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Resumo

No ambiente empresarial de hoje, a adogédo de plataformas de integragéo tornou-se crucial para
organizacbes que buscam otimizar operagdes, aprimorar a gestdo de dados e melhorar o
envolvimento com os clientes. Este estudo explora plataformas populares de integracdo, como
MuleSoft, Tibco e Dell Boomi, lancando luz sobre suas caracteristicas Unicas, capacidades e
adequacdo para diferentes casos de uso.

A pesquisa tem como objetivo proporcionar uma compreensdo abrangente dessas
plataformas, permitindo que as organiza¢fes tomem decisdes informadas ao escolher uma
solucdo de integracdo. Além disso, o0 estudo apresenta fatores-chave para a comparacdo de
plataformas de integracdo, incluindo opc¢Bes de implementacdo, depuracdo gréfica, fungdes
predefinidas, ambientes de desenvolvimento, suporte para monitoramento em tempo real,
capacidades de trabalho colaborativo e independéncia de linguagem especifica de dominio
(DSL).

Ao avaliar esses fatores, as empresas podem identificar a plataforma que melhor se alinha
com suas necessidades e objetivos especificos de integracdo. A conclusdo destaca que a escolha
da plataforma de integracéo deve ser feita com base nas necessidades individuais, infraestrutura,
consideracdes orcamentérias e preferéncias organizacionais, enfatizando a importancia de uma
avaliacdo completa e, possivelmente, a realizacdo de um projeto piloto antes de tomar uma
decisdo final.

Palavras-Chave: Plataformas de integracdo, MuleSoft, Tibco, Dell Boomi, Software, Nuvem,



Abstract

In today's fast-paced corporate environment, adopting integration platforms has become crucial
for firms aiming to increase customer interaction, optimize processes, and manage data.

This study examines well-known integration systems as Dell Boomi, Tibco, and MuleSofft,
illuminating their special traits, functionalities, and applicability for various use cases. The goal
of the research is to give enterprises a thorough understanding of these platforms so they can
choose an integration solution with confidence.

Additionally, the paper introduces key factors for comparing integration platforms,
including deployment options, graphical debugging, predefined functions, development
environments, real-time monitoring support, collaborative work capabilities, and domain-
specific language (DSL) independence.

Businesses can determine which platform best fits their unique integration requirements
and goals by weighing these considerations. The choice of integration platform should be
determined by infrastructure, organizational preferences, budgetary constraints, and individual
needs. A thorough assessment and proof of concept should be carried out prior to making a
final decision.

Keywords: Integration platforms, MuleSoft, Tibco, Dell Boomi, Software, Cloud
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CHAPTER 1
Introduction

Nowadays, software engineers are starting to make more use of integration platforms such as:
MuleSoft - Anypoint Platform, Tibco - TIBCO Cloud Integration, Dell Boomi, Sap - SAP
Cloud Platform Integration Suite, Oracle - Oracle Integration Cloud Service, IBM - IBM Cloud
Integration, etc.

The use of integration platforms has grown in popularity among businesses of all kinds and
sectors in the current digital environment. These platforms facilitate smooth communication
and data sharing by acting as a link between various systems, apps, and data sources.

With the easiness of this platforms, even someone with no Information Technology (IT)
background can start using them, because some of them are low code platforms, the kind of
drag and drop items. The purpose of this work is to highlight the benefits and drawbacks of
each tool so that companies can make an informed decision based on their own needs.

Organizations attempting to maintain their competitiveness and flexibility can benefit from
integration platforms in a number of ways, including improved data management, enhanced
operational effectiveness, and the ability to adapt to shifting market demands.
The objective of this thesis is to provide a detailed analysis of three of the most important
integration platforms: Dell Boomi, Tibco, and MuleSoft. These platforms were selected due to
their relevance in the global integration market, being widely used by companies from various
sectors and have consistently been ranked at the top by Gartner over the past decade.

So, it seems fair to consider these three when making a choice, and it all comes down to
what your organization needs, the requirements of your project, and what each platform can
offer. Dell Boomi stands out for its agile, cloud-native approach, offering an affordable and

efficient solution for businesses looking for quick and easy-to-manage integrations.



For the sake of practicality and alignment with current technological trends, | will consider
the Dell Boomi platform as a cloud solution. This is due to its cloud-native architecture, which
offers easy scalability, simplified maintenance, and rapid deployment. Additionally, Boomi is
widely recognized for its ability to integrate systems across hybrid and multicloud
environments, which makes it ideal for businesses looking for flexible and affordable
integration solutions without the need for heavy on-premises infrastructure. Tibco is a
consolidated choice among large corporations, recognized for its ability to handle complex
integrations and robust IT environments. MuleSoft, meanwhile, is widely recognized for its
innovative API-based approach, which enables companies to create scalable and reusable
architectures. The choice of these three platforms was due to their influence on the integration
scenario and the diversity of approaches, providing a comprehensive comparison of their
advantages, disadvantages and capabilities.

The research begins by introducing key factors for comparing integration platforms, such
as deployment options, debugging capabilities, predefined functions, development
environments, real-time monitoring support, collaborative work features, and Domain-Specific
Language (DSL) independence. These factors serve as essential criteria for evaluating the

suitability of each platform for specific use cases.

Subsequently, this thesis delves into each integration platform’s individual characteristics.
MuleSoft, renowned for its intuitive interface and DataWeave DSL, is simple to use, yet its
flexibility isn't unrestricted. An experienced player in the integration market, Tibco offers
unmatched versatility with a wide range of DSL options and programming languages, although
it could have a higher learning curve. Cloud-native Dell Boomi has a large marketplace of
connections and quick setup, however it might be a little too rigid in terms of programming.

The conclusion highlights that an organization's unique integration requirements, current
infrastructure, financial limits, and organizational preferences should all be taken into
consideration when selecting an integration platform. It emphasizes how critical it is to carry
out a comprehensive assessment and, if feasible, a proof of concept in order to guarantee that
the platform of choice seamlessly fits with the goals of the organization.

To put it briefly, the goal of this research is to give organizations useful insights into the
world of integration platforms so they can make decisions that will help them manage their data
better, optimize their operations, and maintain their competitiveness in the fast-paced business

environment of today.



1.1. Objectives

The primary objective of this thesis is to provide a comprehensive overview of the top three
integration platforms, which are Tibco, MuleSoft, and Dell Boomi. Our mission is to examine
their benefits, drawbacks, and capabilities to assist companies in choosing the integration
solution that best meets their unique needs:

e To integrate the key functionalities and comparison aspects of the selected integration
platforms.

e It lists important aspects to consider when selecting an integration platform, including
deployment choices, DSL independence, development environments, predefined
functions, debugging capabilities, and support for real-time monitoring.

e To give a thorough examination of every platform separately, stressing its special
qualities and contrasting it regarding usability, adaptability, and the accessibility of
programming tools.

e Tosum up, it is critical to match an organization's requirements, current infrastructure,
financial limits, and organizational preferences when selecting an integration platform.
Furthermore, we will emphasize the necessity of doing a thorough assessment and, if
feasible, a proof of concept in order to guarantee that the chosen platform satisfies the

goals of the organization.

1.2. Structure of the work
This thesis comprises seven chapters, each dedicated to a distinct research objective.

Chapter 1 presents the introduction with the objectives of this dissertation and the actual
structure.

Chapter 2 explores the fundamentals of integration processes and platforms. Where is
defined integration processes and discuss various types of integration, highlighting their role in
improving organizational efficiency.

Chapter 3 analyses the top integration platforms in detail and examine their relevance in
today's business environment. It is investigated the reasons behind the adoption of these
platforms, closely examining their features and how well they align with our research goals.

Chapter 4 presents the key findings from our analysis of integration platforms. Emphasizing
the importance of careful platform selection and offer tailored guidance to assist organizations

in making informed decisions that align with their specific needs and objectives.



Chapter 5, in-depth study of three key Integration Platforms: MuleSoft, Tibco, and Dell
Boomi, focuses on a comparative analysis, highlighting the advantages and disadvantages of
each platform.

Chapter 6 presents a practical demonstration of an integration platform using MuleSoft as
a case study. Through real-world examples, we showcase how these platforms can streamline
operations and improve efficiency in practical situations.

Chapter 7 and the last chapter, the conclusion where is reinforced the significance of
thorough platform selection, highlighting the importance of aligning with organizational goals
and provide concluding remarks and recommendations to effectively navigate the complex

landscape of integration technologies.



CHAPTER 2
Literature Review

Integration platforms are critical to modern society, the economy, and the general operation of
international organizations. These platforms play a critical role in facilitating communication
and data exchange amongst diverse systems, which is essential for the connectedness and
effective functioning of various systems and activities in various settings.

Integration platforms are essential for enabling communication across various entities,
including individuals, governmental institutions, and businesses, in today's world when
interconnectedness and teamwork are highly prized. These platforms make it possible to
combine data from multiple sources, which improves decision-making, collaboration, and the
provision of more nimble and individualized services to citizens.

Integration platforms are essential to the operational effectiveness of enterprises from an
economic standpoint. These platforms assist in lowering operating costs, increasing
productivity, and streamlining corporate procedures by facilitating the integration of business
systems, supply chains, and business partners. Additionally, integration platforms support
innovation and the digital transformation of enterprises by enabling compatibility between new
and legacy technology.

All things considered, integration platforms are essential to contemporary life since they
allow for connectivity and data sharing in a variety of settings. From an economic standpoint,
these platforms are essential for operational efficiency and competitiveness of businesses.

Furthermore, by facilitating interoperability and collaboration between systems and
organizations, integration platforms contribute to efficiency and innovation throughout the
economy. In this chapter, we will explore relevant literature on integration platforms,
highlighting their importance and impact on society, the economy, and the overall functioning

of organizations.

2.1. Definitions

Before diving into the actual definition of an integration platform, it is necessary to define what
an integration process is. According to [1] an integration process is a computational program
that allows the exchange of data and functionalities among a set of applications A=Al, A2,
...AK. Its conceptual model is a workflow, composed of tasks T=T1, T2, ...Tn connected by

"communication channels”. Data, encapsulated as "messages”, flows through the workflow.



Due to its importance and increased usage in recent years, there are several definitions of
integration platforms, depending on the depth of their use and study. [2] defines integration
platforms as software’s that integrates a diverse set of applications, systems, and devices so that
they can work together, enabling the connection and interaction between heterogeneous
systems to facilitate data exchange and process automation.

[3] who defined integration platform as "a computer software which integrates different
applications and services. An Integration Platform (IP) can be created from components or
directly purchased as a pre-built product ready for installation or procured from an Integration
Platform as a Service (iPaaS) offering™ (p. 13).

[4] on the other hand, describes integration platforms as "technological structures that
provide a simplified and unified way to connect disparate systems and applications within a
unit”. These technological infrastructures are designed to facilitate the connection and
interoperability between heterogeneous systems, applications, and devices, enabling efficient
data exchange.

Thus, in summary, integration platforms refer to the process of connecting diverse systems
and applications to facilitate information exchange and ensure interoperability between them.
This integration may involve connecting local and remote systems, standardizing data formats,
and automating business processes to optimize operational efficiency. An infrastructure of the

Integration Platform (figure 2.1).
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Figure2. 1.Integration Platform Infrastructure [5]



2.2.

Types of Integration Platforms and Integration Types

Integration of systems and applications plays a crucial role in modern times, facilitating

interconnection and communication. Different types of integration platforms are used to meet

the diverse connectivity and interoperability needs found in complex computing environments.

2.2.1

Integration Platforms

[6], [2] and [4] highlight distinct categories of integration platforms, each with its specific

characteristics and functionalities:

Application Integration. This category involves the connection and communication
between independent applications, allowing the exchange of data and functionalities. It
is fundamental for creating distributed and modularized systems, where different
software components need to interact efficiently and cohesively;

Data Integratinon. Essential in computer engineering, this form of integration consists
of combining and harmonizing data from multiple sources and formats. This makes it
possible for an organization's data to be viewed in a uniform and consistent way,
simplifying analysis and decision-making based on current and correct information;
System Integration. This category refers to the integration of software and hardware
systems to create a cohesive and interoperable infrastructure. This involves integrating
software components, such as APIs and communication protocols, and hardware, such
as servers and network devices, to ensure the harmonious operation of complex and

distributed systems.

[3] Includes another two characteristics:

Support business process. For service integration, there is often a service orchestration
module in IPs. The service orchestration module or business process management
module is responsible for orchestrating various services as a business flow to reach a
common business goal. Service orchestration can on one hand increase business
efficiency, it can on another hand save much labour consumption. As a result, different
services, applications and devices are bound and collaborate together to support

workflows or business processes within or outside an enterprise.



A common facade for integrated objects. For application integration, it is normal to
realize integration at the level of interface. One common interactive interface is
provided to replace other interfaces of applications or devices, with the same
functionality remained. This characteristic can help to reduce complexity and manage
the IP.

[7] highlights that integration platforms can be categorized based on the nature of the

integration problems they address, offering a comprehensive overview of the various available

approaches, a demonstration (figure 2.2).

Firstly, platforms that facilitate interaction between different applications are essential
for data exchange and the execution of specific functions, enabling interoperability
between heterogeneous systems. This type of platform is crucial for companies dealing
with a variety of applications that need to communicate efficiently.

Furthermore, there are platforms focused on integrating business processes, aiming to
automate and optimize complex workflows. These platforms offer advanced features
such as process modelling, service orchestration, and real-time monitoring, enabling
more effective management of business processes.

Another important category is portal platforms, which play a crucial role in
consolidating user access to information resources through a centralized point. These
platforms provide a unified interface for accessing applications, data, and services,

simplifying the wuser experience, and increasing operational efficiency.

Structured, Semi-structured and Unstructured Data

Figure 2. 2. An exemplary technical model of an integration platform [7]



2.2.2. Integration Types

According to [8], organizations rely on various business systems to perform specific tasks,
whether cloud-based or on-premises. An integration platform needs to connect to a wide variety
of systems and applications, to provide a flexible and scalable hub for connecting and managing
all the different data sources, with the ability to send and receive data between them.

The Business Process Automation (BPA) platform provides a complete range of integration
connectors that enable organizations to easily connect accounting, Customer Relationship
Management (CRM), Enterprise Resource Planning (ERP), Electronic commerce (e-
commerce), marketing, mail services, manufacturing, Electronic Data Interchange (EDI),
payment gateways, etc. Among the various types highlighted by [8] the following stand out:

e CRM integration connectors include. Salesforce, Microsoft Dynamics CRM,

SugarCRM, Agile CRM, Sage CRM, Brightstar CRM, etc

e E-commerce integration connectors include: Shopify, BigCommerce, Magento,
Shopware, WooCommerce, Amazon, eBay, EKM Powershop, etc.

e ERP integration connectors include: SAP Business One, Sage 50/200/1000,
Microsoft Dynamics (NAV/AXI/GP), Access Dimensions, SYSPRO, Epicor, and many
more.

e Payment gateway integration includes: PayPal, Sage Pay, Stripe, and Worldpay.

e Mail services integration includes: DHL, DPD, FedEx, Hermes, Parcelforce, TNT,
and UPS, etc.

2.3. Importance of Integration Platforms

These play a crucial role in the effective operation of modern organizations for several reasons.
As highlighted by [9] , we emphasize some fundamental advantages and further expand on the
relevance of integration platforms:

e Facilitates Communication between Heterogeneous Systems and Applications: The
ability to integrate platforms enables efficient communication between systems and
applications with diverse architectures and languages, promoting interoperability;

e Enables Business Process Automation: Platform integration enables process
automation, optimizing operational efficiency through coordinated and effective task
execution;

e Ensures Data Consistency and Integrity: By integrating platforms, data consistency and
integrity throughout the organization are ensured, avoiding redundancies and

inconsistencies;



e Facilitates Adaptation to Technological Changes and Business Requirements: The
ability to integrate platforms allows organizations to quickly adapt to technological

changes and business requirements, remaining agile and competitive.

According to [10], the following classification of benefits and importance of integrated
platforms is presented (figure 2.3).

- customer relationship improvements
- enterprise flexibility improvements
- facilitating organizational mergers

Organization .
~ costs reduction
- revenue growth
— supply chain improvements
~ Business-to-Business (B2B) processes improvement
~ decision making processes improvements
Process

- processes flexibility/agility improvements
- processes performance improvements

- applications switching costs decrease

~ data analysis capabilities improvements

o - systems interoperability improvements

Application e Legee
- systems modifiability improvements

~ total cost of ownership (TCO) decrease

—~ systems reusability improvements

- data entry/processing automation and data quality improvements
Information | - enhanced data accessibility and reusability

~ superior data standardization

Figure 2. 3. Benefits and importance of integrated platforms [10]

2.4. Technologies and Tools for Integration Platforms
Integration platforms, fundamental for effective communication between heterogeneous
systems and applications, rely on a variety of technologies and tools. The technologies and tools

play crucial roles in the development and implementation of effective integration platforms.
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They provide the necessary means to facilitate communication between systems and

applications, ensuring data integrity, enabling automation of business processes, and

contributing to operational efficiency and organizational success. In this scenario, some of the

main solutions used are:

Middleware. As defined by [11], is software that acts as an intermediary layer between
heterogeneous systems and applications. Its function is to facilitate communication,
transaction management, and data integration. Examples of middleware include
Enterprise Service Bus (ESB), Message Oriented Middleware (MOM), and Application
Server Middleware;

APIs (Application Programming Interfaces). APIs, as highlighted by [12], are sets of
rules and protocols that enable communication between different systems and
applications. They provide standardized and efficient access points for developers to
integrate systems cohesively. Common examples include representational state transfer
(REST) full APIs and Simple Object Access Protocol (SOAP) APIs;

ETL (Extraction, Transformation, and Loading). The ETL process, as explained by [12],
involves extracting data from different sources, transforming that data into a common
format, and loading it into target systems. This technology is essential in data integration
processes, ensuring consistency and accuracy;

Messaging Services. Used to facilitate asynchronous communication between
distributed systems and applications, messaging services, as mentioned by [8], enable
efficient and scalable sending and receiving of messages. Examples include RabbitMQ,
Apache Kafka, and ActiveMQ;

Real-Time Data Integration. This technology, as emphasized by [12], allows for real-
time data integration between systems and applications. This approach ensures up-to-
date and accurate information, especially crucial in environments where data speed and
accuracy are critical, such as e-commerce systems and real-time analytics;

Cloud Services. Integration platforms are increasingly adopting cloud services to
facilitate integration between locally hosted and cloud-hosted systems and applications.
Cloud computing is part of a new reality, in which both small and large companies have
at their disposal a high-capacity IT infrastructure at a low cost, where they can deploy
and execute their integration solutions [1]. These services, as evidenced by [12], offer
scalability, flexibility, and ease of integration, making them an attractive option for

various organizations.
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2.5. Challenges in Implementing Integration Platforms

While integration platforms provide many advantages, there can be serious difficulties in
putting them into practice. The intricacy of computational environments, the variety of systems
and applications that need to be connected, and the unique requirements of any business can all
provide difficulties. The ongoing development of technology and business needs might also
make the deployment of these platforms more challenging.

Interoperability across diverse systems is one of the primary implementation issues of an
integration platform. [8] has brought attention to the fact that integrating systems with disparate
technologies, architectures, and communication protocols can be challenging and need
sophisticated technological solutions. Furthermore, information security is a central concern in
the implementation of integration platforms. As pointed out by [6], data exchange between
systems and applications can expose organizations to security vulnerabilities such as data leaks
or unauthorized access. Ensuring adequate data protection during the integration process is
crucial to avoid security breaches and protect the privacy of customer and company data.

Another significant challenge is the scalability of the integration platform. As the
organization grows and its integration needs increase, the integration platform must be able to
handle an ever-growing volume of data and transactions. However, scalability can be difficult
to achieve, especially in highly dynamic and rapidly evolving IT environments.

Additionally, the complexity of integration processes and the need to keep the platform
updated and operational can overwhelm the organization's IT resources. This can lead to
implementation delays, additional costs, and difficulties in maintaining the integration platform
over time.

Another important challenge is managing organizational changes. Implementing a new
integration platform often requires changes in business processes, software development
practices, and organizational culture. These changes may face resistance from employees and
require significant training and adaptation efforts to ensure successful adoption of the
integration platform throughout the organization.

As highlighted by [13] and [2] another challenge is the lack of standardized methods for
integrating information resources, technologies, and business processes, which hampers the
supply and efficient use of information by users. It is necessary to clarify and develop normative
recommendations in order to define the requirements for the numerous components that will be
connected to integration platforms:

e \Web services;
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e Integrated data;

e Content metadata;

e Identifiers;

e Computers for access;

e Limited access channels;

e Cell phones for access;

e Systems for video conferencing with the assistance of an IP protocol;
¢ Voice exchange systems with the assistance of an IP protocol;

e Smart cards for access;

e Business processes and others.

The integration methods themselves, standardization tools, specification, semantic description
of resources, as well as corresponding theories are yet to be developed. One of the solutions to

achieve this goal is to:

» Raise the level of abstraction in information presentation, meaning to present
the logic of its interconnectivity in a machine-understandable form;
« Enrich the information with metadata, automatic extraction of metadata.

Finally, errors. According to Integration solutions are inherently distributed and therefore
vulnerable to errors that directly impact their behaviour and the outcomes they are intended to
produce. Errors occur due to failures, which can be permanent (e.g., software defects) or
transient (e.g., unavailability of a required resource for the solution). Errors, when left

untreated, result in failures that are perceived by end users.

2.6. Empiric Literature Review

2.6.1. The State of the Art of Integration Platforms as a Service (iPaaS)

[6], delved into the current state of Integration Platforms as a Service (iPaaS) in the academic
world. iPaaS is gaining popularity for managing integration in modern systems, taking over
traditional methods like point-to-point connections or enterprise service buses. Their findings
show that most iPaaS research has focused on the technical side, but there's a growing interest
in business-oriented approaches. This includes understanding integration strategies and
choosing the right iPaaS platform to match business goals. The study emphasizes the need for

more exploration in integration management.
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Thanks to technological advancements, iPaaS solutions have become more sophisticated,
allowing smoother integration between different systems and apps. By taking a more business-
centric approach, companies can make the most of their iPaaS platforms by aligning them with
their overall business objectives and tailoring them to their specific integration requirements.

However, despite these strides, challenges remain in the iPaaS landscape. One major hurdle
iIs making iPaaS platforms work seamlessly with legacy systems, which often use different
setups and communication methods. On top of that, concerns around data security, scalability,
and managing changes need to be tackled to ensure iPaaS implementations are successful.

These studies contribute significantly to our understanding of platform integration and
middleware, offering valuable insights for creating effective integration solutions across
various organizational setups. By taking note of this research, organizations can make smarter
choices when picking and deploying iPaaS platforms, leading to enhanced innovation and

efficiency in their integration efforts.

2.6.2. MuleSoft vs. Other Integration Platforms: A Comparative Analysis

[9] compares MuleSoft with other big integration platforms like Apache Camel, Dell Boomi,
and IBM Integration Bus. It talks about how important these platforms are for linking up
systems and apps in today's business world. They look at things like how flexible and easy to
use these platforms are, their capabilities for big businesses, and how easily they can grow as a
company does. They found that whether MuleSoft or another platform is best for a company
depends on what that company needs, as each one has its own strengths and fits different
situations.

This study really adds understanding of integration platforms and why they matter so much
in modern business. It lines up with the research because it covers all the different platforms
approached in this thesis. By comparing MuleSoft to other top platforms, the study shows just
how many options companies have and how important it is to choose the right one for their

specific needs.
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The insights from this comparison help us see what each platform does well and where they
might struggle. That's super helpful for companies looking to get better at integrating their
systems. By thinking about things like flexibility and ease of use, companies can make smarter
choices when picking a platform that matches what they're trying to do. This study really
emphasizes how crucial integration platforms are for keeping everything running smoothly and
making businesses more efficient.

When it comes to research, looking at what's already been written is key. Reviews like this
one help us get a good grasp on what's out there. And studies that actually test these platforms

in action are especially valuable because they give us real insights into how well they work.

2.6.3. Methodology for ranking enterprise application integration platforms based on
performance

[14] introduces a method for ranking enterprise application integration platforms based on their
performance. This research aims to address the increasing need for software engineers to make
well-informed decisions when choosing integration platforms, particularly concerning their
performance.

The study highlights the vital role of integration platforms in today's software
environments, where various applications often struggle to seamlessly integrate due to
differences in technology and development methods. Integration platforms act as bridges,
providing tools to develop and execute integration solutions, thus overcoming these disparities.

Their proposed methodology uses objective criteria to evaluate performance, helping
software engineers select the most suitable integration platform for their specific needs. By
integrating performance metrics into the decision-making process, this approach offers a
systematic way to assess and compare integration platforms.

Moreover, this empirical study adds to our understanding of integration platforms by
employing the Analytic Hierarchy Process (AHP) and multiple criteria decision-making
techniques. These methodologies facilitate a structured evaluation, allowing for a

comprehensive analysis of the strengths and weaknesses of various integration platforms.

2.6.4. A Reference Architecture for Integration Platforms

[3] study tackles the pressing need for a standardized reference architecture for integration
platforms, driven by the rising demand for interoperability in enterprises dealing with a surge
in distributed applications. These platforms play a pivotal role in improving communication

and data management across various enterprise systems and devices, with technologies like
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message-oriented middleware (MOM), object request broker (ORB), and enterprise service bus
(ESB) standing out.

Wang stresses the importance of having a reference architecture to guide developers in
building future integration platforms. However, existing literature lacked a comprehensive and
systematic approach to designing such platforms. To bridge this gap, Wang conducted a
systematic literature review (SLR) to gather insights and develop a reference architecture.

The SLR yielded 31 research papers covering integration platforms in different domains.
Wang dives into the definitions, characteristics, and examples of integration platforms,
alongside reference architectures. The resulting architecture acts as a blueprint for developers,
sparing them from starting from scratch.

To craft this reference architecture, Wang extracted components of integration platforms
from the SLR papers and organized them into functional categories. A conceptual model of
integration platforms was then formulated, along with a design pattern tree to aid designers in
selecting appropriate patterns. Furthermore, a case study in the logistics domain was carried out
to validate the accuracy of the reference architecture.

This study enriches our understanding of integration platforms by offering a systematic
approach to their design and development. It provides valuable insights into their components,
functionalities, and design patterns, laying the groundwork for more efficient and effective

development practices in this field.

2.7. Focused Literature Review - The Significance of Integration

Platforms in Portugal

Integration platforms have become a reality in various sectors and areas in Portugal, reflecting
their growing importance in contemporary settings. [11], highlights the transformative role of
integration platforms across different domains such as education, security, services, and
healthcare. This literature review focuses particularly on the healthcare sector, which has seen
significant advancements in integration platform implementation, notably exemplified by the
case of the Healthcare Interoperability Platform (HIP).
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HIP serves as a prime example of a successful integration platform implementation,
offering both theoretical and practical contributions to the research in this field. The platform
has played a crucial role in improving interoperability within the healthcare sector in Portugal.
By facilitating the exchange of information between healthcare systems, including hospital
systems, electronic medical records, and other health data sources, HIP aims to enhance the
efficiency and coordination of patient care delivery.

[15] further emphasizes the importance of HIP in advancing healthcare interoperability.
The creation of the Agency for Integration, Dissemination, and Archiving of Medical
Information (AIDA) underscores the commitment to ensuring interoperability among
healthcare information systems through a multi-agent and service-based platform.

Furthermore, the study sheds light on the operational aspects of HIP, including strategies
for improving platform performance. Beyond the Strengths Weaknesses Opportunities Threats
(SWOT) analysis performed, efforts were made to prevent failures in the platform database and
agent-executing machines, enhancing the overall reliability and efficiency of the platform.

2.8. Comparative Models of Integration Tools Based on Empirical and

Focused Literature

Each study used different items to compare the integration tools, some of which will also be
used in the present research. We start with [6]. In his study on Integration Platforms as a Service
(iPaaS), Hyrynsalmi investigates both technological and business-oriented approaches. This
implies a deep analysis of how each integration tool supports an organization's overall
integration strategy. Technically, issues such as flexibility, scalability, and efficient
communication between heterogeneous systems are evaluated. Additionally, the research
highlights the importance of selecting an iPaaS platform that aligns with the organization's
specific needs and is capable of evolving with market demands while [12] in the study on Real-
Time Data Integration, the authors emphasize the need for continuous and real-time integration
of data between distributed systems and applications. Integration tools are assessed based on
their ability to ensure the accuracy and timeliness of information in real-time, as well as their
effectiveness in managing large volumes of data quickly and efficiently. Additionally, aspects
related to security and reliability in the transmission and storage of this data are considered.
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[9] In the comparative study between MuleSoft and other Integration Platforms, examines
various metrics such as flexibility, ease of use, business features, and scalability. The choice
between tools is based on the organization's specific needs and particular use cases. For
example, some organizations may prioritize flexibility and customization capabilities, while
others may value integration with legacy systems or ease of implementation more.

In developing a Reference Architecture for Integration Platforms, Wang proposes a
methodology based on systematic literature review. Integration tools are compared based on
their compliance with the standards and guidelines established by the reference architecture.
This includes the ability to support integration between distributed systems and devices, as well
as ease of implementation and maintenance.

In summary, some of the main aspects considered in these comparisons include:

e Functionality and Features;

e Ease of Use;

e Integration with Existing Technologies;
e Performance;

o Cost;

e Scalability;
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CHAPTER 3
Key features

According to [16] when we talk about key features, typically we refer to the distinctive and
important functionalities or characteristics that define a particular platform. These features are
often the reasons why users choose a specific platform over others, and they contribute to the
platform's overall value proposition. Key features can vary depending on the type of platform,

but they generally address the specific needs and preferences of the platform's target audience.

3.1. Deployment (C/O/H)
[17] Indicates whether the tool can be deployed on the cloud (C), on-premises (O), or in a hybrid
environment (H).

"Cloud", "On-Premises" and "Hybrid" refer to different deployment models for computing
resources and services. Each model has its own characteristics and implications for
organizations based on where and how they choose to host their applications, data, and IT

infrastructure.

3.1.1. Cloud (C)
[18] defend that cloud computing involves accessing and utilizing computing resources (such
as servers, storage, databases, networking, software) over the internet. These resources are
provided by third-party service providers and are typically delivered on a pay-as-you-go or
subscription basis.
Characteristics:

e Scalability: Easily scale resources up or down based on demand.

e Accessibility: Accessible from anywhere with an internet connection.

e Managed Services: Services like platform-as-a-service (PaaS) and software-as-a-

service (SaaS) are common.

e Cost Model: Often follows a pay-per-use or subscription-based pricing model.
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3.1.2. On-Premise (O):

On-premise, or on-prem, refers to the traditional model where organizations host and manage

their computing infrastructure within their own physical facilities or data centers. [19].

Characteristics:

Control: Organizations have direct control over their hardware, software, and data.
Security: Perceived by some as offering greater control over security measures.
Upfront Costs: Requires significant upfront capital expenditure for hardware and
infrastructure.

Maintenance: Organizations are responsible for maintenance, updates, and
upgrades.

Examples: Running servers in an organization's own data center.

3.1.3. Hybrid (H):
Hybrid cloud is a combination of both on-premise and cloud computing environments. It allows

data and applications to be shared between them. [19].

Characteristics:

Flexibility: Provides flexibility to host workloads where it makes the most sense,
whether on-premise or in the cloud.

Scalability: Can leverage the scalability of the cloud while maintaining certain
critical functions on-premise.

Cost Optimization: Allows organizations to optimize costs by using cloud
resources for variable workloads.

Integration Challenges: Requires effective integration between on-premise and

cloud environments.

3.2. Graphical Native Debug

[20], in the realm of integration platforms, developers often work with graphical tools or visual

interfaces to design, develop, and debug integration flows. These tools provide a visual

representation of the integration processes, making it easier to understand the flow of data and

interactions between different systems.

Here are some general aspects related to debugging in the context of integration platforms.
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3.2.1. Graphical Flow Design

Integration platforms often allow developers to design integration flows visually. This involves
connecting various components, such as connectors, transformers, and routers, using a
graphical interface. Debugging in this context might involve visually inspecting and

troubleshooting the flow design.

3.2.2. Logging and Monitoring

Debugging in integration platforms often relies on logging and monitoring capabilities.
Developers can analyse logs or monitor real-time data flows to identify issues in the integration
process. [21].

3.2.3. Data Mapping and Transformation

Debugging may involve examining how data is mapped and transformed between different
formats or systems. Graphical tools may provide a visual representation of data mapping to aid
in debugging these processes. [22].

3.2.4. Breakpoints and Stepping Through
Some integration platforms offer features similar to traditional debugging, such as setting

breakpoints and stepping through the integration flow for detailed inspection at specific points.

3.2.5. Error Handling Visualization
Graphical interfaces might provide a way to visualize error handling mechanisms within the
integration flow. This can aid developers in understanding and resolving issues related to error

conditions.

3.3. Predefined Functions

[23], indicates whether the tool offers predefined functions to ease the development process. It
refers to functions that are built into the system or programming language and come ready-
made for use without requiring the developer to define them explicitly. These functions are part
of the standard library or framework and serve common purposes, providing reusable and

standardized functionality. Here are some key points about predefined functions.
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3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.3.5.

Built-In Functions

Predefined functions are built into the programming language or integration platform.
They are available for use without the need for developers to write the entire

implementation.
Common Use Cases

Predefined functions typically address common and frequently encountered tasks in
programming or integration scenarios. Examples include string manipulation,

mathematical calculations, date and time operations, and handling data structures.
Time-Saving

Using predefined functions can significantly save development time because developers
can leverage existing, well-tested functionality rather than reinventing the wheel for

common tasks.
Consistency

Predefined functions provide a consistent and standardized way of performing
operations. They follow language or platform conventions, ensuring that developers
across different projects or teams have a common understanding.

Examples of Predefined Functions

In the context of integration platforms, predefined functions might include operations related

to data transformation, filtering, error handling, and communication with external systems. For

instance, an integration platform might have predefined functions for parsing Extensible

Markup Language (XML) or JavaScript Object Notation (JSON), making Hypertext Transfer

Protocol (HTTP) requests, or transforming data between different formats.

3.3.6.

Extensibility
Some integration platforms allow developers to create their own custom functions,
extending the set of available functions. These custom functions can then be used

alongside the predefined ones.
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3.4. IDE Type

Specifies the integrated development environment (IDE) used with each tool. An Integrated
Development Environment is a software application that provides comprehensive facilities to
programmers for software development. IDEs typically include features such as code editors,
debuggers, compilers, and other tools integrated into a single user interface to streamline the
software development process.

IDEs can be categorized into different types based on the programming languages they
support, the platforms they are designed for, or the specific features they offer. Here are some
common IDE types.

3.4.1. General-Purpose IDEs

e These IDEs are designed to support multiple programming languages and provide a
broad set of features suitable for various types of development. Examples include
Eclipse, IntelliJ IDEA, and Visual Studio.

3.4.2. Language-Specific IDEs

e Some IDEs are tailored to a specific programming language or framework. For example,
Xcode is primarily used for developing applications on the Apple ecosystem (iOS,

macOS) using languages like Swift or Objective-C.
3.4.3. Web Development IDEs

IDEs focused on web development often include features for HyperText Markup Language
(HTML), Cascading Style Sheets (CSS), JavaScript, and other web technologies. Examples
include Visual Studio Code, Atom, and Sublime Text.

3.4.4. Mobile Development IDEs

o IDEs designed specifically for mobile app development, supporting languages like Java
(Android), Swift (i0S), or cross-platform frameworks like React Native or Xamarin.
Examples include Android Studio, Xcode, and Visual Studio with Xamarin.
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3.4.5.

3.4.6.

34.7.

3.4.8.

Embedded Systems IDEs

IDEs tailored for embedded systems development, supporting languages like C or C++.
Examples include MPLAB X for PIC microcontrollers or Keil uVision for ARM-based

microcontrollers.
Data Science IDEs

IDEs equipped with tools for data analysis, visualization, and machine learning. Jupyter

Notebooks and RStudio are examples commonly used in data science.
Cloud-Based IDEs

IDEs that run in the cloud and allow developers to code and collaborate online.
Examples include AWS Cloud9 and Microsoft Visual Studio Online.

Game Development IDEs

IDEs with features specific to game development, including graphics rendering and
physics engines. Unity and Unreal Engine provide integrated environments for game

developers.

3.5. Real-Time Monitoring Support

Indicates whether the tool provides support for real-time monitoring. Real-Time monitoring

support refers to the capability of the platform to provide continuous, immediate visibility into

the performance, health, and status of various components within the integrated environment.

This feature is crucial for ensuring that applications and services running on the integrated

platform operate optimally and allows for proactive identification and resolution of issues.

Here are key aspects and features of real-time monitoring support in integrated platforms.

3.5.1.

Continuous Data Collection

Real-time monitoring involves the continuous collection of data from various sources
within the integrated platform, including applications, servers, databases, and network

components.
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3.5.2.

3.5.3.

3.5.4.

3.5.5.

3.5.6.

3.5.7.

Live Metrics and Dashboards

The platform provides live metrics and dashboards that display up-to-the-moment
information about key performance indicators, such as response times, throughput, error

rates, and resource utilization.

Alerts and Notifications

The platform can generate alerts and notifications in real-time based on predefined
thresholds or conditions. This enables administrators and developers to respond

promptly to potential issues or abnormal behaviour.
Visualizations and Dashboards

Real-time monitoring tools typically provide visualizations, charts, and dashboards to
present the collected data in a comprehensible manner. These visual aids help in quickly
identifying trends, patterns, or anomalies.

Log Streaming

Real-time monitoring often includes the ability to stream logs as events occur. This is
particularly valuable for troubleshooting, debugging, and gaining insights into the

sequence of events within the integrated environment.

Resource Utilization Tracking

Monitoring tools track the utilization of system resources, such as CPU, memory, disk

space, and network bandwidth, providing real-time insights into resource consumption.

Application Performance Monitoring (APM)

APM capabilities allow real-time monitoring of application performance, including
transaction times, database queries, and dependencies, helping to identify performance

bottlenecks.
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3.5.8.

3.5.9.

3.5.10.

User Experience Monitoring

Some platforms offer real-time monitoring of user experience metrics, allowing
organizations to understand how end-users are interacting with applications and services

in real-time.

Integration with DevOps Practices

Real-time monitoring supports Development and Operations (DevOps) practices by
integrating with continuous integration and continuous deployment (CI/CD) pipelines.

It helps assess the impact of changes on the integrated environment.

Historical Data Analysis

In addition to real-time insights, platforms may offer features for storing historical

monitoring data, enabling trend analysis and long-term performance optimization.

3.6. Collaborative Work Support and Team Management

Indicates whether the tool offers features for collaborative work support and team management.

Collaborative work support and team management are essential features of integrated

platforms, enabling teams to effectively collaborate, coordinate, and manage their projects and

tasks within the integrated environment. Here are the key aspects of collaborative work support

and team management in integrated platforms.

3.6.1.

3.6.2.

User Access Control

Integrated platforms allow administrators to define user roles and permissions,
controlling access to features, projects, and data based on the roles of team members.
This ensures that only authorized individuals have access to sensitive information and
functionalities.

Project and Task Management

Integrated platforms provide tools for organizing projects, tasks, and workflows,
facilitating collaboration among team members. These tools may include task boards,

kanban boards, Gantt charts, and agile project management features.
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3.6.3.

3.6.4.

3.6.5.

3.6.6.

3.6.7.

3.6.8.

Document and File Sharing
Integrated platforms offer capabilities for sharing and collaborating on documents, files,
and assets within the team. This includes version control, document commenting, file

sharing, and real-time collaboration features.

Communication Tools

Integrated platforms often include communication tools such as chat, messaging, and
discussion forums to facilitate real-time communication and collaboration among team
members. These tools help streamline communication and reduce reliance on external

communication channels.

Integration with Collaboration Tools
Integrated platforms may integrate with external collaboration tools and services, such
as email clients, calendar applications, and video conferencing platforms, to provide

seamless collaboration experiences for team members.

Activity Feeds and Notifications
Integrated platforms offer activity feeds and notification systems that keep team
members informed about project updates, task assignments, comments, and mentions in

real-time. This helps maintain transparency and keeps everyone on the same page.

Team Performance Metrics
Integrated platforms provide insights into team performance metrics, such as task
completion rates, time tracking, and productivity analytics. This enables team leaders to

assess performance, identify bottlenecks, and optimize workflows.

Collaborative Editing and Review
Some integrated platforms offer collaborative editing and review features for
documents, code, and other artifacts. This allows team members to work together on the

same document simultaneously and provides tools for peer review and feedback.
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3.6.9. Remote Work Support
e Integrated platforms cater to remote work scenarios by providing features that support
virtual collaboration, such as remote access, cloud storage, and online meetings. This
ensures that geographically dispersed teams can collaborate effectively regardless of

their location.

3.6.10. Compliance and Audit Trails
e Integrated platforms may offer compliance features and audit trails to ensure that
collaborative work is conducted in accordance with regulatory requirements and
industry standards. Audit trails provide a record of activities and changes made within

the platform for accountability and governance purposes.

3.7. DSL Platform Independent
"DSL Platform Independent” typically refers to a key feature of integrated platforms that
support DSLs and provide the capability to define and execute DSLs independently of any

specific platform or technology stack.

3.7.1. Domain-Specific Languages (DSLS)
DSLs are specialized programming languages designed to address specific domains or problem
spaces. They offer abstractions and syntax tailored to the requirements of a particular domain,

making it easier for domain experts to express their ideas and solutions.

3.7.2. Platform Independence
e Integrated platforms that support DSLs allow developers to define and execute DSLs
without being tied to a specific underlying platform or technology stack. This means
that DSLs can be developed, deployed, and executed across different environments,

such as cloud platforms, on-premises systems, or hybrid setups, without modification.

3.7.3. Interoperability
e DSL platform independence promotes interoperability by enabling DSLs to work
seamlessly with various components and services within the integrated platform
ecosystem. This includes integration with databases, messaging systems, APIs, and

other external resources.
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3.7.4.

3.7.5.

3.7.6.

Flexibility and Agility

By decoupling DSLs from specific platforms, integrated platforms empower
organizations to adapt and evolve their DSL-based solutions more flexibly and rapidly.
They can leverage DSLs to address changing business requirements, experiment with

new ideas, and innovate without being constrained by platform dependencies.

Portability

DSL platform independence enhances the portability of DSL-based applications and
solutions, allowing them to run across different environments and infrastructures
without significant modifications. This facilitates deployment across diverse

deployment scenarios and simplifies migration between platforms.

Tooling and Ecosystem Support

Integrated platforms that embrace DSL platform independence typically offer comprehensive

tooling and support for DSL development, testing, deployment, and maintenance. This includes

IDE integration, debugging tools, testing frameworks, and documentation resources tailored to

DSLs.

3.7.7.

Standardization and Best Practices

DSL platform independence encourages standardization and adherence to best practices
in DSL design, implementation, and usage. Organizations can establish reusable
patterns, libraries, and conventions for DSLs, promoting consistency and efficiency

across projects.
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CHAPTER 4
The Platforms

The objective of this chapter is to provide a thorough overview of the three integration
platforms: MuleSoft's Anypoint Platform, TIBCO Cloud Integration, and Dell Boomi's
AtomSphere. Each section covers the various aspects of the platforms, from their features to

their benefits.

4.1. MuleSoft

MuleSoft is a software company that provides integration and APl (Application Programming
Interface) management solutions for connecting different applications, data sources, and
devices in an organization's IT environment. The company's flagship product is called Anypoint
Platform, which offers a range of tools and services for designing, building, deploying, and
managing APIs and integrations.

MuleSoft has solidified its position as a notable leader in the integration domain. Despite
being relatively new to the scene, its acquisition by SalesForce underscores its importance and

growth trajectory.

4.1.1. Market Positioning

The company distinguishes itself with its "all-in-one" approach, offering a singular
comprehensive product, the MuleSoft Anypoint Platform. This platform can handle everything
from design and construction to the management and exposure of APIs, even those not

originally built with MuleSoft.

4.1.2. Deployment Flexibility
While it supports on-premises, cloud, and hybrid deployments, MuleSoft is particularly inclined

towards a cloud-first methodology.

4.1.3. Licensing and Availability

True to its open-source roots, MuleSoft adheres to a freemium model. A basic version of the
Anypoint Platform, addressing fundamental integration needs, is available for free. However,
for more intricate requirements, one must opt for the complete, enterprise-grade version, which

is licensed separately.
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Features and Capabilities

Ease of development: The Anypoint Platform emphasizes a no-code approach,
facilitating drag-and-drop development and straightforward data structure mappings.
However, intricate logic or mapping requires the DataWeave language or direct coding,
supporting various scripting languages like JSON, Octet Stream (for binaries), Ain't
Markup Language (YAML) and XML, CData Custom Type (for XML) and Java.

Processing Capabilities: It boasts native support for both asynchronous and batch data
processing from diverse sources. The platform optimizes data transformation with
DataWeave and facilitates event processing and streaming, enhanced by external

messaging and database support.

Protocols and Integration: The platform can handle multiple messaging protocols,
including HTTP, REST, Java Message Service (JMS), SOAP, File Transfer Protocol
(FTP), Java database connectivity (JDBC), Simple Mail Transfer Protocol (SMTP)/
Post Office Protocol (POP), among others. Additionally, a range of connectors and

plugins expand this capability further.

Continuous Integration: It integrates seamlessly with CI tools such as Apache Maven,
Jenkins, Hudson, and TeamCity via a Maven plugin. There's also built-in support for
container technologies like Docker, Kubernetes, and Cloud Foundry.

Integration with Other Technologies: While MuleSoft itself is open-source with a
community edition on GitHub, the platform can easily integrate with other open-source

tools and software.

Deployment Options: MuleSoft offers versatile deployment options. It operates
natively on CloudHub, MuleSoft’s cloud platform, but is also compatible with Amazon

Web Services (AWS) and Pivotal Cloud Foundry.

APl Management: A native APl Manager is embedded within the Anypoint Platform,

streamlining the exposure and management of APIs.
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8.

10.

11.

4.2.

Licensing: The primary licensing metric for the Anypoint Platform is core usage. The
community version, albeit limited, is free, focusing on essential ESB features.

Connector Ecosystem: An array of connectors is available, enabling integration with
various software solutions from MQ and databases to Salesforce, System Applications
and Products (SAP), and beyond.

Community Engagement: Rooted in open-source ethos, there's substantial community

backing, aiding in bug resolutions and knowledge-sharing.

Architectural Support: It's primed for implementing API-focused and microservices
architectures. However, it’s versatile enough to support traditional integration models
like service-oriented architecture (SOA) and electronic design automation (EDA), as

well as avant-garde paradigms like Internet of things (1oT) and mobile.

Tibco

TIBCO Software Inc. is a global company that provides integration, analytics, and event-

processing software solutions for businesses. Founded in 1997, TIBCO stands for "The

Information Bus Company." Over the years, the company has offered a wide range of products

and services.

TIBCO is a prominent figure in the integration arena, providing a diverse range of products

for various integration needs, spanning Enterprise application integration (EAI)/SOA, APIs,

Microservices, and Analytics.

4.2.1.

Market Positioning

The emphasis is on delivering value through pervasive integration, incorporating all business

assets, and enhancing decision-making via robust analytical capabilities.

4.2.2.

Deployment Flexibility

BusinessWorks, facilitates the development of integration platforms across on-premises, cloud,

and hybrid environments, connecting to SOA services, APIs, microservices, devices, and IoT...

4.2.3.

Licensing and Availability

Most of TIBCO’s offerings are proprietary, necessitating purchase licenses based on cores or

transaction metrics. These include EMS (messaging), Mashery (APl Management), and more.
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4.2.4.

Key Features of BusinessWorks

Ease of Development: Employs rapid application development (RAD) and no-code
approach, drag-and-drop functionality for all development processes, including data

mappings and can embed existing Java code effortlessly.

Processing Capabilities: Native support, complemented by Enterprise Message
Service (EMS) or database use for intricate state management.

Protocols and Integration: Includes EMS/JMS, FTL, SOAP, REST, HTTP, FTP, and
many more. Additional protocol integration is feasible through plugins.

Continuous Integration: Compatible with Apache Maven, Jenkins, and other ClI
technologies. Boasts an API for scripting its management layer, promoting build and
deployment automation.

Integration with Other Technologies:

e Container Tech: BusinessWorks “Container Edition” is oriented for Docker
and certified for orchestration with Kubernetes, OpenShift, CloudFoundry,
and other SaaS solutions.

e Open Source: While no native support exists, Java integration is feasible
using Java OSGi bundles or REST/SOAP APIs.

Deployment Options:
e BusinessWorks supports on-premises, cloud, and hybrid deployments.
e Specific products are available for each deployment type.
e Certified platforms include Amazon Elastic Container Service (ECS),

Azure AKS, Google Kubernetes Engine, and others.

APl Management: While BusinessWorks lacks inherent APl management, it can

integrate seamlessly with TIBCO Mashery.

Licensing Models: Provides both subscription and perpetual licensing options,
typically based on core usage. Different licensing models apply to other TIBCO
products.

Connector Ecosystem: Features a wide variety of plugins for integration with other

software, such as Kafka, EDI, Salesforce, and more.
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10. Community Engagement:

e Even as closed-source software, TIBCO is showing a gradual shift towards
openness, with certain open-source products now available.
e An active TIBCO user community exists, supported by TIBCO itself.
11. Architectural Support:
e BusinessWorks is flexible and supports a variety of architectures like SOA,
Microservices, 10T, and more.

4.3. Dell Boomi
Dell Boomi, commonly known as just "Boomi," is a cloud-based platform that helps businesses
connect different apps and data, whether they're in the cloud or on-site. It lets organizations set
up and handle integrations between applications and data without having to write code or
manage integration hardware on their premises.

Boomi is well-known in the world of integration platforms. It started off on its own but was

later acquired by Dell, showing how important it's become in the integration market.

4.3.1. Market Positioning

Dell Boomi positions itself as a comprehensive solution for connecting any combination of
applications, data sources, and devices across various environments. It emphasizes a "low-
code" approach, facilitating ease of integration.

4.3.2. Deployment Flexibility

Boomi provides a multi-tenant cloud-based platform, designed to support hybrid integration
scenarios spanning cloud and on-premises systems.

4.3.3. Licensing and Availability

While the specifics of its licensing model can vary, Dell Boomi often employs a subscription-
based approach tailored to the usage and scale of integration needs.

4.3.4. Features and Capabilities

1. Ease of Development: With a low-code environment, Boomi simplifies integration
tasks. Drag-and-drop tools and pre-built templates help streamline many integration

scenarios, reducing the reliance on manual coding.
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10.

11.

Processing Capabilities: Boomi supports data processing, transformation, and
orchestration across diverse systems, enhancing real-time and batch data operations.
Protocols and Integration: Boomi can handle a variety of communication protocols,
from HTTP/REST and SOAP to JDBC, FTP, and more. A broad connector library
further facilitates its integration prowess with leading enterprise solutions.

CI1/CD and Containerization: While Boomi's primary draw is its cloud-native nature,
it does offer avenues for integration within CI/CD pipelines and recognizes the growing
role of container technologies.

Open-Source Integration: While Boomi itself isn't open-source, its extensive
connector library and APl management features enable integration with a multitude of
both proprietary and open-source tools.

Deployment Options: Being an iPaaS solution, Boomi primarily runs on its cloud
environment. Still, it is designed to cater to hybrid scenarios, seamlessly connecting
cloud applications with on-premises systems.

APl Management: Boomi provides built-in API lifecycle management capabilities,
allowing users to create, publish, and manage APIs with ease.

Licensing: Dell Boomi employs a tailored subscription model, often based on the scale
and complexity of the integration requirements.

Connector Ecosystem: One of Boomi's significant strengths is its extensive connector
library, supporting integrations with platforms ranging from CRM and ERP systems to
social media, eCommerce, and niche enterprise applications.

Community Engagement: Dell Boomi boasts a vibrant user community called "Boomi
Community," which is a platform for users to share knowledge, collaborate on best
practices, and provide feedback.

Architectural Support: Boomi is geared towards modern integration needs, be it API-
centric architectures, microservices, or hybrid integration patterns. It also keeps an eye

on emerging paradigms, ensuring the platform remains relevant.
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CHAPTER 5
Comparative Analysis of Integration Platforms:

Advantages and Disadvantages

Looking at the Gartner report (figure 5.1) on Integration Platform as a Service (iPaaS), it's a
trusted source for tech analysis, making it helpful when you're trying to pick between different
integration platforms. In [24], TIBCO Software was named a leader. But it's worth noting that
what's considered the "best" platform can change depending on what a particular organization
needs for their project and other factors.

There are plenty of integration platforms out there, but MuleSoft (Anypoint Platform),
TIBCO (TIBCO Cloud Integration and TIBCO BusinessWorks), and Dell Boomi (Boomi
Integration Platform) have consistently been ranked at the top by Gartner over the past decade.
So, it seems fair to consider these three when making a choice, and it all comes down to what
your organization needs, the requirements of your project, and what each platform can offer.

Let's take a look at the pros and cons of each.
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Figure 5.1. Gartner leaders chart [25]
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5.1. MuleSoft

MuleSoft is a software company that provides integration and API (Application Programming
Interface) management solutions for connecting different applications, data sources, and
devices in an organization's IT environment. The company's flagship product is called Anypoint
Platform, which offers a range of tools and services for designing, building, deploying, and

managing APIs and integrations.

Advantages:

e Broad market acceptance and large user base.
¢ Intuitive and flexible graphical interface for integration development.
e Comprehensive support for a variety of protocols and data formats.

e Strong developer community and support resources.
Disadvantages:

e Licensing costs may be high for smaller organizations.

e Steep learning curve for beginners due to platform complexity.

5.2. TIBCO

TIBCO Software Inc. is a global company that provides integration, analytics, and event-
processing software solutions for businesses. Founded in 1997, TIBCO stands for "The
Information Bus Company." Over the years, the company has offered a wide range of products

and services.

Advantages:

e Robust platform with extensive functionalities for system integration.
e Support for complex workflows and high-volume integrations.
e Excellent performance and scalability.

e Advanced monitoring and analysis tools.
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Disadvantages:

e Licensing can be expensive, especially for large-scale deployments.

e User interface may be less intuitive compared to other platforms.

5.3. Dell Boomi

Dell Boomi, commonly known as just "Boomi," is a cloud-based platform that helps businesses
connect different apps and data, whether they're in the cloud or on-site. It lets organizations set
up and handle integrations between applications and data without having to write code or

manage integration hardware on their premises.

Advantages:

e Visual and no-code integration approach, facilitating development by non-technical

users.
e Native integration with other Dell solutions, such as Salesforce and NetSuite.
e Flexible pricing models, including subscription options and perpetual licenses.

e Quick deployment and reduced configuration time.
Disadvantages:

e Customization limitations compared to more complex platforms.
e Some advanced functionalities may be missing compared to more established
competitors.

e May not be suitable for extremely complex or high-volume integrations.

The choice between these platforms will depend on the organization's priorities in terms of
functionality, cost, scalability, ease of use, and support. It is recommended to carefully assess
the specific project needs and conduct a detailed analysis of the features and costs of each

platform before making a decision.

Below, the main characteristics of the three platforms (table 5.1 & table 5.2) will be presented
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Table 1. Features of the Platforms

Yes* - Requires additional licence

Features Platforms
MuleSoft Tibco Dell Boomi
Cloud (C) COH COH COH
On-Premises
(O) Hybrid (H)
Graphical native Yes Yes Yes
Debug
Predefined Yes Yes Yes
Functions
IDE type Online/Offline Online/Offline Web based
Real-time Yes Yes Yes
monitoring support
Collaborative work Yes Yes Yes
support and team
management
DSL platform No Yes Yes
independent
DSL Yes No No
Api Manager Yes Yes* Yes
Table 2. Pricing and supported languages of the platforms
Platforms
Mulesoft TIBCO Dell Boomi
License . - Basic | Premium . Pro . Enterprese
type Gold | Platinum | Titanium (4008) | (15009) Hybrid | Pro PIUS Enterprise PIUS
Java, DataWeave, . Java, Visual Integration, Groovy,
Supported | . -Seript, SQL e RESTful | J3V& XML, JavaScript, | oy 75 s o EDIFACT, X12, JSON,
Languages API's SQL e RESTful API's XML
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CHAPTER 6
Practical Example

Considering that this thesis primarily focuses on theoretical comparison, only one practical

example was provided, using MuleSoft.

6.1. Introduction

In this project, our focus lies in ensuring the capability to provide distinct treatments and storage
locations for Facebook users' data. It is recognized that the European Union (EU) and the United
States of America (USA) have distinct regulations concerning data protection.

Data protection is about protecting any information relating to an identified or identifiable
natural (living) person, including names, dates of birth, photographs, video footage, email
addresses and telephone numbers [26].

Additionally, the European Union mandates that personal data of all EU residents must
adhere to the regulations set forth in the General Data Protection Regulation (GDPR).

Arguably the most significant difference in US legislation versus the EU is the lack of a
comprehensive data privacy law that applies to all types of data and all US companies [27].

Figure 6.1 demonstrates the Facebook scenario, which is a point-to-point connection before

using MuleSoft API Led connectivity approach.

Computer web user

H
g
g
5
c
g
g

o facebook users EUA m facebook users EU

Figure 6.1. Facebook point-to-point connection before APl Led Connectivity
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6.2. Facebook Users Case

To implement distinct data protection regulations for Facebook users from the USA and the
EU, two separate databases were established, one located in the USA and the other in the EU,
each equipped with its own validation protocols and data protection measures. To showcase the
integration capabilities of MuleSoft, we utilized two distinct databases: MongoDB, a NoSQL
database, and PostgreSQL, which supports SQL.

To address this challenge, it was used an API-Led Connectivity approach within MuleSoft.
Beginning from the foundational level and moving upwards, designed two system APIs, each
interfacing with its respective server, MongoDB and PostgreSQL. Subsequently, it was
developed a process API responsible for harmonizing the disparate data formats received from
both systems. Finally, an experience APl was crafted to expose this consolidated service,
manifested as a GET request endpoint ("/users"), enabling retrieval of all Facebook users with
a single request.

The diagram in figure 6.2 illustrates the architectural framework of these APIs.

User

Experience

APl Led Connectivity

—r S

facebock-sua-sys-api 8083 N
GET facsbook-sus-sy=iviiusars facebook-eu-sys-api 8082
GET facevonk-au-sysiviiusers

o facenook users EUA m facebook users EU

Figure 4.2 High Level Diagram of Facebook API Led Connectivity

System
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6.2.1. High Level Diagram of API Led Connectivity
The initial step in attaining a cohesive design and adhering to nomenclature conventions is the
creation of our diagram. It is important to note that the initial sketch may not represent the final
iteration; as we progress with code implementation, there might arise a necessity to introduce
additional layers or APIs.

For this purpose, the draw.io software (figure 6.3) was utilized to craft the diagram in this

phase.
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Figure 6.3. Draw.io software

6.2.2. Design Center

In this phase, we develop our specification (figure 6.4), which serves as a prototype or blueprint
for our API's intended functionality. Adhering to MuleSoft's established best practices, we
begin by defining the title, description, and base URI. Subsequently, we outline the data types
and structure, followed by specifying the request method, in this instance, a GET request to
retrieve user data.

Similar procedural steps were undertaken to formulate the process and system APIs.
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Figure 6.4. Exp-API specification
6.2.3. Exchange and Anypoint Studio
Completing the Design Center step, the specification was published to Exchange (figure 6.6) in

order to be imported to the project in Anypoint Studio (figure 6.5).

Figure 6.5. Anypoint Studio
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. Add Dependencies to Project X

Add Dependencies to Project

Search for dependencies in Exchange to add them to the project

Username adcwa v Add Account
P facebook X
Available modules Selected modules

Name Publisher  Lat| Name Version
facebook-users-eu-sys-api ISCTE 1.0

facebook-users-usa-sys-api  ISCTE 1.0

facebook-users-exp-api ISCTE 1.0 Add >

facebook-users-pro-api ISCTE 1.0

Nexmo Messages API MuleSoft 1.0 © nemove

Zendesk RAML MuleSoft 1.0
Open Exchange Preference Page

(':7) Finish Cancel

Figure 6.6. Importing specification from Exchange

After completing the steps, the coding phase commences. Once more, adhering to best
practices, the endpoints are defined in a YAML file. This YAML file is subsequently utilized
in the configuration of the request (figure 6.7), as outlined above.

. Global Element Properties X

HTTP Request configuration

Configuration element for a HTTP requests.

General Settings Advanced Notes Help

Basic Settings o
Name: HTTP_Request_configuration_facebook-users-pro
URL Configuration
Base path: 'f_x ${backend_targets.facebook-pro.base_path}
Connection
Configuration
Protocol: ‘ ${backend_targets.facebook-pro.protocol} ~
Host: 'f_x ${backend_targets.facebook-pro.host}
Port: 'f_x ${backend_targets.facebook-pro.port}
Use persistent connections
Max connections: -1
Connection idle timeout: 30000
(] Stream response
Response buffer size: 1024
TLS Configuration None ~ =

(?:' Cancel
Figure 6.7. HTTP Request to Facebook processor API
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This request originated from the experience API to the process API, and a similar pattern
is followed from the process API to the system APIs. Within the USA system API, a distinct

connector known as MongoDB Connect (figure 6.8) is employed, whereas the EU system API
utilizes the SQL connector (figure 6.9), which is more prevalent in MuleSoft projects.

. Global Element Properties

MongoDB Config

General Advanced Notes Help

Name: MongoDB_Config_facebook-usa

Connection Connection

General  Security  Advanced

Required Libraries

@ MongoDB Driver (org.mon..qo-ja

1..go-java-driver:3.12.1 Modify...
Servers (host:port) Edit inline w
> %
Host Port
®localhost 27017

Database: [f* | facebook

Username: ,fT

Password: C] Show password

P
@

Test Connection... Cancel

Figure 6.8. MongoDB Connector
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- Global Element Properties X

Database Config

Default configuration

General Advanced MNotes Help

Mame: Database_Config

Connection Generic Connection ~

General

Transactions  Advanced

Required Libraries

Connection

URL:

JDBC Driver Configure...

If_x ‘jdbc:postgresql:,’,’localhost:5432ffacebook |

Driver class name:  org.postgresgl.Driver = G

User:

Password:

@

Figure 6.9. SQL Connector

W Munt W Munit . AP

¥ 13CEDO0K-€U-SYS-3p1
URL:

If_x ‘postgres |

331122 @ show password

Test Connection... Cancel

Message Flow

©Console - (£ Problems () Mule Properties  3Progress ' Mule Debugger ERRIAAFSN 2@~ =0

Open console

~ facebook-exp-api
URL: httpy/localhost:B085/console/
Open console

* facebook-proc-ap
URL: httpy/localnost8084/console/
Open console

* facebook-usa-sys-api
URL: http//localhost8083/console/

Open console

p-to-pr s [Mule [pic: 21640
INFO 2024-05-13 14:35:44,214 [[MuleRuntime].uber.09:
INFO  2024-0 3

erforg.mule.runtime.module . extensi
@org.mule.runtime.module.extensi
e.internal.logging.Logutil:

[facebook-usa-sys-api].

- - + APPLICATION + - - . - - + DOMAIN + - - $ - - 4 STATUS ¢ - - *
* facebook-exp-api * default * DEPLOYED *
* facebook-proc-api * default * DEPLOYED *

* facebook-usa-sys-api * default * DEPLOYED
* facebook-eu-sys-api default * DEPLOYED

AR AR R AR AR A4 A AR AR AR AT TR R AR SRR AR AR AR AN e

Figure 6.10. API’s running in Anypoint Studio
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GET http:/flocalhost:8085/aj

@ http://localhost:8085/api/users

GET v http://localhost:8085/api/users

Params Authorization Headers (6) Body Pre-request Script Tests Settings
Query Params
Key Value
Body Cookies Headers (3) TestResults @ status: 200 OK

Pretty Raw Preview Visualize JSON v =

20 "fullName

"date0fs 1 "1991-03-18T00:00:00",

23 "street": "Hauptstrafe 45",
Tlin®,
"loca il": "Bundestag",
"Germany",
"postalcode”: "1000-001"
i,
"createdTime": "

-04-09T15:45:00",

30 "updatedTime": " -04-18T08:20:00"

"id": "av,

34 "usexrName": "john_smith",

35 "fullName": "John Smith",

36 "dateofsi "1994-05-15",
37 "addr

: "123 Main st*,
": "New York",

48 “state": "NY",

a1 "country”: "USA",

Figure 6.11. Get users response

After deploying all APIs, exp, pro and sys, (figure 6.10), the next step was to use the
Postman, an API platform for building and using APIs, to obtain our user’s array (figure 6.11).
With one call to the exp API we obtain all the users, from the USA database and EU database.

6.2.3. Conclusion

The process of designing and implementing the code itself posed minimal challenges, as it was
straightforward and facilitated the establishment of connections, besides the configuration of
the MongoDB connection. This proved challenging due to its relatively infrequent utilization
within MuleSoft frameworks, compounded by the scarcity of comprehensive resources
available on the subject.

That being acknowledged, MuleSoft demonstrates commendable ease of use in scenarios
with preconceived solutions. However, when confronted with unconventional or innovative
concepts, its capacity for exploration is hindered and limitations become apparent.

Using API Led connectivity, and MuleSoft Platform, it is now possible to manage each
health, secure and even easily deploy the APIs to other environments. Also, with only API we
can communicate with web or mobile users, even if there was a need to implement more
databases the cost and easiness to add it would be significantly less with this approach than with

point to point.
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By focusing exclusively on the MuleSoft platform, this choice, although seemingly
restrictive at first glance, was motivated by the importance of depth over breadth. It was a
strategic decision with the aim of maximizing the depth and quality of the analysis, while
optimizing the use of available resources. At the same time, it saves time and resources,
considering the constraints of this academic work. Given the number of pages and the length of
the work, deadlines are imminent, and the demands of research are incessant.

Concentrating efforts on one platform, MuleSoft, it becomes possible to target resources
effectively, ensuring that every aspect of the chosen platform is examined with meticulous care.
This deliberate concentration facilitates a thorough investigation, without the burden of
spreading across disparate platforms, culminating in a presentation that is both comprehensive

and cohesive.
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CHAPTER 7
Conclusion

I began my exploration by ranking MuleSoft at the top. However, after delving deeper into the
three software options, | recognized that each boasts its own unique strengths.

MuleSoft stood out for its user-friendly interface, making the learning curve considerably
smoother. Notably, it offers its own DSL, but its versatility is somewhat limited. With
MuleSoft, you're predominantly restricted to programming using DataWeave. However, the
ease of getting started was commendable; | merely had to register and download Anypoint
Studio to craft a basic "Hello World" program.

Regarding the project in chapter 5, the main difficulty is there is not much information
available on the subject, regarding the connecting with MongoDB, because it’s a connector that
you get form Exchange as it is not part of the MuleSoft core connectors. On the other side,
Tibco and Dell Boomi has much more information available regarding to the plugin/connector,
available for MongoDB connection but then again, it’s part of the licensed package, while
MuleSoft it was possible with the 30 days free trial.

While the product does come with the added cost of licensing, potentially creating an
elevated entry barrier, Tibco compensates with its impressive flexibility. It supports an array of
programming languages and boasts a feature-rich DSL. However, a few challenges are evident:
Tibco Business Work 5 has a user interface that might be perceived as somewhat dated and
intricate. The setup process for Business Work 5 also necessitates the installation of five distinct
drivers. Additionally, a noteworthy constraint is the lack of compatibility between Business
Work 5 and its subsequent version, Business Work 6."

Lastly, there's Boomi, a fully cloud-based solution. The inability to program locally and the
limited flexibility in programming methods are certainly drawbacks. Nevertheless, Boomi
compensates with its robust built-in functions and a vast assortment of connectors available in
their marketplace. An impressive feature is its swift setup; within merely five minutes post-
registration, one can embark on creating Apis. Ultimately, the best choice depends on the
specific integration needs, existing infrastructure, budget constraints, and organizational
preferences. It's always a good idea to do a thorough evaluation and possibly a proof of concept

before settling on a solution.
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