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1 Introduction 

Currently, each initiative within Manufacturing-X is responsible for its own test environment, 
resulting in a diverse technology stack that may lead to compatibility challenges. When 
components and business applications across different initiatives are tested for the same use 
case, these fragmented environments can create significant obstacles, preventing seamless 
integration and consistent functionality. 

The central objective of this whitepaper is to ensure interoperability across all Manufacturing-
X initiatives. Importantly, while there should not be a single instance of a test environment, 
there must be a unified understanding of what constitutes a test environment within the context 
of data spaces. This approach allows each test environment to maintain a common 
foundational base, ensuring that testing is harmonized and consistent across initiatives, while 
still allowing individual enhancements where necessary. 

1.1 Definition 

In the context of Manufacturing-X initiatives, the definition of a test environment within data 
spaces is critical to ensure a common understanding throughout all initiatives.  

 

1. Centralized IT Infrastructure: 
The test environment consists of a centrally managed IT infrastructure, which is 
accessible to participants within a Manufacturing-X initiative. This centralized 
approach ensures that all stakeholders operate within a standardized framework, 
facilitating consistency and reliability in testing processes. 

2. Provision of Shared Services and Technical Base Components: 
The test environment provides essential shared services and technical base 
components specific to a data space. These components form the backbone of the 
test environment, enabling participants to efficiently execute tests without needing to 
develop their own foundational elements. 

3. Integration Testing: 
One of the primary functions of the test environment is to conduct integration tests 
between shared services and decentralized applications. This process ensures that 
various systems and applications can effectively communicate and function together, 
which is crucial for the harmony and efficiency of interconnected systems across 
different initiatives. 

4. End-to-End Testing: 
The test environment also serves as a platform for executing end-to-end (E2E) tests 
of data space-specific business processes. These tests validate the complete flow of 
operations within the data space, ensuring that processes are robust and meet 
expected performance criteria from start to finish. This encompasses interoperability 
testing both between different applications addressing the same use case and across 
applications that are sequentially or hierarchically composed. 

5. Testing Approach within the Data Space Context: 
In the data space context, testing is conducted against the test environment rather 
than on the test environment. This distinction emphasizes the role of the environment 
as a benchmark or standard against which applications and processes are 
measured, rather than merely a host for testing activities. 
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6. Test Environments help developers to understand the mechanics of data 
spaces: 

Data spaces are inherently complex, which often poses a significant barrier for new 
developers wishing to contribute to the open-source community. Test environments 
provide a safe “playground” where the underlying mechanics and specific 
characteristics of data spaces can be explored. In this way, they facilitate onboarding 
for both developers and users. 

7. Test Environments as a reference implementation 

Test environments can serve as a reference implementation for open-source–based 
data spaces. Such an implementation provides a common benchmark to ensure that 
applications and data spaces are interoperable. In the future, applications registered 
in a data space should also be functional within the reference environment, including 
the handling of identities and the registration of Eclipse Dataspace Connectors (EDCs) 
or APIs in non DSP/DCP scenarios. By testing applications against this reference, 
compatibility with the standard can be validated. This is particularly important for 
ensuring interoperability across different operating companies and for testing cross–
data space communication. 

 

1.2 Classification of Environments 

 

Classification Abbreviation Description  

Development DEV - central Environment where product teams develop shared 
services. Usually comes with integration to GitHub. Used 
for single component tests and unit testing.  

Development DEV - local Same as DEV environment but locally deployed via 
Umbrella Helm Charts 

Explore and Learn EXP Playground where explorative learning can be 
performed in an isolated manner. Configuration can be 
changed. Targeted towards interested parties, new data 
space initiatives. Easy and non-regulated setup 

Test (Integration) INT Environment in which various data space components 
can be tested in an integrative manner by the product 
teams to validate that their components work in a data 
space environment. Can also be used for E2E tests 
between Business application – shared services – 
Business application. Usually based on the current 
release 

Stable STB A stable environment, which is based on the latest stable 
release. Often used for business application testing or 
for Demo purposes.   
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Pre-Production PRE Environment represents a production-like environment 
for final user acceptance test and tests with customer or 
partners. 

Production PRD Productive environment where productive data is 
exchanged in a secure, trusted and stable environment 

 

1.3 Staging Concept 

A staging concept is necessary to ensure the most stable development and operation possible.  

From the consortium's perspective, a local development environment is required for the 
development of core services and the portal, in which individual developers can implement 
their new developments. The completed backlog items are made available for developer 
testing via the build pipeline in the development landscape.   

The acceptance tests for the current release (v2) are carried out in conjunction with the use 
cases on the E2E integration test landscape.   

The stable landscape contains the tested and accepted previous release (v1), which can be 
used for further development of use cases that require stable core services. 

This may temporarily result in release v1 being in the Stable Landscape, release v2 being 
tested in the E2E Integration Test Landscape, and the further development of release v3 
already taking place in the Development Landscape. 

 

After completion of the E2E tests, the Operating Company takes over the release (v2) in the 
Pre-Production Landscape, adapts it as necessary (e.g., hardening and design), and makes 
it available again for testing by its data space customers.  

The actual data exchange with confidential, productive data from the data space participants 
takes place in the operating company's Production Landscape. These follow the release 
calendar specified by the operating company. 

 

The Learn & Explorer landscape should ideally be based on a stable consortium release to 
provide an easy way for existing or new MX initiatives to evaluate existing and new use cases. 

 

Ideally, the Use Case development environments should be able to map the landscapes of 
the consortium and the operating company and support different software releases. In line 
with this, a development, test, pre-production, and production landscape should be available 
in addition to a local development environment. 
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Figure 1: Staging Concept 

2 Architecture 

2.1 Minimal Viable Test Environment 

Within Manufacturing-X, various initiatives and use cases result in a diverse set of shared 
services and business applications, leading to multiple possible combinations for a test 
environment. Despite this diversity, all test environments should maintain a similar structure 
and include a set of mandatory services. Consequently, the concept of a minimal viable test 
environment (MVTE) has been established, which serves as the foundational setup for all 
other test environments within Manufacturing-X. 

The MVTE comprises three distinct entities: the data provider, data consumer, and test 
environment provider. Both the data provider and data consumer are decentralized entities 
responsible for their respective business applications, identity management, and connectors. 
Typically, the connector and identity services are managed by either the data provider or 
consumer. However, for simplicity and to facilitate a swift start for non-technical business-
centric entities, the test environment provider can assume responsibility for these services. 

The test environment should encompass all shared services required for the project. Core 
services should remain consistent across all Manufacturing-X projects, such as the identity 
issuer. Additional services may vary based on the specific needs of individual X-projects. 

Additionally, the test environment provider should oversee the onboarding and offboarding of 
project partners and testing parties, ensuring a smooth transition and effective management 
throughout the testing phase. 
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Figure 2: Minimal viable test environment 

 

2.2 Target Setup of Test Environments in Manufacturing-X 

In this whitepaper, we recommend against adopting a single test environment for all X-projects 
due to the unique focus, technology stack, use cases, and development pace inherent to each 
project. Instead, our vision embraces the coexistence of multiple test environments, allowing 
each project to freely select its preferred provider. This approach also permits simultaneous 
connections to multiple test environments, facilitating cross-testing and interoperability 
assessments if these actions align with the project's goals. 

Another reason for this multi-environment architecture is the distinction between different 
focus areas, as described in the previous chapter. Depending on the project and company 
goals, it may be beneficial to use a test environment with either a technical or a business-
oriented focus. 

For X-projects aiming to develop or enhance their own shared services, it is essential to secure 
a dedicated environment for development and testing prior to a public release (refer to test 
environment C). 

Moreover, there is the flexibility to engage with third-party test environment providers, which 
are not tied to any specific X-project. These providers are especially beneficial for companies 
involved in several X-projects. 
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Figure 3: General target setup of test environments in Manufacturing-X 

 

2.3 Reference Architecture Tractus-X 

As outlined in the previous section, the reference architecture provides a conceptual 
framework for building data spaces, with clearly defined roles, stages, and interaction patterns. 
Tractus-X, as the open-source reference implementation of Catena-X, translates this 
framework into a concrete technical stack and operational ecosystem. While it remains closely 
aligned with the reference architecture, Tractus-X introduces several specific realizations and 
extensions. 

Key aspects of this implementation include: 

• Service Realization: Functions such as identity and credential management, contract 

negotiation and data transfer processes are implemented through concrete open-

source components (e.g., Keycloak for IAM, HashiCorp Vault for secrets, and the 

Eclipse Dataspace Connector for negotiation and transfer). 

• Operational Processes: The abstract phases of configuration, negotiation, and data 

exchange are mapped to executable APIs and well-defined workflows, providing 

developers with a clear and testable path to implementation. 

• Governance and Onboarding: The generic role of an operating company foreseen in 

the reference model is implemented in Tractus-X through managed wallets, 

registration and administration services, thereby realizing governance structures within 

the technical landscape. 
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• The Role of KITs 

A distinguishing feature of Tractus-X is the introduction of KITs (Knowledge, Integration, and 
Technology modules)1. KITs represent structured entry points into the ecosystem, tailored to 
different stakeholder needs and maturity levels. They are organized along different views: 

• Adoption View: Vision, mission, business values, and tutorials that lower the entry 

barrier and communicate the broader value proposition. 

• Development View: Specifications, semantic models, protocols, and reference 

implementations that enable developers to build compliant and interoperable solutions. 

• Operation View: Deployment scripts, setup guides, and sample data that simplify the 

practical rollout of components. 

KITs reduce complexity for newcomers, while also enabling targeted collaboration. External 
projects and organizations can either create their own KITs or extend the existing ones based 
on their use cases and business requirements, thereby strengthening Tractus-X while 
simultaneously aligning their contributions with the overall architecture. 

  

By bridging the conceptual model of the reference architecture with concrete services and 
modular KITs, Tractus-X demonstrates how federated data space standards can evolve into 
a functioning, collaborative, and extensible ecosystem. 

 

 

Figure 4 Different views of the KITs [Source: https://eclipse-tractusx.github.io/Kit-Deepdive] 

  

 

 

 

1 More Information in the KITs can be found here: https://eclipse-tractusx.github.io/Kits 
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3 Test Environment Focus Areas 

The term "data space" is a broad term that covers various aspects, such as technical protocols, 
additional technical implementations, business processes like onboarding and issuing 
identities, governance, and more. 

While all X-Projects within Manufacturing-X share a common core, they may differ in specific 
areas of focus throughout their lifecycle. Similarly, test environments can vary in their areas of 
emphasis. The following chapters will provide more details on some of these focus areas. 

3.1 Technical Focus Area 

A test environment with a technical focus aims to help developers and software architects 
familiarize themselves with the technical components of a data space without the complexity 
of onboarding or clearance processes. Participants should be able to easily understand and 
examine all necessary technical elements needed for data exchange. Ideally, the test 
environment provider will offer mandatory components in a quick and straightforward manner. 

Developers should have the opportunity to explore and comprehend most services and their 
orchestration within the data space, either through access to open-source resources or 
thorough explanations provided by the test environment provider. To simplify onboarding, the 
provider may offer decentralized components directly to participants, enabling quick trials and 
a better understanding of the underlying technology. 

While this type of test environment might be far from a productive, managed scenario, it is 
particularly suitable for implementing initial Proofs of Concept (PoCs) or developing early 
integration scenarios with minimal dependencies. An example of this test environment type is 
the "Learn and Explore" setup, used by various Manufacturing-X initiatives as an introductory 
platform to familiarize themselves with data space technologies. 

The following diagrams illustrate the general architecture and sequence within this test 
environment. 

 

Figure 5: Component Diagram Learn and Explore Environment 
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Figure 6: Sequence Diagram Learn and Explore Environment 

3.2 Business Driven Focus Area 

While technical test environments primarily focus on validating components, interfaces, and 
standards, the Business-Driven Focus Area addresses the business requirements associated 
with the adoption and scaling of data spaces within industrial value networks.  

The main objective of this perspective is to ensure that test environments reflect not only 
technological compatibility but also the economic and organizational feasibility of data space 
operations. It thereby builds a bridge between technical standards and real-world business 
processes. 

Key areas of focus: 

1. Business Process Validation 

Test environments should simulate real, cross-company business processes (for example 
supply chain, quality, or sustainability data exchange) within a controlled yet realistic setting. 
This enables early validation and standardization of business cases and value-creation 
models. 

2. Onboarding and Collaboration Journey 

Beyond technical integration, test environments evaluate the participant's journey from 
registration and identity management to participation in data exchange processes. A 
structured onboarding process is essential for enabling new participants to seamlessly and 
securely join existing data spaces. 

3. Governance and Role Models 
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The business perspective also considers organizational and regulatory aspects such as data 
sovereignty, contract management, compliance, and liability. Test environments act as a 
sandbox for experimenting with corresponding governance models and operational 
procedures. 

4. Interoperability from a Business Perspective 

While technical interoperability is a prerequisite, sustainable value emerges only when 
business interoperability is achieved through aligned roles, responsibilities, and semantic 
understanding. The Business-Driven Focus Area ensures that these dimensions can be tested 
and validated. 

5. Scalability and Industrialization 

Business-oriented test environments lay the foundation for transitioning successful pilots into 
operational business models. This includes defining reusable processes, establishing 
measurable KPIs, and creating reference workflows that support the industrialization of data 
space services. 

The Business-Driven Focus Area ensures that test environments are not isolated technical 
instances but integral elements of value creation within the data space ecosystem. They 
enable the validation of business requirements, governance models, and economic potential 
alongside technical standards, which is an essential step toward the sustainable adoption and 
scaling of Manufacturing-X initiatives. 

3.3 Focus Area without DSP/DCP 

The Manufacturing-X topic group "Data Exchange" is actively discussing MX-Port 
configurations, which do not use the DSP/DCP protocol and therefore require a setup that 
differs from other configurations for the test environment. MX-Port configurations, such as Leo, 
emphasize AAS-driven data exchange, enabling this method without the reliance on self-
sovereign identities or EDC-based connectors. Despite these differences, the fundamental 
principles of the test environment setup remain consistent. 

Centralized shared services, which are deployed once, will be hosted by the test environment 
provider and made accessible to multiple participants within the X-project. In contrast, services 
and applications specific to individual data providers or consumers will be hosted in a 
decentralized manner. 

Because of the strong AAS focus of these MX-Port configuration, collaboration and 
consumption are more concentrated on the open-source projects AASPE, FA3ST, and BaSyx 
rather than on Tractus-X. 

This approach underscores the necessity for multiple, architecturally aligned — though not 
identical — test environments across the entire Manufacturing-X project landscape. 

It is important to note that this chapter provides only the test environment perspective on the 
MX-Port configuration. For a comprehensive description and architectural overview, please 
refer to the corresponding whitepaper Factory-X MX-Port Leo Whitepaper2. 

 

 

2 https://factory-x.org/wp-content/uploads/MX-Port-Configuration-Leo.pdf 

https://factory-x.org/wp-content/uploads/MX-Port-Configuration-Leo.pdf
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Figure 7: Minimal viable test environment without DSP/DCP 

4 Service Map 

4.1 Working with Open Source Software(Tractus-X) 

4.1.1 Collaboration in Open Source Projects 

Eclipse Tractus-X is the official open-source project (e.g. Catena-X ecosystem is based on 
this project) under the umbrella of the Eclipse Foundation.  

Currently, Tractus-X offers a comprehensive service map specifically developed for data 
spaces. Therefore, it is logical that test environments rely on these services if they are 
necessary for their specific MX-Port configuration within the project.  

For this reason, Tractus-X is used as an example to explain the general collaboration model 
in open-source projects, along with the associated release process and service map 

Principles of Collaboration (Eclipse Foundation Development Process and Project 
Handbook) 

Openness and transparency: Decisions, discussions, and artifacts are conducted 

publicly and in a traceable manner. 

Meritocracy: Contributions count; committer status is based on demonstrated 

performance and commitment to the project. 

Roles:  

Contributor: Contribute (code, documentation, issues, reviews). 

Committer: The project’s “key holders,” responsible for quality and delivery. Duties:  

Act in an open, transparent, and meritocratic manner. 

Write code and other project content directly into the repository. 

Review contributions (merge/pull requests). 

Participate in the Intellectual Property Due Diligence Process. 



Whitepaper Topic Group Test Environment  

15 
 

Nominate new committers and vote in elections. 

Participate in project planning and represent the project externally. 

In GitHub repositories, committers have the write role. 

Project Lead: Leads and coordinates the project, supporting governance and 
decision-making. 

 

Contributing: Ways of Working and Quality Assurance 

How to contribute: Contributions include code, documentation, creating/resolving issues, 

and supporting discussions.  

Code reviews: Defined guidelines and mandatory steps for high-quality reviews and safe 

merging.  

Issue tracker: Use of the Eclipse infrastructure for various purposes (bug tracking, tasks, 

requests).  

Recommended tooling: Tool selection aligned with community principles and project 

requirements (efficiency, openness, traceability) 

 

Communication and Community Channels 

• Developer mailing list (mandatory): Central announcements, questions, and 
discussions. 

• Matrix chats: General TractusX room and security room for exchange and quick 
alignment. 

• Open meetings:  

o New Joiner – Office Hour for getting started. 

o Community Office Hour (Fridays) to engage with the community. 

o Eclipse Office Hours (calendar in GMT) to interact with the Eclipse Foundation. 

 

Governance, Releases, and Documentation 

• Developer Hub: Central entry point for developers; explains implications of being an 
Eclipse project, contribution tips, and rules for releases. 

• Tractus-X Release Guidelines (TRGs): Binding specifications for release processes 
and the coordination of versions and artifacts in the project. 

• Documentation links: Project overview, GitHub organization, developer mailing list, 
general chat, and other Eclipse Foundation resources. 

Infrastructure, Support, and IP Compliance 

• Infrastructure self-service:  

o Request extended contributor permissions. 

o Create/manage repositories in Eclipse Tractus-X (Otterdog self-service). 

• Support:  

o Eclipse Foundation Helpdesk for general support. 
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o Helpdesk/IP Lab for IP reviews and tracking of IP checks. 

• Intellectual Property Due Diligence:  

o Mandatory part of the development process; ensures legal compliance of 
contributions and artifacts. 

o Committers are involved in IP reviews and are responsible for compliance. 

o  

Artifacts and KITs as Drivers of Collaboration 

• Reference implementations and KITs: Provide building blocks, semantic models, and 
guidance to develop interoperable solutions faster and put them into production. 

• Tutorials (mandatory for “Graduated”): Step-by-step guides (video or written) for using 
a KIT. 

• Whitepapers (optional): Objectives, problem space, solution approaches, and 
recommendations related to KIT use cases. 

• Semantic Models (mandatory for use-case-related KITs, “incubating”): Structured data 
models with semantic meaning to ensure interoperability. 

 

4.1.2 Industrialization of Open Source Services 

Industrialization of open-source services allow to transform open-source components, tools, 
platforms, or products into standardized, secure and scalable enterprise services, which is 
crucial to meet standards for security, compliance, scalability, availability and support.  

Organizations increasingly rely on open-source technologies, but unstructured and 
inconsistent adoption often leads to operational complexity, security gaps, and compliance 
risks. The industrialization of open-source services addresses these challenges by providing 
a standardized and strategic approach that aligns technology usage with business needs. It 
enables enterprises to increase standardization across teams and environments, which 
reduces fragmentation and minimizes risk. Furthermore, industrialization ensures that open-
source services operate with enterprise-grade security, reliability, and compliance. This 
approach lowers operational costs by preventing redundant or unmanaged deployments and 
significantly boosts developer productivity by offering ready-to-use, secure, and well-governed 
platforms. Ultimately, the primary driver is the desire to accelerate digital transformation while 
maintaining strong cost efficiency, regulatory alignment, and technological agility. 

Security and hardening are at the heart of industrializing open-source services, ensuring that 
these technologies can be safely adopted at scale. Industrialization embeds a security-first 
mindset. Open-source services are delivered with hardened, secure-by-default configurations, 
which include strict authentication and authorization controls, encrypted communication, 
disabled default accounts, and production-ready network policies.  

In addition, automated security tooling is integrated throughout the lifecycle. This includes 
static and dynamic code scanning, container and dependency vulnerability checks, runtime 
threat detection, and automated patch orchestration. Platforms are further protected through 
hardened container images, enforced non-root execution, centralized secrets management, 
immutable audit logging, and zero-trust networking principles. This holistic approach 
dramatically reduces exposure to vulnerabilities and configuration errors, enabling 
organizations to adopt open source without compromising security or compliance. 
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4.1.3 Release process in Tractus-X 

Eclipse Tractus-X follows a structured release cycle, delivering four releases annually. It has 
an overarching qualification process that all official quarterly Tractus-X releases adhere to. 
Each release encompasses several key milestones: 

• Refinement Phase: Initial discussions to outline and prioritize features for the 
upcoming release. 

• Alignment Day: Collaborative sessions to refine feature requirements and identify 
dependencies. 

• Open Planning Day: Continued refinement, planning of the intended work content for 
the next release 

• Feature Freeze: A cutoff point where feature definitions are solidified, allowing for 
adjustments before finalization. 

• Test phase: End-2-End tests for all products included in a release 

 

Open-source products are required to fulfill the Tractus-X release guideline(TRGs) and take 
part in the test phase to be part of a quarterly Tractus-X release. 

 

For detailed timelines and specific dates of these milestones, refer to the sig-release 
milestones,  Open Meetings | Eclipse Tractus-X and the timeline on the Release Planning 
Board. 

 

4.2 Tractus-X specific Service Map  

Within the Tractus-X open-source project, numerous services have been developed that are 
crucial for data spaces and, consequently, play a significant role in establishing test 
environments. Many of these services were initially developed within Catena-X and are utilized 
in its corresponding data space. However, it's important to note that not all services are 
essential for the operation of a data space or a test landscape. The Service Map of Tractus-X 
is divided into different categories, such as Business Partner Management and Data 
Exchange. Additionally, the services are classified to highlight their importance within the 
Catena-X data space (source What: Service Map | Catena-X - Library): 

Core-Services B: Core Services B lists Core Services that can only be operated once in the 
Catena-X dataspace due to business reasons or technical limitations. A CSP-B must deploy, 
operate, and maintain all Core Services B.  

Core-Services A: Core Services A lists Core Services that can be operated "n" times in the 
Catena-X dataspace by an CSP-A. 

Enablement Services: The Enablement Services are a bundle of decentral services that 
enable participation in the Catena-X dataspace, operated by Enablement Service Providers. 
Each participant must deploy and use the enablement services to connect to the dataspace 
and enable standardized interactions, based on the requirements of the respective use case. 
They ensure the strategic value proposition of technical/semantic interoperability and (data) 
sovereignty. 

https://eclipse-tractusx.github.io/docs/release/
https://github.com/eclipse-tractusx/sig-release/milestones
https://github.com/eclipse-tractusx/sig-release/milestones
https://eclipse-tractusx.github.io/community/open-meetings/
https://github.com/orgs/eclipse-tractusx/projects/26/views/35
https://github.com/orgs/eclipse-tractusx/projects/26/views/35
https://catenax-ev.github.io/docs/next/operating-model/what-service-map
https://catenax-ev.github.io/docs/next/operating-model/who-roles-in-the-catena-x-ecosystem#core-service-provider-b
https://catenax-ev.github.io/docs/next/operating-model/who-roles-in-the-catena-x-ecosystem#core-service-provider-a
https://catenax-ev.github.io/docs/next/operating-model/who-roles-in-the-catena-x-ecosystem#enablement-service-provider
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External Services: Trust Partners list the services that CSP-B must integrate and use to 
implement a trusted onboarding process but are developed and operated by an external 
initiative or provider. 

 

Figure 8: Tractus-X Service Map 

The Tractus-X Service Map provides a current snapshot that may evolve as data space 
projects progress. A detailed description of all services can be found here: What: Service Map 
| Catena-X - Library3. 

 

4.3 Functional Service Map Classification 

Within this topic group, it was identified that the Tractus-X Service Map serves as a valuable 
starting point for new Manufacturing-X projects and their test environments. However, the 
complexity can be overwhelming for those without prior experience with these services. 
Moreover, Manufacturing-X projects differ in scope and focus, so not every service is relevant 
for each project. 

To address this, the topic group developed an additional classification for data space services, 
focusing on their functional capabilities. It's important to note that this service map is not 
exhaustive and is subject to change due to ongoing developments and improvements across 
various X-Projects. 

• Technical Interoperability: These services are essential for exchanging data based on 
the DSP/DCP and for identifying data space participants via self-sovereign identity. 

• Operational Interoperability: These services facilitate the management of data spaces 
and test environment operations, such as onboarding new participants. 

 

3 https://catenax-ev.github.io/docs/next/operating-model/what-service-map 

https://catenax-ev.github.io/docs/next/operating-model/who-roles-in-the-catena-x-ecosystem#core-service-provider-b
https://catenax-ev.github.io/docs/next/operating-model/what-service-map
https://catenax-ev.github.io/docs/next/operating-model/what-service-map
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• Use Case-Specific Interoperability: Some services are utilized only by specific use 
cases and should therefore be provided in X-Projects where these use cases are 
involved. 

• Configuration-Specific Interoperability: In the Data Exchange topic group, different MX-
Port configurations are defined, each requiring distinct services. 

• Supporting Services: These services primarily offer auxiliary functionality, and it is up 
to the individual X-Projects to decide whether to use them. 

This approach aims to make the Tractus-X Service Map more accessible and applicable to 
the diverse needs of Manufacturing-X projects. 

 

 

Figure 9: Functional Service Map 

 

5 Implementation Examples 

5.1 Test Environment in Construct-X based on Open Source 

Services 

The Construct-X Test Environment represents a fully operational data-space setup built 
entirely on Eclipse Tractus-X and open-source components. It provides a sustainable, 
collaborative infrastructure for learning, testing, and developing data-space-based solutions 
for the construction industry and beyond. 

5.1.1 Objectives of the Test Environment 

• Open-source foundation – Construct-X is built on open-source technologies, 

ensuring transparency, collaboration, and community-driven innovation. 
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• Onboarding environment – The sandbox offers a secure, ready-to-use setup that 

simplifies and accelerates the onboarding of new users, developers, and 

organizations. 

• Innovation and experimentation – It enables the prototyping, integration, and 

testing of new ideas and domain-specific extensions within the Tractus-X ecosystem. 

• Developer enablement – Participants gain hands-on experience with Tractus-X 

components, APIs, and data-space architectures, equipping them to develop scalable 

and interoperable solutions. 

• Foundation for federation – The stable Tractus-X core establishes a basis for future 

interoperability between Construct-X and other domain-specific data spaces. 

 

5.1.2 Implementation Approach 

At the beginning of the project, a pure Tractus-X environment was deployed as part of an initial 
speedboat activity. Existing repositories were analyzed, and almost all federated services 
were provisioned within a dedicated setup, except for the Clearing House and the SD Factory. 
In addition, several open-source applications were deployed on top of this foundation to 
demonstrate practical use and integration. This approach simplified the onboarding process 
and enabled efficient testing and experimentation. 

Building on this foundation, several domain-specific use cases were implemented, among 
them the Digital Product Passport (DPP) for the construction sector. These practical 
applications provided valuable insights into data-space operations and the underlying Tractus-
X architecture. 

In later stages, existing components can be enhanced or complemented with new modules to 
address domain-specific requirements. Nevertheless, a stable Tractus-X core is expected to 
remain in place, providing a reliable foundation for cross-data-space interoperability and 
exchange. 

 

5.1.3 Key Learnings 

• Hands-on experimentation helps participants understand existing developments 

more deeply and assess new requirements realistically, leading to more efficient 

development. 

• Participation in data ecosystems requires test environments that support both 

learning and technical validation. 

• Building and maintaining complete test environments demands substantial expertise, 

time, and financial resources — centralizing this task within the project is therefore 

essential. 

• By using the shared Tractus-X foundation, the project can contribute directly to the 

open-source codebase, generating benefits for other initiatives as well. 

• Commercial software has so far remained compatible with open-source components 

— this interoperability should remain a shared principle. 
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• Shared open-source test environments, such as those based on Tractus-X, ensure 

that applications from different providers interoperate seamlessly. 

5.2 Interoperability PoC between two Manufacturing-X Test 

Environments 

A major goal of the unified technology stack and architecture across all test environments in 
Manufacturing-X is to enable interoperability and cross-testing between various projects. An 
initial attempt to demonstrate this technically was conducted in a Proof of Concept (PoC) 
involving DECIDE4ECO and Semiconductor-X. 

5.2.1 Cross Dataspace PoC between DECIDE4ECO and 

Semiconductor-X 

A working group of software developers is currently gaining hands-on experience of how data 
exchange between two different data spaces can work in practice and in real life. 

Goal of this working group is to demonstrate cross data exchange, what it needs and to learn 
how it is done with currently available components.  

In a first step the challenge is Hello world PCF example between SEMICONDUCTOR-X and 
DECIDE4ECO 

 

 

 

Figure 10: High Level Architecture of Cross Dataspace Exchange between Semiconductor-X and Decide4ECO 

5.2.2 Aspects of Interoperability and Compatibility 

The PoC revealed several technical challenges that need addressing to achieve smooth 
interoperability between various X-Projects. Despite these hurdles, the PoC was valuable in 
pinpointing these issues, enabling them to be tackled in other topic groups and consortium 
projects. 
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In terms of interoperability and cross-dataspace exchange, we face different challenges: 

• Different operating companies 

• Different versions and their compatibility (e.g. DSP version or Tractus-X EDC version 
0.9.0, 0.10.0, 0.11.0) 

• Different EDC flavours and behaviours (e.g. Tractus-X EDC & Factory-X EDC) 

• Open Source and commercial variants on consumer and provider side (e.g. wallet 
solution) 

• Different trusted issuers for provider and consumer (also authorized credentials per 
issuer) 

• Different identification strategies (e.g. BPN and DID) 

Fundamental precondition for interoperability is Work in accordance with standards 

For this the working group described in the next section agrees on following principles: 

• Tractus-X repository and Manufacturing-X guidelines 

• Dataspace Protocol, Decentralized Claims Protocol, SSI, Eclipse Dataspace 
Connector 

As this PoC is still work in progress we can just share some experiences we made 

• Hands-on-doing leads to real life experience and identifies practical pitfalls. 

• Identical technology stack in different dataspaces is ideal, but not reality (e.g. different 
wallet solutions, different methods for creating verifiable credentials). 

• As development of Tractus-X components continues in a high frequency, new features 
and even api breaks are being released on an ongoing basis. Real world examples 
cannot wait. We want to show compatibility results now, so we must work with current 
services and need to be compatible with future versions. 
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