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Resumo

Refactoring de Mondélitos em Java para Aplicacoes Baseadas
em Microsservicos Executaveis

Nos ultimos anos assistiu-se a uma mudanca drastica na forma como o software é desenvolvido. Os
projectos de software de grande escala estdo a ser construidos através de uma composicao flexivel de
pequenos componentes possivelmente escritos em diferentes linguagens de programacao e com 0s pro-
cessos de deploy independentes — as chamadas aplicaces baseadas em microsservicos. Isto tem sido
motivado pelos desafios associados ao desenvolvimento, manutencéo e evolucdo de grandes sistemas
de software, mas também pelo aparecimento da cloud e pela facilidade que trouxe em termos de esca-
labilidade horizontal, reutilizacao e flexibilidade na propriedade e no deploy. O crescimento dramatico da
popularidade dos microsservicos levou varias empresas a aplicar grandes refactorings aos seus sistemas
de software. Contudo, esta é uma tarefa desafiante que pode demorar varios meses ou mesmo anos.

Esta dissertacao propde uma metodologia capaz de transformar automaticamente aplicacoes desen-
volvidas em Java sob uma arquitetura monolitica em aplicacdes baseadas em microservicos. A metodolo-
gia proposta é direccionada para as aplicacdes que tiram partido da técnica ORM para relacionar classes
com as entidades da base de dados, através de anotacdes no cddigo fonte. A nossa abordagem recebe
como input o codigo fonte e uma proposta de microsservicos, e aplica técnicas de refactoring as classes
para tornar cada microsservico independente. Esta metodologia cria uma API para cada chamada de mé-
todos de classes que se encontram noutros servicos, e as entidades da base de dados também sofrem
refactoring para serem incluidas no servico correspondente. A metodologia proposta foi implementada
através da construcdo de uma ferramenta que suporta o refactoring de aplicacdes desenvolvidas em Java
Spring e que utilizam as anotacdes da JPA para o mapeamento entre as classes e as entidades.

Realizou-se um analise quantitativa e qualitativa em 120 projetos open-source aleatoriamente reco-
lhidos do GitHub. Na avaliacdo quantitativa procurou-se perceber a aplicabilidade da metodologia e na
analise qualitativa, através da execucao de testes unitarios, procurou-se avaliar se aplicacdo original e a
aplicacao baseada em microservicos gerada sao funcionalmente equivalentes.

Os resultados sado promissores sendo a metodologia capaz de realizar o refactoring em 69% dos
projetos, sendo o resultado da execucao dos testes unitarios igual em ambas as versées dos projetos.

Palavras-chave: arquitetura de microsservicos, aplicacoes baseadas em microsservicos, decomposicao
de monolitos, Java, refactoring



Abstract

Refactoring Java Monoliths into Executable Microservice-Based
Applications

In the last few years we have been seeing a drastic change in the way software is developed. Large-
scale software projects are being assembled by a flexible composition of many (small) components pos-
sibly written in different programming languages and with independent deploy processes - the so-called
microservice-based applications. This has been motivated by the challenges associated with the develop-
ment, maintenance, and evolution of large software systems, but also by the appearance of the cloud and
the ease it brought in terms of horizontal scaling, reusability and flexibility in ownership and deployment.
The dramatic growth in popularity of microservice-based applications has pushed several companies to
apply major refactorings to their software systems. However, this is a challenging task that may take
several months or even years.

This dissertation proposes a methodology to automatically evolve a Java monolithic application into
a microservice-based one. The proposed methodology is directed to the applications that take advantage
of the ORM technique to relate Java classes to database entities, through annotations in the source code.
The methodology receives as input the Java source code and a proposition of microservices and refactors
the original classes to make each microservice independent. The proposed methodology creates an API
for each method call to classes that are in other services. The database entities are also refactored to be
included in the corresponding service. The proposed methodology was implemented by building a tool
that supports the refactoring of Java Spring applications that use JPA annotations for mapping between
Java classes and database entities.

We performed a quantitative and qualitative analysis on 120 open-source projects randomly selected
from GitHub. In the quantitative evaluation we tried to understand the applicability of the methodology and
in the qualitative analysis, through the execution of unit tests, we tried to evaluate if the original application
and the application based on micro-services generated are functionally equivalent.

The results are promising, with the methodology being able to refactor 69% of the projects, with the

unit test results being the same in both versions of the projects.

Keywords: microservice architecture, microservice-based applications, monolithic decomposition,

Java, refactoring
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Introduction

“The death of big software” has been announced by Andriole, 2017. This has been motivated by the
challenges associated with the development, maintenance, and evolution of large software systems, but
also by the appearance of the cloud and the ease it brought in terms of horizontal scaling, reusability
and flexibility in ownership and deployment. Therefore, in the last few years, there has been a dramatic
growth in the use of cloud computing leading to companies like Amazon, Microsoft and IBM creating their
cloud platforms providing various services for application development (Cito et al., 2015). Indeed, many
software systems are currently being developed as a set of loosely-coupled components, possibly written in
different programming languages, eventually deployed anywhere in the cloud, and communicating through
the internet, creating an architectural style usually termed microservices (S. Newman, 2015). These pieces
can be used to mix-and-match as to create new or even to evolve existing software (Andriole, 2017)

While microservices are not new, there is still much to investigate and therefore there are several
investigations ongoing to improve their understanding in an attempt to formalize processes associated
with them (Hamzehloui et al., 2019).

One of the main motivations of a microservice architecture is that it has the potential to increase the
flexibility and agility of software development as each service can be developed and deployed individually
using different technologies.

Although microservices are currently standard in industry, the fact is that there are still many applica-
tions that were (and still are) built as monoliths, that is, applications composed of all the core logic related
to the domain of the problem contained in a single process (S. Newman, 2015). However, applications
developed with this architecture, tend to grow in size as well as complexity, resulting in very complex
monolithic systems leading to the disadvantages, such as scalability and team organization, starting to
have more impact than the advantages of this paradigm, with the detection of bugs and the addition of
new features being more complicated (Chen et al., 2017).

The manual process of migrating monoliths to this new paradigm is complex and, depending on the
project’s complexity, may take months or even years to complete (Fritzsch et al., 2019; Mazzara et al.,
2018). The decomposition of software systems is one of the main struggles, and as shown in the work of
Fritzsch et al., 2019, none of the participants in the study was aware of automated techniques that could
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assist the migration of a monolithic application to a microservice-based one. Migrating from a monolithic
application to a microservices architecture is a costly process and full of unique challenges, as each system
is itself unique with its own particularities (Kazanavicius & Mazeika, 2019), and this transition is mostly
dependent on the experience and knowledge of the systems by the experts (Pahl & Jamshidi, 2016). Thus,
the research community has been working on techniques and methodologies to aid in this migration, i.e.in
transforming a monolithic application into a microservice-based one, while preserving the semantics of
the original application (Chen et al., 2017; Gysel et al., 2016; Jin et al., 2021; Jin et al., 2018; Kamimura
et al., 2018; Mazlami et al., 2017). Moreover, several companies have also applied major refactorings of
their backend systems to transform their applications (Mazzara et al., 2018).

Most of the previous works are focused on the identification of the services, but lack the step of actually
refactoring the application to make it a microservice-based one. The works that propose refactoring the
application do not take into consideration issues such as the data decomposition of a monolithic system
and the user interface.

In this dissertation we propose a methodology to refactor monolithic applications developed in Java
which receives as input a list and composition of microservices. Our methodology analyzes the source
code and the services proposed and refactors the classes that have method calls to other classes that are
part of other services. Each of these calls is replaced by a call to a new method we automatically generate,
implementing a REST call to the original method which now is a different service. We also refactor the
database classes, applying patterns, as they may need to be spread by the different services too. We
create a tool, MicroRefact, as a proof of concept which supports the refactoring of applications developed
in Java Spring. To evaluate the applicability of our tool we did a quantitative evaluation, by measuring what
percentage of applications the tool is able to refactor. We also perform a qualitative evaluation where we
try to understand if the generated microservices-based application is functionally equal to the monolithic
one. The applications used in the evaluation were extracted from GitHub and their unit tests were used
for qualitative evaluation. The results obtained are promising, being the tool capable of producing results
in 69% of the applications. Moreover, the execution of the unit tests had the same result in the generated
application as in the original one for all applications.

1.1 Contributions

Our work has the following contributions to the area of migration to microservices:

¢ A methodology capable of refactoring a monolithic application into microservices and capable to
decompose the database for the services, being the user free to choose which microservices to

form.

¢ |mplementation of a tool capable of applying the proposed methodology to Java Spring web ap-
plications that delivers to the user a microservices-based application functionally equivalent to the
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original.

* An extensive study of 120 open source applications and the use of unit tests to validate refactoring.
During this work, we also published a scientific article (Freitas et al., 2021):

Francisco Freitas, André Ferreira, Jacome Cunha.

Refactoring Java Monoliths into Executable Microservice-Based Applications.

In 25" Brazilian Symposium on Programming Languages, pp. 100-107, 2021.
New York, NY, USA: Association for Computing Machinery (ACM).

DOI: https://doi.org/10.1145/3475061.3475086.

1.2 Document Organization

The rest of this dissertation is structured as follows: Chapter 2 introduces the concepts of monolithic
architectures and microservices; Chapter 3 describes the current state of the art in the microservices mi-
gration process; Chapter 4 presents in detail the proposed methodology for refactoring monoliths; Chapter
5 describe the implementation of MicroRefact; Chapter 6 presents in detail our evaluation; in Chapter 7

we draw our conclusions and describe some possible future work.


https://doi.org/10.1145/3475061.3475086

2

Background

To migrate monolithic applications to microservices it is necessary to know both architectures and how
they work. In this chapter we present the core ideas of each architecture, their benefits and challenges.

2.1 Monoliths

This architecture is characterized by all functions are encapsulated in a single service, with the application
contained in a single process (Kazanavicius & Mazeika, 2019). Itis an architecture strongly recommended
for new projects where the domain as well as the bounded context are not yet well defined. Over time,
applications tend to grow leading to increased complexity. An approach well recognized by developers to
mitigate the complexity inherent to application growth is to split applications over several layers (Fowler
et al., 2002).

Typically, an application is divided into three layers: the presentation layer that interacts with the
user or, through an API, exposes functionality; the business layer that contains all the business logic and
implements all the system’s functionality; the persistence layer that is responsible for making requests
to the database and, in applications developed with the object-oriented programming paradigm, mapping
classes to database tables. This layer usually only accesses a database that contains all the information
about the application.

This architecture has multiple advantages, for new projects and projects of short duration or low
complexity. It is simple to develop since the IDEs and other development tools are oriented to develop a
single application (Richardson, 2018) and code reuse is simplified compared to a distributed system since
the code already resides in the monolith (S. Newman, 2019). Also it is simple to test, the deployment
process is easy since there is only one component, and it is easy to scale horizontally using multiple
replicas of the system and a load balance to balance the load between the replicas (Kharenko, 2015).

However, as the size and complexity of the code grows it becomes more difficult to resolve bugs and add
new features since it becomes so large that no developer can get a full understanding of the code, leading
to the mistakes when changes are made to the code, leaving the monolith even more complex resulting
in slower development cycles, eventually becoming a “big ball of mud” (Richardson, 2018). Regarding

4
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scalability, all components of the application are replicated although only some need more resources. As
for the deployment although simple, in each software upgrade the deployment of the entire application is
required. In terms of resilience, it is not very resilient to failure since a failure in one of the application
modules could result in the failure of the entire system.

In general, monolithic architectures are sufficient to handle a large set of problems when one intends
to decrease dependencies and keep coupling at a low level. However, the deployment, resiliency, and
flexibility are the big drawbacks when one wants to make some changes to the monoliths.

2.2 Microservices

There are several definitions of microservices, some use the word'’s prefix and claim that services should
have a small number of lines of code (e.g. 100 lines), while others claim that a service should only take
two weeks to develop (Richardson, 2018).

S. Newman, 2019 describes microservices as services with independent deployment process that are
modeled around the business domain, that use the network to communicate with each other, and expose
their functionality through endpoints.

On the other hand, Fowler and Lewis, 2014 describe microservices as an application architecture
composed of a set of small services, each one having its own process, its own technology stack and its
own well-resolved set of tasks to execute, and each one being independent relatively to the process of
deployment and scalability, and with a well-defined bounded context. Fowler and Lewis, 2014 also affirm
a communication layer is needed between services because they are isolated and therefore typically each
service exposes its own API, which will receive HTTP requests and respond according to the logic defined
in the service

Although microservices are based on the SOA architectural style (Service Oriented Architecture), which
also divides the system into a set of services, they have significant differences. These differences include
the way data is manipulated, since in SOA there is a global data model and shared database, and com-
munication between services using protocols such as SOAP (Simple Object Access Protocol) and smart
pipes.

Advantages

The microservices architecture has multiple advantages over monolithic architectures. The advantages
are inherited from the characteristics of distributed systems adopted and from taking to the extreme the
philosophy of service-oriented architectures.

Enables the continuous delivery and deployment of large, complex applications.

Microservices follow the culture of devOps and enable continuous software delivery and integration (Richard-
son, 2018). In other words, they take advantage of automated pipelines responsible for performing tasks
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from automated testing to deploy to production, resulting in more frequent deploys since they are inde-
pendent and service-focused, causing less downtime and allowing easier identification of the source of
problems that reach production (S. Newman, 2015).

Maintenance

When a monolithic system becomes large and complex, the system comprehension curve for team mem-
bers who do not know the source code is proportional to its size, reflecting in a delay in the delivery of new
features and in the detection and resolution of bugs. However, a microservices architecture is composed
of several small services, which are potentially easier to maintain since there is no need for familiarization
with the whole system. Thus, the focus of the developers is on one or more services, being the process
of detecting bugs and adding new features more efficient than the monolithic application.

Scalability

In monolithic applications when a certain module needs to be scaled, the entire application has to be
scaled, reflecting a waste of computational resources since the other modules that compose the system
are stable. In contrast, microservices allow resource-focused scalability, i.e. if a service is being overloaded
with requests, it can be scaled horizontally, i.e. replicate the service, in a way that is transparent to all other
services. This way, only the services that need it are scaled, resulting in a considerable saving of resources
compared to a monolithic system. Due to the independence of service development, each service can be
implemented on the most suitable hardware, which is not possible in a monolithic architecture (Richardson,
2018).

Autonomy

Managing a large team is challenging, but with microservices this process can be simplified. Usually
large teams are divided into sub-teams and each of these is assigned at least one service. Each team
is responsible for developing and deploying its service. Since the services are independent, these teams
become autonomous because they do not depend on others to develop their service.

Heterogeneity of technologies

As mentioned before, the services are independent. The architecture of microservices does not have a
commitment to a technological stack, being each service developed with the most appropriate technology
as long as the contracts established between services are not affected, and there may be several tech-
nologies in the application’s technological stack. Technological heterogeneity promotes the use of new
technologies, and, in case of failure, one can always choose another one without putting the whole system
in question, which is impossible in a monolithic system.

6



2.2. MICROSERVICES

Fault tolerance

Dealing with failures is a key issue, especially in distributed systems. Microservices, by following a dis-
tributed system approach, have all the advantages associated with distributed systems regarding fault
handling and are able to limit faults in the application to certain services, which is not possible in a mono-
lithic system, where a fault can result in the collapse of the entire application. To mitigate failures in
microservices, design patterns such as timeouts, retry and circuit breaker (Kumar, 2020) are used.

Disadvantages

The disadvantages associated with microservices are also found in distributed systems.

Communication overhead

In a microservices architecture, services communicate with each other over the network, while in a mono-
lith the communication between components is in memory. Microservices can use two types of com-
munication: synchronous communication, usually HTTP communication in REST APIs; asynchronous
communication, typically rabbitMQ or ZeroMQ. These communications add a overhead that does not exist
in a monolithic application, and can increase the response time (Hubbell, 2020).

Tests

Performing tests, such as integration tests, becomes more complex because of the need to create stubs
of the remaining services to guarantee isolation of the fraction being tested from the rest of the system
(S. Newman, 2015).

Logs

Like testing, the process of debugging by various services in the application is also more complicated,
since the developer has to deal with the logs of the different services.

Deploy functionality across multiple services

Launching new functionality that spans different services requires careful coordination between the various
development teams, necessitating a plan based on the dependencies between services for the deployment
process. This process is different from that used in a monolithic applications since, in these, it is possible
to deliver updates of multiple components atomically (Richardson, 2018).

Granularity of services

One of the challenges of migrating to a microservices architecture is that there is no concrete, well-defined
algorithm for decomposing a system into services. To make things worse, if the decomposition of a system
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is done incorrectly, a distributed monolith will be built. A distributed monolith is a system in which sets of
services must perform the implementation process together. A distributed monolith has the disadvantages

of monolithic architecture and microservices architecture (Richardson, 2018).



3

State of the Art

The decomposition of systems into modules started to be explored by Parnas, 1972, who tried to demon-
strate that the efficiency of modularization of a system depends on the criteria used to divide the system.

Since then, functional decomposition has remained an important topic in software engineering. As
software systems grew and became more complex, there was a need to distribute the systems across
networked infrastructures such as web services and remote objects (Kamimura et al., 2018).

The main challenges of this decomposition are the manual and tedious work accompanied by the
difficulty in identifying the functional units given the need for a detailed analysis of several dimensions of
the software architecture, and the quality of the final result is often strongly linked to the experience and
knowledge of the specialist performing the decomposition (Kamimura et al., 2018).

In the next sections we describe several works discussing different kinds of decomposition of applica-
tions into microservices.

3.1 Manual Migration of Monoliths to Microservices

In this section we conduct a literature review of migration processes of monolithic architectures performed
manually by experts in large-scale projects. The aim is to identify knowledge about patterns and method-
ologies used with the objective of collecting useful information for the automation of the process.

Balalaie et al., 2018, in order to improve the migration planning process and combat the ad-hoc
approach, conducted a survey of design patterns through the analysis of industrial caliber application mi-
gration processes. In this work, an analysis of the entire migration process is performed, from architecture
identification to the deploy process.

Since a one-size-fits-all methodology would not be functional, because each project has its own particu-
larities, Balalaie et al., 2018 adopted an approach called Situational Method Engineering (SME) (Henderson-
Sellers et al., 2014) , which allows adaptation of methods according to the specific situation (Balalaie et al.,
2018).

From the analysis and application of the SME resulted a repository with 15 patterns and, through a
case study, emerged a migration plan, Figure 1, able to handle the possible dependencies between the
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steps.
The identified patterns and the migration plan both have a significant impact on the work to be done

because they introduce best practices into the migration process.

Enable

Continuous
Integration

Change Code Introducf_l Containerize the Introduce Edge Introduce Service
Dependency to Configuration R .
Service Call S Services Server Registry
Recover the ervice Ca erver

Current
Architecture

DeplovlintolalClustey DeploylintoalCluster Decempossithe Introduce Circuit Introduce Internal Introduce Service
and Orchestrate and Orchestrate Monolith Based on Breaker (I s e— Registry Client

Containers Containers Data Ownership

Figure 1: Proposed Migration Plan

Source: (Balalaie et al., 2018)

Fowler, 2004 suggests an incremental migration, which consists of gradually building a new application
by extracting functionality from the monolith avoiding a big bang rewrite. Thus, the generated application
consists of a set of microservices that interact with the monolithic application. Over time, the number of
functionalities implemented by the monolith tends to decrease as they are migrated to microservices, until
the monolith disappears and becomes a microservice (Richardson, 2018). Fowler terms this pattern as
Strangler application.

The main advantage of an incremental migration is the beginning of the return on investment with the
first extraction of a service, since there is a partial migration of the monolith, which is not possible in a big
bang rewrite that only delivers benefits when it is complete.

A partial migration implies major modifications to the source code to make it possible for microser-
vices and monolith to interact, as well as maintain data consistency. To prevent extensive modifications
Richardson, 2018 presents three strategies to “strangle” the monolith following an incremental approach
which we now describe.

The first, implementation of new functionality through services, proposes adding new functionality to
the monolith by creating new services, preventing the monolith from growing, becoming more complex,
difficult to understand, and ungovernable over time (Richardson, 2018). For the new service to be able to
collaborate with the monolith, it is necessary to create adapters in both the monolith and the service that
use a mechanism for communication between processes, typically representational state transfer (REST).

The second, separation of frontend from backend, suggests the separation of the presentation layer
from the logic and database layers, which allows to develop, perform the deployment process, and scale
the two services independently. After the separation, the frontend service makes remote calls to the
backend. However, this is a partial solution since the backend remains complex.

The third, splitting the monolith by extracting functionality to services, proposes the decomposition of
the monolith by extracting features for services. By using this strategy the monolith tends to disappear over

10
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Figure 2: Strangler application pattern by Fowler

Source: Richardson, 2018

time and the number of microservices grows. To extract a feature it is imperative to make a vertical cut in
the monolith (Richardson, 2018), because it may have dependencies on all layers of the monolith, however
this task is not trivial. Problems such as splitting the domain model, breaking dependencies between
objects, and database refactoring appear, and their solutions are tightly coupled to the system being
migrated. Regarding domain model splitting and consequently breaking dependencies between objects,
based on Domain-driven design (Evans, 2004) , Richardson, 2018 suggests the use of the aggregate
pattern that replaces the direct reference between objects with a reference based on the primary key.
The replacement of the direct reference between objects by a reference based on the primary key plays
a central role in the solution we propose. For the refactoring of the database, in order to avoid major
changes in the code, he proposes a solution of Ambler and Sadalage, 2006 which consists in preserving
the original logical schema of the monolith for a transition period and using triggers for synchronization
between the original schema and the new schemas. Preserving the original schema of the monolith
significantly reduces the work that needs to be done immediately and over time the code can be migrated
to the new schema.

11
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3.2 Source-code oriented solutions

Since the main goal is to transform a monolithic application into a microservices-based application through
a process of refactoring the source code of the monolith, the analysis of source code oriented solutions
plays a central role in obtaining knowledge about existing refactoring techniques in the literature that could
be useful for our solution.

In order to mitigate the problems during the transition of applications to services in the cloud, Kwon
and Tilevich, 2013 propose Cloud Refactoring, a set of automated refactoring techniques, implemented in
the Eclipse IDE, that facilitate the process of transforming applications to support services in the cloud.
These techniques provide feature extraction for services, remote access to services, fault handling, and
replacement of client accessed services with equivalent services in the cloud.

To assist the decision of which features to migrate, Cloud Refactoring provides a tool that, through
coupling metrics, indicates which classes are the least coupled. For this it has two recommendation
mechanisms available: profile-based recommendation and cluster-based recommendation.

This tool allows the developer to have full control of the features that will be migrated by accepting as
input the set of methods or fields that are to be migrated, using proxys and interfaces, Figure 3 and 4, to
break dependencies between classes.

Local
Class A Class B

Original invocation pattern between class A and B

Figure 3: Original communication between classes.

Source: Kwon and Tilevich, 2013

To make the application resilient to failures, Cloud Refactoring provides three strategies with recog-
nized value: retry, active replication and passive replication. In addition, new strategies can be added
through a Fault Tolerance Description Language script (services in the cloudFTDL) (Edstrom & Tilevich,
2012).

Kwon and Tilevich, 2013’s work proposes a partial solution to the problem that is intended to be ad-
dressed since it transforms a monolithic application into an application with a SOA architecture. However
it presents some limitations: it uses classes as the atomic unit of identification and extraction of microser-
vices, making it impossible to segregate components of a class for several microservices; it does not allow
the full decomposition of the system into services since there may be strongly coupled classes; it does not
support bidirectional communication between client and server.

With the goal of proposing microservices, Kamimura et al., 2018 developed a method to identify
microservices through source code using SArF, a clustering algorithm proposed by Kobayashi et al., 2012.
The extraction process begins by identifying the endpoints of the application API, using the @Controller

12
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Client Server

Implements %Imp\ements
Interface IB Interface IB
public class B { /¥ Re—targeted methods +/
private 1B proxy; public String foo(int il, int i2) {
private LB local; return proxy.foo(il, i2);
}

public B() {

proxy = (IB) getService(lB.class); S+ Hemaining methods =/

local = new LB(); public void bar() { local.bar() }
} }

Figure 4: Communication after extraction of the methods from B to a cloud service.

Source: Kwon and Tilevich, 2013

annotation that identifies the endpoints exposed in the REST API. Next, the classes responsible for defining
the persistence and processing of the data are identified through the @Entity and @Table annotations. Our
solution also uses the annotations to extract information that helps identify the role of the classes. In this
work of Kamimura et al., 2018 only a microservices proposal is performed, there is no extraction or
refactoring of the code. As opposed, our solution refactors the code.

Abdullah et al., 2019 propose an automatic method for decomposing the monolith into microservices
that aims to improve scalability and application performance through a black-box approach based on logs
and machine learning algorithms that do not require supervision. This method also helps identify the
most appropriate types of virtual machines for each microservice. The solution is based on to identifying
uniform resource identifiers (URIs) of a given monolithic application in order to form groups of URIs and
subsequently microservices. To do this, an analysis of the access logs is performed in order to collect the
size of the response document and response time for each request for URIs and then group them using
this information as criteria. Despite being a work in which there is an automatic decomposition of the
monolith, Abdullah et al., 2019 not address which refactoring techniques are used and neither how the
deploy process is done, giving preference to explaining the algorithm for selecting the most suitable virtual
machine for each microservice.

Brito et al., 2021 propose a methodology capable of identifying sets of components candidates to
form microservices automatically using topic modeling and clustering techniques. To do this, a lexical
extraction of all relevant terms is performed to identify what a given component represents in the context
of the project domain and an extraction of structural dependencies between components is performed
by analyzing an Abstract Syntax Tree (AST). Next, the Latent Dirichlet Allocation algorithm is applied (Blei
etal., 2003), to identify the most relevant k-topics in the source code. Finally, a graph is constructed based

13
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on the structural dependencies and the distribution of the k-topics by the components of the monolith with
the final objective of applying the Louvain algorithm, proposed by Blondel et al., 2008, on the graph with
the intention of grouping the components and consequently arriving at the microservices proposal. This
work has as one of its great advantages being one of the few source code oriented solutions that offers a
tool capable of identifying potential microservices, however this only supports projects developed in Java.

Asseldonk, 2021 tried to understand what effect have the use of various viewpoints of the system on
the decomposition of the monolith into microservices. For that he created a tool that generates a proposed
decomposition of monoliths developed in Python through the combination of static, dynamic and semantic
analysis. The tool extracts the semantic, static and dynamic dependencies from the application under
analysis and creates four edge-weighted graph, one for each type of dependencies and another in which
it combines all the dependencies. Then, for each graph the Louvain algorithm (Blondel et al., 2008) is
applied to find potential microservices. To compare the quality of the proposed microservices Asseldonk,
2021 uses metrics proposed by the work of Jin et al., 2021 regarding independence of functionality and
modularity. This work ends up going further than Brito et al., 2021 because it generates microservices

proposals based on several types of analysis.

3.3 Model-based Solutions

Model-based solutions allow the use of models to support migrations since models also represent a view
over the interactions between system’s components (Chen et al., 2017).

Gysel et al., 2016 propose a tool, Service Cultter, that through artifacts, such as use cases and domain
models, extracts coupling information that is represented by a graph. Weights are added to the edges
of the graph according to a set of prioritized criteria, in order to identify clusters of components, and
consequently good candidates for microservices. For this purpose, at this point, two clustering techniques
are available: Epidemic Label Propagation by Leung et al., 2009 and the Girvan and Newman, 2001
algorithm. The criteria available in the Service Cutter were obtained through a literature review and the
authors’ experience leading to the construction of a catalog with 16 coupling criteria, Figure 5, being these
divided into 4 categories. The Service Cutter presents a promising technique for migrating to microservices
but has some limitations: it is highly dependent on the quality of the software artifacts provided by the
user, and this fact has a direct impact on the solution; the artifacts have to be imported into the tool
through JSON files, leading to a conversion process that may result in degradation of the artifact quality.

Tyszberowicz et al., 2018 propose an approach based on a use case specification of the software
requirements and a functional decomposition of these requirements. Through tools such as easyCRC
(Tyszberowicz and Raman, 2007 ) and Text Analysis Online the nouns and verbs of the use case spec-
ifications are extracted in order to obtain information about the system operations as well as the state
variables. To organize the data obtained, a table is created in which the operations and their relation-
ship with the variables are stored. With the intention of proposing a decomposition in high cohesion and
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Figure 5: Coupling criteria by Gysel et al., 2016

Source: Gysel et al., 2016

low coupling components, through the operation/relationship table, a bipartite graph is built in which the
nodes represent state variables and operations. The edges of the graph connect operations to the state
variables they manipulate, with writes having a greater weight than reads. By visualizing the graph they
identify clusters of components, and consequently candidates for microservices. Finally, this approach
defines the API for each microservice and the stored data. The API is built by joining the operations that
edit the microservice state variables and the microservice operations invoked by others. For the database,
on the other hand, they follow the ideology of Yanaga, 2017 and Fowler and Lewis, 2014 which defend the
sharing of data between microservices, with the data from external microservices being available through
the API that contains it, not allowing any direct access to the database outside the service.

Like Service Cutter, this approach is highly dependent on the quality of input, yet it addresses issues
such as APl and database that are vital to the our work.

3.4 Summary

Based on the research and analysis of the bibliography presented in the previous sections, we conclude
that there are already some works dedicated to the migration from monoliths to microservices. However,
most of these works focus on the identification of microservices and not on monolith refactoring process.
Instead, there is an indication of how the monolith should be decomposed. However, there are also some
works that propose a methodology accompanied by a tool that performs the refactoring process like “Cloud
Refactoring” and Abdullah et al., 2019's work but both have some limitations. The “Cloud Refactoring”
cannot refactor classes that use parameter passing, serialization, and local resources such as databases
and disk files. On the other hand, Abdullah et al., 2019’s work uses dynamic analysis through the analysis
of access logs and this has some limitations: the first is the overhead on the system to collect execution
logs, which can be a problem on large scale systems; secondly, their approach is limited by the quality
and coverage of the test cases performed to execute and collect their logs. Creating tests in an incomplete
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manner and with inadequate coverage will also result in an inadequate microservices proposal (Brito et al.,
2021). Manual approach, despite being manual, introduce concepts and ideas that help in building an
automated approach for refactoring monoliths into microservices. Since there are already several proposals
for identifying microservices, our focus is on the next step, i.e. refactoring the monolith. Our goal is to
propose a methodology for refactoring a monolithic application into a microservices-based application. We
intend to address problems such as database decomposition and communication between services. Since
our focus is on refactoring the monolith we do not address the identification of microservices problem,
instead our methodology receives as input a microservice proposal that can be generated manually or can
be generated by a tool for this purpose.
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A Methodology for Refactoring Java Monoliths into
Microservice-Based Applications

Given the high complexity of creating a generalized solution for multiple languages and frameworks, we
reduced the scope to something more specific. In terms of web languages, PHP, JavaScript, Java, C#
and Python stand out. Despite being a widely used language, PHP has not had a significant adaptation in
the microservices world. In recent years, the JavaScript through frameworks such as Express has gained
notoriety in this world since it is used in projects of small and large dimensions, however, many of these
are already developed under a microservices architecture. Of the others, the Java stands out for being a
language that over the years has remained as one of the most used for web development and there are
numerous monolithic applications and therefore we chose to create a methodology to evolve monoliths
developed in Java. In this chapter, we describe the proposed methodology for refactoring monolithic
applications developed in Java into microservice-based applications.

The proposed methodology is directed to applications that take advantage of object-relational mapping
(ORM) technique, which converts the data between the database entities and Java classes. This technique,
in the Java language, can be applied through XML files or by annotations in the application’s source code.
The methodology is oriented to applications that use annotations to apply ORM technique. We chose this
subset of applications because the use of ORM through annotations is a modern technique and to keep
the focus of refactoring on the Java classes and avoid pre-processing configuration files for each project.
Furthermore, since the entities and the relationships between entities are defined in the source code,
through annotations, it is possible to decompose the database by microservices since the changes made
in the source code will directly impact the logical database schema. Figure 6 depicts an overview of the
steps that compose the refactoring process.

Our methodology receives, as input, the source code of the application under analysis and a set of
microservices, in which each microservice is described by the set of classes. Each class must belong to
just one microservice. Our methodology has as its output a microservices-based application that from the
functional point of view is the same as the monolithic application under analysis.

The methodology is divided into 3 phases, the Information Extraction, the Database Refactoring and
the Code Refactoring. In the Information Extraction phase, we extract the structural information from the
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Figure 6: Overview of the proposed methodology

source code of the project under analysis and combine it with the microservices proposal to identify the
dependencies between microservices. In the next phase, Database Refactoring, we use the structural in-
formation and the dependencies between microservices to identify entities, relationships between entities,
and to identify which relationships need refactoring, proceeding to the refactoring of those relationships. Fi-
nally, in Code Refactoring, we use the structural information and the dependencies between microservices
to analyze the class variables and the dependencies between classes. This analysis allows us to identify
and refactor the classes that have dependencies with classes that belong to different microservices. To
demonstrate what transformations our methodology makes to monolithic projects, we use as an example
a Java Spring application called restaurantServer.

In the following sections we present the restaurantServer application and explain in detail each of
the phases of our methodology accompanied with examples of the transformations performed on the
monoliths.

4.1 restaurantServer

In this section we present the restaurantServer, a backend application for restaurant management. Al-
though it is a small project, we chose to use this application as example because it covers a large portion
of the cases we consider. Our goal is to present extracted examples from this application to demonstrate
what happens in each phase of our methodology, and to demonstrate the concrete modifications that
each phase of our methodology makes to monolithic applications. To achieve this we present examples
of interactions between classes in the original application and the same interactions in the generated
microservices based application.

To generate a microservices proposal for restaurantServer, to be used as input for our methodol-
ogy, we used the tool developed by Brito et al., 2021 available at https://github.com/miguelfbrito/
microservice-identification. Although the tool allows the customization of the input, we use the default
parameters. The microservices proposal generated by the tool is present in Table 1. The generated pro-
posal consists in 7 microservices and by the name of the classes we can understand what is the domain of
each microservice. The examples presented in this chapter will be based on this microservices proposal.
In the next section we present the first phase of our methodology, the Information Extraction .

Uhttps://github.com/asledziewski/ restaurantServer
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4.1. RESTAURANTSERVER

#Microservice Classes?

security.WebSecurityConfiguration
security.jwt. JwtAuthEntryPoint
security.jwt.JwtAuthTokenFilter
security.jwt.JwtProvider

security.service.UserDetailsServicelmpl
repository.UserRepository

entity.User
security.service.UserPrinciple
service.UserService
controller.UserController

entity.Bill

entity.BillPosition
service.BillService
controller.BillController
service.BillPositionService
controller.BillPositionController
repository.BillPositionRepository
repository.BillRepository

service.RTableService
entity.RTable
controller.RTableController
repository.RTableRepository

entity.Dish
RestaurantServerApplication
5 repository.DishRepository
service.DishService
controller.DishController

repository.ReservationRepository
entity.Reservation
service.ReservationService
controller.ReservationController

form.response.JwtResponse
email.MailService
controller.AuthController

7 entity.Role
repository.RoleRepository
form.LoginForm
form.SignUpForm

Table 1: Microservices proposal for restaurantServer

aAll classes have the prefix pl.edu.wat.wcy.pz.restaurantServer. in their qualified name
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4.2 Information Extraction

The building blocks of our methodology are the structural information and proposed microservices. Since
our methodology receives as part of the input a microservices proposal, which in practice is the decom-
position of the monolith classes by microservices, these classes may have interactions with classes that
belong to different microservices, i.e. have a dependency with a class that after refactoring will exist in a
different environment. It is these dependencies that we need to identify and refactor. Therefore, to identify
the dependencies between classes that belong to different microservices we need to extract information
from the application source code and cross-reference it with the microservices proposal.

In the Information Extraction phase, structural information is extracted from the source code and
dependencies between microservices are identified. Next, we describe how to obtain this information.

4.2.1 Extraction of structural information

Since the interactions between the classes are present in the structural information of the source code,
we extract it from the source code of the system under analysis.

We extract the structural information through the Abstract Syntax Tree (AST) of the application under
analysis. We chose to extract from AST because the class interactions are straightforward to obtain working
on the AST and because we obtain the information contained in each class, such as name, imports,
classes from which it extends, if applicable, implemented interfaces, annotations, variables, methods and
invoked methods which is information that we need to build the classes into their respective microservices.
To identify the classes that a class interacts with, we combine the list of invoked methods, the list of
implemented interfaces and the list of extends, which are returned by the AST. The Algorithm 1 presents
how the identification of classes which a class interacts with is performed. Receives as input a class C and
returns a class C with the list of dependencies with other classes filled in. An iteration through the lists
mentioned above is performed to extract the names of the classes that class C interacts with. Throughout
the iteration, the classes’ names are stored in Depc and finally the information contained in Depc is
stored in C which results in the list of dependencies of C with other classes. The dependency list contains
the name of the classes from which the class invokes methods, the name of the interfaces it implements
and the name of the super class, if applicable.
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Algorithm 1 Identification of classes where a class interacts with.
Input: C
Output: C

i=0;

Depc = [];

methods = C.getInvoked_methods();

inter faces = C.getInter faces();

extends = C.getExtends();

for (i;i < size(methods);i++) do

if (methods|i].targetClasse not in Depc) then
Depc.add(methods|i].targetClasse);

end if
end for
i=0;

for (i;i < size(interfaces);i++) do
if (inter faces[i].name not in Depc) then
Depc.add(inter faces|i].name);

end if
end for
i=0;

for (i;i < size(extends);i++) do
if (extends|[i].name not in Depc) then
Depc.add(extends|i].name);
end if
end for
C.setDependencies(Depc);

For example, from the AST of restaurantServer the information extracted for the ReservationContro-

ller class is presented in Listing 4.1.

1 {"name": "pl.edu.wat.wcy.pz.restaurantServer.controller.
ReservationController",

2 "imports":["lombok.AllArgsConstructor", "org.springframework.http.
HttpStatus", "org.springframework.web.bind.annotation", "org.
springframework.web.server.ResponseStatusException", "pl.edu.wat.
wCcy.pz.restaurantServer.entity.Reservation", "pl.edu.wat.wcy.pz.
restaurantServer.service.ReservationService", "java.text.
SimpleDateFormat","java.util.Collection", "java.util.Date","java.
util.Optional"],

3 "extendedTypes":[],

4 "implementedTypes":[],

5 "annotations":["@AllArgsConstructor","@RestController","@CrossOrigin

ll],
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"instance_variables":[{"annotations":[], "modifier":"private ", "
identifier":[], "type":"ReservationService", "variable":"
reservationService", "lineBegin":20,"lineEnd":20}],

"myMethods":{"getReservationById":{...}, "addReservation":{...}, "
updateReservation":{...}, "getReservations":{...}, "
deleteReservation":{...}, "getCurrentReservations":{...}

3,

"methodInvocations": [{"methodName":"getReservations","
targetClassName":"pl.edu.wat.wcy.pz.restaurantServer.service.
ReservationService"},{"methodName":"getCurrentReservations","
targetClassName":"pl.edu.wat.wcy.pz.restaurantServer.service.
ReservationService",{"methodName":"getReservationById","
targetClassName":"pl.edu.wat.wcy.pz.restaurantServer.service.
ResrvationService"},{"methodName":"getDate","targetClassName":"pl
.edu.wat.wcy.pz.restaurantServer.entity.Reservation"},{"
methodName": "setDateDays", "targetClassName":"pl.edu.wat.wcy.pz.
restaurantServer.entity.Reservation"},{ "methodName":"setDateTime
", "targetClassName":"pl.edu.wat.wcy.pz.restaurantServer.entity.
Reservation"},{"methodName":"addReservaion", "targetClassName":"
pl.edu.wat.wcy.pz.restaurantServer.service.ReservationService"},{
"methodName":"updateReservation","targetClassName":"pl.edu.wat.
WCy.pz.restaurantServer.service.ReservationService"},{"methodName
":"deleteReservationById","targetClassName":"pl.edu.wat.wcy.pz.

restaurantServer.service.ReservationService"

]

Listing 4.1: Information extracted from the AST about ReservationController class

And after the identification of the classes which the class ReservationController interacts with,

the list presented in Listing 4.2 is added to the ReservationController.

{

"dependencies": ["pl.edu.wat.wcy.pz.restaurantServer.service.
ReservationService", "pl.edu.wat.wcy.pz.restaurantServer.entity.
Reservation"]

b

Listing 4.2: List of classes that interact with ReservationController class

This process is repeated for all classes of the monolith under analysis, and at the end of this process
all interactions between classes are known, which is fundamental to identify which of these interactions
are between classes of different microservices, which is the next step.
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4.2.2 Identify Microservice Dependencies

We define dependencies between microservices as a reference to a certain non-primitive type that does not
belong to the microservice, i.e., if microservice A has a class that depends on data type T and microservice
B has the class of type T then A depends on B.

The process of identification of dependencies between microservices and the identification of depen-
dencies between classes from different microservices is presented in Algorithm 2. To obtain the depen-
dencies between microservices and the dependencies between classes of different microservices, we used
the proposed microservices, Microsercices_Proposal, by iterating over each microservice ms to check
if the classes that belong to the dependency list of the classes that belong to ms exist in the classes that
belong to ms. Through this comparison, we observe that the classes that are in the list of dependencies
of a class that belongs to ms and that do not belong to ms are classes that belong to another microservice
resulting in a dependency between microservices. When a dependency between microservices is detected,
a pair is added to dep_microservice to indicate which microservices are involved in the dependency and
the class name that class ¢ depends on is added to update the dependency list. At the end of the process,
the dependency list of each class only stores the dependencies with classes of other microservices.

Algorithm 2 |dentification of dependencies between microservices
Input: Microsercices_Proposal = [msy, mss, ..., ms,],
Classes = [c1, €2, ooy Cm ],
Output: dep_microservice > List of dependencies between microservices
dep_microservice = set();
for (i = 0;i < size(Microservices_Proposal);i ++) do
ms = Microservices_Proposal[i];
for (j =0;j < size(ms); j++) do
class_name = ms|j];
¢ = Classes.getClasse(class_name);
dep_class_microservices = [];
dependencies_list = c.getDependencies();
for (t = 0;¢ < size(dependencies_list);t + +) do
dep_name = dependencies_list[t];
if (dep_name not in ms && dep_name not in dep_class_microservices) then
dep_class_microservices.add(dep_name);
for (k = 0;i < size(Microservices_Proposal); k + +) do
if dep_name in Microservices_Proposal[k] then
dep_microservice.add((i, k));
end if
end for
end if
end for
c.setDependencies(dep_class_microservices);
end for
end for
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Using as an example the proposed microservices for the restaurantServer presented in Table 1 and the
information obtained for the class ReservationController in the previous section, we can observe
that the classes which the ReservationController class depends on belong to the same microser-
vice as the ReservationController, so there is no dependency between microservices detected by
this class. Regarding the ReservationController dependencies list, it is empty since there are no
dependencies with classes of other microservices. For an overview of the proposed microservices and
restaurantServer we found 16 dependencies, presented in Table 2, between microservices. The list of
dependencies of each class with classes of other microservices can be observed in Appendix A.1, where

in bold is highlighted the analyzed class followed by the classes it depends on .

Microservice Depends on

1 2

6;7
4:5
3:6
2:4;7
2:4:7
1:2:6

~NO bW

Table 2: Dependencies between microservices

Since the composition of microservices given as input may not have followed any microservice identifi-
cation methodology, the composition of microservices proposed can have some incongruities. Sometimes
it is necessary to make some adjustments to the microservice proposal given as input. If the microservices
proposal indicates that an interface implemented by a class is in different microservices, we replicate the
interface and place the copy in the microservice where the implementing class belongs, since an interface
only provides the signature of the methods that a class must implement, not having a significant impact
on the microservice domain. On the other hand, regarding inheritance, our methodology does not allow
the super class and sub classes to be in different microservices because they have an “is a” relationship

and must belong to the same domain and therefore the same microservice.

4.3 Database Refactoring

One of the big challenges of migrating a monolithic system to microservices is database refactoring. Typ-
ically, each microservice has its own database which, from the perspective of migrating a monolithic
system to microservices, leads to the need to decompose the monolithic database into several databases.
The database decomposition is not a trivial process, so we have to consider issues such as transactional
integrity, referential integrity, joins and latency (S. Newman, 2019).

The database refactoring phase aims to identify entities, relationships between entities, and refactoring
the relationships between entities that belong to different microservices.
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Having computed the structural information and the dependencies between classes from different
microservices, we can now refactor the application under analysis starting with the database. We use
the structural information extracted in the previous phase to identify the classes that are mapped as
entities and the relationships between the entities. We use the annotation list of each class to identify
the classes that are mapped as entities and through the annotations of the instance variables we identify
the relationships. Table 3 shows the entities and relationships present in restaurantServer. The logical

schema of the database is defined by 7 classes and 6 relationships.

Entity Relationship Entity

User Many-to-Many Role

User One-to-Many  Reservation

Bill One-to-Many  BillPosition
BillPosition  Many-to-One Dish

Rtable One-to-Many  Reservation
Rtable One-to-Many Bill

Table 3: Relationship between Entities

With the breakdown of the monolith into microservices, it is necessary to verify the integrity of the
relationships between entities. As we are in the scope of applications that take advantage of the use of
annotations to apply the ORM technique, when relationships between entities are identified, in terms of
code this translates into a dependency between classes that needs to be handled. By refactoring the
classes involved in the relationship we refactor the relationship of the database entities. Our methodology
maintains the relationships between entities that belong to different microservices, using foreign keys to
secure these relationships.

After a comprehensive and exhaustive review of the state of the art on migration patterns, we decided

to apply the following patterns for database refactoring:

* Data Transfer Object (DTO)
* Move Foreign-Key Relationship to Code

e Database Wrapping Service

Next, we present each pattern and in which scenarios they are applied through examples.

Data Transfer Object

The data transfer object pattern (DTO) is a distribution pattern used to reduce the number of calls when
working with remote interfaces. When working with remote interfaces (e.g web services), each service call
is an expensive operation. Indeed the majority of the cost of each call is associated with the round-trip
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time between the client and the server. Therefore the solution is to transfer more data within each call.
So the solution is to create a data transfer object that can hold all the data for the call. It needs to be
serializable to go across the connection. Usually it is used an assembler on the server side, as shown in
the Figure 7, to transfer data between the DTO and any domain objects. Another advantage associated
with this pattern is encapsulating the serialization mechanism for transferring data over the wire, keeping
this logic out of the rest of the code and also providing a clear point to change the serialization if desired
(Fowler et al., 2002).

How do we use it in the refactoring process.

When a relationship between entities that belong to different microservices is identified, it means that at
least one of the classes that are mapped as entities has an instance variable with the same data type
as the other entity/class involved in the relationship. As the entities/classes involved in the relationship
come to exist in different environments since they are in different microservices, one of the classes has
an instance variable with a data type unknown to its domain. We apply the DTO pattern to create this
data type. In this way, the unknown data type comes to exist, avoiding changes in the classes that have
references to this data type.

AlbumDTO Alburm
title: String e Album ‘_’ title: String
artist: String Assembler

™
tomlElement ‘\-\_\
readxml
~ 1

Artist

name: String

Figure 7: Data transfer Object Pattern

Source: Fowler, 2002

To demonstrate how this pattern is used we use the relationship between the classes User and
Reservation of restaurantServer. By the microservice proposal in Table 1 and the class dependencies
we verify that the User class depends on the Reservation class and the classes are in different mi-
croservices. The relationship between the User class and the Reservation class is characterized by
the User class having an instance variable of type list for Reservation. To create the Reservation
data type in the microservice that the User class belongs to, the DTO pattern is applied. This way the
User class remains unchanged and does not depend directly on the Reservation class that resides in
another microservice.
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Move Foreign-Key Relationship to Code

The move foreign-key relationship to code pattern is a database decomposition pattern, and like its name
indicates, this pattern is used to move the foreign key from the database into the source code of the
application.

The relationships between entities are denoted by foreign-key relationships. Defining this relationship
in underlying database engine ensures data consistency and lets the database engine execute performance
optimizations to ensure that the join operation is as fast as possible. However, when one wants to split
the database and the entities involved in the relationship end up living in different schemas two problems
emerge: the join of information cannot be performed via database join and the data inconsistency is now
possible.

The move foreign-key relationship to code pattern resolves the first problem by moving the join of
information to code. By moving the join operation to the code, Figure 8, the database calls are replaced
by service calls and the primary key is used to filter the information that is retrieved.

This pattern incurs some performance costs because latency increases. We pass from a local SELECT
in the database to a SELECT in the one database, a service call and a SELECT in another database.

Customer

_______________ Finance
Management 2. Request Album details for
alist of SKUs
3. Album details 1. Query items
retrieved sold by date

...........

Catalog ID| Date
123 : $3.99 14/8/2018
687 : $15.50 15/8/2018

SKU RRP Album Name
123 $5.99 Born to Run
687 $17.50 Give Blood

Albums

-
-
-

CatalogID column holds

IDs used to lookup entries
in Catalog service

Figure 8: Replacing a database join operation with service calls

Source: S. Newman, 2019

How do we use it in the refactoring process.

We apply this pattern when we find relationships of the types One-to-One, Many-to-One, and One-to-Many
between entities that will belong to different microservices. To do that the first step is to remove the
annotation from source code which creates the relationship. This annotation is typically present in one of
the classes involved in the relationship. With the removal of the annotation that created the relationship,
the table that stored the foreign-key lost the column for that purpose.
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Next, we add an instance variable to the class that represents the other entity involved in the relation-
ship. We add this new variable to create a column in the table that is responsible for storing the foreign-key.
In this way, the table has the same attributes that it had before the database was split. Furthermore, this
new variable will be used as a filter to retrieve data from the database through SELECT.

As we already have the tables involved in the relationship with the right attributes and each one in
its schema, the next step is to identify the methods that manipulate the data that belongs to the other
microservice. A search for methods that have a reference to that data is made. These methods will then
have an internal service call to manipulate this data using the primary key as a parameter.

To create the service calls and to make the generated code loosely coupled the following steps are
performed:

¢ Ainterface is created where the signature of the identified methods is declared.

* Aclass is created that implements the interface created that is responsible for making the service
calls

* Avariable of the type of the interface created is added to the class that is mapped as an entity.

Finally, to respond to the service calls it is necessary to create a APl in the other microservice involved
in the relationship. To do that, we create a class where we define the resource paths for the requests,
another class for process the request and we add methods to data access object (DAO) for querying the
database. These methods added to the class DAO are for retrieving the information required by the services
call from the database.

To demonstrate the transformations made by this pattern we use the relationship between the class
User and the class Reservation. Figure 9 shows the One-to-Many relationship between User and
Reservation in the original application. We omit some attributes from Reservation because it has
no impact on the refactoring of the relationship. Both classes have the Entity annotation that indicates
that they are mapped as database entities and their instance variables are mapped as attributes. The
Reservation table has a foreign key that corresponds to the User's primary key. Moreover, both
classes have their respective Repository class that allows the manipulation of the data present in the
database.

In terms of code, Figure 10 and 11, the One-to-Many relationship is represented by the User class hav-
ing an instance variable of type list of Reservation with OneToMany annotation and the Reservation
class having an instance variable to store a primary key of User.

Figure 12 gives an overview of the relationship between the User and Reservation after refactoring
and the transformations made as a result of the refactoring. One interface and one class were generated,
ReservationRequest and ReservationRequestImpl respectively, in the User's microservice,
which are responsible for making requests to the microservice where the Reservation information is
and, by applying the DTO pattern, it was also created a class called Reservation that has the same at-

tributes as the original Reservation class. In microservice #6, where the original Reservation class
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Monolith

User Reservation

UserRepository ReservationRepository
(Repository) (Repository)
v

User Reservation
user_id [first_namilast_name¢| mail |password Id Date [statusjuser_
1 worker | worker | w@w.pl | 12345 1 losiot/20dcance] 1
2 admin admin | a.@apl | $2a21 2 |e01/20{Open| 2

public class User { public class Reservation {

atedValue(strategy = GenerationType.IDENTITY)
AColumn(name = "USER_ID")

private Long userId;

iColumn(name = "MAIL", length = 50)

private String mail;

iGeneratedValue(strategy = GenerationType.IDENTITY)
dColumn({name = "RESERVATION_ID")

private Long reservationId;

iColumn{name = "DATE")

acolunn(name = "FIRST_NAME") private Date date;

private String firstName; aColumn(name = "DATE_DAYS")
aColumn(name = "LAST_NAME") private String dateDays;
private String lastName; dColumn({name = "DATE_TIME")
icolumn(name = "PASSWORD") private String dateTime;
private String password; fColumn({name = "RTABLE_ID")
iManyToMany (fetch = FetchType.EAGER) private Long rTableld;

@JoinTable(nane = "USER ROLES", aColunn(name = "RTABLE_NUMBER™)
Joincotumns = 1_1{name i USER:I? ). s private int rTableNumber;
_ inverseJoinColumns = @JoinColumn(name = "ROLE_ID")) aColunn(name = "ATTENDEES")
private Set<Role> roles; R R
J0neTotany (orphanRenoval = true private int attendees;
cascade = CascadeType.ALL, iColunn(name = "USER_ID")
fetch = FetchType.LAZY, private Long userld;
mappedBy = "userId") fColumn{name = "STATUS")
private List<Reservation> reservations; private String status;
Figure 10: Instance variables of the User class Figure 11: Instance variables of the Reser-
in monolithic application vation class in monolithic application

belongs, the ReservationUserController and ReservationUserService classes were cre-
ated to receive the requests and to process the requests, respectively. Also, inthe ReservationReposi-

tory class the setReservations and getReservations methods were added.

In terms of code, the class User, Figure 13, now has an instance variable of type ReservationRe-
quest and the instance variable list of Reservation that had the annotation OnetoMany now has
the annotation Transient which indicates that this information is not to be stored in the database. The
ReservationRequest interface, Figure 14, has the signature of setReservations and getReser-
vations methods that have as parameter the user id and the ReservationRequestImpl class,
Figure 15, implements the ReservationRequest interface and is responsible for calling the reservation
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User Microservice

<<DTO=>
User N Reservation
1
UserRepository
(Repository)
<=<Interface=> v
ReservationRequest
i
i User
' user_id lﬁrsl_nam-lasl_name mail |password|
ReservationRequestimpl 1 worker worker | w@w.pl 12345
2 admin admin | a.@apl | $2a21

|
GET /endpoint/RTableqid}/Reservations/getReservations

Reservation Microservice

¥

Reservation
ReservationUserController ReservationUserService Repository
(Repository)

Reservation

Reservation

Date lslatusluser_
05/01/202 1
06/01/204 Open

e ——

Cance

Figure 12: One-to-Many relationship between User and Reservation in microservice-based application

microservice.

@Entity
public class User {
@Id
EGeneratedvalue(strategy = GenerationType.IDENTITY)
@EColumn{name = "USER_ID")

private Long userld;

@column{name = "MAIL", length = 50)
private String mail;

@Column{name = "FIRST_MAME")

private String firstMame;
@EColumn{name = "LAST_NAME")

private String LlastName;
@EColumn{name = "PASSWORD")

private String password;
@EManyToMany (fetch = FetchType.EAGER)
@JoinTable(name = "USER_ROLES",

joinColumns = @JoinColumn{name = "USER_ID"),
inverseloinColumns = @JoinColumn{name = "ROLE_ID"))
private Set<Role> roles;
@Transient

private List<Reservation> reservations;
@Transient
private ReservationRequest reservationreguest = new ReservationRequestImpl();

Figure 13: Instance variables of the User class in microservice-based application
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public interface ReservationRequest {

public void setReservations(List<Reservation> reservations, Long userlId);
public List<Reservation> getReservations{Long userId);

Figure 14: Interface generated by the database refactoring

public class ReservationReguestImpl implements ReservationRequestd{
private RestTemplate restTemplate = new RestTemplate();

public void setReservations(List<Reservation> reservations, Long userId){
restTemplate
Lput{ wl "http://6/User/{id}/Reservation/setReservations”,

reservations, userId);

public List<Reservation> getReservations{Long userId]){
List<Reservation> aux = resiTemplate
.getForObject( url "hitp://6/User/{id}/Reservation/getReservations”,
List.class,userId);
return avx;

Iy
}

Figure 15: Generated class that is responsible for the calls to the Reservation microservice

In the Reservation microservice the ReservationUserController class, Figure 16, is cre-

ated, where we use the RestController and CrossOrigin annotations that indicate that this class

exposes an API, where we define the resource path for each method and where we annotate the methods

with PutMapping or GetMapping according to the type of operation they represent.

Finally, the class ReservationUserService, Figure 17, is created where the request is directed to

the Repository class where the getReservations and setReservations methods were declared

using the User id as a filter.
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@RestController
@Cross0rigin

public class ReservationUserController {

EAvtowired
private ReservationUserService reservationuserservice;

@FutMapping
("/User/{id}/Reservation/setReservations")
public void setReservations(@PathVariable(name="id") Long userId,
ERequestBody List<Reservation> reservations){
reservationuserservice.setReservations(userId, reservations);

}

@GetMapping
("fUser/{id}/Reservation/getReservations")
public List<Reservation> getReservations(@Pathvariable(name="1id") Long userId){
return reservationuserservice.getReservations(userId);

}

Figure 16: Generated class that exposes the API to handle Reservations

import java.util.List;

[EService

public class ReservationUserService {

@Autowired
private ReservationRepository reservationrepository;

public void setReservations{Long userId, List<Reservation> reservations){
reservationrepository.setReservations(userId, reservations);

}

public List<Reservation> getReservations(Long userId){
return reservationrepository.getReservations(userId);

}
}

Figure 17: Generated class that processes and directs the request to the repository class

The transformations made to the relationship between User and Reservation are the same for the
relationships BillPosition-Dish, Rtable - Reservation and Rtable-Bill. The BillPosi-
tion-Bill relationship did not need refactoring as the two classes belong to the same microservice. In
Appendix A.2 are all the transformations made by database refactoring.
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Database Wrapping Service

The database wrapping service pattern is a coping pattern, used to add a service as wrapper of database
schema.

As Newman, 2019 says, when something is too complicated to handle, hiding the mess makes sense.
Sometimes breaking down the database of sensitive systems like banks and hospitals can lead to catas-
trophic consequences. One possible solution is to share the database across all microservices but it goes
against the principles of microservices - each microservice has its own data and loose coupling. The
database wrapping service pattern appears as a better solution and it is also seen as a stepping stone
to more fundamental changes, giving you time to break apart the schema underneath your API layer (S.
Newman, 2019). This pattern creates a new service to “hide” the database, Figure 18, providing an API
to access the data. In this way the services replace access to the database with requests to the service
that owns the database. This ensures the database schema is unchanged and the services exhibit low

coupling.

Change direct DB calls to
calls to Entitlernents Service

Introduce a new service
to “wrap” the database

Upstream applications
directly accessing DB

| |
| I
| I
AppB ' AppB ! AppB
[ ] AT
| 1
| aen || [ aeec || eea || [ Aeec ] 1 _AepA | | AepC
| I |
| |
| |
! e — -
Entitlements & : Entitlements & : Entitlements & ntitlerments
AppData I App Data | App Data Service
| |
| |
| |
I |

Figure 18: Using a service to wrap a database

Source: S. Newman, 2019

How do we use it in the refactoring process.

We apply this pattern when we find a Many-to-Many relationship between entities that will belong to different
microservices. In Many-to-Many relationships a “join table” is created, being formed by the two foreign
keys (i.e. copies of the primary keys of the entities involved). If we apply the move foreign-key relationship
to code pattern we would lose this table. Instead we apply this pattern and the relationship keeps intact.

We apply this pattern by extracting the classes that are mapped to the entities that are involved in
the relationship, and their respective DAO classes for a new service. This new service provides an API to
access the data stored in the database and, therefore, the services that need to access that data, replace

direct database calls with calls to the new service.
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To demonstrate how this pattern is applied we use the relationship between User and Role. By the
microservices proposal of table 1 we verify that the classes Role and User belong to different microser-
vices and by table 3 we verify that these classes have a Many-to-Many relationship. We create an extra
microservice to store the User and Role classes and their respective Repository classes to access the
database. This way the relationship between the entities is maintained and the refactoring process con-
tinues with this new microservice being added to the microservices proposal and the classes dependency
lists are recalculated taking into account this new scenario.

4.4 Code Refactoring

Having already refactored the classes that create the database logical schema, it is now necessary to
analyze the other classes. The code refactoring phase aims to refactor the classes that have method calls
to other classes that are part of other services. Each of these methods calls is replaced by a service call
that is responsible for call the original method in the microservice where the method belongs. Figure 19
illustrates an overview of the steps that compose the code refactoring phase.

The code refactoring process starts with the analysis of the variables of the classes. The information
about the variables is straightforwardly obtained from the structural information of the class. We analyze
the data type of each instance variable and we check if the data type is in the list of dependencies that
the class has with other microservices. If the data type of the instance variable under analysis is not in
the list of dependencies, it is not necessary to continue the refactoring process for this variable, because
it corresponds to a data type that exists in the microservice to which the class belongs or it is a primitive
data type of the language. However, if the data type is among the dependencies with other microservices
it is necessary to search for method invocations of the class that corresponds to the data type, because
these methods, with the decomposition of the monolith in microservices, will no longer be invoked locally,
they will be replaced by calls to the service that owns the data type and consequently the methods.

The identification of the invoked methods is also simple to obtain through structural information. Since
the identified methods may have as a parameter or return a data type that is present in the class’s list
of dependencies with other microservices, it is necessary to check the data type of the parameters and
the return. If in the parameters or in the return of the method we found data types that are in the list of
dependencies of the class with other microservices we apply the DTO pattern to create these data types
in the microservice. The reason for doing this is that the parameters and the method return will be sent
in the service call so they are data transfer objects.

After having the invoked methods identified and their parameters and returns checked, we can create
the service calls. We create the data type of the instance variable by creating an interface with the same
name as the data type. In this way the modifications made to the code will be transparent to the class
under analysis. The interface created contains the signature of all the invoked methods identified that will
become service calls. To define the service calls we create a class, termed Request, that implements
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the interface created. This new class is responsible for making the remote service calls and therefore we
define the REST calls for each method in this class.

Finally, in the microservice that owns the class that corresponds to the data type that triggered the
whole refactoring process, a REST API is created that allows the invocation of the original methods.

...—,, a8 e [Yes] Find Methods
- Classe *<_Dependency 7.~ Invocations
Field
I [Mo]
_ [Ves] AN
I’.\ Last .
.- - Er
A4 Field ? [No]
- o L 3
T Nel  Refiirn & Parameters

Create Field Type

Through an Interface * Lo g A

Create Response A erendenciesf?, g
Class . )
T l [Yes]
Create Request Class « Create DTOs

Figure 19: Overview of code refactoring

In order to complete the code refactoring process it is necessary to check the data types of the local
variables, which are the variables created within each method. We check if the data type of the local
variables are in the list of dependencies with other microservices of the class under analysis. If the data
type of the local variables is in the list of dependencies we create the data type by applying the DTO pattern
and a search is made for invoked methods of the class that corresponds to the data type. We apply the DTO
pattern because these variables typically, when they are not of a language primitive type, are the result of
invoking a method of a class that has defined an instance variable. In fact, the refactoring of the instance
variables already applies the DTO pattern to create the return data type of the invoked methods which
corresponds, for the most part, to the local variables. To avoid creating classes that already exist when a
data type is created by applying the DTO pattern, this data type is removed from the list of dependencies
with other microservices of the class under analysis. The identified invoked methods of the local variables
are defined as service calls in the class generated by the DTO pattern application. As in the analysis of
the instance variables a REST APl is created, in the microservice that owns the data type, that allows the
invocation of the original method.

To show the changes made by the code refactoring phase we use the dependency between the
BillService class and the RtableRepository class, as an example. The Figure 20 gives us an
overview of the interaction of the class BillService with the class RTableRepository in the mono-
lithic application. The BillService class has two instance variables, one of type Bil1Repository
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and another of type RTableRepository, and six methods: getBills, getBillById, addBill,
updateBill, deleteBill and getBillPositions.

Monolith

BillService HTable

-billRepository : BillRepository
-ITableRepository | RTableRepository

+getBills() : List<Bill=
+getBillByld{id: Long) : Optional<Bill= RTableRepository
+addBill{bill : Bill) 1 i - ] i
+updateBill{id : Long, bill ; Bill) +f|ndElg.rIdf|d : Long) : Optional<RTable=
+deleteBillByldiid : Long)

+getBillPositions(id : Long) : List=BillPosition=

Figure 20: Interaction between Billservice and RTableRepository in monolithic application

In the monolithic version the relationship between the BillService class and the RTableRepos—
itory classis characterized by the BillService class having an instance variable of type RTableRe-
pository and by invoking the £indbyId method, which returns a RTable, from the RtableRepos-
itory class within the addBill method.

The relationship between the two classes and the invocation of the findById method after code
refactoring phase is presented in Figure 21. In the code refactoring phase an interface was created in
BillService's microservice called RTableRepository to represent this type in the microservice
where the £ indById method signature was declared since it is only this method that is invoked from the
original RTableRepository class. Besides that, it was created a class called RtableRepository-
Impl that is responsible for making the REST call to invoke the original method and a class called RTable
to represent the £inById return type. In RTable's microservice a class called RtableRepository-
Controller is created where the REST API is defined and that invokes the £indById method in the
original RTableRepository class.

All the transformations made by the code refactoring phase can be seen in https://github.com/
MicroRefact/restaurantServerMs where we provide the source code of the refactored application.
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Bill Microservice

ceDTO2>
BillService RTable
-billRepository : BillRepository
-rTableRepository | RTableRepository <<|nterfaces==
ATableRepository

+getBills{) : List<Bill=

+getBillByld{id: Long) : Optional<Bill=
+addBill{kill : Billy

+updateBill(id : Long, bill : Bill) 5
+deleteBillByld(id : Long) !
+getBillPositions(id : Long) : List=BillPosition= ;

+findByldi{id : Long) : Optional<RTable=

RTableRepositorylmpl

GET /endpointfindByld ?id=id

RTable Microservice

RTableRepository

RTableRepositoryController
+findByld({id : Long) : Optional<RTable= o«

Figure 21: Interaction between Billservice and RTableRepository in microserices-based application
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MicroRefact - A tool for refactoring Java monoliths

In this chapter we present the implementation of our tool, MicroRefact, which is a shell based-tool devel-
oped in Python that serves as a proof of concept to validate the methodology. The MicroRefact is designed
for Java applications, in particular for the Spring! framework. Although the methodology indicates the
manipulation of data access objects the developed tool only supports applications that use the repository
pattern? instead of the DAO pattern since the identification of these classes is straightforward through the
annotations and the identification of which entity the repository class refers to is directly obtained. Further-
more, both patterns have the same goal: to serve as an abstraction to persist the data so the methodology

covers both patterns.

Regarding the ORM, there are several ORM frameworks. MicroRefact supports the refactoring of
applications that use the Java Persistence API® (JPA) to do the mapping. We decided cover JPA since
it describes a common interface to data persistence frameworks. The full implementation is available at
https://github.com/FranciscoFreitas45/MicroRefact. Figure 22 represents an overall flow of MicroRefact.

In the following sections we detail each part of MicroRefact.

5.1 Information Extraction

The information extraction phase is responsible for processing the input provided by the user in order
to identify the proposed microservices and extract information from the source code of the monolith.
MicroRefact receives as input a JSON file with the composition of the microservices and the path to the
source code of the monolith. The microservices are represented in the JSON file by documents in which

each document contains an array with the full name of the classes that form the microservice.

Lhttps://spring.io/
Zhttps:// martinfowler.com/eaaCatalog/repository.htm|
3https://docs.oracle.com/javaee/ 7/ api/javax/persistence,/ package-summary.html

38


https://github.com/FranciscoFreitas45/MicroRefact
https://spring.io/
https://martinfowler.com/eaaCatalog/repository.html
https://docs.oracle.com/javaee/7/api/javax/persistence/package-summary.html

5.1. INFORMATION EXTRACTION
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Figure 22: Overall flow of MicroRefact

5.1.1 Project Parsing

In order to extract structural information from the source code of the software project under analysis, we
parsed the source code of the software project to an AST. For parsing we decided to use the Java Parser*
library since it is the most used parser for the Java language, having weekly releases.

The extraction of the structural information is performed through the following steps:

* Firstly, the Java Parser identifies the source root of the software project under analysis and from it,
for each java file, it creates a CompilationUnit. It is through the CompilationUnits that we will obtain
the structural information of each class.

* For each of the CompileUnits a class is identified, as well as its full qualified name, its range, its

declared constructors, its imports and its direct dependencies of inheritance and implementation.

“hitps://javaparser.org/
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e Next, a set of visitors are declared to extract the following information from the class: method
declarations (MethodDeclarationVisitor), annotations (AnnotationVisitor), variable declarations (Vari-
ableDeclaratorVisitor), mehtods calls (MethodCallExprVisitor) and instance variable declarations
(FieldDeclarationVisitor). The MethodDeclarationVisitor identifies all the methods declared in a
class. For each method it is identified its name, annotations, return type, the type of its parame-
ters, the local variables, its body and the methods called within it. AnnotationVisitor just identifies
annotations attached to a class. VariableDeclaratorVisitor identifies all variables both instance and
local. MethodCallExprVisitor is responsible to identify all the method calls from other classes. Field-
DeclarationVisitor is used to identify all the instance variables. For each instance variable its name,
annotations, type and modifier are identified. To create the dependency list for a class, we analyze
all the declared variables and methods. We identify the type of variables and the types of parame-
ters and method returns. Then, we generate a list with the names of the classes that a given class

depends on.

* An object is created to store the information identified and collected by the Java Parser for each
class. At the end of the identification and extraction process, the information about the classes of
the project under analysis is exported to a JSON file to be processed by the Python program, along
with a JSON file which contains the composition of the microservices.

5.1.2 Identification of Dependencies between Microservices

To identify the dependencies between classes that belong to different microservices we need to process
both JSON files, so these files are read by the Python program. A data structure is created to represent
the structural information of each class as well as to represent the microservices in the program.

For the data structure, we create a class called Class to represent a class and a class called Cluster
to represent a microservice. The class Class is responsible for storing the structural information of each
class. The Cluster class is composed by:

» A dictionary, where the key is the name of a class and the value is an object of type Class.
e Alist for adding new classes to the microservice.
¢ The path to the folder where the microservice's Java files are created.

The data structure created is composed of a list of Cluster that represents the number of microservices
into which the monolith has been decomposed and the compositions of the microservices.

The process of loading the structure begins by reading the JSON file that contains the composition
of the microservices. For each microservice a Cluster object is instantiated and for each class a Class
object is instantiated that is stored in the dictionary inside the Cluster object. The Class objects at this
stage do not yet have the structural information loaded. Next, to load the Class objects with the structural
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information, the JSON file containing the structural information of all classes of the project under analysis is
read and, through setters the structure is loaded. While loading the structure it is checked if the proposed
decomposition of the monolith respects one of our assumptions i.e. if the super classes and the sub
classes belong to the same microservices. If it does not, the program throws an exception notifying the
user that there is a bad division of the monolith. Also, while loading the structure, some adaptations are
made to the microservices proposal, regarding the implementation of interfaces. It is checked if all the
interfaces that a given class implements are in the same microservice as the class. To achieve this, an
iteration over the list of interfaces that a given class implements is made and it is checked if the name
of the interfaces are key in the dictionary that represents the microservice that the class in analysis is
in. If they are not key, a copy of the Class object that represents the interface is made and added to the
dictionary that represents the microservice of the class under analysis. This assures that all the interfaces
that a class implements exist in the microservice.

After having the structure loaded and the microservices proposal validated, the dependencies between
the classes of different microservices are identified. This is accomplished by iterating over the dictionary,
contained in the Cluster, that contains the Class objects that represent the classes of the microservice,
and for each Class it is checked if the name of the classes that are in the list of dependencies of the
Class are keys in the dictionary that the Class under analysis belongs to. If it is not key the name of the
class that the Class depends on, is added to the list of dependencies with other microservices of the Class
through a setter method. This process is repeated for all objects Cluster, so all objects Class have a list of
dependencies with other microservices fulfilled.

5.2 Database Refactoring

With the data structure loaded, it is used to refactor the database of the software system under analysis.
This process begins with the identification of the classes that are mapped as entities by analyzing the
annotation list of each Class object. A search is made for the keyword Entity in the annotation list. For
each Class that is identified as an entity, the algorithm retrieves the list of instance variables to identify
relationships between entities. The relationships are denoted by keywords OneToMany, ManyToOne,
ManyToMany and OneToOne. An iteration through the list of instance variables is performed to check
whether the instance variables have in their annotation list one of the keywords that indicate a relationship.

If relationships are found, it is checked if the type of the instance variable, which has the annotation,
is in the list of dependencies with other microservices of the object Class under analysis. If the type of
the instance variable is not in the list of dependencies with other microservices of the Class, it means
that the classes involved in the relationship are in the same microservice and move on to analyze the
next instance variable. However, if it is, the refactoring follows different paths according to the relationship
identified. For the OneToMany, OneToOne and ManyToOne relationships a search is performed on the
list of methods of the Class object under review to identify methods that use the instance variable. We
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identify methods that use the type of the instance variable through the return type, or through parameters,
or in the declaration of variables. With the methods identified a list, named methods, is created and this
list will be used for the REST API definition.

For the application of the DTO pattern to create the type of the instance variable in the Cluster where
the Class under analysis belongs, the type of the instance variable is used to identify the position (index) in
the Cluster list, of the Cluster object that has in its dictionary a key with the same name as the type of the
variable. Then, the index and the type of the variable are used to do a get of the corresponding Class object
to make a clone of it, named ClassDepend. In this cloned object some changes are made in its attributes.
The prefix “DTO" is added to the qualified name of the ClassDepend, the annotation list associated with
the ClassDepend is cleared and an iteration through the instance variables of the ClassDepend object is
performed to identify possible types that do not exist in the Cluster that the Class under analysis is in.
The identified types are marked as “dragged” by the ClassDepend and the objects associated with these
types are cloned and stored together with the ClassDepend in the list of new classes of the Cluster object
to which Class belongs.

To apply the move foreign-key relationship to code pattern, two functions are created that are respon-
sible for creating the interface and the class that implements the interface, createlnterface and create-
Class_calllnterface, respectively. A class called Myinterface is also created to represent the interfaces
created and its attributes are the name, the method modifier, the signature of the methods and the im-
ports.

The createlnterface function receives as one of its parameters the list of identified methods, methods.
The createlnterface function extracts the signature from the identified methods and creates a Mylnterface
object. The name given to the generated interfaces is composed of the type of the instance variable plus
the word Request (e.g. ClassXREQUEST). The function createClass_calllnterface receives as one of the
inputs the generated Mylinterface object and its goal is to create a class where the calls to the REST API
that will be created later are defined.

To make REST calls it is used the RestTemplate class from the org.springframework.web.client
package and therefore a variable of this type is added to the list of instance variables of the class to
be created. Next, the get of the signature of the methods present in the Mylnterface is obtained and the
methods that are responsible for making REST calls are created. For the REST calls it is used two methods
from the RestTemplate, getForObject for methods that have a return type and put for methods where
the return type is void. We chose to use the put method instead of postForObject since most of the methods
are setters, i.e. there is no creation of new objects but rather an update of certain attributes.

After all the methods are declared an object of type Class is instantiated that contains the information
of this new class and is added to the list of new classes of the Cluster to which the class in analysis belongs
as well as the interface.

For the application of the move foreign-key relationship to code pattern to be complete, a REST APl is
created. The list of identified methods (methods) is used to create an object of type Class, called Controller,
where the resource paths are defined. The Controller object’s annotation list is formed by the annotations
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RestController and CrossOrigin because these are the annotations that create the REST API
and the imports listby org. springframework.web.bind.annotation.*, org.springframe-
work.beans.factory.annotation.Autowire and the import of the data type of the instance
variable under analysis. The list of instance variables is composed of a variable of type Service that will
be created next. For each method present in the list methods a method with the same name is created
and a resource path is defined as follows:
“ /type_of_the_instance_variable/{foreign-key}/name_of_Class_under_analysis/Name_of_method ".
Each resource path has associated an Hypertext Transfer Protocol (HTTP) verb. Methods that have
return type have the GetMapping annotation because they are gets and those that do not have return
type have PutMapping annotation because they are puts.

Then another Class object is created, called Service, where the requests are processed. The Service
also uses the methods list to define the methods. The Service object’s annotation list is formed by the
annotation Service because this new class is responsible for providing the business functionalities. This
class aims to invoke the functions declared in the Repository class to query the database. The Service and
Controller objects are added to the list of new classes of Cluster to which the type of the instance variable
under analysis belongs.

Finally methods are added to the Repository class. For this the identification of the Class object that
represents Repository is carried out. For the identification we used regular expressions through the re.py”.
After the identification, the signature of the methods from the methods list is added with the addition of
a parameter to represent the foreign-key. These methods require the user, after refactoring the whole
application, to define the queries to the database.

For the ManyToMany relationship the refactoring is different. For the application of the database
wrapping service pattern, a search is made for the object Class that represents the Repository of the
Class under analysis. To identify this object Class we also use regular expressions. Next, the type of the
instance variable is used to identify the position (index) in the Cluster list, of the Cluster object that has in
its dictionary a key with the same name as the type of the variable. Then the index and variable type are
used to get the corresponding Class object and to identify the Repository corresponding to the object.

Next, a Cluster object is created in which the two objects that represent the entities and the two objects
that represent the respective Repositories are stored in its dictionary. When these objects are stored in the
new Cluster object, they are deleted from the dictionary of the Cluster object that they belonged to before.
Besides, it is also checked if the Class objects have classes marked as “dragged” and if so, a clone of
these objects is made and stored in the dictionary as well.

Then an iteration is made through the dictionaries of the Clusters where the objects belong to check
if the objects have interactions with other classes. If interactions are identified, the name of the object
it depends on is added to the list of dependencies with other services of the Class object that had the
interaction. Finally the Cluster object is added to the list of Cluster.

Shitps://docs.python.org/3/library/re.html
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5.3 Code Refactoring

After the refactoring of the classes that define the database logical schema is finished, it is time to analyze
the other classes. For this purpose, two functions were created, code_refactoring_instance_var which is
responsible for analyzing the instance variables of each object Class and the code_refactoring local_var

which is responsible for analyzing the local variables.

The code_refactoring_instance_var function starts with an iteration through the dictionary of each
Cluster to refactor the classes that do not form the database logical schema. These classes are identified
through the annotation list, i.e., if the annotation list does not contain the Entity annotation then it is a
class that will be analyzed by the function. For each analyzed Class, it is performed the get of instance
variables and for each instance variable it is checked if its type belongs to the list of dependencies with other
microservices of the Class under analysis. If the type of the instance variable does not belong to the list of
dependencies with other microservices, it means that the type of the variable exists in the microservice.
Otherwise, a search is executed in the list of invoked methods of the Class object under analysis, for the
methods invocation by the instance variable, and a list with the name of the identified methods is created,
called methodsinvocations. For each method present in methodsinvocations it is checked if its return
type or parameter types are among the dependencies with other microservices of the Class object under
analysis and if so the DTO pattern is applied. For this purpose, each parameter type and return type is
used to identify the position (index) in the Cluster list of the Cluster object that has in its dictionary a key
with the same name as the type. Then the index and type are used to get the corresponding Class object
to clone it.

To avoid adding a class to a microservice where it already exists, it is checked if the name of the cloned
object Class exists in the list of new classes of the Cluster to which the Class object in analysis belongs. If
it already exists the cloned object is destroyed, otherwise, the object’s annotation list is cleaned and it is
checked if the cloned object’s instance variables have dependencies. If they have dependencies, the Class
objects representing their types are cloned and are marked as “dragged” by the Class object representing
the DTO, and both the cloned objects marked as “dragged’ and the cloned object representing the DTO
are stored in the list of new classes of the Cluster to which the Class object under analysis belongs.

Next, an interface is created to represent the type of the instance variable that triggered the refactoring.
To achieve this, and to avoid replications, it is verified if already exists a Mylnterface object with the name
of the type of the instance variable in the list of new classes of the Cluster which the object Class under
analysis belongs. If it already exists it means that already exists an interface that represents the type of
the instance variable and a class that implements the interface, and therefore only the methods that are
not yet declared in the interface are added. To do this, an iteration is performed over the identified invoked
methods and it is checked if they are already in the list of methods declared in the interface and if not,
their signature is added to the interface and they are added to the Class object that represents the class
which implements the interface. If it does not exist, a Myinterface object is instantiated with the name
of the instance variable where the identified invoked methods are added to the method list and a Class
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object is instantiated that represents the class that implements the interface and will make the remote
invocations of the original methods. As in database refactoring, we also use the RestTemplate class for
HTTP requests. The Myinterface object and the Class object created are added to the list of new classes
of the Cluster to which the object Class in analysis belongs.

Finally, a REST APl is created that allows the invocation of the original method. The process is similar
to database refactoring. It is verified if it already exists an object Class with the name of the Class object
that intends to create and if so, it is performed the get of this object and added to its method list the
methods present in the object Myinterface, generated in the previous step, that the Class does not have.
If a Class object with the same name does not exist, a Class object with that name is instantiated and
added to the list of new classes of the Cluster to which the orginal method belongs and all the methods
present in the Mylnterface object are declared in this object.

In the code_refactoring local_var function, like in code_refactoring_instance_var, an iteration over
each Cluster is executed and the Class objects that do not have the Entity annotation are analyzed, but
this function analyzes the local variables. For each class an iteration over the methods is performed to
check, for each method, if there are methods invoked from a class that does not belong to the Cluster. If
the invocation of methods from classes that do not belong to the Cluster is identified, it is verified if the
variable that makes the invocation is an instance variable and if it is the case it is not necessary to refactor
because it was done in the previous function. However, if it is not the case, the DTO pattern (Fowler et al.,
2002) is applied through the clone of the Class object that represents the type of the variable and their
“dragged” classes.

Finally, the information contained in each object Class is used to write Java files. The Class class has
a method called create, which generates a Java file with the class information. To do this, Python’s built-in
open function is used to create a file object and an iteration over all the fields in the Class is performed to
write them to the file using the write method of file object. A folder is created for each microservice where
the files are written.

45



§

Evaluation

In order to quantitatively assess the applicability of our methodology and qualitatively assess whether the
generated microservices-based applications are functionally equal to the original version we collected 120
projects from GitHub. In the qualitative evaluation we use the unit tests of the monolithic projects to
execute them in both versions of the application, the original and the microservices based one, and if the
result of the unit tests is the same in both applications we conclude that the applications are functionally
equal. In this chapter we describe this evaluation in detail.

6.1 Project collection

To evaluate the proposed methodology it is necessary to test it in several projects of different sizes and
complexity. To do this, we created a list of projects for which we executed the MicroRefact. We decided to
extract the projects from GitHub because it is the most popular platform for hosting source code and files.

We used the GitHub search API for code to find repositories that contained the terms org. spring-
framework.data. jpa and org.springframework.data.jpa.repository.JpaReposito-
ry, since these are very common terms in applications that use JPA annotations to do object relational
mapping and are terms exclusive to applications built with the Spring framework. The query used was as
follows:

https://api.github.com/search/code?q=org.springframework.data.jpa+org.springframework.data.jpa.
repository.JpaRepository+language:java

Since the GitHub search API limits each request to 1000 results and the query is to identify repositories
through code there are repeated results. Executing this query and after removing duplicate repositories, we
identified 686 repositories. To ensure that only monolithic applications are used, we only consider projects
with one ‘src’ folder. We also discard projects with less than 25 classes because they may represent “toy”
projects and we use filters to exclude demo and test projects using the following stop words: “release”,

”oou ” o ”oowu

“framework”, “learn”, “source”,“spring”, “study”, “demonstration”, “test”, “practice”. That reduced the

686 projects to 353. We decided to use about one third of the projects since we feel that one third
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is representative of the population and also because of time reasons. From the identified projects we
randomly selected 120 projects. The histogram of the projects collected by the number of classes is
presented in Figure 23. The biggest one has 1339 classes and the smallest 27 classes
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Figure 23: Histogram of collected projects by class count
6.2 Setup

We implement the methodology presented by building MicroRefact. We use the tool to test the collected
projects to evaluate the percentage of projects that the tool is able to refactor and to evaluate from a
functional point of view if the generated microservices based application is equal to the original monolithic
application through unit tests of the monolithic application. The setup was divided in two parts: the first
part where it was necessary to obtain a microservices proposal for each of the collected projects and the
second part where it was necessary to adapt the unit tests to run on the microservices based version,
since they were designed for monolithic application.

To obtain a microservice proposal for each project collected, we used the tool developed by Brito
et al., 2021 available at https://github.com/miguelfbrito/ microservice-identification. Although the tool
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allows the customization of the input, we use the default parameters. For each project the tool generates
several proposals for decomposition of the monolith and we always choose the one that reveals the greatest

value in the metrics that the tool uses to evaluate the proposed decomposition.

After running MicroRefact on the project under analysis, the result is analyzed. If successful, and if the
project has unit tests, these are run on the generated microservices-based application. However, the testing
process has not been automated because, although the code generation is automated, it is necessary to
define SQL queries for the methods that were added to the Repository classes and because the unit
tests need some adjustments that depend on the context. Typically they are simple SELECT queries or
data UPDATE queries.

As the tests do not enter into the refactoring process, it was necessary to identify to which microservices
the test classes should be transferred. This process was manual and had a detailed analysis of the test
classes as well as the domain of the generated microservices. In projects with a good design and developed
with good practices the test class name served to identify to which microservice it should be transferred. In
more disorganized projects it was done an analysis of the imports of the test class as well as the declared
variables in order to identify to which microservice it should belong. In addition, and given that the tests
were designed for monolithic application, it was necessary to adapt the tests for microservices. Among
the modifications made to the test classes are imports because the test classes contained references to
classes that do not belong to the microservice. These imports were replaced with imports that refer to
types created to replace the reference to classes that do not belong to the microservice, i.e. the DTO and
interfaces created.

The other change made was in tests that manipulate the database. As unit tests are designed for
monolithic application, there are unit tests that test the interactions between classes that are mapped as
database entities. In the unit tests where new records are inserted in the database tables, and as we are in
the scope of applications that use annotations to define the database logical schema, these create objects
and use the Repository classes to insert them. However the objects created have as attributes objects
that refer to other entities, so the objects that refer to other entities also have to be instantiated. In the
monolithic version when the test is run, insertions are made in all tables referring to the classes involved
in the test. However, in microservices and with database refactoring, the references to classes that are
mapped as entities that do not belong to the microservice have been replaced by DTOs with the same
name and therefore the unit tests create the objects through the instantiation of a DTO class except for
the entities that belong to the microservice that are created in the database. The objects created through
the instantiation of a DTO class exist in memory in the microservice where the unit test is executed but
the record corresponding to the object does not exist in the microservice database where the entity that is
represented by the DTO belongs, which causes methods like setters to fail. In addition there are also unit
tests where the creation of a record in the database is tested by instantiating an object and using setters
to set the values of other entities to null. In this way the test is focused only on the entity that belongs to

the microservice.
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6.2.1 Example

To illustrate the modifications made to the unit tests we use a practical example from one of the projects
present in the evaluation. Figure 24 shows a unit test for creating a User in the Online-medicine-shopping-
ecommerce®. The User class has the following instance variables: userId, emailld, firstName
,LlastName, userAge, userGender, userPhoneNumber, userPassword, previousPasswordl,
previousPassword?2, createdDate role and userdAdress. Except for the last two variables, all
variables have primitive language types. However, role is of type Role which is a class that is mapped
as an entity and userAddress is of type Address which is also a class that is mapped as an entity
and both entities have a one-to-one relationship with User. The microservices proposal generated for
Online-medicine-shopping-ecommerce indicates that the User, Address and Role classes belong to
different microservices.

In this test a User object is instantiated that through setters sets the values for each attribute of the
object. The setters setRole and setUserAdress receive a null as input instead of an object. This test
as it is fails in the microservices based application because the relationship between User and Address
and User and Role has been refactored. The setters setRole and setUserAddress now call the
respective services to update the data. These calls have as parameter the primary key of the entities in
question, so when making a service call with nul1l it results in a 404 not found error because the passage
of the primary key in the request is made through the URL.

void testAddUser()

{
User user = new User():
LocalDateTime LlocalDateTime = LocalDateTime.now();
user.setEmailld("vino@gmail.com");
user.setFirstName("vino");
user.setLastName("vino");
user.setlserGender("male");
user.setlserPhoneNumber("9442871261") ;
user.setlserAge(20);
user.setlserPassword("vinol23");
user.setPreviousPasswordl("vino223");
user.setPreviousPassword2("vinogss");
user.setCreatedDate(localDateTime);
user.setRole(null);
user.setUserAddress(null);

ResponseEntity<User> postResponse = restTemplate.postForEntity( urk getRootUrl() + "/User/newlser",
User,
User.class);

assertNotNull(postResponse);

assertNotNull (postResponse.getBody());

Figure 24: Original unit test for creating a user in Online-medicine-shopping-ecommerce

Uhttps://github.com/ariv98/Online-medicine-shopping-ecommerce
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A possible solution is to instantiate objects of type Address and Role and set them in the User as
shown in Figure 25. However, these would be instantiated through DTO classes which would cause the
information stored in the objects not to exist in the Address ' s microservice database and inthe Role's
microservice database, causing the setRole and setUserAddress methods to try to update records
that do not exist.

void testAddUser()

1
User user = new User();
Role role = new Role( roleName: "med");
role.setRoleId(11);
Address address = new Address();
address.setAddressId(1);
LocalDateTime localDateTime = LocalDateTime.now();
user.setEmailld("vino@gmail.com");
user.setFirstName("vino");
user.setLastName("vino");
user.setlUserGender("male");
user.setUserPhoneNumber("9442871261");
user.setlUserfge(20);
user.setUserPassword("vinol123");
user.setPreviousPasswordl("vino223");
user.setPreviousPassword2("vino883");
user.setCreatedDate(LlocalDateTime);
user.setRole(role);
user.setlUserAddress(address) ;

ResponseEntity<lser> postResponse = restTemplate.postForEntity( urk getRootUrl() + "/User/newlser”,
user,
User.class);

assertNotNull(postResponse);

assertNotNull(postResponse.getBody());

Figure 25: Unit test for creating a user in Online-medicine-shopping-ecommerce

We decided to adapt this solution for the cases of setters set null and we executed the unit test on
both versions of the project. To avoid having an object instantiated in a microservice and no corresponding
record in the database of the microservice that owns the entity, before running the unit test a record is
inserted in the database that will correspond to the object instantiated during the test run. This way, there
is a small adaptation in the test to simulate the monolith test environment in the microservices based

application

To run the microservices, we set the environment properties port and MySQL? database connection
for each microservice. The remaining environment properties were copied from the monolithic version of
the project under analysis.

Zhttps:/ /www.mysql.com/
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6.3 Results

The results for each project can be found at Appendix B.1 . For each project the following data is pre-
sented: project name, number of classes of the monolithic version of the project, number of proposed
microservices (#PM), if a microservices based application was generated, the number of microservices
generated by refactoring (#MG), the number of classes of the microservices based version of the project
(#CAR), the number of relationships between entities refactored (#RR), the number of dependencies be-
tween classes of different microservices (#DR), percentage of new classes in the microservices-based
application (%NC),if the project has tests, the result of the test execution and the justification why the

refactoring failed, if applicable.

MicroRefact was able to refactor approximately 69% of the applications and within the universe of
refactored projects 33% have unit tests. We used the unit tests to evaluate the equity of the applications by
comparing the output of the tests in the two versions of the application with the input of unit tests being the
same in both versions. All the unit tests executed had the same output in both versions of the application,

which shows that the refactoring was successful.

The blox plot of the percentage of new classes in the projects is shown in Figure 26. The percentage
of generated classes for the projects is bound between -40 and 234 with the median around 73.
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Figure 26: Box plot of percentage of new classes across the projects
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6.4 Analysis

The dataset used for the study consists of projects with a wide range of class numbers and different
domains. Furthermore, there are projects where the percentage of new classes is negative, which seems
strange since the proposed methodology foresees the creation of classes. In this section we introduce a
more extensive analysis of the results obtained.

6.4.1 Degree of complexity and size of the applications

In this chapter we try to understand the impact of application size and complexity on the percentage of
refactored applications. A large percentage, approximately 41%, of the projects used in the evaluation are
projects where the range of classes is between 25 and 100. One might think that these projects are small
and or have a low degree of complexity. As the class range in which the most projects were refactored
was this range, one could think that the tool is not prepared for projects of great magnitude and high
complexity. However, we must understand the context of the study. Since we are using applications that
use annotations to apply the ORM technique, the number of classes in these projects tends to be smaller
than projects that do not use this technique because they do not need to declare classes to define DAQ’s,
being these projects complex but with a low number of classes. Furthermore, as shown in Figure 27, the
tool was able to refactor projects in all ranges of class numbers, which shows that the tool is prepared to
support all degrees of complexity present in these projects.

6.4.2 Unrefactored projects

Regarding the unrefactored projects, there are different reasons why refactoring did not happen. Table 4
shows the reasons why projects were not refactored and the number of projects that fit into it.

Reason #Projects
Missing a repository class 18
Missing @id annotation 6

Use DAOs 10

@Id annotation in method instead of variable 1
Use other ORM frameworks

Table 4: Reasons for unrefactored

About 50% of the unrefactored projects are projects where the class Repository is missing. We
can divide the reason why refactoring fails due to the lack of the Repository class into two types:
the Repository class exists but in the microservices proposal it is in a different microservice than
the Entity class that the Repository class refers to; an Entity class exists that does not have a
corresponding Repository class. For the first case a different microservice proposal where the Entity
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Figure 27: Histogram of number of refactored projetcts by class count

class and the corresponding Repository class are in the same microservice would solve the problem. In
the second case refactoring is not possible since there is an Entity class where there is no Repository
class that allows the retrieval of data from the database, which may be an error in the code or dead code.
We identify the Repository classes to apply the Move Foreign-Key Relationship to Code Pattern (S.
Newman, 2019) , because it implies adding methods to these classes so that the join is possible.
Another reason why refactoring was not possible is the lack of the Id annotation in classes that are
mapped to database entities. In the database refactoring phase it is necessary to identify the primary key
of the entities involved in the relationship that is under analysis because in the application of the Move
Foreign-Key Relationship to Code Pattern the primary key of one of the entities is used as a parameter in the
invocation of the REST API generated to filter the information retrieved during the join. The identification
of the primary key is accomplished through the Id annotation on the class instance variables. We also
cover the cases in which the class Entity under analysis is a sub class and in which the Id annotation
is in the super class, which means, if the Id annotation in the class Entity under analysis is not found
in one of the instance variables it is checked if in the super class from which the class Entity extends
there is the Id annotation in one of the instance variables. Without the identification of the primary key,
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the refactoring is not possible, because the calls to the service to make the join of the data would not have
a filter, being able to access information that should not be accessed.

The use of DAOs by some projects together with Repository classes led to refactoring in these
projects failing, since some Entity classes have a corresponding Repository class and others have a
DAO class. MicroRefact only supports refactoring of Entity classes that have a corresponding Reposi-
tory class.

The other reasons why refactoring is not possible are also implementation reasons. MicroRefact only
searches for the primary key in instance variable annotations and only supports JPA annotations.

Overall, MicroRefact can be extended to support some of the cases where it failed, namely the use of
DAOs, other ORM frameworks and annotations on methods. The remaining cases cannot be included in
MicroRefact because they go against the proposed methodology because the lack of Id annotation on the
classes mapped as entities and the lack of Repository classes for some entities may compromise the
refactoring of the application.

6.4.3 Refactored projects with fewer classes than the original projects

First of all, we must understand how the class count of each project was made and how the percentage of
new classes in the project was calculated. For the class count of each project we used the find command,
Listing 6.1, from the shell with the -regex and -f options combined with the we command with the -/
argument.

$ find {path_to_project} -regex .xjava -type f | wc -I

Listing 6.1: Number of classes in a project.

To calculate the percentage of new classes we use the following formula:

100 + (NCMS — NCM)
NCM

PNC =

where PNC is the percentage of new classes, NCMS is the number of classes of the microservices based
application and NCM is the number of classes of the monolithic application.

Looking at the results it can be observed that in some projects the number of classes of the original
application is larger than the generated microservices based application. This happens because the tool
used to generate the microservices proposals sometimes does not use all the classes of the projects.
As it uses clustering techniques to group the classes by microservices, the classes that do not have
dependencies with other classes nor have dependent classes end up not being used in the microservices
proposal. Besides that, MicroRefact only handles at the classes that are in the microservices proposal.
Thus, the refactoring is performed based on the classes that are in the proposed microservices and it is
possible that the number of new classes created during refactoring is smaller than the number of classes
that are outside the microservices proposal reflecting in a negative percentage of new classes.
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6.4.4 Percentage of new classes and analysis

In this section, we perform a correlation analysis between the number of classes generated, the number
of relationships between entities, and the number of dependencies between classes using some examples
to understand the impact these have in the number of new classes generated.

The wide range of the percentage of new classes in the generated applications could be justified by
the fact that the microservices proposal does not contemplate all the classes of the projects. However, we
decided to better understand the impact of the number of relationships between entities that need refac-
toring and the number of dependencies between classes of different microservices on the percentage of
new classes. First, it is necessary to understand how many classes are typically generated for each refac-
toring case. Starting with the relationships between entities, the relationships OneToMany, OneTo0One,
and ManyToOne generate at least five classes: an interface (Request), a class that implements the
interface (RequestImpl), a class where the APl is defined (Controller), another to process the re-
quest (Service) and a DTO class to represent the type of entity in the foreign microservices that if it has
dependencies are also reflected in the creation of more DTO classes, so the number of classes generated
may be greater than five, which happens in projects where there are several relationships between entities
from different microservices. In terms of the percentage of new classes, if we look at the classes that
trigger the refactoring, it is an addition of at least 250% (ratio 2.5 ) . On the other hand, the ManyToMany
relationship indirectly generates new classes, since it is the original classes that are dragged to the new
microservice, however, if the entities involved have another type of relationship with entities that belonged
to the same microservice these relationships end up being refactored leading to the generation of new
classes.

As for the dependencies at the source code level between classes of different microservices, at least
three classes are generated: an interface to represent the foreign type, a class that implements the inter-
face and makes the call to the service, and a class that creates the API that allows the invocation of the
original method. In addition, DTO classes can also be generated if the invoked methods have parameter
or return types that are foreign to the calling microservice resulting in a percentage of new class added of
at least 150% compared to the number of classes that trigger the refactoring (ratio 1.5).

The results of the percentage of new classes created in each project by the range of classes of the
project are presented in Figure 28. The projects that have a higher percentage of new classes are the
projects between 25 and 100 classes, which is expected because the addition of a class in these projects
causes a higher percentage of new classes because they are smaller projects. The percentage of new
classes tends to decrease along the class range. In the range from 325 classes to 400 there is an outlier
with a value close to 219% corresponding to the EUSURVEY? project, which is justified by the high number
of dependencies between classes of different microservices (6949 dependencies).

The projects that present the highest percentage value of new classes are the projects where the re-
lationships between entities were refactored, which is also expected since it is in the database refactoring

3https://github.com/EUSurvey/ EUSURVEY
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Figure 28: Box plot for the percentage of new classes across ranges of classes

where more classes are created. Several projects did not have relationships between entities refactored
because they are projects that do not use the annotations in the instance variables that denote the rela-
tionships,for example, Online_Movie_Ticket_System® (111%) and zammc-manage® (29%). Others projects
did not have relationships between entities because there are no relationships between entities of different
microservices, for example, mwebsvr® (48%), which is translated into a lower percentage of new classes
relative to projects of the same dimension in which there was a refactoring of the relationships, for example,
Champik” (197%), ProyectoUNAM® (149%), and OA_system® (125%) .

“https://github.com/samyumaddikunta/Online_Movie_Ticket_System
Shitps:// github.com/SupermePower/zammc-manage
Ghttps://github.com/YangLeeThomson,/ mwebsvr
"https://github.com/lionsdamajectim/Champink
8https://github.com,/ CocayUNAM/ ProyectoUNAM
%https://github.com/wn150509/0A_system
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6.5. THREATS TO VALIDITY

6.5 Threats to validity

In this section we discuss the threats to the work presented.

A possible threat is related to the use of only open source applications in the evaluation. However, it
is common to find companies that make their code available. Nevertheless, it is possible that the results
may vary for proprietary software.

Other threat is the quality of the microservice proposals generated for the projects. The tool used
to generate microservice proposals does not guarantee that the decomposition it proposes is the best
possible. Furthermore, the developers did not perform an extensive study of how the number of topics
and the resolution directly affect the microservice proposal. Instead, they defined arbitrary ranges for
each parameter. However they evaluated the quality of the proposed solution by using the microservice
architecture metrics proposed by Jin et al., 2021 and the results were positive.

Another threat is the unit tests available by the projects. Some projects present no tests and others
present few tests. For the projects that do not present tests it was not possible to evaluate if from the func-
tional point of view the generated application is equal to the original. For the applications that present few
tests, these can be class-focused, not testing the interactions between classes, leaving several interactions
between classes of different microservices to be tested.
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7

Conclusion

We present a methodology for refactoring original Java monolithic applications into microservices-based
applications. The proposed methodology is directed to the applications that take advantage of ORM tech-
nique to relate Java classes to database entities, in particular applications that make the mapping between
classes and entities through annotations in the source code which allows refactoring the database by refac-
toring the application source code.

The proposed methodology receives as input the source code of the application under analysis and
a set of microservices, in which each microservice is described by the set of classes that composes
that microservice. Each class must belong to just one microservice. Our methodology has as its output
a microservices-based application that from the functional point of view is the same as the monolithic
application under analysis.

We built a tool, MicroRefact, as a proof of concept, that supports Java Spring applications that use JPA
annotations for mapping between Java classes and database entities and performed a quantitative evalu-
ation where we tried to understand the applicability of the methodology and a qualitative evaluation where
we tried to understand if the microservice-based applications generated are functionally equivalent to the
original monolithic Java applications through the execution of unit tests provided by the monolithic appli-
cation. The evaluation was conducted against the collection of 120 open-source Java Spring applications
from GitHub.

The results show that 69% of the applications were automatically refactored. Regarding the qualitative
evaluation all tests performed had the same result in both versions of the application.

7.1 Future work

The work presented has some limitations and so there is potential for improvement and extension of the
work. Some points for improvement and future work are presented below:

¢ The methodology allows inheritance across different microservices, i.e. the super-class and sub-

classes being in different microservices in the microservice proposal received as input. Just as we
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do for interfaces, we could make a copy of the super-class and place it in the microservice where
the sub-class belongs.

Extend the MicroRefact to applications that use XML files to map Java classes to database entities.
Although applications that use XML files can be converted to applications that use annotations there
is still a considerable amount of applications that use XML. Extending the methodology to support
these applications requires a thorough analysis of the XML files and the relationship they have with
Java classes.

Extend MicroRefact to support other object-oriented languages like C# and Python. The methodol-
ogy covers the OOP concepts so it is possible to extend the developed tool to automatically refactor
projects developed in other object-oriented languages.

Extend MicroRefact enabling the choice of the language to which one wants to migrate the microser-
vices. Sometimes what triggers the migration to microservices is the desire to change technology.
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Appendix

A.1 Dependencies of restaurantServer classes with classes

that belong to different microservices.
Microservice 1

pl.edu.wat.wcy.pz.restaurantServer.security.WebSecurityConfiguration
pl.edu.wat.wcy.pz.restaurantServer.security.service.UserDetailsServicelmpl

pl.edu.wat.wcy.pz.restaurantServer.security.jwt.JwtAuthTokenFilter
pl.edu.wat.wcy.pz.restaurantServer.security.service.UserDetailsServicelmpl

pl.edu.wat.wcy.pz.restaurantServer.security.jwt.JwtProvider
pl.edu.wat.wcy.pz.restaurantServer.security.service.UserPrinciple

Microservice 2

pl.edu.wat.wcy.pz.restaurantServer.entity.User
pl.edu.wat.wcy.pz.restaurantServer.entity.Role
pl.edu.wat.wcy.pz.restaurantServer.entity.Reservation

pl.edu.wat.wcy.pz.restaurantServer.service.UserService

pl.edu.wat.wcy.pz.restaurantServer.entity.Reservation

pl.edu.wat.wcy.pz.restaurantServer.controller.UserController
pl.edu.wat.wcy.pz.restaurantServer.email.MailService

pl.edu.wat.wcy.pz.restaurantServer.entity.Reservation
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MICROSERVICES.

Microservice 3

pl.edu.wat.wcy.pz.restaurantServer.entity.BillPosition
pl.edu.wat.wcy.pz.restaurantServer.entity. Dish

pl.edu.wat.wcy.pz.restaurantServer.service.BillService
pl.edu.wat.wcy.pz.restaurantServer.repository.RTableRepository
pl.edu.wat.wcy.pz.restaurantServer.entity.RTable

pl.edu.wat.wcy.pz.restaurantServer.controller.BillController
pl.edu.wat.wcy.pz.restaurantServer.repository.RTableRepository

pl.edu.wat.wcy.pz.restaurantServer.service.BillPositionService

pl.edu.wat.wcy.pz.restaurantServer.service.DishService
Microservice 4

pl.edu.wat.wcy.pz.restaurantServer.service.RTableService
pl.edu.wat.wcy.pz.restaurantServer.entity.Bill
pl.edu.wat.wcy.pz.restaurantServer.entity.Reservation

pl.edu.wat.wcy.pz.restaurantServer.entity.RTable
pl.edu.wat.wcy.pz.restaurantServer.entity.Reservation
pl.edu.wat.wcy.pz.restaurantServer.entity.Bill

pl.edu.wat.wcy.pz.restaurantServer.controller.RTableController
pl.edu.wat.wcy.pz.restaurantServer.entity.Bill

pl.edu.wat.wcy.pz.restaurantServer.entity.Reservation
Microservice 5

pl.edu.wat.wcy.pz.restaurantServer.RestaurantServerApplication
pl.edu.wat.wcy.pz.restaurantServer.entity.Role
pl.edu.wat.wcy.pz.restaurantServer.entity. User
pl.edu.wat.wcy.pz.restaurantServer.entity.RTable
pl.edu.wat.wcy.pz.restaurantServer.repository.RoleRepository
pl.edu.wat.wcy.pz.restaurantServer.repository. UserRepository
pl.edu.wat.wcy.pz.restaurantServer.repository. RTableRepository
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Microservice 6

pl.edu.wat.wcy.pz.restaurantServer.service.ReservationService
pl.edu.wat.wcy.pz.restaurantServer.service.UserService
pl.edu.wat.wcy.pz.restaurantServer.email.MailService
pl.edu.wat.wcy.pz.restaurantServer.service.RTableService
pl.edu.wat.wcy.pz.restaurantServer.entity.User
pl.edu.wat.wcy.pz.restaurantServer.entity.RTable

Microservice 7

pl.edu.wat.wcy.pz.restaurantServer.form.response.JwtResponse

pl.edu.wat.wcy.pz.restaurantServer.entity.Reservation

pl.edu.wat.wcy.pz.restaurantServer.controller.AuthController
pl.edu.wat.wcy.pz.restaurantServer.repository.UserRepository
pl.edu.wat.wcy.pz.restaurantServer.security.jwt.JwtProvider
pl.edu.wat.wcy.pz.restaurantServer.entity.User
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A.2 All restaurantServer transformations made by database

refactoring phase

A.2.1 BillPosition - Dish
A.2.1.1 Relationship in monolithic application

public class Dish {

public class BillPosition {

iGeneratedValue(strategy = GenerationType.IDENTITY)
(name = "DISH_ID")

iGeneratedValue(strategy = GenerationType.IDENTITY)

(name = "BILL_POSITION_ID") private Long dishld;
private Long billPositionId; (name = "ENGLISH_NAME", length = 5@8)

e private String englishName;
. (name = "POLISH_MNAME", length = 5@)
private String polishName;
(name = "PRICE")

@JoinColumn(name = "DISH_ID")
private Dish dishId;

(name = "BILL_ID") private double price;
private Long billId; iColumn(name = "IMAGE")
iType(type="text")
Figure 29: Instance variables of the BillPo- private String image;
sition class in monolithic application Figure 30: Instance variables of the Dish

class in monolithic application

A.2.1.2 Relationship in microservice-based application

dGeneratedValue(strategy = GenerationType.IDENTITY)
(name = "BILL_POSITION_ID")
private Long billPositionId;

private Dish dishId; public interface DishRequest {

(name = "BILL_ID")

private Long billTd: oublic Dish getDishId(Long dishId®IRY);

public void setDishId(Dish dishId,Long dishId®IRY);

(name = "dishId@IRY") }
private Long dishId@IRY;

i Figure 32: Interface DishRequest gener-
.pr‘ivate final DishRequest dishrequest = new DishRequestImpl();| ated by the database refaCtoring

Figure 31: Instance variables of the Bill-
Position class in microservice-based ap-
plication
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public class DishRequestImpl implements DishRequest {

private final RestTemplate restTemplate = new RestTemplate();

public Dish getDishId(Long dishIdG®IRY){
Dish aux = restTemplate.getForObject( url "http://5/BillPosition/{id}/Dish/getDishId",Dish.class,dishId@IRY);

return aux;

}

public void setDishId(Dish dishId,Long dishIdQ@IRY){
restTemplate.put( ur "http://5/BillPosition/{id}/Dish/setDishId",dishId,dishIdBIRY);
return ;

}

Figure 33: Generated class DishRequestimpl that is responsible for the calls to the Dish microservice

ERestController
@ECross0rigin
public class DishBillPositionController {

EAUTowired
private DishBillPositionService dishbillpositionservice;

EGetMapping
("/BillPosition/{id}/Dish/qetDishId")

public Dish getDishId{@PathVariable(name="id") Long dishId@IRY){
return dishbillpositionservice.getDishId(dishId®@IRY);

}

@EPutMapping
("/BillPosition/{id}/Dish/setDishId")

public void setDishId(@PathVariable(name="id") Long dishId®IRY,ERequestBody Dish dishId){
dishbillpositionservice.setDishId(dishId®IRY,dishId);

}

}

Figure 34: Generated class that exposes the API to handle Dishes
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AService

public class DishBillPositionService {
@Autowired

private DishRepository dishrepository;

public Dish getDishId{Long dishId@IRY]{
return dishrepository.getDishId(dishId@IRY):

}

public void setDishId{Long dishId®@IRY,Dish dishId){
dishrepository.setDishId(dishId®IRY,dishId);
}

Figure 35: Generated class that processes and directs the request to the DishRepository class
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A.2.2 RTable - Reservation & RTable - Bill
A.2.2.1 Relationship in monolithic application

ENTITY

public class RTable {

1Ty

=ifalue(strategy = GenerationType.IDENTITY) public class Bill {

iColumn(name = "RTABLE_ID")
private Long rTableld: dGeneratedValue(strategy = GenerationType.IDENTITY)

aNaturalld BColumn{name = "BILL_ID")

AColumn(name = "NUMBER") private Long billlId;

private int number; BColumn{name = "STATUS")
dColumn(name = "SIZE") private String status;

private int size; iColumn{name = "CREATION_DATE")
iColumn(name = "STATUS") private Date creationDate;
private String status; aColunn{name = "RTABLE_ID")

private Long rTableld;
aColumn(name = "WALUE")
private double value;

i0neToMany (orphanRemoval = true,
cascade = CascadeType.ALL,
fetch = FetchType.LAZY,
mappedBy = "rTableId")

. . . . f0neToMany(orphanRemoval = true
private List<Reservation> reservations; . (orp !

cascade = CascadeType.ALL,
fetch = FetchType.LAZY,

i0neToMany (orphanRemoval = true,
cascade = CascadeType.ALL, mappedBy = "billId")
fetch = FetchType.LAZY, private List<BillPosition>» billPositions;

mappedBy = "rTableId")

pravate LISTBILL> bills; Figure 37: Instance variables of the Bill

Figure 36: Instance variables of the RTable class in monolithic application
class in monolithic application

A.2.2.2 Relationship in microservice-based application

70
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EEntity

public class RTable {

ve(strategy = GenerationType.IDENTITY)
Lunn(name = "RTABLE_ID")
private Long rTableld;

@ENaturalld
olunn(name = "NUMBER")
private int number;

@Column(name = "SIZE")

private int size;

@Column{name = "STATUS")
private String status;

@Transient

private List<Reservation> reservations;

@Transient
private List<Bill> bills;

@Transient

private final ReservationRequest reservationrequest = new ReservationRequestImpl();

@Transient

public interface BillRequest {

ic List<Bill> getBills(Long rTableld);
nlic void setBills(List<Bill> bills,Long rTableld);
public void addBill(Bill bill,Long rTableld);

Figure 39: Interface BillRequest generated
by the database refactoring

public interface ReservationRequest {

public void setReservations(List<Reservation> reservations,
Long rTableld);
public List<Reservation> getReservations(Long rTableld);

Figure 40: Interface ReservationRequest

private final BillRequest billrequest = new BillRequestImpl();

Figure 38: Instance variables of the RTable class in
microservice-based application

public class BillRequestImpl implements BillRequest{

private final RestTemplate restTemplate = new RestTemplate();

public List<Bill> getBills(Long rTableId){
List aux = restTemplate.getForObject( wil: "http://3/RTable/{id}/Bill/getBills",List.class,rTableld);
return aux;

}

public void setBills(List<Bill> bills,Long rTableld){
restTemplate.put( wl: "http://3/RTable/{id}/Bill/setBills",bills, rTableld);
return ;

}

public veoid addBil1(Bill bill,Leng rTableId){
restTemplate.put( url: "http://3/RTable/{id}/Bill/addBill",bill, rTableld);
return ;
}
}

generated by the database refactoring

Figure 41: Generated class BillRequestimpl that is responsible for the calls to the Bill microservice
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public class ReservationRequestImpl implements ReservationRequest{

private final RestTemplate restTemplate = new RestTemplate();

public void setReservations(List<Reservation> reservations, Long rTableld){
restTemplate.put( urk "http://é/RTable/{id}/Reservation/setReservations”,reservations,rTableld);

return ;

}

public List<Reservation> getReservations(Long rTableId){
List aux = restTemplate.getForObject( urk "http://6/RTable/{id}/Reservation/getReservations”,
List.class,rTableld);

return aux;

}

Figure 42: Generated class ReservationRequestimpl that is responsible for the calls to the Reservation
microservice

[@RestController
@CrossOrigin
public class BillRTableController {

@Autowired
private BillRTableService billrtableservice;

[@GetMapping

("/RTable/{id}/Bill/getBills")

public List<Bill> getBills(@PathVariable(name="id") Long rTableId){
return billrtableservice.getBills(rTableld);

}

[@PutMapping

("/RTable/{id}/Bill/setBills")

public void setBills(@PathVariable(name="id") Long rTableld,@RequestBody List<Bill> bills){
billrtableservice.setBills(rTableId,bills);

}

[@PutMapping

("/RTable/{id}/Bi11/addBil1")

public void addBill{@PathVariable(name="id") Long rTableld,@RequesiBody Bill bill){
billrtableservice.addBill({rTableId,bill);

}

Figure 43: Generated class that exposes the API to handle Bills
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[@Service
public class BillRTableService {

@Autowired
private BillPositionRepository billpositionrepository;

public List<Bill> getBills(Long rTableId){
return billpositionrepository.getBills({rTablelId);

}

public void setBills(Long rTableld, List<Bills bills){
billpositionrepository.setBills(rTableId,bills);
1

public void addBill(Long rTableld,Bill bill){
billpositionrepository.addBill{rTableId, bill);
}
1

Figure 44: Generated class that processes and directs the request to the BillRepository class

@RestController
@CrossOrigin
public class ReservationRTableController {

@Autowired
private ReservationRTableService reservationrtableservice;

@PutMapping

("/RTable/{id}/Reservation/setReservations")

public void setReservations(@PathVariable(name="1id") Long rTableld,
ERequestBody List<Reservation> reservations){

reservationrtableservice.setReservations(rTableld, reservations);

}

[@GetMapping
("/RTable/{id}/Reservation/getReservations")

public List<Reserwvation> getReservations(@PathVariable(name="id") Long rTableId){
return reservationrtableservice.getReservations(rTableld);

}

Figure 45: Generated class that exposes the API to handle Reservations
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@Service
public class ReservationRTableService {

@Autowired

private ReservationRepository reservationrepository;

public void setReservations(Long rTableld, List<Reservation> reservations){
reservationrepository.setReservations(rTableld, reservations);

}

public List<Reservation> getReservations(Long rTableId){
return reservationrepository.getReservations(rTableId);

}

Figure 46: Generated class that processes and directs the request to the ReservationRepository class
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Appendix 2

B.1 Evaluation results from GitHub projects
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