Check for
Updates

2024 IEEE/ACM International Workshop New Trends in Software Architecture (SATrends)

Understanding the Causes of Microservice Logical Coupling: an
Exploratory Study

Dario Amoroso d’Aragona
Tampere University
Tampere, Finland
dario.amorosodaragaona@tuni.fi

ABSTRACT

When implementing a software system, two crucial metrics come
into play: the degree of interdependence between modules, known
as coupling, and the extent to which the components within a
module collaborate to fulfill its task, referred to as cohesion. This
paper studies the phenomenon of apparent coupling and explores
the possibilities to exclude it from measurement when studying
coupling between microservices.
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1 INTRODUCTION

When implementing a software system, two crucial metrics come
into play: the degree of interdependence between modules, known
as coupling, and the extent to which the components within a
module collaborate to fulfill its task, referred to as cohesion [5]. The
pursuit of low coupling and high cohesion is often associated with
the creation of maintainable code [15]. Code with low coupling
allows for modifications in one module without affecting others,
and a highly cohesive module possesses a singular, well-defined
purpose.

Practitioners unanimously recognize the importance of low cou-
pling between microservices, emphasizing aspects like “indepen-
dence between teams” [8], “independent deployment” [6], or “no
need to synchronize between teams before deploying” [13].

Amoroso et al. [4] have investigated the existence of coupling
in an Open Source Open Source project involving microservices
are affected by this problem. In this context, logical coupling is
calculated analyzing each commit, counting the occurrences of co-
changes of two microservices, when two microservices are committed
together for more than a given threshold n. If such n co-changes are
identified, these two microservices are considered as coupled.

However, using the above definition of microservice coupling,
one quickly realizes that there are some situations that cause fre-
quent co-commits but are not conceptually couplings: large refac-
torings, changes in the architecture, or the presence the anti-pattern
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“shotgun surgery” can lead to apparent coupling in which multi-
ple microservices are often changed in the same commit. Such an
“apparent coupling” has different causes (as said before, e.g., refac-
toring or the presence of antipatterns) and should not be identified
as coupling.

This seems even more true if we consider that generally, a devel-
oper works on more than one microservices at the same time [2].
Moreover, if apparent coupling is identified but its causes are yet
unknown, a deeper investigation into the root causes and the con-
text where apparent coupling manifests can help to understand the
cause and thus propose a solution to adopt to mitigate the problem.

To clarify the distinction between coupling and apparent cou-
pling, we need to define both terms in the context of this paper:
we refer to coupling as the degree of interdependence of two soft-
ware components or connection between them [1]. It measures
how closely these components depend on each other, with low cou-
pling indicating a weaker connection and high coupling indicating
a strong and tight connection, which can affect the maintainability
and flexibility of the software [15]. Unlike this, we use the term
apparent coupling to describe the situation in which the adopted
measurement technique is not accurate and identifies a false posi-
tive: two components that are not interdependent are identified as
such.

Paper structure: Section 2 describes the goal and the research
questions. Section 3 explains the necessary steps performed in shi
work to answer the research questions. Section 4 reports the results
of our analysis. Section 5 discusses the results, Section 7 illustrates
the future plans, and Section 6 draws conclusions, and Section 8
describes the threats to validity of this work.

2 GOAL AND RESEARCH QUESTIONS

The goal of our work is to investigate the reason beyond the exis-
tence of coupling between microservices in an Open Source context.

Thus, we depict the following research questions: RQ;: When
and why are microservices committed together? and RQy: Which
situations lead to apparent coupling?

RQ; wants to understand which type of operations (changes
in the code) involves often more than two microservices. Starting
from the results obtained in RQ;, RQ; want to understand which
could be possible situations to exclude when we are calculating
dependency, in terms of Logical Coupling, between microservices.

3 METHODOLOGY

To answer the research questions, we will begin with RQ; and
obtain a dataset of microservices that were committed together and
further investigate about the timing and reason of such co-commits.
Concretely, we will extract the commit message for each commit in
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the the dataset analyzed in [4], identify the commits with more than
one microservice, and apply natural language processing (NLP) to
extract topics from those commit messages.

The assumption is that the topics of commits with more than
one involved microservice help to identify the context in which
apparent coupling occurs, i.e., in which microservices are committed
together, even though there is no dependency among them.

Note that the used dataset [3] is the same used by the authors
in [4], in order to have data to compare with.

To achieve the goal we pre-processed each commit message
in order to prepare the text for algorithms. Due to the nature of
the dataset and the unstructured nature of the commit message
in the dataset, we prepared scripts to iteratively try different pre-
processing strategies with each of the NLP algorithms selected.

Commit Message Clustering. This pre-processing strategies
consist of tokenization, lemmatization/stemming, stop-words re-
moval, cleaning (trimming, removing unnecessary spaces, remov-
ing punctuation, removing numbers, URLs, removing non-English
words), but also of operations that are specific to the context of
processing commit messages, in particular we defined the follow-
ing strategies: Sy extract keywords from each commit message
(the keywords were selected taking only the VERB, the NOUN
and the PRODUCT entity type in the commit messages); Sy filter
words based on position, thus discarding commits where—after non-
english words removal—there is no verb in the first position (follow-
ing the discovery of [10] that commit messages often begin with
a verb followed by an direct object); S3 substitute words to obtain
more consistent commit message (in this case we only substitute
“upgrade” with “update”); and S4 deleting frequent domain-specific
words (we noticed that some words, such as “docker”, “docker-
compose”, were much more frequent on average due the fact that
we are analyzing projects based on microservices; the fact that
such words are present in the 90% of the commits—in our context—
creates noise hindering to cluster the commit message correctly).

Note that depending on which strategy is used the final number
of commits changes. In other words, commits can be discarded based
on the strategy used. This means that we did not consider only
the performance of clustering the processed commit message, but
also how many commit messages were filtered out, privileging the
combinations that give us the highest possible number of commit
messages.

Furthermore, we defined different Natural Language Processing
algorithms to try to process the commit message in the best way to
obtain well-formed clusters.

In particular we tried the following combinations of algorithms:
a) Word2Vec [12]; b) Word2Vec + Principal Component Analysis
(PCA); c) Word2Vec + Uniform Manifold Approximation and Projec-
tion for Dimension Reduction (UMAP) [11]; and d) BERTopic [7]}.

For each of these combinations, we tried, when applicable, to
combine different preprocessing strategies, and for each combina-
tion, we used K-Means to cluster the commits message. For clus-
tering, we created from 2 to 30 clusters and compared the results
using Silhouette analysis [14].

!Please note that for BERTopic we did not use lemmatization/stemming because the
machine learning algorithm has not been trained on lemmatized/stemmed words.
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After obtaining well-formed clusters, we used GPT3.5 (model
gpt-3.5-turbo-1106) to derive the topic for each cluster. We provided
the top 10 most frequent words with their frequency in each cluster
to derive the topic (following the approach in [9]).

Analyzing the type of commits responsible of Logical Cou-
pling. For each pair of Logically Coupled microservices we selected
the commits in which the two microservices were committed to-
gether and we extracted the clusters to which they belong. This
allowed us to understand which are the most frequent type of
commits that lead in Logical Coupling.

Recalculating Logical Coupling filtering the commits based
on their type. In the context of determining when a developer is
entitled to interact with more than one microservice within the
same commits and when this should be avoided, we aim to refine
the criteria for greater precision. To this extent, we analyzed the
cluster obtained and we excluded the clusters that meet the follow-
ing criteria: 1) Update of non-programming files (e.g., for example
Docker files, configuration files.): the reason is that these types of
changes often stem from an architectural change, where it is com-
mon to have an impact on all microservices [2]; and 2) Changes of
versions of used third-party components: if a bug or a security issue
is found in a shared library, is understandable (and desirable) that
the affected component is updated as soon as possible everywhere.
The same applies to other cases (e.g., deprecation of third party
components, migration to another system, etc.).

Basing on this considerations we recalculated coupling, filtering
out the commits belonging to clusters that depict such admissible
situations. In this way we can understand if there are some changes
in the results of the logistic coupling when more qualitative factors
are considered. Due the subjective nature of this step, we want
clarify that the goal of this paper is to explore how logical coupling
changes if the type of the commit is taken into consideration. A
more in-depth discussion is needed, also involving developers, to
understand which categories of commits are to be excluded when
calculating the Logical Coupling between microservices.

4 RESULTS

It turned out that the algorithm that performed best was Word2Vec
+ UMAP + K-means with the strategies S1, S3, S4. Using these strate-
gies allowed us to have the highest Silhouette value and to discard
only the 30% of the commit messages. As depicted in figure 1, analyz-
ing the silhouette score, 9 is the best number of clusters (silhouette
score 0.92).

The topics that were identified from the resulting clusters are:
Feature Implementation, Version Update and Project Maintenance,
Bug Fixing and Issue Resolution, Dependency Management and
Code Maintenance, Project Configuration and Dependency Bump-
ing, Bug Fixes and Dependency Updates, Feature Integration, Code
Quality and Maintenance, and Project Updates and Additions.

Analyzing the commits where microservices have been commit-
ted together, we see how the majority of the commits belong to
the cluster Feature Implementation and Version Update and Project
Maintenance as shown in figure 2.

Based on the above considerations, we propose a heuristic, based
on the exclusion of common topics identified within commit mes-
sages. As an example, we explore the exclusion of version updates.
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Figure 1: Silhouette score for Word2Vec+UMAP+K-means
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Figure 2: Most frequent type of commits leading to Logical
Coupling

Version updates are one of those situations where changing more
than one microservice at the same time can be considered accept-
able: e.g., consider the update of a common library, an change of the
used database technology or a used API. We could consider these
situations as not relevant if we want to understand if there are cou-
plings between microservices that hinder the regular maintenance
of these services. The logical coupling between microservices tries
to highlight whether there are dependencies between microservices
that are not created by explicit design decisions. The decision to
change the version of a tool (e.g. because a vulnerability was found
in the currently used version) is indeed a design decision. Based
on these considerations, we recalculated the logical coupling and
discarded the commits belonging to the version update and project
maintenance cluster.

The result is depicted in Figure 3. The figure shows the number
of couples of microservices logically coupled among the projects
analyzed, in particular the boxplots shown the number of couples
of microservices logically coupled when all the commits are consid-
ered (all_commits) and when are considered all the commits but the
commits belonging to the Version Update and Project Maintenance
cluster (filtered_commits).

Note that the total number of commits (leading in Logical Cou-
pling) in the dataset is 2254, we filtered out 598 commits (36, 1%)
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Figure 3: Comparison of couples number of microservices
logically coupled considering all commits and only the se-
lected commit types

belonging to Version Update and Project Maintenance cluster, obtain-
ing 1565 commits.

5 DISCUSSION

Analyzing the type of commits responsible of Logical Coupling
(RQ1), the results show how the majority of commits where logical
coupling was detected based on co-committed microservices be-
longs to the Feature Implementation cluster. A possible explanation
is that logical coupling really exists in this project and that the im-
plementation of the new feature requires changing more than one
microservice. Another possibility is that developers did not follow
the practice to commit each task separately and that these commits
represent more than one change is that more features are added in
different microservices and then all these changes are committed
together. To better understand which of these possibilities applies,
we need to perform a more detailed analysis, such as manually la-
beling the commit messages and involving the developers through
a questionnaire or interviews.

When recalculating Logical Coupling filtering the commits based
on their type (RQ3), the first assumption we had was that filter-
ing out commits causes a decrease in terms of Logical Coupling.
However, even if the amount of commits we filtered is considerable,
the impact on logical coupling seems to be quite low. We assume
that the reason is that commits contribute to logical coupling width
different weights (e.g., if one commit changes three microservices,
we measure three different couples (msy,ms3),(msy,mss),(msz,ms3)).
Taking this aspect into consideration, we can derive how not only
is the number of commits is important but also the number of pairs
of logically coupled microservices committed together.

If we look at the absolute numbers of pairs of logically coupled
microservices, looking at all commits yields 628 pairs of logically
coupled microservices among all projects, in fact filtering the com-
mits yielded 427 pairs of logically coupled microservices. Thus,
about 600 (36%) commits are responsible for 201 (30%) pairs of logi-
cally coupled microservices, compared to the 1656 (64%) commits
responsible for 70% of the logical coupling (628 pairs of logically
coupled microservices). This situation is shown in Figure 4.

We can therefore see that the excluded commits have an impact
on the number of logically coupled pairs of microservices and
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Figure 4: Incidence of the number of commits on the number
of couples logically coupled.

therefore it is important to further investigate what kind of commits
(and therefore changes in the code) need to be discarded when we
calculate the dependency between microservices in terms of logical
coupling.

6 CONCLUSION

When analyzing what kind of commits cause the logical coupling
in the open source microservices context, we found that most of
the commits belong to the “Feature Implementation” operations.
There may be several reasons for this, but a deeper investigation
involving the developers is required to understand the reason.

The second most frequent type of operation responsible for
logical coupling in our work is Version Update. We think that this
is one of the possible types of changes that can be excluded when
calculating the dependencies between microservices, especially
when we calculate the logical coupling, which by its definition is
not interested in the dependencies resulting from design decisions.

By excluding this cluster from the analyzed commits, we were
able to determine that the impact of a type of operation on the logi-
cal coupling depends not only on the number of commits, but also
on the number of microservices that are committed together in this
type of operation. However, the excluded cluster was responsible
for 1/3 of the logical coupling found in the analyzed projects, which
confirms that it is necessary to investigate which type of operation
must be excluded when we investigate coupling (especially logical
coupling) between microservices. Understanding the causes of cou-
pling between microservices is fundamental to propose possible
solutions to mitigate the problem.

7 FUTURE WORK

Clustering commit messages is a difficult task. In this work, we
propose a solution, but in most cases, especially for small projects,
the commit messages do not follow any rules, which makes their
categorization difficult. As future work, we want to try to use other
techniques to preprocess the commit messages, such as TF-IDF
vectorization, to alleviate the problem of words present in most
commit messages causing noise in the data. To obtain more con-
sistent and structured commit messages, we will try to generate
the commit messages using these techniques and then perform
clustering on the generated commit messages. Other aspects that
need to be investigated in the future are the reason why feature
implementation is the most responsible operation for logical cou-
pling and what kind of operations need to be discarded in this kind
of analysis. For the two aspects mentioned above, we would like
to involve the developers to better understand the issues they face
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during development, which can lead to situations responsible for
logical coupling and which are in fact the situation where changing
more than one microservice at the same time is not a problem.

8 THREATS TO VALIDITY

In terms of external validity, we are aware to the fact that we ana-
lyzed only a subset of microservices-based projects, and we know
that may not represent the state of the art. However, the goal of this
work was to understand if a qualitative investigation on the type
of commits can lead in different results from the ones obtained by
the authors in [4]. In addition, we used the only dataset currently
available containing validated open-source microservices-based
projects [3]. In terms of internal validity, we are aware that a differ-
ent text preprocessing can have a significance impact, resulting in
different clusters and thus in different results. However, we tried
different combination of preprocessing strategies in order to respect
as much as possible the nature of text, without changing the context
ans thus the meaning.
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