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Executive Summary
The present document “D2.2 Evolutionary Requirement Engineering and Innovations Initial”
collects the software requirements that will drive the development of the knowlEdge
component and applications in work packages 3 to 8. The document gathers three types of
software requirements: user requirements, platform requirements and network
requirements.
•

•

•

User requirements: deduced from the user needs identified in “D2.1 User need
specification and scenario definition Initial” deliverable and inner workshop sessions
carried on. User requirements provide the main input from pilots in functionalities within
the scope of knowlEdge that the platform must satisfy and enable the verification of
the user needs by the development team.
Platform requirements: this set of requirements provides the technical partners' input
related to knowlEdge software requirements. Their input is based on their knowlEdge
view and technical experience with the purpose to cover knowlEdge functionality
needed to address generic industrial partners in the manufacturing sector
Market requirements are the software requirements deduced from the deliverable
D2.3 Market Radar and Technology Adaptations Initial, providing functional
requirements deduced from the state of the art in the scope of knowlEdge. These are
to be covered in the next update of the deliverable.

The deliverable has been influenced by ” D2.1 User need specification and scenario
definition Initial”, as the analysis of industrial pilots does not only provide a strong source of
requirements but also help to filter and prioritise technical software requirements.
The process for gathering requirements was composed of several steps:
•
•

•
•

Define the methodology used to formulate the functional and non-functional
requirements for the development of the knowlEdge platform.
Interpret and Discover the different documents relevant for gathering the platform
and user requirements, that cover deliverable D2.1, the description of action (DoA),
and other inner working documents. Hold workshops with industrial partners to
understand scope and user needs.
Produce functional and non-functional requirements that address the user needs and
other functional features requested by the knowlEdge platform.
Filter and Validate those requirements according to different factors such as impact,
the scope of the user needs, and other factors. Filtering was based on the vision and
experience of the technical partners.

This deliverable is the initial version of a series of three, being this first version more focused
on the functional requirements of technical and industrial partners, and it is the basis for the
development tasks to be conducted in WP3 to WP8. The second iteration of this document
will be concerned with market requirements and non-functional requirements. The final
iteration will be focused on keeping an updated version of the document that validates that
technical and vision in knowlEdge is properly explained.
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0 Introduction
0.1

knowlEdge Project Overview

The knowlEdge is a project funded by the H2020 Framework Programme of the European
Commission under Grant Agreement 957331 and conducted from January 2021 until
December 2023. The knowlEdge consortium consists of 12 partners from 7 EU countries,
and its solution will be tested and evaluated in 3 manufacturing sectors with a total budget
of circa 6M€. Further information can be found at www.knowlEdge-project.eu
AI is one of the biggest mega-trends towards the 4th industrial revolution. While these
technologies promise business sustainability and product/process quality, it seems that the
ever-changing market demands and the lack of skilled humans, in combination with the
complexity of technologies, raise an urgent need for new suggestions. Suggestions that will
be agile, reusable, distributed, scalable, accountable, secure, standardized and
collaborative.
To break the entry barriers for these technologies and unleash their potential, the knowlEdge
project will develop a new generation of AI methods, systems and data management
infrastructure. This framework will provide means for the secure management of distributed
data and the computational infrastructure to execute the needed analytic algorithms and
redistribute the knowledge towards a knowledge exchange society. To do so, knowlEdge
proposes 6 major innovations in the areas of data management, data analytics and
knowledge management: (i) A set of AI services that allow the usage of edge deployments
as computational and live data infrastructure, an edge continuous learning execution
pipeline; (ii) A digital twin of the shop-floor to test the AI models; (iii) A data management
framework deployed from the edge to the cloud ensuring data quality, privacy and
confidentiality, building a data safe fog continuum; (iv) Human-AI Collaboration and Domain
Knowledge Fusion tools for domain experts to inject their experience into the system to
trigger an automatic discovery of knowledge that allows the system to adapt automatically
to system changes; (v) A set of standardization mechanisms for the exchange of trained AImodels from one context to another; (vi) A knowledge marketplace platform to distribute and
interchange AI trained models.

0.2

Deliverable Purpose and Scope

The purpose of this knowlEdge deliverable, “D2.2, Evolutionary Requirement Engineering
and Innovations” is to present the initial release of software requirements of the knowlEdge
platform that have been divided into user, platform and market requirements. The document
presents the methodology used for this purpose and the conclusions reached at this stage
of the project.

0.3

Target Audience

The document “D2.2, Evolutionary Requirement Engineering and Innovations” is aimed
primarily at project developers and describes the user needs that will guide their application
development.
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0.4

Deliverable Context

This document is a deliverable of Task 2.2 in WP2. WP2 defines the knowlEdge technical
approach including the overall architecture and the specifications which are needed in
work packages WP3-8. This deliverable has links to other project documents as follows:
Primary Preceding documents:
•
•

User need specification and scenario definition Initial (D2.1): This document is a
reference document focused on scoping the pilots and their user needs that will be
the validation scenarios of the knowlEdge project
Market Radar and Technology Adaptations Initial (D2.3): This document provides the
state of the art of technologies within the scope of knowlEdge and as such as are a
source of potential functionalities and technologies to be covered by the knowlEdge
project

Primary Dependant documents:
•
Vision, Specifications and System Architecture Initial (D2.4): This document acts as
an architectural and functional reference for the technical work packages (WP3-WP7)
•
Deliverables from the technical work packages (WP3-WP7), as this document scopes
and prioritises their development effort
•
Deliverables from WP8 as platform requirements align components to industrial use
cases and serve as the validation step to be done after pilot implementation of
knowlEdge platform

0.5

Document Status

This document is listed in the Description of Action as “PUBLIC”.

0.6

Document Dependencies

This document has no preceding documents but will have two subsequent iterations at
month M18 and M30.

0.7

Glossary and Abbreviations

A definition of common terms related to knowlEdge, as well as a list of abbreviations, is
available at www.knowlEdge-project.eu/glossary

0.8

External Annexes and Supporting Documents

External Documents:
•

0.9
•

Annexes:
•

Annex C: Snapshot of Platform Requirements – Spreadsheet

•

Annex D: Snapshot of User Requirements - Spreadsheet

Reading Notes
None

Evolutionary Requirement Engineering and Innovations - Vs: 1.0 - Public

2 / 41

Towards AI powered manufacturing services, processes, and products in an edge-to-cloudknowlEdge continuum for humans [in-the-loop] – www.knowlEdge-project.eu

0.10

Document Updates

None
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1

knowlEdge Software Requirements Approach

1.1

Introduction

Software requirements are stakeholder's expressions of a need, wish, or desire about the
system being built (Heath, 2020). Therefore, software requirements are then linked to
stakeholders and pose functional and non-functional needs to the knowlEdge platform,
defining from a technical perspective how knowlEdge will provide functionality that will
provide business value to manufacturing companies. First of all, it is relevant to remember
which are the knowlEdge stakeholders as stated in deliverable 9.5. Exploitation Strategy:
•

End Users in Manufacturing Companies: Shop-floor operators, workers,
engineers, and operation managers

•

Technology and Machinery providers: stakeholders with technical IT knowledge that
can be part of the manufacturing company or external leading software industries
specialised in the application of software solutions to manufacturing companies,
especially those focused mainly in AI, big data analytics, digital twin technology,
middleware design, and data scientists.

•

Facilitators: other institutions that have an interest in using and exploiting
knowlEdge, as EU institutions, Business Angels, Advisory Groups, Related EUfunded projects, and EU initiatives such as the Digital Innovation Hubs

To define software requirements addressing those groups, the current document considers
the following documents and their mapping to previously stated knowlEdge stakeholders:
-

Deliverable “D2.1 User need specification and scenario definition Initial”, where our
industrial pilots have stated their user needs. Software requirements addressing
specific pilot needs are named in this document as user-based software
requirements.

-

Description of Action (DoA) document and consulting experience from technical
partners, where functional and non-functional capabilities are identified to address a
future manufacturing company interested in knowlEdge. These are named platform
software requirements in this document.

-

D2.3 “Market Radar and Technology Adaptations Initial”, that represents the voice
of Facilitators, posing the environment in terms of expectations and competencies
required by knowlEdge. Software requirements deduced from it are named market
software requirements.

The work packages impacted by current work are:
•

Tasks 2.4 on Vision, Specifications and System Architecture, as software
requirements, will impact the knowlEdge architecture and will require components to
provide technical capabilities to support software requirements as stated in this
document.

•

WP3-7, as they are technical work packages that will refine software requirements into
specific software specifications and will drive the prioritisation of functionalities along
with the duration of the project.

•

WP8, as user requirements will be the initial input and nexus of agreement with the
knowlEdge software instantiation into the use cases of the industrial partners.
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•

WP9 on Dissemination and Exploitation, as requirements provide a clearer picture of
the project outputs that will be disseminated and describe the functionality of the final
knowlEdge solution that should be considered when individual and joint exploitation
plans are defined.

The current document presents the methodology used for defining software requirements,
and the best practices followed by partners with the goal to obtain a coherent view.

Figure 1: Main sources of requirements considered in knowlEdge
The current approach is based on the impact mapping approach (Adzic , 2012). Impact
maps identify the main concepts relevant when identifying software requirements that are
(see Figure 2):
•

Why are we building the system?

•

Who benefits from it?

•

How can the stakeholders achieve their goals?

•

What can the system do to help the stakeholders achieve their goals?
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Figure 2: Impact map concepts and relationships
The methodology used for defining the knowlEdge requirements includes all the abovementioned concepts in Figure 2. The approach maps the different customer expectations
and expected impact to knowlEdge functionality. Software requirements are finally assigned
to knowlEdge software components in this document and will be considered in deliverable
“D2.4 Vision, Specifications and System Architecture Initial”, helping the validation and
verification phases in any software development lifecycle.
For gathering requirements, knowlEdge has followed a methodology detailed in Section 1,
divided into elicitation, specification, classification, prioritisation, validation and management
of requirements. All technical partners with effort in the task have been involved, with a
deeper collaboration of the technical partners leading knowlEdge components. The
methodology covers the identification of requirements from the sources already mentioned
(user, platform and market). Finally, cross-validation of the software requirements was done
by the partners with components that interact with other components. For instance, software
requirements addressing data handling and integration that are elicited by WP3 task leaders
are validated by WP4 task leaders, as their machine learning and analytics components are
the consumers of the data that will be handle in WP3. Finally, component leaders approved
the list of requirements assigned to their component.
In the future, knowlEdge technical work packages, namely WP3 to WP7, along with the
pilots WP8, will be validated against and traced to the software requirements..
The result of the current work is an online living repository that due to a different set of
information captured and for clarity purposes is kept in 4 different Excel files. These 4 files
are attached to the present document, as annexes C and D. Annex C is the list of platform
requirements, and Annex D is the list of Parmalat, Kautex and Bonfiglioli User requirements.
Future subsequent iterations of these documents in D2.2 Evolutionary Requirement
Engineering and Innovations Updated and Final versions delivered at month 18 and 30 will
be available at the same links.

1.2

Objectives

The objective of the evolutionary requirement engineering and innovations document is to
provide a repository of software requirements capturing the needs of all knowlEdge
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stakeholders as listed in section 1.1. The current document is the initial version of that
software requirement repositories as constitutes a first common view and agreement
between the different partners (technical and industrial partners) in their process to define
the scope of what is and what is not knowlEdge and how knowlEdge is going to address the
user needs from the pilots. At the same time, the document provides to the European
Commission the first document to clarify expectations and evaluate the functionalities that
knowlEdge plans to provide. Finally, the document is a showcase to other external
stakeholders such as EU funded European projects and other entities with an interest in AI.
In addition to the clarification of a detailed vision of the platform and the work to be done in
the project, software requirements are the backbone to trace and validate user needs into
the development effort done in technical work packages, and as stated, software
requirements are linked to the project’s objectives in an attempt to keep developments linked
to the business impact of knowlEdge.
From a technical point of view, the objective of the document is to provide not only functional
but also non-functional requirements that are as clear as possible and with that purpose,
knowlEdge proposes a set of best practices that were considered by partners when writing
requirements (see Section Virhe. Viitteen lähdettä ei löytynyt.).
Finally, the document has the purpose to provide:
•
•
•

The definition of the methodology used to define the requirements to consider during
the development of the knowlEdge platform
The description of user requirements deduced from the user needs from the different
industrial pilots, technical partners expertise and other market users
The compiled functional and non-functional requirements addressed by the
knowlEdge software components

The requirements do not only consider the user needs from pilots but also a larger market
of industrial manufacturing companies.
Industrial partner requirements are considered to be of maximum priority as current
industrial partners are the first customers of the knowlEdge platform, and as such, they are
useful to prioritise requirements implementation into knowlEdge components.
The arrangement of workshops to refine and clarify user needs was identified at D2.1 proved
to be a key factor for this report as well. They offered a space where multi-disciplinary wellbalanced teams of people were able to discuss alternative and heterogeneous visions of the
needs and project scope.
This is why the main categories of the knowlEdge consortium members are:
•

User partners from different industrial sectors who provide valuable insights into the
needs of the real industry.

•

Technical partners have considerable experience supporting the technology
manufacturing industry and consulting expertise, which can help with the analysis of
the market alternatives, the usage of innovative solutions.

1.3

Methodology to Produce the Deliverable

There are many methodologies to produce software requirements but all of them have a
common inner set of steps. In the case of knowlEdge, the methodology used is composed
of the following steps:

Evolutionary Requirement Engineering and Innovations - Vs: 1.0 - Public

7 / 41

Towards AI powered manufacturing services, processes, and products in an edge-to-cloudknowlEdge continuum for humans [in-the-loop] – www.knowlEdge-project.eu

•

Elicitation: The collection of requirements, which can be done in many different ways.

•

Specification: This is where we translate the requirements into concrete and clear
system behaviours.

•

Classification: Requirements can be classified according to the area of the system
they affect, their complexity level, their risk level, and many other factors.

•

Prioritization: This is usually done according to impact and precedence.

•

Validation: Ensuring that the requirements fulfil a realistic and useful business need.

•

Change Management: Dealing with changes to requirements.

Those steps can be observed in (Figure 3) where input documents and users involved in
them are stated.

Figure 3: knowlEdge Software Requirements Methodology
The initial work that was done for planning the process was to:
•
•
•
•
•
•

Identify the methodology and the initial inputs considered by each type of software
requirement
Determine the type of elicitation to perform for each type requirement type (user,
platform and market) as they differ in nature.
Define the structured information to be captured from each requirement, considering
not only the software aspects but management aspects such as version, leader, etc.
Define the flow of information, where requirements flow from industrial partners and
leading technical partners to workpackage and task leaders (see Figure 4).
Define other aspects like post-processing actions over the elicited requirements
Define requirements’ change management rules
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Figure 4: Software elicitation based on typology
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2 Elicitation Activities
The main activity of the requirements development process is about eliciting the
requirements. For this purpose, the methodology defined in Section 1.3 was used to obtain
the specification of requirements, using activities such as user and technical meetings, direct
and indirect observation, analysis of documentation, business, user needs (D2.1), and the
existing products on the market (D2.3).
Several meetings were conducted to establish a consensus view and to point out the
conflicts in defining and measuring functionalities. These meetings helped the customers
and elicitation team to express their views.

2.1

Inputs Analysis

The first stage regarding the preparation for the requirements elicitation was to clearly
identify the relevant inputs to be considered to gather requirements based on their type.
Considering the already identified knowlEdge stakeholders in the DoA and refined in
deliverable D9.5, three main users and their associated sources of requirements were
defined.
The identification of the relevant inputs thus considered separate views of the project,
provided by:
•

Industrial partners: providing direct input of industrial needs within knowlEdge
business value.:
•

•
•
•

knowlEdge Mission and Vision. Important inputs for the development of the project
were the knowlEdge Mission and Vision as stated in the DoA and confirmed by the
know-how of the technical partners. The project mustn't be limited to solve the needs
of the pilots. The project must fit the needs of as many future industrial users as
possible, not only the needs of the industrial pilots. In this category some inputs that
were considered are:
•
•
•

•

Pilot 1: Parmalat
▪ Use Case 1.1: Continuous tracking and data analysis of milk parameters
for process quality management
▪ Use Case 1.2: Fault detection and prediction for increased production
quality and process efficiency
Pilot 2: Kautex
▪ Use Case 2.1: Production optimization for small batch
Pilot 2: Bonfiglioli
▪ Use Case 3.1: AI video analysis assembly supervisor

Partners perspective on knowlEdge objectives, purpose, and mission
Partners perspective on knowlEdge future exploitation
Partners previous expertise in technological industrial implementation of
software solutions related with the knowlEdge areas of interest

Other stakeholders: Other relevant stakeholders are considered of interest, as
knowlEdge is not an isolated initiative and one force of functionality for any product to
stay competitive is to keep an eye on the competition. With that purpose, D2.3. has been
considered when defining the software requirements.
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2.2

Requirement Sources

When performing the requirements elicitation, the team defined the type of each requirement
that was being elicited, which is intrinsically tied to the elicitation phase (see Section Virhe.
Viitteen lähdettä ei löytynyt.). These types reflect some of the characteristics that are
associated to the requirement and that are introduced in the subsections below.

2.2.1 User Requirements
The elicitation of the User Requirements was performed starting from D2.1 and validated,
discussed and consolidated through individual workshops with each partner. A list of
requirements was generated based on the description of use cases through their user
needs. Additionally, technical partners derive requirements through questions addressed to
the industrial partners through the appropriate documents provided by task 2.1. Technical
partners leading components revisited the definition of user needs searching for user
requirements that pose functional needs to software components (see Figure 5). A
consolidated version of user requirements was released at annex D.

Figure 5: User Requirements Elicitation Process

2.2.2 Platform requirements
Platform requirements are based on the vision of technical partners, their ideal functional
solution that they expect to implement as part of the vision that they have of the industrial
companies that will be potential customers of the knowlEdge platform. Platform
requirements are based on previous expertise and know-how and represent, from the
technical partners’ point of view, the critical factors that the knowlEdge platform should
consider to provide value to the market.
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Figure 6: Platform requirements elicitation process

2.2.3 Market requirements
Finally, knowlEdge considers itself not in isolation but as part of an ecosystem of European
projects that identify the need for tools powered by AI solutions as a critical factor for
business competitiveness but for realising that vision, there is a need to involved users in a
friendly way with the AI decision process, provide manufacturing partners with advanced
ways of working with analytical tools such as the digital twin or get business processes as
flexible as possible with the help of cloud-fog-edge continuum.
knowlEdge will consider existing approaches to those concerns through D2.3, which
consider topics of relevance in AI, digital twin, cloud-edge computing, and analytics pipelines
from external entities such as the AI4EU initiative.
Through the analysis of D2.3, technical partners will identified market software requirements
to be considered within the scope of the project. This work will be done in M18 iteration of
this document.
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3 Requirements Specification
It is a major concern of the team to make the requirements as standardized as possible in
the same format. However, due to the different nature of user and platform requirements,
the information capture differs. This section describes the structure of the requirements as
considered in knowlEdge. This includes, besides the requirement statement, a set of fields
that are needed for providing additional information to the requirement.

3.1

Platform Requirements Structure

The set of fields that have been considered for the platform requirements are:
•

Requirement Definition:
•

•

RID: Requirement identifier: RQ_<x>_<yyy> (egRQ_6_001) where x is the work
package number that the software requirements apply to and yyy is a sequential
number
•
Source: Type of software requirement (user, platform or market)
•
Requirement Type: Functional or Non-Functional
•
Requirements Description: Description of the requirement
•
User of the functionality: stakeholder requesting that functionality (operator,
manager, IT developer, etc)
•
Project Achievement Indicator: Project achievement indicator the software
requirement has an impact to. The list of project achievement indicators
are taken from the Description of Action document.
•
Task/Component: For each requirement it is specified which knowlEdge
task/component(s) is responsible of satisfying that software requirements
•
Priority: priority that the software requirements will have when developing the
knowlEdge platform based on technical partners opinion
Implementation Information:
•
•
•
•

Author: name and company of the partner that proposed this requirement
Version: If a requirement changes an indicator for version control.
Parent requirement - Requirement identifier of the requirement from which the
current requirement derived,
Validation Status: Determines the status of the elicited requirement, which can
be:
•
•

•

Proposed: Initial proposal for requirement
Approved: Requirement elicited proposal for functionality was validated

Notes: Allowance for further comments

Software requirements were collected using Microsoft Lists ® to facilitate the elicitation
process and the knowlEdge sharing between partners (see Figure 7).
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Figure 7: knowlEdge repository of software requirements

3.2

User Requirements Structure

The user requirements share many of the fields with the platform requirements but they
introduce and adjust them to their specific purpose. To keep track of software
requirements that validate user needs. The set of fields that have been considered for the
user requirements are:
•

Requirement Definition:
•

•

PILOT ID: Specifies the use case which owns the request if the software
requirement is motivated by a pilot (user)
•
Step: Step withing the use case, as described in deliverable 2.1
•
User need: Specific user need in the use case and step that defines what is
needed for knowlEdge to cover in order to provide value. The user need has a
number from 1 to 4 at the end describing its priority in accordance to the user.
•
RID: Requirement identifier: RQ_<x>_<COMPANY>_<yyy>_ (egRQ_6_001)
where x is the workpackage number that the software requirements apply to
and yyy is a sequential number
•
Source: Type of software requirement (user, platform or market)
•
Requirement Type: Functional or Non-Functional
•
Requirements Description: Description of the requirement
•
Task/Component: For each requirement it is specified which knowlEdge
task/component(s) is responsible of satisfying that software requirements
•
Technical priority: priority that the technical partner gives to covering the
specific user need with its component.
Implementation Information:
•
•
•

Author: name and company of the partner that proposed this requirement
Version: If a requirement changes an indicator for version control.
Validation Status: Determines the status of the elicited requirement, which can
be:
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•
•
•

Proposed: Initial proposal for requirement
Approved: Requirement elicited proposal for functionality was validated

Notes: Allowance for further comments

Software requirements were collected using Microsoft Excel® asking each component
leader to provide how his/her component is affected by the user need and can support that
specific user need. Once each partner provided that input, a consolidation of the different
inputs was done resulting in an integral unified view as shown in (see Figure 8).

Figure 8: Parmalat's excerpt of user requirements

3.3

Requirement Granularity

One major concern during requirements’ definition is to define an appropriate level of
granularity. knowlEdge has not limited the expression of requirements in the initial stages of
the elicitation process but has tried to define a hierarchy of requirements when it was
necessary. For that purpose, requirements can be related to other requirements with a
simple “depends on” relationship. The idea is to keep that information stored while being
pragmatic.

3.4

Best practices for Requirements Elicitation

The textual nature of requirements makes defining them a bit of an art. For the knowlEdge
platform and components to be effectively designed, implemented, and measured, the
requirements must be specific, unambiguous, and clear. To achieve that, the following best
practices were considered:
•
•
•
•
•
•

Write simple, clear, and unambiguous statements
Apply proper language according to the requirements level
State dependencies between requirements (different from traceability)
Apply versioning
State source (see Section Virhe. Viitteen lähdettä ei löytynyt.)
Prioritise
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4 Requirements Classification and Prioritisation
4.1

Requirementsw Prioritisation

According to MoSCoW method by Dai Clegg in 1994 (MoSCow,2021), requirements have
different degrees of prioritization. A requirement ranking is delineated by its keyword:
• “Must have” is used to define mandatory requirements.
• “Should have” is used to define important requirements
• “Could have” is used to define desirable requirements
• “Won't have / Would like to have” is used to define requirements that are not
foreseeing to be considered at this stage or that will be discarded.

Figure 9. MoSCoW method (MoSCoW,2021)

4.2

Analysis of the Scope of Requirement Types

The analysis of a business needs to consider multiple disciplines and views over that
business, to be able to correctly capture all the needs that are required. These views on the
business include [ESA95] the following major types of requirements:
•
•

Functional Requirements: A function is a 'defined objective or characteristic action
of a system or component' and a functional requirement 'specifies a function that a
system or system component must be able to perform'
Non-Functional Requirements: Are those requirements that do not directly describe
the functionality of the system, but instead describe concepts that are related to the
characteristics of that system. These include:
•

Performance Requirements: Numerical values for measurable variables used
to define a function (eg response time, rate, frequency, capacity, speed, or
accuracy)
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•
•

•

•
•

•
•

•

•
•
•

Interface requirements: Hardware, software, or database elements that the
system (or system component) must interact or communicate with
Operational requirements: How the system will run (ie when it is to be operated)
and how it will communicate with human operators. Operational requirements
may describe physical aspects of the user interface. Descriptions of the dialogue,
screen layouts, and command language styles are all types of operational
requirements
Resource requirements: The upper limits on physical resources such as
processing power, main memory, disk space etc. They may describe any
requirement that the development or operational environment place upon the
software. A resource requirement should state the facts about the resources, and
not constrain how they are deployed
Verification requirements: Constrain the design of the product. They may do
this by requiring features that facilitate verification of system functions, or by
saying how the product is to be verified
Security requirements: Requirement for securing the system against threats to
confidentiality, integrity, and availability. They should describe the level and
frequency of access allowed to authorised users of the software. If prevention
against unauthorised use is required, the type of unauthorised user should be
described
Portability requirements: How easy it should be to move the software from one
environment to another. Possible computer and operating systems, other than
those of the target system, should be stated
Quality requirements: The attributes of the software that make it fit for its
purpose. The major quality attributes of reliability, maintainability, and safety
should always be stated separately. Where appropriate, software quality
attributes should be specified in measurable terms (ie with the use of metrics)
Software Reliability, Availability and Serviceability: The ability of a system or
component to perform its required functions under stated conditions for a
specified period of time even in stress conditions and hardware components
failures
Safety requirements: Specify any requirements to reduce the possibility of
damage that can follow from software failure. Safety requirements may identify
critical functions whose failure may be hazardous to people or property
Backup and recovery requirements: Specify any requirements to reduce the
possibility of data loss that can follow from hardware and/or software failure
Communication requirements: Specify any requirements related to hardware
and software infrastructure needed to assure the data change between different
information systems
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5 Requirements Validation
After the elicitation is performed, an analysis is performed over the large set of requirements
for the knowlEdge platform.
The steps to be considered in the analysis and post-processing phase are:
•
•

•

Identifying inconsistencies, duplicates, and contradictory requirements: After the list of
requirements is captured, workpackage leaders and other related workpackage
validate the list of requirements
Analysing and validating the requirements: The final list is then compiled and validated
by the respective user. This means the users have an opportunity at each elicitation
phase to analyse the requirements text, checking if they agree with it and if it is
compliant with their pilots’ constraints and needs
Managing changes: All changes to any requirement must be performed with the
approval of its accountable person and changes must be marked with a version change
for each changed requirement

As the requirements are gathered, they are evaluated and clarified to:
•
•
•

Link requirements to their business impact
Identify conflicting requirements, as soon as possible
Prioritise requirements according to technical difficulty, business impact, pilots needs
and technical urgency
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6 Conclusions
This document presents the work done at T2.2 in identifying, gathering, categorising,
prioritising and validating knowlEdge software requirements. Software requirements
represent functional and non-functional expectations of the different stakeholders (current
and future) of the knowlEdge platform and as such should be aligned with a knowlEdge
business proposal.
The document has introduced the stakeholders that are relevant and their associated
software requirements. Three types of requirements were identified: user requirements,
platform requirements and market requirements. The reader should not misunderstand the
naming with the nature of the requirement, as all software requirements are requirements
impacting the knowlEdge platform to support a user. Therefore the type expresses the
source or motivator of that requirement, being user requirements those software
requirements motivated by user needs of industrial pilots, and platform requirements are
software requirements provided by technical partners with the purpose to increase the
impact of knowlEdge to more manufacturing companies and to make competitive from a
technical perspective.
This document has also explained the methodology, sources used for identifying
requirements and the structure of the requirements captured. In terms of methodology, our
approach has strengthened the common understanding that technical partners have of the
knowlEdge common platform through the platform requirements, and how knowlEdge is
going to provide value to the pilots through the user requirements. Meeting among technical
partners and workshops with industrial partners were of value with ideas were openly
shared.
The result of the work is over 120 platform requirements and more than 500 user
requirements, being 95% of the total amount functional requirements. The reason is clear,
at this stage of the project knowlEdge partners are more involved in understanding what is
going to be implemented and what is the scope of knowlEdge and how requirements related
to each other, than in identifying what are the non-functional aspects of those requirements
(performance aspects, aesthetic aspects, deployment aspects, etc). This document has not
covered the third type of requirements identified, the market requirements, for the same
reason stated and as D2.3 was in process and only available at M6. It is therefore part of
the future iterations of this D2.2, to not only adapt and increase current requirements with
work done at WP3-WP8 workpackages, but also add non-functional requirements that
usually emerge as development tasks start, and to define market requirements.
This document and the corresponding annexes is input to WP3 to WP7 software component
work packages (actually already in usage to those that technical work package that already
started) and to WP8 industrial pilot implementation workpackage. As such, the requirements
are a snapshot of the knowlEdge intention, but software products are living entities that
change and evolve to adapt to stakeholders needs and upcoming versions of the document
will update on changes in those software requirements under WP3-WP8 scrutiny/work.
Some of the statistics of the requirements gathered are as shown in Figure 10. The existence
of some components that have not associated user requirements is not worrying as those
components are intended to be used in the background and a better relation of them with
pilots is expected in coming versions of this document.
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Component Name
1 Data Integration & Interoperability
2 Data Quality Assurance
3
4
5
6
7
8
9
10
11

Historical Data Storage Service
Real-Time Brokering
Knowledge Discovery Engine
AI Model Generation
Edge Embedded AI Kit
HP AI Bootstrapping
Processing & Learning Orchestration
Overall Monitoring
Learning Performance Monitoring

12
13
14
15
16
17
18
19
20
21

Knowledge Management and Repository
Knowledge Marketplace
Digital Twin
Policy Manager
Identity Provider
Deployment Manager
Deployment Agent
Human-AI collaboration & Domain Knowledge Fusion
KPIs Extraction & Users' Rules Backend
DSS

Task
T3.1
T3.2

Responsible
# platform requirements
User requirements
NXW
14
LINKS
3

49
15

T3.3
T3.3
T4.1
T4.2
T4.2
T4.3
T4.4
T4.4
T4.4
T5.1 and
T5.2
T5.3
T6.2
T6.3
T6.3
T6.4
T6.4
T7.1
T7.2
T7.3

FIT
FIT
FIT
BSC
BSC
BSC
LINKS
LINKS
LINKS

2
2
4
8
2
3
3
1
1

11
5
9
7
12
6
3
6
0

6
14
12
7
7
4
7
2
9
22
133

10
0
1
0
0
0
0
0
14
72
220

WWU
CERTH
ICE
FIT
FIT
FIT
FIT
FIT
CERTH
CERTH

Figure 10. knowlEdge Software Requirements Statistics
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Annex A: History
Document History
Versions

Contributions

• 0.1 Initial version of the document
• 0.2 Generation of the consolidated annexes with the platform and user
requirements was done
• 0.3 Refinement of the document and writing conclusions
• 0.4 CERTH peer review
• 0.5 ready for second review version of the document
• 0.6 VTT review
• 1.0 final version of the document (ready for EU commission)
• Direct input of all technical partners
• Indirect input of all industrial partners through workshops, mails,
validations, etc
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Annex B: References
To achieve the results on this deliverable, the team made use of several best practices,
mostly from:
•

Heath, F. (2020). Managing Software Requirements the Agile Way: Bridge the gap
between software requirements and executable specifications to deliver successful
projects. Packt Publishing Ltd.

•

Adzic, G., & Bisset, M. (2012). Impact Mapping: Making a big impact with software
products and projects. Provoking Thoughts Limited.

•

ESA95 (1995) European Space Agency’s Guide for Software Requirements Definition

•

MoSCoW Method (2021). https://buscreative.blogspot.com/2020/10/task-prioritisationhack-using-moscow.html. Last accessed on June 2021. Actually, the method was
developed by Dai Clegg of Oracle UK in 1994 but no original document was found to
be referenceable.
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Annex C: knowlEdge Platform Requirements
For purpose of submitting the knowlEdge Platform Requirements, the current document provides list of platform requirements as
July of 2021.
However, software requirements are live entities in any software development project. They evolve, update, adapt to new conditions
and the evolution of the project itself. New requirements appear and a few prove to be not applicable instead. For this reason, up-todate version of requirements can be found at http://www.knowledge-project.eu/requirements. The document is marked as public
and available to all.
RID

Source

Requirement
Type

Requirement Description

User

Project Achivement
Indicator

Author

Task /
Component

Priority
(DoA)

Status

RQ_3_001

Platform

Functional

The Edge Platform will support MQTT, OPCUA
and REST as data collection protocol

Operator

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

RQ_3_002

Platform

Functional

The Plaform will provide the possibility to store
data at the distribute edge components, based
on its computing and storage capability

Operator

["Develop database
technologies for
scalable and semantic
knowledge access"]

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

RQ_3_003

Platform

Functional

The Platform will provide the possibility to
export the telemetries from the Edge to the
Fog/Cloud

Operator

["Reduction of
computational burden
and costs"]

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

RQ_3_004

Platform

Functional

The Platform will provide the possibility to
stream Real-Time the sensor values from the
Edge to the FOG/Cloud

Operator

["Develop tools for
semi-automatic data
preparation"]

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

RQ_3_005

Platform

Functional

The Platform will provide the possibility to
perform Real-Time Analysis to the data at the
Edge Level

Operator

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

RQ_3_006

Platform

Functional

The Platform will abstract the data coming from
the sensor

Operator

["Develop tools for
semi-automatic data
preparation"]

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved
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RQ_3_007

Platform

Functional

The Platorfm will perform Data Virtualization
when the data will be read from the sensors

Operator

RQ_3_008

Platform

Functional

The Cloud Platform will be able to collect a huge
amount of data coming from Edge/FOG

Operator

RQ_3_009

Platform

Functional

The platform will provide the possibilitiy to
visualize the stored and Real Time data collected
from the sensors

Operator

RQ_3_010

Platform

Functional

The knowlEdge data adquisition component
must support the integration (read/write)
with/to excel as customer sales used for
production schedulling are provided using excel

RQ_3_011

Platform

Functional

RQ_3_012

Platform

Functional

–

["Development of an
explainable AI system",
"Develop tools for semiautomatic data
preparation"]
["Development of an
explainable AI system",
"Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Develop tools
for semi-automatic data
preparation"]
["Development of an
explainable AI
system","Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

Gabriele (NXW)

T3.1. Data
Integration &
Interoperability

Must

Approved

Operator

["Develop tools for
semi-automatic data
preparation"]

Victor (ICE)

T3.1. Data
Integration &
Interoperability

Must

Proposed

Data Integration component must support
reading data from MySQL server databases

Operator

Victor (ICE)

T3.1. Data
Integration &
Interoperability

Must

Proposed

knowlEdge data adquisition must support the
integration with thingworx (OPC UA, MQTT,
ALWAYSON)

Operator

["Develop database
technologies for
scalable and semantic
knowledge access"]
["Develop database
technologies for
scalable and semantic
knowledge access"]

Victor (ICE)

T3.1. Data
Integration &
Interoperability

Must

Proposed
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RQ_3_013

Platform

Functional

knowlEdge Data Model will provice production
concepts support production schedulling
problems (such as machines, products,
subcomponents, quantity, delivery time,
production time), logistics(stock, stock type,
quantity, repurchase level),logistics_distribution
(trucks, loads, etc) order concepts (customer,
order, quantity, delivery date, purchase date,
etc)

Operator

["Improvement of
production planning
and execution in
increase by 4060%","Expected overall
processs optimisation:
40-60%"]

Victor (ICE)

T3.1. Data
Integration &
Interoperability

Must

Proposed

RQ_3_014

Platform

Functional

knowlEdge Data Integration will support pull and
push data mechanism. Push being for example
MQTT or REST API, where the device or a
controller pushes information into the
knowlEdge platform through those services.
Pull when the data integration has a background
process that does polling of data every X
second/minutes

Operator

["Cost reduction in the
development of
systems"]

Victor (ICE)

T3.1. Data
Integration &
Interoperability

Must

Proposed

RQ_3_015

Platform

Functional

The Platform will perform data quality
assessment providing structures, modules and
algorithms dedicated to this.

software developer

["Quality of data
improvement"]

Rossini (LINKS)

T3.2 Data
Quality
Assurance

Must

Approved

RQ_3_016

Platform

Functional

The platform will ensure privacy and
confidentiality of the data by masking the
personal information of the shop floor operators

software developer

["Quality of data
improvement"]

Rossini (LINKS)

T3.2 Data
Quality
Assurance

Must

Approved

RQ_3_017

Platform

Functional

knowlEdge must develop tools for semiautomatic data preparation (data cleaning, data
anonimisation, EDA, anomaly detection, etc)
that are easy to use (no data science needed)

Operator

["Quality of data
improvement"]

Victor (ICE)

T3.2 Data
Quality
Assurance

Must

Proposed
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RQ_3_018

Platform

Functional

The platform will provide the possibility to store
the historical data at the factory premises for
on-site visualization and data mining purposes

Operator

RQ_3_019

Platform

Nonfunctional

The storage and the messaging components
shall have low footprint on processing, storage
requirements and latency

Operator

RQ_3_020

Platform

Functional

knowlEdge local storage will support
transactional data, videos, files such as excel
files and images

Operator

RQ_3_021

Platform

Functional

The platform will provide a messaging
mechanism to ensure a failure-free data
propagation across the nodes at the edge, fog,
and the cloud.

Operator

RQ_4_001

Platform

Functional

The platform must be able to perform
automated data exploration and clustering

software developer

RQ_4_002

Platform

Functional

The platform must be able to automatically
perform feature engineering for various data
sources

software developer

Evolutionary Requirement Engineering and Innovations - Vs: 1.0 - Public

["Development costs
reduction for data
exploration","Reduction
of computational
burden and
costs","Develop
database technologies
for scalable and
semantic knowledge
access"]
["Cost reduction in the
development of
systems","Develop
database technologies
for scalable and
semantic knowledge
access"]
["Develop and
investigate methods for
efficient and
explainable knowledge
extraction"]
["Development of an
explainable AI
system","Develop a
decentralize knowledge
marketplace
platform","Quality of
data improvement"]
["Develop tools for
semi-automatic data
preparation","Provide
AI tools for reasoning,
learning, remembering,
planning and analysing
data","Quality of data
improvement"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Develop tools
for semi-automatic data
preparation","Quality
of data improvement"]

–

Shreekantha Devasya (FIT)

T3.3 Historical
Data Storage
Service

Must

Approved

Shreekantha Devasya (FIT)

T3.3 Historical
Data Storage
Service & RealTime Brokering

Must

Approved

Victor (ICE)

T3.3 Historical
Data Storage
Service & RealTime Brokering

Must

Proposed

Shreekantha Devasya (FIT)

T3.3 Real-Time
Brokering

Must

Approved

Alexander Grass (FIT)

T4.1.
Knowledge
Discovery
Engine

Must

Approved

Alexander Grass (FIT)

T4.1.
Knowledge
Discovery
Engine

Must

Approved
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RQ_4_003

Platform

Functional

The platform must be able to perform
automated data structure discovery and (nonsemantic) labeling for timeseries data

software developer

RQ_4_004

Platform

Functional

Models for Knowledge Discovery will be
provided in an interoperable format in order to
foster reusability via the Knowledge Repository
(T5.1 / T5.2)

software developer

RQ_4_005

Platform

Functional

knowlEdge will provide feedback to the users,
about the results of the inferences of the AI
models trained in the platform, and in the form
of human-interpretable explanations

Operator

RQ_4_006

Platform

Functional

The platform must have an initial set of AI
resources (inc. datasets and models) that cover
a wide range of generic target problems

Operator

RQ_4_007

Platform

Functional

The platform must find, for a specific dataset
and target, a set of proposals for models to
apply balancing expected performance and
computational cost

Operator

Evolutionary Requirement Engineering and Innovations - Vs: 1.0 - Public

–

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Develop tools
for semi-automatic data
preparation","Quality
of data improvement"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Develop tools
for semi-automatic data
preparation","Quality
of data improvement"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Alexander Grass (FIT)

T4.1.
Knowledge
Discovery
Engine

Must

Approved

Fabian Berns (WWU)

T4.1.
Knowledge
Discovery
Engine

Must

Approved

Sergio Alvarez-Napagao
(BSC), Marta Barroso (BSC)

T4.2. AI Model
Generation

Must

Approved

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Develop tools
for the automatic
generations of AI
models so as to reduce
the existence of high
skilled data
scientists","Amount of
data prepared for
experts (semi)automatically and no.
of models generated"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Amount of data
prepared for experts
(semi-)automatically

Sergio Alvarez-Napagao
(BSC)

T4.2. AI Model
Generation

Must

Approved

Sergio Alvarez-Napagao
(BSC)

T4.2. AI Model
Generation

Must

Approved
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and no. of models
generated"]

RQ_4_008

Platform

Functional

knowlEdge will provide models based on AI
algorithms for identifying production defects
from live videos

software developer

["Quality of data
improvement"]

Victor (ICE)

T4.2. AI Model
Generation

Must

Approved

RQ_4_009

Platform

Functional

knowlEdge will provide models based on a wide
range of AI algorithms such as artificial neural
networks, fuzzy logic, classifiers, case-based
reasoning, and probabilistic reasoning

software developer

["Development tools
for semi-automatic data
preparationof an
explainable AI system"]

Victor (ICE)

T4.2. AI Model
Generation

Must

Approved

RQ_4_010

Platform

Functional

knowlEdge will provide models based on AI
algorithms for identifying production defects
from static images

software developer

Victor (ICE)

T4.2. AI Model
Generation

Must

Approved

RQ_4_011

Platform

Functional

knowlEdge will provide models based on AI
algorithms capable of customer demand
prediction and forecasting

software developer

Victor (ICE)

T4.2. AI Model
Generation

Must

Approved

RQ_4_012

Platform

Functional

knowlEdge will provide models capable of doing
inference from different types of data, including
visual data, transactions data, events data and
time series

software developer

Victor (ICE)

T4.2. AI Model
Generation

Must

Approved

RQ_4_013

Platform

Functional

The platform must have a pipeline for the
continuous improvement of models based on
the feedback and the performance of the
models in the marketplace

software developer

Sergio Alvarez-Napagao
(BSC)

T4.2. Edge
Embedded AI
Kit

Must

Approved

RQ_4_014

Platform

Functional

Generated AI Models will be provided in an
interoperable format in order to foster
reusability via the Knowledge Repository (T5.1 /
T5.2)

software developer

["Develop and
investigate methods for
efficient and
explainable knowledge
extraction"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]
["Develop and
investigate methods for
efficient and
explainable knowledge
extraction"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Amount of data
prepared for experts
(semi-)automatically
and no. of models
generated"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Amount of data
prepared for experts

Fabian Berns (WWU)

T4.2. Edge
Embedded AI
Kit

Must

Approved
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(semi-)automatically
and no. of models
generated"]
RQ_4_015

Platform

Functional

The platform will incorporate policies for
running the AI models in an efficient manner, in
both a HPC or cloud environment

manufactring IT
personnel

["Reduction of
computational burden
and costs"]

Marta Garcia-Gasulla (BSC),
Edoardo Pristeri (LINKS)

T4.3. HP AI
Bootstrapping

Must

Approved

RQ_4_016

Platform

Functional

The platform must guide users in how to
produce AI models that will run in an efficient
manner in HPC or cloud environments

software developer

Marta Garcia-Gasulla (BSC)

T4.3. HP AI
Bootstrapping

Must

Approved

RQ_4_017

Platform

Functional

knowlEdge will enable AI models or applications
to adapt, scale and utilize resources in the fog
environment by leveraging container
technologies currently used on the Cloud, e.g.,
Kubernetes, Docker Swarm

software developer

["Cost reduction in the
development of
systems","Development
costs reduction for data
exploration","Reduction
of computational
burden and
costs","Define
standards, protocols
and regulations
regarding
functionalities of
knowledge marketplace
platform"]
["Development of an
explainable AI system"]

Victor (ICE)

T4.3. HP AI
Bootstrapping

Must

Proposed

RQ_4_018

Platform

Functional

The platform will allow a real time assessment of
the performance of the AI models

software developer

["Development of an
explainable AI system"]

Edoardo Pristeri (LINKS)

T4.4. Learning
Performance
Monitoring

Must

Approved

RQ_4_019

Platform

Functional

The system is able to monitor available
resources in the computing continuum and
enables frictionless resource allocation.

Operator

["Develop database
technologies for
scalable and semantic
knowledge access"]

Fabian Berns (WWU)

T4.4. Overall
Monitoring

Must

Approved
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RQ_4_020

Platform

Functional

The platform will allow to use on-demand
computing resources to deploy and run AI
models

manufactring IT
personnel

RQ_4_021

Platform

Functional

The platform will allow users to compare the
best performing AI models in production
scenarios and to understand the differences
between the models

Operator

RQ_4_022

Platform

Functional

The System must be able to manage and deliver
machine learning models on all levels of the
computing continuum.

Operator

RQ_4_023

Platform

Functional

Reused models from the Knowledge Repository
(T5.1 / T5.2) and freshly trained ones are
required to be treated in equally in model
execution.

software developer

RQ_5_001

Platform

Functional

Machine learning models need to be serializable
and an adequate description framework needs
to be provided.

Operator

RQ_5_002

Platform

Functional

knowlEdge repository will provide a well define
taxonomy and templates to categorise
algorithms, along with searching functionality
for consumers to find the intended knowledge

software developer

Evolutionary Requirement Engineering and Innovations - Vs: 1.0 - Public

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Reduction of
computational burden
and costs"]
["Development of an
explainable AI
system","Develop and
investigate methods for
efficient and
explainable knowledge
extraction","Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Develop database
technologies for
scalable and semantic
knowledge access"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing
data","Amount of data
prepared for experts
(semi-)automatically
and no. of models
generated"]
["Develop database
technologies for
scalable and semantic
knowledge access"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

–

Edoardo Pristeri (LINKS)

T4.4.
Processing &
Learning
Orchestration

Must

Approved

Edoardo Pristeri (LINKS)

T4.4.
Processing &
Learning
Orchestration

Must

Approved

Fabian Berns (WWU)

T4.4.
Processing &
Learning
Orchestration
T4.4.
Processing &
Learning
Orchestration

Must

Approved

Must

Approved

T5.1, T5.2.
Knowledge
Management
and Repository
T5.1, T5.2.
Knowledge
Management
and Repository

Must

Approved

Must

Proposed

Fabian Berns (WWU)

Fabian Berns (WWU)

Victor (ICE)
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–

RQ_5_003

Platform

Functional

The platform must provide processes to be
demonstrated. Demontrstors planning,
preparation, implementation and evaluation will
be based on a defined standard process and
structured framework to be executed
systematically and iteratively. Definition of
demonstration processess.

Operator

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Hentula (VTT)

T5.1, T5.2.
Knowledge
Management
and Repository

Must

Approved

RQ_5_004

Platform

Functional

The interoperable standard format used for
describing AI models should be based on a given
standard like PMML or ONNX.

software developer

Fabian Berns (WWU)

Approved

Platform

Functional

knowlEdge Repository must be able to store AI
Models and corresponding information and
metadata

software developer

Must

Approved

RQ_5_006

Platform

Functional

knowlEdge Repository supports search
functionalities to retrieve AI Models and
corresponding information and metadata

software developer

Must

Approved

RQ_5_007

Platform

Functional

The knowlEdge Marketplace will enable the
direct knowledge sharing among stakeholders

Developer

T5.1, T5.2.
Knowledge
Management
and Repository
T5.1, T5.2.
Knowledge
Management
and Repository
T5.1, T5.2.
Knowledge
Management
and Repository
T5.3 knowlEdge
Marketplace

Must

RQ_5_005

Must

Approved

RQ_5_008

Platform

Non
Functional

The knowlEdge Marketplace will provide user
friendly and easy to use interfaces

Developer

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Must

Approved

RQ_5_009

Platform

Functional

The knowlEdge Marketplace must be able to
display AI Models information and metadata
coming from knowlEdge Repository

Developer

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Must

Approved

RQ_5_010

Platform

Functional

The knowlEdge Marketplace will support
advanced search functionalities based on
various filters, parameters and options

Developer

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Should

Approved

RQ_5_011

Platform

NonFunctional

The knowlEdge Marketplace should provide
quick response (a few seconds) to user's actions
and high performance (some seconds) on search
and upload/download functionalities

Developer

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]
["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Should

Approved
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RQ_5_012

Platform

Functional

The knowlEdge Marketplace must support multiusers profiles and secure login functionalities

Developer

RQ_5_013

Platform

Functional

The knowlEdge Marketplace should provide
mechanisms to upload/download AI Models
to/from knowlEdge repositories

Developer

RQ_5_014

Platform

Functional

The knowlEdge Marketplace should provide
feedback and rating mechanisms for the AI
Models were exchanged over it

Developer

RQ_5_015

Platform

Non
Functional

The knowlEdge Marketplace must be able to
handle personal and sensitive data with full
confidentiality and security

Developer

RQ_5_016

Platform

Functional

The knowlEdge Marketplace would provide
subscription mechanism for customers/users in
order to receive notifications about specific
topics/solutions

Developer

RQ_5_017

Platform

Functional

The knowlEdge Marketplace would provide
recommendation mechanisms for relevant
models, datasets, solutions and knowledge

RQ_5_018

Platform

Functional

RQ_5_019

Platform

RQ_5_020

Platform

–

[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Must

Approved

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Should

Approved

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Should

Approved

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Must

Approved

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Would

Approved

Developer

[“Develop a
decentralized
knowledge marketplace
platform”]

Alexandros/Giorgos(CERTH)

T5.3 knowlEdge
Marketplace

Would

Approved

knowlEdge marketplace must provide a
taxonomy to do search of proper algorithms or
datasets

Operator

Victor (ICE)

T5.3 knowlEdge
Marketplace

Must

Proposed

Functional

knowlEdge marketplace must provide welldefined templates for categorising ai apps
offered

Operator

Victor (ICE)

T5.3 knowlEdge
Marketplace

Must

Proposed

Functional

knowlEdge marketplace would provide
mecahnism for purchasing AI models for a fee or
free

Operator

[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]
[“Develop a
decentralized
knowledge marketplace
platform”]

Victor
(ICE)/Alexandros(CERTH)

T5.3 knowlEdge
Marketplace

Must

Proposed
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–

RQ_6_001

Platform

Functional

knowlEdge must support the connection of the
digital twin to the knowlEdge AI module, as
some AI algorithms can benefit from the
simulation capabilities of the digital-twin to
validate their validity in a simulated
environment and some simulation can execute
certain steps of their simulation with the help of
results computed by and AI algorithm

Operator

["Development of an
explainable AI
system","Cost
reduction in the
development of
systems"]

Victor (ICE)

T6.2. Digital
Twin

Must

Approved

RQ_6_002

Platform

Functional

knowlEdge digital twin must provide a range of
pluggable event-based simulation services that
can be run on data captured from sensors and
provided to the digital twin through the
knowlEdge Data Component

manufactring IT
personnel

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Victor (ICE)

T6.2. Digital
Twin

Must

Approved

RQ_6_003

Platform

Functional

knowlEdge must provide the possibility to
operators and manufacturing IT personnel to
define simulation models through python based
language

manufactring IT
personnel

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Victor (ICE)

T6.2. Digital
Twin

Must

Approved

RQ_6_004

Platform

Functional

An operator can define a 3D representation of
his/her plant that shows the simulation process
executed in the digital twin

Operator

Victor (ICE)

T6.2. Digital
Twin

Must

Approved

RQ_6_005

Platform

Functional

The operator / IT personnel can search available
models from a list of available ones and select
which one is most suitable for him. A userfriendly taxonomy is necesarry with that
purpose.

Operator

Victor (ICE)

T6.2. Digital
Twin

Should

Approved

RQ_6_006

Platform

Functional

Operators and Managers can get operational
information from the simulation in a proper
dashboard, showing charts. This dashboard is
complementary to the knowlEdge DSS
component that shows realtime and tactic
reports.

Operator

["Development of an
explainable AI
system","Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system","Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system","Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]

Victor (ICE)

T6.2. Digital
Twin

Must

Approved
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RQ_6_007

Platform

Functional

The digital twin will support mqtt
communication with the knowlEdge Data
module to gather sensors data

software developer

RQ_6_008

Platform

Functional

Modelling activities will be based on identified
target manufacturing processes and specified
problem settings by following a standard
process for the implementation.

Operator

RQ_6_009

Platform

Functional

Data analys and subsequent Digital Twin
implementations will be based on identified
available data of the target manufacturing
processes.

RQ_6_010

Platform

Functional

RQ_6_011

Platform

RQ_6_012

–

["Develop tools for
semi-automatic data
preparation","Provide
AI tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI system"]

Victor (ICE)

T6.2. Digital
Twin

Should

Approved

LÃ¤msÃ¤ (VTT)

T6.2. Digital
Twin

Must

Approved

Operator

["Development of an
explainable AI system"]

LÃ¤msÃ¤ (VTT)

T6.2. Digital
Twin

Must

Approved

The production schedulled computed by the
digital twin must differentiate between the
different departments (logistics, production, etc)

Operator

["Development of an
explainable AI system"]

Victor (ICE)

T6.2. Digital
Twin

Must

Approved

Functional

The platform must provide technical and
fuctional description of processess to be
demonstrated. Description of processess to be
demonstrated.

Operator

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Hentula (VTT)

T6.2. Digital
Twin

Must

Approved

Platform

Functional

The platform must provide technical and
fuctional description of components to be
demonstrated. Description of components to be
demonstrated.

Operator

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Hentula (VTT)

T6.2. Digital
Twin

Must

Approved

RQ_6_013

Platform

Nonfunctional

All components and users are only given the
priviledges they need for their assigned tasks.
(Least priviledge principle)

Developer/Operator/It
personal

["Cost reduction in the
development of
systems"]

Raphael Ahrens (FIT)

Must

Approved

RQ_6_014

Platform

Nonfunctional

All componenets and user shall only receive
information which they need for their assigned
task. (Need to know Principle)

Developer/Operator/It
personal

["Cost reduction in the
development of
systems"]

Raphael Ahrens (FIT)

Must

Approved

RQ_6_015

Platform

Nonfunctional

The source of information needs to be verifiable
by users and components.

software developer

["Cost reduction in the
development of
systems"]

Raphael Ahrens (FIT)

T6.3
Communication
and Security
Framework
T6.3
Communication
and Security
Framework
T6.3
Communication
and Security
Framework

Must

Approved
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RQ_6_016

Platform

Nonfunctional

All components and users need to be able to
verify the authenticity of sensitive information.

software developer

["Cost reduction in the
development of
systems"]

Raphael Ahrens (FIT)

RQ_6_017

Platform

Nonfunctional

All components must be able to handle failures
and be able to recover into a productive state.

software developer

["Cost reduction in the
development of
systems"]

Raphael Ahrens (FIT)

RQ_6_018

Platform

Nonfunctional

All componenets need to be able to protect
sensible information from unauthorized access.

software developer

["Cost reduction in the
development of
systems"]

Raphael Ahrens (FIT)

RQ_6_019

Platform

Nonfunctional

Failures in any component must not affect
others systems (production, office, cloud
provider)

software developer

["Cost reduction in the
development of
systems"]

Raphael Ahrens (FIT)

RQ_6_020

Platform

Functional

The deployment agent must expose
programming interfaces to enable artifact and
configuration deployment over the network

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

RQ_6_021

Platform

Functional

The deployment agent should expose remote
shell access for bulk command execution and
debugging on host systems

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

RQ_6_022

Platform

Functional

The deployment agent must run as a
background service on a host with an up to date
Linux, Windows, or macOS operating system

manufacturing IT
personnel

RQ_6_023

Platform

Functional

The deployment manager must provide a
uniform interface to manage the deployment of
software artifacts and configurations on target
hosts

RQ_6_024

Platform

Functional

RQ_6_025

Platform

Functional

–

T6.3
Communication
and Security
Framework
T6.3
Communication
and Security
Framework
T6.3
Communication
and Security
Framework
T6.3
Communication
and Security
Framework
T6.4
Deployment
Agent

Must

Approved

Must

Approved

Must

Approved

Must

Approved

Must

Approved

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Agent

Should

Approved

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Agent

Should

Approved

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Manager

Must

Approved

The deployment manager must provide the
progress and status of individual deployments

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Manager

Must

Approved

The deployment manager must allow access to
various hosts after authentication and
authorization

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Manager

Must

Approved
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–

RQ_6_026

Platform

Functional

The deployment manager must register
deployment agents running on various hosts
after authentication and authorization

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Manager

Must

Approved

RQ_6_027

Platform

Functional

The deployment manager should integrate with
the code reposititories and allow automatic
deployment as part of a CICD pipeline

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Manager

Should

Approved

RQ_6_028

Platform

Nonfunctional

The deployment manager should provide the
deployment information in a usable and scalable
manner

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

T6.4
Deployment
Manager

Should

Approved

RQ_6_029

Platform

Functional

The communication between deployment
manager and deployment agents must be
authenticated, authorized, and excrypted

manufacturing IT
personnel

["Cost reduction in the
development of
systems"]

Farshid Tavakolizadeh (FIT)

Must

Approved

RQ_6_030

Platform

Functional

The platform must desribe the integrations of
components. System integration and interfaces
for the pilot implementations will be based on a
specific integration plan. Description of
component integrations.

Operator

["Provide AI tools for
reasoning, learning,
remembering, planning
and analysing data"]

Hentula (VTT)

T6.4
Deployment
Manager &
Deployment
Agent
T6.5
Integration

Must

Approved

RQ_7_001

Platform

Functional

AI-Human component should show the inners of
the prediction of product quality based on the
process parameters that has a bigger impact on
it

software developer

["Improvement of
product quality
increased by 80%"]

Victor (ICE)

Must

Approved

RQ_7_002

Platform

Functional

Allow for knowledge injection or augmentation
by domain experts, using user-centered design
interfaces

Operator

["Development of an
explainable AI system"]

Victor (ICE)

Must

Approved

RQ_7_003

Platform

Functional

The knowlEdge DSS must allow defining limit
values associated to KPIs so alarms are thrown

Operator

["Development of an
explainable AI system"]

Victor (ICE)

Must

Approved

RQ_7_004

Platform

Functional

The DSS must support a manufacturing
dashboard with KPIs of both efficiency (OEE,
MME) and process (material scraps, finished
product losses, etc.)â€‹

Plant Manager

["Development of an
explainable AI
system","Improvement
of production planning
and execution in
increase by 4060%","Improvement of

Victor (ICE)

T7.1. Human-AI
collaboration &
Domain
Knowledge
Fusion
T7.1. Human-AI
collaboration &
Domain
Knowledge
Fusion
T7.2 KPIs
Extraction &
Users' Rules
Backend
T7.2 KPIs
Extraction &
Users' Rules
Backend

Must

Approved
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–

product quality
increased by 1040%","Expected overall
process optimization:
40-60%"]
RQ_7_005

Platform

Functional

The knowlEdge DSS will provide an internal
separation of KPIs to product-level and processlevel

Developer

["Development of an
explainable AI system"]

Giorgos Siachamis(CERTH)

RQ_7_006

Platform

Functional

DSS must support some traceability related
dashboards for automatic traceability of the
finished product, from the arrival of the raw
material to the distribution of the vehicles with
additional data sets: transfer times, quantities
produced, load assortment and destination of
the shipped references to the customer.â€‹

Operator

["Development of an
explainable AI system"]

Victor (ICE)

RQ_7_007

Platform

Functional

knowlEdge DSS must support ready to use
reports that support (i)product quality, and (ii)
process quality (OEE, machine conditioning, etc)

Operator

RQ_7_008

Platform

Functional

The knowlEdge DSS will be able to issue
warnings or alerts where needed

Developer

RQ_7_009

Platform

Functional

The knowlEdge DSS will be able to recognise
accumulated defects so that autonomous RCA is
performed

Developer

RQ_7_010

Platform

Functional

The knowlEdge DSS will be flexible enough to
move from high level reports all the way down
to the details

Operator

["Amount of data
prepared for experts
(semi-)automatically
and no. of models
generated"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,

Evolutionary Requirement Engineering and Innovations - Vs: 1.0 - Public

T7.2 KPIs
Extraction &
Users' Rules
Backend
T7.3 Decision
Support System

Must

Approved

Must

Approved

Victor (ICE)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

15 / 41

Towards AI powered manufacturing services, processes, and products in an edge-to-cloud-knowlEdge continuum for humans [in-the-loop]
www.knowlEdge-project.eu

–

learning, remembering,
planning and analysing
data"]
RQ_7_011

Platform

Functional

The knowlEdge DSS will be able to interpret the
AI methods and techniques, so as to compare
different models and architectures

Developer

RQ_7_012

Platform

Nonfunctional

The knowlEdge DSS must be able to utilize data
from the distribute edge components, as well as
the different AI models available

Developer

RQ_7_013

Platform

Nonfunctional

The knowlEdge DSS will be easy to use from
people without advanced computer knowledge

Operator

RQ_7_014

Platform

Functional

The knowlEdge DSS must be able to improve its
decision making based on the feedback and the
performance of models at the marketplace

Developer

RQ_7_015

Platform

Functional

The knowlEdge DSS will provide users an
innovative decision making interface with
dynamic and interactive dashboards,fering realtime, granular and comprehensive insights with
business-specific metrics, correlations of realtime and historical data flows and proactive
response to emerging trends

Operator

RQ_7_016

Platform

Functional

The knowlEdge DSS must provide state-of-theart visualizations tailored to the needs of the
end-users

Operator
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["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved
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learning, remembering,
planning and analysing
data"]
RQ_7_017

Platform

Functional

The knowlEdge DSS will connect to the Digital
Twin

Developer

RQ_7_018

Platform

Functional

The knowlEdge DSS must be able to get input
both from live and historical data as well as
support data input in order to support use cases
more adequately

Operator

RQ_7_019

Platform

Nonfunctional

The knowlEdge DSS must be able to handle
personal and sensitive data with full
confidentiality and security

Developer

RQ_7_020

Platform

Functional

The knowlEdge DSS must be able to manage the
wide variety of data from multiple sources, with
a full range of data management functions

Developer

RQ_7_021

Platform

Functional

The knowlEdge DSS must be reusable and
shareable

Developer

RQ_7_022

Platform

Functional

knowlEdge Dashboards must provide linked
information so that root-cause analysis
assotiated to KPIs out-of-bound and other
anomalies are traced

Operator
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["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI
system"]["Provide AI
tools for reasoning,
learning, remembering,
planning and analysing
data"]
["Development of an
explainable AI system"]

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support System

Must

Approved

Victor (ICE)

T7.3 Decision
Support
System, T7.2
KPIs Extraction
& Users' Rules
Backend

Must

Approved
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RQ_7_023

Platform

Functional

The knowlEdge Decision Support System (DSS)
will be a hybrid model, both data-driven, so as to
manipulate and analyze time series and model
driven so as to manipulate statistical models

Developer

RQ_7_024

Platform

Functional

The knowlEdge DSS must be able to support the
user in a wide variety of decision making
processes but not be dependent on one (by
using a model from the available ones in the
marketplace)

Developer

RQ_7_025

Platform

Nonfunctional

The knowlEdge DSS must have an initial set of AI
resources (inc. datasets and models) that cover
a wide range of generic target problems

Developer

RQ_7_026

Platform

Functional

The knowlEdge DSS will mimic human cognitive
capabilities and will employ AI tools for
reasoning,learning, remembering, planning and
analyzing data

Developer

RQ_7_027

Platform

Functional

The knowlEdge DSS must be constantly adapting
to new data and circumstances

Developer
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["Development of an
explainable AI
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data"]
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Giorgos Siachamis(CERTH)

T7.3 Decision
Support
System, T7.2
KPIs Extraction
& Users' Rules
Backend

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support
System, T7.2
KPIs Extraction
& Users' Rules
Backend

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support
System, T7.2
KPIs Extraction
& Users' Rules
Backend

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support
System, T7.2
KPIs Extraction
& Users' Rules
Backend

Must

Approved

Giorgos Siachamis(CERTH)

T7.3 Decision
Support
System, T7.2
KPIs Extraction
& Users' Rules
Backend

Must

Approved
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Annex D: knowlEdge User Requirements
For purpose of submitting the knowlEdge Platform Requirements, the current document provides as an attachment an excel sheet
file with the list of platform requirements as July of 2021. This excel file is named “EU-ID D2.2 Evolutionary Requirement
Engineering and Innovation Initial (M6) - Annex Platform Requirements v1.0.1.xlsx”.
However, software requirements are live entities in any software development project. They evolve, update, adapt to new conditions
and the evolution of the project itself. New requirements appear and a few prove to be not applicable. For this reason, up-to-date
version of requirements can be reached at http://www.knowledge-project.eu/requirements. The document is marked as public and
available to all.
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