
Visualizing Data Access Traces in Microservices
Using Animated Heat Treemaps
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Abstract—Microservices have become a prevalent architectural
style over the past decade, emphasizing the modular and dynamic
nature of heterogeneous and distributed units that communicate
with each other. Moreover, they promote polyglot persistence,
meaning that each microservice is responsible for managing its
own database(s), often with heterogeneous technologies. One of
the downsides is the increase of the number and diversity of data
access endpoints and exchanges. Additionally, the decomposition
introduces implicit dependencies that affect code and data un-
derstanding and co-evolution. Maintaining a comprehensive high-
level view of this kind of architecture is challenging, yet essential
for software evolution tasks. Previous works have already pro-
posed holistic representations and visualizations of data access
in microservices. However, these are mainly based on structural
and fixed snapshots, neglecting the dynamic perspective.

We present an approach to enhance static visualizations. First,
we record data-access-centered execution traces in microser-
vices architectures through a static analysis-based refinement
of dynamic instrumentation. Then, we replay scenarios over an
existing static treemap, animating the sequence of data accesses
and highlighting hotspots in the codebase through time. Our
contribution, the animated heat treemap, helps developers to
understand how data management operates inside microservices.
We validated our approach on Overleaf, a popular online collab-
orative LATEX authoring platform, with a real-world scenario. We
discuss the results obtained and provide insights and reflections.

Index Terms—microservices, dynamic traces, data access, vi-
sualization, animated heat treemap
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Microservices architectures have gained popularity since
their appearance at the beginning of the past decade, now
being widely adopted by large companies such as Amazon,
Google, Netflix and Spotify [1], [2]. They are known for
quality attributes such as modularity, heterogeneity, and in-
teroperability [3]. Although these characteristics are supposed
to ease software evolution, recent studies show that they hinder
obtaining an overview of the system [4]–[6].

Moreover, the polyglot persistence [7], the multiple het-
erogeneous databases (DBs) distributed across different mi-
croservices, introduce an additional layer of complexity. For
instance, the same concept could be shared across multiple
microservices and their DB(s). Despite the logical decoupling
of microservices, some explicit dependencies can become
implicit [8], with conceptual changes made in one DB leading
to change propagation issues [9]. Developers must ensure that
changes are well-propagated (i.e., completely and consistently)
in all the related parts of the system. This is difficult, especially
when systems are large and complex, and when the developer
is not familiar with the codebase.

Previous works have proposed visualization techniques to
provide developers with a holistic view of microservices
architectures [2], [4], [6], [8]. These techniques typically rely
on either static or dynamic analysis, but rarely on both. In a
data management context, visualizations based exclusively on
static analysis offer an overview of distributed data accesses,
but fail to provide information regarding the actual usage of
these accesses.

We present an approach to visualize data access through
time for an execution scenario. We run a heuristic-based
static analysis [3] to find data accesses. Then, we play a
scenario over an instance of the system, instrumented to log
dynamic information at runtime, driven by the static analysis.
Finally, we combine static and dynamic information to animate
the sequences of data accesses, highlighting the hotspots.
The visualization is presented as an interactive video player,
allowing the developer to play, pause, stop, explore, and
navigate through the animation on the treemap [8]. In addition,
the developer can display the previous and incoming calls,
visualize the data access sequence, enable a “realistic time
scale” or visualize the heat map within a given time window.

Visualizing data access hotspots through time over a given
scenario allows developers to identify the most important code
fragments, helping them understand how data management
operates inside microservices. This can help in identifying
potential bottlenecks in distributed microservices architectures,
and is crucial for prioritizing co-evolution of data representa-
tion and handling code.

II. ANIMATED HEAT TREEMAPS

Our contribution builds upon the static treemap visualiza-
tion by André et al. [8], integrating dynamic data access
information, as depicted in Figure 1. In that paper, they
propose an interactive treemap aiming to present, in a 2D
compact space, a holistic view of microservices architecture.
They use nested rectangle shapes to represent the repository
– folder – file – code fragment hierarchy. Each code fragment
represents a data access in the source code. Features like
zoom in/out, navigation, hover tooltip, concept highlighting,
and colorization participate in the understanding.

Over a software repository (A), we run a static analysis
(1) [3] to retrieve data access-related code fragments (B). The
static analysis result (B) and its underlying model (D) are
provided as an input to the dynamic analysis (1’). Then, we
play a scenario over the instrumented instance of the system
that was previously statically analyzed.
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Fig. 1. Approach overview. Partly derived from [8] (top).

The traces collected during the dynamic analysis step (B’)
populate the dynamic model (D’), which is derived from
the static model (D). We instantiate our dynamic interactive
visualization (2’) with its properties, based on the static
interactive treemap (C) and the scenario’s trace in (D’), to
visualize the resulting animated heat treemap (C’).

A. Capturing Traces

We present a case study (Section III) analyzing services
written in JavaScript. We use NodeProf, a dynamic analysis
framework for Node.js [10], to collect execution traces. At
each function invocation, we check whether the location was
identified by the static analysis as a data access location. We
record the timestamp of the function call and the source code
location data. Then, we use the log file containing the traces as
input to expand our static analysis model, adding the data for
each recorded call within the corresponding code fragment.

B. Heat Visualization and Trace Animation

The visualization incorporates animation controls inspired
by a video player (Figure 2), comprising control buttons to
play, pause, and adjust playback speed, and a scrub bar,
allowing the user to jump to specific calls in the animation.

Within the animation, the invoked code fragments are
denoted by colored circle filters that range from green to
red according to the frequency of calls during the execution
scenario. Hues towards green reflect less frequent use, while
those towards red indicate more frequent use. The size of the
circle filters also increases proportionally with the frequency
of calls to the fragment, reinforcing the perception of hotspots.

Since the visualization is interactive, the user can hover over
code fragments, displaying static and dynamic information.

When the animation is paused, users can inspect recent (pre-
vious) and upcoming calls, leading to or stemming from the
current one (Figure 3).

The heat treemap offers three animation options:
• Call sequence, highlighting the sequential flow of calls

within a specified timeframe.
• Realistic time scale, playing the animation with realistic

delays based on the recorded intervals between calls, fast
forwarding1 delays exceeding the user-defined threshold.

• Calls time window, highlighting only those calls that
occur within a user-defined time window, starting from
the most recent one.

III. CASE STUDY

Our case study concerns Overleaf, a popular, open source,
and collaborative LATEX authoring platform. Its GitHub repos-
itory2 has 15k stars and 106 contributors. We used the version
with commit hash f94adbf, from March 2025. It contains
700k lines of code among 865 directories and 5k files. The
data access layer counts 2.3k code fragments across 11 out
of 12 microservices, mixing different data access technologies
(e.g., MongoDB, Redis).

We collected execution traces on a self hosted and in-
strumented instance of Overleaf (as described in Section II),
used for writing a first draft of this very same paper. The
experimental scenario consisted in one author performing
actions (e.g., editing, uploading figures, commenting) on the
project over 6 days, resulting in a total of 109,165 calls.

There are two relevant aspects of dynamic data access traces
emerging from the visualization: Hotspots and call sequences.

1Fast forward substitutes pauses above a set threshold with a pre-defined
amount of time to “compress” the idling periods.

2https://github.com/overleaf/overleaf

https://github.com/overleaf/overleaf
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Fig. 2. Overview of the user interface.

Fig. 3. Previous and incoming calls information.

A. Hotspots

The service showing the greatest concentration of hotspots
is document-updater (Figure 4), which is responsible for
“applying incoming updates to documents in real-time”.3

Writing a paper involves performing small changes to a
document, each triggering one or more data access calls. The
most frequently called code fragments are reading, updating,
and other4 operations on Redis DBs. The red fragments (in
RedisManager.js and RealTimeRedisManager.js)
were called more than 5,000 times.

3https://github.com/overleaf/overleaf/tree/f94adbf/
services/document-updater/README.md

4Any non-CRUD operation like, for example, “multi” or “exec” for Redis.

Fig. 4. document-updater service hotspots.

The document-updater service plays a crucial role in Over-
leaf’s data management, with its Redis DB used to support
collaborative editing. Visualizing the frequency of these data
accesses provides valuable insights about which components
should be prioritized during maintenance and optimization
efforts. Data accesses in the hotspots raise architectural ques-
tions: Using a single database instance can represent a bot-
tleneck under increased load, especially within a multi-user
context. This information could also guide decisions about
appropriate scaling strategies.

B. Calls sequences

In Figure 5, we show three moments in the evolution of the
animated heat treemap for our paper writing scenario. We also
provide a video of the visualization along with the traces and
an image of the final state of the animation in our replication
package (see Section VII).

https://github.com/overleaf/overleaf/tree/f94adbf/services/document-updater/README.md
https://github.com/overleaf/overleaf/tree/f94adbf/services/document-updater/README.md
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Fig. 5. Evolution of the animated heat treemap over time, with the sequence tracing enabled.

The lines connecting the code fragments represent the call
sequence within a specified time window (5 seconds in this
example). This option reveals repeated temporal data access
patterns, indicating that specific code fragments are frequently
invoked together (in sequence). We can thus identify data
access trends in the scenario.

In the first snapshot (Figure 5, (1)), we see how an ex-
ternal call triggers a sequence of calls between data access
fragments, mostly inside document-updater. The second and
third snapshots ((2) and (3)) show the evolution of the call
chain in the 5 seconds time window, involving other microser-
vices (document-updater, web, real-time or docstore) during
the document update operation performed in the analyzed
execution scenario. This sequential pattern reveals how closely
related operations are triggered successively during typical
user interactions. The configurable trace time window offers
flexibility in analyzing shorter and longer temporal traces,
depending on the targeted system and scenario.

The proximity of calls in the same microservice, potentially
to the same DB, emphasizes potential bottlenecks but also
cohesion, while large connections show orchestration and in-
terdependencies between microservices. Further analysis with
the interactive treemap could lead to insights on the referenced
concepts, for example, for change impact analysis [8].

IV. DISCUSSION

The Overleaf case study summarizes some of the possi-
bilities enabled by our dynamic instrumentation approach and
the heat treemap visualization. The traces appear as connected
sequences and the spatial positioning in the treemap provides
contextual information about the parts of the systems (the
different microservices) interacting. The temporal chain can
be explored step by step or the overall picture of the heat
treemap can be leveraged for higher level observations.

While effective for capturing execution traces, the instru-
mentation comes with limitations.

Our experiments revealed significant performance overhead
when instrumenting the entire system, particularly in the web
service. This slowdown is partly due to our approach checking

every function invocation at runtime, which creates a notice-
able computational burden that reduces service responsiveness.

Alternative dynamic analysis techniques can be considered,
like, for example, automatic static insertion of logging instruc-
tions in the code before, after, or around data access function
and method invocations [11], as identified by the static analysis
rather than at runtime. Some cases would require attention
while using this approach, for example, when data access in-
vocation occurs within return statements or inside conditional
expressions. Such instrumentation could be implemented with
relative ease in some languages, especially those which sup-
port aspect-oriented programming, such as AspectJ or Spring
AOP in Java environments. These frameworks provide clean
separation of cross-cutting concerns, like separating logging
from business logic, offering a more efficient alternative to our
dynamic instrumentation approach while maintaining similar
observability benefits.

Finally, we performed a case study scenario with a sin-
gle user to mitigate a limitation of our trace reconstruction
method. With multiple users there is no guarantee for two
subsequent calls to be directly connected (i.e., not triggered
independently by the concurrent users). While implementation
concurrency can have similar effects, we argue that, in our
scenario, the traces are still relevant since they are triggered
by a single action. Otherwise, the instrumentation would need
to reconstruct the source of the call (e.g., from the stack trace).

Future Work: Our current work focuses on JavaScript mi-
croservices. We plan to support other programming languages
to better fit the heterogeneous nature of microservices and
evaluate the generalizability of our approach.

We also plan to add new features. We will develop metrics
and visualizations for database queries performance, error
rates, and access frequency to schema elements.

For what concerns the visualization, we intend to explore
alternative 2D layouts based on interaction patterns between
code files, where the distance between components is deter-
mined by the frequency of joint or successive accesses, poten-
tially revealing functionally related entities through proximity.



V. RELATED WORK

Similarly to our work, Krause et al. presented an approach
using the software city metaphor with heat map overlays to
visualize metrics based on live traces analysis [12], inspired by
Benomar et al. [13]. Vandamme et al. proposed an interactive
animated visualization based on a light-traces metaphor to
explore execution scenarios on Java programs [14].

Cerny et al. reviewed the state of the art of microservices
architectural reconstruction techniques based on static and dy-
namic analysis [4]. For visualization based on static analysis,
there are tools such as MicroDepGraph [15], MicroArt [16],
and IslandViz [17]. Dynamic analysis tools, such as Open-
Telemetry, Jaeger, Amazon X-Ray Console, and Simianviz [4],
leverage graph-based views, with directed acyclic graphs or
topological representations. Similarly, Gortney et al. conducted
a systematic mapping study of system architecture visualiza-
tion with dynamic analysis [2]. Among the dynamic analysis
techniques, they mention process mining, distributed tracing
and monitoring, complemented by visualization tools (e.g.,
MicroArt [16], Dapper [18], Jaeger5, Zipkin6, µViz [19]).

Parker et al. conducted a mapping study on visualizations of
anti-patterns in microservices at runtime [20]. They compared
visualization tools leveraging runtime traces to build depen-
dency graphs (e.g., MAIG [21]) and reconstruct microservices
architecture (µTOSCA and µFreshener [22]).

VI. CONCLUSION

We presented an approach that enhances static analysis-
based visualization with dynamic information. The resulting
visualization, the animated heat tree map, highlights the evolu-
tion of the calls frequency of the code fragments through time.
This new visualization offers users a comprehensive view of
data access patterns across multiple services during program
execution. We evaluated our animated heat tree map using a
case study on Overleaf with a realistic scenario. The results
shows that the visualization is effective in helping to identify
the data access hotspots and patterns during the execution of
the program. Moreover, it allows users to quickly pinpoint
which code fragments are responsible for high data access
frequencies, enabling them to optimize their code accordingly.

VII. REPLICATION PACKAGE

The artifacts of our case study are publicly available as open
source at https://figshare.com/s/f24ccdd180e3cbf7810f
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