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Resumo

Enquanto se adaptam as demandas do mercado tecnoldgico e do mercado de negdcios,
as empresas necessitam de continuar a garantir uma resposta as necessidades dos seus
clientes através do aumento dos seus padroes de qualidade, como por exemplo,

usabilidade, confiabilidade, desempenho e suporte.

Abordagens relacionadas com novas arquiteturas de software associadas ao Frontend

tém vindo a crescer de modo exponencial na ultima década.

Com Micro Frontends uma aplicacao web € composta por varias pegas isoladas, que sao
mantidas por diferentes equipas e que podem até operar em areas de negocio diferentes.

Micro Frontends ¢ uma tendéncia ainda pouco explorada.

O principal objetivo desta tese ¢ descrever um caso de estudo onde serdo demonstrados
os procedimentos necessarios para ajustar um frontend monolitico ao conceito de Micro
Frontends, considerando nesse processo as melhores praticas e padrdes de engenharia.
Para além disto, ¢ necessario também avaliar e estimar os impactos e possiveis melhorias
que esta abordagem traz. E importante também referir que a aplicagio na qual esta
abordagem serd introduzida, ¢ uma aplicagdo que durante o decorrer desta tese passou a
ser utilizada em alguns clientes como Aplicagdo Beta. Por essa razdo, as necessidades
enunciadas anteriormente ganharam uma maior relevancia devido a importancia de

responder as mesmas de forma rapida e adequada.

Contudo, o trabalho aqui documentado, ndo ¢ sobre a migracao em si, mas sim sobre a
apresentacao de um caso de estudo onde ¢ apresentada uma possivel solucao para esta

migracao e onde sao detalhados todos os passos e procedimentos necessarios.

Palavras-chave: Micro Frontends, Frontend Mondlitico, Angular, React, Evolucao

Arquitetural.






Abstract

Companies need to ensure a response to the clients needs with a constant increase in their
standards, like usability, reliability, performance, and support, while adapting to
technology and business market demands. Software architecture approaches to Frontend
have been changing over the years and, particularly in the last decade, exponentially.
With Micro Frontends, a web application is composed of pieces maintained by
autonomous teams. They can be very different and even operate in distinct business

domains. Micro Frontends is a tendency still underexplored.

This thesis's main objective is to describe a case study where it is demonstrated how to
adjust a monolithic frontend to the concept of Micro Frontends, considering in this
process the best engineering practices and standards. Besides, an assessment of its
impacts and the real improvements need to be estimated. It is pertinent to note that the
application where this change will occur is an application that, in the elapse of this thesis,
started to be used in some clients as a Beta Application. Thus, the needs mentioned before

have gained greater prominence with an imperative of adequate and rapid response.

However, the work documented here is not about the migration itself, but about
presenting a case study where a possible solution for this migration is presented and

where all the necessary steps and procedures are detailed.

Keywords: Micro Frontends, Monolithic Frontend, Angular, React, Architectural

evolution.
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1 Introduction

This document constitutes the final delivery of the master’s thesis in Informatics
Engineering at the Instituto Superior de Engenharia do Porto (ISEP). This work deals
with the understanding of the concept of micro frontends and its possible use in a certain
application developed by i2S, a company that develops insurance software. In this
chapter, it is given a context for this thesis and it is described the problem that must be
solved. Also, in here, it is provided the objectives related to this work and the

development process that will be followed.

1.1 Context

The presented work is related to a Micro Frontend approach with an API Gateway
demonstrated using i2S software. This company, with over 35 years of experience,
develops software products for the insurance business. Those years of experience is one
of the reasons why 12S wants to follow the micro frontends approach. The company to
create the basis for sustained future front-end developments directed to fulfilling their
clients needs - the way to respond to this demand is to keep up with technological
developments. The insurance sector has passed by extensive reformulation and customer
expectations have been transformed. Insurance company customers are digitally savvy
and the demand for new digital channels and way of working with the insurance company

rise, transferring the pressure to the insurance companies suppliers, like 12S.

This sector has been hesitant to keep pace with digitalization and is only now starting to
understand the power of becoming more focus on customer needs and attempting to
increased faster response times and transparency [1]. Legacy players are now compelled
to compete with "insurance techs" (Insurtechs [2]) who are coming up with more useful
and innovative approaches to engage with the customer and to help them achieve their

objectives in a faster and economical way.
According to i2S experience, this kind of innovation carries its challenges in:
e Information processing, privacy, and protection regulations;

e Information Technology security;



e Digital identity authentication regulations;

e Business model regulations.

Insurance companies can now leverage technologies to operate at high speed and in a
reliable way. Thus, the first step to successfully adopt any new technology would be to

understand the impact across the value chain and invest in the right technology.

The main idea behind micro frontends is to think about a web app as a composition of
pieces that are maintained by autonomous teams that operate in distinct business domains
[3]. Each team is cross-functional and develops its features from the database to the user
interface. However, micro frontends is a recent concept, and therefore there are no guides
for its use which require study to understand the best adoption approach, as the enterprise
has made that decision. Initially only one application that targets insurance companies

will be used to understand all the implications.

Related with the technologies, this work will be done in a team that develops a frontend
using the framework Angular and the library React. The application that is going to be
used for the study and demonstration has being developed by that single team, but in a
near future other teams will contribute with components. The application needs to be
prepared to integrate micro frontends from other teams. In terms of microservices
integration, this thesis follows a path with the use of a single API Gateway which
orchestrates the communication between the micro frontends created and the existent

microservices.

1.2 Problem

Developers are used to creating a fully-featured browser application, that sits on top of a
microservice architecture [4]. That application will over time grow and become more

challenging to maintain, and that is why it is called a “Frontend Monolith” [5].

On the other side, exists the concept of micro frontends that according to Michael Geers
[5] can be defined as a set of features that are maintained by independent teams with a

distinguished area of business.



Thus, the problem is how to 1) allow a faster compilation time, 2) the use of several
programming languages/several versions of the same programming language, and 3) use
the work done by others and reuse components by adopting the concept of micro
frontends with API Gateway in an application. The application under study will be used
by many insurance companies around the world and will allow them to speed up their
internal processes with new ways of executing existing processes presented in a user-
friendly interface. The main reason to follow the micro frontends approach is to
understand and take advantage of the new technologies, to separate concerns, to allow
the scalability of the teams and to build a set of frontends that could be easily separated

and sold individually considering the client needs and requirements.

In a company-based perspective the most significant advantage is that micro frontends
increase ownership because applications are split up according to specific domains of the
website and increase domain knowledge within the team. This could lead to problems
when teams are independent of each other: often when a team faces an issue it is most
likely that this same issue also appears to the other team, so communication between

teams 1s essential.

That communication will not also increase the knowledge of each individual team, team
member, but will be guaranteed the consistency of the micro frontends, which will lead

to faster delivery of better applications to the clients.

1.3 Objectives

The primary goal of this thesis is to develop a prototype that must be compliant with all
architectural requirements with several smaller components, and each one will be able to
be reused and tested separately. There are two specific implementation goals, which are

characterized using the SMART indicators [6]:
Objectives:
1. Propose a solution to replace a Frontend Monolith:
a. S.M.A.R.T indicators:

. The number of micro frontends developed during the elaboration period: at

least 2;



il. Reduce compilation time. At the time as these indicators were defined, the
current frontend was allocated in an AWS instance with four T2.large

instance types with the following characteristics.
e VvCPUs:2
e Memory: 8 GB

e 3.0 GHz Intel Scalable Processor

e  With this setup in the current build pipeline, the average compilation

time target of 10 measurements is 5 minutes.
2. Allow the use of several programming languages/several versions of the same
programming language:
a. S.M.A.R.T indicators

1. Until the end of this thesis, at least 2 frontends built with different

languages/versions must work together in the same application.

1.4 Approach and Development Process

The work will start by analysing patterns and integration possibilities followed by other
people. This analysis will allow a better understanding of the advantages and

disadvantages of each pattern and integration.

To perform this analysis is conducted a case study that in this case, is a research
methodology for software engineering researches since it studies contemporary
phenomena in its natural context [7].This means that the researcher does not set up an
environment where the factors can be controlled. By doing this, the researcher can
understand how the phenomena interact with the context, following a set of phases to

conduct the case study:
1. Case study design: define objectives and plan the case study.

2. Preparation for data collection: describe procedures and protocols for data

collection.
3. Collecting evidence: execution with data collection on the studied case.

4. Analysis of collected data



5. Reporting

Most of the work will be done using the Angular framework due to a company
requirement. For demonstration purposes a component will be developed in React to
realize its independence from the framework. In Annex B is presented those mentioned

programming technologies straightforwardly.

During this work, different approaches to implementation will be examined and
compared with the consideration of all requirements for the application. Once that work
is finished, it will be detailed an architectural design considering all drivers, patterns, and

concepts identified.

Active Reviews for Intermediate Designs(ARID) [8] or Architecture Trade-off Analysis
Method (ATAM) [9] may be used to evaluate technical trade-offs. In addition, to perform
an assessment of technical issues, but also economic ones, architectural decisions and to
make adjustments to the design it is going to be used the Cost-Benefit Analysis Method
(CBAM) [10]. Those methods are referenced in Annex C.

1.5 Document Structure
This document is structured in several chapters:

e Introduction: is the initial presentation of micro frontends and contextualization
of the problem. This chapter also describes the main objectives of the work and

the approach to accomplish the project goal;
e State of the Art: presents a theoretical framework of the given problem;

e Analysis and Design: present TOPSIS evaluation following it by the domain

model and the essential use cases with some detail to justify the decisions taken;

e Solution: present the implemented solutions and also tested solutions for the

problem;

e Evaluation: present a metrics comparison between the initial solution and the

final solution;

e Conclusion: presents the results taken with this thesis.






2 State of the Art

In this chapter, it will be presented the state of the art concerning the main topics of

interest for this work: Integration of microservices and Micro frontends, including its

history.

2.1 Integration of Microservices into the Frontend

With the increase in applications complexity, it is natural to have frontend applications,

with specific needs and restrictions. So, the following sub-chapters explain a way of

handling those requirements.

Applications based on microservices facilitate the independent development, deployment

and enable the scalability of the systems. Those characteristics are the significant aspects

of the microservice integrations in the development process of frontends applications

(web, mobile and desktop) [11].

In general, microservices are an architectural style that consists of small and independent

resources that are available through the network, using, for example, a REST-based

interface.

Each microservice has its functionality and run as a standalone process.
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Figure 1 - Integration of Microservices
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Figure 1 illustrates relevant architectures and patterns that can be used for the integration

of microservices in the frontend.

In this figure it is possible to observe three ways of performing this integration.




The first example represents a frontend application that is part of a unified application
which communicates with its subordinated microservices via HTTP, interchanging data

in a defined format, like JSON or XML [11].

Alternatively, and represented by the second example, microservices deliver complete
fragments of the user interface that ultimately are gathered via composition using a

higher-level application.

The last example represents self-contained systems. These systems subdivide an
application along with defined technical barriers and each one is developed as a stand-

alone web application that connects to other systems via hyperlinks.

In these forms of integration mentioned before, it is necessary communication between
the services from the user interface and the microservices, so it is necessary the existence
of a way that allows the developers to route this communication using a server to
encapsulates the systems architecture. So, considering that, the patterns API Gateway

and BFF appeared.

2.1.1 API Gateway Pattern

This pattern provides a single-entry point for all the web clients and it handles the

requests in one of two ways, like it is demonstrated in Figure 2:
e Requests are proxied/routed to the appropriate service;
e Requests are fanning out to multiple services.

By doing so, this pattern can expose different API for each client [12].
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2.1.2 Backend for Fronted Pattern

The Back-end for Front-end pattern [13] customizes back-end delivery for each user

interface or experience, like it is demonstrated in Figure 3.
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Figure 3 - Backend for Frontend

Before using BFF (Backend for Frontend) it should be considered that microservices

must take into account only the customers specific behaviour and logic. Therefore,



business logic and other resources that are global should be managed elsewhere in the

application.

Therefore, this pattern must be introduced by the team in alignment with each type of

front-end, to ensure that each backend is adapted to the needs of each client.

2.2 Micro Frontend

Like microservices architecture, the micro frontends approach uses the same concept but
on the browser side. This means that now it is possible to transform a monolithic web
application into several smaller applications that run as one and each one has independent

deployment and independent development [5].
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Figure 4 - Teams Separation in Micro Frontends

So, as demonstrated in Figure 4 this approach divides the application into vertical slices
[14]. Each slice is run by a dedicated team, who built them from database to user interface
(frontend). By doing that it is removed the need for a monolithic frontend and that brings
benefits and downsides. The next sub-chapters will detail those benefits, advantages, and

also the downsides.

10



2.2.1 History

In the current days, monolith frontend applications in big systems are becoming a reason
for problems related to scalability, deployment, and especially maintenance. So, in
November 2016, ThoughtWorks [15] recommended the appliance of the concept of
microservices to the development of frontend applications, calling this approach micro-
frontends. The idea behind this concept was to perform the separation of a single frontend
application into a combination of several small applications satisfying some principles
of microservices like being small, being focused on a single task and being autonomous

[16].

2.2.2 Benefits

In this chapter, some possible benefits associated with a micro frontends approach, are

detailed.

Incremental

Nowadays, the old and large monolith frontend is being held back by known technology
or by code that was written under delivery pressure from deadlines. So, to avoid the
disadvantages and the time spent on a rewrite, it is much more reliable and faster to
separate traditional applications piece by piece and in the meantime maintain the delivery
of new features. Once that idea is present, new frontend applications can be built

considering that.

By doing so, developers will never go to be weighed down by old monolith frontend, and

it will be guaranteed the incremental upgrades characteristic that this brings.

That doesn’t mean that in the future, no new features will need to be added in some cases
this 1s the correct way, but now developers can make a choice based on the requirements.
This is not the only thing good that comes from, micro frontends also introduce the ability

to choose different frameworks to work with, based on the requirements [14].

Customer Focus
As said before, each team is responsible for performing all the life cycles of their micro
frontend, so it means that each team ships their features and their development directly

to the customer, which means that there isn’t the need to exist an operation team [17].
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Source Code

By using micro frontends, the source code of each one will be consequently smaller than
a simple monolithic frontend because each one will only have the dependencies that are
needed. This will tend to a much more straightforward code for developers to work with
and will decouple inappropriate dependencies between components that do not need to

know about each other [14].

This is not a simple decision to make. Developers need to set their minds that they should
produce code, taking into consideration all the good practices that all developers should
know about. This means that from the beginning, developers should always pay attention
to what they are producing clean and concrete code, where, for example, domain models
are not shared between components, and data and events pass across distinct pieces of

the application.

Cross-functional teams
One of the most significant advantages that are introduced by micro frontends is the
structure of the team. That appends because people are grouped by different skills or

technologies [14].

This brings at the front the concept of interdisciplinary teams, and there exists evident
teamwork between frontends, backends, operations and businesspeople. And that comes
with some upsides because in this case, people with different experiences and
perspectives can come up with more creative and effective solutions for the development.
It may not be the best solution in the world but, it’s right to assume that will be the

solution that is more specialized in that team mission [18].

By arranging teams in a cross-functional way, it comes with the benefit of all members
being directly involved in the feature. So, all the people get involved in that specific

development making it easier for each of them self-identify with the product.

User interface

Each team generates the required source code (HTML, CSS, JavaScript) for a given
feature and to facilitate their development use a specific library or framework to do that
[14]. That means that each of them is free to choose the tools that better fit in their
development and that they feel more comfortable to work with [19]. This means that

teams can upgrade their dependencies without telling other teams.
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Fragments

In most cases, frontend applications have some elements that appear on several pages,
like menu options, for example, and it’s not a right approach that each team
reimplemented that part of the code. And that is is when the concept of Fragments comes
in.

A team can develop a part of the code (Fragment) to be reused by them or by other teams
that don’t need to know about their implementation details. Each fragment must work
without the dependencies of external components and may or not may need some

contextualization like a product identification [14].

Functions

Create rest function Create question Edit personal data

Create table function Create section Edit preferences
List functions EN-GB

Search function List questionnaires History

Search question

Statistics Last week In progress

Figure 5 - Fragments

As an example, Figure 5 shows six blocks that could represent six fragments owned by
different teams. Blocks are the boxes labelled as “Functions”, “Formulas”,

“Questionnaires”, “Profile”, “Statistics and “In Progress”.

Transitions between pages

The transitions between pages can be done simply by clicking in an HTML link, which
redirects to another route with different content. Taking advantage of the concept of
single-page applications (client-side navigation), the rendering in the next page of the

Fragments can be done without having to do a complete reload of them [14].
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Deployment

In comparison to microservices, micro frontends have as key value its independent
deployment. Each micro frontend should have its own build, like it is showed in Figure
6 should be tested independently, should be deployed alone, and teams should have the
ability to push into production their code without being afraid of messing with other team

code. That means that micro frontends should have a continuous delivery pipeline.

Pipeline
Micro Frontend 1 —_ Three apps composed into
one in production

Micro Frontend 2 @ —_— — |
Micro Frontend 3 @ J

Figure 6 - Deployment Example

Like any architecture, micro frontends have their downsides. And that is what will be

described below.

2.2.3 Downsides

In this chapter, some possible problems associated with a micro frontends approach, are

detailed.

Payload size

As said before, following a micro fronted approach, each team can decide which
dependencies each of them needs. This comes with a price, by doing so each part may
have common dependencies between application components, which means that by
splitting the monolithic frontend into five micro frontends and each one of them includes
a copy of Angular, will force the customers to load Angular five times. This brings severe

problems to application performance [3].
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This is not an easy problem to solve. On one side exists the need to compile applications
separately, but on the other hand, developers still want to develop them in such a way
that they share general dependencies. One possible path to follow is to externalize those
common dependencies. However, by doing this, in the future, it can lead to a big problem
that is breaking changes in dependencies that consequently will need a coordinated
upgrade. Taking into consideration all that has been said before, this is the crucial thing

that must be avoided.

But not everything is bad news. Even if developers do not do anything and add all the
dependencies that each micro frontend needs, it is possible that they still have better
loading times because each page is loading its source code and its dependencies
individually. Consequently, this leads to slower navigation between pages because on
each navigation there is going to exists the need for reloading the source code and

dependencies.

Environment

One of the values of building micro frontends is that teams should be able to build each
fragment without the need of knowing the others. In some cases, teams may need to
operate their micro frontend on a blank page instead of inside a container application.
This brings advantages to the development process, especially if the goal is to migrate
the old application to the new approach gradually. But some risks come along with this

because the development environment could behave differently than the production one.

To fix this issue, teams may need to guarantee that people continuously integrate their
micro frontend with environments conditions that are like production and test those

environments to catch possible problems in integration [14].

Managing development
As more and more micro frontends are developed, will unavoidably lead to owning more
repositories, more tools, more pipelines, more servers, and more domains do manage. So

developers should always be taking into consideration two things [3].

e [s your organization maturity high enough to follow this approach without

causing chaos?

e What should be a split to micro frontend and what should be a simple frontend

component?
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Consistency

This approach requires that each team has its database, but in some cases, one team needs
some data from another team [14]. The most common solution to fix this issue is by
doing data replication using, for example, an event bus or a feed system. But those
replication mechanisms can consume a much time and may introduce latency, which can
bring inconsistency data for a brief period. If everything is working as developers

expected, this inconsistency can take a delay of some milliseconds or even seconds.
However, if by any chance something goes wrong, this duration can be longer.

Heterogeneity

As said before, one of the most significant advantages of micro frontends is the free
technology choice, but this can bring some questions. People do not want those teams to
have completely different technologies stack because, in the future, this makes it harder

for developers to switch between teams.

So, every company should discuss the level of freedom in technology choice.

2.2.4 Applicability

After reviewing some benefits/downsides of micro frontends, it is time to analyse when

do make sense to implement them.

Medium/Large projects

When using the approach of micro frontends and taking into consideration what was said

before, teams should be split vertically [14].

Knowing that it is easy to understand that in smaller projects, it is harder to do that

separation because the number of people is much less than in medium or large projects.

For example, if there are a 10 to 50 people split up into 2 to 6 teams, it is very likely that
the vertical split up works very well. If otherwise, the number of people is at most 5,
making a vertical split up will be more difficult. It wouldn’t make sense because of the

scope of the project itself. In these cases, the concept of overengineering is applicable.

Browser compatibility

In some cases, exists some native applications that are monolithic by design, like i1OS or

Android. In these cases, there is the need to generate a single bundle that is submitted to
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Apple or Google review process, and that is published, so replacing and composing a

functionality on the fly is not possible [20].

To get around this issue, the loading of parts of that application from the web via
WebView or via an embedded browser may be a possible solution. But doing this and

implementing a native Ul it is almost impossible to combine with multiple vertical teams.

One other possibility is that every single team have their web frontend that is exposed
through a REST API. This API can now be used to add another user interface. Looking
at this approach, it’s evident that the architecture sits on a horizontal monolithic layer

that sits above a vertical team layer [14].

There are some downsides in this approach when targeting native apps, but it is still

possible to implement micro frontends.

Faster development
One of the critical values of implementing micro frontends is to accelerate the developed

process [14].

When following this approach, the amount of work that needs to be done is the same as
implementing a monolithic frontend. However, the communication inside the team is
faster and less formal because each team is focused on a single objective, and there isn't

the need of waiting for other teams and to discuss prioritization.

Monolithic Frontend
These days, most of the frontend applications don’t have the capacity of scaling, because

in those projects only exists a single frontend that only one team can work with [14][21].

With micro frontends, that one single frontend is split into several vertical frontends, and

if compared one with another, there is some benefits that show up.

Like,

e casier to test;

o smaller scope;

e smaller codebase;

e casier to refractor;

e independently deployment;

e casier to maintain and to understand;

o the facility of using the most convenient technology;

e isolates the risk of failures;

e is more predictable because it doesn’t share its state with other systems.
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Figure 7 shows several representations of a monolithic system [21].
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As shown in Figure 8, frontend technology is in constant change, so every developer has

on its mind that the adoption of new technologies is part of the job [14].

But when the subject is a frontend, this is especially true, because frontend development
is in nowadays a professional field and not anymore, a way of "making HTML prettier
with some CSS." In these days, to deliver an excellent frontend to the client, the
requirements like responsivity, usability, performance on the web, reusable components,

testability, security and others need to take into consideration.

Legacy Systems

Refactoring legacy code and building migration strategies are in nowadays one of the
things that take more time to the developer. Companies like GitHub, Trivago are two of
the most significant players that recently are investing a considerable amount of time of

work in this subject [14].

So, building an application and being able to refractor to new technologies in a more
efficient way when they provide value to the companies is one of the fundamental values
that must be taken into consideration. That does not mean that companies should always

change their applications every time a new technology emerges [22].

Local decision
The ability to introduce and verify a new technology in a separate piece without having
to interfere in other parts and without having to come up with some migration strategy is

a valuable asset that micro frontends bring in a team level approach [14].

Since each team as full control of their technology decisions, it is easy for them to make

changes without having to coordinate with others.

The only thing that must be taken into consideration is the conventions previously
defined between teams, like namespaces or integration techniques at a frontend level

[23].

Doing this kind of changes in a monolithic frontend would be considered difficult
knowing that would require meetings to discuss the right approach to minimize the risks.

But in a micro frontend approach, this would be particularly easy across time.
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More Independence
Like it was said before, being autonomous is one of the fundamental values of micro

frontends and microservices.

But even if across teams the technology stack is the same, and exists a homogenous

environment, this approach also brings some advantages.

Self-sufficient
Pages and fragments bring their styles and scripts and should not have runtime

dependencies.

This makes it possible for one team to perform a code update that may bring a version

update to, without having to coordinate with other teams.

Knowing that each team brings their assets to the application in a homogeneous
environment, might sound wasteful, but by doing this, teams can move faster and deliver

features more quickly [14].

Shared nothing architecture
To enable the previously mentioned faster feature development, is critical that every
component share dependencies as little as possible. Every single piece that is shared

might create a management overhead [24].

Of course, some things must be shared, like fonts and styles.

Concluding, the core idea of micro frontends is reflected in the following aspects:
e FEach team can complete the development independently;

e FEach team can choose the framework that brings more benefits considering the

development environment;
e FEach team code is isolated, preventing shared runtime and global variables;

e Use prefixes to identify ownership of variables to avoid conflicts;

e Use browser events whenever possible to communicate.

2.2.5 Cross Concerns

One of the core ideas of micro frontends is that it should be developed by small and

autonomous teams that have all the knowledge to build a feature that creates value for
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the customer. But some concerns should be taking into consideration by all the teams

together [14].

Performance
When the work of the previously mentioned small teams is assembled, the code generated
can increase drastically. So, it’s crucial to always take into consideration the web

performance.

Some things like, avoid redundant framework downloads or metrics and techniques that

optimize the asset delivery, may help in this field.

Design

This may be the most critical concern that micro frontends should take into consideration.
Every single team should build their frontend using the same stylings and design patterns
so that when everything comes together, the final result has a unified look and feel for

the customer [24].

Knowledge share
Being autonomous is very important in micro frontends, but it’s not productive when
each team implements their HTTP interceptor. So, there must be times where exists a

sharing knowledge so that teams can learn with each other [25].

And it is not the only problem. When it occurs adverse performance effects on the page,
it’s not very easy to find the team responsible, so maybe there must exist an additional
shared service to allow a better frontend integration. In the perfect world, this approach
of boosting productivity should be higher than the complexity of managing this process

[14].

2.3 Integration Frameworks
The following sub-chapters describe ways of integrating micro frontends.

Continuing with the concept of fragments, there must be a way of putting them in the
right places. To do so, typically each team does not incorporate their content directly on
the page. The correct process maybe passes by inserting a indicator at the mark-up where

the fragment should go [14].
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This integration can be done in three different processes, and it is represented in Figure

9.
e Server-Side integration: SSI [26], ESI [27] or Podium [28];
e C(lient-side integration: Web components, Ajax, iFrames;

e (Combination of both.
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2.3.1 Server Side Includes

SSI is a server-side scripting language, more specifically, is a set of directives that are
introduced in an HTML page and evaluated on the server while that page is being

rendered.

This allows the dynamical addition of generated content into an existing HTML page.
The critical value on SSI is that the dynamical addition referenced before is performed

without the need of having to serve the entire page [29].

In conclusion, SSI is great when the target is small pieces of information that must be

added to the web page.

2.3.2 Edge Side Includes

This server-side language provides a way for managing the web pages content
dynamically across the application. That means that ESI, enable a means of developing
web applications and at deployment time, where it should be assembled. With this, comes
up a significantly reduced complexity, a shorter development time and smaller

deployment costs [30].

2.3.3 Podium

Podium is a library that came up for building micro frontend and allows the page
composition in a programmatically way without having to config or introduce a mark-
up.

Each fragment produced using this library is isolated from the others, allowing him to be

built in different technologies, to fail, to be processed and assembled without having to

interfere with the other fragments [28].

2.3.4 Web Components

Web components is a web platform API that allows developers to create custom and
reusable components that are used in other web pages with the encapsulation of HTML

tags.
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This approach is based on the web standards and features to support them are being added
to the DOM specs, allowing web developers to extend HTML with encapsulated styling

and custom behaviour easily [31].

2.3.5 AJAX

AJAX is a mix of client/ server-side development technologies which remove the need
of a complete web page reload when a part of the application is updated. This means that
the servers are less stress on the network and also allow faster operations, so, following

this approach, the web pages become more responsive and more efficient [32].iske

2.3.6 iFrames

iFrames is used to display web pages inside web pages. It represents a rectangular area
inside the DOM in which the browser will present a separate document. This approach

also includes in its rectangular area scrollbars and borders [33].
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3 Analysis and Design

In this chapter, it is presented a comparison between ways of doing a vertical
decomposition for the frontend and ways of performing the backend communication to
fulfil the micro frontends approach. Also, in Annex A, it is presented a value analysis of

this project to understand its business area.

To perform this comparison and to choose the better approach to use, it is used the
Technique for Order of Preference by Similarity to Ideal Solution method (TOPSIS). To
do so, it is necessary a problem definition, structure a decision hierarchy and build a set

of comparison matrix.

Following that, it is presented the architectural drivers associated with this thesis and the
domain model of the project itself. After that, it is detailed the essential use cases to
justify the decisions taken. Finally, a key pattern is discussed. It contributed to the

choices made for the implementation.

This domain model only considers part of the application where this thesis sits on. So,
the model presented in this chapter only represents the parts that need to be taken into

consideration to fulfil the objectives described before in the chapter Introduction.

Insurance products are the templates from which insurance policies are issued. They have
represented the structure and behaviour of the insurance policy, its formulas, wordings,
rules, coverages and limits. They are complex because they are grounded in a

complicated system and operating model.

In order to mitigate this complexity, it is necessary to understand the insurance product
and the system behind it (people and IT). Only then it will be understood the inhibitors

that slow down this IT area growth.

So, this thesis work is supported by a cloud-native software solution for insurance
product development, that has the main purpose to enable insurers to faster develop
insurance products, through configuration and automatic product generation. The
cornerstone of this software is the product configuration and the capability of giving the
end-user an understanding of how this configuration helps mitigate their insurance

product related problems.
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That configuration comes with two major forces that insurers should always be aware of:
autonomy and efficiency. Knowing this and understanding the difficulties in the
insurance area, the presented solution seeks on, among other factors, creating a set of

reusable pieces, making the insurers work easier.

3.1 Possible Solutions

This section describes commons solutions used nowadays for micro frontends

implementations [34].

3.1.1 Common Solutions

Route Distribution

Route distribution is the easiest-to-use approach. This solution looks like an aggregation
of multiple frontend applications that are put together in a single one. In reality, those
various applications are separated, which means that when a user wants to go from page

A to page B its necessary a complete refresh of the page.

This routing distribution is often made using Nginx [35]. Code Block 1 shows an
example of an Nginx configuration, and in there, it is possible to view that requests for
different pages are distributed to different servers [34].

http {
server {
listen 80
server_name www.micro—-frontend-example.com
location /api/ {
proxy_pass http://http://173.31.25.15:8000/ap1i
b

location /web/users {

proxy_pass http://173.31.25.29/web/users

b
location /web/manage {
proxy_pass http://173.31.25.27/web/manage
b
location / {
proxy_pass /
b
F1}

Code Block 1 - Nginx Configuration
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iFrame

This approach creates a stand-alone hosting environment inside the HTML DOM.

To follow this approach, it is mandatory, taking into consideration that must exist a
management application mechanism to know how to handle all the iFrames in the page
and finally an application communication mechanism to define a set of communication

specifications between all of the containers [34].

Application Microservices

Application micro-services means that each frontend is a stand-alone service-oriented
application [34]. Each of them is built over unified application management and a start-
up mechanism, for example, micro frontend framework Single-SPA [36].

Micro-Widget

This approach allows that different frontend application shares the same dependencies.
So, it resolves the problem of repeatedly loading dependent files [34].

Micro-apps

Micro-apps solution is a consolidated integration, where exists a step-by-step splitting
and recombination of the entire application in the process of building, pre-building and

post-building.

This means that this approach satisfies three of essential characteristics of micro

frontends: independent run, development and deploy [34].

So, in this approach, there are some common paths to follow in order to fulfil the intended

requirements:

e Build each application/component independently, generating chunk files and in
the end, build and categorize those chunk files. It is similar to microservices, but

with higher costs;

e Develop each application/component independently and merge those apps in the

integration process, generating a single application;
e At runtime, load the corresponding application code and template.

Figure 10 shows a representation of the paths mentioned before.
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Although this approach allows the development of multiple teams, it also comes with an
inconvenient that is the requirement of all the applications/components must use the same

framework.

The second inconvenient is that following this approach, the amount of specifications
that it requires is enormous. That inconvenient means that teams must always specify the
components and routes in order to avoid conflicts between different applications,

construct complex scripts of building and have the same code in different applications.

Web Components
In the current days, exists two ways of building micro frontend applications with a Web

components solution:
1. Integrating existing frameworks in Web components;
2. Integrate Web components into existing frameworks.

Starting with the first option, in nowadays frameworks have already the capability of
supporting Web components. For example, Angular uses createCustomElement function
to build a component in the form of a Web component. Code Block 2 shows an example

of that integration [34].
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platformBrowser()
.bootstrapModuleFactory(MyCustomModuleNgFactory)
.then(({injector}) => {

const MyPCustomElement = createCustomElement(MyCustom, {injector});
customElements.define( ‘my-custom’, MyPCustomElement);

Fe

Code Block 2 - Integrating Existing Frameworks in Web Components Example
Source: [42]

In alternately, developers can build their components straight into a component in the
form of Web components and reuse them in any framework. That solution is represented
in Code Block 3.

import React from 'react';

import ReactDOM from 'react-dom';

import './index.css';

import App from './App';

import registerServiceWorker from './registerServiceWorker';

import 'custom-components/customcomponents';

ReactDOM. render(<App />, document.getElementById('root'));
registerServiceWorker();

Code Block 3 - Integrate Web Components into Existing Frameworks
Source: [42]

3.1.2 Comparison of the Possible Solutions

In Table 1 it is presented a comparison of the previously mentioned ways of

implementing micro frontends.

That evaluation was based on several criteria that more fit to the company restrictions

and that are more suitable to this thesis.
The criteria used were:

e Development costs;

e Maintenance costs;

e Independent deploy;

e Support different frameworks;

e Difficulties in implementation.
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Table 1 - Comparison of the Possible Solutions

Approaches

Criteria Route iFrame Application Micro- Micro- Web

Distribution Microservices = Widget | apps Components

Development Low Low High High Mediu | High
costs m

Maintenance Low Low Low Medium | Mediu  Low
costs m

Independent Allow Allow Allow Allow Allow | Allow
deploy

Support Support Support Support Not Not Support
different Support = Support
frameworks

Difficulties in  Low Medium High High Mediu | Medium
implementation m

Looking at the data present in Table 1 is possible to verify some differences between the
mentioned approaches. In a problem that exists the need for choosing the best approach,
it is mandatory the criteria definition and a definition of some weight-associated to that

each criterion.
So, to do that, the TOPSIS method is the one that best fits to perform that evaluation.

Technique for Order of Preference by Similarity to Ideal Solution method (TOPSIS) is
an advanced technique that supports making decisions, quantifying intangible factors and

evaluating choices in multicriteria decision situations.

In the first place, it was defined a decision matrix( Matrix M x N) where M = 6
approaches, N = 5 criteria, Aij = Route Distribution, iFrame, Application Microservices,
Micro-Widget, Micro-apps, Web Components and Wj = Development -costs,
Maintenance costs, Independent deploy, Support different frameworks and Difficulties

in implementation.

For each Wj, it was defined weight, in which it was assumed, the following:
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e Independent deploy (30%), Support different frameworks (30%);
e Development costs (15%), Difficulties in implementation (15%);
e Maintenance costs (10%).

Those weights were given taken into consideration this thesis objectives and also the seek

of lower development costs and fast development that companies what to achieve.

Following the criteria, the definition, the next step passes by calculating the respective

values.

Table 2 - TOPSIS Multicriteria Decision Matrix

Development Maintenance Independent Support Difficulties in
costs costs deploy different implementation
frameworks
Route 2,5 2 1,6 2 2,5
Distribution
iFrame 2,5 2 1,6 2 2,5
Application 1 2 1,6 2 0,5
Microservices
Micro- 1 1 1,6 1 0,5
Widget
Micro-apps 2 1 1,6 1 2
Web 1 2 1,6 2 2
Components

e Calculate (Yxij?)!? for each column;

e Divide each column by (¥xij?)!’? in order to obtain tij;

a. Multiply rij by the weight Wi to obtain the Vij;

b. Determinate the ideal solution A*.

Table 3 - Values for the Ideal Solution A*

Maximum 0,085 0,047 0,122 0,141 0,083
value
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a. Determinate the distance of the positive ideal solution A*;
Si"=[X(Vy"- Vi) 21"

Table 4 - Distance of the Positive Ideal Solution A*

0,083
0,112
0,078
0,054

b. Determinate the distance of the negative ideal solution A*;
Si"=[X(Vy"- Vi) 21"
Table 5 - Distance of the Negative Ideal Solution A*

0,221
0,221
0,191
0,144
0,166
0,201

e (alculate the relative proximity to the ideal solution.

Ci"=Si~ -/(Si" +Si")

Table 6 - Relative Proximity to the Ideal Solution

Route Distribution 1
Better
iFrame 1
Application Microservices 0,698
Micro-Widget 0,563
Micro-apps 0,680

Web Components 0,790



Based on the metrics and the application of the TOPSIS method, it was determined that a
route distribution or an iFrame approach are more advantageous and more adequate to

the proposed criteria.

Thus, at the end of this evaluation, two approaches could be followed but exist some
downsides in one of them that eliminate that option. As said in chapter Integration
Frameworks, iFrames is an HTML document embedded into another website, and this

brings three major disadvantages.

When using iFrames the HTML can be modified without the awareness of the websites
creator, so malicious content can be attached without any permission. Another
disadvantage is that in the current days, some browsers do not support them. Since the
open and free nature of the internet is what draws users into checking out a website, this

approach is eminently abandoned [37].

Considering what was said earlier, the best approach to follow would then be Route
Distribution. However, this approach will be put aside in favour of the Web Components

approach for several reasons.

The first reason is due to the fact that the project team on which this thesis seats on, is
more familiar with this approach since in the past implementation tests have already been

carried out that followed it.

The second and most important reason emerges from the possible need to integrate
certain components in other applications of the company or in customer implementations.
In other words, following a Web components approach, if this scenario happens, the
integrating application would only need to include a javascript file where it considered
necessary, thus having access to all the logic and features that such web component
contains. Therefore, no implementation effort would be necessary on the part of the

integrating application.

Taking into account what was previously mentioned, the next chapter describes two
implementations of the same component in different frameworks implementations

(Angular and React), following a Web Components approach.
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3.1.3 Backend Communication Solutions

In this subchapter it is presented a visual comparison between API Gateway and the BFF

pattern. This comparison serves to demonstrate a high-level view of the implementation

carried out.

Client

—

Team 1 ?

Main Frontend $:]

Team 2 (f

T~

Teamn T

Micro Frontend 1@ Micro Frontend 2{] Micro Frontend n$:|
—
) ?F
Server |
BFF1 2 | BFF2 3 | BFFN 2 |

?

2

:

Micro Service 1 $j

Micro Service 2 $j

Micro Service n E

Figure 11 - BFF Pattern Solution

In Figure 11, it is possible to notice that each team has the responsibility to manage their

microservice, their micro frontend and their gateway.
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In Figure 12, it is represented the i2S solution for this project scope. In there each team
is responsible for their micro frontend and for their microservice but exists a single

gateway that is shared by all the teams.

3.2 Architectural Drivers

The following quality attributes for the system are derived from the business drivers that

are detailed in subchapter ATAM Evaluation.

The software architecture will ensure achievement of system functions and the quality
requirements of modifiability, openness, performance and availability as described in

this specification.
Specific quality attributes for the developed software are as follows:

e Development process: a measure of time that takes to conclude the development

Process;

e (Compilation Time: a measure of time in which the programming code is

converted to the machine code

e Modifiability: the extent to which the micro frontends can be switched quickly

and cost-effectively;
e Openness: the extent to which the micro frontends can be added and removed;

e Performance: a measure of the latency created for the loading and the usage of

the micro frontends;

e Availability: the extent to which the micro frontends can be added and removed

without a system failure.

e Compatibility: the extent to which the micro frontends can be rendered in most

browsers

The Figure 13 represents a utility tree that help to concretize and prioritize those quality

goals, considering the stakeholders opinions.
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Developers have a good knowledge

Deve|0pment Faster development HL of the implementation process, so it
does not take additional time to
process process understand how things must be

done.

Com pllatlon Reduced Compilation M.L Compilation time is lower than 5
t|me time minutes and 30 seconds.

Switch micro Switch micro frontends without the
end-user notices that the change

frontends occurs.

Modifiability

) If any micro frontend is removed or
removal of micro added, the rest of the system

frontends continues working.

Utility Openness

usage of the micro
frontends

The loading of a micro frontend
should take less than a second.

Performance

Prevent fa . .
res No failures must occur in the system

AVa'Iab|||ty when add or remove when adding or removing micro
micro frontends frontends.

(H,L)

Compatibility with
most browsers

They must have compatibility with

Compatibility

the most common browsers used.

Figure 13 - Utility Tree
Those case scenarios are prioritized relative to each other. This prioritization is done using
relative rankings like High (H), Medium (M) and Low (L) and it takes to dimensions.

The first dimension is the business importance and the second is the technical risk posed by the

achievement of this scenario.

In addition to the scenarios described, there are characteristics inherent to a micro
frontend approach that are reinforced here given the importance for the organization,

namely:

e FEach micro frontend is a perfectly isolated Web component and can have its style,

its specific dependencies, and can use different frameworks and libraries from the
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rest. So, for example, it should be possible to have one micro frontend in React

and one in Angular, without any conflict.

e Each micro frontend has its own CI / CD pipeline independent of the others.

3.3 Domain Model

This subchapter shows a representation of the domain model (Figure 14) and a table

(Table 7) that provides additional details of the entities presented.
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°
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1
= Form builder Captured on » . = Formula
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@
Q
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= Product
Composed by *»
L < Composed by )

Figure 14 - Domain Model
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Table 7 - Entities Descriptions

Entity Description

Busi C t . . . o
USINEss LONCEPL  Includes all the insurance concepts, which means that this entity includes

everything that brings value in the insurance area.

Function . . .
u Use information from excel files or external API's to perform calculations based

on the contained data.

Formula Introduces a way of aggregating different functions or business concepts. This

aggregation is useful to build insurance formulas to be used inside the Product
entity.

Procedures . e . .
U Represent the internal and external workflows within this project. The internal

workflows are used to manage the actions that are directly related to the project
concepts and external workflows are used to manage external actions inside the
project.

Form builder . . . .
| Represents the construction of forms, questionnaires and checklists that can be

used in a task of the workflows, detailed in the entity Procedures, or can be used

isolated.

Glossa . . . . .
Y Aggregate useful information from the other entities, centralizing all the business

terms used in the application.

Products Contains all the information that is required to build insurance products. That

information could be functions (tables, external services, databases), formulas,

clauses, rules, covers, etc.

All of these entities mentioned before are built together to output the concept of insurance
product configuration that considers the insurer needs and expectations related to the

product change.

As said before, the insurance area is complex and this leads to a big problem, where an
insurance term (part of an insurance product in its clauses) means different things to
different stakeholders. Take for example, the term “party” — its definition varies in [38]
and [39] and since insurance clauses are legally bound, rigour is of utmost importance.
This complexity grows considering that a product also means different things depending
on the IT system (policy administration system, a rating engine, a claims system, or a

marketing and distribution platform). These characteristics accompanied by the legacy
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systems of the insurance companies make the reuse of the products extremely difficult

and sometimes it is better to launch a new one rather than rationalizing existing ones.

So, this domain model tries to respond to those difficulties, by creating a relationship

between those several entities.

That relationship will allow the growth of the product configuration, removing the
complexity of managing the change of insurance products and also by being the first step
to create an application completely configurated, with its pieces well-separated, in terms

of backend/frontend concerns.

3.4 Proposal

To understand better the implementation proposal, first, it is necessary to know how the

solution before the introduction of the micro frontends as demonstrated by Figure 15.

Client I

InsurAgilityUl $j

o

Server

Gateway @

; ? ;

Micro Service 1 @ Micro Service 2 E Micro Service n {]

Figure 15 - InsurAgility Starting Implementation
In here, it is possible to verify the existence of a monolithic frontend that consumes

several microservices.
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Following the explanation given in the previous chapters, Figure 16 details how the

implementation must work to fully complete the requirements.

Client |
Main Frontend $:|
Micro Frontend 1@ Micro Frontend ZE Micro Frontend n{l
(0}
Server

Gateway E

; i ;

Micro Service 1 $:| Micro Service 2 E Micro Service n E

Figure 16 - General View Solution
So, in here it is possible to see that exists a main frontend that consumes the available

micro frontends, by loading the JavaScript files generated when the micro frontend is

build.

After that, each micro frontend, communicates with a gateway that orchestrates the

requests and knows which micro service must be used.
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Figure 17 - Solution View
Figure 17 then represents the embodiment of the previous figure, where the components

that are part of the solution are associated and defined by the blue boxes.

In this figure, an initial component that corresponds to the main application,
InsurAgilityUl, is observed. This application then renders the user interface of the
formulas evaluation. Then it communicates with the existing gateway who knows that

it has to consume the micro service of the formulas.
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Figure 18 - Micro Frontend Sequence Diagram
Figure 18 shows a sequence diagram that represents the process of rendering micro
frontends in a low detailed view. In here, it is visible a layer, Composition layer, that will
treat the way as fragments picked and rendered. That layer contains all the necessary

logic to know which piece needs to be rendered.

After that, the process passes by a gateway that orchestrates the requests to know which

service that the fragment need.

In the end when the data and the JavaScript file that contains the micro frontend

application are obtained, the populated data will appear to the user.

The logic behind of this use case that will serve to demonstrate this process described

before will be related to Formulas Evaluations.

This consists of creating a set of business logic that takes the values present in a formula
and performs mathematical calculations, Figure 19 illustrates this. Those calculations
could arise through a simple simulation, that is, through the choice of certain values
associated with the corresponding fields. But they could also arise from reading those

same values through an excel file previously built by the user.
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Figure 19 - Formula Simulation Sequence Diagram

The inherent complexity of this process is because the formula to be evaluated may

contain other business entities associated with numerical values.

The decision to start with this concept to demonstrate the implementation of micro
frontends with the use of a single API Gateway, fell on the conclusion that, at the
moment, it does not make sense to separate the monolithic frontend that exists, taking
into account reasons such as the fact that the frontend team is relatively small, 3 elements
only, and that at the moment backend implementation is not fully ready to handler a

micro frontend approach because it did not consider the BFF pattern.

For this thesis proposes and taking into account what was mentioned before, it is still
possible to detail the frontend implementation necessary to follow a micro frontend

approach.

Therefore, if this approach were followed, it would bring to it an enormous set of
repositories, pipelines, servers and domains that would have to be managed by the team

members. Consequently, this would bring development delays.
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However, this implementation case, allowed to take a small piece of the application to
demonstrate and document step by step the necessary way to build and integrate micro

frontends in the specific context of i2S and the application in question.

Another reason that led to the choice of this implementation case is related to the ability
of this component to be able to be isolated, since it only receives data from other
components without any external dependencies. Finally, this choice was also because the
team already knows the need that customers have in wanting to perform this type of
calculations on their websites, without having to depend on the other entities mentioned

before.

This will also allow the introduction of some shared concerns mentioned in the chapter

Cross Concerns.
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4 Solution

Before introducing this chapter, it is necessary to understand the steps related to the case

study that was conducted.

As said in subchapter Approach and Development Process , to perform a case studys, it is

necessary to follow a set of steps:
1. Case study design: defined in chapter Introduction.
2. Preparation for data collection: described in chapter Introduction.
3. Collecting evidence: specified in chapter State of the Art.
4. Analysis of collected data: set in chapter Analysis and Design
5. Reporting: will be described in chapter Conclusion.

This chapter aims to specify the two implementations that were carried out and that

emerged from the resultant analysis and design in the previous chapter.

Additionally, this chapter also describes two tested and discarded approaches

implemented in an early stage of this thesis.

The logic behind this use case will serve to demonstrate the process described above and

will be related to Formulas Evaluations.

In terms of the backend, both of the approaches use the same logic. Exists an API

Gateway that orchestrates the HTTP requests made.

"method": "POST",
"endpoint": "/api/v2/functions-unified-simulator",
"timeout":"300s",
"headers_to_pass": [
"Content-Type",
"X-Tenant",
"X-User-Id",
""X-Lang"
1,
"backend": [
{
"host": "http://functions:8087",
"url_pattern": "/api/v2/functions-unified-simulator",
"encoding": "no-op"
}
1,
"output_encoding": "no-op",
"extra_config": {}

}

Figure 20 - API Gateway Configuration
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Figure 20 represents the configuration that sets the routing and determinates for the

endpoint invoked which should be the route called in backend side.

In this specific case, every time that the micro frontend calls the service "functions-
unified-simulator", it will redirect to the functions microservice and perform the formula

evaluation.

For security reasons, the “extra_config” field was omitted because in there was contained

the encryption method that is used in this API.

4.1 Chosen Approaches
For this thesis, the chosen frameworks were Angular an React.

In terms of Angular the versions used was version 7, because at the beginning of this
thesis the project context was sat on that version and 8 for the micro frontends because

it was the latest released version at that same time.

Lastly, the React version used was 16 because like Angular version 8 was the latest

released version at the time that the developing process started.

Relative to styling, the chosen approach of the CSS pre-processor was SASS, more
specifically SCSS. This decision was made considering that encourages proper nesting
of rules, encourages more modular code and allows writing better inline documentation

[40].

4.1.1 Angular Implementation
The web component implemented using Angular followed the following steps.

First, a new angular project was created with the following command ng new formula,

thus creating a new workspace project.
Install the following dependencies:
e ng add @angular/elements;
e npm i @webcomponents/custom-elements —save;

e npm i document-register-element —save;
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e ng add ngx-build-plus.
Change angular.json:
e In the scripts include:

{"input":"node_modules/document-register-element/build/document-register-

element.js"}.
Change polyfills.ts:
e import '@webcomponents/custom-elements/src/ native-shim';
e import '@webcomponents/custom-elements/custom-elements.min';
e comment import 'zone.js/dist/zone'.

Then a new angular design was created within the previously created one. The reason
why this happened, arise from the need for the existence of Web components that could

be related to each other.

In this way it is then possible to create a web component that aggregates different parts
of the application that do not make sense to be separated, thus allowing in the future the
separation for micro frontends to be done in a way that will allow the clear separation of

the teams and their responsibilities.

To allow this, the following command was executed inside the project directory created

earlier: ng generate application formula-evaluate
Change app.module.ts of the newly created project:
e Remove bootstrap configuration;
e Import:
o 1import { createCustomElement } from '@angular/elements';
o 1import { AppComponent } from './app.component'.
e Add AppComponent in declarations and in entryComponent;

e Add inside AppModule the following Code Block 4;
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( injector: ‘Injector) { }

ngDoBootstrap() {

appElement = createCustomElement (AppComponent, -{ injector: this.injector });
customElements.define('iaw-formula-evaluate', appElement);

Code Block 4 - AppModule Configuration
Change tsconfig.js:

e Change es2015 to es5;

e Add:
o '"resolvelJsonModule": true;
o "allowlJs": true.

Change angular.json:

Change outputHashing parameter to "none" so that the generated bundles always have
the same file names.

Add to scripts in package.json:

"pack: formula-evaluate": "cat ./dist/formula-evaluate/{polyfills,main}.js > ./../wc/formula/formula-evaluate.js",

"gen: formula-evaluate": "ng build --output-hashing=none --prod --project formula-evaluate --single-bundle && npm run pack:formula-evaluate",

"gen": "mkdir -p ./../wc/formula/ && npm run gen:formula-evaluate"

Code Block 5 - package.json Configuration
This step, represented in Code Block 5, is necessary to later generate a single bundled

web component file.

After all these steps, all the necessary logic was added so that the objective described in
the chapter Analysis and Design was implemented as demonstrated in Figure 21 and

Figure 22.

48



Individual Multiple

My Listal

Figure 21 - Angular Micro Frontend, Individual
Simulation

Individual Multiple

o Export file with data structure

Drop file or Click to choose a file
o and simulate formula with imported data

Figure 22 - Angular Micro Frontend, Multiple Simulation

4.1.2 React Implementation

Next, the necessary implementation in React is demonstrated in order to obtain the web
component. This implementation is relatively simpler and faster than the one previously

specified.
To perform this, it was used an npm package called direflow-CLI [41].

This package removes the extend boilerplate that comes with the developing process of

building Web components in React.
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The first step starts by installing direflow-CLI using the following command npm i -g

direflow-cli.

After that installation is done, it is now possible to create a new Direflow setup using the
command direflow create and choosing the right configurations, like name and
language to be used (JavaScript or TypeScript). When this step is done, the only thing
that is necessary to do is to add the business logic to fulfil the requirements need and run

the command npm run build that will generate the web component resource file (.js).

Apart from that, the only thing that was changed in the infrastructure created by this npm
package, was a configuration that sets the name of the file generated to be consumed as

a web component.

This change occurred in file direflow-webpack.js and its represented in Code Block 6.

t { webpackConfig } = require('direflow-scripts');

rts = (config, env) (K
.. .webpackConfig(config, env, { filename: ‘'evaluation-react.js' }),

Code Block 6 - direflow-webpack.js Configuration File
After all these steps and like in the Angular implementation, all the necessary logic was
added so that the objective described in the chapter Analysis and Design was implemented

as demonstrated in Figure 23 and Figure 24.
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Figure 24 - React Micro Frontend, Multiple Simulation

4.1.3 Common Behaviour

The two implementations mentioned before, had the same objective at the business level

as mentioned in subchapter Proposal.

Therefore, both had to enable the import and export of excel files, allow the choice of

previously defined values, allow the management of notifications to notify the user of
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the actions that were happening and also allow modal management to present the

mathematical results.

Both implementations also had associated libraries that helped in the construction of the

graphic components.

In the case of Angular, the Angular Material library was installed using the command ng
add @angular/material and in the case of React, the Material-UI library was used

through the command npm install @material-ui/core.

In terms of communication between web components and between the main page, there
are some ways of doing that [42]. So, in this subchapter, it is detailed the ways of

communication that were implemented.
The ways of pass data are the following:

1. Use a property: This consist of giving the value to the element, for example,

component.data = myOby;

2. Use an attribute: To pass data into a component it is necessary to define which
are the input attributes, that are coded in the component. After that it consists on
writing the component selector like, <my-component data="myObj"></my-
component>. When receiving the data passed is necessary to parse that in a JSON

object to use the content.
The ways of passing data out are the following:

1. Events: Events should trigger when state changes in the component and when a
user interaction occurs. When transferring data out with events it is possible to
pass only relevant data in the event, reducing the amount of code that the

components need.

Finally, and related to the availability of the web components, both implementations have
the same behaviour. If by any case, the web components cannot be rendered, the main
app remains functional and the space dedicated to rendering that component will remain

white without anything on it.
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4.1.4 Approaches Integration

This chapter described the way of integrating those micro frontends developed. In Figure
25 it is explained that behaviour, were its represented a white space that can render

information prevenient from any micro frontend.

100+ Con {AA + My Listal + 1 Gaa

Figure 25 - Approaches Integration

As it was mentioned before, the chosen approach for implementation was web
components and this consists of creating JavaScript files that are read dynamically when
the application needs them. So, that is the only concern of the white space visible in the

figure, the ability of loading external JavaScript files.

4.1.5 Backend Communication

As said by Martin Fowler[3] and related to micro frontends, there are some ways of

structuring the relations between frontend and backend (API Gateway or BFF Pattern).

In the article mention before, exists a section called "Backend communication" that also
refers that in some cases, it could not make sense to implement the BFF pattern

depending on the project restrictions.

So, for this thesis, the chosen implementation will be based on the use of the API
Gateway. And the reason why this path was chosen was based on several points that will

be detailed up next.
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The pattern BFF could be implemented for each web client (mobile or desktop)
or for each micro frontend. In the case of this thesis reality, that only have a single
web client (desktop) and looking at the following the excerpt “Are the clients
owned by different teams? In this case, it might make sense to use the BFF
pattern, because many times we do not want components with shared ownership
in a microservice system. Each team could then have full ownership over its own
BFF.”[43], it does not bring any advantage knowing that this project only has one

web client.

In the case of this project scope, it is not wanted to have several public API's that
could be easily acceded, and with the BFF pattern that will occur. In the
implemented solution it is required to have a centralized access point that is
delivered to the client through a set of endpoints with naming and controls
defined by the team. So, this central point of access has the responsibility of
retrieving data of internal services that our clients do not need to know that it
exists, using the API Gateway this could be accomplished easily. For example,
in the Formula frontend (previously mentioned) are consumed other objects from
the business model that are managed by other services. So, in order to use those
objects, the formula service invokes an endpoint called "functions-concepts" and
the API Gateway is configured to redirect that endpoint to the concepts-service
in order to obtain the correct data. In this way, it is guaranteed an abstraction
between the name of the service that needs to be consumed and their

implementations.

Another advantage of the use of API Gateway in the context of this project is the
fact that it decreased the complexity of implementation, because there is no need
of replication of the code, in terms of authentication and authorization, that are
common concerns related to microservices. The fact of only exists a single
mechanism of authentication helps to decide between API Gateway or BFF
pattern. If there were several mechanisms the best implementation will be using

the BFF pattern but in this case, this is not the reality [43].

For these reasons, the team follow an implementation using API Gateway.

54



4.2 Tested Approaches

In this subchapter, is detailed the early staged implementations that were tested and the

reasons that lead to their exclusion.

All the approaches detailed bellow follow the Angular implementation that was
described earlier. However, independently of the implementation choice, those
approaches are ultimately excluded, regarding that in terms of business logic both do not

bring any advantage and they were difficult to maintain.

Nonetheless, those approaches bring a tremendous volume of resources to be managed

by the teams, like it was detailed in Downsides chapter.

Ultimately those web components, created in each of the following ways, not also come
with a repetitive set of implementations that are common between each other but also
come with an enormous amount of data that is created when the setup of each one is

initiated.

4.2.1 Mapping one Micro Frontend to each CRUD Element

This approach, focus on creating a web component for each of the CRUD operations that
any business object has (create, read, update, delete). In the context of this application
the read, update and delete actions appear on the same screen, introducing the concept of
inline-edit, like it is demonstrated in Figure 26. This means that the user has the capability
of changing data, piece by piece, and deleting the object on the same page. So, this means

that in terms of implementing, this approach requires two web components.

Name

Emaill v

Description

user email 2 Edit

Figure 26 - Inline Edit Example
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In this approach for each business entity, the number of web components needed

increases to 2, like it is represented in Figure 27.

v concept

v create
> e2e

> src
.editorconfig
.gitignore

{} angular.json

= browserslist

X karma.conf.js

{} package-lock.json

{} package.json
README.md

{} tsconfig.app.json

tsconfig.json
{} tsconfig.spec.json
{} tslint.json
> detail

.gitignore

Figure 27 - One Micro Frontend to each CRUD Element

4.2.2 Mapping one Micro Frontend to one Business Entity

After the previous attempt of implementation, it was decided to try a new one, with a
difference. This time the web component is created by each business entity. This means

that each one has its own CRUD operations.
Comparing to the approach referred to earlier, the capability of inline-edit still exists.

In this way, and like its represented in Figure 28, the number of web components needed
decreases by 50%, but some of those entities cannot be separated in this way from others.
All because the business logic requires that, so ignoring this requirement brings a huge

complexity in data events across all parts of the application.
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v business-object

> e2e

v projects

> create

v detail
> e2e
> sIc
= browserslist
K karma.conf.js
{} tsconfig.app.json
{} tsconfig.spec.json
{} tslint.json

> src
.editorconfig
.gitignore
angular.json

= browserslist
karma.conf.js
package-lock.json
package.json
README.md
tsconfig.app.json

tsconfig.json

{} tsconfig.spec.json

{} tslint.json

Figure 28 - One Micro Frontend to one Business Entity
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5 Evaluation

This chapter presents an overview of the ATAM evaluation related to the designed

architecture and the prototype implemented.

A critical analysis of the architectural decisions is carried out based on the ATAM
method. This kind of method exposes the architectural risks that potentially inhibit the
achievement of the organizations business goals based on the evaluation of the quality

goals.

In this chapter it is also presented a comparison of the gathered metrics defined in the

subchapter Objectives.

5.1 ATAM Evaluation

The Architecture Trade-off Analysis Method [9] (ATAM) is an analysis method that

allows an architecture evaluation and it consists of four phases.

For this thesis, it is considered a lightweight version of the ATAM evaluation who is
called Lightweight ATAM [44], which is supposed to be used internally by the

development team without the need for the intervention from other stakeholders.

Also, this version of the evaluation did not require results from complicated evaluation

procedures.

Presentation
The first phase is Presentation, detailed in the first chapter of this thesis, the Introduction,
where it is given an enlightenment of the business side and it is also given a presentation

of the target architecture, the micro frontends.
Major stakeholders are:
e Developers: the ones who developed the micro frontends;

e Testers: the ones who test the implemented solution and guarantee that it is in

accordance with the customer requirements.;

e (Customers: end-users, 128 clients, who are going to use the micro frontends.
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Also, in this phase are detailed the business drivers that are motivating the development

process and effort. Those business drivers are:
e time to deploy;
e ability to accommodate operational upgrades;
e ability to integrate new functionalities;
e ability to remove functionalities without failure;
e reduced development costs;

e separate concerns.

Investigation and Analysis
The second phase is the Investigation and Analysis, which is detailed in chapter State of
the Art. It consists of explaining the general approach by presenting the quality attributes

of the micro frontends approach, that is the context of this thesis.

Also, in this phase, it is identified the possible architectural approaches to understand
how the proposed architecture supports each quality attribute. This analysis is made in
chapter Analysis and Design and additionally includes the identification of the risks,

sensitivity points and trade-offs of each one.

Finally, in this phase is represented the utility tree that illustrates the quality attributes
derived from the business drivers. This utility tree is represented in chapter Architectural

Drivers.

After determining the quality attributes, it is necessary to identify the trade-off points to

which multiple attributes are sensitive that in this case is the current team size.

In this case, the team size was relatively small, only three people, and that was the reason
why the author of this thesis decided that for the moment it did not make sense to make
a full implementation of the micro frontends approach. Regardless of what was said
earlier, this trade-off always influences teams that want to follow a micro frontend

approach.

Knowing that it makes more sense to follow this approach with large teams, this trade-
off positively influences, for example, the quality attributes like performance,

compilation time, modifiability, openness, availability and compatibility in terms of
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having more people to think in better ways of improving those qualities. But also
influenced negatively the development process (slowing it down), considering that with
the increase of the micro frontends, it also increases the number of servers and

repositories to manage.

Testing
After that, comes the Testing phase. This phase is detailed in the chapters Analysis and

Design and Solution, where are presented the tested and implemented scenarios.

Taking in what was made in the previously mentioned chapters, there was a brainstorm

of the use case scenarios with the participation of all the stakeholders.
In this phase it was detailed the following set of use cases:

e Dbuild micro frontends for each CRUD operation,;

e Dbuild micro frontends for each entity;

¢ build micro frontend for formula evaluation.

This last scenario was introduced considering all the limitations mentioned in the
previous chapters and in conclusion, was the scenario chosen to continue with the micro

frontends approach.

There was not any need for a voting process, that is characteristic of this phase because
this step is omitted when using the lightweight ATAM.

Reporting

The last phase is Reporting. In this phase, a presentation of the evaluation results is given.

In this project, the methodology was used to detail the clear results in the evaluation of

the build time resulting from the introduction of the micro frontends concept.

Taking into account the data collected and the implementation made, it is possible to
observe that there were no significant improvements in terms of build time. The reason
for this is inherent to the fact that at the moment this concept is not applicable in the

application in question.

This methodology also made it possible to relate the best implementation approach taking

into account the needs inherent to the application, such as the ability to reuse parts of the
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application by customers, the ability to integrate the application in customer resources or

resources of other applications of i2S.

In this case, the approach that best fits these restrictions is the Web Components

approach, associated with the use case of formulas evaluation, since the team was more

familiar with it and what has been studied is the approach that implies less development

by the entities that want to use it.

Relatively to the quality attributes identified in chapter Architectural Drivers, Table 8

presents a review of them in the final prototype.

Quality Attribute

Table 8 - Quality Attribute Analysis

Verification in Prototype

Development process

Compilation Time

Modifiability

Openness
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The development process has increased because of two main reasons:

e When a micro frontend is created, it is mandatory to follow a few
steps(mention in chapter Chosen Approaches) before the

development of the functionality starts.

e  When it is necessary to perform changes in the micro frontend, it is
still required to generate the source file that will be consumed by the
main frontend. So, to update a micro frontend takes more time than to

update a component of the main frontend.

This time is substantially short considering that the source code is separated
into several projects, so there is lesser code to be converted, which means that

the conversion time is faster.

Considering the development process, switching a micro frontend by another
it is only necessary to change the generated file that is consumed and change
the HTML tag( in the case that this tag change) that is associated to that micro

frontend.

In the same way that switching micro frontends has an easy development
process, the ability to remove or add a micro frontend has the same
characteristic. To remove a micro frontend, developers only need to remove
the HTML tag referred before and stop the loading of its generated file. In the
case of adding, developers only need to add the HTML tag and start loading

the generated file of that micro frontend.



Performance Considering that the generated files of the micro frontends are not inside the
main frontend, some latency may occur in the case of the internet connection
is slower.

Availability As said before, removing or adding a micro frontend has a fast and

straightforward process. So, that period in which any of those actions are
occurring, any kind of system failure will happen. But in the case of adding it
may cause small period unavailability of that functionality or functionalities (
depending on the micro frontend objective).

Compatibilit . . .
p Y For some browsers, it may exist the need for developers to add some conditions

or configurations to the implementation as said in chapter Cross Concerns so
to render micro frontends, but that is not a common concern to be taken as

browsers are following the technologies changes.

5.2 Comparison of Gathered Metrics

One of the aspects of this thesis was the evaluation of the benefits and harms that arise

from the implementation of the micro frontends concept in an i2S application.

In order to understand the impacts that this approach brings, metrics were collected with
the aim that in the end, it would be possible to make a comparison of the state of the

application before and after the introduction of the micro frontend concept.

The project objectives and the metrics associated with each are presented below with the

respective comparison of before and after.

The first objective is to propose a micro frontend approach and the values that will allow

the measure are the following.

The second is to allow the use of several programming languages/several versions of the

same programming language.

5.2.1 Propose a solution to replace a Frontend Monolith

To verify the work and assess if there is the need to do improvements, it was set two

specific indicators that will allow that measurement.
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The current frontend was deployed in an AWS instance with four T2.large instance

types with the following characteristics.
e VvCPUs: 2
e Memory: 8 GB
e 3.0 GHz Intel Scalable Processor

With this setup in the current build pipeline, the average compilation time target of 10

measurements is 5 minutes. The objective is to reduce this time.

The number of micro frontends developed during the elaboration period: at least 2
As demonstrated in the Solution chapter, during the development of the thesis, it was
implemented four micro frontends, this number included the tested approaches that were

later discarded, like it is demonstrated in Figure 29.

Micro Frontends Implementations

A)

1 A

0
Total Used implementations Discarded implementations
m Angular 3 1 2
H React 1 1 0

Figure 29 - Micro Frontends Implementation

It is possible to say that this particular indicator was indeed concluded with success.

Reduce compilation time

The evaluation methodology passes by doing an exploratory data analysis of the obtained
results and also by analysing the result of 20 experiences, where the build time was
measure. After that, it was performed a statistical analysis that verifies if the obtained

results are meaningful.
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These data were collected at the end of the thesis by the author.

Figure 30 and Figure 31 show the current pipeline before the introduction of the concept
of micro frontends. In these figures, it is possible to see the current time that the context
application has taken the last 10 times to perform the build step, on average is 5 minutes

8 seconds and 1 millisecond.

Docker images

Checkout Build project - build and
push to
registry

30s 5min 7s 27s
Jun 01 .
. 5min 7s
18:16
Jun 01 . 7
. 193¢ 5min 1s 27s
18:10
24
Jun 01 ) '
- 30s Srnln 25
18:03
Jun 01 - . *
. sk 5min 6s
17:53
Jun 0 .
. 5min 21s

Figure 30 - Data Collected Before Micro Frontends

~
#2

Junot 9 5min 17s
17:26

Junot 5min 3s
17:20

e 29 5min 19s
17:12

Jun 0 -

unot 5min 2s

17:06

Junet ' 5min 3s
16:59

Figure 31 - Other data Collected Before Micro Frontends
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After having these data, it was deleted the components that now are coded in the web

components. By doing so, all the dependencies related to them were removed from the

application and the build time was then measured again.

As it is possible to see, Figure 32 and Figure 33, also the current pipeline after the

introduction of the concept of micro frontends, coded as web components.

Now, it is possible to see that in this way the build time of the last 10 times was 5 minutes

3 seconds and 3 milliseconds.

Jun 01

15:42

Jun 01

15:35
#14

Jun 01

15:28

Jun 01

15:21

Jun 01

15:15
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Docker images

Checkout Build project - build and
push to
registry

25s 5min 3s 27s
27s 5min 2s 295
14 5min 4s 25
S0s 5min 18s 255
5min 4s 31s
5min Os 24

Figure 32 - Data Collected After Micro Frontends



J a
un ot 5min 2s
15:08

Jun 0 .
un ot 5min 4s

15:01

Jun 01 .
o 5min 0s

14:23

Jun 01 .
o 5min 3s

14:08

May 28

4min 56s

22:44

Figure 33 - Other Data Collected After Micro Frontends

Looking at the results obtained it is possible to see that the difference is a little bigger
than 3 seconds. This difference is relatively small but shows a good indication that by

following this approach it is possible to catch better time results.

5.2.2 Allow the use of several programming languages/several
versions of the same programming language

The second objective was "Allow the use of several programming languages/several

versions of the same programming language". In this case, this objective was associated

with a single metric that defines, that at the end of this thesis those micro frontends

developed should have different languages/versions.

Until the end of this thesis, at least 2 languages/versions must work together in the same
application

As also said in chapter Solution, the final solution integrates a web component build in
Angular 8 and a web component build in React 16 in an application that sits on

implementation of Angular 7.

With such an analysis it is possible to conclude that this objective has been accomplished.
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6 Conclusion

With this case study it was intended to make a change to a monolithic frontend of an i2S
application, introducing the concept of micro frontends with a single API Gateway in it

allowing to observe gains in the application.

Also, with this case study, it was possible to study ways of introducing this concept in
frontends applications and understand the implications of each one. Additionally, to
prepare for the implementation process, it was studied the JavaScript library React, that
at that moment was unfamiliar to the author, unlike the Angular framework that was well

known.

After this study and having the implementation approach defined, the implementation
process was initiated. At that point the design of the application was detailed as well as

the use cases, using UML annotation.

Having the design completed, the coding of the implementation started, where ways of

separating the application were tested and by the end two of them were discarded.

The analysis of the separation process allowed to arrive at an approach considered the

most appropriate, proven by the application of ATAM.

6.1 Critical Analysis

Based on the work that was made for this thesis, it is possible to conclude that the

objectives were completed, like it is demonstrated in Table 9.

Table 9 - Objectives Accomplishment Overview

Objective Accomplishment Comment

status

Propose a solution to replace a Frontend Partial Completed @It is not possible to perform a
Monolith complete micro frontend approach

because of the team size

Allow the use of several programming Completed Used Angular and React
languages/several versions of the same

programming language
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The introduction of the micro frontends concept allowed to observe some gains in the
application. Although the complete integration of this concept does not make sense at the
moment, it was still possible to prepare and document the necessary steps for this

introduction using an isolated test case.

It is now also possible to know the necessary implications for the creation of micro

frontends through the Web Components approach, both in Angular and React.

However, it should be noted that these two implementations have a completely different

level of maturity.

While the Angular implementation is better structured and the code is optimized, the
React implementation is less so. This is because Angular was already known by the
author of the thesis and on the contrary React was learned in the course of it. That is,

regarding the implementation in React, there may be flaws in the structuring of the code.

To fully perform a critical analysis of the work made, the following two tables, Table 10
and Table 11, present respectively an elucidation of the benefits and downsides, detailed
in chapter Micro Frontend, of the implemented solution with comments related to each

one of them.

Table 10 - Benefits Conclusions

Benefit Comment

Incremental Allows incremental upgrades, without any failure of the other pieces of
the system
Customer Focus Allows the allocation of a dedicated team with the only focus is the

evaluation of the formulas

Source Code Each micro frontend developed as only the dependencies that are required

to fulfil their objectives in terms of functionality and user interface

Cross-functional teams At the moment this was not introduced, but the team as all the tools

necessary to do so

User interface Allows the choice of the programming language that the team is more

comfortable with

Fragments The created micro frontend works without any dependencies from the

other Ul components and can be reused in any part of the code

70



Transitions between pages = Allows the render of the formula evaluation interface without any need

of loading the entire page

Deployment The micro frontends created have its isolated build pipeline

Table 11 - Downsides Conclusions

Downside Comment

Payload size [3] Initially the payload size was 2,83GB. With the introduction of the micro
frontends, the payload increases to 3,61GB, because all the source code

associated to them

Environment Difficulty found along with the developing process, but for now, any

solution was discovered

Managing development The management of the development was easily done, considering the
use case implemented but this problem will increase as more and more

micro frontends are created

Consistency Problem identified at an early stage but with fixes in the backend this no

longer occur

Heterogeneity Problem solved after the decision of only focusing on implementations

based on Angular or React

6.2 Future Work

Although all the objectives of the master's work have been achieved, some improvements
can be made and there is also room for some complementary work within the scope of
the professional activity of the author of this document. In addition, the organization and
its employees also have contributions to make in the coming months in order to achieve

a satisfactory migration to a micro frontend approach.

Some aspects were irrelevant for the proof of concept implemented but they are
necessary for the business context like making the implementation more dynamic. This

dynamism is inherent to the possibility of the functionality described being used within
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the context of the application, that is, requiring authentication, but also being used in an

external context, not requiring authentication.

Once this is achieved, there will then be a general solution for any micro frontend created
in the future. A way of providing the .css files in a location that they are accessible by
authentication needs to be considered. By doing this it will be possible for the micro
frontends created by the team or the micro frontends created by the clients to be used in
them, thus maintaining the coherent interface. This should be done this way and not by
making the same file available via HTTP, since following this second approach, there
will not only be a need for the browser to make additional requests to obtain the data, but
there will also be the introduction of another point of failure , if these requests fail for

any reason.

Teams structures have to be think in order to facilitate the desired application
architecture, a postulate that has been designate as the “inverse Conway maneuver” [45]
and this aspect cannot be neglected in any company, and will be certainly considered in

the future.

Finally, it is internally under discussion possible separations for the fragments to create

those micro frontends.

6.3 Final Remarks
From a personal point of view of the author, this thesis helped him to:
e learn new technologies;
e improve the knowledge of the known technologies;
e gsystematize knowledge;
e learn new methods and processes related to document elaboration;
e learn different approaches to solve this thesis problem;

e document and analyse possible solutions.
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Annex A

Value Analysis

In this chapter, it is presented a value analysis of this project, where it is presented
concepts like, value creation, value proposition and business model canvas that is related

to the business area where this project fits.

Value Creation

Value creation is a set of actions that increase the worth of goods, services or even a

business [46].

Value for the Customer
This thesis is contextualized in a problem solution for the insurance area. That solution

aims to modernize the technological insurance system by recognizing user priorities like:

e Fast implementation: providing a 4-week time to market instead of the current

nine-month;
e Reduced cost of compliance;
e Independence from current legacy systems;
e Easy to use systems;

e Configurable products.

Perceived Value
In a marketing perspective, the perceived value is the clients evaluation of the advantages

of a product or service and its ability to accomplish their needs and expectations.

In nowadays, insurance companies spent almost three years with more than $500K cost
to fully accomplish the desirable insurance product and its subscription lifecycle. So, the

perceived value aims to reduce that costs by 50%, reaching approximately $250k.
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Benefits
The significant benefit is that, by following this approach, the project team will be able
to integrate components developed by other 12S teams allowing knowledge share across

different teams. This characteristic not only brings value for i2S but also for its customers.

That kind of value is hugely crucial for customers because when using several i2S
software, they will feel a sense of harmony in what they see, considering that some parts

of the user interface are shared.

Sacrifices

One of the sacrifices of following a micro frontends approach is that teams lose some
speed in their development process. This appends because despite all the benefits that
this approach brings it also comes with a more complicated process of developing and
integration. Of course, this only appends because the team that works on this project is
smaller (three frontends and three backends), meaning that it is not possible the existence

of several teams.

Value Proposition

A value proposition is a way of saying to customers, why they should do business in a

company, instead of going to the competitors [47].

This thesis sits on a project that aims to cover the entire lifecycle of an insurance product
definition, including the commercialization and its retirement, allowing a replacement of
the insurance companies core system. This kind of process is extremely complex, so not

every competitor can do the same.

Market
To do a market analysis, it is mandatory a calculation of some variables that help
companies understand their market [48]. Those variables are TAM, SAM and SOM and

in this case, will be populated with the number of insurance companies around the world.
e Total Available Market (TAM) is the total market demand for a product/service;

e Serviceable Available Market (SAM) is a portion of the TAM that is in companies

geographical reach;
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e Serviceable Obtainable Market (SOM) is a segment of the SAM that will be

captured.

In this thesis context, the TAM is 3000. SAM is 1900, and SOM is 40. Figure 34 shows

a visual representation of that data.

Figure 34 - TAM, SAM & SOM

Business Model Canvas

Business Model Canvas

@ Key Partners

- AWS;
- Microsoft;
- NOS Sistemas;

ﬁ&:ey Activities

- Make proof-of-concepts and demos;
- Participate in events, fairs and
conferences;

- Engage with integrators

- Be recognized as innovator;

- Promote content management;

- Implementation automation,
continuous

delivery/continuous integration

Key Resources
- Human resources (Software
Developers);
- Customer network;
- Investment;

e

E‘* ﬁ Value Propositions

- Cover the entire lifecycle of an
insurance product definition, including
the commerecialization and its
retirement

- Fast implementation of insurance
products

- Decrease the cost of regulation
compliance;

- Increase the number of addressable
customer segments;

This kind of process is extremely

Customer
Relationships

- Ease to use for first time users;

- Integration with customer system
- Chat bot assistance

- Helpline assistance

- Customer support cost increases as
product spans over time zones

complex, so not every competitor can
do the same.

@ Channels

- Team of Business developers;

- Established Integrator Companies;
- Business Events

- Business Fairs

- Specialized conferences

- Specialized media

E Customer Segments

- Tier 1to 5 Insurance companies
- Reinsurers
- Brokers

Cost Structure

- Cloud (AWS, Google, Azure)

- Software Licenses

- Human resources: development, support and marketing and sales team

- Equipment: Workstations, office, support facilities

- Modular approach (|
- Value-based pricing

r“' Revenue Streams
9

- Usage-based fee (pay-per-use)

pay for component)
framed within usage capacity

Figure 35 - Business Model Canvas

Software competition

e Accenture Life Insurance & Annuity Platform;
e FLEXTERA Product Factory;
e Fineos Policy;
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TIA Solutions;

eBao Tech Product Factory;

Product Accelerator;

Mind Tree Insurance;

Pega Insurance Product Configurator.

Competitors
Accenture;
Diasoft;
Fineos;
TIA;
eBaoTech;
CSC;
MindTree;
Pega.

Competitive advantages and disadvantages

Advantages:
e Launching products into the market in a faster way;
e Compliance by design;
e Integration with clients software.
Disadvantages:
e Another solution to the customers;

o A huge need to prove the value of the solution compared with the other

solutions.
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Annex B

Tools and Technologies

This chapter describes frameworks and tools usually used for frontend development.

Angular

Angular 2+ is a framework that allows the development of web and mobile applications,

and it is written in Typescript [49].

This framework is based on components, which are characterized by a combination of

an HTML template and a typescript class.

import { Component } from '@angular/core’;
@Component ({
selector: 'my-app’,

template: “<hi>Hello {{name}}</hl>"
1)

export class AppComponent { name = "Angular’;

J

Figure 36 - Component Example
Source: [13]
In Figure 36 it is demonstrated a basic example of the combination mentioned before,

which is associated with a typescript class to an HTML file to generate the result

demonstrated in Figure 37.

Hello Angular

Figure 37 - Result Obtained
Source: [13]

Each component starts with “@Component”, which describes how HTML, CSS and the

class are related in order to obtain the desired result.
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The "template" property defines, in this specific example, a message embedded in a
header. This message starts with "Hello" and ends with "{{name}}". While the
application is running, this framework replaces "{{name}}" with the value of the
variable "name" defined in the class through an interpolation that allows relating

expressions present in the HTML template with properties defined in the component.

Each of the Angular applications has files with a specific function that evolves as the
application grows. Files outside the "/ src" directory have the function of building the
application. On the contrary, those in this directory are the ones that belong to the
application and that serve to highlight all the components defined within it. Three

essential files will be outside this directory:

* app.component.ts: main component, where all other components will be

listed;
* app.module.ts: specifies the application of how it will be built;

* main.ts: allows the application to be compiled, so that it can be executed

in any browser.

Through the command line of Angular, called "Angular-CLI", a set of commands is
available that allows the launch of an Angular application, where the files referred to
before are automatically created. Here, too, it is possible to generate components,
policies, services. It is through this that when generating components/directives, they are
added directly to the file "app.module.ts". Thus, the user is not concerned with the

integration of the created components, but with their correct functioning.

Currently, "Node.js" and "npm" are essential tools for developing applications in
Angular and other platforms. Where the first provides the client with several
development tools and the second has several JavaScript libraries extremely useful for

the development of this type of application.

Moving to the architecture of this platform, it is possible to identify eight main blocks:
* Components;
* Templates;

e  Metadata;
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* Data binding;

e Directives;

* Services;

* Dependency injection.

In the Figure 38 a diagram is presented that represents the relationships between the

blocks.

Pryr +1 N f oy At

t "‘“T‘ﬁr'ﬁ‘, N‘ﬁtﬂdﬂt& Event

Blinding Blrding
Component

o {#]

Figure 38 - Main Blocks of an Angular Application
Source: [13]

Modules

All Angular applications have at least one module class, which by convention is called
“AppModule”. It is here that all the declarations of the components, directives and pipes
are specified. Here references are made to services and components in order to be
available to the entire application. Finally, this is also where the main component is

defined. Figure 39 shows an example of what was mentioned previously.
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import { NgModule 7} from "@angular/core’;
import { BrowserModule } from '@angular/platform-browser’;
@ngModule({

imports: [ Browsermodule ],

providers: [ Logger ],

declarations: [ AppComponent ],

exports: [ AppComponent ],

bootstrap: [ AppComponent ]

P
export class AppModule {

Figure 39 - Angular Module
Source: [13]

~

Components
As previously mentioned, a component controls a portion of the screen called a "view".
Here, the components logical behaviour is defined so that a correct interaction with the

"view" occurs.

Templates
A template is a way for HTML to communicate with Angular, describing how the
component should behave. It is also possible to use another component inside another

one using HTML tags that reference that same component.

Data Binding

It allows coordination between parts of the template with parts of the component. This

coordination can occur in both directions using the "ngModel" directive.

Services
Angular services are typically a class with a well-defined purpose, which will be used by

the components where they were defined.

Metadata
Metadata is the way to tell Angular how to process the class. This is possible through
“@Component”.

* selector: informs Angular that where the selector is found, it must load

the template of the component where it was defined;
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» templateUrl: allows the developer to address the template without having

to build it in the class itself;
» providers: define the services that the component needs.

Dependency Injection
Way to provide a new instance of a class with the dependencies it requires. In most cases, these

dependencies are related to services.

React

React is another open-source JavaScript library used to build interfaces for single-page

applications and like Angular, it helps create reusable Ul components [50].

Declarative
Allowing the design of simple and declarative views for each state, that render the right
components when data change, the developed code become more predictable and easier

to debug [51].

Component-Based
Construct encapsulated components that maintain their state, then compose them to make

complex Uls.

Since component logic is written in JavaScript instead of templates, it is easier to pass

valuable data through the application [51].

Simple Component
React components implement a render() method that takes input data and returns what

needs to be displayed [51]. This behaviour is showed in Figure 40.
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class HelloMessage extends React.Component {
render() {
return (
<div>
Hello {this.props.name}
</div>
);

ReactDOM. render(
<HelloMessage name="Taylor" />,
document.getElementById('hello-example')
);

Figure 40 - React Example of Render Method
Source: [15]
Stateful Component
A React component is also able to access input data and also can maintain the component internal

state data allowing the rendered mark-up to be updated by re-invoking the render() method [51].

External Plugins

React also allows the use of other libraries and frameworks. In Figure 41 is presented as
an example of the use of and an external Markdown libraries, to convert the <textarea>

value in real-time [51].

class MarkdownEditor extends React.Component {
constructor(props) {
super(props);
this.md = new Remarkable();
this.handleChange = this.handleChange.bind(this);
this.state = { value: 'Hello, *xworld*x!' };

handleChange(e) {

this.setState({ value: e.target.value });
1
J

getRawMarkup() {
return { __html: this.md.render(this.state.value) };

Figure 41 - External Library
Source: [15]
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Single-Way data flow
In React, components renderer receives immutable values as properties in HTML tags.
The component itself is not able to modify any of these properties but can pass a call

back function to do such modifications, like it is showed in Figure 42 [50].

Component Component |
Events

Figure 42 - Process of "properties flow down; actions flow up"
Source: [15]

Virtual Document Object Model

An in-memory data structure cache that computes the changes that occur in HTML and
updates the browser. This characteristic allows a particular feature that enables the
programmer to code as if the entire page is rendered on each change whereas React only

renders components that truly change [50].

A comparing study of two frameworks was made [52]. The results of this study are shown

in Table 12 and Table 13.

Table 12 - Pros/Cons Angular

Pros Cons

Higher performance compared to the previous & Little documentation, as it is a new platform

version

Rendering on the server-side Hard to find resources

Native graphical interface Complexity in the directives

Most popular platform Many interactive elements can be slow
Easy to test Complexity in integration

Platform with all the necessary tools for building | Difficult to debug

applications
Supports new languages
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It allows the user not to have to focus on
component integration, but on creating a proper

application

Code reuse

Table 13 - Pros/Cons React

Pros Cons

Performance Architecture different from that to which most

users are used to using it
Rendering on the server-side Very sophisticated presentation layer
Native graphical interface
Simple
Accessible libraries
Supports new languages
Faster updates

Code reuse

After a careful analysis of these platforms, it was possible to reach several conclusions:
React

e Lighter in terms of occupied memory;

e Appropriate choice if it is necessary to modernize the base code.
Angular

e The most popular;

e Choice of choice by large companies.

Typescript

TypeScript is an open-source programming language, characterized by being a superset

of JavaScript, compiles for pure JavaScript and is the language recommended for those
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who will use the Angular platform. It provides tools auto-completion and navigation as

referred to in the tables on the next page [53].

The fact of having reliable tools of IntelliSense and code reconstruction has a significant
impact on the code writing process, characteristics that make TypeScript the choice for
the development of presentation applications. One of the advantages of using it is the fact
that it has a "cleaner" code than JavaScript, thus allowing a better understanding of what
that code does. When compiling TypeScript, JavaScript code is automatically generated,
even in the possibility of compilation errors, allowing it to be interpreted by most current

browsers.

CSS
It is a language that controls the presentation of HTML pages.

In bigger projects, maintaining the primitive CSS it is harder, so to improve the
implementation process, developers build a set of pre-processors that helped to achieve
the reusable writing, maintainable, extensible codes in CSS and decrease the amount of
code in a project. Those pre-processors extend CSS with variables, operators,

interpolations, functions, mixins [54].

SASS [55], LESS [56] and Stylus [57] are the most common pre-processors.

HTML

It is an annotation language that allows the creation of Web pages through symbols and

codes that are later interpreted by the browser, defining the structure and formatting of a

page.
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Annex C

Methods for Designing High-level Software Architecture

As mentioned in sub-chapter "Approach and development process", there are three
methods for designing high-level software architecture that could be useful for this thesis,

ARID, ATAM and CBAM. So, in this sub-chapter, those three will be detailed.

ATAM

Architecture tradeoff analysis method, also known as ATAM [58], is probably the most
effective method to perform an architecture evaluation and in its base consists in four
phases: Presentation of the architecture, Investigation and analysis, Testing and finally

Reporting [59].
Presentation

This phase starts with an introduction of the business side, follow up with a presentation

of the architecture that is the target of the analysis.
Investigation and Analysis

In this phase, the chief software architect explains the general approach objectively
without any evaluation hints and includes a high-level architecture view of the styles and

patterns used.

Essentially, what this phase output is a construction of a "Utility tree" which compress a
representation of the critical qualities attributes in the evaluation project and specific

scenarios that should be prioritized before the analysis.

Also, in this phase, must occur a matched comparison of the architectural approach and
the "Utility tree" so that the suitability of the strategy is following the elicited

requirements.
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Testing

This phase requires a big audience to perform a crosscheck of the scenarios elaborated

int the "Utility tree", which consequently will lead to some modifications.

The number of possible scenarios can be extremally huge, but three kinds of them are

the most important.
1. Use cases scenarios oriented to the functionalities of the system;

2. Growth scenarios that represent future projections of the software under

evaluation;
3. Exploratory scenarios that represent unrealistic wort case of the growth scenarios.
Reporting

In this last phase, must occur a presentation of the evaluation results obtained.

ARID

The Active Reviews for Intermediate Designs, also known as ARID, follows a different

approach of the previously mentioned method [59].

In this case, it is not necessary the existence of a complete architecture, but instead, be

used in partial designs of the architecture [8].
Mainly, this method is divided into two phases.
Rehearsal

This is the first phase of this approach, and it can only be carried out by the chief architect
and the review leader. In this phase, it is demonstrated a presentation of the part of the
architecture that was previously prepared and rehearsed by one of the intervening actors

mentioned before.

After this, both of the participants prepared sample scenarios that will serve as a base for
the following phase and in this process are already made the organizational preparations

also for the next phase.
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Review

This phase, that is the main phase of this method starts with a presentation of the ARID

method, followed by the presentation developed in the previous phase.

Since the reviewers are all developers, is asked to them to implement the most crucial

scenario of the architecture in terms of pseudo-code.

During this step, the intervening actors do not give any support to the developers until
they realize that they are stuck or that they enter in a wrong path. This last step is repeated

several times to finally gather the results.

CBAM

The Cost Benefit Analysis Method is concerned with the economic implications of the
architecture types, which contrast with the methods previously-mentioned that focus on

technical criteria evaluation [59].

This method requires preparative steps given by an iteration of ATAM, to collects
different alternatives of the architecture design and calculates costs and benefits of each
one. Those obtained values are related by a measure that is called desirability and

afterwards, they are ranked according to that measure [58].
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