where each resulting data point has a number of attributes associated
with it. A subset of them can be treated as optimisation metrics. An
example application of DSE is in computer architecture research, where
simulations are conducted to estimate the performance and power
efficiency of parameterised processor designs.

3D scatterplots can become an excellent communication and explo-
ration tool for such cases, especially if they carry spatial information.
Still, when compared to 2D scatterplots, having an extra dimension
in space can be a blessing and a curse. It is a blessing because a
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single 3D scatterplot can give more advanced insights including how
each of the dimensions correlate with each other or collectively. For
instance, we could produce multiples of 2D plots for a single 3D plot,
and would still leave out the interaction between more than a few axes.
It is also a curse, however, because in their static form as in scientific
manuscripts and computer screens, they need to be flattened to fit in
two-dimensional means. This introduces ambiguity.

1.1. Unique visual cues
This paper contributes Juniper, an open-source desktop application

specialising in 3D scatterplots and includes a list of unique visual cues.
These can be organised according to the corresponding aim:
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Fig. 1. High-level overview of the class instantiations inside the primary stage of Juniper.

« Exploration of multiple dimensions: high number of possible dimen-
sions organised in an association panel, automatic discrete data
support including strings, automated point label decluttering such
as by applying a top-N selection.

* Depth perception: depth-based colour mapping (traditionally only
for an axis), fog emulation, a highly adjustable field of view (FoV)
applicable to the entirety of the plot.
Readability of the plotted points and labels in the 3D space: multi-
axis light paths (alternative to direction drop lines), light paths
as 3D objects shaped according to the points (instead of same-
sized overlaid lines), 2D projections corresponding to the point
shape and colour (not disassociated), 2D surfaces as grids, labels
as 3D objects (meshes [1] instead of overlays, while still facing
the camera).

1.2. Dependencies and related work

An essential dependency used in Juniper other than JavaFX is
FXyz3D, a “JavaFX 3D Visualisation and Component Library” [1]. This
allows dynamic creation and manipulation of text meshes in the 3D
space. The idea here is for the axis and tick labels to always face
the camera, giving the impression of easily-legible overlaid text, while
benefiting by having three dimensional attributes, including the label
size interacting with the FoV for tick readability.

While a 3D scatterplotting functionality is included in conventional
software such as office suites, there are limitations for specialised
applications. These relate to the user interactivity, the ability to com-
municate depth information, as well as to represent multiple dimen-
sions. More feature-rich 3D scatterplots are usually proprietary, costly
and closed-source, further restricting their applicability to visualisation
research. See Section 4.1 for a more detailed comparison with modern
tools.

Juniper’s features are partly inspired by existing approaches. Ba-
sic point projections on the back of the view box are already used
to increase plot readability. One experimental example is a WebGL
online 3D scatterplot viewer [2] that features point projections, as
well as drop lines whenever the user hovers the mouse cursor over a
point. A scatterplot solution that also uses JavaFX 3D and the FXyz3D
component library is within the deep space trajectory explorer [3],
which specialises in multibody trajectory analysis and is not publicly
available. The research-informed ParaProf [4] also uses Java, though it
lacks the discussed depth perception and label legibility functionality.
With respect to the dimension assignment facility with checkboxes (see
the screenshot on the left part of Fig. 2), Juniper is reminiscent of
certain software with a limited dimensionality. One such instance is

“DB Browser for SQLite”, an open source database management system
for local databases [5]. It operates on tabular data as well, though it is
restricted to 2D plots.

2. Software description

The presented visualisation framework generates easily-readable
3D scatterplots for multi-dimensional data, and is written in JavaFX.
As a desktop application, it is entirely controlled by a graphical-user
interface (GUI).

2.1. Software architecture

Internally, the core functionality is divided into two Java files
corresponding to two windows, one for the controls form, and the
one for the interactive 3D plot. The first is mostly a Java Swing code
utilising a selection of 2D graphical elements for interfacing with the
user, as presented on the left side of Fig. 2. This also has references
to JavaFX components to be able to alter the functionality of the other
class. The second window has the JavaFX stage where the plot appears,
as with the right part of Fig. 2.

Fig. 1 presents an overview of the class instantiations inside the
stage class. The primary stage is the window form containing the
JavaFX scene, which in turn features the root node. The root node
initiates the perspective camera through a series of nested groups for
changing the point of view in the 3D space. The world is a child of
the root node and contains all physical objects. The leftmost cluster
of objects in the diagram is related to the plotted points. There are
groups for the point array (either boxes or spheres), and their optional
projections and light paths.

The centre cluster of objects relates to the axes organisation, in-
cluding the axes themselves, secondary (mirror) axes, and FXyz3D text
meshes and label borders for both the axes and ticks. The last cluster
of nodes relate to grid lines and surfaces, and similar to ticks, they
are organised internally into an array or a group of groups, one for
each axis. Their cardinality is sometimes more than 3 to facilitate
rotation, such as by hiding and unhiding mirrored labels according to
which instance is closer to the camera. This hierarchy is essential for
manipulating multiple elements with single high-level function calls,
such as setVisble() from the Node abstract class to hide or show all ticks
of an axis.



Philippos Papaphilippou

Data Viewer ‘ Export | About \

Dataset | Dimensions I View
Variable Name |
Rank
Previous Rank
First Appearance
First Rank
Name
Computer
Site
Manufacturer
Country
Year
Segment
Total Cores |
Accelerator/Co-Process...
Rmax [TFlop/s]
Rpeak [TFlop/s]
Nmax
Nhalf
HPCG [TFlop/s]
Power (kW)
Power Source
Energy Efficiency [GFlop... |
Memory
Architecture
Processor
Processor Technology
Processor Speed (MHz)
Operating System
0S Family
Accelerator/Co-Processor
Cores per Socket

™
&)
™
N
™
W
™
B
=3

a

] o

|
DDODDOOOooooDoDE ~

|

|

) ) )

CODDOOO0O00OEEasE

D00000000O0DCOO0ODO0DO0ODODOO0

OO000OO0 OO0 OOCEs,

DDDDDDDOooDooD oD

D000 DO OODOOEOEEE

D000000000DFOOOO0DCDO0DDODD0ODDOOE ~

)10

D000 DO ODOEOoEE
EDO0DOO0DOOOEE
D000 DD O DOODRE

z1: Color Palette
z2: Point Size

z3: Transparency
z4: Labels

Eooers] (E

|

Plot

SoftwareX 31 (2025) 102203

Rank Total Cores

Fig. 2. Generating a 5D plot on top supercomputers by assigning columns to dimensions from a .csv file.

2.2. Software functionalities

The main functionality of the software relates to the ability to
effectively represent multi-dimensional data. Apart from the 3 dimen-
sions from the Cartesian coordinate system (x, y and z), Juniper also
supports colour mapping, point size, point transparency and label
overlay (namely z1 to z4 respectively). These additional dimensions
are naturally supported in a one-to-many relationship between the
available variables (column names) from tabular data. This arrange-
ment currently totals 7 dimensions. The example of Fig. 2 shows how
the dimension-to-variable assignment is achieved through a table of
checkboxes.

Whenever the data format of a dimension is not numerical, a dictio-
nary (hashmap) is automatically built to represent unique strings with
an integer, starting with O for the first occurrence. Where applicable,
the corresponding string appears in each tick mark as opposed to its
unique identifier for the first occurrence in the dictionary. This extends
the applicability of the framework, such as to still be able to place
names on the axes or over the points associated with the data.

One of the highlights of Juniper is a series of features expected to
help with depth perception and point readability:

(a) Field-of-View (FoV): Exaggerating the FoV can improve the per-
ception of the 3D space in the plot [6] , such as by influencing
the object geometry as seen by the camera (observer).

(b) Depth-based colour mapping: This feature replaces the z1 dimension
(colour map) with the values from calculating the distance of each
point to the camera (not shown). The colour palette is based on
viridis [7], which is designed to still be readable after printing in
grayscale and by people with colour blindness. The corresponding
colour variation in the colour of each point is also applied on their
projection, and this is expected to help with associating arbitrary
points to their projections.

(c) Fog: Similar to the above, fog is designed to help with depth
perception as it impacts the visibility of the points (not shown).

(d) Projections and light paths: Projections essentially are two-
dimensional projections on the surfaces of the view box. They
inherit the colour mapping and shape of the points (e.g. circles

for spheres), and there is the option to enable them in the xz, yz
and xy panes (2-select combinations of the axes). The light paths
connect the projection perimeters to the actual points, similar to
the umbra in shadows in the real world. Projection and light path
examples can be seen in Fig. 2.

(e) Grid options: The framework supports two types of grids. First is
the line, which is more conventional. Second is the grid surfaces
(not shown), which are semi-transparent 3D equivalents of the
grid lines, also corresponding to the ticks.

For a detailed description on the usage of the available features with
more examples, see the online manual, as specified in .

3. Ilustrative example

This section presents an example demonstrating how Juniper can
quickly generate insightful stand-alone plots from multi-dimensional
data by using a subset of the unique features. The explored dataset is
a list of the top 500 supercomputers in the world, which incorporates
a comprehensive set of attributes for each supercomputer in a spread-
sheet format [8]. The resulting plot is shown on the right side of Fig.
2.

Based on the dimension assignment (see the left side of Fig. 2),
the x-axis (red) is the rank of the supercomputer entry. The y-axis
(blue) is the total number of CPU (central processing unit) cores in the
supercomputer, and the z-axis is the total power in kilowatt-hours. The
latter-two have their log checkbox checked for applying a logarithmic
scale, due to the high variability in the orders of magnitudes for those
values.

There are numerous insights that can be derived by looking at the
five-dimensional plot of Fig. 2. First, if we ignore the 4th and 5th
dimensions (point size and colour), there seems to be a high correlation
between the rank and the total number of cores and power, when we
consider them in pairs. If we take the projections on the xy surface
(the floor), the more performant (faster) the supercomputer is (rank),
the more likely it is to have a higher number of cores. Similarly,
the higher the core count, the more likely it is to consume more
energy. Additionally, the faster the supercomputer, the more energy it
consumes.
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Table 1
Comparing related features in modern 3D scatterplot software.
Software name Tested version License . FOV. . Dm? lu'.nes Intemal' : Main b .Umque
adjustability /projections representation® interface visual cues
Y
Juniper 1.1 (4/2025) GNU AGPLv3 5 Yes 3D GUI Yes
arbitrary
: No, .
gnuplot 6.0.2 (12/2024) gnuplot License orthographic No 2D Script No
GNU Octave [10] 9.4.0 (2024) GNU GPLv3 No, . No¢ 2D Script No
orthographic
MATLAB R2024b . Yes, . .
(scatter3) Update 5 (2025) (proprietary) 1 increment? No 2D Seript No
. . Yes, 3D with
OriginPro 10.1.5.132 (2024) (proprietary) 10 increments Yes 2D overlays GUI No
. . Yes,
SigmaPlot 16.0.0.28 (2024) (proprietary) arbitrary Yes 2D GUI No
1.02-stable Yes, 3D with
AlphaPlot (1/2022) GNU GPLv2 1 increment No raster text Gul No
SciDAVis 2.9.2 (3/2022) GNU GPLv2 . Yes, No 2D GUI No
1 increment
PYGMT [11] 0.3.0-2 (11/2024) BSD-3-Clause No, mostly No 2D Seript, No
(Figure.plot3d) orthographic non-interactive

2 Considered indicative, since the implementation details are not necessarily known for proprietary tools.

¢ Not supported by default, but can be partly emulated with additional scripting.

d Alternating between orthographic (default) and realistic perspective [12].

When we take the colour mapping into account (21, Accelerator/Co-
processor), we can see that the GPU-equipped supercomputers (yellow)
consume less power than CPU-only supercomputers (purple) for the
equivalent performance. With the point-size dimension (22, Cores per
Socket) we can see that the GPU-equipped supercomputers generally
feature smaller CPUs than CPU-only supercomputers. This makes sense
due to the fact that CPU-only supercomputers migrate some of the
GPU functionality to the CPU sockets, such as by having a high core
count (notably the higher ranking ones, which are mostly more recent).
The largest sphere in the plot is Sunway TaihuLight in China, the
13th supercomputer in this edition of the list, whose manycore CPUs
combine 260 cores in a single socket [9].

With respect to the system behaviour of Juniper as software, navi-
gating the plot of Fig. 2 yields 170 frames per second (FPS) on a Linux
machine with an AMD 7950X3D processor, and a memory footprint
of 1.38 GB. Indicatively, for a random dataset with a million points
and reduced visual cues these values change to 22.7 FPS and 8 GB
respectively.

4. Impact

Juniper is targeted towards visualisation research by enabling the
exploration of questions relating to visual cues on 3D scatterplots. It
is open-source and highly-extensible such as by having the entirety
of the plot in the 3D space and only relying on few Java-native de-
pendencies. Hence, Juniper can accelerate research on unconventional
scaterplotting techniques, such as the novel visual cues introduced in
Section 1.

Ongoing research that uses this framework includes an empirical
study exploring the effectiveness of visual cues on 3D scatterplots
as static 2D images [6]. This study is conducted on a cohort of 57
participants from an academic community and studies a subset of the
aforementioned unique visual ques. It distinguishes certain combina-
tions of visual cues as the most effective with an up to 5.2x and 1.7x
error and time reduction respectively when reading data points from a
conventional 3D scatterplot.

More widely, as an advanced 3D scatterplotting tool, Juniper can
be used to conduct research that relies on knowledge extraction from
complex data. With its innovative features, it focuses on quickly and ef-
fectively expressing multiple-dimensions with realistic 3D scatterplots.
In combination with its graphical user interface, it can provide early
insights from experimental data with high dimensionality.

Where scripting and graphical components coexist, this is the perceived use case with most features.

4.1. Comparison with alternatives

Table 1 introduces a comparison of Juniper with prominent frame-
works capable of generating 3D scatterplots. To the best of the author’s
knowledge, all competing solutions lack the unique visual cues as
presented in Section 1.1. Hence, this discussion is limited to related
aspects.

OriginPro [13] could be considered the closest framework in regard
to the explored functionality, and supports a superset of plot types.
On 3D scatterplots, a mix of 2D raster renderings and vector [11]
components are used to create an impressive clarity effect in printouts
(axis labels in a text format). This results in some loss of physical
properties and interactive navigation flexibility, such as with quantised
ranges for rotation and FoV adjustment, and some pixelation when
zooming in. Being a more general and proprietary analytics framework,
this is reflected in the license cost at USD 645 for a node-locked annual
subscription.

Similarly, MATLAB R2024b costs USD 940 per year for an individual
License, but relies heavily on additional scripting and add-ons for
non-basic plots. Existing open-source counterparts can provide more
flexibility with their openness, but they often inherit or introduce
limitations. These include GNU Octave [10], which does not support
all MATLAB functions of interest [12], and AlphaPlot, whose 3D scat-
terplot labels are currently rendered as low-resolution textures and are
less legible than OriginPro.

Keeping intuitiveness in mind, it could still be possible to find
more resemblance in related work, or be able to reproduce the unique
features with additional scripting. In this aspect, the contribution is
at least their coexistence in Juniper, while being open-source and
research-friendly.

5. Conclusions

A novel open-source framework is presented for plotting multi-
dimensional 3D scatterplots. It provides point-and-click functionality
as a Java-based desktop application for quickly applying advanced
visual cues and additional dimensions to 3D scatterplots. A series of
unique features relate to the easy association and representation of
multiple dimensions from tabular data, as well as the increase of depth
perception. The framework is indicatively demonstrated with the use
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of a publicly-available dataset on high-performance computing , where
multiple advanced and specialised insights are drawn from a single
multi-dimensional plot.
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