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OVERVIEW
 Data -> bloodline for a business to grow, compete, and sustain.
 Traditional data processing confines value within organizational boundaries.

Opportunity for the cross-organizational services-driven value-chain system 
with win-win business model development.

 Dataspace (DS) offers an ecosystem for data sharing and reuse with ownership,  
governance, and control.

 Proposed Dataspace-at-the-Edge model for future internet and industry 5.0-
oriented cross-boundary data integration solution in local or regional contexts.
 Each organization reflects an edge that supports DS requirements and offers edge-oriented 

advantages (latency, bandwidth).

 Context enablement of the data through semantics-linked data lake and semantic adaption.
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MOTIVATION

 Pathways to build data-driven and 
cross-organization value chains, 
facilitating diverse services enablement 
and monetization opportunities.

 Challenges: lack of context and quality, 
heterogeneity, dynamic deployment, 
interoperability, security, trust, etc.

 The central Research Question (RQ): 
"How to build DS in the local context for 
developing data-driven cross-domain 
service value-chain enablement?"
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OUR CONTRIBUTION

 Expand Dataspace applicability in local or regional contexts.
  Context-aware DS at the Edge as a potential solution to allow data and 

services to be shared, reused, exchanged, and integrated with governance 
and control across domains.

  Semantics enablement of the data and associated services based on a 
context-linked data lake and semantic adaption capabilities.

 A novel service artifact methodology (A-la-Carte - ALC), consisting of a 
service catalog and relevant toolchain, is also introduced to realize such a 
DS model efficiently over a distributed edge network.
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LITERATURE FINDINGS
 DS ecosystem breaks down data silos and can promote cross-domain data 

sharing with contextual semantics.

 Realizing DS needs to address heterogeneity.
 Leverage semantics wherein ontologies represent machine-readable conceptualization
 Metadata and ontology are essential for developing semantic information to map business-level 

domain information into relevant technical-level information.

 Initiatives like the International Data Space (IDS) and GAIA-X in the EU have 
outlined architectural frameworks for DS ecosystems.

 A wide range of tools are available for distributed edge-driven semantic 
adaptation e.g., StreamPipes Connect, Plasma, RDF, NGSI-LD, etc.

 DS doesn’t control the data sources; administration falls under the individuals or 
their relevant management systems.

 Limited literature for building DS at edge in local context for cross-domain ops.
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METHODOLOGY
 Requirements specified in the local 

context and for different stakeholders.

 Data and associated operations are 
common grounds.

 Vision to extract information in diverse 
semantic contexts.

 Sovereignty and Governance to be 
ensured.

  Readily available toolchain to 
perform certain semantic operations 
over data in a context-aware 
manner.

  DS testbed development.
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REQUIREMENTS FOR EDGE-DS
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CONTEXT-AWARE DATASPACE MODEL

This framework  triggers different 
events, such as Collaboration for 
data Reusability to Innovate new 
values that can be Monetized 
through building of a Value Chain 
Network among collaborating 
Stakeholders who are inspired to 
derive value from the converged 
Data Sources.
 
Motivated by the “Onion Architecture” design and 
extension of the work done in [1] that provides an 
architectural framework for dynamic and distributed 
Edge Network operations through semantic and 
convergence layers to the traditional CED continuum.

[1] P. Singh, M. J. Beliatis, and M. Presser, “Enabling edge-driven dataspace integration through convergence of distributed technologies,” Internet of Things, vol. 25, p. 101087, 
2024. [Online]. Available: https://www.sciencedirect.com/science/article/pii/S2542660524000295



SEQUENCE FLOW FOR THE CONTEXT-AWARE DATASPACE OPERATIONS
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DEPLOYMENT 
ARCHITECTURE







A-LA-CARTE APPROACH [1] 
FOR EDGE-DATASPACE MODEL 

IMPLEMENTATION

[1] J. Sibold, “Learning” a la carte”: A theory-based tool for maximizing
student engagement.” Journal of College Teaching & Learning, vol. 13,
no. 2, pp. 79–84, 2016.
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Model Validation - I

Digitized Wind Turbine Bolt Semantic Operations Context Model

A Service engineer with Name/Employee-ID (Domain-1) performing bolt, coming with Batch-No./ID 
(Domain-2) coming from supplier with ID, tightening operation at the turbine of turbine operator or 
manufacturer with turbine ID (Domain-3) at a certain location and time with a timestamp. So, the use-case 
deals with data from three different domains namely service engineer, turbine operator, and bolt supplier



Model Validation - II
•Frontend components:

• Node-Red
• Bluetooth libraries
• Web3.js

•Backend components:
• REST API
• Blockchain (Ganache/Hyperledger 

Fabric)
•Deployment approach:

• ALC  approach
•Infrastructure:

• Kubernetes (K3s) orchestrated 
distributed edge infrastructure

• Utilizing two x86 servers:
• 8 core CPU
• 16 GB RAM
• 80 GB HDD

•Deployment setup:
• Frontend and backend components 

deployed in different namespaces
• Namespaces represent stakeholder 

systems
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CONCLUSION
 Motivation: Cross-organization data integration necessitates a DS platform at the Edge.

 Focus: Requirements for edge-enabled DS, emphasizing data integration, reusability needs, 
and integrated value-chain development.

 Innovation: Proposed a novel context-aware DS model with semantic capabilities.

 Implementation: Prototype of edge-enabled DS developed in a lab environment.

 Deployment Strategy: Dynamic deployment supported by the Aa-la-Carte (ALC) approach.

 Validation: Model validated against cross-domain semantic wind supply chain operations, 
found functionally compliant.

 Contribution: Expands Knowledge Base for realizing DS in local or regional contexts 

 Impact: Adds value in the context of evolving industry 5.0 ecosystems and future technologies 
like 6G in the internet landscape.
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THANKS & QUESTIONS?
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