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Service-based architecture is an approach that emerged to overcome software development challenges
such as difficulty to scale, low productivity, and strong dependence between elements. Microservice, an
architectural style that follows this approach, offers advantages such as scalability, agility, resilience,
and reuse. This architectural style has been well accepted and used in industry and has been the
target of several academic studies. However, analyzing the state-of-the-art and -practice, we can
notice a fuzzy limit when trying to classify and characterize the architecture of service-based systems.
Furthermore, it is possible to realize that it is difficult to analyze the trade-offs to make decisions
regarding the design and evolution of this kind of system. Some concrete examples of these decisions
are related to how big the services should be, how they communicate, and how the data should
be divided/shared. Based on this context, we developed the CharM, a model for characterizing the
architecture of service-based systems that adopts microservices guidelines. To achieve this goal, we
followed the guidelines of the Design Science Research in five iterations, composed of an ad-hoc
literature review, discussions with experts, two case studies, and a survey. As a contribution, the
CharM is an easily understandable model that helps professionals with different profiles to understand,
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document, and maintain the architecture of service-based systems.

© 2023 Elsevier Inc. All rights reserved.

1. Introduction

The service-based approach emerged to overcome common
challenges to monolithic software, such as difficulty in main-
taining and scaling the software, low productivity, and strong
dependence between elements (Richards, 2015; Bogner et al.,
2017a). Among the advantages of the service-based approach,
we have greater development agility, technological heterogene-
ity, scalability, resilience, and reuse (Mahmood, 2007; Newman,
2021; innoQ, 2015; Richardson, 2018). Architectural styles such
as SOA (Service-Oriented Architecture) (Natis and Schulte, 2003),
Self-Contained Systems (innoQ, 2015), and, more recently, mi-
croservices (Lewis and Fowler, 2014) follow the service-based
approach. These architectural styles are based on the principles of
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decomposing complex systems into services (basic system units),
loosely coupled, and communicating by messages.

Despite the benefits presented, architecting and developing
service-based systems is complex. Among the main challenges
faced today are the complexity of the development process, diffi-
culty in defining the size and level of coupling of the services,
maintaining data consistency, and the necessity to have a ro-
bust and automated infrastructure (Mahmood, 2007; Richards,
2015; innoQ, 2015; Newman, 2021; Soldani et al., 2018; Ford,
2018). Furthermore, recent experience reports from companies
such as Istio (Mendonca et al., 2021), Segment (InfoQ, 2020), and
Uber (Highscalability, 2020) reveal the confusion and highlight
the difficulty in designing, understanding, and characterizing the
architecture of a given SBS.

The Istio development team thought that microservices would
be the right architectural solution for their system. However,
since all the components were installed and operated by a single
team or individual, they realized that it was not worth pay-
ing the price for the greater operational complexity inherent
to microservices. Faced with this scenario, the team analyzed
the related trade-off, rethought the system, and migrated to
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a monolithic architecture (Mendonga et al., 2021). In the case
of Segment, to solve fault isolation and operational overhead
problems, the team decided to migrate its monolith to microser-
vices. After three years of migration, the team concluded that
microservices were not the most suitable solution for the Seg-
ment. Upon realizing this, the team again adopted a monolithic
approach more consciously, understanding the real problem to
be solved and the advantages and disadvantages of this new mi-
gration (InfoQ, 2020). On Uber, one of its teams, which currently
adopts the microservices architectural style, reported moving
many of its microservices to what they called “macroservices”,
which would be “well-sized services”. One of the justifications
for this change is the high complexity of managing thousands of
microservices (Highscalability, 2020).

In addition to these issues, when analyzing the discussions
presented by Nadareishvili et al. (2016) and Newman (2021),
as well as the variety of terms that emerged recently related
to service-based architectures, it is possible to notice that there
is a fuzzy limit when trying to classify and characterize the
architecture of SBSs. Therefore, this scenario demonstrates the
value of a solution that characterizes a SBS architecture, since
it can help to make grounded design decisions, find acceptable
architectural solutions, and know the related trade-off to better
meet the desired quality attributes for a system.

By analyzing the state-of-the-art, we identify approaches that
mitigate this problem, as they aid in the architectural analysis,
recovery, understanding, evaluation, or migration (Bogner et al.,
2017b; Granchelli et al., 2017a; Zdun et al., 2017; Engel et al,,
2018; Mayer and Weinreich, 2018; Cardarelli et al., 2019; Al-
shuqayran, 2020; Auer et al, 2021). However, none of these
approaches focuses on architectural characterization, nor does it
present an empirical assessment of its use and ease of under-
standing. Faced with this scenario, we elaborated the following
main research question (RQ) that guides our work: RQ How to
characterize the architecture of SBSs to guide architectural decision
making?

Aligned with the RQ, this work’s main goal is to develop and
evaluate a model for characterizing the architecture of service-based
systems, adopting microservices guidelines. During the evaluation
step, we aim to validate possible uses of the CharM and evaluate
the ease of understanding its structure and the architectural char-
acterization generated from its metrics. Other aspects, such as
defining and validating strategies to automate the metrics collec-
tion and calculation and verifying the model’s ease of adaptation
and scalability, are outside the scope of this research.

It is important to clarify that in this research, a characteri-
zation model is defined as a way of describing and explaining
something, listing some main qualities of the analyzed thing.
Therefore, it is useful for identifying problems and solutions
in the context where it is applied. The model we developed
is named CharM and is organized into four dimensions, allow-
ing us to characterize a SBS’s architecture based on static met-
rics related to the structural attributes of size and coupling.
We developed the CharM following the Design Science Research
guidelines (Hevner et al.,, 2004) and observing the ACM SIG-
SOFT checklist of the standard Engineering Research (Ralph et al.,
2022). The Design Science iterations evaluated our model em-
pirically through two case studies and finalized with a broad
survey targeted at specialists in SBSs development. In this paper
scope, we focus on the CharM description and present the survey
results as the final evaluation performed. According to the 58
respondents’ assessment, the CharM is easy to understand, and
the generated characterization can help understand, maintain,
and document the architecture of a SBS. The uses for CharM
that were rated most highly by respondents were “understanding
the synchronous coupling between services of a system” (93%),
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“understanding the asynchronous coupling between services of
a system” (91%), “evaluating the architecture of a system that is
being designed” (91%), and “supporting architectural discussions”
(91%).

Thus, our work contributes to the state-of-the-art and practice
by proposing an empirically validated theoretical and conceptual
model to characterize the architecture of SBSs. Our model aids
software architects to better understand the structural charac-
teristics of a given system and, consequently, identify structural
aspects that must be improved or maintained. Furthermore, the
CharM facilitates the mapping and measurement of different im-
pacts generated in the software architecture. It can also support
architectural decisions that consider different quality attributes
to balance independence and collaboration of services for a given
system.

The rest of the paper is organized as follows. Section 2 ex-
plores service-based architectural styles, highlighting microser-
vices presenting definitions and key characteristics, which are
fundamental for our model. Section 3 presents the design process
of our model, defines what the CharM is, and describes each of its
dimensions. Section 4 describes the design and execution of the
survey. Section 5 describes the results of the CharM evaluation
obtained through the survey. Section 6 address the related work.
Section 7 discusses the obtained results. Section 8 marks the
conclusions of this paper and presents future works.

2. Service-Based Architectural styles

Inspired by the modular software development (Parnas et al.,
1985), the Service-Based Architecture (SBA) style emerged as an
approach to overcome challenges common to monolithic style,
such as difficulty to maintain and scale the software, low produc-
tivity, and strong dependence between elements (Richards, 2015;
Bogner et al., 2017a).

The service-based approach composes the Service Oriented
Computing (SOC) paradigm, which emerged as a way to de-
velop maintainable and interoperable software (Bogner et al,
2017a). In SOC, services are the “fundamental elements for de-
veloping applications/solutions” (Papazoglou, 2003). According
to Papazoglou (2003), in this paradigm, services perform from
simple functions to complex business processes. Bogner et al.
(2017a) explain that services should be “self-contained, com-
posable, technology-neutral, loosely coupled, and allow for loca-
tion transparency”. Richards (2016) indicates that some common
characteristics in Service-Based Architectures (SBA) are modular-
ity and distribution.

Architectural styles such as Service-Oriented Architecture (SOA),
Self-Contained Systems (SCS), and more recently, microservice
(MS) follow the service-based approach. According to Natis and
Schulte (2003), Bianco et al. (2007), SOA is a client/server ap-
proach where an application is composed of users (clients) and
providers (servers) of software services that emphasize the adop-
tion of flexible coupling between components and independent
interfaces. Krafzig et al. (2005) explain that SOA designs sys-
tems as a network of related services, where each service pro-
vides a specified functionality in a well-defined interface. New-
man (2015) complements by stating that services collaborate to
provide a final set of resources (solution).

Self-Contained Systems consist of an approach that aims to
separate the functionalities of a complex system into several
autonomous systems, which have their “own user interface, spe-
cific business logic, and separate data source”. Such autonomous
systems communicate/collaborate through RESTful HTTP (Hyper-
text Transfer Protocol) or lightweight mechanisms, mostly asyn-
chronously (innoQ, 2015).
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According to Lewis and Fowler (2014), MS is an approach to
designing and developing software as suites of independently de-
ployable small services. The authors also explain that each service
is built around business capabilities, runs in its own process, and
uses lightweight communication mechanisms. Lewis and Fowler
(2014) base their MS definition on nine characteristics that they
observe as common in this type of architecture.

These three architectural styles follow concepts such as de-
composing complex systems into services (basic system unit),
loosely coupled, and communicating by messages. They also share
the same principle: dividing complex systems into components
which communicate in some way.

There is a series of studies that, in some way, discuss and
compare the characteristics of these different service-based ap-
proaches, such as the work by Salah et al. (2016), Wolff (2016a,b),
Cerny et al. (2017), Rademacher et al. (2017), Shadija et al. (2017),
Cerny et al. (2018), Baresi and Garriga (2020), Raj and Sadam
(2021). Since the MS is considered one of the most popular
service-based architectural styles, we explore it further, present-
ing its definition and characteristics in Section 2.1.

2.1. Microservices definitions and characteristics

According to Richardson and Smith (2016), this architectural
style favors developing software with more agility, scalability,
and maintainability. There is still no exact, complete, and consen-
sual definition for the Microservice Architectural Style. Newman
(2021) claims that microservices are modeled around a business
domain and “are an approach to distributed systems that promote
the use of finely grained services that can be changed, deployed,
and released independently”. The author also highlights that two
of the main qualities of microservices are loose coupling and
high cohesion (Newman, 2015). Bonér (2016) advocates that in
a Microservices-Based Architecture each service must have its
own data, and be independent, scalable, and resilient to failure.
In one of the explanations presented by Dragoni et al. (2017), MS
is defined as “a distributed application where all its modules are
microservices”. Richardson (2018) explains that a Microservice-
Based application is structured “as a collection of loosely coupled,
independently deployable services”.

Based on an ad-hoc literature review, some of the main char-
acteristics of the Microservices Architectural Style are:

e software modularization into independent services (devel-
opment, testing, deployment, scaling) (Lewis and Fowler,
2014; Jaramillo et al, 2016; Nadareishvili et al., 2016;
Dragoni et al., 2017)

e small and isolated services (Lewis and Fowler, 2014;
Jaramillo et al., 2016; Nadareishvili et al., 2016)

e services organized around business domain (Lewis and
Fowler, 2014; Jaramillo et al., 2016; Nadareishvili et al,,
2016; Dragoni et al., 2017; Newman, 2021)

e services with high cohesion (Thones, 2015; Jaramillo et al.,
2016; Nadareishvili et al, 2016; Dragoni et al., 2017;
Newman, 2021)

e loose coupling services (Jaramillo et al, 2016; Dragoni
et al., 2017; Newman, 2021)

e smart services and dumb pipes (Lewis and Fowler, 2014)

e open, standardized, and lightweight communication mech-
anisms (Lewis and Fowler, 2014; Nadareishvili et al,,
2016)

e decentralized governance and data management (Lewis
and Fowler, 2014; Nadareishvili et al., 2016)

e technological heterogeneity (Jaramillo et al,
Nadareishvili et al., 2016)

e “focused on product, not project” (Lewis and Fowler, 2014)

2016;
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e multi-functional teams (Lewis and Fowler, 2014)

e automated infrastructure (Lewis and Fowler,
Nadareishvili et al., 2016)

e software designed to evolve (Lewis and Fowler, 2014;
Dragoni et al., 2017)

e resilient software (Lewis and Fowler, 2014; Dragoni et al.,
2017)

2014;

After presenting the MS definitions and characteristics most
related to this research, in the next section, we describe the
proposed model to characterize the architecture of service-based
systems.

3. The CharM characterization model

This section presents the design process of the proposed
model, explains what the CharM is, and describes its four dimen-
sions.

3.1. Design process

In order to develop a model for characterizing the architecture
of SBSs, our study follows the seven guidelines of the Design Sci-
ence Research (G1: Design as an Artifact; G2: Problem Relevance;
G3: Design Evaluation; G4: Research Contributions; G5: Research
Rigor; G6: Design as a Search Process; G7: Communication of Re-
search), proposed by Hevner et al. (2004). According to Engstrém
et al. (2020), the Design Science Research (DSR) is a paradigm
focused to solve real-world problems and commonly used in re-
search in the engineering and information systems fields. Hevner
et al. (2004) explain that the DSR is a problem-solving paradigm,
in which kernel theories are “applied, tested, modified, and ex-
tended through the experience, creativity, intuition, and problem
solving capabilities of the researcher”. Furthermore, the authors
emphasize that, from the adoption of the DSR, it is possible to
iteratively build and evaluate artifacts (constructs, models, meth-
ods, or instantiations). As already cited, the artifact developed
in this study is a model, which was built and evaluated in five
iterations.

The first version of the proposed model emerged from ad-hoc
bibliographic research (Section 2.1), which was focused on the
analysis of MS definitions and characteristics and from discus-
sions with researchers specialized in software architecture. This
version of the model is available in a previous paper (Rosa et al.,
2020b).

Following this, we extended the ad-hoc bibliographic research
to identify candidate metrics for each model dimension. It is
worth clarifying that, during the CharM design, the main criteria
for selecting its metrics were: to be related to the dimensions
of the model and the components analyzed, as well as to be
extracted independently of technology, source code, or infrastruc-
ture. During the second iteration, we still analyzed (trade-off) the
influence of a set of microservices patterns on the structural at-
tributes of size and coupling. The results of this trade-off analysis
were also published in a previous paper (Rosa et al., 2020a). At the
end of this iteration, we obtained a second version of the model
with a more concise scope, more refined dimensions, and a list of
viable candidate metrics. Version 2 of the model is available in a
another previous paper (Rosa et al., 2020c).

In the third iteration, the model was submitted for a first
evaluation. We carried out a case study, where we adopted the
second version of the model to characterize the architecture
of a platform for smart cities, called InterSCity, developed as
part of an academic research project. The InterSCity is a smart
cities platform created to support the development of collabo-
rative work and to enable experiments in the area. This system
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Fig. 1. Design process of the CharM.

has microservices-based architecture and provides a set of high-
performance cloud-based mechanisms to manage heterogeneous
IoT (Internet of Things) resources, data storage and management,
and context-aware resource discovery. This platform is composed
of five services (del Esposte, 2018). After applying the model,
the architectural characterization was evaluated by 11 project
members. We conducted semi-structured interviews and qual-
itatively analyzed the transcripts using open and axial coding
procedures. At the end of the iteration, we obtained feedback
regarding the model uses and ease of understanding, as well as
collected suggestions for improvements.

We refined the model based on the feedback received during
the third iteration. Herewith, we added new metrics, rethought
and adjusted the visual presentation of some results’ character-
ization, and optimized the model’s explanation. Thus, we gener-
ated a third version, called CharM. We submitted this version to
an evaluation through a case study in an industrial environment.
We carried out this new case study in an online handcrafts mar-
ketplace with more than 7 million announced products produced
by more than 100,000 active sellers. Since 2018, the architecture
of this system is being migrated from the monolithic style to a
service-based approach.

In order to make the case study feasible, the CharM was ap-
plied to only one part of the system, composed of eight services.
After applying the CharM, the generated architectural character-
ization was evaluated by six development team members. As in
the first case study, we conducted semi-structured interviews and
qualitatively analyzed the transcripts using open and axial coding
procedures. At the end of this iteration, we also obtained feedback
regarding the model uses and ease of understanding, as well as
collected suggestions for improvements. In order to focus solely
on the presentation and evaluation of the final version of CharM,
these described case studies (academic and industry) are outside
the scope of this paper.

Based on the CharM'’s evaluation feedback received during the
fourth iteration, we identified new uses and improved the results
visualization and model explanation. Therefore, we started the
fifth and final iteration, in which we evaluate the CharM through
a survey, detailed in Section 4. The process design of the CharM
is illustrated in Fig. 1.

Given the main goal of this research, it is possible to verify
that the built and evaluated artifact is a model, that satisfies
the G1 guideline of the DSR. The arguments that we presented
in Section 1 demonstrate that it is still difficult to classify and
characterize the architecture of SBSs, so we meet the G2 guide-
line. In this section, we describe the rigor of the artifact (model)
design (G5), its development (G6), and evaluation (G3) process. In
Section 7, we discuss the research contributions (G4). This paper
and the previous ones Rosa et al. (2020b), Rosa et al. (2020a),
and Rosa et al. (2020c) communicate our results, which complies
with the G7 guideline. Thus, we satisfied the seven DSR guidelines
proposed by Hevner et al. (2004).

3.2. Definition

Before defining the CharM, it is important to understand what
a characterization model is. According to the Cambridge Dictio-
nary (Cambridge University Press, 2022), characterization can be
defined as “the way in which something is described by stating
its main qualities”. According to the Oxford Learner’s Dictio-
naries (Oxford University Press, 2022), a model can be defined
as “a simple description of a system, used for explaining how
something works [...]”. From Hevner et al. (2004) perspective,
model-type artifacts “aid problem and solution understanding
and frequently represent the connection between problem and
solution components enabling exploration of the effects of de-
sign decisions and changes in the real world”. Thus, we can
define a characterization model as a way to describe and explain
something, stating some of its main qualities. A characterization
model also helps to understand the problem of something that is
analyzed and consequently identify possible solutions and make
conscious decisions.

Therefore, faced with the challenges presented in Section 1,
the CharM is a characterization model created to describe and
explain the architecture of service-based systems, standing some
of its main qualities. From this, the CharM helps professionals
identify problems and viable solutions for the architecture of a
system and aid the decision-making process. The current version
of the CharM focuses on the structural attributes of size and cou-
pling and collects static metrics from the analysis of architectural
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design artifacts or APIs (Application Programming Interface) and
configurations files.

Since microservices are the current trend for SBSs develop-
ment (Zimmermann, 2017; Francesco et al., 2017; Bushong et al.,
2021; Vera-Rivera et al.,, 2021), we used some of their guidelines
to design the CharM. We extracted five microservices guide-
lines from the definitions and some characteristics presented
in Section 2.1. During the guideline extraction process, we also
analyzed definitions and characteristics of modular and other
service-based approaches to understand their similarities and
differences compared to microservices. Based on this investi-
gation, we identified that microservices, SOA (Service-Oriented
Architecture), and other service-based approaches share the same
principle: dividing complex systems into smaller components,
called services, which communicate in some way.

To define our model dimensions, we considered challenging
design decisions in SBSs, especially in the microservices context.
Thus, from discussions grounded by the studies of Lewis and
Fowler (2014), Hassan and Bahsoon (2016), Bonér (2016), Soldani
etal. (2018), Newman (2021), we identified that some of the main
microservices challenges are related to the structural attributes of
size and coupling (but not limited just to these), such as: defin-
ing the services’ size, managing distributed data, and defining
the services’ coupling level. It is worth citing that such chal-
lenges are not exclusive to the microservices’ context. The studies
of Sneed (2006), Mahmood (2007), Perepletchikov et al. (2007)
address the importance of size and coupling attributes in SOA
and indicate them as challenging. We also identified that patterns
such as Business Microservice, Database per Service, Event Sourc-
ing, and Saga aid professionals deal with these challenges (Rosa
et al., 2020a) in microservice-based systems. A study by Bogner
et al. (2017a), focused on metrics, reinforces the importance
of understanding size and coupling characteristics. This study
demonstrated that these two structural attributes are among the
characteristics most commonly found in the literature related to
the maintainability of the SBS. Then, from the analysis of the mi-
croservices definitions, characteristics, challenges, and patterns,
we extracted the following guidelines that found the CharM: (i)
small and independent services; (ii) loose coupling; (iii) lightweight
communication mechanisms; (iv) deployment independence; and (v)
decentralized data management.

The CharM can be used to support different stages of the soft-
ware life cycle, such as its design-time, architecture mapping,’
and architectural evolution. Besides that, it was created to enable
the analysis of different components and perspectives according
to the interest scope. Therefore, one of the goals of the CharM is to
facilitate the architectural analysis of a system and identify if its
characteristics are closer or farther from the listed microservices
guidelines. Another goal is to facilitate the identification of the ar-
chitectural trade-offs and make viable their balancing. To achieve
these goals, the CharM is composed of dimensions and metrics
that help to verify whether the architecture is adequate to meet
the desired non-functional requirements, which, in some way,
are influenced by the structural attributes of size and coupling.
It is important to clarify that in the current version of the CharM,
the metrics of each dimension are collected manually.? For this,
the professionals can access and explore both architectural design
artifacts and (if available) APIs, configuration files, or source code
of the system.

It is also worth citing that we designed the CharM to be simple
and independent of technology, source code, or infrastructure.

1 Architecture mapping means identifying the elements that compose the
architecture of a system and how these elements relate to each other.

2 The roadmap that we developed for the manual metrics collection is avail-
able at: https://drive.google.com/file/d/1gD-WTV6hGbzTMEd6_NMNX1udONrw-
Vcl/view?usp=sharing.
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Therefore, in its current version, we did not explore some critical
features in SBSs, such as cohesion. We chose not to incorporate
cohesion in the CharM because we identified that the related met-
rics (that we have studied so far) tend to make our model more
complex and dependent on technology/source code. However,
this does not mean the cohesion aspect cannot be incorporated
later.

It should also be made clear that the CharM is not a tool-based
approach but a theoretical and conceptual model designed to be
applied at different software life cycle stages. Besides that, this
model could be used as a reference for grounding and developing
other solutions with lower levels of abstraction. In the current
version of the CharM, we are not interested in guaranteeing the
precision and objectivity of the collected metrics nor analyzing
data related to technological heterogeneity, performance, and
message size.

Furthermore, it is not the CharM’s goal to characterize all
service-based architectures from the same perspective, ignor-
ing their differences. Nor is it the aim of the CharM to label
a given architecture as good or bad or to recommend specific
architectural changes. The CharM'’s goal is to provide information
that helps professionals better understand the architecture of
a system and support them in making more grounded deci-
sions. It is also important to explain that although the CharM is
rooted in microservices guidelines, its application is not limited
to systems that follow this architectural style since it analyzes
structural attributes considered interesting and challenging in
different service-based approaches.

Therefore, we designed the CharM balancing the yearnings for
it to be a lean and comprehensive (applicable to different service-
based architectural styles) solution. Furthermore, this model was
created to be easy to understand, flexible, and expandable to
incorporate new dimensions and metrics.

3.3. Dimensions

The four dimensions composing the current version of the
CharM are size, data source coupling, synchronous coupling, and
asynchronous coupling. As illustrated in Fig. 2, each dimension
of the CharM was inspired by at least two of the five selected
microservices guidelines (Section 3.2). The Size dimension is di-
rectly related to the guidelines small and independent services
and deployment independence. The guidelines decentralized data
management and loose coupling are present in the Data Source
Coupling dimension. The Synchronous Coupling and Asynchronous
Coupling dimensions are directly related to the guidelines loose
coupling and lightweight communication mechanisms.

Each dimension is composed of metrics and it is possible
choose which components® and perspectives® will be evalu-
ated. The components that can be analyzed using the CharM are
services and modules. In the context of this research, inspired
by Richardson (2018), a service is an application with cohesive
and well-defined responsibility that implements functionalities
related to business tasks. Inspired by Martin (2018), a module is a
cohesive set of services deployed together, that is, a deployment
unit. Regarding the perspectives, in the CharM context, we can
analyze a component in a particular way, ie., from external,’
internal® or both views.

3a component is a part or element of a system. The components analyzed
with the CharM are modules and services.

4 A perspective is the way in which a particular system component is
analyzed. The CharM permits some external and internal analyses.

5 External perspective pertains to the components outside the context of a
system.

6 Internal perspective pertains to the components inside the context of a
system.
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The Size dimension aims to characterize the size and compo-
sition of different system components and compare them. The
components that can be analyzed are services and modules. The
metrics that compose this dimension are: the number of system
components, the number of services per module, the number of
operations’ per component, and the number of services with de-
ployment dependency. According to the size of the component,
we can obtain different advantages and disadvantages. Therefore,
having access to these metrics enables more conscious architec-
tural decisions related to the size of the components. For example,
having a single deployment unit, which implements all business
functionalities, may facilitate the integration of the components
but it may hinder scalability. On the other hand, having each
business functionality implemented in a different service, which
is an independent deployment unit, may hinder the integration
of the components but it may favor the scalability. This scenario
is illustrated in Fig. 3.

The goal of the Data Source Coupling dimension is to character-
ize the data source® sharing strategy between the components of
a system. The components that can be analyzed are services and

7 An operation is a unit of functionality provided by a component (inspired
by Shim et al,, 2008). In this version of the CharM, an operation is considered
a synonym of endpoint.

8 Data source is where it stores the data used by the components of a system

modules. Besides that, the desired components can be analyzed
from external, internal, or both perspectives. The metrics of this
dimension are: the number of system’s data sources, the number
of data sources per component, the number of data sources that
each component shares with others, the number of data sources
where each component performs write-only action, the number of
data sources where each component performs read-only action, and
the number of data sources where each component performs read
and write actions. Hence, from this set of metrics, we can obtain
and evaluate different views of data source coupling between the
components of a system and choose a more appropriate sharing
strategy. For example, if all system components share a single
source, the data coupling degree between the system components
will be high, but this strategy may decrease the complexity of
managing data consistency. On the other hand, if each compo-
nent has its own exclusive data source, this may decrease the
coupling between system components. However, it may increase
the complexity of managing data consistency. Fig. 4 exemplifies
this case.

The Synchronous Coupling dimension aims to characterize the
synchronous interactions between the components of a system.
In this research, a synchronous interaction occurs when a compo-
nent x makes a request to a component y and waits for a response
(inspired by Richardson, 2018). With the CharM, we can analyze
the synchronous coupling of services and modules. Moreover, the
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selected components can be analyzed from external, internal, or
both perspectives. The metrics adopted in this dimension are:
the number of clients that invoke the operations of a given com-
ponent, the number of components from which a given component
invokes operations, the number of different operations invoked by
each depending component, and the number of different operations
invoked from other components. Therefore, this set of metrics helps
to understand the synchronous dependency relationship between
the components of a system, as well as the number of operations
involved in each interaction. Consequently, it provides relevant
information to guide decisions related to synchronous coupling
trade-offs. For example, if all services in a system communicate
with all the other services synchronously, then message exchange
happens almost instantly, but system performance may be im-
paired. On the other hand, if there is no synchronous interaction
between services, then the individual performance of each service
may be better, but this strategy may cause a lag in the com-
munication between the services. This situation is illustrated in
Fig. 5.

The goal of the Asynchronous Coupling dimension is to char-
acterize the asynchronous interactions between the components
of a system. Unlike synchronous, an asynchronous interaction
occurs when a component x sends a message to a component y
and does not wait for a response (inspired by Richardson, 2018).
In this research, the main interest is in interactions via message
queues. The components that can be analyzed in this dimension
are services and modules. Besides that, the selected components
can be analyzed from external, internal, or both perspectives. The
metrics that compose this dimension are: number of clients that
consume messages published by a given component, the number of
components from which a given component consumes messages, the
number of different types of messages consumed by each depending
component, the number of different types of messages consumed
from other components, the number of components that consume
messages from the queue, and the number of components that pub-
lish messages in the queue. Thus, these metrics help to understand
the asynchronous interactions between system components, the
number of different messages involved in each interaction, and
the relationship between components and the message queue.

Ergo, they provide relevant information to support decisions re-
lated to asynchronous coupling and deal with the trade-offs.
For example, if all services in a system communicate with all
other services asynchronously, then the operational complexity
may increase but, at the same time, it may loosen the coupling.
On the other hand, if there is no asynchronous interaction be-
tween services, the coupling may be higher, however, operational
complexity may decrease. Fig. 6 exemplifies this scenario.

The CharM is an adaptable model, which means that, ac-
cording to need and interest, the professional can choose which
dimensions, metrics, components, and perspectives will be an-
alyzed. Therefore, more valuable metrics may vary depending
on the scenario. Thus, one of the main goals of the CharM is
to provide professionals with information that allows a better
understanding of the system architecture. Besides that, from the
generated information, the CharM can help search for an appro-
priate balance for the software project, not tending to any of
the ruler edges. Although there are other relevant dimensions
and metrics, the scope of the current version of the model will
be limited to those already described. Therefore, the model can
be extended to include other dimensions, metrics, and elements
in the future. It is also worth citing that it is outside this pa-
per’s scope to identify and compare metrics with better results.
Complementary, in Appendix A.1, we present a fictitious CharM
application scenario, where we illustrate the characterization re-
sult, as well as exemplify how our model can be useful to improve
and evolve the architecture of a SBS.

4. Survey research design

Considering the research goal, it is fundamental to evaluate
the proposed characterization model (CharM), in order to identify
the extent of its uses and ease of understanding. As described in
Section 3.1, we submitted the CharM to three evaluation stages.
In this paper, we present the results of the third evaluation and
final, carried out through a survey. Based on this, we defined the
following secondary research questions (RQs):
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Fig. 7. Overview of the research design of the survey.

e RQ1: To which extent does the CharM support understand-
ing a service-based architecture? — Considerations: we are
interested in verifying the usefulness of the CharM for dif-
ferent aspects of understanding the architecture. From iden-
tifying and knowing its elements, interactions, and charac-
teristics to the adopted patterns and the related trade-offs.

e RQ2: To which extent does the CharM support a service-
based architecture maintenance? — Considerations: we
want to analyze the usefulness of the CharM for corrective,
evolutionary, and preventive maintenance. Thus, some of
the considered points are the identification of adjustments
and the quality assessment of the architecture.

e RQ3: To which extent does the CharM support commu-
nicating a service-based architecture to stakeholders? —
Considerations: we are keen to validate the usefulness of the
CharM in disseminating architectural information, helping
tasks such as study, explanation, documentation, summa-
rization, and discussion about the architecture.

e RQ4: How easy is it to understand the CharM? — Consid-
erations: we are interested in finding out the level of ease
of understanding of the CharM, considering its dimensions
and metrics and the results it generates.

e RQ5: Does the participants’ experience influences the per-
ceived usefulness and ease of understanding of the CharM?
— Considerations: We want to verify if the time of experi-
ence with SBA and the level of experience with microser-
vices affect the participants’ perception of the different uses
of the CharM and the ease of understanding of this model.

In this section, we describe the adopted methodology, the sur-
vey sampling and variables, and procedures of execution, replica-
tion, and data analysis.

4.1. Methodology

We used an online survey targeting professionals working
with service-based systems architecture. Furthermore, the col-
lected data were analyzed quantitatively and qualitatively. Fig. 7
shows an overview of the research design employed in the sur-
vey.

As already described (Section 3.1), before the survey, we car-
ried out previous evaluations of the CharM based on a case study
in an academic context and another in the industry. The obtained
results in these two case studies were used as input to structure
the survey.

During the preparation phase, we used materials (Callegaro
et al., 2015; Baltes and Ralph, 2020) that enable us to plan and de-
velop a survey with appropriate strategies that was, at the same
time, complete, simple and objective. The main tasks performed
at this phase were related to the discussions and refinement of
goals, delimitation of the target audience that would respond to
the questionnaire, and choosing the most appropriate strategy for
selecting the population sample (Section 4.2). We also discussed
and delimited the independent and dependent variables of the
study (Section 4.3), developed the support material (videos and
descriptive documents), and defined the questions and roadmap
for the survey presentation (Section 4.5). In the end, we carried
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Fig. 8. Relationship between participants’ resident country and CharM’s evaluation.

out a pilot test round with three professionals and adjusted the
survey based on their feedback.

The next phase was the survey publication, which was avail-
able for four months. The main activities carried out were re-
cruitment, which involved disseminating the survey to profes-
sionals working with service-based systems architecture, and the
constant monitoring of the responses received.

As we received answers, we performed some preliminary anal-
yses to identify relevant initial insights and evidence of a state of
saturation. After four months, the number of responses stabilized
in 58, even with divulgation efforts. Therefore, we move on to
the data analysis phase using both a quantitative and a qualita-
tive approach. More details about data analysis are presented in
Sections 5 and 4.4.

4.2. Sampling

The sample of participants in this study is non-probabilistic
and combines convenience and referral-chain types (Baltes and
Ralph, 2020). We adopted the open invitation strategy (Wagner
et al,, 2020). Thus, the survey was sent out via email to profes-
sional contacts in the software development area and working
in industry or academia. Furthermore, we shared it on social
networks, forums, and discussion lists related to software devel-
opment and architecture. Recipients were invited to answer the
survey and forward it to their peers. In an attempt to obtain the
participation of professionals with the desired profile, we present
a brief description of the profile of the target population in the
research invitation. We adopted these strategies to have a quick
send-out and obtain a diverse set of participants. The survey was
viewed 446 times (unique clicks) in 29 countries.’

In the end, we received 58 valid answers from participants
across ten countries. We found that 77% (45) of respondents
are concentrated in two countries. Concerned with verifying
whether the language background and the questionnaire distri-
bution would affect the survey results, we grouped the evaluation
results, considering only these two countries with the highest
number of participants (both with the same native language
but from different continents). As Fig. 8 illustrates, by ignoring
the most frequent countries (gray box), we notice that the data
distribution has not changed drastically, maintaining the trend of
positive evaluation of the different aspects of the CharM.

9 These data was extracted from Rebrandly. List of countries where the survey
was viewed: Australia, Brazil, Canada, Chile, Colombia, France, Germany, Ghana,
Hong Kong, Hungary, India, Italy, Kenya, Mexico, Nepal, Netherlands, Pakistan,
Portugal, Romania, Russian Federation, Slovakia, South Korea, Spain, Sweden,
Switzerland, United Arab Emirates, United Kingdom, United States of America,
and Viet Nam.

4.3. Research variables

Since we want to evaluate the proposed characterization model,
we present a list of uses and ask the participants to which extent
they consider the CharM to be useful for achieving each one.
Furthermore, we wondered how easy it is to understand the
model’s dimensions, metrics, and results. Therefore, the depen-
dent variables of this study are the uses and ease of understanding
of the CharM. The independent variables are related to the partici-
pants’ profile, considering the self-declared time of experience with
Service-Based Architecture and the self-declared level of experience
with microservices.

The possible uses of the CharM were identified in the two
preliminary case studies. The first case study was in an academic
environment and the second was in the industry environment.
In each case study, we applied the CharM to characterize the
architecture of a service-based system. Then, the professionals
who worked with the selected systems were invited to analyze
the generated results and evaluate the usefulness and ease of
understanding of the CharM. In the end, we identified 21 uses
for the CharM and organized them into three groups: (i) un-
derstanding of a Service-Based Architecture, (ii) maintenance of a
Service-Based Architecture, and (iii) communication of a Service-
Based Architecture to stakeholders. From this, we extracted the
dependent variables of this study.

We suppose that the usefulness and ease of understanding
of the CharM could vary according to the user’s experience.
Therefore, we mapped the respondents’ self-declared experience
in two aspects. The first independent variable concerns the time
of self-declared experience with SBA. In this aspect, we do not
use any specific reference or scale. So, we decided to use the
following range: (a) Less than 1 year, (b) 1 to 3 years, (c) 4 to
6 years, (d) 7 to 9 years, (e) 10 to 12 years, (f) 13 to 15 years,
and (g) 15 years or more. The other aspect analyzed was the
self-declared level of experience with Microservices. For this, we
adopted the five stages of skill acquisition proposed by Dreyfus
et al. (1986): novice, advanced beginner, competent, proficient, and
expert. Based on this, in this paper, each level was defined as
follows: novice - knows the microservice style’s theory and prin-
ciples and applies it in simple contexts; advanced beginner - has
practical experience of adopting microservice style in real sce-
narios; competent - has experience of adopting microservice style
in different real contexts and scenarios; proficient - deals with
different microservice-based systems and can make decisions in
a conscious manner and with a high degree of assertiveness; and
expert - deals with different microservice-based systems and can
make decisions in an assertive way and without significant diffi-
culties. Fig. 9 illustrates the dependent and independent variables
of this study.
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4.4. Data analysis

At first, we analyzed the participants’ profile (Section 5.1) to
identify whether we obtained a varied sample. Next, we quantita-
tively and qualitatively analyzed participants’ responses for each
of the three CharM use groups (Section 5.2). At that moment, we
also tried to identify if any profile was predominant, which, in
some way, influenced the evaluation of the use groups. Finally,
we also quantitatively and qualitatively analyzed the participants’
responses regarding the ease of understanding of the CharM
(Section 5.3). Once again, we verified if any profile of participants
tended to consider the CharM either easier or more difficult
to understand. Quantitative analyses were based on descriptive
statistical techniques, such as percentages. During the qualitative
analyses, we examined the answers to the open questions. As we
analyzed these answers, we organized the data into categories
and checked for crossovers and associations. The objective was
to identify insights that complement and help us explain the
quantitative data. In the final analysis, answers marked as “I have
no opinion about this point” were discarded since they did not
reveal a positive or negative perception of using the CharM.

4.5, Execution and replication

During this research, a semi-open questionnaire was devel-
oped, in which most questions were close-ended. We designed
this questionnaire to be complete, simple, and objective. Dur-
ing its elaboration, there were constant discussions among the
authors to refine and optimize different aspects of the question-
naire. Furthermore, we submitted it to a test phase to validate,
when three professionals with the appropriate profile were in-
vited to answer and evaluate the survey and then present their
impressions and suggestions for improvement. The questionnaire
was built using Google Forms and was available to the public from
2021-08-14 to 2021-11-30, during which time we received 58
valid responses.

The questionnaire was organized into seven sections. We pro-
vided a CharM presentation video'® explaining its dimensions
and metrics in the first section. In the second section, we pre-
sented a video'' that demonstrated the result of the applica-
tion of the CharM in a fictitious system. In the third section,
we collected participants’ demographic data. The focus of the

10 https://youtu.be/VQRqGIMLBSQ
1 https:/[youtu.be/bK9Yg9jmQXY
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fourth section was to collect information on the respondents’
professional profile related to academic background, professional
performance, and experience with SBA and microservices. Next,
we asked about the participants’ architectural interests. In the
sixth section, we presented a list of 21 uses and asked participants
to signalize to which extent the CharM would be useful in each
one. In this same section, we asked about the ease of understand-
ing of the CharM’s dimensions, metrics, and results. In the last
section, the participants could present suggestions for improving
the CharM and register general comments.

A replication package is openly available, including the ACM
SIGSOFT checklist, the questionnaire, the dataset with the valid
answers, and the quantitative analysis script (Rosa et al., 2022).

4.6. Limitations and threats to validity

Internal: By adopting a survey as the CharM evaluation method-
ology, we limit ourselves to obtaining answers that reveal only
the respondents’ perceptions, which may not represent the opin-
ion of the total population of professionals who work with service-
based architecture. Therefore, to mitigate this threat, we devel-
oped a survey based on results that we collected in two previous
case studies. This strategy contributed to directing the construc-
tion of the survey with really relevant information. Another
possible threat is related to the quality of the received answers
since participants could need additional explanations to interpret
and answer the survey questions adequately. To minimize this
risk, we submitted the survey to pilot tests to assess the ease
of interpretation of the questions. Furthermore, we presented
didactic videos explaining and applying the CharM to contribute
to a better understanding of the model and related questions.

External: Considering that the survey was publicly available,
using the open invitation strategy, no previous mechanisms were
adopted to validate the participants’ identities. Thus, we risk
obtaining answers from professionals who do not have the profile
and knowledge necessary to respond to the questions. To mitigate
this threat, we briefly described the target population profile in
the survey invitation and collected demographic information to
identify if the participants’ profile was adequate to answer the
survey.

Construct: We adopted protocols for design, execution, and
quantitative analysis to facilitate the survey replication. However,
the open questions were analyzed qualitatively, which allows for
subjective interpretations of some results and discussions.

5. Evaluation results

In this section, we describe the results of the evaluation of
the CharM, obtained through a survey. The main points that we
explore are participants’ profile and the uses of the CharM and its
ease of understanding.

5.1. Participants profile

Most participants identified themselves as male (86%), despite
the low female participation rate, the numbers are aligned with
a recent global census, which evidences that most software de-
velopment professionals are males (Statista, 2022). We received
responses from participants located in different world regions,
but most live in Latin America (62%) or Europe (31%). Regarding
education level, most participants claimed to have a master’s
degree (55%) or an undergraduate degree (29%). The participants
general profile is presented in Fig. 10.

As illustrated in Fig. 11, most respondents worked in the
industry (79%) in the last two years, which is relevant for this
research since we can obtain an assessment from a more practical
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Fig. 10. Summary of participants general profile, according to gender, location, and education level. From top to bottom, we present the (a) gender identify, (b)
participant location, and (c) highest completed education level. All percentages were rounded based on simple rules of rounding numbers.
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Fig. 11. Summary of participants professional actuation profile. From top to bottom, we present the (a) work field in the past 2 years, (b) professional role in the
past 2 years, (c) work sector in the past 2 years, and (d) technological layer in the past 2 years. The sum of percentages exceeds 100% as participants could select
multiple answers. All percentages were rounded based on simple rules of rounding numbers.

point of view. Related to the role they perform, most declared to
work as a developer (59%) or an architect (45%). The main sectors
where survey respondents work are Financial (24%), Corporate
(22%), Research (22%), Education (21%), and E-commerce (17%),
which demonstrate a good range of sectors, which is also desir-
able for this research. Participants work in different technological
layers, most focusing on the back-end (86%), infrastructure (53%),
and web front-end (50%) layers. It is worth mentioning that in
these questions, the participants could select multiple answers.

Regarding the self-declared experience with SBA, we received
a mixed set of responses from participants with different times of
actuation, from less than 1 year to more than 15 years of experi-
ence. Respondents also have experience with different service-
based architectural styles, where the main are microservices
(79%), back-end and front-end service communication (67%), and
SOA (64%). In this question, the participants also could select
multiple answers. We also obtained a relatively balanced number
of respondents with different self-declared experience levels with
the Microservices Architectural Style, since 28% declared them-
selves as a novice, 17% an advanced beginner, 19% a competent,
17% a proficient, and 19% an expert. Therefore, considering the
variety of profiles and the number of survey participants, we have
a good sample to evaluate the CharM. Fig. 12 summarizes the
self-declared experience of the participants with Service-Based
Architecture.
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5.2. The uses of the CharM

We presented a list of 21 possible uses for our model and
asked participants which ones the CharM would be useful for.
Based on previous investigation (described in Section 4), these
uses were organized into three groups: (i) understanding of a
Service-Based Architecture; (ii) maintenance of a Service-Based
Architecture; and (iii) communication of a Service-Based Archi-
tecture to stakeholders.

As illustrated in Fig. 13, most of the participants who gave
their opinion'? “agree” or “strongly agree” that CharM is useful
for understanding the architecture of a service-based system.
Using it for understanding the asynchronous/synchronous coupling
(U7G1 and U9G1) and for evaluating the architecture of a system
that is being designed (U1G1) stand out, since over 90% of the
participants consider that the CharM helps achieve these goals.
In the case of uses U1G1 and U9G1, no participant disagreed
that the CharM helps achieve them. On the other hand, using
the CharM for identifying adopted architectural patterns (U2G1)
and identifying the size of services of a system (U4G1) had the
lowest levels of agreement since just over 70% of the participants
claimed that the CharM helps achieve these goals. These last two

12 Participants could choose the option “I have no opinion about this point”.
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Fig. 13. Participants’ perspective to which extent the CharM supports understanding a Service-Based Architecture. All percentages were rounded based on simple

rules of rounding numbers.

uses also stood out, since ~10% of the participants believe that
the CharM is not useful to achieve these goals.

Based on the respondents’ profile and answers to open ques-
tions, we tried to understand what caused this scenario. However,
after analyzing the data, no predominant profile was identified.
Furthermore, when analyzing the answers to open questions, we

12

did not identify points that could explain why the participants
considered the CharM less useful for achieving U2G1 and U4G1
than they did for the other goals.

Analyzing Fig. 14, we can verify that at least 60% of the partic-
ipants, who expressed their opinion, “agree” or “strongly agree”
that CharM can help in some aspects related to architectural



T.d.O. Rosa, EMM. Guerra, F.F. Correia et al.

Strongly disagree Disagree

Neutral

The Journal of Systems & Software 206 (2023) 111826

Agree B Strongly agree

U1G2 - Identifying structural characteristics that can be adjusted

4% 12% 47%

2% 9% 28%

2% 1% 21%

2% 21% 47%

U2G2 - Supporting system quality assessment

40%

U3G2 - Supporting the architectural maintenance process

46%

U4G2 - Supporting the process of architectural evolution
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Fig. 15. Participants’ perspective to which extent the CharM supports the communication of a service-based architecture to stakeholders. All percentages were

rounded based on simple rules of rounding numbers.

maintenance. Its use for identifying structural characteristics that
can be adjusted (U1G2) stood out in this group, since 84% of
participants claimed that the CharM helps achieve this goal. In
contrast, at least 11% of respondents disagreed that the CharM
is useful for supporting system quality assessment (U2G2) and
the architectural maintenance process (U3G2). As in the previous
uses group, after analyzing the participants’ profile and the open
responses, we did not identify evidence that helped understand or
explain why a few participants considered the CharM not useful
for achieving the objectives U2G2 and U3G2.
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As presented in Fig. 15, most of participants, who gave their
opinion, “agree” or “strongly agree” that the CharM is useful
for communicating a Service-Based Architecture to stakeholders.
It is important to highlight that more than 90% of the partici-
pants think that the CharM can supporting architectural discussions
(U7G3). Furthermore, at least 84% of respondents point out that
the CharM is useful for documenting the architecture of a system
(U2G3) and supporting architectural communication (U8G3). It is
worth mentioning that in the case of uses U4G3, U7G3, and USG3,
no participant disagreed that the CharM helps achieve them. On



T.d.O. Rosa, E.M. Guerra, F.F. Correia et al.

Strongly disagree Disagree

9% 51%

2% 12% 46%

12% 1%

48%

Neutral

The Journal of Systems & Software 206 (2023) 111826
Agree Strongly agree
Ease of understanding the CharM's dimensions

40%

Ease of understanding the CharM's metrics

40%

Ease of understanding the CharM's result

29%

Fig. 16. Participants’ perspective on how easy it is to understand the CharM. All percentages were rounded based on simple rules of rounding numbers.

the other hand, almost 20% of participants “disagree” or “strongly
disagree” that the CharM can support different stakeholders to
share the same architectural vision (U1G3). Furthermore, 15% of
respondents believe that the CharM is not useful for obtaining
different views (local and global) of the architecture of a system
(U5G3).

Considering the three analyzed groups, the uses U1G3 and
U5G3 stood out with the highest rates of participants who dis-
agreed that the CharM can help achieve these goals. Once again,
we tried to understand what caused this rate of discordant par-
ticipants. After analyzing these data, no predominant profile was
identified. Furthermore, from the open responses, we did not
identify evidence that could indicate why the participants con-
sidered the CharM not useful for achieving the objectives U1G3
and U5G3.

During the CharM uses assessment stage, we asked the par-
ticipants if they identified any new uses, not previously listed
in the survey. Four participants contributed, indicating new uses.
P9 stated that the CharM is useful for “supporting the architec-
tural process definition at the project’s beginning”. P11 indicated
that the CharM helps “modernize and migrate strategies for pre-
existing workloads”. P21 reported that the proposed model might
be useful in “decision make before migrating”. P49 indicated that
the CharM might help “spotting risks related to coupling, perfor-
mance, and availability”. Faced with the new uses identified by the
participants, we believe that, probably, the CharM can be useful in
other scenarios that adopt the same information already explored
in the model.

5.3. The ease of understanding of the CharM

After identifying the uses, we asked participants how easy it is
to understand the CharM'’s dimensions and metrics and its results.
As illustrated in Fig. 16, 91% of the participants considered it
easy to understand the CharM’s dimensions, with no participants
stating that it is difficult to understand them. When asked about
the CharM’s metrics, most respondents (86%) also reported that
they are easy to understand. Only one participant!> believed that
the CharM’s metrics are difficult to understand. Regarding the
understanding of the results generated by the CharM, 77% of the
participants “agree” or “strongly agree” that they are easy to
understand, with only 12% disagreeing.

Some participants presented suggestions for improvements
that may contribute to understanding the result generated by
the model. Respondent P19 suggested presenting a diagnosis of
the result, “[...] saying whether the architecture is good or not

13 p22 claimed that he has less than 1 year of experience with Service-Based
Architecture and that he is a novice in the microservice architectural style.
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[...]". Participant P24 stated that it would be interesting and
informative to execute “[...] the software during the presentation”
of the model. P48 claimed that “[...] it would be great to have a
“cheat sheet” or any other material with the summary of the CharM”.
P42 believes that “[... | it might be helpful to have a kind of guideline
that supports the interpretation of results” generated by the CharM.
P30 indicated that it is interesting to clarify “in which scenarios, it
is worth using the CharM”.

5.4. The use and ease of understanding of the CharM according to
professional experience

In order to obtain other perspectives for the CharM evalua-
tion, we explored the results considering the participants’ self-
declared experience with SBA and with microservices. Partici-
pants with 10 to 12 years of experience with SBA tend to agree
that the CharM is both useful for understanding the architecture
of a SBS (Fig. 17(a)) and that it can support the maintenance
process (Fig. 17(b)) and architectural communication with stake-
holders (Fig. 17(c)). Furthermore, this same tendency can be
verified regarding the proposed model’s ease of understanding
(Fig. 17(d)).

Analyzing the level of experience with microservices, we can
verify that the CharM can be very useful and easily understood
by advanced beginners. Participants with this degree of experi-
ence with microservices tend to strongly agree that the CharM
is easy to understand (Fig. 18(d)) and useful for understand-
ing (Fig. 18(a)), maintaining (Fig. 18(b)), and communicating
(Fig. 18(c)) the architecture of service-based systems.

Given the results presented in Figs. 17 and 18, we believe it
is relevant to investigate further the perception of the CharM by
professionals with different profiles. Furthermore, we are curious
to find out whether or not there is some correlation between
the independent variables self-declared time of experience with SBA
and self-declared level of experience with microservices.

Therefore, considering the survey data, we found that regard-
less of the experience of the participants, the evaluation of the
CharM’s usefulness and ease of understanding tends to be posi-
tive. That is, the CharM tends to be useful and easy to understand
by professionals with different times and levels of experience.

6. Related research

This section presents an overview of scientific studies that
propose different approaches which, in some way, support char-
acterizing the architecture of service-based systems. In the end,
we compare these approaches and highlight the main differences
between them and our study.

The first two studies in the series published by Granchelli
et al. (2017a,b) present an approach to assist in recovering and
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Fig. 17. The CharM’s evaluation according to participants’ self-declared years of experience with SBA. All percentages were rounded based on simple rules of rounding

numbers.

understanding the complexity of microservice-based systems ar-
chitecture. The last one (Cardarelli et al., 2019) proposes an
approach for specification, aggregation, and evaluation of quality
attributes for the architecture of microservice-based systems.
Such approaches are based on Model-Driven Engineering princi-
ples. To validate the proposed approaches, the authors carried out
experiments with one open-source system and collected static
and dynamic metrics in a semi-automatic way. Some findings of
these studies are that the proposed approaches are useful for ar-
chitectural understanding, documenting, and analyzing, unveiling
dependencies between microservices from the development per-
spective, automatically recovering and measuring architectural
models, and continuously assessing the quality of MS.

The study conducted by Engel et al. (2018) presents an ap-
proach to evaluate microservice architectures based on principles,
such as small size and loose coupling of the services and domain-
driven design. To develop the proposed approach, the authors
adopted the design of microservice architectures principles ex-
tracted from literature review, structured interviews with ex-
perts, and the GQM (Goal Question Metric) (Basili and Rombach,
1988) technique to derive the proposed approach’s metrics. Dur-
ing the research, a case study was carried out with a project with
50 microservices, in which metrics were collected automatically
through a dynamic analysis. Furthermore, discussions were held
with project team members. In the end, some identified uses for
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the approach were to support the identification of hot spots in the
architecture of a system, support the design and development of
systems, and confirm perceptions of the system’s team.

Another series of four scientific studies, led by Bogner, is
also related to our work. The first study (Bogner et al., 2017b)
proposes a practical maintainability quality model for services-
and microservices-based system, named MM4S (Maintainability
Model for Services). The study objective is to obtain a simple
and practical tool for basic maintainability estimation, control,
and specification in the context of services- and microservice-
based systems. The authors performed an intra-company fo-
cus group combined with a literature review yielding the first
requirements for the desired quality model. The second pub-
lished study (Bogner et al., 2019) in the series aims to calculate
service-based maintainability metrics from the runtime data of
microservice-based systems. To achieve this goal, they carried
out an exploratory study with an example system which was
used by six people. The focus of the third study (Bogner et al.,
2020a) is to calculate maintainability metrics from machine-
readable interface descriptions of RESTful services. An evaluation
was performed based on threshold benchmarking with 1737
public RESTful APIs. In the last study (Bogner et al., 2020b),
the authors present a continuous assurance method to sup-
port the identification and remediation of evolvability-related
issues in service-based systems. For the final evaluation of this
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Fig. 18. The CharM’s evaluation according to participants’ self-declared level of
of rounding numbers.

method, they plan to combine industry case studies with action
research. Considering the aforementioned studies, some of the
utilities mapped are: maintenance support of service-based sys-
tems, evaluation of maintainability of RESTful services, hot spot
identification, and early quality evaluation.

The first study (Zdun et al., 2017) of another series, proposes
a minimal set of constraints and metrics necessary to evaluate
the conformance of an architecture to microservice patterns. To
achieve this goal, the authors cataloged an initial set of con-
straints and metrics. Then, to identify the most significant ones,
this initial set was used to manually evaluate 13 architecture
models (extracted from the literature). The focus of the second
study in the series (Ntentos et al., 2021a) is a method for the
semi-automatic detection and resolution of microservice patterns
conformance violations. The authors tested this method on a
set of 24 models of various degrees of pattern violations and
architecture complexity. The last study of the series (Ntentos
et al, 2021b) aims to provide foundations for an automated
approach for architectural reconstruction, assessing conformance
to patterns and practices specific to microservice architectures,
and detecting possible violations. To achieve this goal, the authors
carried out experiments with a set of 27 models of microservice-
based systems from third-party practitioners. Some of the uses
of the approach, pointed out by the authors of this series of
studies, are: to compare architecture conformance of the cur-
rent design and possible refactorings, find the root cause of a
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experience with microservices. All percentages were rounded based on simple rules
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violation of microservices patterns, measure the quality of mi-
croservice decomposition in software architecture models, and
suggest possible improvements related to microservice coupling.

Alshugayran published two studies related to this research.
The focus of the first study (Alshuqayran et al., 2018) is to present
an approach based on Model-Driven Engineering (MDE) to re-
cover the architecture of microservice-based systems. This ap-
proach was evaluated through empirical studies that analyzed
eight microservice open-source projects. In the second publica-
tion (Alshuqgayran, 2020), the author explains that the objec-
tive of the proposed approach is to comprehend the complexi-
ties of MS by developing a bottom-up reverse engineering pro-
cess. The evaluation of the approach proposed in the first study
was complemented with an empirical study on nine open-source
microservice-based projects and a case study with a large open-
source microservice-based system. Some of the listed uses for
the approach are: to create architectural documentation, obtain
performance diagnostics at the container level, identify several
concepts and support the definition of the underlying features
and behavior of microservice-based systems, and help identify
and build the relations between services.

The research conducted by Mayer and Weinreich (2018) pre-
sented an approach that aims to extract and analyze the architec-
ture of a microservice-based system based on a combination of
static service information with infrastructure-related and aggre-
gated runtime information. Such an approach is based on three
levels in a microservice-based system: service, infrastructure,
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and interaction. The proposed approach was evaluated through
a survey and interview study with 15 architects, developers,
and operations experts. In the end, some of the uses identified
for the approach were to provide a high-level overview of the
system, analyze architecture evolution, provide an overview of a
service’s functionality, obtain automatic documentation of a MS,
and determine which microservices and their functions will be
affected by changes.

The work by Auer et al. (2021) presents a framework for
supporting companies in discussing and analyzing the potential
benefits and drawbacks of the migration and re-architecting pro-
cess. During the study, a survey was carried out in the form of
interviews with 52 professionals. The main use of the framework,
pointed out by the authors, is to help companies avoid architec-
tural to microservices migration if it is not necessary, especially
when they might get better results by refactoring their monolithic
system or re-structuring their internal organization.

Fig. 19 compares our study with the related papers described
in this section. From the investigation carried out to date, we
have not identified approaches with the same objective as the
CharM. That is, to characterize the architecture of service-based
systems based on microservices guidelines and static metrics of
the structural attributes of size and coupling. Although the ana-
lyzed approaches do not have the same objective as the CharM,
they have some uses in common. Therefore, they can support the
maintenance, understanding, or communication of the architec-
ture of service-based systems. Thus, when analyzing the related
studies,'* we can observe that all the other presented approaches,
in some way, support the maintenance of the architecture of
service-based systems. Nevertheless, we did not clearly identify
that the approach proposed by Auer et al. (2021) supports un-
derstanding a service-based architecture and that the approaches
presented in the series of studies conducted by Bogner et al.,
Zdun et al. and Ntentos et al. support the communication of a
service-based architecture to stakeholders.

Another feature we observed when comparing our research
with the others was whether the proposed approach’s analysis
depends on the software source code, technology, or infrastruc-
ture. We found that only our model and the approaches proposed
by Zdun et al., Ntentos et al. and Auer et al. have this indepen-
dence. This feature makes the CharM could be used at different
software life cycle stages.

Furthermore, although the proposed approaches were evalu-
ated empirically, we found that the use and ease of understanding

14 The summary of the related studies analysis is available at the replication
package (Rosa et al., 2022).
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aspects were not the analysis focal point in any of the related
work. That is, none of the studies that we analyzed have deeply
investigated how useful the proposed approaches are for certain
tasks or how easy these approaches are to understand. In con-
trast, one of the focuses of our work is to empirically evaluate
the uses of CharM and its ease of understanding.

7. Discussion

As explored in Section 6, there are approaches focused on
the analysis, recovery, and understanding of the architecture
of service-based systems (Granchelli et al., 2017a; Engel et al,,
2018; Mayer and Weinreich, 2018; Alshuqayran, 2020), others
are more focused on the evaluation of quality attributes (Car-
darelli et al., 2019; Bogner et al., 2017b) and to the analysis of
conformance to architectural patterns (Zdun et al.,, 2017), and
there are others that support the architectural migration pro-
cess (Auer et al, 2021). Despite this, experience reports from
companies such as Istio (Mendonca et al.,, 2021), Segment (InfoQ,
2020), and Uber (Highscalability, 2020) evidence the difficulty
in characterizing and defining which architectural structure is
the most suitable for a given system. Furthermore, based on
the work by Nadareishvili et al. (2016) and Newman (2021)
and the variety of terms such as nanoservice, microservice, and
macroservice, we can notice that there is a fuzzy limit when
trying to classify and characterize the architecture of SBSs. Such
a scenario is an indication that it is still necessary to invest in
the development of approaches for evaluating, characterizing, and
guiding the architecture of SBSs.

That said, the CharM is being developed to help identify struc-
tural characteristics (size and coupling), which allows us to de-
scribe and understand the architecture of SBSs, as well as their
components. It is important to clarify that, different from ap-
proaches such as MicroART (Granchelli et al., 2017a), MAAT (En-
gel et al., 2018), MicroQuality (Cardarelli et al., 2019), MiSAR (Al-
shuqgayran, 2020), and RAMA (Bogner et al., 2020a), the CharM
is not a tool-based approach but a theoretical and conceptual
model designed to be applied at different software life cycle
stages. Hence, the CharM combines some of the advantages of the
approaches presented in Section 6 for architectural evaluation, re-
covery, and evolution. As already demonstrated, this study differs
from those cited since it evaluates to which extent our approach
(CharM) is useful for different purposes and is easy to understand.

Besides that, it is worth mentioning that we selected the
microservices guidelines that underlie CharM through ad-hoc bib-
liographic research. Therefore, we did not adopt a strict protocol
for mapping the microservices definitions and characteristics.
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Despite this, the entire process of designing the CharM was
grounded on the seven Design Science Research guidelines. We
also clarify that adopting the current version of the CharM in
large-scale projects is unfeasible since the metrics are collected
manually. Cardarelli et al. (2019) and Ntentos et al. (2021a) high-
lighted this same challenge of evaluating their approaches in
large-scale systems.

Considering this scenario and from the analysis of survey
results (Section 5), we could answer the five research questions
specified in Section 4.

RQ1: To which extent does the CharM support understanding
a service-based architecture? Granchelli et al. (2017b) claim
it is challenging to have a clear architectural overview of a
microservice-based system. However, Mayer and Weinreich (2018)
argue that it is essential to understand how a system is di-
vided into components and how they interact. In addition, Bass
et al. (2012) explain that by understanding the architecture of
a system, it is also possible to understand the ability of its
architecture to meet the quality attributes. Faced with this im-
portance and challenge, the CharM was assessed as an approach
that contributes to understanding the architecture of a service-
based system, as well as the approaches proposed by Mayer and
Weinreich (2018), Cardarelli et al. (2019), Alshuqayran (2020). Es-
pecially, the survey participants believe that the CharM supports
understanding the synchronous and asynchronous couplings be-
tween services, as well as is useful for evaluating the architecture
of a system that is still being designed. This participants’ percep-
tion is in line with some of the CharM objectives. Nevertheless,
although there is a dimension of the CharM focused on the struc-
tural attribute of size, the survey respondents did not indicate the
identification of the size of the components as one of the main
uses of the CharM. This result may be related to the discussion
of the subjectivity of defining the service’s size, as explored
by Newman (2021).

RQ2: To which extent does the CharM support a service-based
architecture maintenance? Bogner et al. (2017b) explain that
the maintainability, that is, the degree of effectiveness and effi-
ciency in modifying, correcting, improving, extending, or adapting
software is fundamental for organizations. Based on the survey
participants’ answers, the CharM can contribute to the architec-
tural evolution of SBSs, especially to identify structural charac-
teristics that can be adjusted. But, different from the approach
MM4S (Bogner et al., 2017b), system quality assessment is not
among the main uses of the CharM (even with a positive ac-
ceptance). A possible explanation for this perception from some
participants is that the results generated from the CharM do not
show an explicit relationship with the non-functional require-
ments nor improvement suggestions, as in the approach proposed
by Ntentos et al. (2021b). This interpretation is reinforced by
the following comment from participant P54, who suggested
“modeling the data collected by the CharM to recommend architec-
tural improvements according to the context and objective of each
service-based system”.

RQ3: To which extent does the CharM support communi-
cating a service-based architecture to stakeholders? For Bass
et al. (2012), the architecture of a system must be communi-
cated clearly and unambiguously to all stakeholders. Considering
this, the survey participants believe that the CharM can sup-
port the process of communicating service-based architecture to
stakeholders, especially in architectural discussions and docu-
mentation. This participants’ perception demonstrates that the
CharM fulfills the objective of facilitating the analysis of the
architecture of a service-based system, similar to the MicroART
approach (Granchelli et al.,, 2017a). Although the CharM allows
choosing the system’s components and perspectives that will
be analyzed, a small index (15%) of survey participants did not
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perceive the model’s utility for obtaining different views of the
architecture of a system. Therefore, we believe this may be a
CharM use that can be better explored and explained in future
versions.

RQ4: How easy is it to understand the CharM? The ease of
understanding is an important aspect to be evaluated in new
artifacts, as it helps determine their ease of use (Lederer et al.,
2000) and can influence their perceived usefulness (Davis, 1989).
In general, the survey participants indicated that the CharM is
easy to understand. However, considering the analyzed aspects
(dimensions, metrics, and results), the respondents indicated that
they faced some difficulty understanding the generated results.
We believe this difficulty is justified by the volume of data pre-
sented and the need to understand the analyzed system and
relate all the metrics and perspectives presented. As already
mentioned, none of the approaches analyzed in Section 6 has
undergone an assessment of ease of understanding or use.

RQ5: Does the participants’ experience influences the per-
ceived usefulness and ease of understanding of the CharM? We
hypothesized that participants with different profiles would have
different use perceptions of the CharM and that participants with
less time and a low level of experience would tend to have
more difficulty understanding the model. However, we found
that the participants’ profile did not significantly influence (neg-
atively) their perception of usefulness and ease of understanding
of the CharM. Despite this, we believe it is relevant to investi-
gate further the perception of CharM according to professional
experience since this type of analysis can help better understand
the results of the CharM’s uses and identify improvements to
be implemented. Some approaches analyzed in Section 6, such
as those proposed by Mayer and Weinreich (2018) and Auer
et al. (2021), were also evaluated through a survey. However,
the authors did not investigate whether the perception of their
approaches varied according to the participants’ profiles. Auer
et al.’s study only accepted experienced respondents without an
academic background.

Given the positive evaluation of the CharM obtained from the
survey, we strengthen the evidence that this model is useful to
characterize the architecture of service-based systems, regardless
of time and level of professional experience. Despite this, there
are aspects of the CharM to be explored and improved. These
aspects are mainly related to dimensions and metrics (type and
collection type), presentation and explanation strategy, and the
possibility of the model integration with existing technologies. To
implement some of these improvements, we are studying strate-
gies for collecting and analyzing metrics semi-automatically, as in
the Mayer and Weinreich (2018), Cardarelli et al. (2019), Bogner
et al. (2020b), and Alshuqayran (2020) studies. In addition, we are
also working on optimizing the generation of the views (rulers,
graphs, and diagrams) of the CharM metrics (Santana et al., 2021).

8. Conclusion

Faced with the challenge of characterizing the architecture of
service-based systems, we sought a way to mitigate this problem
and, at the same time, support the architectural decision-making
process. Therefore, the main objective of this paper was to de-
velop and evaluate a model to characterize the architecture of
SBSs, adopting microservices guidelines. We called this model
CharM.

To achieve this goal, we followed the seven Design Science
Research guidelines, which allowed us to build and evaluate
the CharM iteratively and incrementally, based on ad-hoc litera-
ture review, discussions with software architecture experts, case
studies, and a survey. Thus, this paper defined the CharM and
described its dimensions and metrics. In addition, we presented
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the result of this model’s evaluation through a survey, answered
by 58 professionals who work with the architecture of SBSs.

During the evaluation stages, we identified that the character-
ization generated by the CharM is useful for professionals with
different profiles (RQ5), helping them to understand the archi-
tecture of a SBS and in the process of architectural maintenance
and communication. The survey results evidenced that our model
is useful for understanding the synchronous and asynchronous
couplings between services and evaluating a SBS’s architecture
at design time (RQ1). Furthermore, another use of the CharM
that stood out was the possibility of identifying structural char-
acteristics, which can be adjusted (RQ2). The characterization
generated by the CharM was also highlighted as useful to support
discussions and compose architectural documentation (RQ3). It is
also worth mentioning that the CharM had a mostly positive eval-
uation since it was considered useful for the 21 uses presented in
the survey. The survey results also showed that the CharM is easy
to understand (RQ4).

Thus, when considering the main research question, RQ “How
to characterize the architecture of SBSs to guide architectural deci-
sion making?”, we believe that the results presented in this paper
demonstrate that the CharM is a useful model to characterize the
architecture of SBSs and that it supports architectural decision
making. Therefore, the main contribution of this work is the
CharM, which is a valuable resource that helps professionals
with different profiles to understand, document, and maintain
the SBSs’ architecture. Despite the positive result of the model
evaluation, some improvements can be implemented, such as:
not limiting the CharM dimensions to the structural attributes
of size and coupling, exploring other types of metrics (static
and dynamic), adopting strategies for semi-automatic collection
of metrics as well as the automatic generation of views, and
presenting results that relate explicitly to the influence of the
architecture characteristics on the quality attributes.

As future work, we are planning to develop automation tools
related to collecting metrics from the model, generating views
(rulers, graphs, and diagrams) of the characterization of the ar-
chitecture of the analyzed system, and identifying architectural
patterns from the metrics of the model. We also intend to evolve
the model incorporating new dimensions and metrics related to
different attributes, test the resource of analysis profiles, and
submit it to new iterations of evaluation in an industrial envi-
ronment. We also plan to investigate which metrics perform best
and add the most value to our model. During the new evaluation
stages, we plan to ponder the flexibility of our model, as well
as examine the correlation between the current dimensions and
identify possible impacts of the addition of new dimensions or
metrics. Furthermore, we want to develop a catalog of evolutions,
which, combined with the CharM, serve as a guide to adjust the
architecture according to the desired architectural approach.
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Appendix. Appendices

A.1. Fictional scenario to demonstrate charm application

To demonstrate the application of the CharM dimensions and
metrics, we created a fictional system named Pingr. A more
detailed version of this demo scenario is available on YouTube.'®
The Pingr is a social network in the microblog format, where
users can make posts limited to 160 characters. Each post is called
ping and can receive likes and pongs. A pong means that other
users shared a ping. The historical set of pings is displayed in a
post feed, called main table. To post pings, people need to create
an account. After creating an account, a user can post pings and
follow other users. Users can also interact privately by chat. The
quality requirements of Pingr are availability, scalability, perfor-
mance, failure resilience, security, and privacy. Fig. 20 presents
an overview of the Pingr architecture.

As illustrated in Fig. 20, there are four internal services, rep-
resented by the green circles. These services are User, Chat, Ping,
and Feed. There is also one external service responsible for some
authentication tasks. This external service is the gray circle. The
white rectangles around the circles represent the modules, that
is, deployment units. The yellow cylinders represent the data
sources. The continuous blue lines represent the synchronous
interactions between the services. The red dotted lines represent
the asynchronous interactions between the services. Cardinal-
ities with a blue background represent the number of opera-
tions involved in synchronous interactions. Cardinalities with a
red background represent the number of messages involved in
asynchronous interactions.

A.1.1. Services characterization based on charm

The User Service is the biggest service in the Pingr system,
with nine operations. It accesses one exclusive data source per-
forming read and write actions. Related to synchronous coupling,
it is the service with the biggest internal importance and is the
only one with external dependence. It is one of the services
that perform asynchronous interactions, publishing three topics
on the message queue that the Chat Service consumes. Fig. 21
illustrates the User Service characterization, based on CharM
dimensions and metrics.

The Ping Service is the second-biggest service in the Pingr
system, with five operations. It accesses one data source, which it
shares with the Feed Service, performing read and write actions.

15 Demonstration of application of the CharM: https://youtu.be/bK9Yg9jimQXY
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Fig. 20. Pingr architecture.

It has a synchronous dependency on User Service. It is one of the
services that perform asynchronous interactions, publishing two
topics on the message queue that the Chat Service consumes.

The Chat Service has three operations. Access one exclu-
sive data source performing read and write actions. It does not
have synchronous coupling. It is the service with the biggest
asynchronous dependency, consuming topics published by User
Service and Ping Service.

The Feed Service is the smallest service in the Pingr system,
with two operations. It accesses two data sources, one exclusive
and one shared with the Ping Service. It has a synchronous
dependency on User Service. It does not have asynchronous
coupling.

A.1.2. System characterization based on charm

The Pingr is a service-oriented system composed of four ser-
vices. Each module is composed of a single service. User Service
is the biggest, with nine operations, while the smallest service
(Feed Service) has only two operations. The system has four
data sources, one of which is shared between two internal ser-
vices. 60% of interactions between services are synchronous. On
the other hand, 40% of interactions between services are asyn-
chronous. Fig. 22 illustrates the characterization of the Pingr
system, based on CharM dimensions and metrics.
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A.1.3. Example of how the charm can be useful to improve the pingr
architecture

As presented, the main uses of the CharM, perceived by the
survey participants, are understanding the synchronous and asyn-
chronous coupling between services of a system, evaluating the
architecture of a system that is being designed, and supporting
architectural discussions. Therefore, in this section, we are going
to explore these uses in the context of the Pingr system to exem-
plify how our model can be useful in improving and evolving the
architecture of a system.

Given that Pingr is a fictitious system, we can consider it to
be at design time. Thus, the characterization generated from the
CharM could be very valuable in assessing whether the designed
architecture is adequate to meet the pre-established quality re-
quirements. Furthermore, the metrics, rulers, and graphs gener-
ated could guide and support reflections and discussions about
this architecture.

The characterization also demonstrates that most of the Pingr
services interact synchronously. This characteristic can directly
influence the system’s performance. Since performance is a qual-
ity attribute listed as critical in Pingr, it is worth reflecting on
whether it is advantageous to transform some synchronous in-
teractions into asynchronous ones. For example, the coupling
between the services Ping and User and Feed and User.
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