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Abstract

Microservices architecture has emerged as an architectural style which focuses on the design
and development of software systems as a set of small independent services. Although microser-
vices architecture is inspired by the Service-Oriented Architecture style (both are service-based
architectures), it presents important differences. Likewise, software architecture must evolve
as new architectural styles and software frameworks arise, and the evolution of the software
architecture is considered as a central feature of any software system. In this way, this re-
search work presents a proposed approach based on model-to-model transformations to evolve
service-oriented architectures to microservices architectures, from an architecture description
language called Sarch. To accomplish this, the Sarch language was extended to allow the mod-
eling of the two architectural styles from the component-and-connector view along with the
layered and data model views, the decomposition view was included in the Sarch language to
allow the description of a system from a functional point of view, and a set of model-to-model
transformations was created to support the evolution from service-oriented architectures to mi-
croservices architectures.

Keywords: Software Architecture, Architectures Evolution, Service-Oriented Architectures, Microser-
vices Architectures, Architectural Style, Architectural View, Architecture Description Language, Model-

Driven Engineering.



xi

Resumen

La arquitectura de microservicios ha surgido como un estilo arquitectdénico que se centra en
el disefio y desarrollo de sistemas de software como un conjunto de pequefios servicios inde-
pendientes. Aunque la arquitectura de microservicios esta inspirada en el estilo de Arquitectura
Orientada a Servicios (ambas son arquitecturas basadas en servicios), presenta diferencias im-
portantes. Asimismo, la arquitectura de software debe evolucionar a medida que surgen nuevos
estilos arquitecténicos y marcos de software, y la evolucion de la arquitectura de software se
considera una caracteristica central de cualquier sistema de software. De esta manera, este
trabajo de investigacion presenta una propuesta con un enfoque basado en transformaciones
modelo a modelo para evolucionar arquitecturas orientadas a servicios a arquitecturas de mi-
croservicios, a partir de un lenguaje de descripcion de arquitecturas llamado Sarch. Para lograr
esto, el lenguaje Sarch se extendi6 para permitir el modelado de los dos estilos arquitecténicos
desde la vista de componentes y conectores junto con las vistas de modelo de datos y en capas,
la vista de descomposicion se incluy6 en el lenguaje Sarch para permitir la descripcion de un
sistema desde un punto de vista funcional, y se cre¢ un conjunto de transformaciones modelo
a modelo para soportar la evolucidon de arquitecturas orientadas a servicios a arquitecturas de
microservicios.

Palabras clave: Arquitectura de Software, Evolucion de Arquitecturas, Arquitecturas Orientadas a Servi-
cios, Arquitecturas de Microservicios, Estilo Arquitectonico, Vista Arquitectdonica, Lenguaje de Descrip-
cion de Arquitecturas, Ingenieria de Software Dirigida por Modelos.
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1 Introduction

Amazon, Netflix, The Guardian, and other companies have evolved their software systems to-
ward the Microservices Architectural (MSA) style [38], which is an approach to develop a soft-
ware system composed of small services, where each of the services runs in its own process and
the services communicate with each other through lightweight mechanisms (usually through in-
terfaces or HTTP-based APIs) [38]. Service-Oriented Architecture (SOA) is an architectural style
in which multiple coarse-grained distributed services collaborate to provide some capabilities
[19].

MSA derives from SOA [64] and has emerged as a better architecture approach to overcome the
drawbacks of SOA [34] by providing some benefits such as the division into small services with
low coupling and high cohesion, the application of agile practices for software development,
agile practices in testing and deployment of services, continuous deployment of services, de-
centralized data administration, decentralized government between services, better scalability
and resilience, the use of lightweight protocols for inter-service communication, and greater
suitability for containers [38], [54], [69], [32], [53], [37], [34]. MSA and SOA are both archi-
tectural styles [62], [43], and they are service-based architectures because they place a strong
emphasis on services as the primary components [54]. Using these features, it is possible to
design flexible, modular software architectures that are easy to evolve over time [20].

From the point of view of software evolution, the software systems architecture must be re-
designed and restructured as new software platforms, technologies, architectural styles and
frameworks arise [31], [15], [8], [14], [28]. The evolution of software architectures is a central
feature of any software system [8], which motivates the idea of being able to evolve a system
from one architectural style to another.

Thereby, this research work proposes an approach to evolve service-based architectures, specif-
ically from SOA to MSA. First, an Architecture Description Language (ADL) is presented, which
allows the modeling of service-based architectures, specifically SOA and MSA styles. An ADL
is a formal language for representing a software system architecture [19]. To achieve this, the
capabilities of Sarch language [66], [67] were extended to allow the modeling of software ar-
chitectures under the specific characteristics of the SOA and MSA styles using component-and-
connector (C&C), data model, layered and decomposition architectural views [19]. Second, a
set of model-to-model transformations is proposed in order to define an architectural evolution
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model from SOA to MSA. The ADL and the model-to-model transformations involve the use of
Model-Driven Engineering (MDE) techniques. MDE is a paradigm that uses models as the cor-
nerstone throughout the software engineering process, which leverages modeling languages to
describe a software system and model transformations to improve its productivity [13].

1.1 Problem Statement

According to the trend of design and implementation of software systems under the MSA style,
software architects should have a model that allows them to evolve to this architectural style,
from other architectures, particularly from Service-Oriented Architectures. This is valid consid-
ering that the MSA architectural style derives from the SOA architectural style, which makes
it possible for these two architectural styles to have comparable elements that allow finding
equivalences between the two architectural styles.

Based on the results of the literature search, there are no formal models, methods or techniques
that allow transformations between architectural elements of Service-Oriented Architectures
and Microservices Architectures.

In response to this problem, the present work strives to create an architectural evolution model
from SOA to MSA, starting from an abstraction model for each architectural style, and carrying
out a model-to-model transformation process that allows this evolution through a Model-Driven
Software Engineering approach.

The research question that is answered with the present work is the following: How can a
Service-Oriented Architecture evolve to a Microservices Architecture?

1.2 Objectives

1.2.1 General Objective

To create an evolution model from service-oriented architectures to microservices architectures,
through a set of model-to-model transformations.

1.2.2 Specific Objectives

- To do two architectural designs for a software system, used as a case study, based on the
elements, relations and properties of the SOA and MSA architectural styles.
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- To extend the Sarch language, in order to allow the modeling of software architectures
under the specific characteristics of the SOA and MSA styles.

- To create two architectural models in Sarch language, from the architectural designs done
and the characteristics of SOA and MSA.

- To create a set of model-to-model transformations that define a model of architectural
evolution from SOA to MSA.

- To validate the resulting evolution model against the specified case study.

1.3 Contribution
The contributions of this thesis can be summarized as follows:

- An architecture description language for service-based architectures: in order to allow the
modeling of service-based architectures, an architecture description language called Sarch
is extended, incorporating in the grammar the specific rules and characteristics of each of
the SOA and MSA styles.

- An evolution model for service-based architectures: a set of model-to-model transforma-
tions is proposed to define an architectural evolution model between service-based archi-
tectures, specifically from SOA to MSA, involving Model-Driven Engineering techniques
and the use of architectural views.

Figure 1-1 shows an overview of the thesis proposal, including the Evolution Model for Service-
Based Architectures and the Architecture Description Language (ADL) for Service-Based Soft-
ware Architectures with the selected architectural views.

1.4 Outline of the Thesis

This thesis is organized as follows: Chapter 1 introduces the research work developed in the the-
sis. Chapter 2 provides background information, mainly for service-based architectures, MDE
and architecture evolution. Chapter 3 describes the related work. Chapter 4 presents the ar-
chitecture description language for service-based architectures. In Chapter 5, the architectural
evolution model from SOA to MSA is presented and described. Chapter 6 explains the evaluation
of the proposed evolution model. Chapter 7 presents the conclusions and future work.
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Figure 1-1: Overall graphical representation of the thesis proposal.




2 Background

This chapter gives a general overview around the most important topics that motivate this re-
search work. The topics included in this chapter are Software Architecture, Service-Based Ar-
chitectures, Model-Driven Engineering, and Architectures Evolution.

2.1 Software Architecture

Software Architecture is defined as a set of structures needed to reason about a software system,
the software elements that compose it, the relations between them [57], and their properties
[9]. Software architecture is also understood as the set of the main design decisions made on
a system [62]. Additionally, the software architecture of a system includes the principles that
guide the design of the elements and components that compose it and their evolution [33].

From the interaction of the elements and components that are part of the system, the functional-
ities and quality attributes emerge (such as security, modifiability, and performance). The larger
and more complex the system, the higher the quality attributes, and consequently the software
architecture becomes more critical and challenging [19].

Having a software architecture is important for the successful development of a software system.
From a technical perspective, software architecture is important for the following reasons [9]:

- Exhibits the quality attributes that must be considered in the software system.

- Contains the most important design decisions that allow to reason about the system and
manage changes as system evolves.

- Facilitates communication with key stakeholders.

- Defines a set of constraints that are used in the development of the system, which allows
to channel the creativity of the software developers and helps to control the complexity
of the system.

- Allows architects and project managers to reason about the cost and duration required to
implement the software system.
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2.1.1 Architectural Views

The architecture of a software system is complex, and it is difficult to capture all the design
decisions at once and represent them in a simple one-dimensional model. There is not a single
approach to describe all the aspects of a software architecture [62]. This situation justifies the
existence of architectural views to describe and document a software architecture. An architec-
tural view is a representation of a set of system elements and the relationships associated with
them [19].

In [19], Clements et al. proposed the Views & Beyond (V&B) Catalog, where views are consid-
ered as the fundamental organizing principle for architecture documentation. The V&B Catalog
describes three categories of views:

- Module views: allows to document the module structures of a software system.

- Component-and-connector (C&C) views: represents units of execution (called compo-
nents), and the pathways of interaction and protocols of their interaction (called con-
nectors,).

- Allocation views: describes the allocation of software elements (from either a module
view or a C&C view) to nonsoftware elements in the environment in which the software
is deployed and executed.

The taxonomy of architectural views within the V&B Catalog is shown in Figure 2-1.

| V&B Cliatalog |
— Modulé Views | — C&C l\/iews | — AIIocati(;n Views |
—-| Decomposition View | —-| Call-Return View | —~| Deployment View |
— Uses View | H  DataFlowView | | Install View |
—~| Generalization View | —-| Event-Based View | —'| Work Assignment View |
—'| Layered View | —-| Repository View |
—-| Aspects View |

—'| Data Model View |

Figure 2-1: Taxonomy of architectural views within the V&B Catalog.
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2.1.2 Architectural Styles and Patterns

An architectural style can be defined as a collection of architectural design decisions that are ap-
plicable in a given development context, restrict specific architectural decisions to a particular
system and context, and promote beneficial qualities in each resulting system [62]. An archi-
tectural pattern can be defined as named collection of architectural design decisions that are
applicable to a recurring design problem, parameterized to account for different software devel-
opment contexts in which that problem appears [62].

What is important about an architectural style is that it encapsulates key decisions about ar-
chitectural elements and emphasizes the constraints of these elements and their relations [52].
The usefulness of an architectural style is that it can be used to restrict architecture and to
facilitate cooperation between architects and developers [52]. On the other hand, architec-
tural patterns represent significant reuse of experience and reflect more domain knowledge
than architectural styles [62]. Some of the most important architectural styles are Client-Server,
Publish-Subscribe (Pub/Sub), Event-Based Architecture, Layered, REpresentational State Trans-
fer (REST), Service-Oriented Architecture (SOA), and Microservices Architecture (MSA) [62],
[55]. Some of the most important architectural patterns are State-Logic-Display (Three-Tier),
Model-View-Controller (MVC), and Monolithic Architecture [62], [56].

2.1.3 Monolithic Architecture

In the monolithic architecture, all the business functionalities are grouped into a single logical
component and built as a single unit [34]. Usually, a monolithic architecture allows the de-
velopment of different components or modules that are bundled into a single executable unit
depending on the programming language or execution platform, where the code is organized in
presentation, business logic and data access layers using the layered architectural style (known
as layered monolith) [55]. Figure 2-2 shows an example of a monolithic application (or monolith),
where all the software modules are packaged into a single unit. The common characteristics of
a monolithic application can be summarized as follows [34]:

- Designed, developed, and deployed as a single unit.

- Complex and difficult to maintain and upgrade. This leads to the difficulty of adopting
new technologies and frameworks, as all functionalities must be based on homogeneous
technologies / frameworks.

- As the monolithic application grows, it may take longer to start up, which adds to the
overall cost.
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- It is difficult to scale with conflicting resource requirements (some functionalities may
require more memory or more CPU).

- One unstable service can cause the entire application to crash.

- It’s hard to practice agile development and delivery methodologies, because the applica-
tion has to be built as a single unit and most of the business capabilities that it offers may
not have their own lifecycles.

Monolithic Application

Module 1 Module 2 Module 3 Module n
‘ Presentation layer ‘ ‘ Presentation layer ‘ ‘ Presentation layer ‘ ‘ Presentation layer ‘
‘ Business layer ‘ ‘ Business layer ‘ ‘ Business layer ‘ ‘ Business layer ‘
‘ Data access layer ‘ ‘ Data access layer ‘ ‘ Data access layer ‘ ‘ Data access layer ‘

Key |:| Module |:| Layer @ Database —— Data consumption

Figure 2-2: Monolithic application example.

2.1.4 Service-Based Architectures

A service is a mechanism that has some business capabilities and provides a well-defined inter-
face to allow access to it [54]. Service-based architectures place a strong emphasis on services as
the primary component interfaces used to implement and fulfill functional and non-functional
requirements [54].

Both SOA and MSA are considered service-based architectures, which share common charac-
teristics such as the distributed location of their components (distributed architectures) and
modularity [54].

2.1.4.1 Service-Oriented Architectures

Service-Oriented Architecture (SOA) is an architectural style in which multiple coarse-grained
distributed services (typically known as Web services) collaborate to provide some capabilities.
SOA consists of a set of distributed components that provide or consume services. That is, the
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main components in SOA are service providers and service consumers, which are independent
and interoperable [19], [35], [22]. SOA is an abstraction that uses services as basic building
blocks to develop distributed systems that are independent of the protocol and the program-
ming language [24].

Another important component in SOA is the Enterprise Service Bus (ESB), which is used to in-
tegrate services, data and systems. Consumers use the composite services exposed from the
ESB component. Thus, the ESB is used as a centralized bus that connects all these services and
systems, where composite services can be built from aggregates of other services. So, the ESB
component also contains a significant portion of the business logic of the entire application [34].

Typically, services communicate with each other synchronously or asynchronously. For syn-
chronous communication, SOAP (Simple Object Access Protocol) or REST (REpresentational
State Transfer) is used, both being HTTP-based protocols. SOAP is the standard communication
protocol in Web services technology, in which service consumers and service providers interact
by exchanging request/reply XML messages. In REST, the requests rely on the four basic HTTP
verbs (post, get, put, and delete) to indicate the service provider to create, retrieve, update or
delete a resource. In asynchronous communication, providers and consumers exchange asyn-
chronous messages, usually through a messaging system [19].

Although SOA tries to approach the challenges of large monolithic applications by segregating the
functionalities of monolithic applications into reusable, loosely coupled entities called services,
the software systems that provide these services in a SOA ecosystem are still monoliths [34].

2.1.4.2 Microservices Architectures

Microservices Architecture (MSA) is an architectural style used to develop a software system
composed of small services, each of which runs in its own process, and communicates with
each other through lightweight mechanisms such as HTTP resource API (Application Program-
ming Interface) [38] or a messaging system [34].

Some characteristics of the MSA style are [20]: (i) organization around business capabilities, (ii)
automated deployment [69], [16], (iii) intelligence at service access points, and (iv) decentral-
ized control (government) of languages and data [32]. Using these characteristics, it is possible
to design flexible, modular architectures that are easy to evolve over time [20].

Key benefits of using the MSA style include the following [20], [51], [6], [26], [34], [56]:

- Heterogeneity of technology: each service can be implemented with different technolo-
gies.
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- Resilience: since the services are distributed, the system can continue to operate in the
event of failure of any of them.

- Scalability: unlike monolithic applications, services can scale computational resources
independently in MSA.

- Ease of deployment: changes can be made to specific services and deployed without af-
fecting the rest of the system.

- Decentralized data management: unlike monolithic applications, each microservice may
have its own database and database schema which contributes to service independence
and loose coupling.

- Business alignment: MSA enables better alignment between software architecture and
business compared to monolithic applications.

MSA has emerged as a better architecture approach to overcome the drawbacks of SOA as well
as the monolithic application architecture. A monolithic application can be transformed into a
microservices architecture by splitting the monolithic application into independent and business
functionality oriented services (microservices). Also, the central ESB disappears by breaking its
functionalities into each microservice, so that the services take care of the inter-service com-
munication and service composition logic [34]. Because MSA does not include a global mediator
like an ESB, it is possible to create coordination services that play the role of orchestrator or
mediator, each with responsibility for invoking other microservices to achieve the desired func-
tionality [34], [55], [44].

In MSA, services communicate with each other synchronously or asynchronously. For syn-
chronous communication, HTTP-based REST (REpresentational State Transfer) or gRPC (gRPC
Remote Procedure Calls) is used. REST, which is the most common form of microservice com-
munication, uses a navigational scheme to represent objects over a network known as resources,
and get (retrieve), put (update), delete, and post (create) are the standard HTTP operations to
be performed on the resources. gRPC is an open source remote procedure call system with
messages in binary format, and enables the communication between applications built on top
of heterogeneous technologies. The asynchronous messaging between microservices is imple-
mented with the use of a lightweight message broker or channel, although it is possible to have a
brokerless-based messaging architecture in which services exchange messages directly [34], [56].

MSA uses services as the unit of modularity. A service has an API (Application Programming In-
terface), which is a boundary of communication with other services and clients [34]. A service’s
API is a contract between the service and its clients, and consists of operations (which clients
can invoke) and events (which are published by the service). An operation has a name, a set
of parameters, and a return type. An event has a type and a set of fields and is published to a
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message channel [56].

Another important component in MSA is the API gateway, which plays the role of a facade and
is the entry point into the application from external API clients. It’s responsible for request
routing, API composition, protocol translation, and other cross-cutting functions (such as au-
thentication, monitoring and rate limiting). An API gateway may provide each client with their
own API to meet the requirements of diverse clients (for example, mobile applications or Web
applications). Implementing an API gateway with a REST API that supports a diverse set of
clients is time consuming; one option is to use a graph-based API language, such as GraphQL,
that is designed to support data fetching efficiently for fulfilling queries on existing APIs [56].

Modeling services around a business domain has significant advantages for a microservice ar-
chitecture, which can be done using Domain-Driven Design (DDD). DDD presents important
concepts that aim to better represent a problem domain in software systems, among which
Bounded Contexts and Aggregates stand out [44]. A bounded context refers to a cohesive and
loosely coupled boundary in an organization, making it ideal for representing a service. A ser-
vice designed this way is self-contained and only exposes a well-defined interface (API) [43], [54],
[34]. An aggregate is a representation of a real domain concept (for example, Order, Customer,
Invoice) and may have relationships with other aggregates (for example, a Customer aggregate
can be associated with many Orders). A single microservice (and therefore a bounded context)
can handle the life cycle and data storage of one or more aggregates [44].

2.1.4.3 Comparisons between SOA and MSA

According to The Open Group [65], which is a consortium that enables the achievement of busi-
ness goals through information technology standards, MSA is a subset of SOA with additional
restrictions about service independence. Both SOA and MSA share the following architectural
principles, which facilitate interoperability between the parties:

- Location-independence: there is no preferred location for service consumers or service
providers. Services may be located within the system or in systems of different organiza-
tions, and, therefore, in different physical locations.

- Implementation-independence: there is no requirement to use specific deployment plat-
forms or technologies that service providers or service consumers must adopt.

- Protocol-independence: SOA or MSA can be built using any available communication pro-
tocol, but generally implementations choose a limited set of protocols for the messages
that are exchanged.

- Self-contained services: this means that services can be invoked based on the information
available in their description, and implies that service consumers are isolated from the
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service implementation details.

Table 2-1 presents the differences between MSA and SOA [38], [54], [53], [37], [34].

Table 2-1: Differences between SOA and MSA

SOA

MSA

It maximizes the reuse of application ser-
vices and is based on the concept of sharing
as much as possible.

It focuses on decoupling and is based on the
concept of sharing as little as possible.

A systematic change requires changing the
monolithic application.

A systematic change implies creating a new
service.

DevOps and Continuous Delivery are being
popular, but they are not an essential part.

It has a strong focus on DevOps and Contin-
uous Delivery.

For communication it usually uses an enter-
prise service bus (ESB).

For communication it uses simple messaging
systems, known as API Layer.

It supports multiple protocols.

It uses lightweight protocols like HTTP and
REST.

It uses a common platform to deploy all ser-
vices.

It can use on-premises servers or cloud plat-
forms.

, , Containers work very well with microser-
The use of containers is less popular. .
vices.

It uses common standards and governance. | The government is decentralized.

2.2 Architectures Evolution

Evolution in software is a process where a software product is continuously updated, main-
tained, and improved, in order to remain a viable product that evolves over time. As software
systems change, it is essential that the software architecture is also updated in such a way that
it remains current with these changes [31].

Software evolution capacity is defined as the ability of a software system to adapt to future
changes in an easy way. This characteristic of the software is considered fundamental to sup-
port strategic decision making, as well as to increase the economic value of software systems.
To have long-lived software systems, it is necessary to address their ability to evolve explicitly
during their life cycle, including the evolution in the software architecture of these systems [15].

The architecture of software systems must be redesigned and restructured (that is, evolved)
as new market opportunities, platforms, technologies and software frameworks emerge, and
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the evolution of software architectures is seen as a central feature of all software systems [8].
Nowadays, software architects do not have sufficient techniques to plan the evolution of sys-
tem architectures, considering different solution routes and best practices in specific problem
domains [8]. In most cases, the changes are not so simple as to be carried out in one day, but
require the elaboration of evolution plans to modify both the architecture and the implementa-
tion of the system, through a series of phases or stages until reaching the target system [8].

There are several models and techniques to describe and represent the evolution of software
architectures, which are compiled in Table 2-2.

Table 2-2: Methods for evolution of software architectures

Method Description
Model that helps to describe and manage the evolution of
SAEV ~ (Software  Archi- | software architectures in a homogeneous way at three levels

tecture Evolution Model)
[58]

of abstraction: the meta level, the architecture level and the
application level. It fills in the shortcomings of ADLs in terms
of evolution.

Evolution Paths [8]

Approach to plan and reason about the evolution of software
architecture.

Meta-Evolution Style [31]

It proposes a library that is composed of various styles of
architectural evolution that correspond to different domains
and that model best practices and knowledge in the evolution
of software architectures within these specific domains.

SACCS (Software Architec-
ture Change Characteriza-
tion Scheme) [71]

It allows architects to characterize the causes and effects of
changes to software using different criteria, identifying the
characteristics of the changes that will have an impact at the
software architecture level.

TranSAT [7]

It incorporates an element to the ADL called Architectural
Aspect, which allows the description of new concepts and
concerns to integrate them into existing architectures.

2.3 Model-Driven Engineering

Model-Driven Engineering (MDE) can be defined as a set of instruments and guidelines for ap-
plying the advantages of modeling to software engineering activities. As a methodology, MDE is
comprised of concepts, notations, process and rules, and tools. In MDE, the main concepts are
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Models and Transformations [13].

MDE conceives models as first-class citizens in software engineering. Models represent realities
for a given purpose, and have become crucial in technical fields such as computer science and
computer engineering. From the MDE perspective, everything is a model [13]. Models may play
two roles in applying abstraction: reduction (where models only focus on the selected aspects of
interest) or mapping (where an original individual is taken as a prototype and then generalized
to a model). A model conforms to a metamodel, that is, a metamodel is a model that describes
models. A metamodel constitutes the definition of a modeling language [13].

Transformations are a set of rules and operations applied to a model in order to produce an-
other model [13]. They are defined at the metamodel level, and then applied at the model level.
Through transformations and as part of the MDE process, models are merged, aligned, refac-
tored, refined, or translated. There are two types of model transformations [13]:

- Model-to-Model (M2M) transformations: in this type of transformation, the input and
output parameters are models. Usually, the input is one model and the output is one
model. However, there may be situations where the input has more than one model or
the output corresponds to more than one model.

- Model-to-Text (M2T) transformations: in this type of transformation, the input is a model
and the output is a text string. Some outputs of this type of transformation could be
documentation, task lists or source code.

Both models and transformations are represented in some notations, which in MDE is done by
using modeling languages. Thus, a modeling language is used for specifying models in textual
or graphical representation depending on the capabilities of the language [13]. A modeling lan-
guage contains the structure, terms, notations, syntax, semantics, and rules that are used to
express a model [59]. A Domain-Specific Language (DSL) is a kind of modeling language of lim-
ited expressiveness focused on a particular domain [25]. An ADL is a domain-specific language
for representing a software system architecture [42], [19]

Figure 2-3 summarizes some of the concepts, notations, process and rules, and tools that are
present in the MDE methodology [13].
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Figure 2-3: Concepts, notations, process and rules, and tools in MDE.
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This chapter presents a brief state of the art related to DSLs and ADLs for describing microser-
vices architectures, DSLs and ADLs for describing service-oriented architectures, and research
works on evolution, migration or transformation towards MSA.

3.1 Reviews about Microservices Architectural Style

Di Francesco et al. present a complete state of the art about microservices architectures, where
it is indicated that this architectural style is a trend that is being used in the business world
[20], [21]. Alshugayran et al. present a systematic study on microservices architecture and the
most relevant architectural challenges, as well as the diagrams, architectural views, methods and
models used to represent microservices architectures [5].

On the other hand, there are some reviews about microservices and their use with another dis-
ciplines. For instance, there are state of the art in using microservices architectures alongside
DevOps [61], [69], [70]. Also, there are reviews of microservices decomposition strategies, high-
lighting both Model-Driven Engineering and Domain-Driven Design as approaches to support
this task [60].

3.2 ADLs for Microservices Architectures

There are several research works that propose languages for the description of MSA. In [63]
the authors proposed MicroBuilder, which is a tool used for the specification of a software ar-
chitecture that follows REST microservice design principles. MicroBuilder comprises MicroDSL
and MicroGenerator modules, where the MicroDSL module provides a domain-specific language
used for the specification of REST microservice software architectures, which supports textual
and graphical concrete syntaxes.

In [30] the authors presented MicroART, an architecture recovery approach for microservice-
based systems. As part of that research work, the authors defined a domain-specific language
for representing the architectural key aspects of a microservices-based system.
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The work in [50], [49] presented o ADL, a textual ADL which is an extension of jADL (a formal
ADL defined in [48]). uoADL was designed in order to provide to software architects and stake-
holders a formal way for describing software systems that follow the MSA style. This language
follows the C&C view in order to express the architecture of both static and dynamic software
systems.

3.3 ADLs for Service-Oriented Architectures

Different research works and specifications were found that support the description of service-
oriented architectures. In [36] the authors presented SOADL, an architecture description lan-
guage for SOA. SOADL specifies the interfaces, behavior, semantics and quality properties of
services, provides mechanisms to model and analyze the dynamic and evolving architecture,
and supports service composition. In [68] the authors expanded the capabilities of SOADL by
proposing SOADL-EH, a service-oriented software architecture description language supporting
exception handling.

m-ADL for SOA was proposed in [47] as a service-oriented architecture description language to
enable the formal development of dynamic applications. 7-ADL for SOA is a member of the
m-ADL [46] family.

In [10] PIM4SOA was presented, which is a platform independent metamodel for SOA. The goal
of creating the PIM4SOA metamodel was to define a language that could be used to describe
SOA at a platform independent level. The PIM4SOA metamodel identifies four aspects where
specific concerns can be addressed: information, service, process and quality of service (QoS).

The Service-oriented architecture Modeling Language (SoaML) specification provides a meta-
model and a UML profile for the specification and design of services within a service-oriented
architecture [45].

3.4 Sarch Language

Sarch is an ADL whose main goal is to allow the design of software architectures [66], [67]. This
language is based on a set of architectural views proposed by Clements et al. in the Views & Be-
yond (V&B) Catalog [19], which allows to cover the necessary elements to support the design of
a software system. The included architectural views in Sarch are Data Model, Component-and-
Connector (C&C), Layered, and Deployment. Sarch has the capabilities to allow the description
of any software architecture in any architectural style.
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Also, Sarch has the ability to support both model-to-model and model-to-text transformation
processes [67].

3.5 Evolution, Transformation and Migration to MSA

There are previous research works of evolution, migration and transformation towards microser-
vices architectures. Most of these works refer to the evolution from monolithic applications to
microservices-based systems. These research works can be classified as follows:

- Migration from monolithic applications in specific case studies or domains: There are
research works which document the real migration experience from monolith applications,
in specific business domains ([6], [72], [41], [17]) or in more general purpose software
systems ([29]).

- Proposal of methods, tools, processes or techniques of evolution from monolithic applica-
tions: Some research works propose methods, techniques or tools that allow the evolution
or migration from a monolithic application to a microservices architecture ([39], [40], [18],
(4], [30], [23], [27)).

- SOA, Microservices and MDD: The research work in [53] presents the differences between
SOA and MSA, the state of the art on the application of Model-Driven Development (MDD)
to SOA, and the implications of applying MDD to MSA taking into account metamodels,
model transformations and modeling languages.

3.6 Gaps in Previous Work

According to the literature reviewed, no previous work was found that specifically proposes a
model of evolution or transformation from SOA to MSA based on the formalization of elements,
relations and properties. Furthermore, there is a trend for the use of the MSA style within
software development and architecture practices [51], which is based on the fact that large com-
panies have evolved their software systems towards microservices architectures [38].

Regarding the reviewed ADLs, the Sarch language allows the modeling of software systems in
any architectural style from the conception of architectural views. Table 3-1 summarizes the
comparison of the reviewed languages and supports the choice of Sarch to enable modeling
of service-based architectures (SOA and MSA). However, the other languages are an important
input to identify the elements, relations and properties that are part of each SOA and MSA ar-
chitectural styles. The main aspects related in this table are: use of more than one architectural
view, support for describing software systems in the SOA style, support for describing software
systems in the MSA style, support for describing software systems in both SOA and MSA styles,
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and support of model-to-text or model-to-model transformations.

Table 3-1: Analysis of ADLs: Languages vs. main aspects.

ADL Use of more | Support for | Support for | Supportfor | Support of
than one ar- | describing describing describing model-to-
chitectural software software software text or
view systemsin | systemsin | systems in model-to-
the SOA the MSA both SOA model
style style and MSA transforma-
styles tions
MicroBuilder X X
MicroART X X
(10 ADL X
SOADL-EH X
m-ADL X
PIM4S0A X
SoaML X
Sarch X X X X X

In response to the problem posed, it is proposed to create an architectural evolution model that
starts from an abstraction model for each of the SOA and MSA architectural styles and, using
Model-Driven Engineering techniques, performs a model-to-model transformation process that
enables this evolution to be directed. Evolving from SOA to MSA is valid considering that the
MSA architectural style was born from the SOA architectural style, which makes it possible
for these two architectural styles to have comparable elements that allow finding architectural
equivalences and optimizations between these two styles.
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Sarch is an ADL that allows the design of software architectures represented through Data
Model, Component-and-Connector (C&C), Layered, and Deployment Architectural Views [66],
[67]. Sarch has the capabilities to allow the description of any software architecture in any ar-
chitectural style.

To define an ADL for the design of service-based architectures, specifically for SOA and MSA,
it is proposed to extend the Sarch language, incorporating in the grammar the specific rules and
characteristics of each of the SOA and MSA styles. This extension was introduced in [11], in
which the main focus was on the C&C architectural view. Also, the Decomposition architectural
view was introduced in the Sarch language, which allows the description of a software system
organized as modules and submodules and shows responsibilities partitioned across them [19].

In this chapter, the proposed ADL for Service-Based Architectures is explained in detail. To
achieve this, it is important to highlight three concepts related to the design of the language
[13]:

- Grammar: defines all valid sentences and the structure of a language.

- Extended Backus-Naur Form (EBNF): it is a textual representation of the grammar and
syntax rules of a computer language.

- Concrete Syntax Tree (CST): it is a tree data structure that represents the grammar of a
computer language.

In summary, the Sarch language was extended as follows:

- The C&C view was adapted to restrict the components and connectors depending on the
architectural style (SOA or MSA).

- The Decomposition view was introduced to allow the description of a software system
from the functional point of view, without considering the specific architectural style.

- The Data Model view was extended to allow a new data model type for associating with
the operations in services.

Additionally, the Layered view is taken into account in this research work, therefore it will be
described in this chapter. In the next sections, the design of the ADL for service-based architec-
tures, based on Sarch, is described.
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4.1 General Architectural Schema

Sarch allows the definition of a software architecture with a terminal called architecture, followed
by the software system’s name, its author, the architectural style, and the five supported archi-
tectural views. This general schema of the Sarch grammar is shown in the listing below (as EBNF
notation) and in figures 4-1 and 4-2 (as CSTs).

(Architecture) ::= ‘architecture’ ‘{’ (SoftwareSystem) (Author) (ArchitecturalStyle) (Views) ‘}’
(SoftwareSystem) ::= ‘software_system’ ‘:’ (Id) ‘;’

(Author) ::= ‘author’ ‘:’ (Id) ‘;’

(ArchitecturalStyle) ::= ‘architectural_style’ ‘:’ (ArchitecturalStyleType) ‘;’

(ArchitecturalStyleType) := ‘soa’ | ‘msa’ | (Id)

(Views) := ‘architectural_views’ ‘{’ (DecompositionView) (DataModelView) (ComponentAndConnectorView)
(LayeredView) (DeploymentView) ‘}’

(Id) = {a-zA-Z0-9, }

Architecture
architecture SoftwareSystem Author ArchitecturalStyle Views
software system :Id ; author: ; architectural style :ArchitecturalStyleType ;
'soa'
'msa
Id

Figure 4-1: CST for Sarch: general schema of the language.

A key feature of the grammar is the architectural_style, which triggers the rules that are applicable
depending on the specified value as follows:

- If the specified value is soa, the language is constrained to the specific rules for a service-
oriented architecture.
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Views

architectural views {¢ Decompos:l.tlonV:Lew'DataModelVlew(ComponentAndConnectorV:Lew LayeredVJ.ew DeploymentView }

Figure 4-2: CST for the architectural views included in the extended Sarch language.

- If the specified value is msa, the language is constrained to the specific rules for a microser-
vices architecture.

- Otherwise, the Sarch language behaves as originally defined and is not constrained to a
specific architectural style.

As mentioned previously, the proposed ADL for service-based architectures focuses on the De-
composition, Data Model, C&C, and Layered architectural views in Sarch, which are highlighted
in figure 4-2.

4.2 Decomposition View

This view describes the organization of the software system as modules and submodules and
shows how system responsibilities are divided across them [19]. This view is compound of the
following elements and relations:

- Elements: subsystem, which is a system within a larger system and aggregates modules;
module, which belongs to a subsystem and encapsulates a set of functionalities; submod-
ule which is a module within a larger module; and functionality, which specifies what the
software system can do. The property of each of these elements is name.

- Relations: All decomposition relations are in the form of is_part_of; a module is part of a
subsystem, a submodule is part of a module, and a functionality is part of a module or a
submodule.

The grammar for the decomposition view is shown in the listing below (as EBNF notation) and

in figure 4-3 (as a CST).

(DecompositionView) ::= ‘decomposition_view’ ‘::’ (DecompositionElements) (DecompositionRelations)

[N

(DecompositionElements) ::= ‘elements’ ‘{’ (DecompositionElement)+ ‘}’



24 4 ADL for Service-Based Architectures

DecompositionElement) := (Subsystem) | (Module) | (Submodule) | (Functionality)
Subsystem) ::= ‘subsystem’ (Id) ‘;’

Module) ::= ‘module’ (Id) ‘;’

Submodule) ::= ‘submodule’ (Id) ‘;’

Functionality) ::= ‘functionality’ (Id) ‘;’

DecompositionRelation) := (IsPartOfA) | (IsPartOfB) | (IsPartOfC) | (IsPartOfD)
IsPartOfA) =:= ‘m:’ [Module] ‘is_part_of’ ‘ss:’ [Subsystem] ‘;’

IsPartOfB) ::= ‘sm:’ [Submodule] ‘is_part_of’ ‘m:’ [Module] ‘;’

IsPartOfC) ::

(

(

(

(

(

(DecompositionRelations) ::= ‘relations’ ‘{’ (DecompositionRelation)* ‘}’
(

(

(

( ‘f:” [Functionality] ‘is_part_of’ ‘m:’ [Module] ‘;’
(

IsPartOfD) ::

f:’ [Functionality] ‘is_part_of’ ‘sm:’ [Submodule] *;’

DecompositionView

decomposition-view  :: DecompositionElements DecompositionRelations

elements {  DecompositionElement+ ) relations { DecompositionRelation* }

Subsystem Module Submodule Functionality IsPartOfA IsPartOfD
subsystem Id ; submodule Id ; m: [Module] is_part of ss: [Subsystem] ; IsPartOfB IsPartOfC f: [Functionality] is_part_of sm: [Submodule] ;

%\N

module Id ; functionality Id ; sm: [Submodule] is_part_of m: [Module] ; f: [Functionality] is_part_of m: [Module] ;

Figure 4-3: CST for the Decomposition view in the extended Sarch language.

4.3 Data Model View

This view describes the static information structure used in the system in terms of data entities
and their relationships [19]. This view is compound of the following elements and relations:

- Elements: data entity, which is an object that holds information that needs to be stored
or represented in a software system. Properties include name and data attributes.

- Relations: allow the communication between data entities. The relations can be general-
ization/specialization, logical association (one-to-one, one-to-many, many-to-one, many-
to-many or association), or aggregation (aggregation or composition).
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The grammar of this view allows to define one or more data models for a software system. Each
data model has a type (relational, nosql or interoperability), a name, and its own data entities and
relationships between them. For each data entity a set of attributes can be specified, each one
with a name and a basic data type (string, byte, short, int, long, float, double, date, time, datetime, bool,
image, video, audio, file). Further, it is possible to indicate what modules (defined in the Decom-
position view) use which data entities [19].

Also, the grammar allows the definition of a set of operations for the data models of type inter-
operability. Each operation has a name and parameters. Each parameter has a name, a type (which
can be a basic data type or a data entity in the same data model), and a direction (in or out).

The grammar for the data model view is shown in the listing below (as EBNF notation) and in
figure 4-4 (as a CST).

(DataModelView) ::= ‘data_model_view’ ‘::’ (DataModel)+ ‘::’

(DataModel) ::= (DataModelType) ‘data_model’ (Id) ‘{" (DataModelElements) (DataModelRelations)
(DataModelOperations) ‘}’

(DataModelType) ::= ‘relational’ | ‘nosql’ | ‘interoperability’
(DataModelElements) ::= ‘elements’ ‘{’ (DataModelElement)+ ‘}’
(DataModelElement) := (DataEntity)

(DataEntity) ::= ‘data_entity’ (Id) (ModuleRef)? ‘{’ (Attributes) ‘}’
(ModuleRef) := ‘(" ‘module’ [Module] ‘)’

(Attributes) ::= ‘attributes’ ‘{’ (Attribute)+ ‘}’

(Attribute) := (DataType) (Id) *;’

(DataType) ::= ‘string’ | ‘byte’ | ‘short’ | ‘int’ | ‘long’ | ‘float’ | ‘double’ | ‘date’ | ‘time’ |
‘datetime’ | ‘bool’ | ‘image’ | ‘video’ | ‘audio’ | ‘file’
(DataModelRelations) ::= ‘relations’ ‘{’ (DataModelRelation)* ‘}’

(DataModelRelation) ::= (RelationType) ‘(" " [DataEntity] ‘,” ’ [DataEntity] )’ *;’

(RelationType) ::= (OneToOne) | (OneToMany) | (ManyToOne) | (ManyToMany) | (Association) | (Aggregation)
| (Composition) | (Generalization) | (Specialization)

(OneToOne) ::= ‘one_to_one’
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(OneToMany) ::= ‘one_to_many’
(ManyToOne) ::= ‘many_to_one’
(ManyToMany) ::= ‘many_to_many’
(Association) ::= ‘association’
(Aggregation) ::= ‘aggregation’
(Composition) ::= ‘composition’
(Generalization) ::= ‘generalization’
(Specialization) ::= ‘specialization’

(DataModelOperations) ::= ‘operations’ ‘{’ (DataModelOperation)* ‘}’

(DataModelOperation) ::= ‘operation’ (Id) ‘{’ (Parameters) ‘}’

(Parameters) ::= ‘parameters’ ‘{’ (OperationParameter)*

(OperationParameter) ::= (ParameterType) (Array)? (Id) (ParameterDirection) *;

(ParameterType) ::= (DataType) | [DataEntity]
(Array) == ‘[T
(ParameterDirection) ::= ‘in’ | ‘out’

&}’

’

4.4 Component-and-Connector (C&C) View

This view represents elements that have some runtime presence, plus the pathways and proto-
cols of their interaction [19]. In a general form, this view is compound of the following elements

and relations:

- Elements: component, which represents a processing unit or data store; a component has
a name and a set of ports through which it interacts with other components (via connec-

tors). And connector, which is a pathway of interaction between components; a connector

has a name and a set of roles that indicate how components can use a connector in inter-

actions.

- Relations: attachment, which associates a component port with a connector role to pro-

duce a graph of components and connectors.
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DataModelView
data_model_view o DataModel+ i
DataModelType data model Id { DataModelElements DataModelRelations DataModelOperations )
'relational’ //""At:::::::::::iiiffffi;y\ /////,i:::::;;;7ry\\\\\\\\\\ ///////]‘§:::::::::T\\\\\\\\\\\
'nosqgl’ elements { DataModelElement+ } relations { DataModelRelation* } operations { DataModelOperation* }
DataEntity RelationType ( [DataEntity] , [DataEntity] ) ; operation Id { Parameters }
data_entity Id ModuleRef? { Attributes } parameters { OperationParameter*
- "one_to_one’ oneToone ==
( module [Module] ) 'one_to_many' OneToMany ParameterType Array? Id ParameterDirection ;
N 'm ne' M T
attributes { Attribute+ } many_to_one anyToone % /\ /\
) : ///\Qti\\\ ‘many to many' ManyToMany DataType [DataEntity] [ ] in out
string -
'byte’ DataType Id ; 'association’ Association
'short'
vint' 'aggregation' Aggregation
'long'
Cfloat! ' composition' Composition
double 'generalization' — Generalization
'date'
'time! 'specialization' — Specialization
'bool!

'datetime’

'video''audio''file' image’

Figure 4-4: CST for the Data Model view in the extended Sarch language.

The general CST for the C&C view is shown in figure 4-5. In section elements of the view, it is
possible to define programming languages, orchestration languages (only for SOA style), database
systems, and components and connectors that are used in the software system described using
Sarch.

ComponentAndConnectorView

component-and-connector-view HY ComponentAndConnectorElements ComponentAndConnectorRelations

/N

elements { ComponentAndConnectorElementContent }

ProgrammingLanguages? OrchestrationLanguagesForSOA? DbSystems? ComponentAndConnectorElement

B D I e

programming_languages { ProgLanguage+} orchestration_languages { OrchLangForSOA+ } db_systems { DbSystem+} ComponentElement ConnectorElement

N N N | |

Id ;i Id ; Id

Figure 4-5: CST for the C&C view in the extended Sarch language.

This view presents a set of specific components and connectors that applies to SOA or MSA,
depending on the specified architectural style. Table 4-1 summarizes the components and con-
nectors for the C&C view for the MSA and SOA styles, within the extended grammar in Sarch.

Figure 4-6 shows the possible properties for describing a component in Sarch as a CST. Table 4-2
indicates the properties that apply to each component depending on its type for the SOA style,
and table 4-3 indicates the properties that apply to each component depending on its type for
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Table 4-1: Element summary for C&C view in MSA and SOA styles

C&C View
Style
Components Connectors
Microservice HTTP
API Gateway REST
Web application gRPC
MSA Mobile application GraphQL
Relational database Messaging
NoSQL database FTP access
Storage DB access
Internal service provider HTTP
External service provider SOAP
SOA Service consumer REST
Enterprise Service Bus (ESB) | Messaging
Relational database DB access

the MSA style.

ComponentElement

%

component ComponentType Id ProgrammingLanguageComp? OrchestrationLanguageComp? DataModelComp? DbSystemComp? { ComponentPort+ }

/\

(programming language [ProgLanguage] ) (orchestration_language [OrchLangForSOA] ) ( db_system [DbSystem] )
ComponentTypeForSOA ComponentTypeForMSA RelDataModelComp NoSglDataModelComp
'soa.internal_service provider' 'msa.microservice' %
'soa.external service_provider' 'msa.api_gateway'
( data_model [RelationalDataModel]) (data_model [NoSglDataModel] )

'soa.service_consumer’ '‘msa.web_application'
'soa.relational_database' 'msa.mobile_application'
'soa.esb' 'msa.relational_database'

'msa.nosql_database'

'‘msa.storage'

Figure 4-6: CST for the C&C view in the extended Sarch language: Component Element Node.

Each component has ports to indicate the services and accesses required or exposed, which is
shown in figure 4-7 as a CST. For each architectural style, there is a predefined set of port types.
The port type called provided_service has an interoperability data model (defined in the Data Model
view) and a coordination type, the latter only for components of type soa.esb. The port type called
provided_api has an interoperability data model. This allows to specify the operations and types
of information that each service can provide.

Figure 4-8 shows the possible properties for describing a connector in Sarch as a CST. Each con-
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Table 4-2: Properties that apply to each component type in the SOA style

Component type Programming | Orchestration Relational DB system
language language model
Internal service X
provider
External service
provider
Service consumer X
ESB X
Relational database X X

Table 4-3: Properties that apply to each component type in the MSA style

Component type Programming Relational NoSQL model DB system
language model
Microservice X
API Gateway
Web application X
Mobile application X
Relational database X X
NoSQL database X X
Storage

ComponentPort+

M

ComponentPortForSOA ComponentPortForMSA
ProvidedServicePortForSOA OtherPortForSOA ProvidedApiPortForMSA OtherPortForMSA

port provided service Id InteropDMForSOA Coordination? ; port OtherPortTypeForSOA Id ; port provided api Id InteropDMForMSA ; port OtherPortTypeForMsSA Id ;

'requested_service' 'requested_api’

bac

'provided_dbacc

( iop_model [InteroperabilityDataModel] ) ( iop_model [InteroperabilityDataModel] )

'requested_dbac
( coordination_type CoordinationType ) 'provided_storage'

orchestration 'requested_storage'

'choreography'

Figure 4-7: CST for the C&C view in the extended Sarch language: Component Port Node.
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nector has a connector type whose value depends on the specified architectural style, and has
two roles called consumer and provider.

ConnectorElement

. N

connector ConnectorType Id { ConnectorRole+ }

A /\

ConnectorTypeForSOA ConnectorTypeForMSA ProviderRole ConsumerRole

'soa.http' 'msa.http’
'soa.soap' 'msa.rest'’

'msa.grpc' role provider Id ; role consumer Id ;

|l |l
soa.rest 'msa.graphgl'
'soa.messaging’ 'msa.messaging’
. , 'msa.db_access'
soa.db access . =

- msa.ftp

Figure 4-8: CST for the C&C view in the extended Sarch language: Connector Element Node.

The grammar for the supported relations in the C&C view for SOA and MSA styles is shown in
Figure 4-9. Attachments can be made only between compatible component ports and connector
roles, which also depends on the component type and the connector type. Table 4-4 contains
the attachments allowed for the MSA style and table 4-5 contains the attachments allowed for
the SOA style; for simplicity, the connector roles are omitted in these tables because they are
always the same (consumer attached to the source port and provider attached to the target port).

ComponentAndConnectorRelations

L N

relations { ComponentAndConnectorRelation* }

Attachment

A

AttachmentForSOA AttachmentForMSA

N T 0 T

attachment ( [ConnectorRole] , [ComponentPortForSOA] OperationForSOA? ) ; attachment ( [ConnectorRole] , [ComponentPortForMSA] OperationForMSA? ) ;

[T T

( operation [DataModelOperation] ) ( operation [DataModelOperation] )

Figure 4-9: CST for the C&C view in the extended Sarch language: Relations Node.

For both SOA and MSA, it is possible in the attachment to indicate the operation that partici-
pates in the relation, which provides a capability for a more granular definition in relations. The
specified operation belongs to the interoperability data model associated to the related compo-
nent port.

The grammar for the C&C view is also shown in the listing below as EBNF notation.
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Table 4-4: Valid attachments for the MSA style

Source Source port Connector Target Target port
component component
web_application / requested_api | http / rest/ api_gateway provided_api
mobile_- graphql
application
api_gateway / requested_api | http / rest/ microservice provided_api
microservice grpc /
messaging
microservice requested_- db access relational - provided._ -
dbaccess database dbaccess
microservice requested._- db_access nosql_database provided._ -
dbaccess dbaccess
microservice requested._- ftp storage provided_storage
storage
Table 4-5: Valid attachments for the SOA style
Source Source port connector Target Target port
component component
service_consumer requested._- http / soap internal_- provided_service
service | rest service_provider
/ external -
service_provider
| esb
service_consumer requested._- db_access relational - provided._ -
dbaccess database dbaccess
esb requested_- http / soap internal_- provided_service
service [ rest/ service_provider
messaging | external_-
service_provider
internal_service_- requested._- http / soap internal_- provided_service
provider service [ rest/ service_provider
messaging
internal _service_- requested._- db_access relational - provided._ -
provider dbaccess database dbaccess
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(ComponentAndConnectorView) ::= ‘component_and_connector_view’ ‘::’ (ComponentAndConnectorElements)

’

(ComponentAndConnectorRelations) ‘: :

’

(ComponentAndConnectorElements) ::= ‘elements’ ‘{’ (ProgrammingLanguages)? (OrchestrationLanguagesForSOA)?
(DbSystems)? (ComponentAndConnectorElement) ‘}’

(ProgrammingLanguages) := ‘programming languages’ ‘{’ (ProgLanguage)+ ‘}’
(ProgLanguage) := (Id) *;’

(OrchestrationLanguagesForSOA) := ‘orchestration_languages’ ‘{’ (OrchLangForSOA)+ ‘}
(OrchLangForSOA) := (Id) *;’

(DbSystems) := ‘db_systems’ ‘{’ (DbSystem)+ ‘}’

(DbSystem) := (Id) *;’

(ComponentAndConnectorElement) := (ComponentElement) | (ConnectorElement)

(ComponentElement) := ‘component’ (ComponentType) (ProgrammingLanguageComp)? (OrchestrationLanguageComp)?
(DataModelComp)? (DbSystemComp)? ‘{’ (ComponentPort)+ ‘}’

(ComponentType) := (ComponentTypeForSOA) | (ComponentTypeForMSA)

(ComponentTypeForSOA) := ‘soa.internal_service_provider’|‘soa.external_service_provider’
| ‘soa.service_consumer’ | ‘soa.relational database’ | ‘soa.esb’

(ComponentTypeForMSA) := ‘msa.microservice’|‘msa.api_gateway’' | msa.web_application’
| ‘msa.mobile_application’ | ‘msa.relational database’ | ‘msa.nosql_database’ |
‘msa.storage’

ProgrammingLanguageComp) := ‘(’ ‘programming_language’ [ProgLanguage] ‘)’
OrchestrationLanguageComp) := ‘(’ ‘orchestration_language’ [OrchLangForSOA] ‘)’
DataModelComp) := (RelDataModelComp) | (NoSqlDataModelComp)

RelDataModelComp) := ‘(" ‘data_model’ [RelationalDataModel] ‘)’

DbSystemComp) :

‘(" ‘db_system’ [DbSystem] )’

(

(

(

{

(NoSqlDataModelComp) := ‘(" ‘data_model’ [NoSqlDataModel] ‘)’
(

(ComponentPort) := (ComponentPortForSOA) | (ComponentPortForMSA)
(

ComponentPortForSOA) := (ProvidedServicePortForSOA) | (OtherPortForSOA)
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(ProvidedServicePortForSOA) := ‘port’ ‘provided_service’ (Id) (InteropDMForSOA) (Coordination)?

(InteropDMForSOA) := ‘(’ ‘iop_model’ [InteroperabilityDataModel] ‘)’

(Coordination) := ‘(" ‘coordination_type’ (CoordinationTypeForSOA) ‘)’

(CoordinationTypeForSOA) := ‘orchestration’ | ‘choreography’

(OtherPortForSOA) := ‘port’ (OtherPortTypeForSOA) (Id) *;’

(OtherPortTypeForSOA) := ‘requested_service’|‘provided_dbaccess’| ‘requested_dbaccess’
(ComponentPortForMSA) := (ProvidedApiPortForMSA) | (OtherPortForMSA)

(ProvidedApiPortForMSA) := ‘port’ ‘provided_api’ (Id) (InteropDMForMSA) ‘;’

(InteropDMForMSA) := ‘(" ‘iop_model’ [InteroperabilityDataModel] ‘)’

(OtherPortForMSA) := ‘port’ (OtherPortTypeForMSA) (Id) *;’

therPort ekor := requested api rovide access requeste access
OtherP TypeForMSA ¢ q d_ p" ‘p ided_db T q d_db ’
‘provided_storage’ | ‘requested_storage’

(ConnectorElement) := ‘connector’ (ConnectorType) (Id) ‘{’ (ConnectorRole)+ ‘}’
(ConnectorType) := (ConnectorTypeForSOA) | (ConnectorTypeForMSA)
(ConnectorTypeForSOA) := ‘soa.http’|‘soa.soap’|‘soa.rest’|‘soa.messaging’ |‘soa.db_access’

(ConnectorTypeForMSA) := ‘msa.http’| msa.rest’|‘msa.grpc’ | ‘msa.graphql’ | ‘msa.messaging’
| msa.db_access’ | ‘msa.ftp’

(ConnectorRole) := (ProviderRole) | (ConsumerRole)

(ProviderRole) := ‘role’ ‘provider’ (Id) ‘;’

(ConsumerRole) := ‘role’ ‘consumer’ (Id) ‘;’

(ComponentAndConnectorRelations) := ‘relations’ ‘{’ (ComponentAndConnectorRelation)* ‘}’
(ComponentAndConnectorRelation) := (Attachment)

(Attachment) := (AttachmentForSOA) | (AttachmentForMSA)

(AttachmentForSOA) := ‘attachment’ ‘(' [ConnectorRole]‘,’ [ComponentPortForSOA] (OperationForSOA)?
() » < ; ’
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(OperationForSOA) := ‘(’ ‘operation’ [DataModelOperation] ‘)’

(AttachmentForMSA) := ‘attachment’‘(’[ConnectorRole]‘,’ [ComponentPortForMSA] (OperationForMSA)?
() y o« ; ’

(OperationForMSA) := ‘(" ‘operation’ [DataModelOperation] ‘)’

4.5 Layered View

This view describes a division of the software into units called layers. Each layer represents a
group of modules that offer a cohesive set of services [19]. Also, this view includes the concept
of tier that allows grouping components; usually, this grouping is given for components that
share the same runtime environment or have the same runtime purpose [19].

This view is compound of the following elements and relations:

- Elements: layer, which performs a specific role within an application and provides a set of
services to other layers. layer-segment, which allows to divide a layer into a finer-grained
way; that is, a layer can be composed of layer segments. And tier, which allows to group
components that share the same runtime environment.

- Relations: allowed-to-use, which allows communication between different layers, be-
tween different layer segments, or between different tiers. The relation named allowed-
to-use-below is similar to allowed-to-use, but is more specific in the way that one element
relates to another element located just below it. The relation named contains has three
uses; the first is to represent which layer segments belongs to a layer; the second allows to
indicate which layers are applicable for specific components, that is, it allows to describe
for each component element (defined in the C&C view) which layers it contains; the third
allows to specify for each tier which components is contains.

The general CST for the Layered view is shown in figure 4-10. Figures 4-11, 4-12 and 4-13 show
the details of relations of type allowed-to-use, allowed-to-use-below and contains, respectively.

The grammar for the Layered view is shown in the listing below as EBNF notation.
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LayeredView
layered view HH LayeredElements LayeredRelations HH
elements { LayeredElement+ } relations { LayeredRelation* }
Layer LayerSegment Tier AllowedToUse AllowedToUseBelow Contains
layer Id ; layer segment Id ; tier 1Id ;

Figure 4-10: CST for the Layered view in the extended Sarch language.

AllowedToUse
AllowedToUseLayer AllowedToUseSegment AllowedToUseTier
[Layer] allowed_to use l: [Layer]; ls:[LayerSegment] allowed to_use ls: [LayerSegment]; t:[Tier]allowed to_use t:[Tier]

Figure 4-11: CST for the Layered view in the extended Sarch language: allowed-to-use relation.

AllowedToUseBelow
AllowedToUseBelowLayer AllowedToUseBelowSegment AllowedToUseBelowTier
[Layer] allowed to_use_below l: [Layer] ; [LayerSegment] allowed_to_use_below ls: [LayerSegment] ; t: [Tier]allowed to use_below t:[Tier]

Figure 4-12: CST for the Layered view in the extended Sarch language: allowed-to-use-below

relation.
Contains
LayerAndLayerSegment ComponentAndLayer TierAndComponent
1: [Layer] contains 1ls: [LayerSegment]; c: [ComponentElement] contains 1: [Layer] ; t: [Tier] contains c: [ComponentElement] ;

Figure 4-13: CST for the Layered view in the extended Sarch language: contains relation.
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(LayeredView) ::= ‘layered_view ‘::’ (LayeredElements) (LayeredRelations) ‘::’

(LayeredElements) ::= ‘elements’ ‘{’ (LayeredElement)+ ‘}’

(LayeredElement) := (Layer) | (LayerSegment) | (Tier)

(Layer) ::= ‘layer’ (Id) ‘;’

(LayerSegment) ::= ‘layer_segment’ (Id) ‘;’

(Tier) == ‘tier’ (Id) ‘;’

(LayeredRelations) ::= ‘relations’ ‘{’ (LayeredRelation)* ‘}’

(LayeredRelation) := (AllowedToUse) | (AllowedToUseBelow) | (Contains)

(AllowedToUse) := (AllowedToUseLayer) | (AllowedToUseSegment) | (AllowedToUseTier)

(AllowedToUseLayer) ::= ‘1:’ [Layer] ‘allowed_to_use’ ‘1:’[Layer];’

(AllowedToUseSegment) ::= ‘1s:’ [LayerSegment] ‘allowed_to_use’ ‘ls:’ [LayerSegment] ‘;’

(AllowedToUseTier) ::= ‘t:’ [Tier] ‘allowed_to_use’ ‘t:’[Tier]‘;’

(AllowedToUseBelow) := (AllowedToUseBelowLayer) | (AllowedToUseBelowSegment) | (AllowedToUseBelowTier)

(AllowedToUseBelowLayer) ::= ‘1:’ [Layer] ‘allowed_to_use_below’ ‘1:’[Layer]‘;’

(AllowedToUseBelowSegment) ::= ‘1s:’ [LayerSegment] ‘allowed_to_use_below’ ‘ls:’ [LayerSeg-
ment] ‘;’

AllowedToUseBelowTier) ::= ‘t:’ [Tier] ‘allowed_to_use_below’ ‘t:’ [Tier];’

Contains) := (LayerAndLayerSegment) | (ComponentAndLayer) | (TierAndComponent)

LayerAndLayerSegment) ::= ‘1:’ [Layer] ‘contains’ ‘1s:’ [LayerSegment] ‘;’

’

{
{
{
(ComponentAndLayer) ::= ‘c:’ [ComponentElement] ‘contains’ ‘1:’ [Layer] ‘;

(TierAndComponent) ::= ‘t:’ [Tier] ‘contains’ ‘c:’ [ComponentElement] ‘;’
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This chapter presents the architectural evolution model for service-based architectures, specif-
ically from service-oriented architectures to microservices architectures. Also, it presents the
implementation of the ADL for service-based architectures and the model-to-model transforma-
tions from SOA to MSA in the Sarch-Studio tool.

5.1 Architectural Evolution Model Overview

The proposed evolution model for service-based architectures includes the extended Sarch gram-
mar described previously (the ADL for service-based architectures) and performs a set of model-
to-model transformations based on the grammar for SOA and MSA. These model-to-model trans-
formations go from a SOA model to an MSA model, where both models are described using the
extended Sarch language.

In [11] an evolution model for service-based architectures was introduced, in which the main
focus was on the C&C architectural view for SOA and MSA. However, the present research work
proposes an evolution model in greater depth and uses other architectural views of the extended
Sarch language.

As illustrated in figure 1-1, the evolution model for service-based architectures consists of the
following steps:
- The architecture of a software system designed under the SOA style is taken as input.

- Afunctional decomposition of the software system is carried out using the Decomposition
view in Sarch.

- The SOA-based system is modeled using Sarch, specifically with the C&C, Data Model, and
Layered views.

- A set of model-to-model transformations are applied for the SOA-based system described
in Sarch, generating a model that conforms to the grammar defined in Sarch for the MSA
style.

- The resulting model would be used as a starting point to represent the software system
using the MSA style.
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5.2 Model-to-Model Transformations from SOA to MSA

There are key aspects of the Sarch language that are used in the model-to-model transformations
from SOA to MSA, which are listed as follows:

- From a functional point of view, a module in the Decomposition view can be seen as
a bounded context used in domain-driven design, which groups a set of functionalities
from a business domain perspective.

- According to the previous item, and taking into account that it is a good practice to rep-
resent a microservice as a bounded context, it can be established that a microservice can
contain the functionality of a module defined in the Decomposition view.

- A data entity in the Data Model view can belong to a module in the Decomposition view.
Therefore, a data entity can be seen as an aggregate that belongs to a bounded context
(that is, a microservice). As stated previously, a microservice can handle the lifecycle of
aggregates, which can be represented in its API with operations to create, read, update
and delete these domain objects.

- Each service in SOA is represented by a port, which contains a set of cohesive and func-
tionally related operations to meet a business need. For this reason, each port of type
provided_service of components of type internal_service_provider in SOA is a good candidate
to become a microservice. Additionally, component ports play an important role in dis-
tributed architectures such as SOA and MSA that allow communication between them,
and they become a common point between the two architectural styles.

For the proposed evolution model, elements and relations are taken from the Decomposition
view, the Data Model view, the C&C view, and the Layered view. Specifically, a transformation
function is proposed that receives an element or relation that belongs with the SOA architectural
style and an element from the Decomposition view, and returns a list of elements or relations
that belong with the MSA architectural style.

Furthermore, the proposed transformation function has the following assumptions regarding the
SOA architectural style:

- Service consumers and internal service providers, which are component types in the C&C
view, are monolithic applications.

- Each monolithic application is compound of the presentation, business logic, and data
access layers.

- A monolithic application in the C&C view is equivalent to a subsystem in the decomposi-
tion view.
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A high-level transformation function was introduced in [11], with emphasis in the elements and
relations described in the C&C view and the Decomposition view. Algorithm 1 provides the
definition of the model-to-model transformation function for service-based architectures in a
rigorous and formal way, specifically to transform a software system designed in the SOA ar-
chitectural style into a software system designed under the MSA architectural style, using the
Decomposition, Data Model, C&C and Layered views as part of the Sarch grammar.

To achieve this, a formal and rigorous analysis was done of the elements, relations and proper-
ties of each architectural style and a formal mapping between the SOA elements and the MSA
elements, so that from the concept of component it can be done an architecturally clean transfor-
mation. This ensures that the characteristics of the service-based architectures are being used to
do a transformation in two different architectural styles but that they start from the concept of
services and thatitis leveraged in terms of the characteristics and properties of the components.

Additionally, the modules in the decomposition view play a vital role in the proposed transfor-
mation process by allowing the generation of a microservice for each module and covering the
full functionality of the system. Ports and roles are also important in the transformation process,
which allow to connect the components in distributed architectures such as SOA and MSA, and
also each port that provides a service in SOA is transformed into a microservice in MSA to meet
the needs of interaction between components.

The model-to-model transformation process receives the SOA model described in Sarch, as well
as the following input parameters:

- database_system, which represents the default database system for the database compo-
nents that will be generated.

- database_type, which represents the default database type (msa.relational_database or msa.nosql_-
database) for the database components that will be generated.

- ms_programming_language, which represents the default programming language for the
microservice components that will be generated.

- web_application_name, which is the name of the web application component that will be
generated.

- web_programming_language, which represents the default programming language for the
web application component that will be generated.

Based on the previous definitions and assumptions, as well as on the specific characteristics
of the SOA and MSA architectural styles that can be represented in the ADL for service-based
architectures (Sarch), the following are the model-to-model transformations to evolve from a
SOA model to a MSA model:
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Algorithm 1 SOA to MSA Transformation Algorithm

# Overall Declarations

e < architectural Element sm < submodule MSAComponents < C

r < architectural Relation f < functionality MSAConnectors < D

p < architectural Property dm <+ dataM odel relational DataModels < E
cp < component de < dataEntity noSQLDataModels < F
cn < connector architectural Style < {cp,cn,dm} interopDataModels + G
ss «— subsystem SOAComponents + A

m <— module SOAConnectors < B

monolith + {internalService Provider, serviceConsumer}
monolith = dataAccess + businessLogic + presentation
SOA « {cp,cn,dm :cp € A,cn € Bdm € EVdm € G}
MSA + {cp,cn,dm :cp € C,ecn € Ddm € EVdm € FVdm € G}
architecturalView < {e,r,p}
c&cView <+ {e,r,p: e =cpV e = cn,r = attachment,p = c&cProperty}
c&cViewForSOA < {e,r,p: e =cpV e = cn,r = attachment,p = c&cProperty;cp € A,cn € B}
c&cViewForMSA + {e,r,p: e =cpV e = cn,r = attachment,p = c&cProperty;cp € C,cn € D}
decompositionView < {e,r,p:e=ssVe=mVe=smVe=f,r=isPartOf,p = decomposition Property}
dataModelView < {e,r,p: e = de,r = dataModel Relation,p = dataM odel Property}
# Transformation Function

F: SOA— MSA
F(z,z,w) =y;{z € SOA,y € MSA,z € c&cViewForSOA,y € c&cViewForMSA, z € decompositionView}
function F(monolith, subsystem, SO ADataM odels)
Y~
y.microservices <« J
y.attachments «+ &
y.databases < @
y.datamodels < &
ms < J
for m € subsystem.module_set do
ms <= (monolith.dataAccess, monolith.businessLogic, m)
y.microservices <= y.microservices U ms
dm <= (SOADataModels, m)
db <= (database,m)
y.databases <+ y.databases U db
y.datamodels < y.datamodels U dm
y.attachments < y.attachments U attach(ms, db)

y.apiGateway <= (monolith.businessLogic, subsystem)
y.attachments < y.attachments U attach(y.apiGateway, y.microservices)
y.webApplication <= (monolith.presentation, subsystem)
y.attachments < y.attachments U attach(y.webApplication, y.apiGateway)
return y
function F(esb, subsystem,)
Yy<— 9
y.apiGateway <= esb
return y
function F(storage, subsystem,)
YO
y.storage <— storage
return y
function F(soapConnector, subsystem)
Yy 9
y.restConnector <= soapConnector
return y
function F(ftpConnector, subsystem,)
Yy<—
y.ftpConnector <= ftpConnector
return y
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- Preserve the Decomposition view because it represents the functional decomposition of
the software system regardless of the architectural style.

- Generate the Layered view that includes the following:

- Generate the presentation, business logic and data access layers.

- Generate a relation of type allowed_to_use from the presentation layer to the business
logic layer, and from the business logic layer to the data access layer.

- Generate the presentation, logic and data tiers.

- Generate a relation of type allowed_to_use from the presentation tier to the logic tier,
and from the logic tier to the data tier.

- Generate the Data Model view that includes the following:

- Generate a data model of type interoperability for each set of data entities that belong
to each module. In each of these generated data models, generate a set of operations
(create, read, update and delete) for each data entity to allow managing its lifecycle.

- Generate a data model of type relational or nosql for each set of data entities that
belong to each module, according to the input parameter database_type.

- Generate the C&C view that includes the following:

- Include the programming languages specified in the input parameters ms_programming_-
language and web_programming_language.

- Include the database system specified in the input parameter database_system.

- Generate a component of type msa.microservice for each module of each subsystem in
the decomposition view. Also, generate a port of type provided_api for each microser-
vice component with the respective interoperability data model generated previously
for the module in the data model view.

- Generate a component of type msa.relational_database or msa.nosql_database (according
to the input parameter database_type) for each microservice component generated
in the previous step, with the respective relational or nosql data model generated
previously for the module in the data model view.

- Generate a component of type msa.web_application to represent the presentation logic
of each monolithic application, with a name equal to that specified in the input pa-
rameter web_application_name.

- Generate a component of type msa.api_gateway to represent the APIs exposed to the
Web application component.

- Generate a component of type msa.microservice for each port of type provided_service
of each component of type soa.internal_service_provider in the SOA model; if there is a
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microservice that can supply the functionality of the microservice that needs to be
generated (based on the microservice’s name), a new microservice is not generated
and the existing one is used to supply the functionality. Also, generate a port of
type provided_api for each microservice component generated in this step with the
respective interoperability data model (which is generated or complemented by the
operations and data entities involved).

Generate a component of type msa.relational_database or msa.nosql_database (according
to the input parameter database_type) for each microservice component generated
in the previous step.

Generate a port of type requested_dbaccess for each microservice component generated
so far.

Generate a port of type provided_dbaccess for each database component generated so
far.

Generate a connector of type msa.db_access for each pair of microservice and database
components. This connector has two roles: src to connect the microservice compo-
nent and tgt to connect the database component.

Generate two attachments for each connector generated in the previous step. One
attachment is for the relation between the src role of the connector and the port
of type requested_dbaccess of the microservice component, and another attachment is
for the relation between the role tgt of the connector and the port of type provided_-
dbaccess of the database component.

Generate a component of type msa.microservice for each port of type provided_service and
coordination of type orchestration of each component of type soa.esb in the SOA model.
Generate a port of type provided_api for each microservice component generated in
this step with the respective interoperability data model (which is generated with the
operations and data entities involved). Also, determine the microservices that are
related to each microservice component generated in this step, and generate the
respective ports of type requested_api, connectors of type msa.rest and attachments.

Generate a port of type requested_api in the web application component for each port
of type requested_service of each component of type soa.service_consumer in the SOA
model.

Generate a port of type provided_api in the API gateway component for each port
that is attached to the ports of each component of type soa.service_consumer in the
SOA model, with the respective interoperability data model (which is generated or
complemented by the operations and data entities involved). Also, generate a port
of type requested_api in the API gateway component for each port of type provided_api
in this component.
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Generate a port of type provided api in the API gateway component for each port
that is attached to the ports of each component of type soa.service_consumer in the
SOA model, with the respective interoperability data model (which is generated or
complemented by the operations and data entities involved).

Generate a port of type requested_api in the API gateway component for each port of
type provided_api in this component.

Generate the respective connectors of type msa.rest and attachments to establish the
relations between the API gateway component and the corresponding microservice
components.

- In the Layered view, generate the following:

A relation of type contains for the Web application component and the presentation
layer.

A relation of type contains for each microservice component and business and data
access layers.

A relation of type contains for the presentation tier and the Web application compo-
nent.

A relation of type contains for the logic tier and each microservice component.
A relation of type contains for the logic tier and the API gateway component.

A relation of type contains for the data tier and each database component.

5.3 Implementation in Sarch-Studio Tool

Sarch-Studio is a tool that allows the definition of software architectures using the grammar
rules defined in Sarch. Also, Sarch-Studio offers a model-driven environment to automate the

generation of other models through model transformations [67].

Because the Sarch language was extended in the present work to allow the definition of service-
based architectures (specifically SOA and MSA), Sarch-Studio was enriched to support the new
features of the Sarch language. Likewise, the set of model-to-model transformations that allow
the evolution of a SOA model to an MSA model was implemented in Sarch-Studio. A represen-
tation of the tool is shown in figure 5-1, which summarizes the components and modules that
are part of the tool [67].

The technologies on which the Sarch-Studio tool is built are the following:
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_ sarch-Studio |
[ Editor Component |
[ Grammar Module | [ Metamodel Module |
i
[ Generator Module |
{

Figure 5-1: Components and modules in Sarch-Studio.

- Xtext: is a framework for developing programming languages and DSLs. Xtext has a pow-
erful set of features for defining the grammar language, including a parser, a linker, a type
checker, a compiler and a textual editor for Eclipse [3].

- Eclipse Modeling Framework (EMF): it is a modeling framework and code generation facil-
ity for building tools and other applications based on a structured data model. Xtext uses
EMF models as the in-memory representation of any parsed text files, that is, the grammar
defined in Xtext [1].

- Xtend: it is an expressive dialect of Java programming language that is mainly used for
code generation [2] [12].

Sarch-Studio tool has two components:

- Core Component: this component integrates the grammar design, the metamodel, and the
model transformations. These responsibilities are divided into three modules, which are
described below along with the modifications and extensions made in this research work:

- Grammar Module: this module, which is implemented using Xtext, contains the
Sarch grammar. This module was updated with the grammar rules that was described
in chapter 4 to allow the definition of an ADL for the design of service-based archi-
tectures, specifically for the SOA and MSA architectural styles. Figure 5-2 shows an
overview of the Sarch grammar represented in Xtext, and figure 5-3 shows a sample
of the validation rules implemented through the custom validation mechanism pro-
vided by Xtext in order to restrict the properties that apply to each of the elements
and relations according to the architectural views and the architectural styles.

- Generator Module: this module, which is implemented using Xtend, contains the
model transformations rules implemented for model-driven processes. This module
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was extended to include the transformations described in section 5.2, that is, the
model-to-model transformations to evolve a SOA model to a MSA model. Figure 5-4
shows a sample of the transformations implemented in this module.

- Metamodel Module: this module, which is implemented using EMF, contains the
metamodel of Sarch grammar in terms of objects. This object representation of the
Sarch language is used in both the Sarch validation of the grammar module and the
model-to-model transformations of the generator module.

- Editor Component: this component is an Eclipse application that allows the description
of software architectures using the Sarch language. Based on the grammar and valida-
tions implemented in the grammar module, the editor activates the elements, relations
and properties depending on the architectural style that is specified. The editor has a
set of usability features like syntax coloring, autocompletion and validation of grammar
elements. Figure 5-5 shows a screenshot of the editor component.

Sarch.xtext 27 = F

1 hrammar co.edu.unal.colswe.sarch.Sarch with org.eclipse.xtext.common.Terminals ~
generate sarch "http://colswe.unal.edu.co/sarch/Sarch”
/f Architecture

= Architecture:

GeneralArchitecture | ServiceOrientedArchitecture | MicreservicesArchitecture

[T R R I S ET R X

1= GeneralArchitecture:
‘architecture’ '{'
55 = SoftwareSystem
auth = Auther
style = ArchitecturalStyle
architecturalViews = ArchitecturalViews

O = R I T SR FTR )

= serviceOrientedArchitecture:
‘architecture’ '{'
ss = SoftwareSystem
auth = Auther
style="architectural_style® ":' 'sga' ;'
architecturalViews = ArchitecturalViewsForS0A

ST

1 B

9= MicroservicesArchitecture:
‘architecture’ '{'
s5 = SoftwareSystem
auth = Auther
style="architectural style® ":' 'msa’ ';'
architecturalViews = ArchitecturalViewsForMSA

[T

B

UL L L L L R R PRI R PRI BRI ORI ORI R R
T S MWD 00w O E

Jooon

Figure 5-2: Sarch grammar overview in Xtext in Grammar Module.
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SarchValidator.xtend 52 =

2& * generated by Xtext 2.15.8[]

4 package co.edu.unal.colswe.sarch.validation

5

6#® import co.edu.unal.colswe.sarch.sarch.AttachmentForsoa]
26
27= class Sarchvalidator extends AbstractSarchvalidator {
28
Jp@® def checkComponentConsistencyForSOA{ComponentElementForS0A component) {[]
495 def checkInternalServiceProviderConsistencyForS0A(ComponentElementForS0A component) {
5@ // At the component lewvel, only the programming language attribute is allowed

51 if (component.orchestratienlLanguage !== null) {

52 error("Orchestraticn language is not allowed for internal service provider”,
53 SarchPackage.Literals.COMPONENT_AND_CONNECTOR_ELEMENT_FOR_S0A__ NAME);
54

55 if (component.dataModel !== null) {

56 error("Data model is not allowed for internal service provider”,

57 SarchPackage.Literals.COMPONENT AND CONNECTOR ELEMENT FOR S04 NAME);
58 I

59 if (component.dbSystem !== null) {

@
@

error("Dh system is not allowed for internal service provider™,
SarchPackage. Literals. COMPONENT AND CONNECTOR ELEMENT FOR S04 NAME);

]

o
B Ld R
T
[=IC

m

i

checkExternalServiceProviderConsistencyForS0A(ComponentElementForS0A component) {[]

Figure 5-3: Sample of Sarch validations in Grammar Module.

SarchGenerator.xtend 51 =

2#® * generated by Xiext 2.15.8[]
4 package co.edu.unal.colswe.sarch.generator

5
&#® import co.edu.unal.colswe.sarch.sarch.AllowedToUseBelowLayer]]

* Generates code from your model files on save.[]
class SarchGenerator extends AbstractGenerator {
Map<String, ComponentElementForMSA» microservices = new HashMap<String, ComponentElementForMSA>();

78 Map<Module, InteroperabilityDataModel> icpDataModelPerModule = new HashMap<Module, InteroperabilityDataModel>();
79 Map<Module, DataModel> dataModelPertodule = new HashMap<Module, DataModel>();

8e Map<InteroperabilityDataModel, List<InteroperabilityDataModel>> derivedInteropDataModels =

81 new HashMap<InteroperabilityDataModel, List<InteroperabilityDataModel>>();

82

83 override woid doGenerate(Resource resource, IFileSystemAccess2 fsa, IGeneratorContext context) {[]

118

def doGeneratelayeredViewForMSA(ServiceOrientedArchitecture soaModel, MicroservicesArchitecture msaModel, IGeneratorContext context) {[]

def doGenerateDataModelViewForMSA(ServiceOrientedArchitecture socaModel, MicroservicesArchitecture msaModel, IGeneratorContext context) {[]
def doCloneDataEntity(DataEntity dataEntity) {[]

def doGenerateComponentAndConnectorViewForMSA(Resource resource, ServiceOrientedArchitecture soaModel, MicroservicesArchitecture msaModel, []
def doGenerateMicroserviceAndDatabaseForMSA(Resource resource, MicroservicesArchitecture msadodel, []

def doGetPortForMSA(ComponentAndConnectorViewForMsA view, ComponentElementForMSA component, OtherPortTypeForMSA portType, String portName) {[]
def doGetConnectorForMSA(ComponentandConnectorViewForMSA view, String connectorName) {[]

de

5

doGetAttachmentForMSA(ComponentAndConnectorViewForMSA view, ConnectorRoleForMSA role, ComponentPortForMSA port, DataModelOperation operation) {[]
def doGetProvidedApiPortForMSA(ComponentAndConnectorViewForMSA view, ComponentElementForMSA component, String portName) {[]

def doCompletelayeredViewForMSA(MicroservicesArchitecture msaModel, IGeneratorContext context) {[]

def doPrintSarchModelForMSA(MicroservicesArchitecture arch) "' []

def doPrintDecompositionViewForMSA(Decompositionview view) "' [J

def doPrintDataModelViewForMSA(DataModelView view) "' []

def doPrintComponentAndConnectorViewForMSA{ComponentAndConnectorViewForMSA view) "' []

def doGetPortForMSAAsString(ComponentPortForMsA portForMsa) {[]

de

Ly

doPrintlayeredviewForMSA(LayeredviewForMsa view) "' []

Figure 5-4: Sample of Sarch transformations in Generator Module.
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£ soaonlineshopextended.sarch 23 =

Jeee;
ruby;
java;
python;

b

orchestration_languages {
bpel;

b

db_systems {
mysgl;
oracle;

b

// Components

o 'S component ramming_language j2ee) {

= connector

¥
s g uage bpel) {
e_shop_esb_iopm) (coordination_type
_ shop_esb_iopm) (coordination_type
ne_shop_esb_iopm) (coordination_tyy
¥

= COMponent Sod.1NTernal_Service_provioer ss_sales_management (programming_language java) {
port provided service ws_customer_mgmt (iop_model sales_management_iopm);
port provided service ws_order_mgmt (iop _model sales_management_iopm);
port requested_dbaccess req_db_access;
1
S component soa.internal_service provider ss_product_management (programming_language ruby) {
port provided service ws_product_catalog (iop _model product management_iopm};
port provided service ws_inventory_mgmt (iop_model product_management_iopm);
port requested_dbaccess req_db_access;

Figure 5-5: Sample of Editor Component.
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This chapter presents the evaluation of the proposed strategy based on model-to-model trans-
formations to evolve service-oriented architectures to microservices architectures. In order to
achieve this, a case study is presented.

The case study consists of an online shop application, which is a well-known and common soft-
ware system in different business and engineering fields. Through this online shop application
a customer authenticates, searches for products, adds or removes products from the shopping
cart, and finally places the purchase order. The purchase order involves checking the available
inventory, saving the purchase order, managing the inventory, destroying the current shopping
cart for the order, and returning the order information to the customer. Figure 6-1 shows the
context diagram for the case study, with the Online Shop Subsystem under consideration and
its boundaries with the Sales Management Subsystem, the Customer Management Subsystem,
the Sales Management Subsystem, and the Shopping Cart Database.

Product Management

Customer Management

Sales Management

Subsystem Subsystem Subsystem
©)
m Online Shop Subsystem Shopping Cart
Database
Customers

Figure 6-1: Context diagram for the case study.

To perform the evaluation, the steps described in section 5.1 will be followed to evolve a service-

oriented architecture to a microservices architecture applied to the selected case study.
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6.1 SOA-Based System as Input

To do this, a reference implementation was created for a simplified online shop application.
Based on this reference implementation, the case study is described by the Decomposition,
Data Model, C&C and Layered views. Figure 6-2 shows the Decomposition view with the sub-
systems, modules and submodules that are part of the system. Figures 6-3, 6-4 and 6-5 show
the data models that are part of the Data Model view for the case study designed in the SOA
style. Figure 6-6 shows the C&C view for the case study designed in the SOA style. Figure 6-7
shows the Layered view for the case study designed in the SOA style.

Case Study
System
I
[ [ I ]
Product Customer Sales Online Sho
Management Management Management P
I l—l—l
[ | ]
User Account i
Products Inventory Shipments Order Handling Account}ng I User Profile
Transactions
Product Invent Shipment Customer Account
roduc nventory || ipmen I ErmEdER || . || ccoun ||
Configuration Management Preparation QueiEEE Configuration diocuctCatalos
. Inventory | | Shipment Transaction ’
Product Analysis T Tracking Orders e Shopping Cart
External o Accounting
— Transport — Invoicing —
Companies Reports

Figure 6-2: Decomposition view for the case study.

Also, the same software system was designed in the MSA style using the C&C view, which is
shown in figure 6-8. This representation will be used later to validate the MSA model resulting
from the model-to-model transformations.

6.2 Functional Decomposition in Sarch

In this step, the Sarch-Studio tool is used to describe the case study using the Decomposition
view. Figure 6-9 shows the Decomposition view for the case study, where the subsystems,
modules and submodules indicated in the first step have been included, plus the functionalities
that belong to each submodule or module.
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inventory_reservation

id :int

product_id : int
quantity : int

order_id : int e
active : bool

created_at : datetime
updated_at : datetime

product

id :int

name : string
description : string
sku : string

price : float
stock_quantity : int
active : bool
created_at : datetime
updated_at : datetime

inventory_movement

id :int

product_id : int

order_id : int
inventory_movement_type_id : int
quantity : int

active : bool

created_at : datetime

updated_at : datetime

historical_product

shipment

id :int

product_id : int

price : float
wvalid_from : datetime
valid_to : datetime
created_at : datetime
updated_at : datetime

product_location

id : int
product_id : int

y location : string
created_at : datetime
updated_at : datetime

id :int

order_id : int

address : string
transportation_company_id : int
cost : float

received : datetime
prepared : datetime
assigned : datetime
delivered : datetime
created_at : datetime
updated_at : datetime

inventory_movement_type

e
id :int
name : string

created_at : datetime
updated_at : datetime

’

transportation_company

id :int

name : string

address : string

phone : string

email : string

active : bool
created_at : datetime
updated_at : datetime

Key )
Data entity

®——— Many-to-one

——® One-to-many

One-to-one

Figure 6-3: Data Model view for the case study designed in the SOA style - product management

data model.

6.3 SOA-Based System Modeled in Sarch

In this step, the SOA-based system for the case study is modeled using the Sarch-Studio tool,
specifically with the Data Model, C&C, and Layered views.

The most important aspects for modeling the Data Model view for the case study are described
below:

- This view has three data models of type relational, one for each database component. For
each data entity of the Data Model view, it is indicated to which module in the Decom-
position view it belongs. Figure 6-10 shows the relational data models included in this
view.

- This view has four data models of type interoperability, one for each internal service provider
(three for the case study) and another for the ESB component, which allow defining the
data exposed by the services as well as the operations they provide. Figure 6-11 shows
the interoperability data models included in this view.

The most important aspects for modeling the C&C view for the case study are described below:
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role_def user_role account_hierarchy account
- account_type
id :int id :int id s int id :int —
name : string user_id : int parent_account_id : int name : string id:int
created_at : datetime role_id : int child_account_id :int  @— account_type_id :int ¢ | MaME: SO
updated_at : datetime active : bool created at : datetime created_at : datetime created_at : datetlme
created_at : datetime updated_at : datetime updated_at : datetime updated_at : datetime

updated_at : datetime

user

\

transaction ®
transaction_detail

id :int

email : string
password : string
active : bool
created_at : datetime
updated_at : datetime

customer

customer_summary

id : int . id : int id : int —

first_name : string description : string id :int

last_name : string created at : datetime transaction_id : int

phone : string updated_ &R o CErEfime \ account_id : int

address : string - " amount : float

® user_id : int created_at : datetime

order created_at : datetime updated_at : datetime

updated_at : datetime
\ =

e . .
quotation invoice

customer_id : int
preferred_product_id : int
—— last_order_at : datetime
amount_of_orders : int
created_at : datetime
updated_at : datetime

id :int

number : string
customer_id : int
ship_to_address : string
ordered : datetime

credit_note

id :int
number : string

id :int id :int

shipped : datetime
delivered : datetime
total : float
created_at : datetime
updated_at : datetime

number : string
customer_id : int
total : float
created_at : datetime
updated_at : datetime

customer_id : int
address : string

total : float
created_at : datetime
updated_at : datetime

number : string
invoice_id : int

s product_id : int
amount : float
created_at : datetime
updated_at : datetime

| / ~

> T -

order_line_item quotation_line_item invoice_line_item

id :int id :int id :int

order_id : int quotation_id : int invoice_id : int
product_id : int product_id : int product_id : int
quantity : int quantity : int quantity : int
unit_price : float unit_price : float unit_price : float
created_at : datetime created_at : datetime created_at : datetime
updated_at : datetime updated_at : datetime updated_at : datetime

Key .
Data entity

Figure 6-4: Data Model view for the case study designed in the SOA style - sales management
data model.

®———— Many-to-one ——# One-to-many One-to-one

line_items Key

—— ¢ One-to-many

shopping_carts

id :int
shopping_cart_id : int
product_id : int
quantity : int
unit_price : float
created_at : datetime
updated_at : datetime

id :int

customer_id : int
ship_to_address : string
total : float

created_at : datetime
updated_at : datetime

Figure 6-5: Data Model view for the case study designed in the SOA style - shopping cart data
model.
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s_product_catalog

ss_online_shop

A

product_search

SOAP

ws_authentication

order_placement W

shopping cart db

ws_order_placement

enterprise_service_bus

|

authentication_req

ws_inventory_mgmt

ws_customer_mgmt

order_placement _req

ws_order_mgmt

[ ss_product_management

ss_customer_management

ss_sales_management ]

DB access

| inventory_mgmt_req

SOAP
DB access

DB access

[ product_management db

ﬁs managementﬁ

Key . . . o
Service consumer Internal service provider italic Component port
|:| ESB S Relational database Normal  connector
_—
Figure 6-6: C&C view for the case study designed in the SOA style.
Application
ss_online_shop ss_product_management ss_customer_management ss_sales_management
‘ Presentation layer ‘ ‘ Presentation layer ‘ ‘ Presentation layer ‘ ‘ Presentation layer ‘
Business logic layer Business logic layer ‘ Business logic layer Business logic layer
‘ Data access layer ‘ ‘ Data access layer ‘ ‘ Data access layer ‘ ‘ Data access layer ‘
enterprise_service_bus
‘ Business logic layer ‘
Data
[ shopping_cart_db } [ product_management_db ] [ sales_management_db ]
Key

Figure 6-7: Layered view for the case study designed in the SOA style.
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L onIineihop_wa j

product_search user_session order_placement shopping_cart
REST REST REST REST
search_engine_api authentication_api order_placement_api shopping_cart_api
api_gw
search_engine_req authentication_req T order_placement_req shopping_cart_req

REST

api

[ order_placement_ms J

product catalog_ mJ customer_mgmt_| ms mventory mgmt_ ms order _mgmt_ ms shoppmg cart_ ms

FTP access/ DB access\ DB acc& DB access\ DB acce\ DB access\

blob_storage_st | product_catalog_db W inventory_mgmt_db order_mgmt_db shopplng_cart_db

Key
S Web application [: Microservice S Relational database italic Component port
|:| API Gateway D NoSQL database Ij Storage Normal  connector
_—

Figure 6-8: C&C view for the case study designed in the MSA style.

- For the port named ws_order placement of the enterprise service bus, the coordination_-
type property was indicated with a value equal to orchestration, considering that placing an
order in the system involves several operations with business logic.

- Each port of type provided_service has the respective interoperability data model defined in
the Data Model view.

Figures 6-12, 6-13 and 6-14 show the components, connectors and relations included in the
C&C view, respectively.

Figure 6-15 shows the Layered view for the case study, which includes the following:

- The presentation, business logic and data access layers.
- The application and data tiers.

- The relation of type allowed_to_use between the presentation layer and the business logic
layer and between the business logic layer and the data access layer.

- The relation of type allowed to_use between the application tier and the data tier.

- Arelation of type contains between each service consumer (ss_online_shop) and each layer.
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Grammar in Sarch

DecompositionView:
"decomposition_view'
‘elements’ '{*
(decompositionElement += DecompositionElement)+
e
‘relations' '{°
(decompositionRelation += DecompositionRelation)*

'y

[

H
DecompositionElement:
Subsystem | Module | Submodule | Functionality

H

DecompositionRelation:
IsPartOfA | IsPartOfB | IsPartOfC | IsPartOfD

H
IsPartOfA:
‘m:' module=[Module] 'is_part_of' 'ss:' subsystem=[Subsystem] ';'
H
IsPartOfB:
‘sm:' submodule=[Submodule] 'is_part_of' 'm:' module=[Module] ';'

H
IsPartofC:
H
IsPartOfD:
'f:' functionality=[Functionality] 'is_part_of"’

submodule=[Submodule] ;'

H

sm:

'f:' functionality=[Functionality] 'is_part_of' 'm:' module=[Module] ';'

Decomposition View

decomposition_view ::
elements {
subsystem product_management;
module products;
submodule product_configuration;
submodule product_analysis;
module inventory;
le inventory_r t;

submodule inventory_tracking;
module shipments;
submodule shipment_preparation;
submodule shipment_tracking;
submodule external_transport_companies;
subsystem customer_management;
module user_account;
module customer_information;
subsystem sales_management;
module order_handling;
submodule quotations;
submodule orders;
submodule invoicing;
module accounting_transactions;
submodule account_configuration;
submodule transaction_registration;
submodule accounting_reports;
subsystem online_shop;
module user_profile;
module product_catalog;
module shopping_cart;

relations {
m: products is_part_of ss: product_management;
sm: product_configuration is_part_of m: products;
sm: product_analysis is_part_of m: products;
m: inventory is_part_of ss: product_management;
sm: inventory_management is_part_of m: inventory;
: inventory_tracking is_part_of m: inventory;
m: shipments is_part_of ss: product_management;
sm: shipment_preparation is_part_of m: shipments;
sm: shipment_tracking is_part_of m: shipments;
sm: external_transport_companies is_part_of m: shipments;
m: user_account is_part_of ss: customer_management;
m: customer_information is_part_of ss: customer_management;
m: order_handling is_part_of ss: sales_management;
sm: quotations is_part_of m: order_handling;
sm: orders is_part_of m: order_handling;
sm: invoicing is_part_of m: order_handling;
m: accounting_transactions is_part_of ss: sales_management;
sm: account_configuration is_part_of m: accounting_transactions;
sm: transaction_registration is_part_of m: accounting_transactions;
sm: accounting_reports is_part_of m: accounting_transactions;
m: user_profile is_part_of ss: online_shop;
m: product_catalog is_part_of ss: online_shop;
m: shopping_cart is_part_of ss: online_shop;

)
3

Figure 6-9: Decomposition view for the case study using Sarch.
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Grammar in Sarch Relational Data Models
DataModelView: data_model_view :
‘data_model_view' '::’ relational data_model product_management_dm {
(dataModel += DataModel)+ elements {
oot data_entity product (module products) { ... }
H data_entity inventory_reservation (module inventory) { ... }
data_entity historical_product (module products) { ... }
DataModel: data_entity product_location (module products) { ... }
RelationalDataModel | NoSqlDataModel | InteroperabilityDataModel data_entity inventory_movement_type (module inventory) { ... }
H data_entity inventory_movement (module inventory) { ... }
data_entity transportation_company (module shipments) { ... }
RelationalDataModel: data_entity shipment (module shipments) { ... }
dataModelType="relational' 'data_model' name=ID '{°* }
‘elements’ '{° relations {
(dataModelElement += DataModelElement)+ one_to_many (product, historical_product);
'}y one_to_many (product, product_location);
('relations' '{° many_to_one (inventory_reservation, product);
(dataModelRelation += DataModelRelation)* many_to_one (inventory_movement, product);
32 many_to_one (inventory_movement, inventory_movement_type);
‘3 many_to_one (shipment, transportation_company);
5 }
NoSqlDataModel: relational data_model sales_management_dm {
dataModelType="nosql' ‘'data_model' name=ID '{° elements {
‘elements’ '{° data_entity role_def (module user_account) { ... }
(dataModelElement += DataModelElement)+ data_entity user (module user_account) { ... }
'y data_entity user_role (module user_account) { ... }
('relations' '{° data_entity customer (module customer_information) { ... }
(dataModelRelation += DataModelRelation)* data_entity customer_summary (module customer_information) { ... }
‘})e? data_entity quotation (module order_handling) { ... }
‘3 data_entity quotation_line_item (module order_handling) { ... }
H data_entity order (module order_handling) { ... }
data_entity order_line_item (module order_handling) { ... }
DataModelElement: data_entity invoice (module order_handling) { ... }
DataEntity data_entity invoice_line_item (module order_handling) { ... }
; data_entity credit_note (module order_handling) { ... }
data_entity account_type (module accounting_transactions) { ... }
DataEntity: data_entity account (module accounting_transactions) { ... }
‘data_entity' name=ID ('(' 'module’ module=[Module] ')')? '{° data_entity transaction (module accounting_transactions) { ... }
‘attributes' '{¢ data_entity transaction_detail (module accounting_transactions) { ... }
(attribute += Attribute)+ data_entity account_hierarchy (module accounting_transactions) { ... }
R }
'} relations {
H many_to_one (user_role, role_def);
many_to_one (user_role, user);
Attribute: one_to_one (customer, user);
dataType=DataType name=ID ';' one_to_one (customer_summary, customer);
H many_to_one (quotation, customer);
one_to_many (quotation, quotation_line_item);
DataModelRelation: many_to_one (quotation_line_item, product);
relationType=RelationType '(' sourceDataEntity=[DataEntity] ',’ many_to_one (order, customer);
targetDataEntity=[DataEntity] ')' ';' one_to_many (order, shipment);
H one_to_many (order, inventory_reservation);
one_to_many (order, inventory_movement);
RelationType: one_to_many (order, order_line_item);
OneToOne | OneToMany | ManyToOne | ManyToMany | Association many_to_one (order_line_item, product);
| Aggregation | Composition | Generalization | Specialization many_to_one (invoice, customer);
H one_to_many (invoice, invoice_line_item);

many_to_one (invoice_line_item, product);
one_to_many (invoice, credit_note);
many_to_one (credit_note, product);
many_to_one (account, account_type);
many_to_one (account_hierarchy, account);
one_to_many (transaction, transaction_detail);
many_to_one (transaction_detail, account);

}
}
relational data_model shopping_cart_dm {
elements {
data_entity shopping_carts (module shopping_cart) { ... }
data_entity line_items (module shopping_cart) { ... }
}

relations {
one_to_many (shopping_carts, line_items);
}
}

Figure 6-10: Data Model view for the case study using Sarch in the SOA style - relational data
models.
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Grammar in Sarch

DataModelView:
‘data_model_view' '::’
(dataModel += DataModel)+

>

DataModel:
RelationalDataModel | NoSqlDataModel | InteroperabilityDataModel

>

InteroperabilityDataModel:

dataModelType="interoperability' 'data_model' name=ID '{¢
‘elements’ '{¢

(dataModelElement += DataModelElement)*
('relations' '{¢

(dataModelRelation += DataModelRelation)*
‘P2
('operations' '{°

(dataModelOperation += DataModelOperation)*
Nk
e

>

DataModelOperation:

'operation' name=ID '{°
‘parameters’' '{°¢

(parameter += OperationParameter)*
'y
oy
5
OperationParameter:

dataType=ParameterType (array=Array)? name=ID
direction=ParameterDirection ';'

>

ParameterType:
basic=DataType | kind=[DataEntity]

Array:
o

5

enum ParameterDirection:
IN="in' | OUT='out'

Interoperability Data Models

data_model_view ::
interoperability data_model product_management_iopm {
elements {
data_entity product_summary {
attributes {
int id;
string name;
string description;
double price;
}
¥
data_entity item { ... }
}
operations {
operation search_products {
parameters {
string filter in;
double min_price in;
double max_price inj
product_summary[] result out;
}
}

operation check_inventory { ... }
operation manage_inventory { ... }
operation update_inventory { ... }

¥
}
interoperability data_model customer_management_iopm {
elements {
data_entity customer { ... }
}

operations {
operation authenticate { ... }
operation get_customer { ... }
}
}

interoperability data_model sales_management_iopm {
elements {
data_entity item { ... }
data_entity order { ... }
}
operations {
operation register_order { ... }
operation get_order { ... }
operation get_customer_orders { ... }
operation get_order_items { ... }

}

interoperability data_model online_shop_esb_iopm {
elements {
data_entity customer { ... }
data_entity item { ... }

operations {
operation authenticate { ... }
operation make_order { ... }
}
}

Figure 6-11: Data Model view for the case study using Sarch in the SOA style - interoperability

data models.
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Grammar in Sarch

ComponentAndConnectorViewForSOA:
'component_and_connector_view' '::’
‘elements’ ‘{¢
('programming_languages' '{°
(programminglLanguage += Programminglanguage)+
BOY
('orchestration_languages' '{*
(orchestrationLanguage += OrchestrationLanguage)+
1y
('db_systems' '{¢
(dbSystem += DbSystem)+
ks
(componentAndConnectorElement += ComponentAndConnectorElementForSOA)+
s
‘relations' '{*
(componentAndConnectorRelation += ComponentAndConnectorRelationForSOA)*

H

OrchestrationLanguage:
name=ID ';'

5

ComponentAndConnectorElementForSOA:
ComponentElementForSOA | ConnectorElementForSOA

H

ComponentElementForSOA:

'component’ componentType=ComponentTypeForSOA name=ID (' ("
'programming_language' programminglLanguage=[ProgramminglLanguage] ')')? ('("'
‘orchestration_Language’ orchestrationlLanguage=[OrchestrationLanguage] ')"')?
('(" 'data_model' dataModel=([RelationalDataModel]) ')')? ('(' 'db_system’
dbSystem=[DbSystem] ')')? '{'

(port += ComponentPortForSOA)+
3

enum ComponentTypeForSOA:
INTERNAL_SERVICE_PROVIDER='soa.internal_service_provider’ |
EXTERNAL_SERVICE_PROVIDER='soa.external_service_provider’ |
SERVICE_CONSUMER="soa.service_consumer’ |
RELATIONAL_DATABASE='soa.relational_database’ |
ENTERPRISE_SERVICE_BUS='soa.esb

H

ComponentPortForSOA:
ProvidedServicePortForSOA | RequestedServicePortForSOA |
ProvidedDBAccessPortForSOA | RequestedDBAccessPortForSOA

B

ProvidedServicePortForSOA:
'port' 'provided_service' name=ID ('(' 'iop_model”’
iopModel=[InteroperabilityDataModel] ')') ('(' 'coordination_type”’

coordinationType=CoordinationTypeForSOA ')')? ';

enum CoordinationTypeForSOA:
NONE="none' | ORCHESTRATION='orchestration' | CHOREOGRAPHY='choreography'

H

RequestedServicePortForSOA:
'port' 'requested_service

name=ID ';
5
ProvidedDBAccessPortForSOA:

"port' ‘'provided_dbaccess' name=ID ;"'

H
RequestedDBAccessPortForSOA:
‘port' ‘'requested_dbaccess' name=ID

Component Elements

component_and_connector_view ::

elements {
programming_languages {
j2ee;

orchestration_languages {
bpel;

db_systems {
mysql;
oracle;

component soa.service_consumer ss_online_shop
(programming_language j2ee) {
port requested_service user_session;
port requested_service product_search;
port requested_service order_placement;
port requested_dbaccess req_db_access;
}
component soa.esb enterprise_service_bus
(orchestration_language bpel) {
port provided_service ws_authentication
(iop_model online_shop_esb_iopm)
(coordination_type none);
port provided_service ws_order_placement
(iop_model online_shop_esb_iopm)
(coordination_type orchestration);
port requested_service authentication_req;
port requested_service order_placement_req;
}
component soa.internal_service_provider ss_product_management
(programming_language j2ee) {
port provided_service ws_product_catalog
(iop_model product_management_iopm);
port provided_service ws_inventory_mgmt
(iop_model product_management_iopm);
port requested_dbaccess req_db_access;
}
component soa.internal_service_provider ss_customer_management
(programming_language j2ee) {
port provided_service ws_customer_mgmt
(iop_model customer_management_iopm);
port requested_dbaccess req_db_access;
}
component soa.internal_service_provider ss_sales_management
(programming_language j2ee) {
port provided_service ws_order_mgmt
(iop_model sales_management_iopm);
port requested_service inventory_mgmt_req;
port requested_dbaccess req_db_access;

component soa.relational_database shopping_cart_db
(data_model shopping_cart_dm) (db_system mysql) {
port provided_dbaccess provided_access;

component soa.relational_database product_management_db
(data_model product_management_dm) (db_system oracle) {
port provided_dbaccess provided_access;
}
component soa.relational_database sales_management_db
(data_model sales_management_dm) (db_system oracle) {
port provided_dbaccess provided_access;

}

Figure 6-12: C&C view for the case study using Sarch in the SOA style - components.
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Grammar in Sarch

ComponentAndConnectorViewForSOA:
'component_and_connector_view' '::’
‘elements’ '{¢
('programming_languages' '{°¢
(programminglLanguage += ProgramminglLanguage)+
|}J)?
('orchestration_languages' '{°¢
(orchestrationLanguage += OrchestrationLanguage)+
|}J)?
('db_systems' '{¢
(dbSystem += DbSystem)+
|}J)?
(componentAndConnectorElement +=
ComponentAndConnectorElementForSOA)+
"y
'relations' '{°¢
(componentAndConnectorRelation +=
ComponentAndConnectorRelationForSOA)*
L
H
ComponentAndConnectorElementForSOA:
ComponentElementForSOA | ConnectorElementForSOA

F]

ConnectorElementForSOA:
'connector' connectorType=ConnectorTypeForSOA name=ID
(role += ConnectorRoleForSOA)+
"y

F]

enum ConnectorTypeForSOA:
HTTP='soa.http' | SOAP='soa.soap' | REST='soa.rest’ |
MESSAGING="'soa.messaging' | DB_ACCESS='soa.db_access"’

F]

ConnectorRoleForSOA:
ProviderRoleForSOA | ConsumerRoleForSOA

F]

ProviderRoleForSOA:
‘role’

o

'provider' name=ID ';

F]

ConsumerRoleForSOA:
‘role’ 'consumer'

name=ID ';

Connector Elements

component_and_connector_view ::
elements {

connector soa.soap ols_usersession_soap {
role consumer source;
role provider target_service;

}

connector soa.soap ols_productsearch_soap {
role consumer source;
role provider target_service;

}

connector soa.soap ols_orderplacement_soap {
role consumer source;
role provider target_service;

}

connector soa.soap esb_authentication_soap {
role consumer source;
role provider target_service;

}

connector soa.soap esb_orderplacement_soap {
role consumer source;
role provider target_service;

}

connector soa.soap salesmgmt_inventorymgmt_soap {
role consumer source;
role provider target_service;

}

connector soa.db_access ols_ss_db {
role consumer source;
role provider target_db;

}

connector soa.db_access product_management_ss_db {
role consumer source;
role provider target_db;

}

connector soa.db_access customer_management_ss_db {
role consumer source;
role provider target_db;

}

connector soa.db_access sales_management_ss_db {
role consumer source;
role provider target_db;

}

}

Figure 6-13: C&C view for the case study using Sarch in the SOA style - connectors.
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Grammar in Sarch

ComponentAndConnectorViewForSOA:
'component_and_connector_view' '::’
‘elements' '{°
('programming_languages' '{°
(programminglLanguage += ProgramminglLanguage)+
"10)?
('orchestration_languages' '{°
(orchestrationLanguage += OrchestrationLanguage)+
"10)?
('db_systems' '{¢
(dbSystem += DbSystem)+
"10)?
(componentAndConnectorElement +=
ComponentAndConnectorElementForSOA)+
'y
‘relations’ '{°¢
(componentAndConnectorRelation +=
ComponentAndConnectorRelationForSOA)*
e
[

5

ComponentAndConnectorRelationForSOA:
AttachmentForSOA

5

AttachmentForSOA:

‘attachment' '(' role=[ConnectorRoleForSOA | QualifiedName]
', port=[ComponentPortForSOA | QualifiedName] ('(*
‘operation’ operation=[DataModelOperation [
QualifiedName] ')')? ')' ';'

Attachment Relations

component_and_connector_view ::
relations {

// Services consumed from online application, provided by the ESB
attachment (ols_usersession_soap.source, ss_online_shop.user_session);
attachment (ols_usersession_soap.target_service,
enterprise_service_bus.ws_authentication
(operation online_shop_esb_iopm.authenticate));
attachment (ols_orderplacement_soap.source,
ss_online_shop.order_placement);
attachment (ols_orderplacement_soap.target_service,
enterprise_service_bus.ws_order_placement
(operation online_shop_esb_iopm.make_order));
// Services consumed from online application, provided by the
// ss_product_management
attachment (ols_productsearch_soap.source,
ss_online_shop.product_search);
attachment (ols_productsearch_soap.target_service,
ss_product_management.ws_product_catalog
(operation product_management_iopm.search_products));
// Services consumed from the ESB
attachment (esb_authentication_soap.source,
enterprise_service_bus.authentication_req
(operation online_shop_esb_iopm.authenticate));
attachment (esb_authentication_soap.target_service,
ss_customer_management.ws_customer_mgmt
(operation customer_management_iopm.authenticate));
// These attachments represent the relationships required to place an
// order, from the ESB to the appropiate service providers (subsystems)
attachment (esb_orderplacement_soap.source,
enterprise_service_bus.order_placement_req
(operation online_shop_esb_iopm.make_order));
attachment (esb_orderplacement_soap.target_service,
ss_product_management.ws_inventory_mgmt
(operation product_management_iopm.check_inventory));
attachment (esb_orderplacement_soap.target_service,
ss_sales_management.ws_order_mgmt
(operation sales_management_iopm.register_order));
attachment (esb_orderplacement_soap.target_service,
ss_product_management.ws_inventory_mgmt
(operation product_management_iopm.manage_inventory));
attachment (esb_orderplacement_soap.target_service,
ss_sales_management.ws_order_mgmt
(operation sales_management_iopm.get_order));
// Services consumed from ss_sales_management, provided by
// ss_product_management
attachment (salesmgmt_inventorymgmt_soap.source,
ss_sales_management.inventory_mgmt_req);
attachment (salesmgmt_inventorymgmt_soap.target_service,
ss_product_management.ws_inventory_mgmt
(operation product_management_iopm.update_inventory));
// Database access from subsystems
attachment (ols_ss_db.source, ss_online_shop.req_db_access);
attachment (ols_ss_db.target_db, shopping_cart_db.provided_access);
attachment (product_management_ss_db.source,
ss_product_management.req_db_access);
attachment (product_management_ss_db.target_db,
product_management_db.provided_access);
attachment (customer_management_ss_db.source,
ss_customer_management.req_db_access);
attachment (customer_management_ss_db.target_db,
sales_management_db.provided_access);
attachment (sales_management_ss_db.source,
ss_sales_management.req_db_access);
attachment (sales_management_ss_db.target_db,
sales_management_db.provided_access);

}

Figure 6-14: C&C view for the case study using Sarch in the SOA style - relations
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- A relation of type contains between each internal service provider (ss_product_manage-
ment, ss_customer_management and ss_sales_management) and each layer.

- A relation of type contains between the application tier and each service consumer (ss_-
online_shop).

- Arelation of type contains between the application tier and each internal service provider
(ss_product_management, ss_customer_management and ss_sales_management).

- Arelation of type contains between the application tier and the enterprise service bus.

- A relation of type contains between the data tier and each database (shopping cart_db,
product_management_db and sales_management_db).

6.4 Model-to-Model Transformations

In this step, the model-model transformations were applied to the SOA model in order to gen-
erate a new model that follows the specific characteristics of the MSA style. This section shows
the different architectural views generated in Sarch for the new model in the MSA style.

The model-to-model transformation process receives as input the SOA model defined in Sarch
as well as the following parameters:

- database_system: mongodb

- database_type: msa.nosql_database

- ms_programming_language: java

- web_application_name: onlineshop_wa
- web_programming_language: javascript

The model-to-model transformation process produces a MSA model as output, which is de-
scribed using the Decomposition, Data Model, C&C and Layered views in the Sarch language.
When the generated MSA model is opened in the editor module of Sarch-Studio, the model
conforms to the grammar rules defined in Sarch for the MSA architectural style.

As described in section 5.2, the Decomposition view is preserved from the original SOA model,
so this view is not shown here.
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Grammar in Sarch

LayeredViewForSOA:
‘layered_view' '::’
‘elements' '{°
(layeredElement += LayeredElement)+
5

‘relations' '{°¢
(layeredRelation += LayeredRelationForSOA)*
'y
H
LayeredElement:
Layer | Tier | LayerSegment
H
LayeredRelationForSOA:
AllowedToUse | AllowedToUseBelow | ContainsAForSOA
H
AllowedToUse:
AllowedToUseTier | AllowedToUselLayer | AllowedToUseSegment
H
AllowedToUseTier:
't:' sourceTier=[Tier] 'allowed_to_use' 't:' targetTier=[Tier] ';'
H
AllowedToUselayer:
'1:' sourcelLayer=[Layer] ‘'allowed to _use' 'L:' targetLayer=[Layer] ';'
H
AllowedToUseSegment:
'ls:' sourcelLayerSegment=[LayerSegment] 'allowed to_use' 'ls:’
targetLayerSegment=[LayerSegment] ';'
H
AllowedToUseBelow:
AllowedToUseBelowTier | AllowedToUseBelowLayer | AllowedToUseBelowSegment
H
AllowedToUseBelowTier:
't:' sourceTier=[Tier] 'allowed_to_use_below' 't:

targetTier=[Tier] ;'
H
AllowedToUseBelowLayer:
'1:' sourcelLayer=[Layer] 'allowed to_use_below' 'L:' targetLayer=[Layer] ';'
H
AllowedToUseBelowSegment:
'1s:' sourcelLayerSegment=[LayerSegment] 'allowed_to_use below' 'ls:’
targetLayerSegment=[LayerSegment] ';'
H
ContainsAForSOA:
TierAndComponentForSOA | ComponentAndLayerForSOA | LayerAndLayerSegment
H
TierAndComponentForSOA:
't:' tier=[Tier] 'contains' 'c:'

;

componentELement=[ComponentElementForSOA]
H

ComponentAndLayerForSOA:
‘c:' componentElement=[ComponentElementForSOA] 'contains' 'L:’
Layer=[Layer] ';'

Layered View

layered_view ::
elements {
layer presentation;
layer business_logic;
layer data_access;
tier application;
tier data;

relations {
1:presentation allowed_to_use 1l:business_logic;
1:business_logic allowed_to_use l:data_access;
t: application allowed_to_use t: data;
c:ss_online_shop contains l:presentation;
c:ss_online_shop contains 1l:business_logic;
c:ss_online_shop contains l:data_access;
c:ss_product_management contains l:presentation;
c:ss_product_management contains l:business_logic;
c:ss_product_management contains l:data_access;
c:ss_customer_management contains l:presentation;
c:ss_customer_management contains 1l:business_logic;
c:ss_customer_management contains l:data_access;
c:ss_sales_management contains l:presentation;
c:ss_sales_management contains l:business_logic;
c:ss_sales_management contains l:data_access;
c:enterprise_service_bus contains 1l:business_logic;
t: application contains c: ss_online_shop;
t: application contains c: ss_product_management;
t: application contains c: ss_customer_management;
t: application contains c: ss_sales_management;

: application contains c: enterprise_service_bus;

: data contains c: shopping_cart_db;

: data contains c: product_management_db;

: data contains c: sales_management_db;

&+ oot

Figure 6-15: Layered view for the case study using Sarch in the SOA style.
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Regarding the Data Model view, the relational data models were disaggregated depending on the
modules to which the data entities belong. Additionally, the interoperability data models were
divided according to the operations and data entities associated with each generated microser-
vice and API gateway. Figure 6-16 shows a sample of the No SQL data models generated in this
view for the MSA model, and Figure 6-17 shows a sample of the interoperability data models
generated in this view for the MSA model.

data_model_view ::
nosql data_model products_dm {
elements {
data_entity product {
attributes {
int id;
string name;
string description;
string sku;
float price;
int stock_quantity;
bool active;
datetime created_at;
datetime updated_at;
}
}
data_entity historical_product { ... }
data_entity product_location { ... }

relations {
one_to_many (product, historical_product);
one_to_many (product, product_location);

}

nosql data_model customer_information_dm {
elements {
data_entity customer { ... }
data_entity customer_summary { ... }

relations {
one_to_one (customer_summary, customer);

¥

nosql data_model user_account_dm {
elements {
data_entity role_def { ... }
data_entity user { ... }
data_entity user_role { ... }

relations {
many_to_one (user_role, role_def);
many_to_one (user_role, user);

}

nosql data_model shopping_cart_dm {
elements {
data_entity shopping_carts { ... }
data_entity line_items { ... }

relations {
one_to_many (shopping_carts, line_items);
}
}

nosql data_model accounting_transactions_dm {
elements {
data_entity account_type { ... }
data_entity account { ... }
data_entity transaction { ... }
data_entity transaction_detail { ... }
data_entity account_hierarchy { ... }

relations {
many_to_one (account, account_type);
many_to_one (account_hierarchy, account);
one_to_many (transaction, transaction_detail);
many_to_one (transaction_detail, account);

}

nosql data_model order_handling_dm {
elements {

data_entity quotation { ... }
data_entity quotation_line_item { ... }
data_entity order { ... }
data_entity order_line_item { ... }
data_entity invoice { ... }
data_entity invoice_line_item { ... }
data_entity credit_note { ... }

relations {
one_to_many (quotation, quotation_line_item);
one_to_many (order, order_line_item);
one_to_many (invoice, invoice_line_item);
one_to_many (invoice, credit_note);

}

nosql data_model inventory_dm {
elements {
data_entity inventory_reservation { ... }
data_entity inventory_movement_type { ... }
data_entity inventory_movement { ... }

relations {
many_to_one (inventory_movement, inventory_movement_type);

}

nosql data_model shipments_dm {
elements {
data_entity transportation_company { ... }
data_entity shipment { ... }

relations {
many_to_one (shipment, transportation_company);

}

}

Figure 6-16: Data Model view generated for the case study using Sarch in the MSA style - No
SQL data models.

Regarding the C&C view, a microservice and a database were generated for each module in the
Decomposition view, with the respective interoperability and No SQL data models. Also, a Web
application and an API gateway were generated. Figure 6-18 shows a sample of the elements
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data_model_view ::
interoperability data_model products_iopm {
elements {
data_entity product {
attributes {
int id;
string name;
string description;
string sku;
float price;
}
¥
data_entity historical_product { ... }
data_entity product_location { ... }
data_entity product_summary { ... }

relations {
one_to_many (product, historical_product);
one_to_many (product, product_location);
}
operations {
operation createProduct { ... }
operation readProduct { ... }
operation updateProduct { ... }
operation deleteProduct { ... }

operation search_products { ... }

}
interoperability data_model customer_information_iopm {
elements {
data_entity customer { ... }
data_entity customer_summary { ... }
relations { ... }
operations {
operation authenticate { ... }
}
interoperability data_model user_account_iopm {
elements {
data_entity role_def { ... }
data_entity user { ... }
data_entity user_role { ... }

relations { ... }
operations { ... }

interoperability data_model shopping_cart_iopm {
elements {
data_entity shopping_carts { ... }
data_entity line_items { ... }

relations { ... }
operations { ... }

interoperability data_model inventory_iopm {
elements {
data_entity inventory_reservation { ... }
data_entity inventory_movement_type { ... }
data_entity inventory_movement { ... }
data_entity item { ... }

relations { ... }

operations {
operation check_inventory { ... }
operation manage_inventory { ... }
operation update_inventory { ... }
}
}
interoperability data_model order_handling_iopm {
elements {

data_entity quotation { ... }
data_entity quotation_line_item { ... }
data_entity order { ... }

data_entity order_line_item { ... }

data_entity invoice { ... }
data_entity invoice_line_item { ... }
data_entity credit_note { ... }
data_entity item { ... }

relations { ... }

operations {
operation register_order {}
operation get_order { ... }

}
interoperability data_model shipments_iopm {
elements {
data_entity transportation_company { ... }
data_entity shipment { ... }

relations { ... }
operations { ... }

interoperability data_model accounting_transactions_iopm {
elements {
data_entity account_type { ... }
data_entity account { ... }
data_entity transaction { ... }
data_entity transaction_detail { ... }
data_entity account_hierarchy { ... }

relations { ... }
operations { ... }

interoperability data_model api_gw_iopm {

elements {
data_entity customer { ... }
data_entity product_summary { ... }
data_entity item { ... }

}

relations { ... }

operations {
operation authenticate { ... }
operation search_products { ... }
operation make_order { ... }

}
interoperability data_model order_placement_iopm {
elements {
data_entity item { ... }

relations {}
operations {
operation make_order { ... }

}

}

Figure 6-17: Data Model view generated for the case study using Sarch in the MSA style - inter-

operability data models.
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(components and connectors) generated in this view for the MSA model, and Figure 6-19 shows

a sample of the relations (attachments) generated in this view for the MSA model.

component_and_connector_view ::
elements {
programming_languages {
java;
javascript;

db_systems {
mongodb;

component msa.microservice products_ms (programming_language java) {
port provided_api api (iop_model products_iopm);
port requested_dbaccess dbreq;
}
component msa.nosql_database products_db (nosql_data_model products_dm)
(db_system mongodb) {
port provided_dbaccess dbprov;

connector msa.db_access products_ms_db {
role consumer src;
role provider tgt;

component msa.microservice inventory_ms (programming_language java) {
port provided_api api (iop_model inventory_iopm);
port requested_dbaccess dbreq;

}

component msa.nosql_database inventory_db (nosql_data_model
inventory_dm) (db_system mongodb) { ... }

connector msa.db_access inventory_ms_db { ... }

component msa.microservice shipments_ms (programming_language java) {
port provided_api api (iop_model shipments_iopm);
port requested_dbaccess dbreq;

component msa.nosql_database shipments_db (nosql_data_model shipments_dm)
(db_system mongodb) { ... }
connector msa.db_access shipments_ms_db { ... }
component msa.microservice user_account_ms (programming_language java) {
port provided_api api;
port requested_dbaccess dbreq;
¥
component msa.nosql_database user_account_db (db_system mongodb) { ... }
connector msa.db_access user_account_ms_db { ... }
component msa.microservice customer_information_ms (programming_language
java) {
port provided_api api (iop_model customer_information_iopm);
port requested_dbaccess dbreq;

component msa.nosql_database customer_information_db (nosql_data_model
customer_information_dm) (db_system mongodb) { ... }
connector msa.db_access customer_information_ms_db { ... }

port provided_api api (iop_model order_handling_iopm);
port requested_dbaccess dbreq;
port requested_api apireq;

connector msa.rest order_handling_inventory_mgmt_rest {
role consumer src;
role provider tgt;
}
component msa.nosql_database order_handling_db (nosql_data_model
order_handling_dm) (db_system mongodb) { ... }
connector msa.db_access order_handling_ms_db { ... }

java) {
port provided_api api (iop_model accounting_transactions_iopm);
port requested_dbaccess dbreq;

component msa.microservice order_handling_ms (programming_language java) {

component msa.microservice accounting_transactions_ms (programming_language

component msa.nosql_database accounting_transactions_db (nosql_data_model
accounting_transactions_dm) (db_system mongodb) { ... }
connector msa.db_access accounting_transactions_ms_db { ... }
component msa.microservice shopping_cart_ms (programming_language java) {
port provided_api api (iop_model shopping_cart_iopm);
port requested_dbaccess dbreq;

component msa.nosql_database shopping_cart_db (nosql_data_model
shopping_cart_dm) (db_system mongodb) {

port provided_dbaccess dbprov;

¥

connector msa.db_access shopping_cart_ms_db { ... }

component msa.web_application onlineshop_wa (programming_language

javascript) {

port requested_api user_session;
port requested_api product_search;
port requested_api order_placement;
port requested_api shopping_cart;

¥

component msa.api_gateway api_gw {
port provided_api authentication_api (iop_model api_gw_iopm);
port requested_api authentication_req;
port provided_api product_catalog_api (iop_model api_gw_iopm);
port requested_api product_catalog_req;
port provided_api order_placement_api (iop_model api_gw_iopm);
port requested_api order_placement_req;
port provided_api shopping_cart_api (iop_model api_gw_iopm);
port requested_api shopping_cart_req;
port provided_api accounting_transactions_api (iop_model api_gw_iopm);
port requested_api accounting_transactions_req;
port provided_api user_account_api (iop_model api_gw_iopm);
port requested_api user_account_req;
port provided_api shipments_api (iop_model api_gw_iopm);
port requested_api shipments_req;

component msa.microservice order_placement_ms (programming_language java) {
port provided_api api (iop_model order_placement_iopm);
port requested_api apireq;
¥
connector msa.rest order_placement_inventory_mgmt_rest {
role consumer src;
role provider tgt;

connector msa.rest order_placement_order_mgmt_rest {
role consumer src;
role provider tgt;
¥
connector msa.rest wa_ag_authentication_rest {
role consumer src;
role provider tgt;

connector msa.rest ag_customer_information_ms_rest {
role consumer src;
role provider tgt;

connector msa.rest wa_ag_product_catalog_rest { ... }
connector msa.rest ag_products_ms_rest { ... }

connector msa.rest wa_ag_order_placement_rest { ... }
connector msa.rest ag_order_placement_ms_rest { ... }

connector msa.rest wa_ag_shopping_cart_rest { ... }

connector msa.rest ag_shopping_cart_ms_rest { ... }
connector msa.rest ag_accounting_transactions_ms_rest { ... }
connector msa.rest ag_user_account_ms_rest {

connector msa.rest ag_shipments_ms_rest { ... }

Figure 6-18: C&C view generated for the case study using Sarch in the MSA style - elements.

Figure 6-20 shows the Layered view generated for the MSA model, according to the transforma-

tion rules defined.
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relations {
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment

(products_ms_db.src, products_ms.dbreq);

(products_ms_db.tgt, products_db.dbprov);

(inventory_ms_db.src, inventory_ms.dbreq);

(inventory_ms_db.tgt, inventory_db.dbprov);

(shipments_ms_db.src, shipments_ms.dbreq);

(shipments_ms_db.tgt, shipments_db.dbprov);

(user_account_ms_db.src, user_account_ms.dbreq);

(user_account_ms_db.tgt, user_account_db.dbprov);

(customer_information_ms_db.src, customer_information_ms.dbreq);

(customer_information_ms_db.tgt, customer_information_db.dbprov);

(order_handling_ms_db.src, order_handling_ms.dbreq);

(order_handling_ms_db.tgt, order_handling_db.dbprov);

(order_handling_inventory mgmt_rest.src, order_handling ms.apireq);

(order_handling_inventory _mgmt_rest.tgt, inventory_ms.api (operation inventory_iopm.update_inventory));
(accounting_transactions_ms_db.src, accounting_transactions_ms.dbreq);
(accounting_transactions_ms_db.tgt, accounting_transactions_db.dbprov);

(shopping_cart_ms_db.src, shopping_cart_ms.dbreq);

(shopping_cart_ms_db.tgt, shopping_cart_db.dbprov);

(order_placement_inventory_mgmt_rest.src, order_placement_ms.apireq);
(order_placement_inventory_mgmt_rest.tgt, inventory_ms.api (operation inventory_iopm.check_inventory));
(order_placement_order_mgmt_rest.src, order_placement_ms.apireq);

(order_placement_order_mgmt_rest.tgt, order_handling ms.api (operation order_handling_iopm.register_order));
(order_placement_inventory_mgmt_rest.tgt, inventory_ms.api (operation inventory_iopm.manage_inventory));
(order_placement_order_mgmt_rest.tgt, order_handling_ms.api (operation order_handling_iopm.get_order));
(wa_ag_authentication_rest.src, onlineshop_wa.user_session);

(wa_ag_authentication_rest.tgt, api_gw.authentication_api (operation api_gw_iopm.authenticate));
(ag_customer_information_ms_rest.src, api_gw.authentication_req);

(ag_customer_information_ms_rest.tgt, customer_information_ms.customer_information_api (operation

customer_information_iopm.authenticate));

attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment
attachment

(wa_ag_product_catalog_rest.src, onlineshop_wa.product_search);

(wa_ag_product_catalog_rest.tgt, api_gw.product_catalog api (operation api_gw_iopm.search_products));
(ag_products_ms_rest.src, api_gw.product_catalog req);

(ag_products_ms_rest.tgt, products_ms.products_api (operation products_iopm.search_products));
(wa_ag_order_placement_rest.src, onlineshop_wa.order_placement);

(wa_ag_order_placement_rest.tgt, api_gw.order_placement_api (operation api_gw_iopm.make_order));
(ag_order_placement_ms_rest.src, api_gw.order_placement_req);

(ag_order_placement_ms_rest.tgt, order_placement_ms.order_placement_api (operation order_placement_iopm.make_order));

(wa_ag_shopping_cart_rest.src, onlineshop_wa.shopping cart);

(wa_ag_shopping_cart_rest.tgt, api_gw.shopping_cart_api);

(ag_shopping_cart_ms_rest.src, api_gw.shopping_cart_req);

(ag_shopping_cart_ms_rest.tgt, shopping_cart_ms.shopping_cart_api);
(ag_accounting_transactions_ms_rest.src, api_gw.accounting_transactions_req);
(ag_accounting_transactions_ms_rest.tgt, accounting_transactions_ms.accounting_transactions_api);
(ag_user_account_ms_rest.src, api_gw.user_account_req);

(ag_user_account_ms_rest.tgt, user_account_ms.user_account_api);

(ag_shipments_ms_rest.src, api_gw.shipments_req);

(ag_shipments_ms_rest.tgt, shipments_ms.shipments_api);

Figure 6-19: C&C view generated for the case study using Sarch in the MSA style - relations.
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layered_view ::
elements {
layer presentation;
layer business_logic;
layer data_access;
tier presentation;
tier logic;
tier data;
}
relations {
1: presentation allowed_to_use 1: business_logic;
1: business_logic allowed_to_use 1: data_access;
: presentation allowed_to_use t: logic;
: logic allowed_to_use t: data;
: onlineshop_wa contains 1: presentation;
: api_gw contains 1: business_logic;
: products_ms contains 1: business_logic;
: products_ms contains 1: data_access;
: inventory_ms contains 1: business_logic;
: inventory_ms contains 1: data_access;
: shipments_ms contains 1: business_logic;
: shipments_ms contains 1: data_access;
: user_account_ms contains 1: business_logic;
: user_account_ms contains 1: data_access;

: order_handling_ms contains 1: business_logic;
: order_handling_ms contains 1: data_access;

Lo T T o T o W o N o T o W o I o W o W o M o W s W o T T

: customer_information_ms contains 1: business_logic;
: customer_information_ms contains 1: data_access;

Lo e o e o e o o e o e o S s Y O O o o e o B I o B o s M o |

: accounting_transactions_ms contains l:business_logic;
: accounting_transactions_ms contains l:data_access;

: shopping_cart_ms contains 1: business_logic;

: shopping_cart_ms contains 1: data_access;

: order_placement_ms contains 1: business_logic;

: order_placement_ms contains 1: data_access;

: presentation contains c: onlineshop_wa;

: logic contains c: products_ms;

: logic contains
: logic contains
: logic contains
: logic contains
: logic contains
: logic contains
: logic contains
: logic contains
: logic contains
: data contains
: data contains
: data contains
: data contains
: data contains
: data contains
: data contains
: data contains

: inventory_ms;

: shipments_ms;

: user_account_ms;

: customer_information_ms;

: order_handling_ms;

: accounting_transactions_ms;
: shopping_cart_ms;

: order_placement_ms;

: api_gw;

: products_db;

: inventory_db;

: shipments_db;

: user_account_db;

: customer_information_db;

: order_handling_db;

: accounting_transactions_db;
: shopping_cart_db;

AnANNNONOANDN

NN nNnnNnnnnn

Figure 6-20: Layered view generated for the case study using Sarch in the MSA style.

6.5 Generated Model for a MSA-Based System

Based on the MSA model resulting from applying the model-to-model transformations from the
SOA model, in this step the system is graphically designed under the MSA architectural style.
Figure 6-21 shows the Data Model view with the resulting No SQL data models. Figure 6-22
shows the C&C view with the resulting components, connectors, and relations; for simplicity,
this diagram does not show the details of the associated interoperability data models and oper-

ations. Figure 6-23 shows the Layered view.

Additional refinements may be performed from this starting point with respect to the architec-
tural design done for the case study in the MSA style illustrated in figure 6-8:

- Change the type of some databases to relational.

Change the type of some connectors according to specific communication requirements.
Use the component of type msa.storage to fulfill specific object storage needs.

Create relations between order_placement_ms and shopping_cart_ms to complement or-
der placement requirements, which involves defining the necessary connectors and attach-
ments as well as creating the operations in the respective interoperability data model.

Create specific operations in the respective interoperability data models associated with
the provided API ports for shipments_ms, accounting_transactions_ms and user_account_-
ms.
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product

id :int

name : string
description : string
sku : string

price : float
stock_quantity : int
active : bool
created_at : datetime
updated_at : datetime

Products Data Model

Order Handling Data Model

A

historical_product order quotation invoice credit_note
id : int id :int id :int id :int id :int
product_id : int number : string number : string number : string number : string
price : float customer_id : int customer_id : int customer_id : int invoice_id : int

valid_from : datetime
valid_to : datetime

created_at : datetime
updated_at : datetime

product_location

» location : string

id :int
product_id : int

created_at : datetime
updated_at : datetime

User Account Data Model

role_def

id :int

name : string
created_at : datetime
updated_at : datetime

user_role

ship_to_address : string
ordered : datetime
shipped : datetime
delivered : datetime
total : float

created_at : datetime
updated_at : datetime

order_line_item

id :int

order_id : int
product_id : int
quantity : int
unit_price : float
created_at : datetime
updated_at : datetime

user

id @ int

email : string
password : string
active : bool
created_at : datetime
updated_at : datetime

id @ int

user_id : int

role_id : int

active : bool
created_at : datetime
updated_at : datetime

Shopping Cart Data Model

shopping_carts

id :int

customer_id : int
ship_to_address : string
total : float

created_at : datetime
updated_at : datetime

[

line_items

id :int
shopping_cart_id : int
product_id : int

y quantity : int
unit_price : float
created_at : datetime
updated_at : datetime

total : float
created_at : datetime
updated_at : datetime

l

quotation_line_item

id :int

quotation_id : int
product_id : int
quantity : int
unit_price : float
created_at : datetime
updated_at : datetime

address : string

total : float
created_at : datetime
updated_at : datetime

—

» product_id : int
amount : float
created_at : datetime
updated_at : datetime

]

g

invoice_line_item

id :int

invoice_id : int
product_id : int
quantity : int
unit_price : float
created_at : datetime
updated_at : datetime

account_hierarchy

id :int
parent_account_id : int

Accounting Transactions Data Model

account

id : int
name : string
account_type_id : int

updated_at : datetime

child_account_id : int ~ e— A
created_at : datetime created_at : datetime
updated__at : datetime Updatediatiicatetime
e eetion transaction_detail
id - int |d:|nt4 o
description : string transactlr_Jdnfl_ sint
created_at : datetime | ¢ 2ccount_id :int

amount : float
created_at : datetime
updated_at : datetime

*—

Shipments Data Model

account_type

shipment

id :int

name : string
created_at : datetime
updated_at : datetime

id :int
order_id : int
address : string

cost : float

received : datetime
prepared : datetime
assigned : datetime
delivered : datetime
created_at : datetime
updated_at : datetime

transportation_company_id : int

[

transportation_company

id :int

Inventory Data Model

inventory_movement

id :int

Customer Information Data Model

id : int

first_name : string
last_name : string
phone : string
address : string
user_id : int
created_at : datetime
updated_at : datetime

—

id :int

customer_id : int
preferred_product_id : int
last_order_at : datetime
amount_of_orders : int
created_at : datetime
updated_at : datetime

product_id : int
order_id : int

quantity : int
active : bool

inventory_movement_type_id : int

created_at : datetime
updated_at : datetime

inventory_reservation

id :int

product_id : int
quantity :int

order_id : int

active : bool
created_at : datetime
updated_at : datetime

inventory_movement_type

id :int

name : string
created_at : datetime
updated_at : datetime

name : string
address : string
phone : string
email : string
active : bool

created_at : datetime
updated_at : datetime

Key
Data model

Data entity

®———— Many-to-one

——® One-to-many

One-to-one

Figure 6-21: Graphical representation of the resulting Data Model view for the MSA model.
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authentication_api

onlineshop_wa

user_sessior

REST

shopping_cart

REST

product_seard] order_placement
REST REST
product_catalog_api order_placement_api _x"shopping_cart_api

hipments_api

user_account_api

api_gw

authentication_req

api

product_catalog_req

order_placement_req  \shopping_car

REST

api
order_placement_ms

Shipments_req

t_req

accounting_transactions_req

user_account_req

customer_information_ms ] [ products_ms

api
[ inventory_ms

@er_handling_ma[ shopping_cart_ms ][ shipments_ms M accounting_transactions_ms M user_account_ms

dbreq dbreq

DB access DB access

dbprov dbprov

dbreq dbre dbreq

apireq

DB access DB access DB access

dbprov dbprov dbprov

dbreq
DB access

dbprov

dbreq dbreq

DB access DB access

dbprov dbprov

MM products_db ww_[ order_handling_db || shopping_cart_db shipments_db wﬁwb—‘

Key

italic ™ Component port

Normal - connector
B

Figure 6-22: Graphical representation of the resulting C&C view for the MSA model.
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Figure 6-23: Graphical representation of the resulting Layered view for the MSA model.




6.6 Evolution Model Validation 69

6.6 Evolution Model Validation

As shown through the case study, the evolution model generated a valid architectural represen-
tation in Sarch of an MSA-based system from the architecture of a SOA-based system, which
complies with the elements, relations and properties of the MSA architectural style.

Next, the evolution model will be validated based on the architecture of a generic system, which
is described as follows:

1. Figure 6-24 shows the SOA source architecture of a generic system, which is represented
using the decomposition view and the C&C view.

2. The architecture of the source system is modeled using Sarch, which is shown in figures
6-25, 6-26, and 6-27, using the decomposition and C&C views.

3. The transformation rules are applied to generate an MSA model that is valid from the
point of view of the architectural style. Some of these model-to-model transformations
are shown in figure 6-28.

4. Figures 6-29 and 6-30 show the elements and relations that are part of the C&C view, for
the MSA model generated after applying the transformation rules. The generated MSA
model is represented in the Sarch language and complies with the grammar defined for
the architectural style.

5. Finally, the system is graphically represented under the MSA architectural style, based
on the MSA model resulting from applying the model-to-model transformations from the
SOA model, which is shown in figure 6-31 and represents the MSA target architecture in
the evolution model.

For the transformation process, there is a formal and rigorous mapping between the elements,
the relations and the properties of each architectural style. This allows to have a more closed
target set for the MSA architectural style where microservices architectures can be generated
from service-oriented architectures, taking into account that the result in MSA formally com-
plies with all the characteristics from the point of view of the architectural style. This ensures
that the transformation model works for any service-oriented architecture and that it provides
the foundation for an MSA-based system. Additionally, the model generated in MSA supplies
the complete functionality of the system by generating a microservice for each of the subsystem
modules present in the Decomposition view, as well as a microservice for each service provided
in the SOA model based on the component ports.

Itis important to bear in mind that the result of the transformation process is a base architecture
for MSA, but that this base architecture will allow or require the addition of new architectural
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features to meet all the characteristics and needs of the system.

The proposed evolution model is based on two fields of Software Engineering, on the one hand
there are aspects related to Software Architecture, and on the other hand MDE is being used as a
paradigm for the automation of the model-to-model transformation. The core of the validation
is given from the point of view of the internal process that is being done at the language level to
be able to convert an input into an output, where the input is the formal elements of the SOA
architectural style and the output is the formal elements MSA architectural style.
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Evolution Model

SOA Source SOA » Model-to-Model » MSA » MSA Target
Architecture Modeling Transformation Modeling Architecture

Decomposition View

Subsystem1 Subsystem?2 Subsystem3
I ] I ] I ]

| Modulell | | Module12 | | Module21 | | Module22 | | Module31 | | Module32 |

Submodule111| Submodule121| Submodule211| Submodule221|

Submodule112| Submodule122| Submodule212| Submodule222|

Key Subsystem Module Submodule

C&C View

L SS_consumer A

request_1 request_2 request_3 db rw
_access
soap3 dbprov
ws_esb_srvl ws_esb_srv2
. db_consumer
esb_main

esb_srvl_req
soap5

esb_srv2_req

soap7

ws_prl_srvl ws_modulel2 ws_pr2_srvl 's_module22 ws_module31
F ss_provider_1 ] F ss_provider_2 ] [ ss_provider_3 ]
dbreq dbreq s0ap8 module31_req

dbreq

db_accessl db_access2

db_access3

dbprov

Eﬂb_enterprisei

Key E Service consumer [: Internal service provider italic Component port

I:I ESB S Relational database Normal , Connector

Figure 6-24: Evolution model validation - SOA source architecture.
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Evolution Model

SOA Source
Architecture

» SOA
Modeling

Model-to-Model »
Transformation

MSA
Modeling

2

MSA Target
Architecture

Decomposition View

decomposition_view ::

elements {

subsystem subsysteml;
module modulell;
submodule submodulelll;
submodule submodulell2;
module modulel2;
submodule submodulel21l;
submodule submodulel22;
subsystem subsystem2;
module module2l;
submodule submodule211l;
submodule submodule212;
module module22;
submodule submodule221;
submodule submodule222;
subsystem subsystem3;
module module31;

module module32;

relations {

m: modulell is_part_of ss: subsysteml;
sm: submodulelll is_part_of m: modulell;
sm: submodulell2 is_part_of m: modulell;
m: modulel2 is_part_of ss: subsysteml;
sm: submodulel2l is_part_of m: modulel2;
sm: submodulel22 is_part_of m: modulel2;
m: module2l is_part_of ss: subsystem2;
sm: submodule211 is_part_of m: module2l;
sm: submodule212 is_part_of m: module2l;
m: module22 is_part_of ss: subsystem2;
sm: submodule221 is_part_of m: module22;
sm: submodule222 is_part_of m: module22;
m: module31l is_part_of ss: subsystem3;
m: module32 is_part_of ss: subsystem3;

Figure 6-25: Evolution model validation - SOA Modeling - part I.
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Evolution Model

SOA Source » SOA
Architecture Modeling

Model-to-Model
Transformation

» MSA » MSA Target
Modeling Architecture

C&C View - Elements

component_and_connector_view ::
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programming_languages {
j2ee;
dotnet;

orchestration_languages {
bpel;

db_systems {
sqlserver;
oracle;
}
component soa.service_consumer ss_consumer
(programming_language dotnet) {
port requested_service requestil;
port requested_service request2;
port requested_service request3;
port requested_dbaccess dbreq;

}

(coordination_type orchestration);
port requested_service esb_srvil_req;

(coordination_type orchestration);
port requested_service esb_srv2_req;

(programming_language j2ee) {
port requested_dbaccess dbreq;
}

(programming_language j2ee) {

port requested_dbaccess dbreq;

¥

component soa.esb esb_main (orchestration_language bpel) {
port provided_service ws_esb_srvl (iop_model esb_iopm)

port provided_service ws_esb_srv2 (iop_model esb_iopm)

component soa.internal_service_provider ss_provider_1

port provided_service ws_prl_srvl (iop_model ss_prov_1_iopm);

port provided_service ws_modulel2 (iop_model ss_prov_1_iopm); }
component soa.internal_service_provider ss_provider_2

port provided_service ws_pr2_srvl (iop_model ss_prov_1_iopm);
port provided_service ws_module22 (iop_model ss_prov_2_iopm);

component soa.internal_service_provider ss_provider_3
(programming_language j2ee) {
port provided_service ws_module31
(iop_model ss_prov_3_iopm);
port requested_service module3l_req;
port requested_dbaccess dbreq;
}
component soa.relational_database db_consumer
(data_model ss_cons_rm) (db_system sqlserver) {
port provided_dbaccess dbprov;
}
component soa.relational_database db_enterprise
(data_model ss_global_rm) (db_system oracle) {
port provided_dbaccess dbprov;

¥

connector soa.soap soapl {
role consumer src;
role provider tgt;

connector soa.soap soap2
connector soa.soap soap3
connector soa.soap soap4
connector soa.soap soap5
connector soa.soap soap6
connector soa.soap soap7
connector soa.soap soap8 ..
connector soa.db_access db_accessl { ...
connector soa.db_access db_access2 { ...
connector soa.db_access db_access3 { ...
connector soa.db_access db_access4 { ...

et el la]
B e e e s el e

}
¥
}
¥

Figure 6-26: Evolution model validation - SOA Modeling - part II.
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Figure 6-27: Evolution model validation - SOA Modeling - part III.
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Figure 6-28: Evolution model validation - model-to-model transformations.
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component_and_connector_view ::

elements {
programming_languages {
java;
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}
db_systems {
mongodb;

component msa.microservice modulell_ms (programming_language java) {
port provided_api api (iop_model modulell_iopm);
port requested_dbaccess dbreq;

component msa.nosql_database modulell_db (nosql_data_model modulell_dm)
(db_system mongodb) {
port provided_dbaccess dbprov;
}
connector msa.db_access modulell_ms_db {
role consumer src;
role provider tgt;
}
component msa.microservice modulel2_ms (programming_language java) {
port provided_api api (iop_model modulel2_iopm);
port requested_dbaccess dbreq;

component msa.nosql_database modulel2_db (nosql_data_model modulel2_dm)
(db_system mongodb) { ... }
connector msa.db_access modulel2_ms_db { ... }
component msa.microservice module21_ms (programming_language java) {
port provided_api api (iop_model module21_iopm);
port requested_dbaccess dbreq;
}
component msa.nosql_database module21_db (nosql_data_model module21_dm)
(db_system mongodb) { ... }
connector msa.db_access module21l_ms_db { ... }
component msa.microservice module22_ms (programming_language java) {
port provided_api api (iop_model module22_iopm);
port requested_dbaccess dbreq;
}
component msa.nosql_database module22_db (nosql_data_model module22_dm)
(db_system mongodb) { ... }
connector msa.db_access module22_ms_db { ... }
component msa.microservice module31l_ms (programming_language java) {
port provided_api api (iop_model module31_iopm);
port requested_dbaccess dbreq;

component msa.nosql_database module31_db (nosql_data_model module31_dm)
(db_system mongodb) { ... }
connector msa.db_access module31_ms_db { ... }
component msa.microservice module32_ms (programming_language java) {
port provided_api api (iop_model module32_iopm);
port requested_dbaccess dbreq;

component msa.nosql_database module32_db (nosql_data_model module32_dm)
(db_system mongodb) { ... }
connector msa.db_access module32_ms_db { ... }

component msa.web_application webapp (programming_language react)
port requested_api requestl;
port requested_api request2;
port requested_api request3;

}

component msa.api_gateway api_gw {
port provided_api prl_srvl_api (iop_model
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component msa.microservice pri_srvl_ms (programming_language java)
port provided_api api (iop_model pri_srvl_iopm);
port requested_dbaccess dbreq;

}

component msa.nosql_database pri_srvl_db (db_system mongodb) { ...

connector msa.db_access prl_srvi_ms_db { ... }

component msa.microservice pr2_srvl_ms (programming_language java)
port provided_api api (iop_model pr2_srvi_iopm);
port requested_dbaccess dbreq;

}

component msa.nosql_database pr2_srvl_db (db_system mongodb) { ...

connector msa.db_access pr2_srvl_ms_db { ... }

component msa.microservice esb_srvl_ms (programming_language java)
port provided_api esb_srvl_api (iop_model esb_srvl_iopm);
port requested_api esb_srvl_req;

}

connector msa.rest esb_srvl_modulel2 rest { ... }

connector msa.rest esb_srvi_pr2_srvl rest { ... }

component msa.microservice esb_srv2_ms (programming_language java)
port provided_api esb_srv2_api (iop_model esb_srv2_iopm);
port requested_api esb_srv2_req;

}

connector msa.rest esb_srv2_module22_rest { ... }
connector msa.rest esb_srv2_module3l_rest { ... }
connector msa.rest wa_ag_prl_srvl_rest { ... }
connector msa.rest ag_prl_srvl_ms_rest { ... }
connector msa.rest wa_ag_esb_srvl_rest { ... }
connector msa.rest ag_esb_srvl_ms_rest { ... }
connector msa.rest wa_ag_esb_srv2_rest { ... }
connector msa.rest ag_esb_srv2_ms_rest { ... }
connector msa.rest ag_module21l_ms_rest { ... }
connector msa.rest ag_module32_ms_rest { ... }
connector msa.rest ag_modulell_ms_rest { ... }
connector msa.rest ag_module22_ms_rest { ... }
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Figure 6-29: Evolution model validation - MSA Modeling - part L.
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Figure 6-30: Evolution model validation - MSA Modeling - part II.
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Figure 6-31: Evolution model validation - MSA target architecture.



7 Conclusions and Future Work

7.1 Conclusions

In this work, a new strategy has been proposed to evolve service-based architectures, specifically
from service-oriented architectures to microservices architectures. First, a rigorous and formal
analysis of the elements, relations and properties of each SOA and MSA architectural style was
done, and the Decomposition, Data Model, C&C and Layered views were used to represent soft-
ware system architectures for SOA and MSA. As a result, the Sarch language was complemented
as an ADL for service-based architectures, specifically incorporating the grammar rules neces-
sary to represent software architectures in the SOA and MSA styles. On the other hand, a formal
mapping was done between the elements, relations and properties of the SOA and MSA styles,
which allowed defining a set of model-to-model transformations that receives an SOA model as
input and generates an MSA model as a result. Thanks to this formal process, it is possible to
generate a microservices architecture from any service-oriented architecture, which guarantees
the effectiveness of the evolution model proposed from the elements, relations and properties
of each architectural style.

7.2 Future Work

As future work, it is proposed to include the use of quality attributes in the model-to-model
transformation process that the architecture of the target software system must meet. On the
other hand, include transformation processes that allow to generate architectural models rep-
resented in Sarch from source code. Additionally, continue the extension of the Sarch language
to allow the description of software architectures with architectural styles in a specific way, as
well as to incorporate other architectural views. Finally, extend the Sarch-Studio tool to allow
the graphical representation of each of the architectural views that are part of Sarch.

7.3 Academic Production

The academic production derived from this research, so far, includes:

- Conference paper entitled “A Component-Based Evolution Model for Service-Based Soft-
ware Architectures” in the 2020 11th IEEE International Conference on Software Engineering and
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7 Conclusions and Future Work

Service Science (ICSESS 2020). https://doi.org/10.1109/ICSESS49938.2020.9237747. In this
paper, a first version of the evolution model was proposed with main emphasis on component-
and-connector and decomposition architectural views.
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