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(a) ThermalPlot with DoI mapped to x-axis and ∆DoI to y-axis.

(b) Line chart with time mapped to x-axis and DoI mapped to y-axis.

Fig. 14: ThermalPlot provides a better overview for a large
number of items, in this case companies from the S&P 500 index.
Assertions about the trend of a certain item in the line chart is
not possible. Only negative outliers (red), caused by stock splits,
can be clearly identified and found in ThermalPlot at DoI =−0.5
(bottom).

Granularity

In the visual analysis of time-dependent data, the level of gran-
ularity plays an important role [2]. In our stock market scenario,
for example, we work with daily closing prices. However, the
granularity could also be increased to one value per hour, minute,
or second. For automated high-frequency trading programs, the
level of granularity must be even higher. Granularity is a relevant
factor to ThermalPlot because it determines the visual patterns
and trends a user will see in the ThermalPlot. For instance, the
granularity level has a large impact on the path of the trajectories.
While a low sampling rate is sufficient for seeing macro patterns
(e.g., visible as large loops in the trajectories), a higher frequency
is required for micro patterns. Further, the smoothing algorithm
and its parametrization have a large impact on the results. The
appropriate level of granularity and the smoothing approach again
depend on the specific analysis task.

Animation

By default, the selected time window in ThermalPlot is fixed to
the user selection. However, the streaming capabilities of the im-
plementation (see Section 5.5) also enable real-time data updates.
In this case, the time window is shifted automatically to include
the latest time point. Newly incoming streaming data triggers the
re-computation of the user-selected DoI function (see Section 4.1),

(a) Selecting a vertical slice in ThermalPlot corresponds to a horizontal
region selection in a line chart.

(b) Selecting a horizontal slice in ThermalPlot corresponds to an angular
brush in a line chart.

(c) Selecting an arbitrary region in ThermalPlot corresponds to a combi-
nation of a region select and an angular brush in a line chart.

Fig. 15: Different selection shapes in ThermalPlot and the corre-
sponding results in a line chart.

and cause the items’ positions to be updated accordingly. However,
if the time window is very small, covering only a few time steps,
items can change their positions rapidly—making it hard to follow
the position changes. Therefore, by choosing a reasonably large
time window, it’s the user’s responsibility to control the change
behavior.

Technical Considerations

Besides the visual scalability of the technique, we should also
discuss briefly technical constraints comprising the performance in
data loading, streaming, and caching. Naturally, the larger the user-
selected time window, the more data needs to be transferred from
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the server to the client. When selecting a time window [ts, te] with
∆t = te−ts, the actual required data time window is [ts−∆t−k, te].
The additional history is needed for computing the ∆DoI value for
the start point of the selected time window ts (see Section 4.1 for
details on the ∆DoI computation).

We indicate the data loading progress by gradually filling up
the time window representation from left to right. In addition,
the opacity of the ThermalPlot is substantially decreased and the
thermal space is overlaid with an animated progress icon. Even
when data loading is in progress, the user can follow the narrative
resulting from the movements of the items within the selected time
window in the ThermalPlot.

8 CONCLUSION AND FUTURE WORK

We have presented ThermalPlot, a scalable visualization tech-
nique for exploring multi-attribute time-series data. We use the
position—the strongest visual variable—to encode item impor-
tance according to the DoI value in the horizontal direction and
according to the change in DoI value (∆DoI) in the vertical direc-
tion. This mapping allows users to see effectively the development
of attributes over time at a glance. We introduce several scalability
concepts and support views, including a timeline, a DoI editor, and
a detail view. We have introduced the ThermalPlot technique using
two data sets with different scale and complexity. We evaluated
the technique by means of a stock market use case and expert
feedback.

The ThermalPlot technique allows for monitoring multi-
attribute time-series data by combining short-term and long-term
value developments into a salient visual representation. Animation
and trajectories can help the user to analyze how an item developed
over time. On top of that, dedicated support for pattern search
could be a fertile area for future work. Apart from patterns
generated by the path of an item’s position, value patterns over
time such as ‘down-up-down’ are not specifically supported yet
but are useful in a number of application domains. Consequently,
better support for pattern search and exploration is another next
step for future work towards a comprehensive tool for analysis
and exploration of multi-attribute time-series data.

In addition to exploring historical and live data, we plan to
integrate forecasting algorithms that can indicate possible future
positions of items in the plot. This could be intuitively encoded by
expanding the trajectories we currently use for showing the items’
development over time. However, ways of encoding the introduced
uncertainty must be taken into account.

In the presented exploration environment, items are part of
a larger collection without relationships between them. In real-
world scenarios, however, items often influence each other and
therefore cannot be treated independently. In the financial market,
for instance, a crash of a single company can have a negative
impact on a large group of stakeholders, such as suppliers, cus-
tomers, and shareholders. Other examples are the monitoring of
IT networks, where a problem in the infrastructure can propagate
to other parts of the network [32] and the exploration of biological
pathways, where cellular effects can influence reactions further
downstream [24]. As part of future work, we plan to investigate
ways to conceptually integrate item relationships into the Ther-
malPlot environment. The challenges are manifold, ranging from
the fact that the relationships can also change over time, to com-
plex propagation effects. These are promising research directions
which can help to understand complex dynamic, heterogeneous
networks.
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