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EXECUTIVE SUMMARY

This document describes the work performed in DS2 Work Package 5 until M30 of the project. WP5 focuses
on incorporating Human-in-the-loop mechanisms into the data lifecycle management process within the DS2
ecosystem. The work carried out is related to the tasks T5.1, T5.2 and T5.3 of the WP with objectives:

e 05:To produce a series of modules for the IDT of WP6 which deal with human-in-the loop functionality
in terms of language, human-centric collaboration, and conversational support agents:

o 05.1: Enable multi-cultural and multi-lingual NLP functionality with Cultural and Societal
aspects for pervasive use across DS2 ecosystem.

o 05.2:Support data consumer and data providers to assess the technical, business, operational
and organisational capabilities of participating Dataspaces in the DS2 environment.

o 05.3: Support data consumer and data providers to configure a commonly approved complex
Data Life Cycle (DLC) in the DS2 environment.

Work Package 5 has addressed those objectives through the development of the following software modules:

e Culture Language Module (CLM), that derives from Task 5.1 and covers the ontological and Natural
Language Process (NLP) aspects of DS2 and absorbs activity originally foreseen in WP6.

e Discovery, Assessment, Recommend, and Configure module (DARC) which is the LLM Chatbot, and it
is the consolidation of Tasks 5.2 and 5.3 into a single, unified architecture therefor one software
module as well as into a unified implementation plan that provides a seamless stack of functionality.

Work Package 5 includes additional non-module software development activities which are part of Tasks 5.2
and 5.3 for the creation of an interface between DARC (LLM Chatbot) and the Knowledge Base of Sovereign
Decision Support system (SDS) that serves as a provider of recommendations on security risks and mitigation
for the Recommendation and Configuration steps of the DARC pipeline. Work Package 5 also includes
additional non-software development activities on the development of a sociotechnical evaluation framework
for DARC (LLM Chatbot). The framework entails technical evaluation recommendations alongside and
informed by user needs and expectations, which are derived from engagement with future users through
surveys and workshops. This work ensures that DARC is not only technically robust but also aligned with the
diverse expectations and requirements of its intended user base.

This activity continued throughout the duration of Work Package 5 and provided both pre- and post-
assessment of the reliability, usability, accessibility and responsiveness rate of DARC (LLM Chatbot). Together,
all the Work Package 5 end products form a human-centric layer within the DS2 IDT Toolkit that enables
intuitive, trustworthy multilingual interaction with the complex backend infrastructure, ensuring ethical and
efficient configuration and deployment of data-sharing processes.

The formal WP deliverables are all software (Type: OTHER) which are not uploadable to EU Sygma, so the
software, possibly source code, documentation, detailed progress tracking are PRIMARILY on the DS2 GitHub
which will evolve and grow in content over time — see https://ds2-eu.github.io/documentation/. The online
documentation includes module overview, architecture, components descriptions, example screen shots,
information on installation and use, video, and other matters. Within this document, which accompanies the
formal software/information on the DS2 GitHub, an introduction to the WP is provided, followed by a brief
description of the different modules developed with a new “Future Aspirations” section added for each
module. Then, there is a summary of the activity and progress for each module including links to the DS2
repository. In addition to this, some WPs have other non-module and/or non-software activities which are
also reported where applicable. This is then followed by a description of KPI’s, Primary Risks, and Primary
Issues for the WP, followed by a conclusion section. There were a few risks and issues that have been
addressed and all software is operative and on track.
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1 INTRODUCTION

The WP5 suite of software delivers essential human-in-the-loop capabilities within the DS2 system. It provides
tools that assist users to interact with the system through natural language, assess Dataspace readiness, and
guide configuration of complex data lifecycles.

This includes modules for the below which are documented in Section 3 :

e DS2 Culture and Language Module CLM
e DS2 Discovery, Assessment, Recommend and Configure Module DARC

In addition, additional activities are also documented in Section 4:
e Knowledge Base interface for Sovereignty Decision Support System

Some of the narrative texts in section 3 refer to other modules in this WP, or other WPs, so corresponding
documents in other WPs may need to be referred to — namely, D3.3, D4.2, D5.2, D6.2. Similarly, modules may
refer to additional activities, particularly [DASH, PLATFORM, and DS2CON] which appear later in section 4 of
D6.2.

The technical partners involved are INTU (CLM), ATC (DARC) and UOS (Knowledge Base interface for SDS)
whilst VTT is responsible for the evaluation framework and the optimisation of LLM performance by engaging
with end users and technical partners. All DS2 users have minor resources in the WP and participated
intermittently/as necessary in meetings and/or email exchanges.

The formal WP deliverables are all software (Type: OTHER), so the software, possibly source code,
documentation, and detailed progress tracking are primarily on the DS2 GitHub which will evolve and grow in
content over time - https://ds2-eu.github.io/documentation/.

1.1 Document Structure
The document structure is as follows:

e Section 1: Introduction: Introduces the deliverable — this section

e Section 2: Module Description and overall status: High-level reminder of modules connected with the
work package

e Section 3: Software progress: Module, by module, progress

e Section 4: Additional Activities: Related activities to the scope of the WP

e Section 5: KPI, Risks, and Primary Issues: Main factors affecting progress and Status

e Section 6: Conclusion: Conclusion and next steps

1.2 Glossary and Abbreviations

A definition of common terms related to DS2 as well as a list of abbreviations is available at
https://www.dataspace2.eu/results/glossary.

1.3 External Annexes and Supporting Documents
External Documents:

e DS2 D2.2 Requirements, baselines, KPIs, Architecture & Specifications
e DS2 Communication, Dissemination, and Exploitation report (M18)

Deliverable D5.2 — IDT Toolkit Modules - Human in the LOOP - Phase I 5
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e DS2 D5.1-IDT Toolkit Modules — Human in the Loop — Phase |

e Risk identification spreadsheet

e Questionnaire: “Interaction and experience of intelligent assistance in inter-organizational data
exchange”

2 MODULE DESCRIPTION AND OVERALL STATUS

2.1 Modules

DS2 Culture and
Language

=

DS2 Data DS2 IDT Broker DSs2
Marketplace Containerisation

DS2 Model DS2 Edge-to- DS2 Data DS2 Data Share
Development Cloud Connec tion Inspection Controler
Toolkit

DS2 DRM DS2 Policy DS2 Catalog DS2 Identity

Figure 1: WP Modules and Tiers
This WP has the following modules:

Module Purpose

CLM The Culture and Language Module (CLM) provides a data consumer a better understanding

of what data offers exist both within their own Dataspace and in other Dataspaces, which may
come from different sectors or countries and in different languages. This will increase the
potential for use of a data offer. This is achieved through transformation of human language in
X shared information and queries into a rich, searchable hierarchical ontological description of the

offered data set.
DS2 Culture and
Language
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Module Purpose
DARC DARC allows to inquire, discover and assess though the conversational Ul of an Al-driven agent,

the In-Dataspace and Inter-Dataspace data-oriented capabilities and limitations of DS2
Dataspaces as well as DS2 Modules (software prerequisites and/or recommendations) which will
compose the “ideal use” scenarios/ paths that will fit the needs of the end-users. Then, to
complement this by recommending to end-users, though the conversational Ul of an Al-driven
agent, the best DS2 Modules for the implementation of the selected “ideal use” scenario/ path,
based on the outcomes of the T5.2 Module end-user interaction. Finally, to demonstrate the
autoconfiguring, through APIs, a subset of Module based on these recommendations so that they
can easily create their DS2 pipeline and start using and sharing data.

DS2 DARC

The module fit is as follows:

Data Space Support Center (DSSC) Technical Building Block Match

NC? Enahlare

Technical building blocks

cccccc

Data interoperability I Data value creation enablers

DEIER LGS Data services and offerings descriptions

Data exchange Publication and discovery

Provenance and traceability Value added services

Figure 2: Module fit

2.2 Status

In terms of the percentage tracking / status columns, these are a high-level best-estimates given by the
developers based on the detailed per-module tracking activity for features express in Section 3 and according
to the methodology identified in Annex A of the D6.1 deliverable.

Module Task Partners License Type Software  Estimated How to How to Marketing PORTAL Marketplace
Status @ Completion | Install Configure Video Helm Char Entry

[\ E{i] Month “vs “vs 0.1”
0.1” at

CLM T5.1 INTU Commercial/ 100% M30: 100% On By M30 M24 M30
Other GitHub | education
session
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Module Task Partners License Type Software  Estimated How to How to Marketing PORTAL Marketplace
Status @ Completion | Install Configure Video Helm Char Entry
M30 Month “vs “vs 0.1”
0.1” at
M18
DARC T5.2 ATC Commercial/ 100% M30:100% | On By M30 M24 M30
T5.3 Other GitHub | education

session

2.3 Major Changes/Deviations impacting this WP

e INTU resources from WP6 consolidated in WP5: As detailed in D5.1 at M18, INTU resources were
consolidated in WP5

e ATC software module development results from Task 5.2 and Task 5.3 consolidated in one module
(end product): Similarly, as stated at M18, these modules were merged

3 SOFTWARE PROGRESS

The software, documentation, and progress for the modules developed is located at the DS2 GitHub repository
accessible by the links below. These links give the current module documentation and at the top further links
to the software and module progress. At M18 the modules were still under development, and documentation
was limited to essential information and at M30 it was enhanced to reflect in-period activity. Beyond
documentation-module function synchronization, the main changes are the inclusion of short introductory
videos and changing the “How to Install” section previously reflecting non-IDT based install, to a simplified
process using PORTAL/CONT/IDT.

The framework for documentation, enhancements, and progress monitoring is identified in Annex A of WP6
deliverable “DS2 D6.2 - FEDERATED IDT PLATFORM - PHASE I1”. Progress is monitored through two-weekly
sprints with detailed highlights. In terms of the documentation, including How-Tos, API definitions etc, further
documentation harmonisation and end-to-end integration remain ongoing activities leading into WP7
validation. Modules and documentation will thus evolve as the project progresses and based on further
testing, user feedback etc.

Module Link

CLM https://ds2-eu.github.io/documentation/modules/CLM/
DARC https://ds2-eu.github.io/documentation/modules/DARC

The rest of this major section identifies for each module:

e A reminder of the architectural diagram.

e Summary table of primary feature progress based on the functionalities and status of completion at
M30 and which were defined for each module in the D2.2 Architecture annexes. Progress was
measured via bi-weekly highlight/sprints/meetings. Highlight 1 represented 2025-02-04 and highlight
10 is the last two weeks of June 2025, all reported in RP1. Highlights 11 to 35 represent the period up
to end June 2026.Also indicated in the table (in the right columns) is an expectation of when each
feature will be completed (100%) at milestones M18, 24, 30, and 36 noting that to ensure a suitable
validation plan all software should be completed by M30. Since at M18 some feature implementations
were still in-progress, and the percentages were less than 100%. Details and highlight narratives are
at the above links.

Deliverable D5.2 — IDT Toolkit Modules - Human in the LOOP - Phase I 8
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e Activity progress of the partner(s) involved in terms of features implemented noting that feature
descriptions are at the above links.

e A use case validation plan, with an example of the PORTAL below. “Default Install” (BLUE) means that
the module is either used or installed by IDT by default, whereas “Specific to Case” (GREEN) implies
its use is specific to a particular use case, for example, UC1.2 — these cases were described in D2.2 and
D7.1. A BLUE with no use case mention implies that the module will be needed/used whereas if a case
is listed it means it will be needed/used AND that formal validation will take place in that pilot.

e Changes from M18: any significant changes to the modules since M18 are briefly explained.

KEY: Default install, Specific To Case
UC = Validation UC =Validation
Module ID Precision Agriculture Green Deal City Scape
PORTAL uc2.2 UC1.1,UC1.2

e NEW: Changes from M18: Any significant changes to the module from M18 are briefly explained.

e NEW: “Future Aspirations” section added for each module illustrating relevant new imagine significant
features not explicit in the DS2 DOA. Possibly some items will be done, only if resources allow, within
the project but mainly these indicates immediate ideas for post-project activity.

Deliverable D5.2 — IDT Toolkit Modules - Human in the LOOP - Phase I
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3.1 Module: CLM - Culture and Language Module

3.1.1 Architecture Diagram

Human
generated
ontology

CLM

Knowledge

- -

The CLM module does not have a dedicated user interface; instead, it exposes its functionality exclusively
through a well-defined API. However, the underlying Knowledge Base can be edited, searched, and browsed
using standard RDF tools that provide their own Uls.

3.1.2 Sample Interface

Deliverable D5.2 — IDT Toolkit Modules - Human in the LOOP - Phase I 10
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3.1.3 Primary Feature Progress in %

A B C b E F GH I J X L MNOWPQR S T UV W X Y Z AMAEBAC AD AE AF
1 Functionality M8 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 -- M18 M24 M30 M36
2  Romanian NLP 100 100 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
3 | Romanian Tokenizer 100 100 100 100 100 100 100 100 100 100 100' 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
4 | Romanian Morphology 100 100 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
5 | Romanian POS models 100 100 100 100 100 100 100 100 100 100 100' 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
6 | Annotation of texts in Romanian for SNER 100 40 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
7 | Integration and Testing (Romanian) 100 100 100 100 100 100 100 100 100 100 100' 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
8 | Slovenian NLP 100 30 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
9 | Slovenian Tokenizer 100 30 100 100 100 100 100 100 100 100 100' 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 | Slovenian Morphology 100 55 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
11 | Slovenian POS models 85 40 40 40 40 40 40 40 40 40 40 45 50 55 60 65 65 70 75 80 80 80 8 80 8 65 85 100 100 100
12 | Annotation of texts in Slovenian for SNER 100 30 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 | Integration and Testing (Slovenian) 65 20 20 20 20 20 20 20 20 20 200 25 30 35 40 45 45 50 55 60 60 60 60 60 65 45 65 100 100 100
14  Greek NLP 100 80 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 | Greek Tokenizer 100 80 100 100 100 100 100 100 100 100 100' 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
16 | Greek Morphology 100 S0 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
17 | Greek POS models 9 55 55 55 55 55 55 55 55 55 55 60 65 70 75 80 80 8 8 8 8 8 8 8 90 80 90 100 100 100
18 | Annotation of texts in Greek for SNER 100 100 100 100 100 100 100 100 100 100 100, 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
19 | Integration and Testing (Greek) 00 70 70 70 70 70 70 70 70 70 700 75 80 8 90 95 95 100 100 100 100 100 100 100 100 95 100 100 100 100
20  Ontology Generation per domain 60 25 25 25 25 25 25 25 25 25 25 30 35 40 45 50 50 55 55 55 55 55 55 55 60 50 60 100 100 100
21 | Integration into the Catalogue 45 10 10 10 10 10 10 10 10 10 100 15 20 25 30 35 35 40 40 40 40 40 40 40 45 3B 45 100 100 100
22 | Integration into the Chatbot 100 65 65 65 65 65 65 65 65 65 65 70 75 80 8 90 90 95 95 95 95 95 95 95 100 90 100 100 100 100
23 APl 100 60 8 80 80 8 8 8 8 90 90 9 9 95 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
24 | Automated Ontology R&D 95 60 60 60 60 60 60 60 60 60 60, 65 70 75 80 8 8 90 90 90 90 90 90 90 95 85 95 100 100 100
25 | Registration Process 95 60 60 60 60 60 60 60 60 60 600 65 70 75 80 8 8 90 90 90 90 90 90 90 95 85 95 100 100 100

3.1.4 Activity

Over the second reporting period, covered by Highlights 11 to 35 (M18 to M30), INTU consolidated the
foundational components established earlier in the project and brought most of the Culture and Language
Module (CLM) to completion. Building on the groundwork required for seamless system integration, the
central achievement of the period was the iterative completion of the INTU API, which had stood at roughly
60% at M18 and was progressively hardened across successive highlights until it was fully completed in the
latest iteration. By M30 the API served as a robust and flexible interface for processing data across the system
and had become central to enabling advanced NLP capabilities, user-driven data access, and domain-specific
functionality.

These APl improvements allowed seamless interaction between system elements and structured knowledge
sources, such as ontologies and domain datasets. This facilitated data retrieval, supported semantic
enrichment, and ensured accurate, context-aware responses for downstream applications. During the period,
INTU also collaborated with other teams to expand the use of the CLM — INTU's core module — into areas
that had not originally been planned. These new applications included vetting catalogue description uploads,
managing registration, and using post-ontologization metadata to narrow search options and expedite
matches. The integration of the CLM into the G-CAT Global Catalogue, which began from a low base early in
the period, advanced steadily as these use cases matured, while the integration of the CLM into the chatbot
rose across the highlights to a high level of completion as it was exercised in successive iterations.

The Registration Process, newly developed during this period, enabled the structured onboarding of users and
use-case definitions. It collected user information, specified domain interests, and configured system
behaviour to meet specific user needs, ultimately supporting the dynamic adaptation of the NLP components
and overall system optimisation. Having started from a partial baseline at M18, the Registration Process was
raised to a near-complete state by M30, with only minor refinements remaining for the final period.

On the language-processing front, INTU implemented support for the key NLP tasks in Slovenian, Romanian,
and Greek. The NLP pipelines for these languages were extended to include tokenization, morphological
analysis, and part-of-speech models. Progress across the three languages was uneven, as reflected in the
highlight tracking. The Romanian pipeline — covering NLP, tokenization, morphology, and POS models — was
essentially complete throughout the period, and its annotation and integration-and-testing components were

Deliverable D5.2 — IDT Toolkit Modules - Human in the LOOP - Phase I 11
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finalised over the highlights. The Greek pipeline reached a comparably mature state, with its morphology near
completion and its POS models and integration-and-testing components rising steadily across the highlights
toward full completion. The Slovenian pipeline, which started from the lowest baseline at M18, was the focus
of incremental effort: its tokenizer, morphology, and POS models were progressively raised over the period,
and its annotation and integration-and-testing components, although still short of full completion at M30,
advanced consistently toward their M36 targets.

In parallel with the core NLP work, INTU worked closely with the Use Case partners to build domain-specific
ontologies and lexicons. Ontology generation per domain progressed from an early-period baseline toward its
planned completion, and automated ontology research and development advanced to a near-complete state
across the period. As part of this collaboration, INTU provided the Cluj-Napoca partner with an interface to
view document analyses. In addition, all Use Case partners received templates and training to help them build
their foundational ontologies, which were to be integrated and loaded into the system as they were finalised.

Overall, the collaborative efforts carried out across the project during M18 to M30 laid a strong groundwork
for future APl enhancements, optimised data flows, and advanced NLP model tuning. In the latter part of the
period, work remained focused on strengthening the domain-specific lexicons across all supported languages
and fine-tuning the ontologies to better serve the use cases, with the remaining items progressing toward
their M36 completion targets.

3.1.5 Use Case Validation Plan

KEY: Default install, Specific To Case
UC = Validation UC = Validation
Module ID Precision Agriculture Green Deal City Scape
CLM Ucs3.1 uc2.1, uUc2.2. UC1.1,UC1.2

3.1.6 Changes from M18

e The scope of the CLM was extended beyond its originally planned role: in collaboration with other
module teams, the CLM was applied to additional functions — vetting catalogue description uploads,
managing the registration process, and using post-ontologization metadata to narrow search options
and expedite matches — and was integrated with both G-CAT and the chatbot, supported by the
completion of the INTU APl and the addition of NLP support for Slovenian, Romanian, and Greek.

e Update the Architecture diagram (3.1.1) in the light of the architectural decision to adopt a common
vocabulary for DS2 Connectors. All participant-related metadata is now provided directly by the
connectors in a standardized format and common language, eliminating the need for additional
translation or semantic adaptation mechanisms between modules and hence the remove of the PAE
links. This approach simplified interoperability and reduced the complexity associated with metadata
harmonization.

3.1.7 Future Aspirations

Module | Who | Task | Feature Related Aspiration
ID Modules
CLM INTU | T5.1 | None N/A N/A

Deliverable D5.2 — IDT Toolkit Modules - Human in the LOOP - Phase I 12



www.dataspace2.eu

DATA SPACE | DATA SHARE

3.2 Module: DARC - Discovery, Assessment, Recommend and Configure Module

3.2.1 Architecture Diagram

I Data Space Discovery and Assesement Moduie I

I Recommend and Configure complex DLCe Module I

Interact
Request DS with Language and
Request Risk Culture Moduley Culture Module
Distribute Language
m"::.:". o0 [+ Knowisage Disambiguation
systom Processor
Stored Knowleage Transter
Perform
Search Encode Sentences LLM Core
Search Encoder
Transform
Knowiedge
Data 9
and response
LLM Manager

sona Provie st Forward Dialogs

Send

'::’:o":" Configuration process
Auto- Prompt Handler
Dialogues lj
Exchange
$end Configuration
to . e
Module Auto Al-driven Chat Bot
ul
support
\_Database )

3.2.2 Sample Interface
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DS2DARC Assistant ©

CONVERSATIONS

mCLMon  >_ Commands

0 chats Ready - 458 docs
No conversations yet Hello! I'm your DS2 Knowledge Assistant. | can help you with questions about DS2
Start a new chat to begin. architecture and dataspaces. How can | assist you today?

Ask about DS2 architecture, datasets, or dataspaces... 4
Conversations are saved automatically.

CONVERSATIONS  NCAUEEY

DS2 DARC Assistant ©

Ready - 458 docs

ClMon  )_Commands

2062 chats @ Clearal
@Atc_test_user
Antonis Mpantis

DS2 Strategy for Upcoming E! Hello! I'm your DS2 Knowledge Assistant. | can help you with questions about DS2

2messages architecture and dataspaces. How can | assist you today?

Jn3 1dago =
~ Modules Portal Logout

DS2s Outlook on Future EUD
2 me:
Jun3 1dogo
DS2 Use Cases for European [
2messages
n3 1dago
DS2 Use Cases for European [
2 messages
Jn3 1dago
DS2 Inter-sectoral DataSpace -

1dego
Overview of DS2 Inter-sectors
2messages
Jn3 1dago
DS2 Overview: European Inter
2messages
w3 1dago
DS2 Documentation Overview
2messages
n3 1dego

Ask about DS2 architecture, datasets, or dataspaces.. 4
Comversations are saved automatically
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Hello! I'm your DS2 Knowledge Assistant. | can help you with questions about DS2
architecture and dataspaces. How can | assist you today?

Hi, what is DS2?

Hello!I'm DARC, your DS2 (DataSpace 2) assistant.

What is DS2?

DS2 (DataSpace?2) is a European research project that builds a federation of interoperable
dataspaces across the EU.It is officially called the Inter-sectoral DataSpace Toolkit (IDT)
and consists of a portfolio of 21 integrated modules covering four main areas:

Data Management (e.g., Catalogue (CAT), Data Curation (CUR), Data Detection &
Transformation (DDT), Data Inspector (DINS), etc.)

Security & Trust (e.g., Data Rights Management (DRM), Identity Manager (IDM),
Edge-to-cloud Security (SEC), Policy Creation (PCR), Policy Agreement (PAE))
Infrastructure & Connectivity (e.g., IDT Broker, Portal, Edge-to-Cloud (E2C),
Multi-cloud (MCL))

Analytics & Process (e.g., Culture & Language (CLM), Model Development
Toolkit (MDT), Orchestration (ORC), Sovereignty Decision Support(SDS/SDSS))

Together these modules support the full data lifecycle — discovery, assessment, curation,
sharing, and governance — while ensuring GDPR compliance, data sovereignty, and secure,
trustworthy exchanges.

You can learn more at the project website: https://www.dataspace2.eu/

Feel free to ask about any specific DS2 module, how to discover datasets, or how to
address governance and security concerns in your data projects.

DS2 DARC Assistant © mClMon | >_ Commands Afc_test_user

Ready - 458 docs

What use cases does DS2 support?

DS2supports a broad spectrum of real-world use cases that span data sharing,
monetisation, analytics, and secure multi-cloud deployment across European public and
private organisations. The platform’s 21-module portfolio (the Inter-sectoral DataSpace
Toolkit) is deliberately built to cover every stage of a data-centric project — from discovery
to compliance, from quality assurance to Al model development.

£l DISCOVER-TYPICAL DS2 USE-CASE FAMILIES

CORE DS2 MODULES THAT

USE-CASE FAMILY R MAKE IT POSSIBLE

Cross-sector data exchange (e.g.,

R N Federated catalogue, CAT (Catalogue), CUR (Data

sharing traffic, health, or
. unified metadata, Curation), IDT Broker

environmental data between .

o o seamless data-product (connector), CLM (multilingual
municipalities, ministries, and

N offers search)
research institutes)
Data-driven public-policy & . DDT (Detection &
I Harmonised datasets, i
Green-Deal atives (e.g., Transformation), DINS (Data
. ) ) quality checks,

climate-impact monitoring, R Inspector), SEC

R ~ policy-ready B
precision-agriculture, (Edge-to-cloud Security), ORC

provenance

renewable-energy forecasting) (Orchestration)

DMK (Data Marketplace), DRM

Data Marketplace & monetisation Product registration, 8

N . B . (Data Rights Management),
(selling or licensing high-value order handling, payment ) )

) PCR (Policy Creation), PAE
datasets, sensor streams, or processing, usage X
. (Policy Agreement &
Al-ready features) tracking
Enforcement)

AI/ML model development on Secure data access, MDT (Model Development
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Feel free to ask about any specific DSZ module, how to discover datasets, or how to
address governance and security concerns in your data projects.

what modules does ds2 have?

DS2 (the Inter-sectoral DataSpace Toolkit) is built from 21 tightly-integrated modules.
They are organized into four functional areas that together support the full data-life-cycle
—from discovery and curation to secure sharing and analytics.

1. DATA-MANAGEMENT MODULES

MODULE SHORT DESCRIPTION

Publishes DCAT metadata and federates data-product offers

CAT (Catalogue)
across dataspaces.

Provides NL-to-SQL queries, automatic federation and
RAG-based enrichment.

CUR (Data Curation)

Handles product registration, ordering, payments and

DMK (Data Marketplace)
transaction tracking.

DDT (Data Detection & Performs anomaly detection, quality checks and schema
Transformation) transformation.

Enforces data-quality rules, compliance monitoring and

DINS (Data Inspector)
alerting.

DVM (Data Offers dashboards, widgets and KPI
RET (Data Discovery & Generates LLM-driven REST-API compositions and schema
Transformation) mappings.

2. SECURITY & TRUST MODULES
MODULE SHORT DESCRIPTION
DRM (Data Rights Blockchain-based ledger (Hyperledger Fabric) for immutable audit
Management) trails and GDPR-compatible rights tracking.

Manages verifiable credentials, EDC IdentityHub and wallet

IDM (identity Manager)
integration.

SEC (Edge-to-Cloud Provides DAuth2.0, tokenisation, anonymisation and end-to-end

Jout DS2 architecture, datasets, or dataspace:

3.2.3 Primary Feature Progress in %

Functionality M18 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 - M18 M24 M30 M36
Knowledge Management System 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 100 100 95 100 100 100
Internal Knowledge Base 90 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 100 100 90 100 100 100
Semantic Search 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Sentence Encoder 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Prompt Handler 100 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 100 100 100 100 100 100
LLM Manager | 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 95 95 100 100 90 100 100 100
LLM Manager Il 90 75 75 75 90 90 90 90 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 95 100 100 90 100 100 100
LLMI 60 70 70 70 70 70 70 70 70 70 70 72 70 70 74 75 75 75 75 75 75 78 85 90 100 100 60 100 100 100
LLM I 45 55 55 65 70 70 70 70 70 70 70 70 70 75 75 75 75 80 80 80 80 85 88 93 100 100 45 100 100 100
LLM 1T 45 55 55 65 65 65 65 65 65 65 65 65 65 65 65 65 65 70 70 70 70 75 80 87 95 100 45 100 100 100
Ontology Processor 30 30 30 30 30 35 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 50 60 75 93 100 30 100 100 100
Multilingual Support 30 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 20 40 65 88 100 30 100 100 100
Auto-configuration | 5 5 5 5 5 15 30 30 50 50 50 50 50 50 50 50 55 55 60 70 70 70 75 85 95 100 5 100 100 100
Auto-configuration Il 5 5 5 5 5 10 10 10 50 50 50 50 50 50 50 50 50 50 50 50 50 50 60 70 88 100 5 100 100 100
Auto-configuration 1l 5 5 5 5 5 10 10 10 50 50 50 50 50 50 50 50 50 50 50 50 50 50 60 70 88 100 5 100 100 100

3.2.4 Activity

During the period covered by Highlights 11 to 35 (M18 to M30), development shifted from establishing DARC's
core backend toward maturing its discovery, recommendation and assessment capabilities and delivering an
integrated, deployable and validated assistant. Whereas the earlier highlights had concentrated on standing
up the foundational services, the work in this period was directed at raising each tracked functionality toward
completion and at proving the module in an end-to-end setting. Continued LLM fine tuning improved discovery
results across successive highlights, while new retrieval and metadata extraction techniques progressively
strengthened the recommendation and assessment outputs. This was supported by enrichment of the Internal
Knowledge Base with additional DataSpaces context early in the period, after which it was maintained at a
near-complete state through to its finalisation.

An initial configuration capability was introduced during this period, including the retrieval of "how to install"
information for DS2 modules. Building on this, DARC was deployed on the project virtual machine with
updated specifications and installation steps and was packaged using Helm charts to support repeatable
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deployment. The module was exercised through buddy testing and use case testing, and the defects identified
during that testing were resolved as they arose, so that the deployment path became progressively more
stable across the later highlights.

DARC's update information endpoints were defined and implemented, with response fine tuning applied to
optimise the output delivered to end users. In parallel, integration was established and tested with the DS2
Global Catalogue (G-CAT) — including additional metadata that was newly exposed to DARC during the period
— and with the Knowledge Base of the Sovereign Decision Support System (SDS). The SDS integration was
validated against the latest public Spyderisk instance to confirm that the recommendations and risk
information consumed by DARC remained consistent with the reference implementation. These integrations
matured over successive highlights, moving from initial connection and exchange toward fully tested,
dependable interfaces by the end of the period.

Auto configuration of DS2 modules (variants |, Il and lll in the Primary Feature Progress table) was investigated,
implemented, refined and tested against the PCR (deployment) module, with responses fine-tuned on the
information returned by SDS and G-CAT. Each variant advanced from an early, partial state at the start of the
period toward full functionality, and a dedicated DARC validation instance and environment were prepared
and used for the validation campaign so that the behaviour of each variant could be confirmed under
representative conditions. In the final highlights, the remaining components — the Ontology Processor, LLM
[ll, Multilingual Support and all three auto configuration variants — were brought to completion, closing out
the items that had still been in progress earlier in the period.

By Highlight 35, all DARC module functionalities tracked against the implementation plan had reached 100%
completion, meeting the M30 target. The consolidation of Tasks 5.2 and 5.3 into the single DARC module was
maintained throughout, under one unified architecture and implementation plan, so that discovery,
recommendation, assessment, configuration and auto configuration were delivered as a coherent stack rather
than as separate strands of work. Overall, DARC was delivered within the reporting period as an integrated,
deployable and validated assistant, with all planned functionality completed.

3.2.5 Use Case Validation Plan

KEY: Default install, Specific To Case
UC = Validation UC = Validation
Module ID Precision Agriculture Green Deal City Scape
DARC Uc3.1 uc2.1,uUC2.2 UC1.1,UC1.2

3.2.6 Changes from M18

e None. Development followed the architecture and implementation plan established at M18; Tasks 5.2
and 5.3 continued to be delivered as a single DARC module.

3.2.7 Future Aspirations

Module | Who | Task | Feature Related Aspiration
ID Modules
DARC ATC T5.2 | End-to-end auto-configuration & None Future Feature Nice to have
& orchestration, extend auto-config
T15.3 | from a subset of modules to the full
recommended stack in a single flow
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DARC ATC T5.2 | Post-deployment monitoring & None Future Feature Nice to have
& conversational troubleshooting,
T5.3 | DARC diagnoses and helps fix issues
in arunning pipeline, not just at
setup

4 ADDITIONAL ACTIVITIES

4.1 Knowledge Base interface of Sovereign Decision Support System

As reported at M18, the purpose of the Knowledge Base interface of the Sovereign Decision Support system
(SDS) is to receive input from DARC, the LLM-based Chatbot, regarding the generic description of a deployment
scenario or configuration of DS2 modules. Based on this input, the interface provides output in the form of
recommendations and advice on potential risks, so that users can be aware of them before deciding whether
to proceed with the proposed configuration. To enable this interaction, the Knowledge Base interface exposes
a REST API, making specific data from SDS accessible to DARC.

In this phase, the activity focused on implementing, testing, and refining the interaction between DARC and
the Knowledge Base interface, building on the design completed in the previous milestone.

Test cases were used to verify that user inputs collected through DARC were correctly translated into
structured JSON requests and processed by the Knowledge Base, and that the output of the SDS was relevant
for the ChatBot. The test cases also supported the debugging of the input-output flow.

The process included refinement of the interface and of the admissible values for the different fields.

Finally, on the ChatBot side, the output was reviewed to ensure that risk levels, advice, and recommended
control strategies could be clearly presented to the end user.

4.2 DARC sociotechnical evaluation framework

In this phase of the project, the results from the “Needs and requirements for intelligent assistance in inter-
organizational data exchange” survey and workshop, which were held in the previous phase, were translated
into detailed technical evaluation recommendations for the DARC conversational agent. These
recommendations were provided to ATC, the agent developer, to support further development and evaluation
of the system.

Building on this work, a second study, “Interaction and experience of intelligent assistance in inter-
organizational data exchange” was designed, prepared, and launched. This study focuses on evaluating user
experience of the DARC conversational agent. Participants were asked to interact with the agent across three
tasks: first, getting to know DS2 and its software modules; second, inquiring about and searching the data
available to the user; and third, inquiring about and learning how to share data using the DS2 modules. After
completing a conversation, participants are asked to fill out a survey assessing their experience with the
conversational agent.

The second study, "Interaction and experience of intelligent assistance in inter-organizational data exchange",
is led by VTT and was launched on 12 May 2026 (M29) at the DS2 plenary, where VTT presented the roll-out
and issued the invitation to participate to consortium partners and their end-user contacts. Data collection
from human participants, alongside the persona-based synthetic runs ended on 16 June 2026. The results
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associated with end-user interactions; including the analysis used to measure KPIs 5.2, 5.4, 5.5 and 5.7 and
the comparison between human and persona-based participation; will be reported in the forthcoming WP7
deliverable (D7.5 Sector & Intersector Joint Pilots -Establishment, Implementation, Validation, and KPls
Report). This was agreed at consortium level: WP7 is the validation work package, and that deliverable will
consolidate the relevant KPI results from across the work packages in a single place, whereas the present
deliverable reports WP5 module development and status at M30. The timing of the study also supports this
approach, as it entered the field at M29 and mature, analysed results are therefore not yet available at the
cut-off for this deliverable"

In parallel, the results from the “Needs and requirements for intelligent assistance in inter-organizational data
exchange” survey and workshop were used to derive representative user personas from which participation
in the second study could be simulated and synthetic data generated to support the DARC conversational
agent’s assessment. The personas used in the experiment were developed via clustering based on the results
of the needs and expectations survey and qualitative refinement. A system to assign personas to a select set
of open and closed large language models was developed to facilitate simulated conversations and
assessments. The resulting persona-based agents perform the same study as human participants: interacting
with the DARC conversational agent over the three defined tasks and then filling the same assessment survey
based on their interaction. Baseline interactions are conducted using the selected set of LLMs with no assigned
personas. Then interactions using the LLMs with assigned personas are carried out. Each baseline and persona-
based configuration are run multiple times, creating a database of synthetic study participation.

The next steps of this work will be to analyse the results from both human participation in the study and the
synthetic data produced from the persona-based agents’ simulated participation, and to compare the two.
This comparison will be used to assess whether persona-based simulated participation can provide a reliable
way to supplement evaluation studies in contexts where it is difficult to obtain large volumes of human
responses. Results from human participation in the study will be used to measure KPIs 5.2, 5.4, 5.5, and 5.7.
Following this analysis, two papers will be prepared: one focused on the Al persona-based evaluation
experiment, and one focused on the broader socio-technical evaluation process for assessing conversational
and user-facing Al agents like the DARC conversational agent.

Links:

e “Interaction and experience of intelligent assistance in inter-organizational data exchange” survey

5 KPI, RISKS, AND PRIMARY ISSUES

KPI Status:
KPI ID Description Status
KP15.1 Multi-cultural / multi-lingual user trials undertaken with different On track: Ontology and lexicons in target languages
nationalities using DEC SUS4 to evaluate usability and acceptance. developed.
Respondents from all groups confirm that the prototype enables them to
share, find and use data.

KP15.2 Acceptance of the Conversational Agent by end users with respect to On track: New installation of the Al Agent available

functionality and usability. for the second survey and LLM evaluation.

KP15.3 Number of users involved in DS2. Achieved: 21 end users; Validation method: end user
needs and requirements/ pre-evaluation survey
conducted.

KP15.4 Understanding capabilities of complex DLC.* On track: R&D progressing as planned (T5.2/T5.3);
evaluation via Al Agent survey started at M29.

KP15.5 Acceptance of the Conversational Agent by end users with respect to On track: Workshop outcomes being integrated into

functionality and usability. development.
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KPI ID Description Status

KPI 5.6 Number of users involved in DS2. Achieved: 21 end users; Validation method: end
user needs and requirements/ pre-evaluation survey
conducted.

KP15.7 Understanding capabilities of complex DLCs.* On track: R&D progressing as planned (T5.2/T5.3);
evaluation via Al Agent survey to start M29.

Note

* The wording coincides because the two tasks share the same end-user objectives (acceptance of the
agent, number of users involved, understanding of complex DLCs), and the tasks were consolidated
into the single DARC module, so both KPI sets now sit against one module and read as repeats.

Primary Risks (Those in DS2 Risk Register whose likelihood/impact are both > Low):

‘No case study on same domain across languages or data types’ Related to CLM module. None of the
case studies have similar issues in which DS2 can demonstrate that information in one case
corresponds to information in another space but in different languages. DS2 created a virtual
Dataspace data to demonstrate the cross-linguistic element. Closed, this capability was demonstrated
with the G-CAT module. It can be expanded if the partners provide further relevant documents in the
different languages.

‘Privacy or other constraints in providing data’. Related to CLM module. Closed/ did not occur. Privacy
should be addressed at the level of the submission of the data that the CLM is accessing. The decision
on what to expose to external users belongs to the original owners of the data.

‘The chatbot has to be built on the basis of a search mechanism and only then implementation of the
NLP’. Related to CLM and DARC module interfacing. Closed, The CLM now includes its own process for
fine-tuning the queries as they arrive from the chatbot.

‘Failing to understand the human-centric aspects of complex DLCs is very critical for the successful
implementation of the Conversational Agent’. Related to DARC module. Closed. The conversation
using the CLM was demonstrated in Month 18 and has been substantially improved. It will be
enhanced in the next months.

‘Many of the queries can be dealt with in simple ontological wizards - this may turn out too late’
Related to DARC module. Closed, the ontological wizard is available and accessible (the INT search
engine).

‘Trying to achieve near-perfect status will introduce biases in the training of the Conversational Agent;
not be useful in multiple contexts’ Related to DARC module. Closed / did not occur. The risk did not
materialise during the period and where needed it can be mitigated by fine-tuning the model, so it
remains controllable in the contexts addressed.

‘Limited initial input for the module configuration and auto-configuration functionality for DARC'.
Related to DARC module. Closed. Sufficient input became available as the configuration and
auto-configuration functionality matured to completion, so the limitation that gave rise to this risk no
longer applies.

‘Limited technical and domain-specific lexicon/ vocabulary for better organisation/ optimisation of
dataspace information for CLM’. Related to CLM module. Closed. This was addressed during the
reporting period (M18-M30) by collecting the relevant information from the use cases.

Primary Issues:

No primary issues to report.
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6 CONCLUSION

This deliverable presents an overview of the progress achieved in WP5 during the first 30 months of the
project. It focuses on the development of software modules that enable multilingual interaction, ontology-
driven processing, and intelligent guidance for Dataspace interoperability and DS2 module configuration. Full
technical details and source code are maintained in the DS2 GitHub repository, as referenced in Section 3. Also
added at M30 was the “Feature Aspirations” for each module.

The deliverable also includes a summary of the WP5 KPIs and a risk table covering potential issues identified
during the development period. All modules have been completed, with some benefiting from extended
functionality that enhances their impact within the DS2 ecosystem. No critical risks have been encountered,
and full implementations of all components are operational.

WP5 continued to follow the Agile methodology adopted across WP3—6, operating on a two-week sprint cycle
with regular coordination meetings and reporting milestones. This process is only documented in the annex
of WP6 (equivalent to this deliverable) but applies to WP3, 4, 5, and 6.

During this final period, the focus was on enhancing the capabilities of the CLM and DARC modules and
finalising the interface between SDS and DARC. This included improving the precision of semantic processing,
expanding support for domain-specific concepts, advancing auto-configuration logic to better assist end users,
and developing the GUI of DARC. Collaboration with users and other module owners, combined with iterative
testing, ensured these modules deliver effective and reliable support across the DS2 environment.

The DS2 GitHub repository will continue to serve as the central resource for software updates and supporting
documentation.

In summary, WP5 has met and, in several aspects, exceeded its objectives.
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