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Resumen 

En esta tesis hemos hecho un estudio sobre el paradigma de programación funcional reac-
tiva (FRP) centrado en el desarrollo de aplicaciones web. Hemos elaborado un estudio de la 
literatura relacionada con este paradigma, así como de los paradigmas en los que este está 
basado: la programación funcional y reactiva. Para conocer las aplicaciones prácticas de para-
digma, hemos presentado un caso de uso en el que hemos desarrollado una aplicación web 
para la plataforma “Initative for Digital Transformation” (https://idt.in.tum.de/) en el cual he-
mos aplicado FRP como el principal paradigma de programación. Hemos presentado las he-
rramientas y librerías más relevantes de FRP para aplicaciones web con Angular (framework 
usado en el caso de uso), destacando el uso de RxJS, una librería con enfoque declarativo que 
permite la gestión de los datos de la aplicación a través de Observables y stream de datos; y 
que está estrechamente unido a Angular. Hemos explicado cómo la aplicación implementa 
este paradigma, desde su implicación en el desarrollo de la arquitectura de la aplicación hasta 
cómo se aplica en el diseño de los diferentes componentes y funcionalidades de la aplicación. 
Finalmente, hemos evaluado los posibles efectos positivos y adversos que el uso de FRP pro-
porciona en el proceso de detección y actualización de cambios en la UI, el consumo de me-
moria de la aplicación y las posibles pérdidas de memoria causadas por la liberación de los 
recursos destinados a los stream de datos.  

 

Palabras clave: functional reactive programming, web development, Angular, RxJS, Ob-
servable. 
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Abstract 

In this thesis we have made a study on the reactive functional programming paradigm 
(FRP) focused on the development of web applications. We have conducted a review of the 
literature related to this paradigm, as well as the paradigms on which it is based: functional 
and reactive programming. In order to know the practical applications of this paradigm, we 
have presented a use case in which we have developed a web application for the "Initiative for 
Digital Transformation" platform (https://idt.in.tum.de/) in which we have applied FRP as the 
main programming paradigm. We have presented the most relevant tools and libraries for the 
implementation of FRP in web applications with Angular (framework used in the use case) 
highlighting the use of RxJS, a library with a declarative approach that allows managing the 
data of an application through Observables and data streams and that is strongly linked to 
Angular. We have explained how the application implements this paradigm, from its involve-
ment in the development of the application architecture to how it is applied in the design of 
the different components and functionalities of the application. Finally, we have evaluated the 
possible positive and adverse effects that the use of FRP may have on application performance. 
These evaluations have measured the benefits that FRP brings in the process of detecting and 
updating changes in the UI, the application's memory consumption and the possible memory 
leaks caused by the incorrect release of resources destined to the data streams. 

 

Keywords: functional reactive programming, web development, Angular, RxJS, Observ-
able. 
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Chapter 1: Introduction and Motivation 

1.1 Current Situation & Research Gap 

Digital transformation is the process of using digital technologies to create new - or mod-
ify - business processes, culture, and customer experiences to meet changing business and 
market requirements (Salesforce, 2018). It requires organizations to continually challenge 
their status quo, experiment, and get comfortable with failure (The Enterprisers Project, 2018). 

The world is being transformed by new technologies, which are redefining customer ex-
pectations, enabling businesses to meet these new expectations, and changing the way people 
live and work (Martin, Snabe, & Nanterme, 2018). Digital technologies dramatically reshape 
industry after industry, many companies are pursuing large-scale change efforts to capture the 
benefits of these trends or simply to keep up with competitors. More than eight in ten organi-
zations have undertaken such efforts in the last 5 years (De la Boutetière, Montagner, & Reich, 
2018). 

Cheaper and better technology is creating a more connected world: 8 billion devices are 
now connected to the internet; by 2030, that number is forecast to grow to 1 trillion (Martin et 
al., 2018). As the cost of advanced technologies continues to fall, new applications will be 
opened for them, as well as opportunities to combine them in innovative ways. Companies’ 
investment spend in new technologies is expected to increase to 2.4 trillion dollars by 2020. 
the return on the combined investment in new technologies is around 120% per employee, 
increasing productivity x3 (Martin et al., 2018). 

According to a survey by Tech Pro Research (TechRepublic, 2018), 70 percent of com-
panies either have a digital transformation strategy in place or are working on one. However, 
a survey by IDG (IDG, 2018) says that less than half (44%) have adopted a digital business 
approach. 

The "Initiative for Digital Transformation" (IDT) (Hoberg, Krcmar, Oswald, & Welz, 
2017) is intended to serve as a research platform on the fundamental issues and dynamics 
underlying the ability of enterprises to leverage their potential for digital technology-driven 
organizational change. The goal is to promote innovative business development to create eco-
nomic growth. The IDT accomplishes its mission by analyzing, understanding, and supporting 
the design of leadership, innovation, and motivation in the digital transformation. 

In recent years, there is a programming paradigm that has taken on an important relevance 
and popularity in the development of event-oriented and interactive applications, such as the 
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frontend of web applications. This paradigm is known as reactive functional programming 
(FRP). Reactive programming (Bainomugisha, Carreton, Cutsem, Mostinckx, & Meuter, 
2012) is a programming paradigm that is built around the notion of continuous time-varying 
values and propagation of change. It facilitates the declarative development of event-driven 
applications by allowing developers to express programs in terms of what to do, and let the 
language automatically manage when to do it. In this paradigm, state changes are automati-
cally and efficiently propagated across the network of dependent computations by the under-
lying execution model. 

There are multiple libraries and frameworks that implement this paradigm for a wide variety 
of current programming languages. Some of them with different approaches, variations and 
advantages. Specifically, in the frontend development of web applications, the most popular 
frameworks (Angular, React, Vue.js, etc.) implement this paradigm with greater or lesser in-
volvement or can be easily combined with specific libraries containing this functionality. 

 

1.2 Project Objective 

The main objective of this project is the study of the paradigm of reactive functional pro-
gramming, specifically focused on its use for the development of the frontend of reactive web 
applications using JavaScript. The project will present the bases and characteristics of this 
paradigm, its main uses and the advantages and disadvantages of its use. In addition, there will 
also be a specific study of its use within the field of web development. We will present the 
tools that we will use in the project to implement this paradigm and some specific architectures 
and design patterns for applications that follow this approach and that may help us in the de-
velopment of the case study. 

A case study will be presented in which a web application will be developed for the IDT 
platform. This application allows to store and manage all the knowledge about projects and 
initiatives in the global industry that are related to the digital transformation. It will visualize 
and analyze this knowledge to show users the information stored about projects and initiatives, 
as well as statistics derived from the analysis of this information.  

The case study will focus on the development of the application frontend. It will study 
how the implementation of the reactive programming paradigm is performed as well as the 
advantages it brings both in terms of implementation and performance. 
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1.3 Project Questions 

Q1: What is functional reactive programming (FRP)? 

The first part of the thesis will consist of a literature review on the programming paradigm 
studied, the reactive functional paradigm, as well as the paradigms on which FRP is based: the 
functional programming (FP) and reactive programming (RP) paradigms. 

The aim of these reviews is to identify the characteristics of these paradigms, the ad-
vantages and disadvantages they bring and their differences and relationships with other pop-
ular programming paradigms. 

Q2: Why and how do we apply functional reactive programming in the IDT platform? 

To answer this question, we will first present the case study we are working on, the IDT 
platform. We will present the main objectives and characteristics of the platform, which will 
help us to better understand its subsequent implementation.  We will also present the main 
tools and libraries that support the application to implement the reactive functional paradigm. 

Then, we will present the architecture of the application and explain the influence that the 
reactive functional paradigm has on it. In this section we will discuss different architectures 
and design patterns based on FRP found in the literature and their possible application in the 
platform. 

Finally, we will analyze the most important components of the application and analyze 
how they manage, share and display the application data following the functional reactive 
paradigm. 

Q3: How does affects the use of functional reactive programming as the main program-
ming paradigm in the IDT Platform implementation? 

The final objective of the thesis is to analyze the final impact that the use of the reactive 
functional paradigm has on the IDT platform. To this end, we will analyze the possible effects, 
both positive and negative, that the use of FRP and the tools used for its implementation may 
cause.  

The impact of these effects on implementation will then be quantitatively and compara-
tively evaluated. The objective of these evaluations will be to measure and verify the real 
benefits and drawbacks that FRP brings to our application. 
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Chapter 2: Literature Review 

2.1 Functional Programming 

Functional programming is so called because a program consists entirely of functions. 
The program itself is a function that receives as input some arguments and returns an output 
as result. This main function is defined in terms of other, simpler functions and so on until it 
reaches functions defined as primitive (Hughes, 1989). 

It consists of creating definitions and using the computer to evaluate expressions. The 
programmer's job is to create a function to solve a problem. The computer acts as a calculator, 
evaluates expressions and returns a result. The calculating power of the computer lies in the 
programmer's ability to create definitions (Bird & Wadler, 1988). 

 

2.1.1 Advantages 

Some of the advantages provided by this programming paradigm are (Bird & Wadler, 
1988; Hughes, 1989): 

 There are no assignment statements. When a variable receives a value, it does not 
change. 

 Modularity: each function is independent and does not produce any side effects on 
other functions. This eliminates a large source of possible errors. 

 As long as an expression has a well-defined value, the order in which the computer 
executes its evaluation does not affect the result, allowing the programmer to forget 
about the program control flow. The meaning of an expression is simply its value and 
it is the computer's job to obtain it. This feature gives programs the quality of being 
"referentially transparent". 

 

2.1.2 Functional Vs Structured Imperative Programming 

In order to better understand functional programming, it is important to compare it with 
imperative structured programming and see what unites and differentiates them.  
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The main characteristic of the structured imperative paradigm is that it does not contain 
"goto" type declarations. The code blocks only have one entry and one exit. This makes it 
much more traceable than its counterpart, unstructured programming (Hughes, 1989). 

However, the main feature that makes structured programming a better option than its 
predecessor is its modularity. This allows the code to be divided into small code fragments 
that are quick to program, can be reused and can be independently and easily tested. These 
three features provide a great improvement in terms of productivity. 

Therefore, both functional and imperative structured programming have the ability to di-
vide complex problems into simpler, independent sub-problems (modularity). The advantage 
of functional programming, according to (Hughes, 1989), lies in its ability to bring these mod-
ules together. Thus, it has two specific ways of joining them together: 

 At a low level, simple functions can be joined to create more complex functions. For 
instance, if we want to create a data structure corresponding to a list we can do some-
thing like: 

 

 At a high level, as the programs are represented as functions, we can join two inde-
pendent programs, creating a new function resulting from their combination. 

 

2.2 Reactive Programming 

In computing, reactive programming is a programming paradigm oriented towards the use 
of data flows and the propagation of change (The Art of Service, 2019). It allows to express 
(dynamic and static) data flows in a simple way and that the execution model automatically 
propagates changes through the data flow. 

Reactive programming has been mainly proposed to simplify the creation of interactive 
UIs and animations in real-time systems, but it is essentially a general programming paradigm. 
For example, in an application with an MVC architecture, reactive programming allows 
changes to the model to be automatically reflected in the view, and changes made to the view 
to be reflected in the model as well. 
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2.2.1 Features of Reactive Systems 

The Reactive Manifesto (Bonér, Farley, Kuhn, & Thompson, 2014) defines reactive sys-
tems as: 

 Responsive: reactive systems respond in a timely manner whenever possible. Respon-
siveness is the union point between usability and utility. Problems are detected quickly 
and resolved effectively. Responsive systems focus on providing fast and consistent 
response times, setting reliable time limits to provide consistent quality of service. 
This behavior simplifies error handling, creates user confidence, and promotes future 
user interactions. 

 Resilient: The system remains responsive to failures. This quality does not only apply 
to critical or high-availability systems. Conversely, any non-resilient system will be 
unresponsive after a failure. Failures are contained within each component, isolating 
them from each other and ensuring that each part of the system can fail and recover 
without compromising the entire system. 

 Elastic: the system remains responsive to changes in workload. Reactive systems can 
react to changes in the input data frequency by increasing or reducing the resources 
used to manage it. This involves designs that have no contention points or bottlenecks, 
resulting in the ability to fragment or replicate components and distribute input among 
them. They achieve elasticity efficiently. 

 Message-driven: reactive systems rely on asynchronous message-passing to establish 
a boundary between components, which ensures loose coupling, isolation and location 
transparency. Non-blocking communication allows recipients to consume resources 
only when they are active, providing less system overhead. 
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Figure 1. Reactive system features 

(Source: Based on (Bonér et al., 2014)) 

 

2.2.2 Advantages & Drawbacks 

One of the big problems of reactive programming is that most of the computation that, in 
another programming paradigm can be evaluated and forgotten, needs to be repre-
sented in memory as data structures (The Art of Service, 2019). This can potentially 
make reactive programming more memory intensive.  

On the other hand, reactive programming uses what is known as explicit parallelism, 
which can highly benefit from the use of parallel hardware. 

 

2.2.3 Relationship with Other Paradigms 

The reactive programming paradigm is often combined with other conventional and 
widely used paradigms in order to develop more complete and usable implementations. Some 
examples are (The Art of Service, 2019): 

 Reactive imperative programming: Reactive programming can be merged with im-
perative programming. In this case the programs operate using reactive data structures.  

 Object-oriented reactive programming (OORP): It can also be combined with ob-
ject-oriented programming. Objects, instead of having methods and attributes, have 
reactions that are automatically reevaluated when other actions on which they depend 
are changed. 
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 Functional reactive programming: this is the combination of the declarative func-
tional and the reactive paradigm. This will be the approach we will study and apply in 
our platform. 

 

 

2.3 Functional Reactive Programming 

Interactive programs maintain a continuous dialogue with their environment. These pro-
grams receive input events from its environment and calculate an output events. Then, they 
wait until the next input, which may be affected by the previously performed outputs. 

Programming interactive applications using general-purpose languages can be quite com-
plex, since program components do not normally interact through control flows. Instead, they 
register callbacks that manipulate the state of the application and are invoked by event cycles 
(Nilsson, Courtney, & Peterson, 2002). It is difficult to reason with these programs since each 
of their components is a challenge on its own. 

This problem, along with the nature of many reactive systems, has inspired a great amount 
of research on languages, libraries and analysis techniques of reactive programming. Two of 
the main areas of work on this problem are synchronous data flow languages and functional 
reactive programming (Nilsson et al., 2002). 

Synchronous data flow languages implement a computational model inspired by Kahn's 
networks (Nilsson et al., 2002). Programs are fixed networks of stream processing nodes that 
communicate with each other. Each node consumes and produces a known (and static) number 
of primitive values in each unit of time. 

These connected primitives are used to form complete programs and compose processing 
elements in hierarchical networks or directed network structures. Therefore, the data flow pro-
gramming model provides a natural form of modularity for many applications (Nilsson et al., 
2002). 

These languages provide strong guarantees of space and time usage, so they are widely 
used in applications such as hardware synthesis and embedded control software 
(Krishnaswami, 2013). 
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2.3.1 FRP Definition 

Functional Reactive Programming (FRP) is a declarative approach to implement reactive 
applications that are focused on programming about values that vary in time (Perez, Bärenz, 
& Nilsson, 2018). FRP hides the mechanism that controls the flow of time under an abstraction 
layer (Nilsson et al., 2002). It is structured on the concept of signal, which conceptually can 
be seen as a function that receives a temporal moment as input and returns a value (Perez et 
al., 2018). It provides a richer model than the synchronous languages do. Signals are first-class 
values that can be used freely, including in higher-order functions and in signaled-valued sig-
nals. This allows the creation of programs that dynamically increase and modify the system's 
data flow (Krishnaswami, 2013). 

It originally emerged as part of the development of the Fran (C. Elliott & Hudak, 1997) 
animation system. The key ideas of FRP are its notions of behaviors and events. Behaviors are 
reactive values that vary over time, while events are sets of arbitrarily complex conditions that 
contain potentially valuable information. As a functional paradigm, events and behaviors de-
scribe elements that exist, rather than describe actions that have or will happen. From a se-
mantic point of view, a reactive behavior is just a time function, while an event (or a source 
event) is a list of time-value pairs (occurrences) (C. M. Elliott, 2009). 

Many applications are reactive rather than transformational. The input data in a reactive 
system is not known in advance, but it is coming in continuously while the program is running. 
A reactive system is expected to interchange input and output data, the latter being produced 
in response to the stimulus caused by these incoming data (Nilsson et al., 2002). 

FRP has been applied in different domains, such as robotics, video games, music and 
GUIs, which illustrates the power of the FRP model (Krishnaswami, 2013). 

 

2.3.2 FRP Classification 

There are multiple implementations of FRP frameworks for different platforms and lan-
guages, and different needs and ideas of how to structure those frameworks. The following are 
the main classifications used. 

Sense of Time: One of the main differences between the various implementations is the 
adoption of a discrete or hybrid (mix of discrete and continuous) notion of time and how to 
handle I/O events to make them remarkably convenient and scalable (Perez et al., 2018). 
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Classic VS Arrowized FRP: The space of FRP frameworks can be divided into two main 
branches: Classic FRP and Arrowized FRP (Perez et al., 2018). 

 Programs that implement Classic FRP are structured around signals or a similar con-
cept that represent external and internal time variations of the data.  

 On the other hand, programs using Arrowized FRP are defined using signal-to-signal 
causal functions, connected to the outside only at the top level. Arrowized FRP creates 
modular, declarative and efficient code. Pure Arrowized FRP separates IO from the 
FRP code itself, making this code referentially transparent throughout the execution. 

Push Vs Pull Approach: While FRP has simple, pure and composable semantics, it is 
not so simple to create an efficient implementation. In particular, past implementations have 
used demand-driven (pull) sampling of reactive behaviors. This is contrary to the data data-
driven (push) evaluation typically used by reactive systems, such as GUIs. There are at least 
2 main reasons to choose a pull approach instead of push (C. M. Elliott, 2009). 

 Behaviors can change continuously, so the usual tactic of idling until the next change 
in input data does not apply. 

 Pull-based evaluation works well with the functional programming style of transverse 
recursion with parameters (time). Push-based evaluation seems at first glance to be an 
inherently imperative technique. 

Although some values change continuously, others change only at discrete moments, 
while others alternate periods of continuous change with stable periods. In all but the case of 
continuous change, the pull-based implementation wastes a considerable amount of resources 
recomputing data even when it does not change. In these situations, push based implementa-
tions can operate much more efficiently, focusing computation on updating resources that have 
actually changed (C. M. Elliott, 2009). 

Another serious problem with the pull approach is that it imposes a certain latency. The 
delay between the occurrence of an event and the visible result of its reaction can be as long 
as the polling period. On the other hand, as push-based implementations are event driven, 
reactions are seen almost instantaneously (C. M. Elliott, 2009). 
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Chapter 3: Use Case Description 

The use case that will be present in this thesis is within the platform “Initiative for Digital 
Transformation” This platform serves as a research platform on the fundamental issues and 
dynamics underlying the ability of enterprises to leverage their potential for digital 
technology-driven organizational change (Krcmar, 2015). 

The goal of the platform is to promote innovative business development to create 
economic growth. The IDT accomplishes its mission by analyzing, understanding, and 
supporting the design of leadership, innovation, and motivation in the digital transformation. 
The foundation of the IDT emanates from a combined plan established by SAP and TUM 
(Chair for Information Systems at Technische Universität München, Prof. Dr. Helmut Krcmar) 
intended to intensify innovative interdisciplinary research. TUM and SAP combine excellence 
in information systems development and research. 

Specifically, in this use case, a web application will be developed that will serve as a 
digital observatory to gather use cases on digital transformation elaborated by companies from 
all over the world in all areas of industry and commerce. In addition to gathering data, the 
application will have a series of tools that allow users to find specific content easily, as well 
as to visualize statistics associated with these use cases. 

The project will be developed by a group of 5 students from the Technische Universität 
München, consisting of 4 web developers (2 frontend and 2 backend) and one UX designer. 
Due to this division of work, this thesis will focus exclusively on the frontend of the 
application. The web application is hosted on the url https://idt.in.tum.de/ 

 

3.1 Legacy Project 

The first approach of this project was to renew the current web application that the 
platform has. This application was designed to meet requirements very similar to those of the 
current platform. However, this application has a number of problems that make it not fully 
operational: 

 The data model of the use cases stored on the platform was, although theoretically 
correct, too complex to work with. Furthermore, most of these use cases had only a 
small number of attributes that the model represented (very sparse data).  This problem 
also occurred with other entities stored in the application. 
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 The application had multiple redundant, independent or outdated components that had 
little to do with the original application and had been created later as extensions made 
by different students. 

 The code has been out of maintenance for a long time (until shortly before this project 
started) so it is outdated and contains many bugs that seriously affects the UX. 

 The application makes use of multiple libraries and tools without much coherence 
between them, mainly because the project has been developed by different people at 
different times, which made the interpretation of the code a complicated task. 

For these reasons, the development team decided that it was more useful to develop a new 
application than to try to renew the current one. 

 

3.2 Use Case Objectives 

Once we established that the project would focus on the development of a new application 
from scratch, a set of requirements were agreed upon that it should meet. These are: 

 Users will be able (depending on their status) to read / create / update / delete use cases 
on digital transformation. They will also be able to search for specific use cases easily 
and precisely within the observatory using multiple tools. The data model of these use 
cases will be highly simplified, choosing only a strictly necessary subset of the 
attributes that the old project had. 

 Users will be able (depending on their status) to read / create / update / delete 
companies. They will also be able to search for specific companies easily and precisely 
within the observatory using multiple tools. The data model of these companies will 
be highly simplified, choosing only a strictly necessary subset of the attributes that the 
old project had. 

 The application will have a dashboard with a very attractive design that will show 
highlighted information of the application: featured use cases, last added use cases, 
global statistics and graphics of the application, etc.   

 The application will show a set of statistics and graphs that will allow to analyze and 
understand at a high level the nature, trend and activity of the cases and companies 
gathered in the application. 

Users will be able to subscribe to the platform. These users will receive periodic notifications 
(emails) with information about news on the platform (e.g. new use cases added, etc). 
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Chapter 4: Project Reactive Tools 

In this chapter we will present the tools used in our use case to implement the reactive func-
tional programming paradigm. All these tools are related and compatible with Angular, the 
framework used for the implementation of the use case. Therefore, other tools or frameworks 
(React, Vue.JS) that are not usually applied together with Angular will be excluded from this 
study, since they are not relevant to our particular use case. 

 

4.1 Angular Framework 

Angular is an MVC framework created by Google to develop maintainable and well-ar-
chitected SPA web applications. It is developed under the philosophy that declarative pro-
gramming is better than imperative when developing UIs and joining the different components 
of a web application (Jain, Bhansali, & Mehta, 2015). 

Angular is a complete reworking of its famous predecessor, AngularJS. It allows to de-
velop applications using JavaScript (ECMAScript 5 or 6), Dart or TypeScript (Fain & 
Moiseev, 2016). 

 

4.1.1 MVC Pattern 

Angular is based on the MVC pattern (Model View Controller) (Pree & Gamma, 1995). 
This pattern consists of three types of objects:  

 Model: the object of the application. It contains the data of the application. 
 View: the graphic representation of the application. 
 Controller: it defines the way in which the UI reacts to the user's input. 

MVC separates the view and the model by establishing a subscribe/notify protocol be-
tween them. The view ensures that its appearance shows the state of the model. 
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4.1.2 Main Elements 

The architecture of an applications implemented with Angular (Angular, 2020b) is based 
on a series of fundamental concepts. Every application consists of a series of basic blocks 
known as NgModules. These modules provide a context for compiling the components of the 
application. 

Within each module we can find different elements. The most important ones are 
(Angular, 2020b) : 

 Components: they define the views of the application. They are sets of screen ele-
ments that Angular can choose and modify following the logic and data of the appli-
cation. 

 Services: are elements used by components that provide specific functionality that is 
not directly associated with any view. Service providers can be injected into compo-
nents as dependencies, creating a more modular, reusable and efficient code. 

Apart from these basic elements, in our use case we use other entities provided by Angular 
that are in charge of performing other more specific functionalities of the application. Some 
of them are: 

 Guards (Angular, 2020c): Elements that are added to the routing configuration of the 
application and check if a component can be accessed or exited. 

 Interceptors: Elements that implement the HttpInterceptor class that "intercept" http 
requests and/or responses in the application and apply modifications to them. They 
work as middleware. 

 Pipes (Angular, 2020b): Elements that define display-value transformations that can 
be declare directly in the template HTML. 

 

4.2 ReactiveX for JavaScript (RxJS) 

Reactive Extensions for JavaScript is the implementation of the Reactive Extension’s (Rx) 
project for the JavaScript language (Daniels & Atencio, 2017). Rx defines itself as “An API 
for asynchronous programming with observables streams” (ReactiveX, 2019c).  
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4.2.1 Asynchronous Streams & Time Abstraction 

RxJS handles all data types (screen events, http calls, primitive variables) in the same 
way, using data streams, also known as functional sequences of events (Daniels & Atencio, 
2017). 

Traditionally, the word stream was used to name the abstract objects used for I/O 
operations (file reading, etc). In functional programming, a stream is any data structure that 
can be consumed. 

Streams work as data containers or wrappers very similar to arrays that allow the 
development of logic oriented to data flows and the propagation of change, fundamental 
principles of reactive programming. 

A pipeline is a sequence of code blocks (i.e. functions) that are executed in order when 
data is available. Different data sources are responsible for producing data in different forms 
that will be consumed by the application. On the other hand, the application contains different 
data consumers, which are entities that listen (subscribe) to these sources and that will take 
some action when data arrives to them. Data pipeline are located between these two entities. 
They are in charge of filtering and operating the data coming from the different data sources 
so that they can be easily consumed by the consumers. 

These data streams can be created both from static data sources (numbers, strings, arrays, 
sequences), and from dynamic data sources, without taking into account the time dimension 
in this case. RxJS “abstracts over time under the same programming model regardless of 
source [emphasis in the original]“ (Daniels & Atencio, 2017, p. 21). This means that data can 
be transformed as if the code were linear and synchronous. 

 

4.2.2 Data-Driven Approach 

RxJS follows a development style known as data-driven programming (Daniels & 
Atencio, 2017). The data-driven approach tries to separate the behavior of an application from 
the data that goes through it. 

Being data-driven forces to act under the presence of data and let the logic of the 
application feed into it. Without data to act upon, the behavior should do nothing. The idea 
that data gives life to behavior already appears in the definitions given of reactive and reactive 
functional programming: reacting to data instead of waiting for it. Streams are nothing but 
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passive processes that remain idle as long as no data is pushed or there is no consumer 
associated with them. 

The data-centric approach seeks to solve this problem by separating data and behavior 
through a producer-consumer model. Data is separated from behavior and flows through it. 
The behavior may be loosely linked, so that data can be moved from one part of the application 
to another, regardless of the implementation below it. 

 

4.2.3 RxJS Design 

The framework is based on the reactive functional programming paradigm combined with 
the Observer and Iterator patterns (ReactiveX, 2019c). 

 The Observer pattern defines a one-to-many dependency between objects so that 
when an object changes its state, all dependent objects are reported and updated (Pree 
& Gamma, 1995). 

 The Iterator pattern provides a way to sequentially access the elements of an 
aggregate object without exposing its underlying representation (Pree & Gamma, 
1995). 

Specifically, RxJS harmonizes these two design patterns by extending the Observer 
pattern with some characteristics of Iterator (ReactiveX, 2019a): 

1. The ability of a producer to warn the consumer that no more data is available 
(onComplete). 

2. The ability of a producer to warn the consumer that an error has occurred (onError). 

 

4.2.4 Main Components 

RxJS is composed of 4 main components: Observables, Observers, Subscriptions and 
Operators.  

 

4.2.4.1 Observables 

Observables represent push-based collections (Stoyanov, 2016) that serve as 
sources/producers of application data (Daniels & Atencio, 2017). They are the starting point 
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of any logic created with RxJS. They are usually created from elements that can generate 
events independently (e.g. arrays, UI events, API calls, etc). 

 

4.2.4.2 Observers 

The Observers are the consumers of the data pushed by the Observables (Daniels & 
Atencio, 2017). The Observers react to any element or sequence of them that the Observable 
emits (ReactiveX, 2019b). When an Observer subscribes to an Observable a one-way data 
flow is established between them. 

 

4.2.4.3 Subjects 

In RxJS, Subjects are a special type of observable that allow multicast values to many 
Observers, while conventional Observables are unicast (RxJS, 2019b). 

In addition, Subjects work both as Observables and Observers, because 

 It is possible to subscribe to one (as an Observable), providing an Observer, which 
will start receiving the values pushed by it. 

 It can consume data (like an Observer) and will multicast it to all Observers who are 
listening to the Subject. 

 

4.2.4.4 Subscriptions 

Subscriptions represent the connections between both, Observables and Observers. They 
are in charge of both connecting (subscribing) a certain Observer to an Observable and 
disconnecting (unsubscribing) them. The latter allows the Observer to know when it can stop 
pushing data to a subscribed Observer (Daniels & Atencio, 2017). 

 

4.2.4.5 Operators 

Operators are basically RxJS functions that allow to create Observables from the 
transformation or combination of others. There are two types (RxJS, 2019a): 

 Pipeable Operators: are functions that take an observable as input and return another 
observable. As their name indicates, they are pipable, so they can be combined and 
applied sequentially over all the data of a certain stream. 



 

  18 

 Creation Operators: are functions that can be used to create an Observable with 
certain common predefined behaviors or that allow to create Observables from the 
combination of some of them. 

 

[ 
{x: 2, y: 3}, 
{x: 1, y: 5},
{x: 6, y: 7},
...
]

Observable

Producer

Data Stream

Pipeline (Operators)

Events

HTTP 
Requests

Observers

Filter(x < 3) Map(“Pythagoras”)

Observer

{x: 2, y: 3}

{x: 2, y: 3},
{x: 6, y: 7} √13 

Next: func()

Error: func()

Complete: func()

Subscription

Observables

UI

  

Figure 2. RxJS architecture 

(Source: Own Analysis) 

 

4.2.5 Hot & Cold Observables 

Ben Lesh, RxJS Lead, defines Observables as "functions that tie an observer to a 
producer" (Lesh, 2016), with the producer being the source of the Observable data. 
Observables do not necessarily initialize the producer but rather they initialize an Observer 
who listens to that producer. 

Depending on the relationship between an Observable and the producer it is handling, 
Observables are differentiated between hot and cold. 

An Observable is Cold when it is the one that creates the data producer. This producer is 
created and activated during the subscription of the Observable. Since Observables are 
functions, producers are created and activated by calling a function. 

An Observable is called Hot when the observable closes over the producer. In this case, 
the producer is created or activated outside the subscription. 
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Depending on the requirements of the case in question, it may be appropriate to use a 
particular type of Observable. For instance, in the case that we are creating a WebSocket, it 
will not make sense to connect to it every time (cold) but to always maintain the same 
connection (hot). 

 

4.3 State Managers: Redux and NgRx 

The requirements for SPA web applications have become increasingly complex 
(Abramov, 2015b). The code needs to manage the state of the application more than ever. This 
state includes: server responses, cached data, and local data not yet stored on the server. UI 
status has also become more complex, now it is necessary to manage active paths, selected 
tabs, etc. 

Managing a constantly changing state is a difficult task. If one model can modify another 
model, then one view can modify another model. In the end, you lose control over when, why 
and how the state of the application is modified. If a system is opaque and not deterministic, 
it is difficult to test and extend. 

In addition, new requirements are emerging in front-end development that make this task 
much more complicated: optimistic updates, server-side rendering, fetching data before 
running route transitions, etc.  

This complexity comes from combining two concepts that are difficult to reason about: 
mutation and asynchrony. Both separately are very important and useful, but together, their 
management can become a problem. 

State managers are tools designed to handle these issues in an elegant and efficient 
manner. They allow the state of the application to be managed in such a way that its mutability 
is predictable, centralized and allows the developer to abstract from its asynchronous nature. 

In our use case we are not going to make use of any state manager. However, this type of 
architecture is very popular today, being one of the most popular approaches when 
implementing a reactive web application. 
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4.3.1 Redux 

Redux is defined as a predictable state container for JS applications (Abramov, 2015a). It 
allows writing applications that behave consistently, that can be executed in different 
environments (client, server, native, ...) and that are easy to test. 

Redux, and any state manager, can be reduced to the three principles (Abramov, 2015c):  

 Single source of truth: The status of the application is stored in a single tree object 
with a single store. This quality allows, among other things, to create universal 
applications, which are easier to debug and inspect and even allows to store predefined 
states for faster software development. 

 State is read-only: The only way to modify the state is to emit an action, an object 
describing what has happened. This allows neither views nor callbacks to modify the 
state. Instead, they express or pretend to do so by emitting actions. All these changes 
occur in a centralized and strictly ordered manner. 

 Changes occur using pure functions: These pure functions, known as reducers, take 
the current state and action to be performed and return the new state. 

 

4.3.2 NgRx 

NgRx (NgRx, 2019b) is a framework for developing reactive applications in Angular. 
NgRx provides state management, side effect isolation, entity collection management, etc. Its 
state management allows the creation of explicitly maintainable applications using a single 
state container and using actions to express changes in the state. It is Redux's alternative for 
Angular applications. 

Later in this thesis we will analyze the basic architecture of state managers based on the 
NgRX architecture (see Section 5.2.3), which is very similar to the rest of the libraries and 
frameworks (Redux, Flux, etc).  
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Chapter 5: Angular Reactivity and Observables 

5.1 Angular and Observables 

This section will present the different ways in which the Angular framework implements 
the use of Observables (RxJS) and reactive programming for the management of application 
data. Angular implements the use of Observalbes in certain key areas of its architecture, which 
makes this framework work together with RxJS in a simple and homogeneous way. 

 

5.1.1 DOM Management with Observables 

Angular allows the use of reactive objects to manage the data that is displayed in the UI 
and the events that are executed in the DOM. 

 

5.1.1.1 Event Handling 

RxJs contains a function called fromEvent() that allows the creation of an Observable that 
stores the data generated by an event source. The fromEvent() function receives as an argument 
the DOM element that generates the event and the event involved. 

There are two main advantages to using this approach: 

 As the events are managed as Observables, you can make use of the large set of 
operators that RxJS incorporates for their management, such as filtering or merging 
multiple events. 

 These events can be cancelled and deleted dynamically in a simple way by simply 
unsubscribing from them. This allows to optimize the management of resources by 
releasing those associated with an event that is no longer going to be used. 

 

5.1.1.2 Async Pipe 

The async pipe is an Angular pipe (see Section 4.1.2) that allows to subscribe to an 
Observable or a Promise directly from a DOM element and that returns the last value that it 
has emitted (Angular, 2019a). The async pipe marks the component to be checked when 
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changes occur. If the component is destroyed, the async pipe automatically unsubscribes from 
the Observable to avoid potential memory leaks.  

This way, Angular allows the developer to place Observable objects in the HTML code 
as if they were objects of primitive classes, abstracting the need to subscribe / unsubscribe to 
them. 

 

5.1.2 HttpClient 

HttpClient is a library that provides a simple http client API for Angular applications that 
relies on the XMLHttpRequest interface exposed by web browsers (Angular, 2020a). 

This API has the peculiarity that the response received from an http request is returned as 
an Observable. This feature is a great advantage when handling these requests, which are one 
of the most typical and frequent cases of asynchronous processes in web applications.   

For this reason, its asynchronous nature, HttpClient is one of the elements of Angular 
where the use of Observables is most exploited. Combined with the async pipe, simple 
asynchronous data flows can be created between the user interface and the data obtained 
through http requests abstracting completely from the synchronization of processes. 

RxJS provides a number of operators that are quite useful for handling these requests: 

 Retry (Troncone, 2019): Retry an observable sequence a specific number of times 
should an error occur. Sometimes the error is transient and will go away automatically 
if you try again. For example, network interruptions are common in mobile scenarios, 
and trying again may produce a successful result (Angular, 2020a). 

 CatchError (Troncone, 2020): allows to manage errors in a sequence of observable 
gracefully. These errors are captured and managed within the pipeline thanks to this 
operator, which avoids the need to use try/catch sentences. In the Subscription to an 
Observer, the developer can specify what action to take in case of an error, so they can 
be handled independently in each Subscription.  

 

5.1.3 Angular Reactive Forms 

Reactive forms use an explicit and immutable approach to managing the state of a form 
at any given time. Each change in form state returns a new state, maintaining the integrity of 
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the model between changes. Reactive forms is built from Observable streams, where the input 
forms and their values are provided in the form of input value streams, which can be accessed 
synchronously (Angular, 2019b). 

Reactive forms differ from template-driven forms (Angular forms with non-reactive approach) 
in several ways. They provide greater predictability by synchronously accessing the data 
model, immutability thanks to the observable operators and change tracking through the Ob-
servable streams. 

 

5.2 Angular Reactive Service Architectures 

5.2.1 Event Bus Architecture 

This architecture is the simplest of all and, at the same time, the one that scales the worst 
when an application begins to grow in complexity. 

This approach makes use of the Mediator pattern: It defines an object that encapsulates 
how a set of objects interact. Mediator promotes loose coupling by keeping objects from 
referring to each other explicitly, and it lets you vary their interaction independently (Pree & 
Gamma, 1995) 

The event bus (Wahlin, 2019) service will consist of an observable representing the event 
bus. Due to the requirements of this bus, the observable will be a Subject, which will allow us 
to emit new events when they occur. To emit these events, the service will export a method 
which will receive an object of a class "Event" that will be inserted in the bus. 

Events will consist of two fields:  

 A name or id, which will serve to identify each type of event. In the application 
constants must be created to identify the names of these events. 

 The value of the event that has occurred. 

The service will also have to include another method which we will call "onEvent". This 
method will receive an event type and a function to perform. "onEvent" will filter the events 
of the bus that belong to the specified type. It will then collect the values of these events and 
apply the input function to them. 

It is important to note that "onEvent" will return the Subscription generated, which will 
allow to manage the subscription cancellation in the class where the method is executed. It can 
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also be valid to return the Observable directly and manage the subscription in the class where 
the method is executed. 

The main advantage of this architecture is that it is very loosely coupled, so it can work 
very well in some use cases. The main problem is that, in large applications, it can be quite 
messy and inefficient when having to create a lot of events. One solution may be to create 
different event buses for different areas of the application. 

Therefore, this approach can be useful for small applications or can be used punctually to 
communicate loosely coupled components. 

 

 

Figure 3. Event Bus Service Example 

(Source: Based on (Wahlin, 2019)) 

 

5.2.2 Observable Data Service Architecture 

This service layer architecture is based on the use of observable data services. An 
observable data service is defined as an injectable Angular service that can be used to provide 
data in the form of observables in multiple parts of the application (Hades, 2019b). 
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The data service exposes one or more observables, which can be directly consumed by 
any component that injects this service. 

The data service has a series of methods called "action methods" that are responsible for 
modifying the state of the observables (e.g. add values, update it, apply event, etc). When the 
data is modified, as it is an observable, it will notify all its subscribers of the new value 
throughout the application. 

Depending on the requirements of the data service, it may be necessary to require the use 
of Subjects or some of their more specific implementations (e.g. BehaviorSubject). In this 
case, the data service will be structured in the same way except with an addition: the Subject 
will have to be kept with a private visibility within the service, while only its functionality will 
be exposed as Observable (as explained in Section 4.2.4.3, it is also an Observable). The reason 
for this is to avoid that the Subject can be modified outside the data service, which can derive 
in an antipattern known as "event soup" (Hades, 2019b).  

Another important aspect to bear in mind when creating a data service is always to return 
hot Observables instead of cold ones (see Section 4.2.5) in the action methods. In the case of 
using cold Observables we would create a subscriber inside the action method itself and then 
another one where we are using the function. This can be very inefficient in some cases: if the 
Observer performs an http request, because of the way the Observables work, it would be 
produced an http request for each subscriber, that is, 2. 

 

 

Figure 4. Observable Data Service Example (Case Filter Service) 

(Source: Own Analysis) 
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5.2.3 State Managers: Single Store Architecture 

This architecture is based on the use of a single and centralized store that contains all the 
information about the current state of the application. There are several tools for managing the 
state of an application, somee of them were already studied previously in this project (see 
Section 4.3).  

As we are focusing on architectures based on the Angular framework, we will use NgRx’s 
architecture as example, as it is the most complete state manager option for Angular projects. 
In general, all these tools (Redux, Flux, NgRx, etc) implement a very similar design, so the 
architecture presented is practically indetical to the one developed using other similar tools. 

The architecture of NgRx (and, in general, any state manager) is based on the following 
key concepts: 

Store: the state of the application. It works as an Observable of the state and an Observer 
of the actions performed (NgRx, 2019e). 

Actions: they are unique events sent by components and services (NgRx, 2019e) (user 
interactions with the application, http requests, device API interactions, etc). Actions are the 
inputs and outputs of many systems in NgRx (NgRx, 2019a). 

Actions have a field called "type", which identifies them with a name. In addition, they 
can have multiple properties, which represent the information provided by the events they 
represent. 

Reducers: pure functions that manage the state changes of the application (NgRx, 2019c). 
They take the current state and the last action performed and return the new state of the 
application. As they are pure, they are not affected by external effects and sources. Each state 
change is managed synchronously. 

Reducers establish both the initial state of the application and the state resulting from 
handling the events they manage. It is important to note that the current state is not modified, 
but is replaced by a new state, which preserves the purity of the change. 

Selectors: pure functions used to select, derive and compose parts of the application state 
(NgRx, 2019d). These functions can return one or multiple values of the current state of the 
application, as well as create compositions/derivations of them (e.g. filtered list of elements 
belonging to the current user). These selectors can also receive additional input values. 
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Unlike the others, the selector concept is not used by all state managers. For example, 
Redux does not implement selectors, state values can be directly read by the view without the 
need for an intermediate class. 

Store

Component

Service

Selector

Reducer

Action Effects
 

Figure 5. NgRx Architecture 

(Source: Based on (NgRx, 2019e)) 
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Chapter 6: Project Architecture 

6.1 View Layer Architecture 

Once we have defined the objectives of the project, we can start working on the 
architecture of the platform. We will divide the application architecture into two levels or 
layers: the view layer and the service layer. 

The view layer will represent the different views or pages that the platform has and their 
relationships, as well as the components that form them and the relationships between them. 

Since the project team has worked following an agile methodology, the architecture of the 
project has been elaborated, extended and modified throughout its development. The 
architecture shown in this thesis corresponds to the current state of the project, which is in one 
of its first realease versions already implemented in production. 

The study of the design of this layer will not yet show any design or element oriented to 
the reactivity of the application. However, its study will help us to better understand the 
complexity and the data management and sharing needs of the platform. Depending on these 
factors, we will be able to choose an optimal reactive approach in the service layer (data 
management) that will allow collecting, issuing, displaying and sharing data between the 
different components of the application in an optimal way. 

 

6.1.1 Page Navigation Map 

The following diagram (Figure 6) presents the different pages of which our application is 
composed. They are displayed in a hierarchical structure that represents the navigation 
structure of the web application. Thanks to this diagram we can get an idea of the steps the 
user has to take to reach a specific page. 

The application has 8 first level pages that the user can reach directly from the home page: 
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App

Case Overview

Case CreateCase Detail

Company 
Overview

Company Create Company Detail

Loging

About IDT

Global Search Dashboard
Profile

 

Figure 6. Application's map navigation 

(Source: Own Analysis) 

 

 Loging: Page where the user can log in/out.  
 Company Overview: Page in which the user can search and filter one or several 

companies with specific characteristics or look at general statistics of these. From it 
he can access to:  

o Company Detail: Page with the detailed information of a specific company.  
o Company Create: Page from which you can create a new company. 

 Case Overview: Página en la que el usuario puede buscar y filtrar unos o varios casos 
de uso de transformación digital con unas características concretas o mirar estadísticas 
generales de estos. Desde ella puede acceder a:  

o Case Detail: Página con la información detallada de una iniciativa concreta.  
o Case Create: Página desde la que puede crear una iniciativa nueva. 

 Global Search: Page where you can search for a concept in the entire application 
(companies, initiatives, etc).  

 Dashboard: Main page of the application that contains information about outstanding 
initiatives and global statistics of the application.  

 Profile: Page with information about the user's profile.  
 About IDT: page with information about the IDT platform. 
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Navigation within the website is not very complex, as it does not have too many pages. 
On the other hand, there are certain pages that can be accessed from multiple sites in the 
application and that will work as the center of the application: Case/Company Detail and 
Case/Company Overview. 

Therefore, the pages that can be accessed from different parts of the application will need 
to discern how to behave depending on these input values obtained. One of the pages most 
affected by this is the Overview page. It will be necessary to establish a mechanism to manage 
this problem using the reactive tools and the service layer of the platform. 

 

6.1.2 Component Diagram 

After studying the page navigation map, we will lower a level of abstraction in the view‘s 
design focus on the components that form it and the relationships between them. The 
components are the basic units that form the different views of an Angular application. 
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Figure 7. Application´s component diagram 

(Source: Own Analysis) 

 

As we can see in the Figure 7, the application has 7 component modules each 
corresponding to different areas of the application plus an eighth module, called "Shared", 
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which contains global components used in different parts of the application and which do not 
belong to any specific area (cases, companies, dashboard, etc). 

The conclusions drawn from this diagram are similar to those of the previous one. In 
general, the component structure of the pages does not seem too complex. The pages do not 
have a large number of components and their structure is quite flat, i.e. there are not multiple 
levels of components that could make data sharing difficult. If two components need to share 
information and they are not on contiguous levels (parent-child component relationship) the 
communication cannot be direct, but the information must go through the intermediate levels, 
unless some data management technique is used as shown in Section 5.2. 

As in the case of the navigation map, the central pages of the application are those with 
the most complex component structure. In addition, most of these pages and components will 
have to display a large amount of dynamic information. Therefore, we find several problems 
when trying to manage the information on these pages. The pages/components mentioned are: 

 Case/Company Overview: This component shows a dynamic list of elements that 
can be filtered by a number of filtering tools. The filtering component and the list are 
interrelated and must be updated reactively when their state changes. In addition, this 
page is accessible from multiple points in the application, which will affect the initial 
state of the application (filters and list). 

 Case/Company List: This component is in charge of displaying and managing a list 
of elements that can be filtered, sorted, paged, etc. It will manage a set of dynamic 
data that can be modified by both parent (Overviews, Details, Search, etc) and child 
(Paginator) components. 

 Case/Company Detail: This component is responsible for displaying detailed 
information about a given use case/company. The user is able to add, change or delete 
information about it, reflecting these changes in the platform in a reactive way. 

 Dashboard: This page displays highlighted data from the application in different 
formats so that they are attractive to the user. The page will have to manage a large 
number of different components that display different types of information that can 
change dynamically. 

These components that require more complex data management due to the quantity, 
dynamism, different data sources and communication between components; are the ones that 
will benefit most from the use of the reactive functional paradigm. With respect to inter-
component communication, it is very likely that the use of some type of simple application 
state manager’s functionality will be necessary to simplify communications. 
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6.2 Service Layer Architecture 

The service layer of the application is responsible for managing the data provision in the 
components (view). The data they manage can come both from outside (APIs, events in the 
UI, etc.) and from inside (internal events) the application.   

To choose which architecture will follow this layer, we must analyze two characteristics 
of the application:  

 From which sources the application receives data.  
 How complex is the data management within it.   

First, we will focus on studying the application's data sources. In this specific case, apart 
from the data generated due to UI events, all the data will come from requesting the platform's 
REST API. This API will provide the application with all the information corresponding to 
cases, companies, users, etc. Therefore, the application will have a set of services that will be 
in charge of managing these requests. 

We will start by adding these services, which will have methods that correspond to the 
REST API endpoints. 
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Figure 8. API Services Diagram 

(Source: Own Analysis) 

 

Once services for data request are established, we will focus on studying the services 
needed to solve the application's internal data management. To do this, we will rely on the 
analysis that has been made on the application view layer. In addition, to guarantee the optimal 
data management, we will try to make use of the design patterns and thechniques for services 
based on Observables explained in Section 5.2.  

As it is a simple application, we have decided to rule out the use of an architecture based 
on an application's central state manager (see Section 5.2.3). We believe that the 
implementation of such an architecture would imply an overload of work and complexity that 
would not bring us any greater benefit later on. Although there are also lightweight state 
managers (e.g. Akita, much simpler than, for example, NgRx) we will opt for a simpler 
approach that does not require the use of external libraries other than RxJS. 
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Similarly, we have dismissed the use of Event Buses (see Section 5.2.1)  as we have not 
found any use cases where this pattern would fit well (relationship between very loosely couple 
components) or better than other approaches. In our case, we have decided to use the 
Observable Data Services pattern to implement data and functionality accessible from the 
entire application. This approach provides us with functionality similar to a State Manager in 
specific areas of the application that require some additional support for data management 
without having to implement the entire architecture behind it. 

The application (see Figure 9) will therefore have a set of services following this design 
pattern and containing the functionality and data necessary for the reactive management of 
core application functionalities such as: 

 Authentication service  
 Load management of http queries (asynchronous calls).  
 Route navigation history. 

In addition, it will also have a number of global services that will store context (or status) 
data of the application. 

In the next chapter of the thesis, we will explain in detail the reactive functional design of 
the different services and components represented in the architecture thanks to the different 
tools provided by Angular and RxJS. 
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Figure 9. Complete Services Diagram 

(Source: Own Analysis) 
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Chapter 7: Project Reactive Design 

7.1 Reactive Service Design 

In this section we will go into detail to explain the design of the different services that 
compose the service layer of the application. To facilitate the understanding of their 
functionality and use, these services will be presented in blocks joining those that have a shared 
functionality or belong to the same scope within the application. 

 

7.1.1 API Services 

As explained in Section 6.2, the application has only one source of external data input: 
the API REST of the application's backend. The management of this input data involves most 
of the services implemented in the application.   

As also explained in Section 5.1.2, we have also presented the HttpClient library, which 
allows us to make http queries and receive their response in the form of Observables, which 
facilitates the reactive management of the data received. 

The central service of this block is ApiService. This service is in charge of wrapping the 
functions of the HttpClient library corresponding to the different types of hrrp requests (GET, 
POST, ...) adding the necessary headers so that they work correctly and implementing a first 
and basic error management in the requests. 

All other services that implement REST API requests will be supported by the different 
methods of this class. Most of these http request services will be explained within the blocks 
of their corresponding scope. However, there are some of them that do not belong to any 
particular block, so their function will be briefly explained below: 

 Search Service: Service that contains a method to consult the backend all digital 
transformation use cases and companies that match a certain string of characters. 

 Reporting Service: Service that contains some methods to request to the backend all 
the necessary information to fill in the different diagrams of the application. These 
diagrams show global statistics about the information that the platform stores. 

 Subscriber Service: Service that contains methods with the http requests that manage 
the subscription to the platform. It allows to add and activate new subscribed users 
and unsubscribe them. 
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 Invite Service: Service that contains methods to manage the invitation of new users 
to the application. 

Figure 8 shows the class diagram of this block with the relationship between all HTTP 
request services of the application with ApiService. 

 

7.1.2 Authentication Services Block 

Authentication services are responsible for managing user authentication information and 
providing the necessary functionality to enable this information to be accessed and modified 
from all parts of the application where it is required. 

Thanks to these services, the application has the ability to make the user log in/out, restrict 
access to certain parts of the application or limit the information displayed depending on 
whether the user is authenticated and the user's role, among other functionalities.    

This block is composed of 4 different services that will be detailed below. 

 

7.1.2.1 Authentication Service 

The authentication service is the main and most complex service in the block. Most of the 
other services depend on the functionality it implements. 

This service, unlike other similar services of the application, has an hybrid functionality, 
since it implements two different functionalities: 

 Http query service: contains methods with http queries to manage the login/logout 
and registration of new users in the application.    

 Observable Data Service: also contains the centralized information about the user 
who is using the application in the form of an Observable, as well as a set of methods 
to access and modify information related to their authentication: the JWT token, their 
role, etc. 

This hybrid approach has been used in other parts of the application and later modified, 
as it violates one of the rules of the Observable Data Service design pattern, which it shares 
with state managers and functional programming:   
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 The methods contained in the Observable Data Service that are responsible for 
modifying the Observable, known as action methods, must be pure: they will not be 
affected by side effects caused by external factors. 

The use of http requests are a clear example of possible side effects, so they are not pure 
functions. In future versions of the application we will try to separate these two functionalities 
into different services. 

 

Auth Service

User Observable

Login() Logout() Register()

User Role Token

App Backend

App
 

Figure 10. Authentication Service 

(Source: Own Analysis) 

 

7.1.2.2 Authentication Guards 

This block has a series of guards (see Section 4.1.2) that allow to check the user's 
authentication before accessing a certain page of the application. Two guards are implemented:   

 AuthGuard: This guard checks whether a user is logged in and his session has not 
expired before allowing him to enter an application page that requires the user to be 
authenticated (e.g. creation of new use cases or companies). In case the user is not 
logged in or his session has expired, he will be redirected to the login page. 

 LoggedInGuard: This guard simply restricts the access to the login page if the user is 
already authenticated. 
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7.1.2.3 Authentication Interceptors 

Finally, the application has an interceptor (see Section 4.1.2) that works as authentication 
middleware in any http request that the application performs. 

 TokenInterceptor: This interceptor is responsible for accessing the Authentication 
Service Observable that contains the application's JWT authentication token and 
adding it to the header of all http requests. This way the backend knows that the user 
is authenticated and allows him to do any requests that his role allows. 

 

7.1.3 Use Case Services Block 

This set of services is responsible for obtaining and managing the information related to 
the use cases (initiatives) on digital transformation shown in the application. As the use cases 
are the central information of the application, this set of services is of great importance and 
are widely used in multiple parts of the platform. 

The service group contains one http request service and three Observable Data Services. 

 

7.1.3.1 Case Service 

The central service of this block, CaseService, is an http request service that is in charge 
of obtaining and distributing all the information about digital transformation use cases from 
the backend throughout the application. In addition, it is also in charge of notifying the 
modifications made on these use cases. Like the rest of the http request services, all the 
information obtained is shown in the application in the form of Observables, so that the 
application can react to it. 

To fulfill the purpose of full use case management, the service implements all necessary 
methods to implement all CRUD functions (create, read, update, delete). In addition to these 
basic methods, the service implements others that allow to request more specific and useful 
information for the application:  

 It can obtain a list of use cases, which can be filtered by multiple use case fields and 
in which can be specified the maximum limit of elements to be obtained, and, in case 
there are more values than the limit, the portion of elements that are required to be 
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obtained. This function is specially designed to obtain the information corresponding 
to the data tables of the application. 

 Get a list of highlighted use cases, which will be shown in the application dashboard. 
 CRUD methods of the technologies related to the use cases of the platform. These 

technologies are entities of the application strongly associated with the use cases, so 
they are also managed in this service. 

 

Case Service
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Create() Delete()

GetList(Filters[])

GetCaseTechs()

DeleteCaseTech()

GetAllTechs()

App Backend

 

Figure 11. Case Service 

(Source: Own Analysis) 

 

7.1.3.2 Use Case´s Observable Data Services 

In the early stages of the platform's implementation, CaseService was more than sufficient 
to manage all the information related to use cases in the application. However, as the 
complexity of the components began to increase, so did the complexity of managing and 
sharing their information. 

To solve these problems, it was decided to create a set of Observable Data Services that 
would allow to keep some information about the context (state) of the application that would 
be globally accessible in the application. With this intention, the following services were 
created: 
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 CaseDataService: This service contains the information about the last use case that 
has been shown (detail) or created in the form of an Observable. It implements action 
methods to update or remove its value. 

 CaseListDataService: This service contains the information about the last list of use 
cases that has been shown (overview/search pages) in the form of an Observable. It 
implements action methods to update or remove its value. 

 CaseFilterService: This service contains information about the last values used to 
filter a search on use cases (e.g. a global search of the application, or the overview 
page) in the form of an Observable. 

These Observables with information about the context of the application allow to share 
information between pages (i.e. to maintain the filtering and the result of the filter obtained) 
or between components without having to create too complex interfaces between them, which 
becomes a much less flexible approach. 

 

7.1.4 Company Services Block 

This set of services is in charge of managing the information about the companies on the 
platform. It has an identical structure to the use case block.  

The block includes the CompanyService, which manages all the http requests related to 
the companies of the platform. It also contains three other services that manage the context 
information of the application related to the companies: CompanyDataService, 
CompanyListDataService and CompanyFilterService.  Their functions are exactly the same as 
their counterparts in the use case service block. 

 

7.1.5 Loading Services Block 

The loading service block is one of the simplest blocks but provides very useful function-
ality in the application. The loading services manage if the application is in a state of data 
loading by an asynchronous process. In the case of our application, these asynchronous pro-
cesses correspond to the http requests to the application backend. 

The application needs to know when data loading processes are occurring and react to 
them. In most cases, the application must react by giving some feedback to the user through 
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the UI so that they know data is not being displayed and/or is out of date because it has not yet 
been loaded. 

For this purpose, the application has a very simple Observable Data Service: LoaderServ-
ice. This service simply contains an Observable that contains a boolean value, depending on 
whether it is loading or not. Besides this, the service contains two action methods called 
show/hide (making analogy to show or hide the loading UI elements) that change respectively 
the Observable value. 

The most important part of this set of services falls to LoadingInterceptor. This Intercep-
tor, although simple, uses RxJS settings in an interesting way. Like any interceptor, it functions 
as middleware for the application's http requests. Each time a request is sent, the Observable 
loading is set to true. 

The interesting thing about its implementation is the use of the RxJS finalize() operator, 
which is added to this Observable. This operator specifies an action to be performed when the 
Subscription to the Observable ends.  In this case, when the answer to the request is received 
and consumed. When it is completed, the Observable loading will be set to false. 

This approach has a major problem: the Observable value is affected by all http requests 
and a page could perform more than one. This means that this approach does not allow for 
individualized management of the different loading processes in the application, nor does it 
work too well when you want to update only some components. Once the views have become 
more complex, this service has been replaced by using the same approach but with a dedicated 
local Observable per http request. However, it can still be useful for simple screens that only 
require an initial request for data upload. 
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Figure 12. Loading Interceptor 

(Source: Own Analysis) 

 

7.1.6 Routing State Service 

In this last block we are going to talk about a single service. The routing state service is 
an Observable Data Service that implements an Observable accessible from any part compo-
nent that contains the user's navigation history in the application. 

This service allows to know which pages have been visited before reaching the current 
page. This information can be used for multiple tasks: implement a functionality to return to 
the last page visited, show the last use cases/companies visited, know which page has redi-
rected us to the current one and act accordingly, etc. 

In the current application, this service is only used for the latter purpose. Although this 
functionality could have been addressed using other approaches (e.g. interceptors), the imple-
mentation of the routing state service proved to be a simple solution to the problem and pos-
sibly applicable to new functionality required in the application. 

The routing state service basically has an Observable (in this case a Subject) that stores 
information about the navigation history and a single action method. This action method is 
responsible for initiating the tracking of navigation. For this purpose, the navigation history 
Subject will be subscribed to all the routing events. When one of them occurs, the event will 
obtain the page from which the information is accessed and pushed in an array with all the 
navigation history, which will be assigned as the new value of the Subject. To create the array 
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we will use the RxJS scan() Operator. This Operator uses an accumulated value stored by the 
data stream, the value currently sent by the Observable and combine both, creating the new 
accumulated value. This allows to create, for example, counters or arrays of the elements that 
are sent by the Observable, as in this case. 
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Figure 13. Routing State Service 

(Source: Own Analysis) 

  

7.2 Reactive Component Design 

In this section we will present the reactive functional design of the main pages and com-
ponents implemented in the application. We will focus mainly on studying the features and 
elements that are related to the programming paradigm under study. 

As already explained in Chapter 3:, the implementation of the reactive functional ap-
proach is applied thanks to the use of Observables and the RxJS library. This library treats all 
types of data as data streams (Section 4.2.1), which modify and transport data to where they 
are consumed. 

Thanks to this approach, the application components can be represented as a set of asyn-
chronous data streams through which the application data flows from the application data 
sources (services) to its consumers (UI, child components, other Observables, etc). This is how 
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we will explain the design of the components, as a network of pipelines that carry and trans-
form the application's data until it flows into the UI, which, at that precise moment, will un-
derstand that the data has changed and will update its state to instantly reflect these changes. 

 

 

Figure 14. Data Flow Diagram Legend 

(Source: Own Analysis) 

 

The only elements to be represented that do not make use of Observables, and therefore 
do not follow this reactive functional approach, are the events of the UI. Although RxJS im-
plements a way to manage these events using Observables (Section 5.1.1.1), it has been pre-
ferred to follow the classical approach of directly assigning functions to the events in the 
HTML. The reason for this is that the application was simply started developing following this 
approach and has not been changed for consistency with the previous code. It is possible that 
this approach will be attempted to change in the future. 

As many of these components contain a large number of Observables, data streams and 
events that generate/modify data, in some of these components different groups of data streams 
will be presented separately according to the type of event that generates them (e.g. component 
initialization, changes in a form, etc). 

The application component modules/packages that manage the digital transformation use 
case pages and company pages contain a nearly identical set of components. From a design 
point of view, there are practically no differences.  For this reason, only the design of the use 
case components will be explained, as they are a more complex entity and their components 
implement certain added features. Therefore, the explanation of the design of these compo-
nents is valid for the components of the company’s module. 
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7.2.1 Detail Component 

The detail component shows the complete information stored in the platform about a dig-
ital transformation use case or company. In addition to displaying the information, the com-
ponent allows the user to modify it and even delete the entire item. 

 

 

Figure 15. Detail Page 

(Source: Own Analysis) 
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7.2.1.1 Initialization 

In the initialization of the component a large number of loads and data changes occur, due 
to the need to initialize the values of most of the elements shown in the UI. 

First, an Observable case$ is obtained through the CaseDataService, where we get the 
information about the current use case stored in the state/context of the application. At the 
same time, the backend is asked for information on the use case for which it wants to display 
its information using the CaseService. We add a Subscription to these where case$ will con-
sume backend response, so as soon as a response is received from the backend, it receives all 
the information on the use case to be displayed. 

The component will implement an Angular reactive form that will allow to show and 
modify the case data displayed in the UI in a reactive way, while the state’s use case (case$) 
will keep the original information obtained from the backend. Through a subscription to the 
state’s use case, the reactive form will consume the values it obtains, so when new information 
is received from the backend (both at initialization and when editing), it will be reflected in 
the form in a reactive way. 

A request will also be made using the CaseService to obtain all the technologies that the 
platform stores, which will be sended to the search dropdown component (see Section 7.2.3) 
on the technologies used in the use case, where new technologies can be filtered, selected and 
assigned to the use case. The component has another search dropdown component for the 
companies that will be initialized with the company assigned to the use case. 

Finally, the RoutingStateService will be used to obtain information about the last page 
visited. The information obtained will establish the initial value of the editing$ Observable, 
which, depending on its value, establishes whether the page is in edit mode (the information 
can be edited) or not (the information is only displayed, it cannot be edited). The value will 
always be false unless the last page visited is the use case creation page, from which the user 
is redirected to be able to add additional information to the created use case. 
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Figure 16. Case Detail Component Initialization Data Flow 

(Source: Own Analysis) 

 

7.2.1.2 Edition 

Another reason that produces changes in the data displayed are the events associated with 
editing the use case information. 

It is important to note that the edit action is only available to the users who created the use 
case or administrators. To check this, the component uses the LoginService, which has the 
information about the registered user. According to this information, the component will ena-
ble the user to edit the use case. If the user's information changes, his ability to edit will be 
updated reactively. 

To enter the edit mode, user has to click on the "edit" button of the component. Clicking 
on the button will modify the value of the editing$ Observable, which serves as a flag that will 
produce multiple changes in the UI. Besides, the state of the reactive form is also modified to 
"enable", which means that the form fields will be modifiable. This does not involve a change 
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in the values of the form fields, so elements subscribed to changes in the form will not be 
notified. 

Clicking the edit button again will save the values and return to the "no edit" state. Editing 
will change the value again and a request will be sent to the backend using the CaseService 
that will update the use case information to match the current status of the form. Through a 
Subscription to this request, the state’s use case will consume the backend response, updating 
its status, which in turn will update the (already updated) reactive form. 
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Figure 17. Case Detail Component Edition Data Flow 

(Source: Own Analysis) 

 

7.2.1.3 Deletion 

When the delete use case button is pressed, a request will be sent to the backend using the 
CaseService for its deletion. Through a subscription to this request, the state’s use case will 
update its value to Null. This subscription also manages the redirection of the user to the Over-
view page.  

As with editing, the ability to remove a use case will only be given to the creators or 
administrators. To check the user information, the reactive service LoginService will be used. 
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Figure 18. Case Detail Component Deletion Data Flow 

(Source: Own Analysis) 

 

7.2.2 Create Component 

The creation component allows the user to create a new use case / company from a simple 
form. Some of the complex or aggregated attributes of these entities are not added from the 
creation component but must be added once created from the detail (edit) component. This 
allows the creation component to be a simple component to create use cases (or companies) 
with only the basic set of attributes.  

Currently this component works as a separate page, although it is being adapted to work 
as a modal dialogue within the overview page. 

This component works similarly to the editing component. It is based on the use of a 
reactive form that allows to add the basic information of a new use case. The main difference 
with the previous component is that it does not have to show initial information or save the 
state’s use case data, so the component only has to manage the reactive form. 
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Figure 19. Crate Page 

(Source: Own Analysis) 

 

All form fields are conventional except the company selection field, which is implemented 
using the search dropdown component (as in the editing component) which will be explained  
later (see Section 7.2.3). 

Once the form is correctly filled out, the user can click on the "save" button. By doing so, 
an http request will be sent using the CaseService which will respond by returning the created 
use case. Through a subscription to this request and using the CaseDataService, the state’s use 
case value will be updated to this new use case. The user will then be redirected to the detail 
page. 
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Figure 20. Case Create Component Data Flow 

(Source: Own Analysis) 

 

7.2.3 Search Dropdown Component 

This component shows a dynamic dropdown lists with a search field that, in turn, allows 
to filter the dropdown list in a reactive way. This component is used in multiple parts of the 
application, such as in some form fields for editing and creating use cases or in the filter fields 
of the overview components. 

Although these search dropdowns and their functionality are already implemented, a com-
ponent has not yet been implemented that encapsulated and centralized this functionality, so 
that it can be easily replicated in other parts of the application. Even so, it is possible to explain 
how its future design will look like. 

This component has 4 input arguments that will allow it to be connected to the parent 
component: 

 searchTerm$, an Observable that will manage the value of the search field and that 
the parent component will act accordingly to changes in its value. It will actually work 
as an output argument. 
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 isSearching$, a Subject that controls whether the list is being filtered using some 
asynchronous process and is currently running, i.e. a subject that controls whether the 
search/filter is loading. 

 dropdownList$, a Subject with the items on the list to be displayed. 
 selectedList, a FormControl (reactive form field) that controls the items selected from 

the list. It will actually work as an output argument. 

As can be seen, this component has a large set of arguments for a relatively simple com-
ponent. This is because it works like a dumb or presentation component. This type of compo-
nent is characterized by not knowing where the data it manages comes from (Hades, 2019a). 
It simply presents the data without the need to collect or request it from a specific source. This 
allows it to be reused in multiple situations, even though the data must be collected from dif-
ferent sources but displayed in the same way. 

The component has a reactive form with two fields: a search field and a dropdown list. 
The value changes in the search form field are consumed and assigned to searchTerm$, which 
in turn will be consumed in the parent component, that will act accordingly. During this pro-
cess, the parent component should update the state of isSearching$ and dropdownList$ with 
the result obtained. selectedList allows the parent component to access to the selected elements 
from the dropdown list. 

If the list of items is static, searchTerm$ may not be specified. Then, the search filter will 
be performed in a conventional way on the static list and managed within the component itself. 
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Figure 21. Search DropDown Component Data Flow 

(Source: Own Analysis) 

 

7.2.4 Overview Component 

This component represents the page that shows the complete list of use cases (or compa-
nies) that the platform stores.  In addition, the component contains a series of filter fields that 
allow the user to easily and accurately make a customized search of the application's use cases. 

This component is probably the most complex component of the application, since it is 
responsible for managing multiple other components, which handle complex sets of data.  

Thus, the component has two subgroups of components defined: 

 Use case’s table, which can be filtered, sorted and paged according to different crite-
ria. This list is the main way to find and access a specific use case in the application. 
This element makes use of the table component, which will be explained later (see 
Section 7.2.6). 

 Filters, which are a set of form fields, managed by a reactive form, that precisely filter 
the elements shown by the table. They consist of a search field and a set of search 
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dropdown components (see Section 7.2.3) that allow to select one or more filter values 
for a given attribute. 

 

 

Figure 22. Overview Page 

(Source: Own Analysis) 
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As in the case of the detail component, we will explain the data flows in the different main 
events of the component. However, before this, we will focus on studying how all the events 
that affect the state of the table are managed. 

 

7.2.4.1 Table Event Management 

The most important and complex part of the component is the management of all possible 
events that modify the table of elements. To manage each of them, an Observable (specifically 
a Subject) has been created for each of these possible event sources:  

 CaseFilters$: contains the status of all filters in the application. The application has a 
state’s use case filter entity that is accessed using the CaseFilterDataService (see Sec-
tion 0). From here we will obtain the current status of the filters. 

 CurrentPage$: contains the current page index of the table. 
 CurrentPageSize$: contains the maximum number of items shown in the table (page 

size). 
 CurrentSort$: contains information about the sorting criteria applied to the table. 

All these Observables are connected using the RxJS combineLatest() function. This func-
tion allows to combine all the last values emitted by these observables into a single data stream, 
so we have the current state of the filters, page, size and order each time one of these is mod-
ified. Each time this happens, an http request will be made using CaseService that will provide 
the component with the list of use cases that meet the specified criteria.  

Among the specific Observables, only caseFilters$ is managed by the overview compo-
nent (and partially by the search dropdown components). The rest are managed within the 
table component and then consumed in the upper component, which collects them and acts 
accordingly. 

This way of managing table events is also used in other parts of the application that con-
tains tables, such as the Search page. 
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Figure 23. Table Event Management Data Flow 

(Source: Own Analysis) 

 

7.2.4.2 Initialization 

At initialization, the initial values are assigned to the filters in the table, as well as to the 
initial lists of the search dropdown components. The caseType and technology filter lists will 
start with all possible values. All technologies are obtained through an http request to the 
backend using the CaseService. The company filter will start empty and will be dynamically 
loaded when any search is performed. This approach may be used for technologies if their 
number increases too much to keep the entire list in memory.   

For the initial values of the filters, the values of caseFilters$ will be used, i.e. the state’s 
case filter obtained from CaseFilterDataService. These state data will be considered valid if 
the last page visited is a page of the use case module (case detail, create and overview) or is 
the global search page, which will keep the search performed in it. For this purpose, the com-
ponent will use the navigation history provided by the RoutingStateService. If the user comes 
from a different page, the context data will be considered as outdated and will be discarded. 
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Similarly, the table data (item list, order, page, page size) will be obtained from the state’s 
use case list stored in the CaseListDataService. In this case the data will only be valid if the 
last page visited is from the use case module. Otherwise, predefined values will be assigned 
to the sorting, page and page size. 

Storing information about the filters and the table allows the user to retrieve the state of 
the page when, for example, they leave it and later return to it or when they have already done 
a certain search in the central search page and want to refine that search in the overview page. 
This behavior also allows that if, for example, the user accesses the detail of a use case and 
wants to go back to the overview page to continue with his previous search, he does not have 
to add all the filters again. 
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Figure 24. Case Overview Component Initialization Data Flow 

* Table Initialization applies the process explain in Figure 23 using default values 

(Source: Own Analysis) 
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7.2.4.3 Filtering 

The filtering process has already been practically explained in the two previous sections. 
This event can come both from the filters and from the table: 

 Changes in filters are changes in the reactive form to which they belong, which can 
easily be consumed reactively. To do this, through a subscription to the form value 
changes, the state’s use case filter (caseFilter$) consumes the new state of the form 
and updates its own. This in turn will generate an http request that will update the data 
shown in the table. 

 Changes in the table (order, page, and page size) will be issued by EventEmitters from 
the table component. These EventEmitters will be consumed by the corresponding 
Subjects (CurrentPage$, CurrentPageSize$, CurrentSort$), which will also generate 
a new http request that will update the table values. 

 

7.2.5 Search Component 

The search component performs global searches in the application by specifying a term 
that must be found within the use cases and companies (description, title, etc) of the platform. 

The component displays two tables with the data filtered from the search term, one for 
use cases and one for companies. Besides the tables, the component offers two links to the 
overview pages of use cases and companies to perform more precise filters to the searches 
already done. 

The strategy followed to manage the different events that change the state of the table is 
the same as in the case of the overview component (see Section 7.2.4.1) with certain differ-
ences:  

 We have two tables instead of one, which are managed independently: different Ob-
servables to manage events, different http requests, etc. 

 The filters in this component are much simpler, it only has one field in which a search 
term is specified 

 The search term is not specified in this component, but in the application header.  
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Figure 25. Search Page 

(Source: Own Analysis) 

 

To communicate these two components, search and header, we cannot use a conventional 
approach of establishing input arguments, as they do not maintain a parent-child component 
relationship. Nor have we decided to use an Observable Data Service, which would also have 
been a valid solution. Instead, we have decided to use a common approach based on adding 
the search term as a parameter of the page url.  
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To obtain the parameter of the url, the component uses the Angular class ActivatedRoute, 
which offers these parameters in the form of Observables, so the page can use them and act on 
changes in them in a reactive way. 

This approach, besides relating both components in a simple way, allows to make global 
searches to the application simply by specifying a url. For example, we can create a link to our 
page from a blog post like https://idt.in.tum.de/search;query=bmw and we will get directly all 
the elements of the platform that contain the word "bmw". 
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Figure 26. Search Component Data Flow 

* Table Initialization applies the process explain in Figure 23 using default values 

(Source: Own Analysis) 

 

7.2.6 Table Component 

The table component, as its name indicates, implements tables for the different entities of 
the platform: use cases and companies. There is a specific component to create tables of each 
one of these entities, although their functionality and design differ minimally. 

This component, like the search dropdown component, is a dumb or presentational com-
ponent. It does not know where the information to be displayed comes from, it simply manages 
it. This allows more flexibility when reusing the component. This component is used in search, 
detail and overview components. 
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7.2.6.1 Input Data 

The component has the following input arguments, which allow it to communicate with 
its parent component: 

 cases$, an Observable containing the list of elements to be displayed in the table. 
 searchString$, an Observable containing the search term (if any) that has been applied 

to the data. This variable is simply used to highlight the search term in the table ele-
ment attributes. 

 currentPage$, an Observable containing the current page being displayed. This input 
may seem wrong, since the page to be displayed is managed by a table event. How-
ever, there are certain events from outside the table that can also modify the page being 
displayed (e.g. a new search term will reset the page to be displayed to the first page). 
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Figure 27. Table Component Input Data Flow 

(Source: Own Analysis) 

 

7.2.6.2 Output Data and Table Events 

The component also contains a set of output arguments that communicate the different 
events generated by the table: 

 pageChanged, an EventEmitter that sends an event when the page to be displayed has 
changed. 

 pageSizeChanged, an EventEmitter that sends an event when the size of the page to 
be displayed has changed. 
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 sortChanged, an EventEmitter that sends an event when the sorting criteria has 
changed. 

The table allows, through the UI, to modify these 3 values. It notifies these changes to the 
parent component to act accordingly, updating the information to be displayed by the table. 

The approach of using EventEmitters is not the best from a reactive point of view. The 
interface of this component needs a redesign to adapt it to the use of Observables that may 
even simplify this interface. For example, using a Subject to manage page changes would 
allow the use of only one variable to manage changes from the parent as well as from the 
component itself, instead of using 2 (currentPage$ and pageChanged). 
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Figure 28. Table Component Output Data Flow 

(Source: Own Analysis) 

 

7.2.6.3 Paginator Component 

Table component also contains another sub-component, the paginator component, which 
is a custom component that manages pagination and page size change of the table. As in the 
case of the table component, this is also dumb or presentational. 

It has the following input arguments: 

 pageSizeOptions, an array with the different page sizes allowed. 
 pageSize, a number with the initial page size. 
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 currentPage$, an Observable that contains the initial page of data to be displayed and 
transmits the possible page changes occurred outside the component. 

 length$, an observable with the total number of elements that meet the specified cri-
teria, i.e. all elements on all data pages that can be obtained with the specified criteria. 

It also has an output argument, page, which is an EventEmitter that outputs objects with 
the current page and page size value each time one of these changes. 

Our paginator component is based on the paginator already implemented by the compo-
nent package used in this project, Angular Material (https://material.angular.io/). The Angular 
Material paginator is in charge of calculating the number of pages, the current page, the page 
size and the broadcast of these events. All the events it broadcasts are simultaneously propa-
gated using the page output argument.  

While page size changes are managed by this component, page change events are man-
aged by our component, making the Angular Material paginator broadcast a new event. This 
is because only the design of the paginator element has been customized and extended in our 
component. 

The paginator component shows the current page, as well as buttons to go to the next and 
previous 3 pages and buttons to go to the next, previous, first and last page. It also shows the 
current page size and the possible values of it. 

The data flow of the component is as follows: 

 All page changes produced outside the paginator are transmitted by currentPage$, 
which are consumed by the Angular Material paginator to update the status without 
issuing any event (this would be redundant). 

 Each time a page change occurs, external or internal, the 3 pages following and pre-
ceding the current one are recalculated. These changes are sent either by currentPage$ 
(external) or by page (internal).  To treat them indiscriminately, we use the RxJS 
merge() operator, which allows to create a data stream dealing with several Observa-
bles as they would be only one. Possible previous and subsequent pages are calculated 
from the value of the current page. In the case of subsequent pages, it also uses length$ 
and pageSize, which help calculate the number of remaining subsequent pages. 

 The click event on any of the buttons of the paginator will generate a page event in 
the Angular Material paginator, which will be managed by page. This will propagate 
it to the upper component and cause an update of the number displayed by the buttons. 
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Figure 29. Paginator Component Data Flow 

(Source: Own Analysis) 

 

7.2.7 Dashboard Component 

The dashboard component is the first component that is displayed once the user accesses 
the application. Its current structure is not definitive, as it is subject to possible design changes 
that would also affect the platform's data management. In general, the dashboard will have two 
different types of content: 

 Components that display outstanding platform content in attractive layouts. It cur-
rently has a carousel that shows featured use cases and a list of the most recently added 
use cases shown in the form of cards. 

 Components that show graphs and general statistics of the platform: number of use 
cases and companies stored in the platform, companies with more use cases reported, 
etc. 
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Figure 30. Dashboard Page 

(Source: Own Analysis) 
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The dashboard component is, without a doubt, the component that shows the greatest 
number of data on screen, from a big number of different sources and with different layouts. 
In addition, it has a large number of sub-components of certain complexity that it must man-
age. However, the implementation of this component, in terms of data management, is much 
simpler than other components (e.g. overview component) due mainly to: 

 Although it has many sub-components, the data shown by each of them are independ-
ent, so communication between sub-components is non-existent. 

 Although the sub-components are complex and some of them also have complex inter-
actions like animations, they are all implemented by external libraries, i.e. they are not 
designed by our team. This means that our task is simply to provide them with the data 
in the correct way. 

The only problem that this component has to face is the management of obtaining the 
information from multiple sources. Each of the subcomponents obtains its information from a 
specific endpoint of the backend, which means an http request and an asynchronous process 
for each subcomponent.  

It is for this type of situation that the use of Observables can be of great advantage. It is 
only necessary to create an Observable for each http request and specify in it the transfor-
mations needed to fit the component that will consume them. Then, simply establish the Ob-
servable as the data entry for each sub-component. In the case that the sub-component does 
not wait for an Observable, but for a primitive variable, the async pipe (see Section 5.1.1.2) 
can be used. This will ensure that the sub-component receives the data once it is received as if 
it were conventional data. 

RxJS takes care of abstracting the asynchronous and concurrent nature of all these re-
quests, so that these aspects are totally transparent at the time of their implementation. 
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Figure 31. Dashboard Component Data Flow 

(Source: Own Analysis) 
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Chapter 8: Project Performance Evaluation 

8.1 Evaluation Introduction 

In this last section of the thesis we will study the advantages that the use of FRP and, more 
specifically, RxJS has brought us when implementing the web application for the IDT plat-
form. Most of the advantages provided by the use of RxJS (and, therefore, FRP) are strongly 
related to the experience and quality of software development. 

 

8.1.1 Advantages 

As already mentioned in Section 2.3.1, the key ideas of FRP are its definition of the no-
tions of behaviors and events (C. Elliott & Hudak, 1997).  These notions are in turn represented 
in RxJS in the form of data streams and Observables respectively. We have also mentioned 
the data-driven (Section 4.2.2) approach followed by RxJS (Daniels & Atencio, 2017), by 
which the application behavior is separated from the application data (events). 

This separation of logic and data allows a simple and effective management of the data 
flow through the application, especially when it comes to managing asynchronous processes, 
being Observables a better option than alternatives such as callbacks or Promises. This data-
driven approach allows the user to abstract from the time dimension of the data, which is one 
of the main features of FRP (Nilsson et al., 2002). 

In addition to these advantages, the use of the reactive functional paradigm can bring 
certain improvements in terms of application performance. FRP, specifically RP, is designed 
to simplify the creation of interactive UIs and animations following an approach focused on 
the propagation of change through data flows (The Art of Service, 2019). This approach allows 
that UIs and animations can be updated following an "on push" approach instead of "on pull", 
which can be more efficient in most UI scenarios (C. M. Elliott, 2009). 

 

8.1.2 Drawbacks 

On the other hand, the use of FRP can also lead to certain disadvantages. The most notable 
is that applications may require more memory consumption than following a different ap-
proach. This is because many of the calculations that, in other paradigms can be evaluated and 
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forgotten, in FRP they need to be represented as data structures (The Art of Service, 2019). In 
the case of RxJS, these data structures would be the Observables and the data they receive, as 
well as the data generated in the data streams (Operators data). 

Another problem associated with memory consumption and, specifically RxJS, is the 
probability of generating memory leaks if the release of resources (Observables, Subscriptions, 
etc.) is not correctly managed when using Observables. 

 

8.1.3 Evaluation Scope 

In this section we will not go into an analysis of the possible effects that this paradigm 
has on the experience and quality of software development (e.g. asynchronous processes man-
agement), since the objective of the evaluation is to know the direct impact that the use of this 
paradigm has on the application. Although we know that the quality of software development 
indirectly affects the application and the user experience (fewer bugs, faster bug fixing, easy 
maintenance and feature extension, etc). 

Therefore, in this evaluation we will focus on analysing: 

 Application performance, focusing on detecting and updating changes in the UI. 
 Application memory consumption, as well as analysis of possible memory leaks in the 

application. 

 

8.2 Performance Evaluation: Change Detection Improvement 

The proper performance of an application depends on multiple factors and can be meas-
ured using multiple metrics. In our particular use case, we are not interested in whether the 
application in general terms has adequate performance, but whether the use of FRP and RxJS 
has a positive effect on the application.  

Therefore, it is essential to first analyze which aspects of the application's performance 
can be affected by the use of the study paradigm. As mentioned in the introduction to this 
chapter, FRP allows for the optimization of the propagation and detection of changes in the 
UI following an “on push” approach. Therefore, in this section we will analyze the advantages 
that FRP brings to detecting and propagating changes in the UI. 
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8.2.1 Angular Change Detection Strategies 

In order to analyze change detection performance, we must first understand how this pro-
cedure works in Angular. 

Each component of Angular has a change detector responsible for detecting the bindings 
defined in its HTML template (Savkin, 2016). By default, when a change occurs in the appli-
cation, the application change detection is propagated through all components of it. Therefore, 
change detection occurs even for components that may not be affected by the change. This 
strategy may be too costly in applications with a large number of components or with elements 
that change continuously. 

Angular implements an alternative strategy that can be applied to the change detection of 
a component, called "OnPush". When this strategy is set on a component, the framework will 
only check for changes to the component when (Hades, 2016): 

 Any of its input properties have changed. 
 When it triggers an event. 
 When an Observable with any subscription in the component produces some data. 

The use of Observables as the main entity for the management of the application data 
allows, due to its reactive characteristics, to implement the "OnPush" change detection strat-
egy. In this evaluation, we will measure the performance improvement by using this strategy. 

 

8.2.2 Chrome DevTools 

We will use Chrome DevTools as a tool to monitor the application's performance.  
Chrome DevTools (Google Developers, 2019) is a set of web development tools directly inte-
grated into Google Chrome that allows users to edit pages on the fly and quickly diagnose 
problems in them. 

This application has a panel oriented to the performance evaluation that allows to elabo-
rate the profile of the application during its execution to later analyze resources (processing 
time, memory, etc.) of its different components. 
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8.2.3 Performance Evaluation 

The evaluation will be based on the study of the processing time that is used to detect and 
update changes in the more complex pages of the application using both Angular strategies. 
The pages to be evaluated are: 

 Dashboard 
 Case Overview 
 Case Detail 
 Search 

In order to make the profiling for both strategies comparable, the executions recorded will 
be identical: an identical set of events will be reproduced manually in a given period of time. 
To make sure that this method is indeed reliable, we have recorded the execution of these 
events multiple times and checked that the results obtained are consistent (similar), so the 
manual execution of the events does not seem to affect the result. 

In the evaluation we have identified and measured the running time for the functions that 
Angular uses for change detection. The main function in charge of this work is de-
tectChanges() of the ViewRef class. The main logic responsible for running change detection 
for a view resides in checkAndUpdateView() function, which is call inside of detectChanges() 
(Koretskyi, 2017). 

The results obtained can be seen in the following graphs: 
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Figure 32. detectChange() Running Time 

(Source: Own Analysis) 

 

 

Figure 33. checkAndUpdateView() Function Running Time 

(Source: Own Analysis) 

 

In the previous figures (Figure 32 and Figure 33) we can see how in all cases there is, to 
a greater or lesser extent, some improvement in the performance of change detection. The most 
outstanding cases are those of the Case Detail and Dashboard in which the processing time for 
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detecting and updating screen changes is reduced by 90-95% and 62-63% respectively. They 
are followed by Case Overview, with a 40-37% reduction. Finally, Search seems to benefit 
much less from the rest of the pages, with a reduction of 18-20%. 

We think that there are basically two reasons why some pages benefit much more from 
this strategy: 

 The structure and hierarchy of page components 
 The impact of events on components 

The first reason is related to the tree structure formed by the components of the page and 
which represents the relationships between them. Changes in a component usually affect only 
a subset of its lower components. Therefore, pages with broad and shallow tree structures 
benefit more from only updating the changed components. This is the case with Dashboard or 
even Case Detail. 

Regardless of this, the nature of the events that occur on a page can, in almost all cases, 
involve most of the components of it. This is the specific case of Search. Not only does it have 
a deeper structure than Dashboard and Detail, but its events (mainly search term changes) 
affect all components. 

From the results of this evaluation we concluded that the performance of detecting and 
updating changes in the platform improves significantly when we use an "on push" strategy 
thanks to the use of Observables and, in general, the functional reactive paradigm. However, 
the process of change detection is not sufficiently complex (and costly) in our application for 
the improvement in its performance to be appreciable for the user.  

For example, in the evaluation made to the detail page, the time spent on change detection 
is 2.5 seconds (the highest among the pages), but the evaluation lasted about 17 seconds. At 
no time has the page slowed down due to the performance of these events, and these evalua-
tions are surely more demanding than the interactions that an average user would have on the 
pages. 

Therefore, using FRP and optimizing change detection and update can mean a significant 
performance improvement for applications that produce a large amount of changes to the UI 
that must be updated frequently (e.g. complex animations). In the case of our application, the 
improvement is noticeable but not appreciable for the user. However, it may be that in the 
future when the application and its pages are more complex this optimization will be essential 
for the good performance of the application. 
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8.3 Memory Consumption and Leaks Evaluation 

In the second and last part of the evaluation of the application we will study the memory 
consumption and the possible memory leaks that it may have due to the use of RxJS. 

As a tool to run both evaluations we will also use Chrome DevTools and its features to 
measure performance and memory consumption. 

 

8.3.1 Memory Consumption Evaluation 

The first evaluation that we will present will be the measurement of the memory con-
sumption of the main pages of the application.  

Unlike in the case of performance evaluation, we have not found any method to quantify 
how much the particular use of Observables affects the memory consumed by the application. 
Therefore, in this assessment we will only make a measurement and estimate whether the 
memory resources it requires are reasonable for a web application of its sort. 

The following figure shows the memory consumption measurements of the application 
pages. It should be noted that all these measurements have been taken directly from the pages 
without passing through any other page of the application and using the incognito mode. 

 

 

Figure 34. Memory Consumption of Application Pages 

(Source: Own Analysis) 
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The boundary value represents the maximum value obtained at the time the page is being 
loaded. The stable value represents the memory consumption once the page is loaded, when it 
remains constant. As it can be seen, the consumption of all pages is very similar, especially 
when the page is in a stable state. 

It should be noted that the two pages of Companies and Search (which makes use of com-
ponents of the Company module) are the most memory consuming, without being especially 
more complex than the rest. Actually, they are simpler than their Cases counterparts. There-
fore, it is possible that this higher memory consumption is due to the load of the Company 
module itself. We will have to check if this module is making use of too many other modules 
or components (both internal and external) and try to minimize them. 

Finally, we are going to compare the results obtained with some popular websites that 
have pages with similar functionalities to ours: 

 Crunchbase (https://www.crunchbase.com/): business digital observatory. 
 H&M (https://www2.hm.com/es_es/index.html): Official website of the H&M cloth-

ing brand. It allows precise searches of the products it sells. 
 Gmail (https://mail.google.com/): web of Google's email service. It allows mail man-

agement as well as filtering and searching for incoming mail. 

 

 

Figure 35. Web Memory Consumption Comparison 

(Source: Own Analysis) 
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As we can see, the memory consumption of the IDT Platform does not differ from other 
websites. This does not mean that our application is optimizing its memory consumption but 
serves to ensure that the results obtained are within reasonable margins. 

As a result of these results we cannot state that the use of the reactive functional paradigm 
or the FRP library negatively affects the memory consumption of a web application, but we 
can confirm that our web page implements FRP with RxJS and has similar memory require-
ments to other web pages. 

 

8.3.2 Subscription Cancellation and Resource Release 

When a Subscription is established to an Observable, a data stream is created between that 
Observable and an Observer, that will be managed by a Subscription object. This data stream 
will remain operational by transmitting data until the Subscription object is explicitly in-
structed to unsubscribe. 

It is important to note that the subscription occurs in the Subscription, not in the Observ-
able, so if an Observable is subscribed to more than one Observer, he must unsubscribe from 
each of them. 

There are some alternative ways to unsubscribe without directly calling the Subscription 
object: 

 If the async pipe is used, the component will subscribe and unsubscribe automatically 
when the page is initialized and destroyed respectively. 

 There are some operators like take() or takeUntil() that allow to establish a condition 
in which it will not be required to continue consuming the Observable's data and, 
therefore, it will unsubscribe directly from it (for example, when a specific number of 
data has been consumed). 

In the case of our application we have combined the use of the async pipe and the un-
tilDestroy() operator, an operator from a library called ngx-take-until-destroy (Basal, 
Androsovych, Krzysztof Karol, Malkevich, & Shaaban, 2019)  that, extends the functionality 
of the takeUntil() operator and that is in charge of unsubscribing when the object in which the 
subscription has been established (Angular component) is destroyed. 
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On the other hand, in case of not managing the subscription cancellation to an Observable, 
this data stream will remain active indefinitely consuming computer resources. If there are 
successive interactions with the application that cause this phenomenon, it will begin to in-
crease the resources it requires, which may negatively affect the performance of the device, 
especially if it has a limited amount of resources (e.g. mobile phones). 

 

8.3.3 Memory Leaks 

Finally, we will evaluate possible memory leaks caused by the use of Observables. The 
most characteristic symptom of this type of problem is the progressive increase of memory 
consumed by the application.  

Using the Chrome DevTools memory consumption monitoring tools, we will analyze 
whether the memory consumption increases progressively when interacting with the applica-
tion. 

 

 

Figure 36.  1-Round Application Memory Consumption Graph 

(Source: Own Analysis) 

 

The graph of the Figure 36 shows the memory consumption of the application during a 
visit in which all the main pages of the application are visited (those that appear in the appli-
cation header) starting from the dashboard page and ending in this same page.  

As it can be seen, the memory consumption increases progressively: first time dashboard 
is visited, the consumption is about 42MB, while the second time is about 63MB (21 MB 
difference). This does not necessarily mean that there is some memory leak, since we must 
consider that the different Angular modules of the page are loaded in a lazy way, besides there 
may be shared resources that are initialized when passing through some of these pages. So, 
let's check what happens if we do the same route through the page but twice. 
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Figure 37. 2-Rounds Application Memory Consumption Graph 

(Source: Own Analysis) 

 

In the second round the memory consumption is more stable than in the first one (due to 
the loads of the modules in the application) but it keeps increasing until it stays around 67MB, 
4MB more approximately. This does raise the suspicion of a possible memory leak in the 
application.  

To detect possible memory leaks we will use the method explained by (Verduin, 2019). 
This is based on using the Chrome DevTools memory allocation measurement tool and check-
ing that every time a page is left in the application the component is correctly destroyed. This 
implies that all objects associated with it (Observables, Subscriptions, etc.) have also been 
destroyed and allow the destruction of the component. Otherwise, the component will not be 
destroyed. 

Checking the different pages of the application, we found the following when testing Case 
Overview: 

 

Figure 38. Case Overview Memory Leak 
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(Source: Own Analysis) 

 

Every time the user visits the Case Overview page the component remains in memory 
without being destroyed, increasing the memory consumption of the application. 

To solve this issue, we have made an evaluation of all the Subscriptions associated to this 
component and components associated to it. We found several Subscriptions (4) whose sub-
scription cancellation was not properly managed. Once corrected, we have verified again that 
the component is correctly destroyed. The memory consumption graph now looks like this: 

 

 

Figure 39. 2-Rounds Application Memory Consumption Graph Without Memory Leaks 

(Source: Own Analysis) 

 

Now we can see how in the second part of the graph the memory consumption remains 
practically constant around 62MB. We can conclude that apparently all the memory leaks 
coming from the use of RxJS have been solved.  
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Chapter 9: Thesis Conclusions 

In this last section of the thesis we will summarize the conclusions that have been obtained 
throughout its elaboration on the three main questions raised at the beginning of the study 
(Section 1.3). 

 

9.1 Question 1 Conclusions 

The main objective of this first question is to study in depth the characteristics of the study 
programming paradigm: reactive functional programming (FRP). To this end, first we have 
defined the characteristics of the paradigms on which it is based:  

 Functional programming (FP): program consists entirely of functions. Programs are 
functions composed of functions and these, in turn, of simpler functions until they 
reach primitive variables (Hughes, 1989). 

 Reactive programming (RP): programming paradigm oriented towards the use of 
data flows and the propagation of change. It allows to express the application data as 
data flows in a simple way and guides the execution model to automatically propagate 
the application changes through them (The Art of Service, 2019).  

Reactive functional programming is defined as a programming paradigm with a declara-
tive approach that serves to create reactive applications based on values that change over time 
(Perez et al., 2018), managing the time dimension of these in a transparent way for the devel-
oper (Nilsson et al., 2002). FRP is based on two key concepts (C. Elliott & Hudak, 1997): 

 Behaviors: reactive values that vary over time (i.e. time functions). 
 Events: sets of conditions containing potentially valuable information (i.e. lists of 

time-value pairs) 

We have also presented the main tools used in the project to implement the functional 
reactive paradigm:  

 Angular: JS framework created by Google for the development of frontend web ap-
plications following the MVC pattern (Jain et al., 2015). Although it is not a frame-
work specifically focused on the implementation of reactive applications, it contains 
a series of features to manage the application data through Observables (reactive data 
flows). 
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 RxJS: JS library that allows managing the application data in the form of data streams 
and propagating the changes in a reactive way. It follows a data-driven approach that 
separates the behaviour (logic) of the application from the data that flows through it. 
Thanks to this approach, it is very easy to manage the asynchronous processes of the 
application (events, http request, etc). All the application data is expressed in the form 
of Observables (Daniels & Atencio, 2017). 

There has also been a review of some of the architectures and design patterns for Angular 
applications based on the use of Observables: 

 Event Bus Service: consists of using an Observable as an event bus (Wahlin, 2019). 
The event emitters send their events to the event bus. The consumers of these events 
subscribe to the event bus and filter the events they require. 

 Observable Data Service: Angular services that can be used to provide data in the 
form of Observables in multiple zones of the application (Hades, 2019b).  Allow shar-
ing of application state data between components. 

 Single Store Architecture: is based on the use of a single, centralized store that con-
tains all the information about the current state of the application. 

 

9.2 Question 2 Conclusions 

In this thesis we have presented the practical case we have been working on. We have 
developed a web application for the IDT platform that serves as a digital observatory on digital 
transformation initiatives throughout industry and commerce. The application allows the inte-
gral management of all the information it contains about digital transformation use cases and 
the companies that apply them. In addition, it allows the user to carry out precise searches on 
specific information, as well as to see global statistics on digital transformation derived from 
the platform's data. 

Based on the requirements of the application we have proposed the design and architecture 
of the application. It is divided into two different layers: 

 View Layer: contains the components that will compose the different pages of the 
application. Due to the characteristics and requirements of the application, the appli-
cation pages in general do not have a complex component structure nor do they have 
too complicated data management and sharing requirements. However, some of the 
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main pages and components of the platform do have more complex component struc-
tures and data management requirements, which will need special tools provided by 
the lower layers to be managed. 

 Data Layer: layer formed by the services of the application that manages the collec-
tion, sharing and maintenance of application data to be consumed by the view layer. 
This layer is divided into two parts: 

o Http request services, that are in charge of performing the http requests to the 
backend of the application providing the components with the information ob-
tained from it. 

o Observable Data Services, which are services that follow the design pattern 
with the same name and that provide access to global functionality and data of 
the application in a reactive way (authentication, routing history, app state, 
etc.) 

Once the application architecture is presented, we have explained in detail each of the 
components of the different layers, focusing on the way they implement and use the reactive 
functional paradigm: 

 From the Data Layer, we have explained the functionality and data provided by the 
different services in the application, as well as, in the case of the Observable Data 
Services, the way in which they implement this design pattern. 

 From the View Layer, we have presented the different components of the application 
as sets of data streams through which data flows and application changes are propa-
gated, from the services provided by the Data Layer to its UI, its child components, 
etc. 

 

9.3 Question 3 Conclusions 

Finally, in the thesis we have conducted a series of evaluations on the platform in order 
to study the possible benefits and drawbacks that the use of the reactive functional paradigm 
brings to our application. To identify the possible advantages and disadvantages we have based 
on the information gathered in the first question of the thesis, both for FRP and for the tools 
used for its implementation (RxJS). 

The first evaluation consisted of studying how the use of FRP affects the performance of 
the application, focusing on the optimization it provides when detecting changes in the UI. For 
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this purpose, we have compared the two different change detection strategies that Angular 
implements: 

 Default Strategy: Each time a change occurs, it updates the state of all components 
(Savkin, 2016). 

 OnPush Strategy: Each time the input of a component, an event or an Observable 
changes its status, it updates the affected components (Hades, 2016). 

The use of FRP, and more specifically Observables as the main data structure of the ap-
plication, makes it possible to use the second strategy, which is much more efficient. 

By comparing strategies on the main pages of the application, we have found that execu-
tion times are reduced by 90% to 20% depending on the characteristics of the page. Even in 
the worst case, the improvement obtained is remarkable. 

In the second evaluation, we have checked the memory consumption of the application in 
the main pages of it. The memory consumption of the application is around 40MB loading 
only the necessary modules for the page shown. 

We have compared this data with that of pages with similar characteristics, whose memory 
consumption was around 80-20MB. Therefore, we can state that the application seems to have 
acceptable memory consumption levels, but we cannot conclude that FRP affects them either 
negatively or positively. 

Finally, we evaluated whether the application had any memory leak resulting from the use 
of RxJS and Observables. These memory leaks occur when the release of resources associated 
with Observables and their Subscriptions are not properly managed once they are no longer 
used. To do this, we have verified that all the components of the application correctly release 
all their resources once they are destroyed, as explained in (Verduin, 2019). 

Once some memory leaks have been identified using this method, we have corrected and 
properly managed all the Observables in the application, thus eliminating the memory leaks 
found. 
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