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Figure 3: Compare MSTs in ordinary period with COVID crisis period.

The evolving graph mode shows the evolution of a graph along
the time axis, which helps to understand the subtle changes of
graph components over time. For this, a sliding window is used,
where the user can specify the window length and the step size.
For each window a graph is computed. To highlight the changes
between consecutive windows, the new edges w.r.t. the previous
graph are shown by dashed lines (cf. Fig. 4).

The heatmap mode helps to understand the stability and re-
liability of a MST metric w.r.t. the values of the selected time
window. For this, we compute a heatmap for three important
graph metrics: first degree score defined as the number of nodes
with degree one divided by the total number of nodes; the modu-
larity score; and the radius. Each heatmap shows the metric for all
possible windows over the data (cf. Fig. 5). The x-axis represents
all possible starting points of time windows, and the y-axis all
possible window lengths. Heatmaps allow users to investigate
whether the metric value changes drastically with different time
windows, as well as discern whether a metric’s values are similar
with time windows that cover special events in the timeline. The
heatmaps are interactive. By clicking on the heatmap, the system
computes the MST over the corresponding window. This allows
us to inspect the MST in detail. Since the computation of the
heatmaps in real time is a computational bottleneck, this feature
is currently only activated for the demo dataset. An efficient com-
putation of the heatmaps for large datasets is part of our future
work.

3 DEMONSTRATION SCENARIOS
The following four scenarios provide a glimpse of how our tool
can be used to systematically investigate behaviors and prop-
erties of time series data. We use the Italian stock market data
collected from Yahoo Finance. This dataset contains the daily
stock prices of 407 companies which traded from January 2019 to
June 2020 and includes the COVID stock crash. The companies
are classified into 12 market sectors, such as financial service,

real estate, energy, etc. In addition, we use a dataset that contains
signals from industrial devices provided by a local company.

Comparing Normal and Crisis Periods. In the first demo
scenario, an analyst is interested in investigating how stock cor-
relations were affected by the COVID crash. This can be observed
by graph shapes and indicators in the comparison mode shown
in Fig. 3. The left-hand side shows the MST over a normal period
(Jan 2019 – Apr 2019), while the right-hand side shows the MST
during the COVID crisis (Jan 2020 – Apr 2020). From the graph
shapes, analysts can observe that the crisis led to the formation of
many star-like hubs and red-color edges, indicating that a large
number of companies were strongly correlated. From the indica-
tors, analysts find that during the COVID crisis the MST had a
much smaller radius and a steeper degree distribution compared
to the normal period. In particular, significantly more nodes had
a degree of 1 during the crisis period. Similar analyses can be
performed for other market events. More details on shapes and
indicators are described in [6]. Moreover, different parameter
values and time windows can be chosen to examine the stability
of the above features.

Changes over Time. In this scenario, an analyst wants to
investigate whether the correlation between different sectors has
changed in proximity to the COVID crash. This type of analysis
is supported in the evolution mode. Figure 4 shows the MST
computed over three consecutive windows over the aggregated
stock signals. The length of the sliding window is three months,
and the step size one month. A dashed line indicates a new edge
compared to the MST over the previous window. It can be ob-
served that the Industrials sector (red node) tends to be at the
center of the tree. Presumably, sectors in Fig. 4c that are con-
nected with Industrials are the most negatively affected sectors
by the COVID crash. In contrast, Healthcare (purple) switched its
connection from Technology to Consumer Cyclical and Utilities.
They could be the positively influenced sectors, since with the
medical research and “stay at home” order, these sectors either
received more investments or increased consumption.
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