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Abstract— The literature on Microservices Architecture (MSA)
presents numerous approaches for decomposing systems into
microservices with the goal of improving quality attributes such as
scalability, maintainability, and elasticity. Studies indicate that
practitioners typically consider multiple objectives simultaneously
when defining service boundaries, making microservice
decomposition an inherently multi-objective optimization
problem. Within this context, evolutionary algorithms are well
suited to exploring trade-offs among competing objectives. This
work utilizes the Event Storming graph as the primary input for
extracting domain entities and identifying their relationships. By
combining semantic analysis of entity names with the structural
information embedded in the Event Storming graph, candidate
microservice decompositions are generated and optimized using
the NSGA-III algorithm. The proposed approach seeks to improve
the efficiency and accuracy of deriving microservice boundaries
from Event Storming models while providing software architects
and decision-makers with a systematic framework for analysing
and evaluating decomposition alternatives.

Keywords- Microservices architecture, MSA, Many-objective
optimization, MOO, MSA design

I. INTRODUCTION

The Microservices are built as independently deployable
units by fully automated Continuous Integration / Continuous
Delivery (CI/CD) pipelines - the centralised management should
be kept to bare minimum. They are designed around business
capabilities, with each service providing a complete
implementation of a specific business function, including the
user interface, data persistence layer, and external
collaborations. Teams aligned with these business capabilities
are cross-functional, bringing together all competencies required
for development, such as user experience design, database
engineering, and project management [1]. In [2] authors further
define Microservice Architecture (MSA) as an architectural
style that enables independent deployment, autonomous scaling,
and enhanced maintainability of complex software systems.

Architects commonly model both the static structure and the
dynamic interactions of a software architecture, including its
internal components, to better understand system complexity
and external dependencies. Traditionally, modelling approaches
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such as Business Process Model and Notation (BPMN), Unified
Modeling Language (UML), and Domain-Specific Languages
(DSLs) have been widely employed for this purpose [3].
However, their adoption in industrial practice has declined, as
these approaches often require substantial effort to facilitate
effective collaboration and communication with stakeholders
beyond the development team. Also in [4], the authors confirm
that these methods are becoming increasingly less popular.
Intuitive graphical “boxes and lines” approaches are reported to
be more widely used for microservices design than UML, with
51% of practitioners preferring them compared to 41.5% for
UML. Domain-Specific Languages (DSLs) are even less
prevalent, accounting for 27% of usage relative to graphical
approaches [4].

According to [5], the primary challenges in migrating to a
microservices architecture include identifying appropriate
service boundaries and their corresponding bounded contexts,
analysing asynchronous communication patterns, and
performing event-driven decomposition. As reported in [6],
increasing system complexity and scalability challenges are
among the primary factors motivating organizations to migrate
from microservices back to monolithic architectures, often flaws
in the initial service decomposition. Similarly, [7] emphasizes
that inappropriate service partitioning can result in substantial
technical and operational costs. The selection of suitable
decomposition objectives and the partitioning of systems into
microservices remain key challenges in the microservices design
process [8], [9], [10]. Consequently, evaluating the quality of a
microservice decomposition is essential to ensure that services
remain sufficiently autonomous and do not become excessively
coupled, a condition commonly referred to as “monolithic hell”
[11]. To address these challenges, several decomposition
strategies have been proposed, including business capability-
based decomposition and subdomain-driven decomposition
[12]. In parallel, the increasing demand for automated decision
support has stimulated the development of numerous
approaches, methodologies, and tool-supported frameworks
designed to assist software architects in identifying and
evaluating appropriate microservice boundaries [13], [14], [15].

To bridge the communication gap between technical teams
and business stakeholders and to foster their active involvement
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in software architecture design, collaborative and accessible
modelling techniques have emerged. One such technique is
Event Storming, introduced by Alberto Brandolini. [16]. Event
Storming is a workshop-based technique that uses sticky notes
to collaboratively model business workflows, processes, and
domain knowledge. According to [17], it can be conducted in
three forms:

e Big Picture Event Storming, which explores an
entire business domain or value stream;

e  Process Modelling, which maps current (as-is) and
future (to-be) business processes;

e  Software Design Event Storming, which translates
business processes into specific software and
business scenarios.

Based on a set of simple rules, Event Storming is widely
recognized as an effective tool for modelling systems developed
using Domain-Driven Design (DDD) [12], [18], [19], [20], [21].
During these workshops, stakeholders, domain experts, and
developers participate in facilitated collaborative sessions to
explore domain knowledge, and establish a shared
understanding of the system under development [22].

The aim of this work is to utilize the Event Storming graph
as the primary input for extracting domain entities from the
system. Event Storming was selected because it captures domain
knowledge in a form that enables the identification of bounded
contexts, which serve as the basis for constructing the graph and
deriving an initial microservice architecture. By combining
semantic analysis of entity names with the relationships
identified within the Event Storming graph, candidate
microservice decompositions are generated using the NSGA-III
optimization algorithm. The proposed approach aims to improve
the efficiency and accuracy of deriving microservice boundaries
from Event Storming models, providing software architects and
decision-makers with a systematic means of analysing and
evaluating decomposition alternatives.

The remainder of this paper is organized as follows. The
Related Work section provides an overview of the existing
literature on multi-objective and many-objective optimization
approaches for microservice decomposition. The Proposed
Method section introduces the semi-automatic approach
developed to address the decomposition problem. Next, the
Results section presents the outcomes of the experiment
conducted using three Event Storming graphs. The Discussion
section analyses and interprets the findings, and finally, the
Conclusions section summarizes the main contributions of the
study and outlines directions for future work.

II.  RELATED WORKS

The existing literature presents a wide range of approaches
for decomposing systems into microservices with the objective
of improving key quality attributes such as maintainability,
scalability, and elasticity ([23], [24], [25]). Microservice
decomposition has been formulated as a multi-objective
optimization problem in several recent studies ([26], [27], [28]),
where the goal is to identify service boundaries that minimise

inter-service coupling while maximizing intra-service
cohesion, alongside satisfying constraints related to service
granularity and other architectural quality attributes.
Furthermore, empirical evidence indicates that practitioners
typically  consider = multiple = competing  objectives
simultaneously when making decomposition decisions, often
balancing at least four criteria during the extraction process [8].
Given the complexity and conflicting nature of these objectives,
evolutionary algorithms have emerged as an effective solution,
enabling the exploration of large search spaces and the
identification of high-quality trade-off solutions.

a) Multi-Objective Evolutionary Optimization

Evolutionary Algorithms (EAs) have proven particularly
effective for multi-objective optimization problems due to their
population-based search strategy, which enables the
simultaneous discovery of multiple Pareto-optimal solutions in
a single execution [29]. Multi-Objective Evolutionary
Algorithm (MOEA) effectiveness is grounded in key concepts
such as Pareto dominance, convergence toward the Pareto front,
and the preservation of solution diversity across the set of non-
dominated alternatives. Early work in this area, such as the
Vector Evaluated Genetic Algorithm (VEGA) [30], established
the foundations of multi-objective evolutionary optimization;
however, it is generally considered less effective for addressing
complex problems characterized by large and high-dimensional
search spaces. Subsequent algorithms, including NSGA-II and
NSGA-III, introduced significant improvements through elitist
selection mechanisms and advanced diversity-preservation
strategies ([29], [31]). NSGA-II achieves computational
efficiency through fast non-dominated sorting and crowded-
comparison operators, eliminating the need for fitness-sharing
parameters and contributing to its widespread adoption.
Building upon these advances, NSGA-III extends the
applicability of evolutionary optimization to many-objective
problems by incorporating adaptive normalization and a
reference-point-based niching mechanism, enabling a more
effective distribution of solutions across high-dimensional
Pareto fronts [31].

Other prominent multi-objective evolutionary algorithms
include the Strength Pareto Evolutionary Algorithm (SPEA)
and its successor, SPEA2, both of which utilize an external
archive to preserve non-dominated solutions and a strength-
based fitness assignment mechanism to evaluate individual
quality [32]. SPEA2 further enhances the original approach by
introducing an improved density estimation technique and a
refined archive truncation procedure, enabling a more accurate
assessment of solution diversity and a better preservation of
boundary solutions along the Pareto front. These improvements
contribute to a more balanced distribution of solutions and
improved convergence toward high-quality trade-off
alternatives.

Multi-objective  Evolutionary ~ Algorithm based on
Decomposition (MOEA/D) offers an alternative strategy for
multi-objective optimization by decomposing a problem into a
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Fig. 1 Overview of the approach for MS decomposition

set of scalar optimization subproblems, each associated with a
predefined weight vector [33]. This decomposition enables
neighbouring subproblems to share information during the
search process, improving computational efficiency and
scalability. Despite these advantages, MOEA/D may encounter
difficulties when the Pareto front is highly irregular or unevenly
distributed, which can limit its ability to maintain a well-spread
set of solutions [31].

In contrast to dominance-based approaches, the Indicator-
Based Evolutionary Algorithm (IBEA) employs quality
indicators to guide the selection process, enabling the direct
assessment of solution quality within the objective space [34].
Common variants, such as IBEAe+ and hypervolume-based
IBEA (IHD), provide a flexible framework for incorporating
decision-maker preferences while eliminating the need for
explicit diversity-preservation mechanisms. Fitness values are
assigned by evaluating each solution relative to all other
individuals in the population, allowing selection pressure to be
driven by the chosen performance indicator. Experimental
results reported in [34] demonstrate that IBEA consistently
outperforms established algorithms such as NSGA-II and
SPEA?2 across a wide range of benchmark problems, exhibiting
strong convergence properties, greater generality, and
improved scalability with respect to population size.

b) Algorithms used for Microservice Decomposition

Among the evolutionary algorithms applied to the
microservice decomposition problem, NSGA-II is one of the
most widely adopted due to its ability to generate diverse sets
of Pareto-optimal decomposition alternatives. Its effectiveness
in balancing competing architectural objectives has led to its
application in a variety of contexts, including cloud migration
scenarios, where optimization must account for constraints such
as network communication overhead and hosting costs [15],

[23], [35]. To address scalability issues associated with large
and complex systems, [36] proposes MSExplorer, which
reduces the search space through an initial clustering phase
prior to performing NSGA-II-based optimization. Beyond
microservice decomposition, recent studies have addressed
deployment and post-design challenges. Specifically, [37]
proposes Yonga, an adaptive placement strategy for resource-
constrained environments, while [38] introduces a feature
model extraction approach to improve reuse, variability
management, and configurability in microservice-based
software product lines.

NSGA-III, the successor to NSGA-II, has been applied to
complex software decomposition problems involving a larger
number of optimization objectives, with implementations
reported in [14], [23]. Its reference-point-based selection
mechanism makes it particularly suitable for many-objective
optimization. Similarly, [39] modelling microservice
identification as a many-objective problem and showing that
simultaneously  optimizing coupling, cohesion, feature
modularization, reuse, and network overhead produce higher-
quality architectural solutions.

The Indicator-Based Evolutionary Algorithm (IBEA) has
also been successfully applied to the microservice
decomposition problem through the MSExtractor framework
[23]. The reported results indicate that IBEA consistently
outperforms NSGA-II and SPEA2 by generating
decomposition solutions that provide a more favourable balance
between coupling, cohesion, and service granularity. Beyond
traditional evolutionary algorithms, hybrid approaches
combining Genetic Algorithms with Fuzzy Cognitive Maps
have been proposed to capture uncertainty and complex
dependencies during decomposition [27], [40]. More recently,
researchers have explored combinatorial optimization for
automated microservice synthesis [41] and deep reinforcement
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learning  techniques to derive optimal microservice
architectures [35]. In the domain of Software-as-a-Service
(SaaS) systems, [33] highlights the importance of variability
management through the SAMIM approach, which applies
MOEA/D to optimize trade-offs among component
commonality, service granularity, and alignment with business
objectives.

The decision to create Microservices Architecture (MSA)
system is inherently complex and often requires support from
dedicated decision-making frameworks and tools. Approaches
such as those proposed in [24] facilitate evidence-based
decision making by leveraging objective system data, while
Multi-Layer Fuzzy Cognitive Maps (MLFCMs) enable
scenario analysis and improve the transparency and
interpretability of the decision process [27]. The quality of
decomposition results is also highly influenced by the
configuration  of  optimization  algorithms,  making
hyperparameter tuning an important factor in achieving
effective solutions [42]. Furthermore, weighted loss functions
provide a mechanism for incorporating business priorities
directly into the optimization process, allowing decomposition
outcomes to better align with organizational goals [43]. Given
the dynamic nature of software systems, implementation should
be viewed as an iterative process that requires continuous
monitoring and architectural refinement in response to evolving
business requirements and technical constraints [44], [45].

III. PROPOSED FRAMEWORK — EVENT STORM

This section introduces the proposed framework, Event
Storm, and subsequently describes the problem formulation and
the modifications made to adapt the multi-objective
optimization algorithm to the microservice decomposition task.
Event Storm utilizes the Event Storming graph to extract
domain entities and identify bounded contexts that define an
initial microservice architecture. Candidate microservice
decompositions are generated by combining semantic analysis
of entity names with graph relationships using the NSGA-III
optimization algorithm, providing systematic support for
evaluating decomposition alternatives.

A. Overview of the method

Event Storming facilitates collaboration between technical
and non-technical stakeholders, enabling the collaborative
elicitation of domain knowledge. The resulting Event Storming
model provides architects with information about domain
entities, aggregates, and bounded contexts. Building on this
foundation, we extend the Event Storming process by enabling
the automated extraction of microservices from an Event
Storming graph. This task is formulated as a combinatorial
optimization problem, in which entities identified within the
graph are partitioned into candidate microservices. Given the
large number of possible decompositions, the problem can be
modelled as a graph partitioning task, which is known to be
NP — hard problem [14], [28]. Consequently, a meta-heuristic
search strategy is employed to identify near-optimal solutions

within a reasonable computational time. As illustrated in Fig. 1,
the proposed Event Storm approach utilizes NSGA-III to
explore the search space and generate alternative sets of
microservice candidates.

B. Problem formulation

In this work, a microservice architecture Mis defined as a
decomposition of a set of entities E into a collection of
microservices, where each microservice represents a cohesive
container of related entities. Let E = {eq, e,, ..., e, } denote the
set of identified entities in a software system, where n is the
total number of entities. The set of candidate microservices is
represented as M = {my,m,, ..., m;}, where k denotes the
number of microservices and each microservice is assigned a
unique identifier. The size of a microservice, denoted as
size(m), is defined as the number of entities assigned to it.

A decomposition solution is encoded as a vector of decision
variables X = {xy, x,, ..., x,}, where x; = jindicates that entity
e;is assigned to microservice m;. For example, the solution X =
{1,1,2,2,3,3,4,4} represents a decomposition of eight entities
into four microservices. Since entities interact to support the
required system functionality, dependencies naturally exist
among them. Therefore, an effective decomposition should
maximize cohesion within microservices while minimizing
inter-service coupling and the number of distributed
transactions. To support these objectives, the proposed Event
Storm approach employs structural and semantic similarity
measures to quantify dependencies among entities, guiding the
optimization process toward highly cohesive and loosely
coupled microservice boundaries.

a) Structural similarity

Each entity e; € E = {eq,e,,...,e,}is represented by a
structural feature vector s; = [S;1,Si2, -, Sin], Where each
element s;;denotes the number of structural interactions
(connections) between entity e;and entity e;. In this
representation, the vector encodes the connectivity profile of an
entity within the system, capturing how it interacts with all
other entities in the system. For instance, a vector such as
[0-0-0:4+0-0-0» 1-4» 1- 0- 1> 2]indicates that the corresponding
entity has four interactions with e,, one interaction with eg, four
interactions with eq, and additional interactions with other
entities as specified by non-zero entries. Based on these
structural representations, the structural similarity between two
entities can be calculated:

N, (e;, e; )-min
Simstr(ei' ej) = Z T(l ]) HVT)E [0’1]
IER

maX(Nr)'min(Nr)

where:

= N,(e; e)) is the number of times entities e;and e;appear as
connected elements in process r

® R is the set of all processes,
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This approach enables the identification of entities that
exhibit similar structural roles, even if they are not directly
connected, thereby supporting the detection of cohesive groups
during the microservice decomposition process.

b) Semantic similarity

Semantic similarity captures conceptual and domain-level
relationships between entities and is computed using vector
representations derived from spaCy embeddings. Each entity
e;is represented by a semantic vector s;, and the similarity
between two entities is defined using cosine similarity:

iMeem (e €) = € [0,1]
sim €,6)=—"""""—— 1],
semi I's; I 1I's; |l
where -denotes the dot product and ||-|lis the Euclidean norm.
This measure reflects the conceptual proximity of entities in
the embedding space, enabling the capture of domain-level
similarity beyond exact lexical matches.

¢) Overall similarity

The overall similarity between two entities combines both
structural and semantic aspects. It is defined as the sum of
string-based similarity and semantic similarity:

sim(e;, e;) = 0.5 * simg,.(e;,€;) + 0.5 * simge, (e, €))
€ [0,1]

This aggregated measure integrates lexical overlap with
embedding-based semantic relationships, providing a more
comprehensive similarity assessment for entity comparison.

C. MOEA adoption

The Event Storm evaluates a candidate microservice
decomposition using a multi-objective fitness function that
assesses structural quality, communication cost, and
architectural balance. Each solution is encoded as a vector X =
{x1, x5, ..., x,}, where each element x;assigns entity e;to a
specific microservice. The evaluation procedure operates on a
normalized representation of this assignment and computes four
complementary objectives: cohesion, coupling, granularity, and
distributed transaction cost.

1) Solution representation

Given an input solution X, the algorithm first applies a
normalization step to ensure consistent labeling of
microservices. The normalized vector X'induces a partition of
entities into a set of clusters M = {m;,m,, ..., m;}, where
kdenotes the number of distinct microservices in the solution.

2) Initial population

The initial population is constructed using a random
initialization strategy. Given a predefined maximum number of
microservices (n), each entity in the application is randomly
assigned to a microservice, resulting in a set of candidate

decompositions. To ensure the generation of meaningful
service boundaries, a constraint parameter (minSize) is
introduced, representing the minimum number of classes
permitted within a microservice. This constraint prevents the
creation of undersized services and contributes to the
generation of more balanced and practically viable
decomposition solutions.

3) Objective functions

The quality of a candidate microservice decomposition is
evaluated through a multi-objective fitness function that
incorporates both optimization objectives and feasibility
constraints. This fitness function provides a quantitative
measure for assessing and comparing alternative decomposition
solutions. Each objective corresponds to a distinct architectural
quality attribute and is formulated to be either minimized or
maximized according to the desired system characteristics.
Consequently, the search process aims to identify solutions that
achieve an optimal balance among potentially conflicting
objectives while adhering to all specified constraints. In this
work, the optimization framework focuses on the following
four objectives:

a) Cohesion (maximize)

Cohesion measures the degree of functional and
structural relatedness of entities within the same microservice.
It is computed using a cohesion function defined for each
microservice, following the formulation in [28] and adapted to
measure entity similarity:

Zei,ejEm Sim(el‘,ej')
ej*ej
Iml(ml-1)
2

Coh(m)=1-—

where:

u sim(ei, ej)is the similarity between entities e;and e;,
® | m |is the number of entities in microservice m.

Then for overall cohesion:

Ymgeae Coh (m;)
Cohesion(M) =1—-——"F————
@) | M|
where:
®  (Coh(m,;)is the cohesion value of microservice m;,

® | M |is the total number of microservices.

Higher cohesion values indicate stronger intra-service
relationships. In the optimization process, cohesion is
maximized.

b) Coupling (minimize)

Coupling quantifies the level of interdependencies between
different microservices. It is computed following the
formulation in [28], with adaptations to account for entity
similarity, as follows:
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Z ej€my, e;EM; sim(e;, ej)

Cou(mym,) =
| my |-l my |
where:
®  sim(e;, e;)is the similarity between entities e;and e;,
® | my |and | m, |denote the sizes of the two
microservices.

Lower coupling values are preferred, as they indicate reduced
inter-service communication and dependency.

¢) Granularity (maximize)

Granularity captures the decomposition balance in terms of the
number of generated microservices relative to the number of
entities. The objective function is a normalized and modified
version of the objective function proposed in [28], formulated

as follows::
GX") = k
CIE|
where:
®m  kis the number of detected microservices and

®m | F |is the total number of entities.

This objective promotes controlled decomposition and avoids
extreme fragmentation.

d) Distributed Transactions Cost (minimize)

Distributed transaction cost evaluates the communication
overhead induced by inter-service interactions. It is computed
based on the execution paths or dependency graph PE:

DT _ ZTER]ump (aui * aui+1)
Yrer(l Uy | 1)

where:
® gy, is microservice associated with entity u;
1, ifAistrue
" Jump(4) =3’ .
Jump(4) {O, otherwise
| U, |=number of entities in process r
® R is the set of all processes

This objective penalizes decompositions that require frequent
cross-service transactions.

4) Constraints
To ensure meaningful microservice formation, a minimum size

constraint is enforced for each cluster:

min | m; |=> min_size
m;EM -

If any microservice violates this constraint, the solution is
penalized accordingly:

Gonstraine(X') = min_size — min (| my |, my |, ..., my )

5) Multi-objective Optimization Formulation
The final fitness vector is defined as:
FX') = [-Con(X"), Cou(X"), DT (X"), =G (X")]

The optimization problem simultanecously minimizes all
objectives, encouraging decompositions that exhibit high
cohesion, low coupling, low transaction cost, and balanced
granularity. In the PyMoo framework, all objective functions
are formulated as minimization problems. Consequently,
cohesion and coupling metrics are multiplied by —1 to ensure
consistency with this minimization requirement.

IV. EXPERIMENTS & RESULTS

This section presents the experimental evaluation of the
proposed approach for automated microservice decomposition
based on Event Storming graphs. The study investigates how
different architectural preference profiles influence the
resulting decompositions and assesses the stability and quality
of the generated solutions under repeated optimization runs.

a) Experiment

The proposed approach was evaluated using three Event
Storming graphs representing different software systems. The
experiment involved two hypothetical software architects with
contrasting design preferences, whose objective configurations
were used to guide the optimization process. The first architect
represents a monolithic-oriented perspective, prioritizing
cohesion and distributed transaction cost, thereby favoring
more strongly integrated services. The second architect
represents a microservice-oriented perspective, emphasizing
coupling and granularity to promote loosely coupled and finer-
grained services. For each Event Storming graph, the
optimization process was executed 15 times to account for the
stochastic nature of the NSGA-III algorithm.

b) Results

The resulting Pareto-optimal solutions were ranked using
the TOPSIS method to select the most preferred decomposition
in each run. This enables a consistent selection of representative
solutions from the Pareto front for subsequent analysis. For one
of the evaluated Event Storming graphs, the mean objective
values of the selected solutions illustrate the effect of the
differing preference profiles. The monolithic-oriented
configuration achieved higher cohesion reflecting a stronger
focus on intra-service relationships. In contrast, the
microservice-oriented configuration resulted in lower coupling,
higher granularity, and reduced distributed transaction cost,
indicating a shift towards more independent and fine-grained
services.

The quality of the obtained Pareto fronts is assessed using
the hypervolume (HV) indicator, which measures the volume
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of the objective space dominated by the Pareto set relative to a
predefined reference point. In this study, all objectives are
normalized to the range [0 1], and the reference point is defined
as r=(1.1,1.1,1.1,1.1). The hypervolume is therefore
computed with respect to this reference point, where higher
values indicate better convergence towards the Pareto-optimal
region and improved diversity of solutions.

The maximum achievable hypervolume corresponds to the
ideal case in which the Pareto front reaches the origin
(0-0-0:0), yielding HVpae = (1.1 —0)* = 1.1* = 1.4641.
Accordingly, the valid range of the hypervolume indicator is
0 <HV <1.4641. In the conducted experiments, a
hypervolume value of approximately 0.95 was obtained, which
corresponds to about 68% of the theoretical maximum. This
indicates that the proposed method is robust with respect to
varying architectural priorities, while still enabling controlled
steering of the decomposition outcome according to stakeholder
preferences. The results are presented in Table 1.

TABLE 1. RESULTS OF THE EXPERIMENTS
Results
Scenario Metric User 1 User 2
(Monolithic) (Microservice)
Cohesion (mean) 0.2366 0.0336
Coupling (mean) 0.0799 0.0901
1 Granularity (mean) 0.3333 0.9000
DT Cost (mean) 0.1334 0.7619
Hypervolume (mean) 0.9646
Cohesion (mean) 0.3045 0.04774
Coupling (mean) 0.1582 0.16584
2 Granularity (mean) 0.2778 0.87778
DT Cost (mean) 0.3281 0.92982
Hypervolume (mean) 0.9541
Cohesion (mean) 0.2532 0.0615
Coupling (mean) 0 0.2319
3 Granularity (mean) 0.1667 0.8476
DT Cost (mean) 0 09111
Hypervolume (mean) 1.0534

V. DISCUSSION

The following section describe the key design decisions
underpinning the proposed approach and provide a discussion
of the experimental results. Presented framework for
microservice extraction operates on the Event Storming graph.
Cards are grouped at the entity level, although a finer-grained
(card-level) decomposition is also possible. The quality of the
resulting microservice decomposition is strongly dependent on
the quality of the input Event Storming graph. Therefore, a
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preliminary refinement phase is required, including the
simplification of business processes, as well as the removal of
redundant or unused cards, to ensure a consistent and high-
quality representation of the domain. This step is essential, as
microservices are expected to be small, cohesive, and
functionally meaningful units.

A multi-objective formulation is necessary, as relying solely
on coupling may lead to overly fine-grained decompositions
(e.g., single-entity services), whereas optimizing only cohesion
may collapse the solution into a single monolithic service.
Initial experiments further indicated that these objectives alone
tend to produce extreme solutions. To address this limitation,
additional objectives related to granularity and distributed
transaction cost are introduced to better control service size and
enforce user-defined constraints.

The goal of the approach is to group entities that are both
structurally and semantically related into candidate
microservices. The evolutionary optimization process
progressively favors solutions that satisfy these objectives,
while weaker candidates characterized by low cohesion or high
distributed transaction cost are eliminated over successive
generations. Nevertheless, the generation of a deployable
microservice architecture requires human involvement for
Event Storming preparation, validation, and post-processing
refactoring, which is outside the scope of this work.

The inter-entity dependencies are inferred using structural
and semantic similarity measures, which act as heuristics for
capturing latent relationships in the absence of explicit use-case
information. While this enables automation in incomplete or
informal modeling settings, it also introduces the risk of
grouping entities that are syntactically or semantically similar
but not necessarily functionally related.

The results in Table 1 demonstrate that the proposed
optimization framework successfully adapts the generated
decompositions to different stakeholder preferences while
maintaining comparable optimization quality.

Across all scenarios, the monolithic-oriented configuration
consistently produced substantially higher cohesion than the
microservice-oriented  configuration. In contrast, the
microservice-oriented configuration achieved significantly
higher granularity, indicating the generation of smaller and
more fine-grained microservices. This behavior is consistent
with the optimization objectives assigned to each preference
profile.

The remaining objectives further illustrate the trade-offs
between the two architectural styles. In Scenarios 1 and 2,
coupling values are comparable for both configurations, with
the monolithic-oriented profile producing slightly lower values.
In Scenario 3, however, the monolithic-oriented configuration
achieved zero coupling and distributed transaction cost,
indicating a decomposition with no inter-service
communication. The microservice-oriented configuration
exhibited higher coupling (0.2319) and distributed transaction

cost (0.9111), reflecting the increased communication overhead
typically associated with finer-grained service decomposition.

The hypervolume values remained consistently high across
all scenarios, ranging from 0.9541 to 1.0534. This indicates that
the proposed NSGA-III-based optimization approach produced
well-converged and diverse Pareto fronts regardless of the
selected architectural preference profile. Overall, the results
confirm that modifying the optimization objectives effectively
steers the decomposition process toward either monolithic-
oriented or microservice-oriented solutions while maintaining
high optimization quality. Figures 1-3 present representative
optimization results for the three experimental scenarios. The
figures illustrate a consistent distinction between the proposed
solutions generated for User 1 and User 2, reflecting the
different architectural preference profiles across all
experiments.

VI. THREATS TO VALIDITY

Threats to internal validity relate to factors within the study
that may influence the results. Due to the stochastic nature of
the proposed evolutionary approach, some variability in
outcomes is expected. To mitigate this, each experiment was
repeated 15 times for each user, and mean values were used for
analysis. The comparison relied on the Hypervolume (HV)
indicator, which, while widely used due to its Pareto
compliance, may not fully capture all aspects of performance
when used in isolation. Moreover, without knowledge of the
true Pareto Front, convergence metrics such as Generational
Distance (GD) and Inverted Generational Distance (IGD)
cannot be reliably computed. As any approximation would
introduce bias, HV was selected as the primary indicator;
however, future work should incorporate additional metrics to
better capture convergence and diversity.

Threats to construct validity arise from the chosen
evaluation metrics. Although cohesion, coupling, granularity,
and distributed transaction cost provide multiple perspectives
on decomposition quality, they may not capture all relevant
aspects. Future studies could integrate additional quality
measures to improve evaluation comprehensiveness.

Threats to external validity are mainly related to limited
generalizability. The evaluation was conducted on three Event
Storming graphs, which constrains broader applicability.
Additionally, qualitative assessment was performed only by the
authors, without input from external experts. Future work will
involve practitioner studies and comparative evaluations with
existing microservice decomposition approaches to strengthen
external validity.

VII. CONCLUSIONS

In this paper, we presented Event Storm, a novel framework
for microservice extraction that formulates the decomposition
problem as a multi-objective combinatorial optimization task.
The proposed method leverages the NSGA-III algorithm to
search for optimal decompositions of Event Storming graphs
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while simultaneously considering both structural and semantic
relationships among identified entities. The evaluation results
demonstrate that Event Storm is capable of generating
microservice decompositions characterized by high cohesion
and low coupling, two key quality attributes of effective
microservice architectures.

As part of our future work, we plan to investigate alternative
optimization algorithms and compare the proposed approach
with existing state-of-the-art microservice decomposition
techniques. We also intend to conduct a more extensive
evaluation involving software architects and developers, as well
as a broader set of case studies, to further assess the practical
applicability of the approach. In addition, future research will
incorporate non-functional quality attributes that play a critical
role in microservice architectures, including scalability, cost
efficiency, and testability, thereby enabling a more
comprehensive assessment of decomposition quality.

Furthermore, we plan to explore preference-based multi-
objective optimization techniques, particularly the integration
of the w-dominance relation[46] into the decomposition
process. Unlike traditional Pareto dominance, w-dominance
enables the incorporation of decision-maker preferences and
associated uncertainties through weight intervals that express
the relative importance of optimization objectives. This
approach would allow software architects to explicitly prioritize
architectural concerns according to  project-specific
requirements without requiring prior knowledge of expected
solutions. By guiding the search process toward solutions that
better reflect stakeholder preferences, w-dominance has the
potential to improve the relevance and practical usefulness of
the generated microservice decomposition alternatives.
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