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1. Purpose
This report provides the description and links to EU-PL-proof shared components 1 for the NIVA Use Cases
(UCs) and their development paths.
It starts with the introduction of the rationale behind the needs for re-usable software components
supporting the NIVA use cases. It then describes the methodology used to identify and select common
components. Finally, it provides a list of the selected common components.
In its initial version (due in month 8 of the project), the document only provides an ICT blueprint of what is
going to be build, while a further version (due in month 24) will describe what was built.
The report is prepared in the context of the NIVA task: “T.2.2 ICT Tools & Services. Design & Development”.

2. Links to WP2 tasks and other NIVA Work Packages
NIVA has been organised around a single co-design and development task (T2.2) and several deployments
and trials (T2.3).
Task 2.2 needs to find synergies and commonalities amongst partners that will design and deploy UCs. To
rationalise the work, such commonalities will need clustering to identify components to be developed by
NIVA ICT partners and a prioritization to ensure that the components are made available at the right time.
In order to facilitate the co-design and development, an assessment of the current “as is” state was done by
using the Gartner Maturity Mapping.
Task 2.2 has a strong link with WP4 for general purpose software components that are re-used by many Use
Cases, such as connecting to existing EO data processing services or to CEF components, and with Task 6.2
which supports subcontracting of common components.
An integral part of this report are the contents of the following deliverables, tasks or packages:







WP2: Large-Scale Pilot
o D.2.2 Annex I - Common SW Components Definition Template
WP3: Harmonisation and Interoperability
o D3.1: Common Glossary
o D3.2: Common semantic model – core data
o D3.3: Common guidelines for software development for EUPL provisions and general
guidelines
WP4: Knowledge Information System
o Link to D4.1: Source code repository
o Link to D4.5: Software of the common components
WP6: Call for software components and pilot validations
o D6.2 “Call subcontracting of software components”: the call for proposals for subcontractors
to deliver software components;
o D6.4 “Deliverables from Call: software components and external validations”: capturing the
software components and validations (as concrete steps of user engagement, testing) of
subcontractors to be incorporated in NIVA

1

A software component is a unit of composition with contractually specified interfaces and explicit context
dependencies only. A software component can be deployed independently and is subject to composition by third
parties. In NIVA it does not have to be confused with common eTools, i.e. the deliverables of the Use Cases/Trials.
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3. Rationale
Over the last decade, the extensive uses of software have placed new demands on the software industry
especially for improving quality and enhancing development productivity; for this purpose Software
Component-Based Development (SCBD) has emerged as a distinguishable approach in software engineering,
as it involves time reduction, enhanced quality, and leveraged costs developing individual components.
In general, a component is an independent software package that provides functionality via well-defined
interfaces. Based on component definitions published in the literature, components can be classified into
three categories: business component, logical component, and technical component.
One of the most famous definitions of components is consistent with the overall thrust of these definitions,
notably Szyperski's: “A software component is a unit of composition with contractually specified interfaces
and explicit context dependencies only. A software component can be deployed independently and is subject
to composition by third parties.”

Challenges







Having components that can be trusted and used in several projects will have a considerable impact
on the EU wide software development
As systems get more complex, the task of finding a near-optimal solution will become more difficult;
the process of finding an automated or a semiautomated solution to improve software architecture
or resource allocation is a big dream in software engineering.
In large-scale software projects, the appropriate component extraction process becomes more
difficult. Component-based software development (CBSD) created a method to deal with highly
complex software systems. CBSD is the process of assembling existing software components in an
application such that they interact to satisfy a predefined functionality.
These components can be reused in the further system

In the context of CBSD, components are the lego blocks.
The CBSD life cycle has four phases: (1) domain analysis, (2) component design and development, (3)
component cataloguing and retrieval, and (4) component selection and application assembly
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Component-based software development flowchart

3.1. Co-Design
Co-design, co-creation or participatory design is a well-established approach to creative practice. It enables
a wide range of people to make a creative contribution in the formulation and solution of a problem.
It is an approach that involves a group of stakeholders in the generation of ideas and the design of a concept,
product or service with the aim of sharing the needs of all and defining together the guidelines of a project.
A key tenet of co-design is that users, as 'experts' of their own experience, become central to the design
process.
The role of facilitation (usually undertaken or coordinated by designers) is an essential component of a
successful co-design project. Facilitators provide ways for people to engage with each other as well as
providing ways to communicate, be creative, share insights and test out new ideas.

3.2. Usability
The operative usage of common components shall not be experienced as a burden rather as a facilitation.
When they are seen as a burden it is possibly a consequence of a bad usability.

3.3. Reusability
General purpose software components, with open and well-defined interfaces which can be used off-theshelf across solutions. Reusable components are the backbone of Open Platforms and the most salient ones
are described.

3.4. Semantic Interoperability
Semantic interoperability enables, through common information models, a shared understanding of
concepts and relationships within the Agri-food domain, paving the way towards universal data sharing.
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3.5. Reference common IACS Architecture
The Integrated Administration and Control System is a regulated system and therefore its common
requirements and capabilities are common amongst European Member States by definition.

3.6. The central NIVA repository(-ies)
NIVA Results must be made available to, i.e. shared with, other developers.
A common repository for software deliverables is made available under “Work Package 4 – Knowledge
Information System”. Please refer to the specific deliverable “D4.3 - Procedures and instructions related to
common environments” for instructions on how to use these environments.
Project documentation is also made available on the Sharepoint repository managed by WP1. Depending on
the software components or pseudo-code produced, you may have to publish some documentation under
the section “WP2 – Large scale pilot” or the section “W4 – Knowledge Information System”.

4. Analysis of blueprints of NIVA Use Cases
4.1. Methodology
With the purpose of establishing a common architectural view for each of the UCs, as an important
preparatory step towards co-design activities in the project ensuring that deployed components and
solutions can prospectively inter-operate so to deliver added-value functionalities to various stakeholders,
each Use Case team has produced its own set of documents describing the architecture of the eTool or
service, including the analysis of User Stories and other information.
Each description has been produced following the methodology provided by WP2 and the guidelines
provided by WP3 and WP4.
The activities (filled rectangles) were then done in the context of the first round of identification of common
components.
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Basically, re-using the templates provided by WP2 (D2.1), we analysed the Use Case:




OVERVIEW
o Part 1: UML Case Diagram
o Part 2: Narrative explanation
o Part 3: Detailed, structured description of the use case
DATA FLOW – HARMONISATION TOPICS
o Part 1: Overview input – output data
o Part 2: Use case steps
o Part 3: Harmonisation issues
o Part 4: Harmonisation opportunities

4.2. Harmonised view of Use Cases
The methodology is centred on the definition of a minimal set of architectural views. Such views include: a
domain model; a deployment view; an “IoT” Functional view; a “Business Process Hierarchy” valid for the
Agri-food domain; a description of the Interoperability Endpoints; an Information model; a summary of gaps;
a selection of assets identified for re-use.
As a general guideline, all provided views shall be built according to the following general principles:





Views shall be simple: all descriptions shall be provided as much as possible in a simple, pragmatic,
unambiguous way.
Views shall be concise: redundant or verbose information make that architectural views too long to
read or too complex shall be avoided.
Views shall be consistent: the same naming conventions shall be used for the same entities,
especially across different views.
State-of-the-art shall be referenced, not replicated in descriptions: in order to keep architectural
views compact, all information from existing standards or products shall be clearly referenced (if
possible, with web links).
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Analysis work has started from the high-level description of UCs included in the initial plans of the NIVA
project and further refined by UC teams in the first days of the project

5. Co-designed components originating from Use Cases
NIVA is a collaborating project and your deliverables will need to be re-used by others. Clarity in the
organisation of your specific software project is therefore of utmost importance to allow other developers
to benefit from your deliverables. This is true for software and pseudo-code as well.

With the development of software reuse, software developers are paying more attention to componentrelated technologies, which have been mostly applied in the development of large-scale complex applications
to enhance the productivity of software development and accelerate time to market. Component-based
software development is well acknowledged as a methodology, which establishes the reusability of software
and reduces the development cost effectively. Two crucial problems in component-based software
development are component identification and component selection.
The main purpose of this document is to provide a reference point for future research by categorizing and
classifying different component identification and component selection methods and emphasizing their
respective strengths and weaknesses.

5.1. UC clustering
To identify commonalities amongst Use Cases we applied a clustering methodology.
All the clustering methods include three common key steps: (1) determining the object features and data
collection, (2) computing the similarity coefficients of the dataset, and (3) executing the clustering method.
NIVA has described a Use Case clustering which is based on business process similarity and mainly linked to
the current IACS concept (see picture below).

12

For the purpose of a technical analysis of software components and to identify common elements, such
clustering has been reviewed from a functionality perspective and considering the overall IACS architecture,
thus IACS elements that are not in the scope of NIVA.
This approach helps to identify also missing tools or services which may be subcontracted to third parties and
complementing the NIVA objectives.

5.2. Component identification
Component Identification (CI) is one of the most important and difficult tasks in developing componentbased systems. The existing component development approaches do not provide a standard for CI, and they
depend on the experience of developers.

5.3. Availability of artefacts
The Use Cases produce artefacts which are considered as a source to understand the possibility to identify
common components.
Similarly, WP4 is producing artefacts describing common components that have been already identified from
the outset.

5.4. Components selection
The aim of Component Selection (CS) methods is to select a set of components from a component repository,
which can satisfy a given set of requirements and, at the same time, minimize/maximize various criteria (i.e.
cost, number of used components, etc.); however, in a CBSD process, the selection of components is an
activity that takes place over multiple life cycle phases. The CS methods are traditionally done in an
architecture-centric manner, but another type of CS approach is built around the relationship between
requirements and components available for use. In general, the component set (known as the reuse library)
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can be either bought as commercial off-the-shelf (COTS) components from third-party vendors or developed
using in-house–built software components (build-or-buy decisions). The idea of building a component inhouse comes when a completely customized job is required and the technology is easily available and
cheaper, or the reliability of the available COTS component cannot be trusted, and the available component
may not be compatible with the proposed system architecture. There is always a tussle between build-orbuy decisions.
COTS describe software or hardware products that are ready-made or available for sale, lease, or license to
the general public as commercial or open source.
Here the discriminant for selection is not the characteristic of being Open Source, rather the Total Cost of
Ownership, including adoption and customisation, required to use them.
One of the formal definitions of the CS problem from this perspective is as follows: consider SR as the set of
final system requirements (the provided functionalities of the final compound component) as SR = R1, R2, R3
and SC as the set of components (repository) available for selection as SC = SC1, SC2, SC3, SC4. The goal is to
find a set of components that meets all the requirements of the system.
On the basis of the above definition, one of the most widely used artefacts is system requirements, which
are classified into two major classes, namely, functional requirements and non-functional requirements. In
this respect, functional requirements have the highest application, followed by non-functional requirements
in second place. The other class is related to the software structure.
The focal point is the criteria established in selecting the components. The most important applied criteria
and their amount of usage are:























Cost
Reliability
Number of components
Delivery Time
Functionality
Number of modules in the software
Number of alternative COTS available
Coupling (must be low) - coupling represents how tightly one component interacts with other
components
Cohesion (must be high) - cohesion is the “inner connection” between properties of a design unit; in
other words, cohesion is a metric for measuring the interoperability of functionalities within a design
unit
Number of requirements
Build or buy
Quality
Development time
Execution time/Performance
Provided services
Required services
Availability of APIs
Maintainability Complexity
Security
Configurability/customisability
i18n
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5.5. Deciding on Buy vs Build
Software deliverables will need to be reused or interact with other software components of larger systems.
Furthermore, with nowadays richness of libraries, there’s possibility that someone else has already created
parts of the software component you planned to build. This is also true inside the NIVA project.
You will frequently need to decide if it will be worth to build or buy/re-use parts of your component. This is
never an easy decision also because developers may have preferences for various reasons, or there could be
cost and risk reasonings, which include future maintainability of the solution.
NIVA is an ‘Innovation Action’, thus it shall include limited research/development activities. In other words,
it is more focused on closer-to-the-market activities such as prototyping, testing, demonstrating, piloting,
scaling up, etc. aimed at producing new or improved product and services. Therefore, every developer should
prefer combining existing technology instead of developing new technology.
Another important characteristic of Innovation Actions is that they do not cover ‘Market Replication’ when
the innovation has already been applied successfully once in the market (Europe or the application sector in
question). Therefore, check if you’re really innovating.
The above considerations are important since, although valuable, your work could not be recognised if the
new technology is completely bespoke or not new at all.

6. Common components envisaged at the beginning of the project
Some common components were proposed during the preparation of the NIVA proposal. They were mainly
proposed by some participating partners and were related to the “Outbound” and “Inbound” interoperability
enablers that allowing IACS systems to semantically and syntactically interoperate with relevant external
systems based on the standardised data models and APIs. They were:






Abstraction layer to use DIAS services, hence Sentinel Imagery, for GEO-mapping systems in the IACS
(EGEOS);
OGC Application Programmers Interface (API) adaptors to access markers and data signals within
land data cubes derived from L2A Sentinel time series in the context of the cascading traffic-lights
approach - CAP monitoring (NP);
Link to CEF building blocks like eID or eSignature (TRAGSATEC);
machine learning building blocks to support the monitoring approach (e.g. integrated Sen4CAP
modules, EO-learn) (SINERGISE);

Such systems are currently under analysis and, at the time the first version of this document is prepared,
their blueprint is not available yet. There is still discussion on the need for such common components now
that the Use Cases are in their development phase.
When a specific software package is completed, it will be published to public GitLab (EU-PL license).
IMPORTANT: the descriptions/blueprints of such common components will be added as soon as they’ll
become available.

6.1. Component 1 – Abstraction layer to use DIAS services
To be provided in a next version of this document.

6.2. Component 2 – OGC API adaptors to access markers and signals on data cubes
To be provided in a next version of this document.
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6.3. Component 3 – Links to CEF building blocks
To be provided in a next version of this document.

6.4. Component 4 – Machine learning building blocks
To be provided in a next version of this document.

7. Common components selected among the UCs
Common components identified during the implementation of the Use Cases, are listed in this paragraph.
The first delivery of Use Cases implementation will happen at M12 and so the first descriptions.
Further common software components may be identified during the project and implemented through the
subcontracting mechanism of the NIVA project.
This paragraph is therefore a placeholder for the description of such components.

7.1. Component 1 – placeholder
Placeholder.

7.2. Component 2 – placeholder
Placeholder.

7.3. Component n – placeholder
Placeholder.

8. Other components identified and selected
Several components adopted in specific UCs, may have potential for re-use or integration in other UCs. To
facilitate the identification of such components, a table shall be prepared for each UC, following the template
below.
Component Name

Short Description and Functional Role
role in the Use Case

License

9. ANNEX 1 – Initial UC interview analysis template
The questions below have been used to guide the initial collection of inputs for architectural inputs during
the early phases of the project.
High-priority questions to be solved in the early days of the project
1.
2.
3.
4.

What is the core idea of the Use Case (in a sentence)?
What are the main business processes targeted at by the use case?
Which are the main actors using the envisaged system for which purpose?
What are the objects of the business processes (e.g. land parcels, stabled, machinery, crops, animals,
containers, returnable trade items, etc.)?
5. What are the main functionalities/ services provided to the end-users?
6. Which is the main technology related components/services to be used?
7. Which components that you are reusing need to be enhanced/extended and could the resulting
solution also add-value to other’s future deployments?
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8. Will you develop functionalities/services that can be so generic as to be reused in other cases (e.g.
weather service, localization, rule engine, security, privacy & trust module)?
9. Is there a potential for services/features on top of the existing use case (i.e. also reusable by other
use cases) that might add significant value, but is not yet foreseen in the use case planning?
10. Choose one: the use case already clearly specified in details (5) / a few implementation details are
still to be solved (4) / the features are clear, but we need still to choose components and
implementation details (3) / major technical features are still to be designed (2) / everything has still
to be planned (1).
11. Please draw a sketch (block diagram) of the architecture deployed for this Use Case.
12. Do you want to add some additional information that could be useful for Architecture analysis
activities in general?
Lower-priority questions to be elaborated after the first days of activity
13.
14.
15.
16.
17.

18.
19.
20.
21.

10.

For each component, please specify the name (brand/model) of the component, if available.
How are the main components connected with each other?
Which communication standards/formats are used in each link of the system?
Identify the reusable/generic software in relation to the specific use case components.
How is data flowing in this scenario? Which parameters are measured, exchanged, aggregated,
processed in this use case? By which component? Using which format? Are open standards and data
formats already in use in this scenario? For what purpose? In which component?
In your opinion, is there some piece of data handled in this case which may be of interest for some
actor also beyond this specific Use Case? Which one?
Are there some constraints related to data privacy and security in this Use Case? Which ones?
What are the main aspects in the Use Case that are not fully specified yet, or it will likely be subject
to change during the course of the project?
Do you want to add some additional information that could be useful for Architecture Analysis?

ANNEX 2 - UC analysis template

The template below has been used to collect a second round of inputs from UCs for architectural inputs
during the early phases of the project. Those have been kindly taken from the IoT2020 project.
Architecture sketch
Please draw a sketch (block diagram) of the systems deployed in this Use case.
Involved Actors (Users)
Please fill in the table below outlining the main actors using the systems deployed in this Use Case.
For each actor, please explain which kind of input/output data is accessed by the actor (and when) –and which
are the main user interfaces (e.g. web-based dashboards, mobile apps, warnings received by e-mail or SMS,
etc.).
Actor Name

Main features provided Main data input/output Main User Interface(s)
to the actor
actions
used

Deployed Components
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Please fill-in below the main components deployed in this use case. Please be consistent with names used in
the Architecture sketch.
Name

Description

Supplier (brand) + Number of units
Model

Deployment Site(s)

Re-usable components
Please specify, among the components above, if any of the components above are available/appropriate for
re-use. If so, please specify the web page of the component, its license (for Software) and explain its potential
for re-use.
Communication standards and formats
Please list all the communication standards and formats used in the use cases. Please be consistent with
names used in the sketch.
Data gathering / Data providing
Are there some constraints to data privacy and security?
[freeformat]

10.1.

Domain model view

The domain model provides a high-level view of the main concepts and relationship in the domain of interest
for the UC being analysed, describing its «sphere of knowledge, influence or activity». Being NIVA a crossIACS project, it should capture entities that are relevant for the IACS domain.
The purpose of this view within IoF2020 is to summarize in a single picture the key functional aspects of the
UCs, answering questions such as:





Who are the key actors of the UC?
What are they main systems and physical entities (e.g. animals, goods, equipment) already existing
on the field?
What are the main IoT systems that we plan to deploy in this UC?
How will these entities (actors, existing systems, physical entities, IoT systems, etc.) interact with
each other in the UC? For what purpose?

For the domain view, the chosen formalism has been a standard UML class diagram format, whose basic
elements (i.e. entities and relationships) are described in Figure 2.
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10.2.

Deployment view

The deployment view models the physical deployment of the UC, i.e. where and how different systems
(software, hardware) are deployed on the field. It is generally implemented as a standard UML deployment
diagram.
The purpose of this view within IoF2020 is to give a concrete overview of which systems are deployed, where
they are placed and how they are integrated, answering to questions such as:




What are the concrete components (software, hardware) deployed in this UC?
Where are such components installed? On which hardware?
What is the needed network infrastructure? How it is used by different components?

The main elements that can be used in the deployment view are described in Figure 4.
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Within this diagram, the key element is the “node” i.e. a concrete computing environment (i.e. a PC, a
gateway, an embedded system) hosting one or more components.
Execution environments, e.g. Docker, Java Runtimes, application servers, etc. can be specified inside nodes,
but in order to keep the picture simple, it is advised to specify such environments in the picture, only in cases
where more than one execution environment is used within the same node, or where the fact that a specific
execution environment is used has important consequences, e.g. for re-use of components.

10.3.

Use case view

Describes Use Cases of the common component

10.4.

Business Process view

The Business Process View provides an overview of the business processes and their interrelations.
Figure shows that the Process Hierarchy View comprises four layers:The Management Information Layer
identifies the processes that are related to the control of the entire enterprise (e.g. a farm). These processes
have the longest time horizon (months, weeks, days) and focus on control on an aggregate level. The
Operations Execution Layer identifies the processes that are related to the definition, control and
performance of tasks. These processes have an intermediate time horizon (days, hours, minutes). The
Production Control Layer groups the processes that are directly related to the execution of tasks by
equipment and humans. These processes have the shortest time horizon (minutes, seconds, milliseconds).
In the Physical Object Layer the relation to objects in the physical world is depicted. This is the actual realtime layer. Examples of these objects are fields, stables, animals, plants, farm equipment, processing
facilities, containers, boxes, trucks, but also humans like employees or consumers. IoT devices including
sensors and actuators can be attached to these physical objects.
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10.5.

Interoperability endpoints (APIs) view

This Interoperability Endpoints View summarizes the main endpoints, which can be exploited to integrate
available systems to other systems. Its main purpose is to help identifying the most suitable entry points to
access available legacy and IoT systems, deployed in each UC, referencing the standards and protocols, which
must be implemented to perform such integration. While this is not a “standard” view (such information is
typically spread across the information, communication and deployment views), it has been adopted to
facilitate the identification of technical synergies. An example of the list of interoperability endpoints as
exemplified in Table 2.
Interface name

11.

Exposed by

Protocol

Notes

ANNEX 3 – Common component blueprint template

Reference to the D2.2 template.
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