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Abstract

Microservice-based architectures (MSA) offer scalability, flexibility,
and modularity, but their distributed and heterogeneous nature
increases the risk of architectural deviation and erosion. Ensuring
consistency between the planned and implemented architecture,
known as Architectural Conformance Checking (ACC), is partic-
ularly challenging in MSA due to their distributed nature, hetero-
geneous technologies, and dynamic communication mechanisms.
This research proposes an Al-assisted approach for ACC in MSA,
addressing both structural and behavioral dimensions. This work
aims to advance the state of the art by integrating Al into the
ACC process, improving automation, accuracy, and scalability in
architectural conformance verification.
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1 Context and Motivation

Microservice-based Architecture (MSA) is an architectural pattern
that evolved from approaches used in distributed systems, particu-
larly Service-Oriented Architecture (SOA). Its core principle derives
from component orientation, in which predefined software units
are integrated to operate cohesively. In MSA, these components
are implemented as small, independent services, each exposing a
well-defined communication interface. Consequently, the system is
organized as a set of autonomous services aligned with the business
domain and designed to collaboratively solve problems [11, 12, 27].

Newman [12] describes microservices as characterized by tech-
nological autonomy, independent deployment, and self-managed
development teams. The author also highlights the flexibility to
choose persistence mechanisms and the natural alignment with
continuous integration and continuous delivery (CI/CD) practices.
These properties are grounded in the principles of low coupling
and high cohesion among services.

A key aspect of MSA concerns service communication, which can
be synchronous and blocking or asynchronous and non-blocking.
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Collaboration styles follow this distinction: the request-response
pattern may operate synchronously or asynchronously, whereas
event-driven and shared data persistence approaches rely exclu-
sively on asynchronous communication [12].

An architecture offering such flexibility and freedom becomes a
fertile environment for architectural deviations and erosion. Soft-
ware evolution—driven by new requirements or maintenance activ-
ities—can introduce deviations from the originally planned archi-
tecture [6, 21]. The uncontrolled accumulation of these deviations
leads to architectural erosion, marked by violations of predefined
architectural rules or constraints [5, 9], which, in turn, increase
structural fragility and compromise system quality.

When implementation significantly diverges from the planned ar-
chitecture, the benefits of a well-defined design are undermined [5].
Detecting and correcting architectural deviations thus become es-
sential, especially in MSA, whose nature is inherently complex,
dynamic, and continuously evolving.

Architectural Conformance Checking (ACC) emerges as a mech-
anism to identify deviations between implementation and planned
architecture [1, 3, 9]. The planned architecture corresponds to the
conceptual view that describes the intended software structure,
representing a static abstraction of architectural elements and how
these elements are expected to interact [20]. This verification pro-
cess enables the detection of architectural violations, helping to
preserve integrity and prevent architectural erosion over time.

We conducted a systematic literature review (SLR) [23] in 2025
as part of this research, which identified only 17 studies explicitly
addressing ACC in microservice-based architectures. Among them,
only two [3, 28] directly tackle the verification between planned
and implemented architectures. Araujo et al. [3] propose a Domain-
Specific Language (DSL)-based approach, whereas Zhong et al. [28]
examine conformance between the implementation and the domain
model defined by Domain-Driven Design (DDD).

Most studies instead assess architectural conformance indirectly,
through best practices or architectural design patterns applied to
MSA. Krieger et al. [10] explore behavioral patterns, while multiple
studies [7, 15-18, 27] analyze quality attributes such as dependen-
cies, cohesion, granularity, and coupling. Genfer and Zdun [8] ad-
dresses cyclic dependencies, whereas others assess quality require-
ments via Infrastructure as Code [13, 14, 19, 22]. Additional studies
evaluate communication quality using REST APIs [24, 25], and
Brogi et al. [4] focuses on detecting architectural smells. After ana-
lyzing the retrieved studies, we found that none of the approaches
employ Al-based techniques or tools in the ACC process.

Beyond the reviewed studies, further research employing dy-
namic approaches to detect non-conformance in microservices
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was identified [2, 26]. However, these works remain limited to be-
havioral analyzes in specific scenarios, without encompassing the
overall architectural structure.

Despite the growing interest in architectural consistency and
conformance in Microservice-Based Systems (MBS), few studies
explicitly address architectural conformance checking, as noted by
Alietal. [1] and Andrade [2]. Approaches typically focus on specific
quality attributes [7, 13, 15, 27], best practices [16-19], or behavioral
verification [2, 10, 26]. This scarcity of systematic and automated
ACC solutions highlights a promising and underexplored research
area—one that is essential for ensuring architectural integrity and
sustainability throughout the continuous evolution of MBS.

2 Problem Statement

While ACC for monolithic systems has been extensively studied —
through approaches such as Reflexion Models, Dependency Struc-
ture Matrices, and Source Code Query Languages [20, 27] — there
is still no systematic approach specifically tailored for MSA. Tradi-
tional techniques operate at a low level of abstraction, focusing on
classes and packages, whereas ACC in MSA demands higher-level
analyzes that account for distributed components, inter-service
communication, and technological heterogeneity.

In MSA, architectural properties introduce significant challenges
for ACC. The inherently distributed nature of these systems com-
plicates both the specification of the planned architecture and the
reconstruction of the implemented one, whose source code may be
spread across multiple repositories, implemented in heterogeneous
technologies, and deployed on diverse platforms.

A further challenge arises from the heterogeneity of communi-
cation mechanisms in MSA. Interactions may be synchronous or
asynchronous and supported by a variety of technologies and pro-
tocols. Moreover, systems often combine multiple communication
strategies — for example, synchronous REST calls between some
services and asynchronous messaging among others — resulting in
a highly heterogeneous and dynamic communication landscape.

Beyond structural conformance, a second critical dimension is
behavioral conformance, which requires dynamic analysis and full
observability of runtime interactions. Even when structural de-
pendencies align with the planned architecture, architectural con-
straints may still be violated at runtime. For example, microservices
may be invoked in an order that differs from the architectural model,
leading to behavioral inconsistencies.

Given these challenges and the lack of systematic approaches
for ACC in MSA, this research is guided by the following questions:

RQ1. How can the process of architectural conformance check-
ing be defined for microservice-based architecture?

RQ2. How can ACC be systematically performed in MSA, con-
sidering both structural and behavioral dimensions?

RQ3. Which stages of the ACC process can most benefit from the
application of Al-based techniques, and how can these techniques
support or enhance architectural deviation detection?

3 Research Proposal

This work proposes a systematic approach to architectural con-
formance checking in microservice-based systems, addressing two
complementary dimensions. Structural conformance verifies whether
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architectural components—such as microservices, persistence mech-
anisms, and communication middleware—and their relationships
are implemented according to the planned architecture. Behavioral
conformance assesses whether the expected behaviors, expressed
through execution scenarios or interaction flows, are reflected in
the system’s runtime behavior [2, 26].

The proposal faces challenges across all stages of the ACC pro-
cess. Modeling the planned architecture requires representing large
numbers of microservices, heterogeneous technologies, and mul-
tiple communication styles—synchronous (e.g., REST, gRPC) and
asynchronous (e.g., queues, publish/subscribe, event-driven pat-
terns) [12]. It also requires capturing architectural rules and deci-
sions, often documented in natural-language artifacts.

Reconstructing the implemented architecture is equally challeng-
ing due to the distributed nature of MSA. Dependencies between ser-
vices manifest as remote interactions observable only through trac-
ing, logging, or other observability mechanisms [2, 10, 26]. Large
Language Models (LLMs) are expected to assist in abstracting these
low-level signals into higher-level architectural representations,
both structural and behavioral.

Finally, the verification stage requires comparing planned and
implemented architectures across different abstraction levels and
correlating textual architectural rules with observed system behav-
ior. Al-based techniques will therefore support the extraction, inter-
pretation, and automated verification of architectural constraints,
enabling more effective detection of architectural deviations.

4 Expected Contributions

Given the challenges and gaps identified with respect to ACC in
MSA, we expected to provide the following contributions: C1. A sys-
tematic approach for identifying architectural deviations in MSA,
addressing both structural and behavioral conformance dimen-
sions. C2. A metamodel for representing the planned architecture
of microservice-based systems, capable of modeling not only struc-
tural aspects but also associated architectural rules and constraints.
C3. A technique for reconstructing and representing the imple-
mented architecture of microservices, enabling comparison against
the planned model. C4. A technique for capturing and analyzing
runtime behavior through microservice observability mechanisms,
supporting the verification of behavioral conformance. C5. The
formalization and application of Al-based techniques within the
ACC process, aimed at automating and improving the accuracy of
architectural deviation detection.

Collectively, these contributions are expected to advance the
state of the art in architectural consistency analysis by integrating
conceptual modeling, automated reconstruction, and intelligent
ACC for MSA.

5 Conclusion

This research addresses the challenge of ACC in MBS by consid-
ering both structural and behavioral dimensions. We propose an
Al-supported approach that integrates the representation of the
planned architecture, the reconstruction of the implemented sys-
tem, the identification of runtime behavior, and the detection of
inconsistencies between design and implementation.
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