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1 Introduction

This deliverable is the third and final version of a compiled set of instructions on how to work with the delivered
methodology from WP5, the ontologies delivered by WP3, and the open circularity platform delivered by WP4.
Together these artefacts form the Onto-DESIDE prototype, which has been released in a new version in each
of the three project iterations. In addition to this, the use-case descriptions developed in WP6 have been used
as input to generalize instructions relevant to modeling circular value networks in the setting of the project
infrastructure.

This deliverable is intended to be used as a source of documentation for setting up the technical infrastructure
used by the Onto-DESIDE project, so that it is reproducible for someone that aims at setting up a similar envi-
ronment. The ambition is to provide easy to use instructions that will enable further uptake of the technologies
used.

1.1 Objectives of the deliverable

The main objectives of this deliverable are to:
e Provide an integrated framework and documentation that describes how the different components of what
is delivered in Onto-DESIDE fits together.
e Document software, data, as well as sharing protocols used in the project.
In this final version of the deliverable, the main focus is on how the integrated results of the project integrates as

a whole. This document will not attempt to reproduce already existing documentation from the work packages
themselves, but merely point to such material.
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2 Integration and validation

Integrating the components of the software platform of Onto-DESIDE is visualized at a high level in Figure 1.
Starting with the user interaction layer, this is the point of interaction for all users of the platform. There is the
possibility of querying the CEON ontology directly but that use case is not seen as part of the integrated setup
from an end-user perspective. The possibility of querying the CEON ontology directly will be used in the project
to validate and verify the ontology itself, as well as to validate and verify data-mappings that are used to fulfill
the requirements of the respective industry use-cases.

=)
System user {L—")@ 8 Human user
= i
\ f —— User Interaction layer

Open Circulartity Platform

J\

— Data interaction layer

J\

Data definition layer

Figure 1: High-level overview of the integrated flow of the software platform for Onto-DESIDE

The data definition layer is represented by the CEON ontology which acts as the common data model across
the distributed heterogeneous data sources. The data interaction layer is to be seen as a distributed network
of existing data sources which are annotated with the CEON ontology, so that they can be interpreted as linked
data sources. These data sources and the data therein should conceptually be seen as residing with the
organization or individual that owns the data. Using the Solid protocols allows to interact with these resources
in a secure way. The Open Circularity Platform in turn uses the Solid protocols, interacting with this data in a
secure way.

2.1 Validation data

For the purpose of validating the use case scenarios within Onto-DESIDE we will make use of real industry
data provided by the industry partners of the project. This data come in various formats and schemas and
are not harmonized, rather it should represent the raw real-life view of the data that would be available when
collaborating in the way described by the use-cases. To operationalize the data it will be mapped to the CEON
ontologies using RML and made available through the Open Circularity Platform.

The industry data used for validation are part of the 6.4 deliverable of the Onto-DESIDE project, this is a non-
public deliverable and is thus not readily available for download. For any inquiry’s regarding this data, please

| 7
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reach out to the project coordinator at Linkdping University'. The data used in the project are divided into these

categories:

e CSV? Comma-separated values (CSV) is a text file format that uses commas to separate values, and
newlines to separate records. A CSV file stores tabular data (numbers and text) in plain text, where each
line of the file typically represents one data record. Each record consists of the same number of fields,

and these are separated by commas in the CSV file.

e XML3 Extensible Markup Language (XML) is a markup language and file format for storing, transmitting,
and reconstructing data.[2] It defines a set of rules for encoding documents in a format that is both

human-readable and machine-readable.

e JSON* JSON (JavaScript Object Notation, is an open standard file format and data interchange format
that uses human-readable text to store and transmit data objects consisting of name—value pairs and

arrays.

Data in the above formats have been used and mapped using RML in files serialised to disk as well as com-

municated over an API.

2.2 Test cases and demonstrations

Validation and verification of functionality of the integrated platform have been done using the data provided
by industry partners in the three use cases in the project. Figure 2 illustrates the complete overview of how

technologies, methodology and data are used for validating the platform.

Test cases and

demonstrations Concular ircular.fashi < )CIRCULARISE
C (‘ circular.fashion O
4 © ! ::\
Platform(s)

for data sharing

Ontology

4 LG

Open cwcularlty platform (WP4)

network (WP3)

—
-
\

CE methods &
tools
(WP5)

Basic Infrastructure & Grounding

Web standards The Web & Protocols
(RDF/OWL ...)

CE standards
(PCDS, emerging...)

Figure 2: High-level overview of the integrated stack for demonstrating the platform functionalities through test

cases.

1https://liu.se/medarbetare/evab145
2https://www.rfc-editor.org/rfc/rfc4180
3https://www.w3.org/TR/Xml/

“https://www.ecma-international.org/publications-and-standards/standards/ecma-404/
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2.2.1 Requirements produced by the industry use cases

For the design and implementation of the software stack of the Onto-DESIDE project, each of the three industry
use cases have provided requirements that aim at fulfilling their needs in terms of functionality. These require-
ments were firstly documented as user stories and given a unique identifier, these stories were then detailed
in WP3 for the ontology development, and in WP4 for the platform development. To conclude the work, all the
validations done on the platform were connected back to the specific requirements. This provides traceability
and a good overview of what requirements have been implemented.

The most current version of the requirements can be found on the Onto-DESIDE website at:
https://ontodeside.eu/wp-content/uploads/2022/12/0nto-DESIDE_Deliverable_D2.1_v1.1_final.
pdf

2.3 Versioning of releases

Releases are iterations of the Onto-DESIDE repositories that can be packaged and made available for down-
load and use. The project uses semantic version numbering for releases following the pattern:
MAJOR.MINOR.PATCH

e Major releases (e.g. going from version v1.1.0 to version v2.0.0) indicate changes that significantly alter
functionality or might break backward compatibility

e Minor releases (e.g. going from version v1.0.2 to v1.1.0) indicate a change of functionality. This can be
any functionality change or new functionality but should not break backward compatibility

e Patch releases (e.g., going from version v1.0.1 to version v1.0.2) indicate bug fixes or trivial updates
Semantic versions are released by creating the corresponding Git tag in the GitHub web interface, which adds

a marker to a Git commit that signifies that it is meaningful in some way, and then this is marked as a release.
Each new release should be accompanied by release notes:

o A major release should contain a list of removals, a list of additions, and instructions on how to upgrade
from the previous version (if needed)
e A minor release should contain a list of changes and usage details

e A patch release should contain a list of bugfixes

All releases of the integrated platform of Onto-DESIDE can be found in appendice A.

2.3.1 Betareleases

It is sometimes useful to be able to publish a release before all the features are developed and tested. In these
cases, the use of semantic versioning still applies; however, the release should be tagged with the ‘beta’ suffix.
In the GitHub web interface, the new tag name (e.g., ‘'v.1.0.0-beta’) is defined and then the radio button ‘Set as
a pre-release’ is set prior to publishing the release. When the release has been tested, a new release without
the beta suffix is created.


https://ontodeside.eu/wp-content/uploads/2022/12/Onto-DESIDE_Deliverable_D2.1_v1.1_final.pdf
https://ontodeside.eu/wp-content/uploads/2022/12/Onto-DESIDE_Deliverable_D2.1_v1.1_final.pdf
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3 Methodology

Firstly we reintroduce the reader of the overall project research methodology, in terms of the three project
iterations, and their steps. The overall process can be illustrated as in Figure 3, where each project itera-
tion consists of a needs & requirements analysis steps, followed by research & development, and concluded
through evaluation & validation, e.g. in our use cases.

Step 2: Research , Step 2: Research , Step 2: Research
& development : & development i & development
Step 3: Observation, Step 3: Observation, Step 3:/Observation,
evaluation & feedback  step 1: Needs evaluation & feedback  gpop 1: Needs | evaluation & feedback Step 1: Needs
from use cases & reduirements | from use cases & reduirements from use cases & requirements
Project iteration 1 Project iteration 2 Project iteration 3

Figure 3: The overall research process of the project, conducted in three iterations.

Specifically for D2.4 through to D2.6 we rely on deliverables from WP2, WP3, WP4, WP5 and WP6 in syn-
thesising a coherent outline of how the results interlink, and could be applied for usage both in our evaluation
phase (step 3 above), as well as outside the project and after the project has concluded.

In terms of methods and infrastructure, the Onto-DESIDE project consists of four parts;

Circular value network analysis and design

Functional and non-functional requirement engineering

Ontology design and development

Open circularity platform

All these parts fit together in creating both an methodological framework, as well as the technical infrastructure
for developing, extending, and using an ontology network for the circular economy domain. Following are a
short description of each part, together with references to detailed documentation.

3.1 Value network design

To explore circular potential using a formalized method the Onto-DESIDE project is making use of the Multi-
Flow Metabolism model developed by Fenna B. et al [1] in guiding stakeholder discussion’s and documenting
the outcome, taking into account the material-, energy-, information- and value-flows that are seen as di-
mensions of a circular economy ecosystem. The MfM model have been used to visualise and formalize the
three use-cases in the project. The result of using this model and the underlying theory are documented and
described in detail in deliverable D6.1, D6.2 and D6.3 ® from WP6 and D5.1 from WP5°.

3.2 Functional and non-functional requirement engineering

As an intermediate step towards designing an ontology network and building the open circularity platform, the
concept of user stories is used to move from user stories described using the Multi-Flow Metabolism design,

Shttps://ontodeside.eu/results/
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towards more verbose textual descriptions of requirements from the perspective of different actors. The con-
cept of user stories and how they are applied in the context of Onto-DESIDE is described in detail in the D2.1,
D2.2 and D2.3 deliverables®.

Non-functional requirements describe operational capabilities of a system and constraints and attempt to im-
prove its functionality. These are basically the requirements that outline how well it will operate including things
like speed, security, reliability, data integrity, etc. Non-functional requirements applicable to the Open Circu-
larity Platform are detailed as part of the 2.1 deliverable from WP2°. In addition, a specific focus is put on
ethical requirements, which has been outlined in D8.1, and will be followed up in the yearly ethical reviews of
the project.

3.2.1 Generalisation of requirements cross use cases

While requirements should be firmly grounded in observation or other empirical investigations, in order to de-
velop ontologies and a data sharing platform that is generic and independent of industry domains, they also
need to be sufficiently generic. Based on the top-down perspective of CE captured in the circularity require-
ments as well as the industry domain-specific requirements from each use case analysis in D6.1-3, a set of
genereal requirements was constructed.

More concretely, based on the initial set of needs (D6.1-2) and requirements identified in dialog with the use
cases in D2.1-2, further analysis and detailing in WP3, WP4 and WP5 during the first and second, and final
third project iteration uncovered common themes that are present for all the use case domains. The resulting
implementation in the Circular Economy Ontology Network (CEON) and the Open Circularity Platform (OCP)
represent a generalization over the use cases in terms of common functionalities that are needed by all of them
to operate in a circular context, and they all relate to the CE needs as outlined in the CE requirements of D2.4
and D2.5.

3.3 Ontologies

Ontologies are used in several fields, both in philosophy and humanities, as well as a technology to achieve
semantic interoperability of data in computer science. For the purpose of the Onto-DESIDE project, the notion
belonging to computer science is used, where an ontology is defined as an "explicit specification of a concep-
tualization” [3]. An ontology in computer science is an artefact that consists of a formal structure that explicitly
defines the concepts and relations between concepts existing within some domain, or related to a specific
application. To design an ontology, requirements needs to be developed, turning the user stories in D2.1 and
the use case descriptions in D6.1 into ontological requirements. The requirements process and methodology
used are described in detail in the 3.1 deliverable® of WP3. Further results, i.e. the first version of the ontology
network itself was delivered in D3.3.

3.4 Open circularity platform

Semantic interoperability and ontology-based data documentation are essential enablers for large scale digital
Circular Economy but not enough in itself. Semantically described data also needs to be put into use, in auto-
mated processes. To facilitate the open collaboration needed to automate processes, Onto-DESIDE introduces
the concept of digital twins in the context of circular economy. Digital twins, built upon a shared vocabulary
— i.e. defined in an ontology network — are reusable as templates for a certain type of circular value network,
and could at minimal effort be shared with a different set of actors or used within a different industry domain to
instantiate new value networks.

Technically, the digital twin concept will be implemented as an open circularity platform using existing and

| 11
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emerging Web technologies, such as RML[2] for semantically annotating and mapping heterogeneous data
sources, Solid® for building decentralised applications based on Linked Data principles, and incorporating
validation and verification methods’ that provide proofs of data authenticity. The technologies and methods
used are described in detail in deliverable 4.1° of WP4, and software was released in its first version in D4.4.

RML is used to annotate existing data sources with the ontologies designed within Onto-DESIDE. This trans-
lation layer decouples the partner’s existing IT systems from the open circularity platform and thus lowers the
barrier of adoption. Existing resources describing how to use and apply RML (and it's human-friendly syntax
YARRRML) will be used, and further enriched to provide the necessary knowledge to the project partners and
others beyond the project®. The Solid protocols allow for interoperable secure interaction between (human and
machine) client applications on the one hand and data sharing services on the other hand. The open circularity
platform can thus be seen as the combination of client applications, data sharing services, and the interactions
between them. Existing resources describing how to use Solid will be used and further enriched to provide the
necessary knowledge to the project partners and others beyond the project®.

3.5 Digital twins of circular value networks

To facilitate open collaboration in a data driven circular economy the Onto-DESIDE project suggest a new entity
to conceptually think of a circular collaboration in terms of a digital twin of circularity. The concept of digital
twins has been put to use for many use cases and in many industries and the fundamental theory behind the
concept is not a new thing. But, the idea of constructing digital twins of circular value networks, with the value
network defined by an ontology, in this case the CEON ontology, expand on the idea of what a traditional digital
twin is.

In the context of the Onto-DESIDE project we frame the digital twin concept as being the digital representation
supporting the physical flows in the real world. Think of it as the digital plumbing that is needed to be put in
place for materials to be able to move and transform.

If digital twins are built upon shared ontologies, i.e. the ontology network, once defined, their blueprints are
also reusable as templates for a certain type of circular value network, and could be shared with a different set
of actors or used within a different industry domain to instantiate new value networks.

A central part of Onto-DESIDE are three industry use cases, these use cases are to be seen as prototypes of
digital twins of circular value networks in that they are a combination of physical objects and real world actions,
supported by a digital infrastructure built up by the CEON ontology and the Open Circularity Platform.

6https://solidproject.org/TR/

"https://www.w3.org/TR/vc-data-model/
8https://rml.io/yarrrml/tutorial/getting—started/
9https://github.com/CommunitySolidServer/tutorials/blob/main/getting-started.md
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4 Technical Infrastructure

To setup and extend frameworks and technical architecture used in the Onto-DESIDE project there are a
number of components that underpin the development pipeline. For both the Open Circularity Platform and the
ontology development, all development is done in public repositories on GitHub. Further instructions detailing
how to contribute and use different releases of the deliverables are published in the read-me of the respective
repository.

4.1 Open circularity platform

The setup of the Open Circularity Platform is made reproducible by relying on Docker containers'® and Docker
Compose'" for setting up the network that represents the Solid-based decentralized data sharing platform
locally. This setup is not to be seen as a complete setup of the platform as that will vary based on what data
sources and systems are integrated. The setup presented here is based on the needs of the use cases and
the corresponding validations of project requirements that need to be performed.

wE\f _____ .‘ OCP Dashboard ). -———
3 ~

! A

_______________________________ WAC vC

— RDE SPARQL |
““““““““““““““““ soigrod_|———] comns }——

B - - - - - - e e

TRANSFORM & SHARE 7/”'—-—

1
Solid Pod
-

CEON
ontology

Mapping

Figure 4: Diagram visualizing the complete open circularity platform, The Open Circularity Platform transforms
heterogeneous source data to verifiable RDF according to an ontology, through a mapping defined in RML.
This data is shared securely using Solid specifications and queried using SPARQL in a federated manner. A
Proof-of-Concept demonstrator provides an end-user view. (c.f. D4.1 and 4.4).

Within the open circularity platform, the following components are spun up:

e Multiple data providers each publishing their data behind a secure access layer using Solid pods

o A Web client providing a Web Ul to execute queries on these Solid pods

¢ A Firefox container providing a means to browse the Solid-based data-sharing platform
During setup, an administrative user generates and loads RDF'? structured data into a Solid pod. Then
an end user accesses the platform using a browser on localhost using port 5800, which provides access

to the data-sharing platform. Within the emulated browser, the user navigates to the Comunica webclient'3
(http://webclient) which provides a set of predefined queries to run on the Solid pods.

Ohttps://www.docker.com/resources/what-container/
"https://docs.docker.com/compose/
12https://www.w3.org/TR/rdfll—primer/
Bhttps://comunica.dev/docs/query/getting_started/setup_web_client/
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4.1.1 Solid

The Solid ecosystem encapsulates a set of W3C standards and tools, based upon the Linked Data Principles,
taking authentication and authorization into account, and aiming towards a sustainable Web and decentralized
data-ecosystem. By separating data from logic, services and applications become federated views on top
of a set of distributed data pods, and service providers no longer need to centralise all data themselves. In
Solid, decentralisation does not only pertain to where data is stored, but also to every other component within
the Solid ecosystem. To provision the (verifiable) RDF data through an infrastructure that enables technical
interoperability between diverse systems and allows actors to be in control of their data, the platform leverages
several components of the Solid ecosystem:

Identity in Solid: WebID. Users, organisations, services, and applications of the decentralized data-
sharing platform need to be unambiguously identifiable.

Authentication in Solid: Solid-OIDC. To establish trust between actors, authentication is required to
verify the identity of each party.

Authorization in Solid: WAC. Access Control defines which data can be accessed by what or whom.

Resource management in Solid: LDP. When separating data from applications, strict protocols need
to be in place to manage resources. Basic data manipulation is described by the Linked Data Platform
(LDP) specification, where actors can manage and operate on both binary data (e.g., PDF files) and
semantically annotated linked data (e.g., RDF graphs).

4.1.2 User interface

The Open Circularity Platform is meant to be a plaform that will enable data sharing and as a consequence,
end-user facing interfaces or graphical design are not top priority. These are important and critial for services
based on the platform to be adopted but the focus of the project are to establish the fundamental infrastructure
to build upon. For the validation of the use-cases, an end user facing intreface to query distributed RDF data
has been developed.

ery the Open Circularity Platform

Figure 5: Screenshot showing the data viewer component of the Open Circularity Platform.

This viewer is packaged and released as part of the OCP releases. The sources and attached instructions for
the OCP platform are published in the GitHub repostory located at:
https://github.com/KNowledgeOnWebScale/open-circularity-platform

4https://www.w3.org/wiki/LinkedData
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4.2 CEON - The Circular Economy Ontology Network

The Circular Economy Ontology Network (CEON) provides a shared vocabulary in the form of a network of
ontologies to support efficient decentralized sharing of industry data in circular economies.

Circular Value Network

Network , Network
blueprint ! instance

consists of participates in

aims at

participates in

Resource ODP

Product Energy

Actor ODP

involves relates to

quantity value

Quantity Statement Location

Figure 6: Topics covered by the Circular Economy Ontology Network (CEON - c.f. D3.2 and D3.4).

The CEON repository uses GitHub Actions to automate the generation of ontology documentation and to pub-
lish content to https://liusemweb.github.io/CEON/. The action is configured to trigger whenever a pull
request is merged into the main branch. The code on the main branch is stable, properly tested and should be
viewed as the latest release of the code (i.e. ontology network).

The ontologies produced as part of Onto-DESIDE is published on GitHub are made available through the
permanent identifier CEON using the w3id.org'® URI, resulting in the full identifier of:
http://w3id.org/CEON

The ontology modules included in CEON have evolved and expanded during the project. Given adoption
after the project, they will continue to be added to. At some point, what is to be seen as the core parts of
CEON will become somewhat stable and changes will be more of the nature of alignments from and to CEON.
The most current state, complete with documentation and a graphical visualization using WebVOWL'® will be
maintained at the CEON github.

The sources and detailed instructions are published in the GitHub repository located at:
https://github.com/LiUSemWeb/CEON/

15https://w3id.org/
8https://github.com/VisualDataWeb/WebVOWL
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The core modules in the third version of CEON that is the most current at the writing of this deliverable are the
following:

e Actor ODP (actorODP) (v0.3)
https://liusemweb.github.io/CEON/ontology/actorODP/0.3/index.html

e Actor module (actor) (v0.3)
https://liusemweb.github.io/CEON/ontology/actor/0.3/index.html

e Circular Value Network (cvn) (v0.2)
https://liusemweb.github.io/CEON/ontology/cvn/0.2/index.html

e Value (value) (v0.2)
https://liusemweb.github.io/CEON/ontology/value/0.2/index.html

e ProcessODP (processODP) (v0.4)
https://liusemweb.github.io/CEON/ontology/processODP/0.4/index.html

e Process (process) (v0.4)
https://liusemweb.github.io/CEON/ontology/process/0.4/index.html

¢ Resource ODP (resourceODP) (v0.4)
https://liusemweb.github.io/CEON/ontology/resourceODP/0.4/index.html

e Product (product) (v0.4)
https://liusemweb.github.io/CEON/ontology/product/0.4/index.html

o Material (material) (v0.3)
https://liusemweb.github.io/CEON/ontology/material/0.3/index.html

e Energy (energy) (v0.1)
https://liusemweb.github.io/CEON/ontology/energy/0.1/index.html

o Statement (statement) (v0.1)
https://liusemweb.github.io/CEON/ontology/statement/0.1/index.html

¢ Quantity (quantity) (v0.1)
https://liusemweb.github.io/CEON/ontology/quantity/0.1/index.html

e Location (location) (v0.1)
https://liusemweb.github.io/CEON/ontology/location/0.1/index.html
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Conclusions

This deliverable documents the technical components released by the Onto-DESIDE project and how those fit
together to form an integrated platform that supports validating the goals of the respective use cases, as well
as the cross domain requirements derived throughout the phases of the project. The ambition is also to provide
instructions that will enable organizations external to the project, to gain an understanding of how to set up a
similar platform. By making it relatively easy to setup the infrastructure used in the project to reproduce similar
functionality, we hope to support further uptake of the technology and methods used.

This deliverable have been updated throughout the three iterations of the project, but it will never contain all
the complete instructions or the most up-to-date sources for any of the components. As the parts of what
make up the technical infrastructure develop at different speeds, the most up-to-date versions will be kept
in the respective repository connected to that deliverable or work pakage. Also, in many cases there are
software components that are not directly developed by the project but used as part of the technology stack,
these components will also be referenced through the respective repositories as to best keep up with current
versions.

The focus of this document is on providing the overview of major components of the infrastructure, and the
documentation that is needed to understand how they fit together. For this final version of this deliverable we
have also added a section on data sources and formats, this has ben done to provide an overview of the types
of formats and protocols used in validating the user stories. No actual data will be part of this deliverable, data
as part of the validation of use cases are non-public and not made available for public use.

Finally, there is a balance needed to be struck between repetition and addition. This deliverable focuses on
explaining how the differernt pieces of the architecture of Onto-DESIDE fit together on a high level, for detailed
instructions on how to setup the respective components, pointers to sources for getting hold of the most up to
date versions of that information are provided.
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Appendices

A
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Integrated releases of the Onto-DESIDE platform

Ontology

Software platform

Vi

This represents the initial release of the Circular
Economy Ontology Network (CEON) as part
of the integrated release and its corresponding
documentation. Release notes and download at:
https://github.com/LiUSemWeb/CEON/
releases/tag/v0.1.0

This represents the initial release of the Open Cir-
cularity Platform as part of the integrated release
and its corresponding documentation. Release
notes and download at:
https://github.com/KNowledgeOnWebScale/
open-circularity-platform/releases/tag/
v0.1.0

V2

This represents the second release of the Circular
Economy Ontology Network (CEON) as part
of the integrated release and its corresponding
documentation. Release notes and download at:
https://github.com/LiUSemWeb/CEON/
releases/tag/v0.2.0

This represents the second release of the Open
Circularity Platform as part of the integrated
release and its corresponding documentation.
Release notes and download at:
https://github.com/KNowledgeOnWebScale/
open-circularity-platform/releases/tag/
v0.2.4

V3

This represents the third release of the Circular
Economy Ontology Network (CEON) as part
of the integrated release and its corresponding
documentation. Release notes and download at:
https://github.com/LiUSemWeb/CEON/
releases/tag/v0.3.0

This represents the third release of the Open Cir-
cularity Platform as part of the integrated release
and its corresponding documentation. Release
notes and download at:
https://github.com/KNowledgeOnWebScale/
open-circularity-platform/releases/tag/
v0.3.2
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