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1 Introduction 
The Future Internet (FI) is expected to become an ubiquitous infrastructure that will overcome the 
current limitations of the Internet for what concerns interoperability, accessibility, resource 
efficiency, security, and trustworthiness, as well as integration with the physical world. 
Specifically, the FI will constitute the convergence of the following major areas: Internet of 
Services (IoS; e.g., software and application features provided over the Internet), Internet of 
Things (IoT; e.g., sensors and smartphones), Internet of Content (IoC; e.g., video streams and 
online games), and the Network of the Future (NoF; e.g., cloud infrastructures and ubiquitous 
network connectivity) [Metzger and Marquezan, 2011, Marquezan et al. 2012]. 

Future Internet Applications (FIApps) will be able to exploit capabilities offered by those areas 
while service technologies will play an enabling role integrating those capabilities within FIApps. 
For example, the information provided by sensors of the IoT will be provided by means of globally 
accessible services such that their capabilities can be discovered and accessed over the Internet. 
FIApps are expected to enable a higher degree of integration between the ICT and real-life 
(physical) environments and business processes. Ultimately, FIApps are built upon FI 
Infrastructures that are loosely-coupled Internet services forming a comprehensive base for 
developing value-added applications in an agile way. Examples are third-party offerings deployed 
on federated service delivery platforms through different cloud delivery models, such as 
Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a Service 
(SaaS). 

The goal of FI-WARE (as reported in [FI-WARE Product Visions]) is to provide the core 
platform for the FI by means of a framework for the development of smart applications. To this 
end, the FI-WARE platform offers so called Generic Enablers (GEs), which are software elements 
offering reusable and commonly shared functions making it easier to develop FIApps in multiple 
sectors and application domains. The FI-WARE platform will allow effective creation and delivery 
of versatile digital services, providing high QoS guarantees. Hence, it is expected to bring 
significant and quantifiable improvements in the performance, reliability and production costs 
linked to Internet applications – building a true foundation for the FI. Despite the still emerging 
and thus generic concepts of FI and smart applications, which deserve some further 
consideration and that will be addressed later in this document, we emphasise the fact that FI-
WARE has the challenging ambition to provide a platform that should be the reference point 
for the development of FIApps in Europe and beyond. For this reason, the need to define an 
approach guiding and supporting the development of FIApps using FI-WARE results has been 
considered relevant since the beginning of the project. 

FIApps constitute an evolution from SOA-based systems, exhibiting many commonalities (e.g., 
service orientation) but also introduce new and amplify existing aspects (e.g., collaborative 
development, unprecedented level of heterogeneous interoperability). In fact, as recognized in 
the context of FI-WARE, these applications will be characterized, among others, by: (i) the 
adoption of critical third-party services available over the Internet (e.g. infrastructure: computing, 
storage, network, security), (ii) the need to work in distributed and virtual environments relying on 
distributed communities of developers, (iii) the need to collect endless requirements from an 
always increasing number of stakeholders (e.g. the Internet users) (iv) the massive presence of 
sensors, actuators and devices as first class actors and, last but not least, (v) having the Internet 
as the infrastructure on top of which everything runs and is computed. More details about the 
definition and features of FIApps in the context of FI-WARE are presented in Section 2. 

Given these characteristics, traditional software and service engineering principles as well as 
methodologies will require some adaptations and adjustments to make them more effective and 
compliant with the new needs. 
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1.1 Document Objectives  

Given the situation described above, most of the future developments will occur in a distributed 
manner which could involve a large number of virtual developers’ teams (not co-located). Looking 
at the characteristics of the Use Case projects involved in the FI-PPP programme2, these 
developers will be involved in more and more large scale software projects, software 
development and maintenance mostly using third-party capabilities and functionality and with 
even tighter time, scope and cost constraints. FI-WARE goals are also to provide specifications 
and tools to handle these new challenges and provide the transition in system engineering 
methods which reassures decision-makers and developers on the risks they are taking in using 
the FI-WARE results and the way to cope with them. Tools, without a conceptual approach, 
supporting guidelines and best practices on when and how to use them, would be at best 
inefficient and at worst create potentially dangerous situations or costly outcomes. 

As said above, the first tangible evidence of what is written above are the Use Case Projects 
involved in the FI-PPP programme whose main goal will be to develop FIApps applied to different 
domains (e.g. energy, safety, smart city, transport, logistics, etc.) using the results of FI-WARE 
and supported by FI-WARE FI-CoDE. In this respect, the document (covering methods, tutorials 
and best practices) will offer these projects and the involved persons to become comfortable in 
using the new FI-WARE FI-CoDE and the underlying principles and approaches governing the 
development of FIApps, whilst avoiding surprises along the way. 

It should be noted that this document constitutes an initial version and will be refined 
based on the evolution of Tools, GEs, FI-WARE Open Specifications and feedback from 
stakeholders and users (e.g. Use Case Projects involved in Phase 2 of the FI-PPP 
programme). 

1.2 Intended audience 

This document is for team leaders and developers interested in developing FIApps using FI-
WARE results (e.g. GEOS, GEIs and Tools). At this stage, this handbook is primarily addressed 
to the FI-PPP programme participants and specifically to those developers and team leaders 
involved in the Use Case Scenarios projects (including those who will be involved in Phase 2 of 
the FI-PPP). 

The identified target audience is also expected to be versed on the most common 
software/system development life-cycle processes and methodologies, the basic software and 
system modelling principles and the basis of the collaborative development. 

1.3 Structure of this document 

The document is organized as follows: Section 2 elaborates what a FIApp is in the context of FI-
WARE and serves as foundation for the subsequent sections. Section 3 presents a high-level 
approach for engineering FIApps, mentioning a life-cycle model. Section 4 provides an overview 
of the tools of FI-CoDE along with their coverage with respect to the FIApp life-cycle model. 
Tutorials and best practices for using those tools are provided in Section 5. Section 6 concludes 
this document. 

                                                      

2
 http://www.fi-ppp.eu/ - http://ec.europa.eu/information_society/activities/foi/lead/fippp/index_en.htm 
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2 Definition of FI-WARE FIApp 
This sections aims to point out relevant aspects of a FIApp in the context of FI-WARE. To provide 
a first characterization of a FIApp, it is useful to start from some of the official definitions reported 
within the FI-WARE initiative and supported by some additional notes, considerations and 
examples. 

To better identify these key aspects it worth to provide a summary description of the FIApp run-
time environment (represented in the following figure). 

Figure 1 FIApp run-time environment 

The central concept, introduced by FI-WARE, is represented by the FI-WARE GE Open 
Specifications (GEOS). Specifically, a GEOS contains the information required to drive the 
implementation of software as compliant products which can work as alternative implementations 
of those GEs developed in FI-WARE. This means that different implementations of the same 
GEOS can exist and they differentiate by aspects not involving their API (e.g. business aspects, 
performance). 

The information contained in these GEOS may include, but will not necessarily be limited to: 

• Description of the scope, behaviour and intended use of the GE; 

• Terminology, definitions and abbreviations to clarify the meanings of the specification; 

• Signature and behaviour of operations linked to APIs (Application Programming 
Interfaces) that the GE should export. (e.g. RESTful interface); 

• Description of protocols that support interoperability with other GE or third party products. 

GEOS will address six different facets of the FI (according to FI-WARE vision): 

• Applications and services ecosystem; 

• Cloud infrastructure; 
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• Internet of Things; 

• Information, data and context management; 

• Network and devices; 

• Security management and governance. 

The main software components, initially provided by FI-WARE, are the FI-WARE Generic 
Enablers Implementations (GEIs) which are considered the functional building blocks of FI-
WARE. The implementation of these functional building blocks supports a set of functions (aka. 
capabilities) and provides a set of APIs and interfaces. The GEIs can be also seen as FI-WARE 
services where a service is “an action performed by one entity that fulfils a request of another 
entity” [NEXOF-RA]. An entity could in our context be anything able to perform an action: person, 
organization, smart device, software agents, etc. 

In a brother sense, given these GEOS, it will be possible to implement FI-WARE Compliant 
Platform Products (CPP) that implements, totally or in part, GEOS or a composition of GEOS. In 
other words, given a set of operations described in the GEOS, a CPP can implement the full set 
of operations (in this case it will be a GEI itself) or only part of it. In addition it will be possible to 
have a CPP that implements operations defined by different GEOS. 

Finally, a FI-WARE Instance is the result of the integration of a number of CPP and, typically, a 
number of complementary products. As depicted in the previous figure the FI-WARE Instance 
contains a set of GEIs implementing different GEOS, and for some of those GEOS are available 
multiple GEIs. The FI-WARE Testbed is the first FI-WARE Instance that's made available. 

Those described above are the necessary building blocks to develop a FIApp, in the context of 
FI-WARE. 

In addition to the points listed above, as a FIApp has much in common with traditional software 
and systems, the basic principles underlying their design and development, should be kept in 
mind and practiced while developing FIApps. Examples are: reusability, granularity, modularity, 
composability, portability and interoperability; some of these are emphasized in relation to the 
nature of FI and FIApps and inspired by [FIArchG 2012]: 

• Support for Scalability: The number of devices with Internet access (e.g., PCs, laptops, 
smart phones, PDAs), services, applications and users in the FIApps can dynamically 
increase. Therefore, applications built on top of FI platforms shall be scalable to tolerate 
the increased loads without compromising functionality or availability. 

• Support for Robustness [Joosen et. al 2011]: FIApps are expected to handle mission 
and time critical applications, related to health, energy, transport and financial 
transactions. Thus, it becomes critical to ensure their robustness. This includes covering 
issues related to minimizing the malfunction, uninterrupted operation, and interoperability. 

• Support for Trustworthiness [Joosen et. al 2011]: FIApps will have more stakeholders 
with different trust levels involved and a variety of potentially harmful content sources 
leveraged to provide value to the end user. This creates more vulnerabilities and risks as 
the number of trust domains in an application gets multiplied, the size of attack surfaces 
grows and so does the number of threats. Furthermore, FI will be an intrinsically dynamic 
and evolving paradigm where, for instance, end users are more and more empowered 
and therefore decide (often on the spot) on how content and services are shared and 
composed. This adds an extra level of complexity, as both risks and assumptions are hard 
to anticipate. 

• Support for Adaptability [Metzger and Marquezan, 2011, Marquezan et al. 2012]: 
FIApps will face an unprecedented level of change and dynamism. Furthermore, 
expectations from end-users for what concerns the personalization and customization of 
those FIApps are expected to become increasingly relevant for market success. For 
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instance, a FIApp should be able to adapt depending on the usage setting (e.g., once vs. 
home) or based on the available communication infrastructure (e.g., sensors vs. WiMAX). 
It will thus become increasingly important to engineer FIApps in such a way that those 
applications can dynamically and autonomously respond to changes in the provisioning of 
services, availability of things and contents, as well as changes of network connectivity 
and end-user devices, together with changes in user expectations. Ultimately, this means 
that adaptation will become a key capability of FIApps. 

In this context of FI-WARE, these principles can be fulfilled by following the GEOS. For example, 
the “Security” chapter will provide mechanisms which ensure the delivery and usage of services 
in a trustworthy manner and meets security and privacy requirements; the “IoT Services 
Enablement” chapter will establish the bridge whereby FI services interface and leverage the 
ubiquity of heterogeneous, resource-constrained devices in the IoT; the “Data/Context 
Management” and the “Interface to Networks and Devices (I2ND)” chapters will provide efficient 
and scalable access to heterogeneous data sources and network connections respectively; 
Finally, the “Cloud Hosting” and the “Applications/Services Ecosystem and Delivery Framework” 
chapters will allow effective delivery of scalable infrastructures to deploy/provision services that 
will improve the trustworthiness of FIApps. 

However, a developer interested in the implementation of such applications needs also to 
consider: 

• if a FIApp could be also made of original/custom code. This can be glue code or specific 
domain code necessary to specialize the FIApp for a specific domain (e.g., eGov, Energy, 
etc.). In this respect it is important to remember that the FI-WARE GEs provide general 
purpose functionalities, not domain specific ones; 

• if the FIApp can run client side (e.g., as an app) or server side (e.g., as a service); 

• if the FIApp exploits the Internet as an informational/data infrastructure and\or also as  a 
computational infrastructure; 

• if the FIApp can be ubiquitous (accessible) through any device connected to the Internet;  

• if the FIApp is able to interweave IoS, IoT, IoC, IoN3 and other networks. Services, Things 
(e.g. physical object, living organism, person or concept interesting from the perspective 
of an application), Contents and Networks were previously treated and considered as 
silos (e.g. Web 2.0) while FIApp will consider these aspects as a unique bunch of 
resources all cooperating together and being interdependent on each other. 

To close this section, it is reported a potential scenario that can help to clarify the essence of a 
FIApp. Additional and concrete examples, coming from the Use Case projects, will be included on 
the next version of this document. 

Example 

Our first example is built around a commuter, David, who goes from home to work every morning and 
returns each evening. One morning, the smart-phone he uses as wake-up alarm, rings 45 minutes earlier 
than usual. The mobility service, David is subscribed to, notified him that the public transportation strike 
was confirmed, so he has to take the car and, due to roadwork along his usual route from home to work, he 
has to take a longer one. The weather conditions and the traffic forecasts complicate the scenario but, 
thanks to the constantly monitored information collected from the public and private sensors around the city 
and reported to the smart apps used by David in his car and mobile devices, he is able to get to the office in 
time for the scheduled meeting. 

 

FI-WARE enables all of this and FI-CoDE will give access to those GEs which will be used by the 

                                                      

3
 Internet of Services, Internet of Things, Internet of Contents and Internet of Networks. 
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developers to build, deploy and operate their own FIApp similar to the ones described above. 
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3 High-level engineering approach for FIApp 
In this section an approach for engineering FIApps is introduced at the conceptual level. 
Specifically, starting from the definitions and key principles described in the section above, it will 
be introduced here an engineering life-cycle for FIApps. When necessary, to avoid remaining too 
generic and out of context, FI-WARE is considered the reference scope.  

3.1 Life-cycle model for FIApps 

Considering the software engineering state of the art, proposals for new software engineering 
models extending the well-known ones (e.g., waterfall, spiral, agile, etc...) have been recognised. 
As an example, new models have been proposed for engineering service-oriented systems (see 
[S-Cube Book] for a discussion of those models). 

The S-CUBE Life-cycle Model (see Figure below), a key result of S-CUBE, a four-year European 
Network of Excellence on software, services and systems4, consolidates, integrates and extends 
those existing life-cycle models for software and service development [S-Cube Book]. It serves as 
a generic coherent framework for engineering service-oriented systems covering both the design-
time and run-time phases. Due to its general nature and as it consolidates existing life-cycle 
models, we use the S-CUBE Life-Cycle Model in this document to serve as a basis for describing 
how FI-CoDE supports the various stages and activities in the life-cycle of FIApps. 

 

Figure 1.  The S-CUBE Life-cycle 

One relevant aspect for engineering a FIApp that is not explicitly addressed by the S-CUBE life-
cycle model, is the role of communities. With the growing adoption of open source solutions, 
third-party services, forums, and social networks for problem solving, community management 
must be considered as it is increasingly intrinsic in the development life-cycle. Hence, FI-CoDE 
extends the S-CUBE life-cycle model with a phase/activity to emphasise the support of 
management of the communities acting within the orbit of a FIApp (see Figure below). 

                                                      

4
 http://www.s-cube-network.eu/ 
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Figure 2.  FIApp Life-cycle: Extended S-CUBE Life-cycle Model with Community Management 
support 

The extended life-cycle model consists of two loops each augmented with a central activity 
(Community), which will be detailed in the remainder of this section. 

The loops of the life-cycle can be executed in an incremental and iterative fashion, as follows 
[Metzger and Di Nitto, 2012]: 

• The Design-time Loop builds on the more traditional development and deployment 
activities, including requirements engineering, design, realization, and deployment. 
However, it extends those activities with “design for run-time management" steps, such as 
to define and implement how the application should monitor and modify itself when 
entering the left-hand side of the life-cycle. Section 3.2.1 provides details about the 
different activities of this loop. 

• The Run-time Loop explicitly defines activities for addressing changes during the 
operation of FIApp. The activities in the run-time loop are inspired by the steps of the 
MAPE loop (Monitor-Analyze-Plan-Execute), which is typically found in autonomic 
systems [Salehie and Tahvildari, 2009]. Section 3.2.2 provides details about the different 
activities of this loop. 

• The Community Management defines activities for hosting, managing and monitoring 
the collaborative and iterative work performed by globally-distributed communities (of 
developers and users) around any FIApp. Section 3.2.3 provides details about these 
activities. 

3.1.1 Design-Time 

As described in [Metzger and Di Nitto, 2012], when the application evolves, it goes through a re-
engineering phase in which it is permanently modified. In the context of FIApps the main aspects 
which can be considered concern the issues of managing the interface compatibility between 
versions of services, of identifying the right timing for evolving services depending on the 
contracts currently in place, of identifying the right stakeholders for evolution and of 
understanding their impact to the evolution process. 
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3.1.1.1 Activities in the Design-Time Loop 

The activities in the Design-Time loop follow the traditional software development activities. 

• Requirements Engineering: During requirements engineering, the functional, non-
functional and quality requirements are elicited and documented. The specifics of FIApps 
make requirements engineering a particularly relevant activity. This is related to their 
highly dynamic nature and to the necessity to realize the continuous adaptability of these 
applications. Indeed, in a context where the application is in continuous evolution and is 
thus characterized by rather blurred boundaries, the study of those requirements that exist 
a priori in the organizational and business setting and that are hence largely independent 
from the solution becomes very important. 

• Design: During the design phase, the architecture of the FIApp is specified. Together with 
this, the candidate services and components that can provide the functionality and quality 
to fulfil the requirements of the application are identified. Examples of these are the GEs 
provided by FI-WARE that could be used to build a FIApp. This means that those services 
or GEs that provide, at least partially, the expected functionality and quality are identified. 
This is usually supported by service matchmaking techniques or service brokers (e.g. 
marketplace). A further task is to define run-time management strategies and 
mechanisms which enable the application to react to run-time management needs based 
on detected changes or deviations. Finally, the conditions under which some changes will 
have to be enacted during the run-time have to be identified. 

• Realization: After design, the realization and implementation of the application can start. 
For FIApps, this specifically means downloading and integrating GE implementations 
and/or enabling the interoperation with other GE running instances (e.g., from third-party 
providers) with the code of the FIApp. In case of using GEs from third parties, contracts 
on quality aspects (aka. Service Level Agreements, SLAs) have to be established with the 
third-party providers. This may involve some form of SLA negotiation and agreement. 
Following good development practices, quality assurance (including testing and 
performance analysis) of the realization is done – as far as possible. However, as not all 
services and elements of the FIApp might be known during design time, monitoring and 
analysis mechanisms are realized in order to identify changes (e.g., in operational 
context) or deviations (failures of constituents services or components) at run-time, such 
as to be used in the run-time loop together with adequate runt-time management 
strategies. 

• Deployment and Provisioning: Deployment comprises all the activities needed to make 
the application available to its users, including the deployment of the FIApp and its 
components (e.g., GE implementations) on computing infrastructures (including clouds, 
mobiles, etc...). 

An important element of the design-time loop is efficiency. In the age of globalization, in fact, 
changes need to be handled in a timely fashion. If the execution of the evolution loop is not able 
to quickly address changes, there is a risk of delivering a solution that addresses a certain 
change when this change is not relevant any longer, for instance, because it has been 
superseded by other new changes. Agile development approaches are often mentioned as a way 
to address changes in a fast and interactive way, if developers are able to work in close 
collaboration with the owners of new requirements or with those who have a deep knowledge 
about the occurred context changes [Metzger and Di Nitto, 2012, NESSI 2012]. 

3.1.2 Run-Time 

As described in [Metzger and Di Nitto, 2012], when a change or deviation is detected during the 
operation of the FIApp, it goes through the run-time loop in which the application undergoes 
modifications in response to the detected changes or deviations. 
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3.1.2.1 Activities in the Run-Time Loop 

The activities in the run-time loop are: 

• Operation and Management: Operation and management include all activities needed 
for running and controlling the FIApp. The literature also uses the term governance to 
describe all activities that oversee the correct execution of an application. The 
identification of changes, including problems in the running application and alteration of its 
context, plays a fundamental role. This identification is obtained by means of monitoring 
mechanisms and, more generally, by exploiting techniques for run-time quality assurance 
such as run-time testing and verification. Together, these mechanisms and techniques are 
able to detect relevant changes. 

• Deviation and Change Detection: Certain changes trigger the FIApp to leave its 
“normal" operation and enter the run-time or the evolution loop (i.e., design-time loop). 
Which of the two loops has to be entered depends on the kind of observed change. The 
run-time loop is responsible for deciding whether and how the FIApp needs to modify itself 
in order to maintain its expected functionality and quality. 

• Identify Run-Time Management Strategy: When the run-time loop is entered, possible 
run-time management strategies are identified, selected and instantiated. Possible 
strategies include service substitution (rebinding), SLA re-negotiation, and re-
configuration of the application. The strategies that fit the situation are selected and 
instantiated from the set of possible strategies. 

• Enact Run-Time Management: After the run-time management strategy has been 
selected and instantiated, run-time management mechanisms are used to execute the 
actual run-time management. Examples are the GE implementation substitution or FIApp 
re-configuration. 

3.1.3 Community Management 

As we already motivated, a large community collaborates during the life-cycle of a FIApp. Mainly 
developers and, in general, stakeholders belong to these kind of communities. The community of 
developers is composed of those directly involved in the development of the new application or 
product (in our case a FIApp), but also developers involved in coding and/or maintaining the third-
party components which the FIApp under development relies on (e.g. services, open source 
components, etc.). These groups are typically globally-distributed (and as such virtual) and at the 
same time need to communicate and collaborate, for instance, to ask for clarifications from other 
developers, to issue new bugs or to track the changes of the used solution (this is the case 
especially when open source solutions are used). 

The key stakeholders who could influence the development life-cycle of a FIApp are customers. 
For the applications which are expected to run on the Internet there could be potentially 
thousands of stakeholders with changing or disparate requirements (e.g. in Smart Cities any 
single citizen is a potential stakeholder and as such expression of a potential requirement). 
Managing this community is not an easy task and necessarily needs to be supported by tools for 
facilitating this task and simplifying the daily project activities. To this end, as mentioned above, 
an extended version of the S-CUBE life-cycle is proposed with the additional (optional) 
community management activity (see Figure “FIApp Life-cycle”). This activity is central to both the 
design-time and run-time loops of the life-cycle. 

This activity foresees hosting, monitoring and managing the collaborative and iterative work of the 
communities around any FIApp. Community management is strongly suggested to be applied to 
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iterative development processes (such as the S-Cube life-cycle model) where Agile Methods5 are 
the ultimate expression of this dynamism and adaptability. Thus, this document assumes that the 
readers knows an “Agile-like” approach. 

The main aspects that compose the Community Management phase are detailed below and they 
may run in parallel to the other phases of the life-cycle: 

• Hosting: To associate the concept of community to a well identified place where the 
community members can interact and collaborate. This place can vary from a traditional 
environment, such as a project entry in forge, to a more complex aggregation of web 
portals and social media platforms. Anyway, providing a clear entry point to all the 
community channels is a desired choice to avoid confusion among the community 
members and also an easy way to provide a single reference for attracting new members 
and promoting the community. Accordingly to what is expected from the community 
members, it has to be decided which kinds of interaction to set up. 

• Monitoring: To measure and observe the evolution of the community. When the 
community is built around a FIApp or a GE implementation it is easy to imagine that the 
governance of the community is interested to drive the evolution of the community itself 
along the owners’ business interests. Monitoring some specific parameters6 allows also 
having concrete feedback and validating the effectiveness of actions such as the release 
of a new version, an advertising campaign, an event participation or organization. 

• Managing: To start-up a community, to make it grow, to let it evolve. All these phases 
need to be organized and driven by a dedicated Community Management team. They 
have to engage the community members to participate in discussions and contributions 
especially during the first period or at least until the community size has reached the 
critical mass (in terms of number of members and traffic on the channels) that allows the 
community to sustain itself. At that point the effort provided by the Community 
Management team can focus more on the direction to drive the community and less in 
making it grow. 

                                                      

5
 http://agilemanifesto.org 

6
 e.g. number of members, site/page access, comments, channel traffic 
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4 FI-CoDE approach and tools 
In the previous section, we described a high-level engineering approach and life-cycle for FIApps, 
focusing on FI-WARE as reference context. In this section, we demonstrate how the tools 
provided by FI-WARE FI-CoDE and the FI-WARE Generic Enablers can be applied to support the 
different activities and phases of the life-cycle. 

For each of the activities identified in the Design-time loop and Run-time loop of the life-cycle, we 
will identify:  

• Workproducts, i.e., artefacts that are directly managed (e.g., created, deleted, modified, 
updated) by a specific activity. It is important to stress here that FI-CoDE tools 
complement existing development tools and thus do not cover all phases and activities of 
a FIApp engineering life-cycle. For this reason, in case workproducts are not managed 
directly by any of the FI-CoDE tools, it will be declared that they belong to third-party tools.  

• Actors, i.e., the role played by the users participating in the activity. 

• FI-CoDE tools, i.e., software used to facilitate the engineering of the FIApps. 

4.1 FI-CoDE Roles 

The major roles that have been identified for FIApps, and based the FI-WARE model are: 

1. Generic Enabler Provider (GE Provider), who will be providing GE specifications and 
instances which can be used to build FIApps. The GEs that will be provided by FI-WARE 
will allow building FIApps to cover multiple sectors (such as transport, health, or energy). 
It should be noted that GE specifications will also allow parties other than partners in the 
FI-WARE consortium to develop and commercialize products that are in compliance with 
FI-WARE GE specifications. 

2. FI-WARE Instance Provider, a company or organization that deploys and operates a FI-
WARE Instance (collection of running GE instances). 

3. FIApp Community Member, are all the people somehow involved with a specific FIApp 

a. FIApp Provider (FI Application/Service Provider), that use platforms such as FI-
WARE to build FIApps and/or services based on GE APIs and deploys those 
applications/services on top of platforms such as the FI-WARE instance. 

i. FIApp Developer, the person who is mainly in charge of code and who 
builds the application. 

ii. FIApp Analyst, the person mostly involved in requirements definition and 
application design. 

b. FIApp User or in case of a commercial relation, the customer, that will be using 
FIApps. 

c. FIApp Community Manager, in charge of managing the community of 
stakeholders growing around any FIApp. 

The above roles interact with each other during the realization and usage of the FIApp. The 
diagram below (Figure 4) highlights the relationships between the roles. 
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Figure 3.  FI-CoDE roles 

4.2 FI-CoDE Tools 

The various activities that build the life-cycle model described in the previous section are 
supported by a tool or a set of tools provided by FI-CoDE, briefly reported in the remainder of this 
section. More detailed presentations of each tool are available on the Developer Community and 
Tools7 pages from the FI-WARE public wiki. 

The FI-CoDE tools are: 

1. Integrated Development Environment (IDE): The main tool adopted by the developers 
to produce their solutions. It includes a set of predefined plug-ins to extend its 
functionalities to manage: tickets and tasks, library and dependency management and 
source code). 

2. Catalogue: The entry point for publishing and searching for FI-WARE Compliant Platform 
Products (e.g., GE implementations and running instances). 

3. Deployment Support Tool: The tool in charge of the FIApps deployment support into the 
selected FI-WARE Instance. It is an Eclipse plug-in based on the Cloud Hosting GE, that 
allows the developers to set-up and manage virtual environments where to deploy their 
FIApps. 

4. Test and Validation tools: The tools in charge of the FIApps testing and validation along 
the application life-cycle (both during design-time and run-time). The specific aspects 
covered by these tools are functional (e.g., RESTful web service testing), performance 

                                                      
7
 http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/Developer_Community_and_Tools 
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evaluation during the development phase, and quality of service and system monitoring 
during the FIApp execution. 

5. Collaboration tools: The integrated environment that provides the most common 
collaboration features (e.g., version control system, task list, document management, 
release management, forum). This environment is usually identified with a forge tool in 
charge of providing the Collaborative Development Environment (CDE) for the FI-WARE 
GE Providers and FIApp/Service Providers activities. The reference implementation for 
this solution, adopted also for the FI-WARE everyday collaboration, is FusionForge8. 

4.3 FI-CoDE Coverage of the Life-cycle 

Starting from the FIApp Life-Cycle Model reported in 4.2.3, the activities of the life-cycle are 
annotated in Figure 4 with the FI-CoDE tools supporting them. 

 

 

Figure 4.  FI-CoDE Tools along the FIApp Life-cycle 

The following sections describe the features provided by each FI-CoDE tool for the respective 
phase of the life-cycle. 

4.3.1 Requirements Engineering 

All the identified requirements are stored into a tracker (usually provided by the forge solution) in 
structured elements. At this point it’s possible to break down each one of them in smaller tasks 
that can be assigned directly to the developers in charge of its execution. In this scenario, the 

                                                      
8
 https://fusionforge.org/ 
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tracker tool allows to monitor the activity execution and completion accordingly to the project 
planning. 

Before storing the requirements into the tracker they are discussed and detailed collaboratively in 
a wiki page, or section in case of particularly complex cases. A direct link between the wiki page 
of a requirement and it’s entry on the tracker can be maintained for improving the navigation over 
the project knowledge base. 

Once the requirements and the tasks have been inserted into the tracker it’s possible to access to 
them also from the FI-CoDE IDE and not only from the native user interface of the tracker. This is 
usually a benefit for all the team members more involved in code development activities. During 
this phase the development team can contribute to the tasks definition activity without leaving the 
IDE. The connection between the tracker and the IDE is possible using the Mylyn solution with a 
connector for the specific tracker adopted. In the context of FI-WARE the reference 
implementation for the tracker is provided by FusionForge while the specific connector for Mylyn 
has been specifically developed by FI-WARE Tools Chapter. 

 

Workproducts Requirements and tasks stored into the tracker 

Actors FIApp Analyst, FIApp Developer 

FI-CoDE Tools Forge, Wiki 

Main Steps 

● to elaborate, collaboratively, the requirement into the wiki 

● to store the requirement details on the tracker 

● to break down the requirement in tasks 

● to manage tasks from the IDE 

 

4.3.2 Design 

During the design phase of a FIApp, or a GE implementation, design documents are supposed to 
be shared among the different actors involved in the project. A Wiki9 environment supports this as 
well as keeping track of all the changes along the document evolution. 

In the context of FI-WARE, a FIApp, but also a GE implementation, can benefit from already 
available GE instances. By browsing the FI-WARE Catalogue it is possible to search for the 
required GEs and discover where they are available from (e.g. service endpoint, URL). From the 
GE implementation entry pages, it is also possible to obtain additional information such as API 
documentation, how to use it, terms and conditions of usage. 

Before starting the realization phase is a good practice to set up the common environment, to 
share among all the developers, where to store the source code. As reported in 4.3.6, once the 
Source Code Management system is ready (provided by the forge solution), it’s possible to create 
the initial folders in order to organize the project main development line and additional subfolders 
(e.g. trunk, branches, tags as from Subversion best practices). 

 

Workproducts FIApp/GEI design documents (wiki pages) 

Actors FIApp Analyst, FIApp Developer 

                                                      
9
 http://en.wikipedia.org/wiki/Wiki 
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FI-CoDE Tools Forge, Wiki, FI-WARE Catalogue 

Main Steps 
● To detail the design of the FIApp/GEI 

● To select the dependencies (GEI, third-parties components) 

 

4.3.3 Realization 

After the design step and before starting the real software development, a good practice is to set-
up a common development environment to be used by the team members. Starting from the FI-
CoDE bundle, every developer can have a ready to use IDE that can speed up the installation 
process and reduce the learning curve for the new members that can benefit from the support of 
the others already trained teammates. 

During the realization phase all the information required to properly integrate the selected GEI are 
retrieved from every GEI entry on the FI-WARE Catalogue. 

Below we describe the typical activities executed during the realization phase, and for each one 
of them the supporting tools are described: 

● Source code management: the project source code is stored in a repository that is 
accessible to all the team members. Usually this repository allows to: store incremental 
versions of the code, manage conflicts due to concurrent changes to the same piece of 
code and made by different team members, and execute relevant developments in an 
isolated copy of the code avoiding the risk to have unexpected updates coming from other 
team members. The reference implementation for this service is Subversion, that's directly 
integrated with the FusionForge solution. 

● Tickets and tasks management: all the activities defined during the design phase that 
have been stored as tickets, or tasks, in the project tracker can be accessed directly from 
the IDE thanks to the Eclipse Mylyn plug-in. In addition to this plug-in it is required to 
install also a connector able to interact with the specific tracker solution. In the context of 
FI-WARE, it has been developed, and released with an open source license, the 
connector for FusionForge. 

● Real time collaboration: the collaborative nature of this sort of projects is reflected also 
at the code writing level. Thanks to the possibility to simultaneously contribute to the same 
piece of code from two different team members. The Eclipse Communication Framework 
allows, out of the box, to share through the IDE the same file among two different 
developers that can independently work on that file. The adoption of this kind of feature is 
valuable for activities like remote peer reviews and knowledge transfer. 

● Documentation: if the code development is following an agile process it is important to 
keep also the documentation activities at the same level of agility. An approach based on 
a wiki paradigm can lower the barriers for having an up-to-date documentation of the 
code. The Wikitext plug-in allows by default to create a file-system based structure of text 
files written using the most adopted wiki syntaxes. These documentation files are easily 
stored together with the source code into the source code repository. 

● Testing: the testing aspects that are considered here are (1) functional testing and (2) 
performance evaluation.  

(1) is used to check that the application/service does what it has been designed to do. It is 
supported by a framework that can collect different kind of tests and that can be easily 
driven by different elements (e.g., IDE, ANT, MAVEN, Continuous Integration systems). 
The central part of this framework is represented by the TestNG library flexible enough to 
structure unit tests in suites and groups, but mainly, able to provide the possibility to 



Future Internet Core Platform  

D.9.2a FI-CODE Handbook  Page 20 

clearly separate the test logic from the test data (e.g., to store test data in an Excel file). 
Again, this framework is provided with a library dedicated to the testing of RESTful web 
services and a proposed project packaging for managing unit tests (one web service 
request) and more complex scenarios (sequence of web service requests).  

(2) is used to check how the application/service executes its operations (e.g., response 
time). To cover this aspect, FI-CoDE adopts the Software Performance Cockpit (SoPeCo) 
that allows the definition and execution of systematic goal-oriented performance 
measurement scenarios. Such scenarios can be executed before each release or 
continuously throughout the software lifecycle in order to validate performance 
requirements or detect regressions. The FI-CoDE tool, Trace Analyzer, can also provide 
performance measures. The network traffic monitoring support may show congestion 
problems, excessively long session, etc. The operating system monitoring may show 
when attempting to perform too much I/O or when CPUs are over/under-utilized, etc. 

 

Workproducts 
● FIApp/GEI source code 
● documentation 

Actors FIApp Developer 

FI-CoDE Tools 
Forge, Wiki, IDE, FI-WARE Catalogue, SoPeCo, Functional 
Testing Framework 

Main Steps 

● to develop the FIApp/GEI code 
● to integrate the selected GEI 
● to document the development 
● to test the FIApp/GEI 

 

4.3.4 Deployment and Provisioning 

Deployment 

In the context of the FI-WARE project the deployment activity (of a FIApp or a GEI) is for testing 
purposes. 

In order to be able to operate this deployment, the CloudPlugin (for Eclipse) allows the developer 
to allocate, following the IaaS paradigm, the required resources (e.g., computation, storage and 
network) to host the running code. This virtual environment is created, thanks to the adoption of 
the Cloud Hosting GE implementation, as complementary service on top of which the 
CloudPlugin is designed. 
 

Workproducts 
● virtual environment 
● FIApp/GEI running code 

Actors FIApp Developer 

FI-CoDE Tools IDE (CloudPlugin) 

Main Steps 
● to build the FIApp/GEI code 
● to set-up the virtual environment 
● to deploy the FIApp/GEI into the virtual environment 
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Provisioning 

The provisioning activity takes into account only the case of the GE implementation. Once the 
GEI is ready to be made available, it has to be published into the FI-WARE Catalogue. 

The related Catalogue entry for this GE implementation allows reporting all the relevant 
information that the GE Provider wants to communicate to the potential users, such as the 
available instances, the API documentation and the terms of usage. 

The provisioning of a FIApp is not explicitly covered here because it varies accordingly to the 
nature of the application itself and it’s not possible to provide a single solution that can cover 
them all. 

 

Workproducts GEI entry on the FI-WARE Catalogue 

Actors GE Provider 

FI-CoDE Tools FI-WARE Catalogue 

Main Steps 
● to create the GEI entry on the Catalogue 
● to fill the descriptive pages 
● to list the available running instances 

 

4.3.5 Operation and Management 

As motivated above, during its operation, a FIApp may be subject to deviations from its expected 
functionality and/or quality and changes in its context. These deviations can be due to changes in 
its constituent components (e.g., third-party services). Thus, to support the FIApp during its 
operation, tools and techniques for dynamically detecting, reporting and managing such changes 
and deviations are needed. FI-CoDE thus provides a set of tools covering several aspects related 
to the run-time phase of FIApps.  

If additional requirements are submitted during the run-time phase by the end users or in general 
by community members, these are discussed and detailed collaboratively on a dedicated wiki 
page and once they are approved they are translated in tasks on the tracker, with the proper 
planning for their development (as done during the initial Requirements Engineering phase). 
Questions regarding the usage of the FIApp or GE implementation are posted on the forum (it 
can be the one provided by the forge and/or the one provided by the FI-WARE Catalogue) where 
all the community members can provide their contributions answering to those questions and in 
this way producing an incremental knowledge base useful to all the community members. The 
most significant threads of the forum are consolidated in wiki pages in order to make them more 
visible and fruitful (e.g. building a FAQ section on the wiki). 

A specific tracker for collecting bugs is commonly10 created on the forge hosting the project. In 
this way all the problems or defects found are not lost and can be properly included in the 
development process to be fixed.  

For what concern the runtime testing activities, the proposed tools are, Trace Analyzer (TA) and 
PROSA as well as a run-time extension of SoPeCo 

● Trace Analyzer is an Eclipse plugin for graphical and numerical analysis of performance 
traces. It reads in traces from various sources, and displays time-based graphical 
visualization of the program execution as well as a list of trace contents and the event 

                                                      
10

 It's a widely practice adopted in open source projects 
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details for selection. TA also provides (or will provide depending on the trace input) 
various statistics and points-of-interest markers, both pre-defined by a user (through a 
Jythos API). Thus, it can be used to collect execution traces of different parts of the 
FIApp, thereby allowing identifying performance problems. 

● PROSA is an online testing tool which allows continuously collecting QoS monitoring data 
for given services (i.e., the ones used by a FIApp). The Run-time solution of PROSA 
monitors the (real) usage of a given service and additionally performs additional service 
invocations (online testing) where necessary (e.g., when they is not enough monitoring 
data collected). PROSA thereby ensures that a certain amount of QoS data is available 
for a given service in a given time interval, such as to allow determining the FIApp quality 
during run-time. Specifically, the collected QoS data can be used to identify changes or 
deviations from expected QoS levels. 

● SoPeCo can be used during the execution of the FIApp to perform continuous regression 
testing with respect to performance requirements. The developer or the performance 
analyst can define goal-oriented performance tests that target validation of performance 
requirements. The experiments can be checked either regularly or triggered by every 
change in the source code or deployed system. The results of the performance tests will 
be gathered for further analysis (see the section on Deviation and Change Detection). 

 

Workproducts New versions of the FIApp 

Actors FIApp Community Member 

FI-CoDE Tools Forge, Wiki, PROSA, Trace Analyzer, SoPeCo 

Main Steps 
● to collect feedback from the Community Members 
● to monitor the FIApp during the run-time 
● to update the FIApp 

4.3.6 Deviation and Change Detection 

The results provided by TA, PROSA, and SoPeCo can be used in the Deviation and Change 
Detection phase of the life-cycle to identify changes or deviations in the expected quality. 

From TA, the visualized performance traces collected during the operation of the FIApp allow 
identifying the presence and the sources of performance problems and bottlenecks.  

From PROSA, the collected QoS can be used to determine deviations and thus violations of 
expected quality (e.g., as established in SLAs). The augmented QoS data collected from 
monitoring and online testing allows for more accurate identification of  deviations than compared  
to using monitoring data in isolation. 

The results of performance tests gathered by SoPeCo can be analysed using any of the various 
regression detection algorithms and in case of a regression, a root cause analysis can help 
pinpoint the change that caused the problem. 

 

Workproducts FIApp 

Actors FIApp developer, FIApp analyst 

FI-CoDE Tools Trace Analyzer, PROSA, SoPeCo 

Main Steps ● to analyse the collected (monitored) performance 
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● the identify changes or deviations from expected performance 

 

4.3.7 Identify Run-time Management Strategy and Enact Run-time 
Management 

The need to enter the next phases of the life-cycle, i.e., Identify the run-time Management 
Strategy and Enact Run-time Management, depends on whether or not a deviation or a change in 
the quality of a FIApp or its constituent components (e.g., services) is identified. State-of-the-art 
techniques for supporting these phases can be found in the literature (see [S-Cube Book]) and 
are out of the scope of FI-CoDE. 

4.3.8 Community Management 

In the context of FI-WARE the communities taken into account are of two kinds: the community 
around a FIApp or a GEI and the community around a third-party component or service used to 
build a FIApp or a GEI.  

The Community Management activities are executed by the Community Manager that has the 
main goals of making the number of community members to grow, to foster the communication 
between them, to increase the adoption of the FIApp (or GE implementation) by the end users. 

The tools involved in these operations are the forge, the wiki and the FI-WARE Catalogue. 

The forge usually contains by default a set of services that are oriented to collaboration and 
information exchange. In the case of FusionForge the main communication channels are: 

● forum: to host discussions over a specific topic or for asking questions and providing 
support; 

● mailing-lists: quite similar to the forum for what concern the content but based on a 
common email exchange over the people subscribed to the list; 

● document management system: to share documents among the community members; 

● tracker: usually a specific tracker to collect bugs is set up, so that the community 
members can notify, in a structured way, the FIApp Providers about the problems or 
difficulties they are facing while they are using the FIApp. 

At the beginning of the FIApp, or GEI project, if not already created, the forge entry for the project 
can be created, and later managed, directly from the IDE thanks to the CDE Management plug-in 
for Eclipse. This is an additional approach, to the native web interface, to interact with the forge 
for administrative operations. 

Complementary to the forge, a wiki instance can help: 

● the Developers to easily maintain an up-to-date project documentation; 

● the Community Manager to build the web site for the FIApp and create the project 
knowledge base; 

● the FIApp users to easily identify the single entry point to the Community around the 
FIApp. 

The FI-WARE Catalogue helps the GE Providers to make the GE instance visible to the potential 
users. An additional forum can be enabled at Catalogue level where to concentrate the 
discussions, and the support, around particular GE implementations. 

 

Workproducts ● increase the number of Community Members 
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● improve the FIApp or GEI visibility 

Actors FIApp Community Manager, FIApp Community Member, GE Provider 

FI-CoDE Tools Forge, Wiki, FI-WARE Catalogue 

Main Steps 

● monitor and manage forge activities (trackers, forum, mailing-
lists) 

● create and maintain the wiki pages 
● publish the GEI on the FI-WARE Catalogue 
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5 Tutorials and Best Practices 
In this section, we provide a structured overview and links to the various tutorials on how to use 
the FI-CoDE tools. Those tutorials are available online and are complemented by practical 
examples. Those tutorials will be complemented by best practices and hands-on experiences for 
the development of FIApps using FI-CoDE in the next versions of this documents, taking into 
account the collected feedback from FI-CoDE’s adoption. 

5.1 FI-CoDE IDE 

Below links to the tutorial documents for all components developed by the FI-WARE Tools 
Chapter are provided. For each of them, we provide links to the FI-WARE Wiki containing the 
tutorials for the last stable version as well as the most recent developer version. 

CDE Management (for FusionForge) 

Last official 

D9.1b DevComE Basic Framework - page 4 

https://forge.fi-
ware.eu/docman/view.php/7/1014/D9.1b+DevComE+Basic+Framework.
pdf 

Under development 

CDE Management 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.CDE_Manageme
nt 

 

FusionForge connector 

Last official 

D9.1b DevComE Basic Framework - page 3 

https://forge.fi-
ware.eu/docman/view.php/7/1014/D9.1b+DevComE+Basic+Framewo
rk.pdf 

Under development 

FusionForge connector 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.FusionForge_c
onnector 

 

Source Code Management 

Last official 

D9.1b DevComE Basic Framework - page 15 

https://forge.fi-
ware.eu/docman/view.php/7/1014/D9.1b+DevComE+Basic+Framewo
rk.pdf 

Under development 
Source Code Management 

https://forge.fi-
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ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.Source_Code_
Management 

 

Eclipse Communication Framework 

Last official 

D9.1b DevComE Basic Framework - page 9 

https://forge.fi-
ware.eu/docman/view.php/7/1014/D9.1b+DevComE+Basic+Framewo
rk.pdf 

Under development 

Eclipse Communication Framework 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.Eclipse_Comm
unication_Framework 

 

Wiki Edit support 

Last official 

D9.1b DevComE Basic Framework - page 14 

https://forge.fi-
ware.eu/docman/view.php/7/1014/D9.1b+DevComE+Basic+Framewo
rk.pdf 

Under development 

Wiki Edit support 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.Wiki_Edit_supp
ort 

 

Library and dependency management 

Last official 
D9.3a API IDE Support - page 5 

https://forge.fi-
ware.eu/docman/view.php/7/1015/D9.3a+API+IDE+Support.pdf 

Under development 

Library and dependency management 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.Library_and_D
ependency_Management 

 

CloudPlugin (Deployment support) 

Under development 
CloudPlugin 

https://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/FI-
CoDE_Technical_Description#Use_Cases_-_Deployment 
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Software Performance Cockpit 

Last official 

D9.4a Application Testing Support Tools - page 6 

https://forge.fi-
ware.eu/docman/view.php/7/1016/D9.4a+Application+Testing+Suppor
t+Tools.pdf 

Under development 
Software Performance Cockpit 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.SoPeCo 

 

Trace Analyzer 

Last official 

D9.4a Application Testing Support Tools - page 4 

https://forge.fi-
ware.eu/docman/view.php/7/1016/D9.4a+Application+Testing+Suppor
t+Tools.pdf 

Under development 

Trace Analyzer 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.Trace_Analyze
r 

 

5.2 FI-WARE Catalogue 

Last official 
D9.3a API IDE Support - page 2 

https://forge.fi-
ware.eu/docman/view.php/7/1015/D9.3a+API+IDE+Support.pdf 

Under development 
FI-WARE Catalogue 

https://forge.fi-
ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.Catalogue 

 

5.3 PROSA 

Last official 

D9.4a Application Testing Support Tools - page 2 

https://forge.fi-
ware.eu/docman/view.php/7/1016/D9.4a+Application+Testing+Suppor
t+Tools.pdf 

Under development 
PROSA 

https://forge.fi-
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ware.eu/plugins/mediawiki/wiki/fiware/index.php/Tools.PROSA 
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6 Conclusion 
This document serves as a living handbook for FI-CoDE tools, targeted towards Future Internet 
Applications (FIApp) engineers, developers and providers, as well as generic enabler providers 
using FI-WARE results. The document will be continuously refined to cope with the evolution of 
FI-CoDE Tools, Generic Enablers, FI-WARE Open Specifications and feedback from 
stakeholders and users (e.g. Use Case Projects involved in Phase 2 of the FI-PPP programme). 

The document provided the key characteristics and principles a Future Internet Applications 
should have recalling and making this compliant with the main FI-WARE definitions and 
foundations, mainly the fact that the Future Internet Applications are built on top of FI-WARE 
Generic Enablers Open Specifications.  

Based on these characteristics, a high-level approach and life-cycle model for engineering Future 
Internet Applications has been introduced, based on the S-CUBE life-cycle model and extended 
with support for managing the globally-distributed community (incl. developers and users) around 
a Future Internet Application. 

Furthermore, the document showed the instantiation of the approach using FI-CoDE. Specifically, 
it presented FI-CoDE tools along with their coverage of the different phases and activities of the 
life-cycle of a Future Internet Application. 

Finally, the document reported tutorials and best practices to use the FI-CoDE tools based on the 
experiences of the FI-CoDE providers. 

This document demonstrated that reinventing the wheel does not make too much sense when we 
want to develop a FIApp as the key principles and the life-cycle models governing its 
development are basically the same of any other software and system and fits well for the 
purpose. However, in the context of FI-WARE, some adaptations were necessary specifically for 
the management of the communities and for the adoptions of FI-WARE Open Specifications. In 
this respect, the reader is warmly invited to carefully look at the FI-WARE Open Specifications, 
their implementations and test their functioning in the FI-WARE Testbed to fully appreciate this 
handbook and better adopt the FI-CoDE tools offered. 
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