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How research data looks today
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System A System B System C System …
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Many systems A lot of (meta)data formats



How research data looks today
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What is a FAIR Digital Object?
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System A System B System C System …

harmonized representation

uniform access

well-defined information

machine-actionability
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What is a FAIR Digital Object?

▪ Persistent identification & storage by using 

Handle PIDs and Handle records

▪ Values are typed and validated

▪ No fixed content schema (aka. profiles)

▪ Harmonization achieved by reusing existing 

data types and profiles

▪ Refers to (meta)data in existing systems

FAIR-DOs are machine-interpretable!

Next step: Use this for highly automated data 

processing based on a type system
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FAIR-DO Type System

Currently: Cordra Data Type Registries

▪ PID-BasicInfoTypes, PID-InfoTypes, Kernel Information Profiles

▪ JSON schema capabilities → only syntactic validation

▪ No inheritance/reuse possible

▪ 3 instances – 3 slightly different schemas
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FAIR-DO Type System

Our approach

▪ Data Type: abstract superclass

▪ Atomic Data Type: syntax of a value

▪ Type Profile: combination of other data types

▪ Attributes: semantics and cardinality

▪ Includes inheritance relationships

September 17, 

2025
6

Attribute Data Type

is a is a

has a

has

multiple

inherits frominherits from

Atomic Data TypeType Profile
0..10..*

1..*

FAIR-DO

complies with

uses

Inckmann, Blumenröhr, Aversa – Towards Machine-actionable FAIR Digital Objects



Our approach: type-associated Operations

▪ Operations may use arbitrary existing 

technologies (e.g., languages, protocols, …)

▪ Operations may be executed in various 

environments (e.g., Edge, Cloud, HPC)

▪ Automatic discovery of available Operations for a 

given FAIR-DO

→Associate data types with Operations

→Describe technologies and how they are 

executed

→Reuse technologies in multiple Operations
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Goal: How can we achieve machine-actionability?
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Example for a type-associated FAIR-DO Operation
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Operation: Get the primary e-mail address 

from ORCiD via the API

Operation Step: Extract ORCiD 

number from URL

Operation Step: Get ORCiD 

profile and extract e-mail address

contact

e-mail address

extracted ORCiD

executable on:

returns:

https://orcid.org/0009-0005-2800-4833

maximilian.inckmann@kit.edu

Attribute

Attribute Mapping

Operation

Technology Interface
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Example for a type-associated FAIR-DO Operation
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Operation: Get the primary e-mail address 

from ORCiD via the API

Operation Step: Extract ORCiD 

number from URL

Operation Step: Get ORCiD 

profile and extract e-mail address

contact

e-mail address

Technology Interface: 

Regular expression

executable on:

returns:

Input

Pattern

Output

Technology Interface: 

Python

runCmd

sourceCode

outputs

setupCmd

extracted ORCiD

Attribute

Attribute Mapping

Operation

Technology Interface
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Example for a type-associated FAIR-DO Operation
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Operation: Get the primary e-mail address 

from ORCiD via the API

Operation Step: Extract ORCiD 

number from URL
contact

e-mail address

Technology Interface: 

Regular expression

Adapter FAIR-DO

profile JSAdapter

name Regex in JS

npm @demo/regexwrap

… …

Adapter FAIR-DO

Adapter FAIR-DO

Technology Interface: 

Python

Adapter FAIR-DO

profile DockerAdapter

name Python in Docker

image python

version 3.9.23-trixie

… ….

Adapter FAIR-DO

executable on:

returns:

Input

Pattern

Output

runCmd

sourceCode

outputs

setupCmd

extracted ORCiD

Attribute

Attribute Mapping

Operation

Technology Interface

Operation Step: Get ORCiD 

profile and extract e-mail address
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Technology Interface: 

Regular expression

Adapter FAIR-DO

profile JSAdapter

name Regex in JS

npm @demo/regexwrap

… …

Adapter FAIR-DO

Adapter FAIR-DO

Technology Interface: 

Python

Adapter FAIR-DO

profile DockerAdapter

name Python in Docker

image python

version 3.9.23-trixie

… ….

Adapter FAIR-DO

Input

Pattern

Output

runCmd

sourceCode

outputs

setupCmd

Example for a type-associated FAIR-DO Operation
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Operation: Get the primary e-mail address 

from ORCiD via the API

Operation Step: Extract ORCiD 

number from URL

Operation Step: Get ORCiD 

profile and extract e-mail address

contact

e-mail address

index: 1

executable on:

returns:

index: 0

Constant value

URL → String

String[] → ORCiD

String-Template

extracted ORCiD

Attribute

Attribute Mapping

Operation

Technology Interface

Constant value

Constant value

String[] → E-Mail
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Our FAIR-DO Type System that Enables Operations
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Prototypical Implementation

Integrated Data Type and Operation Registry with Inheritance System (IDORIS)

▪ Technologies used: Java, Spring, Neo4j

▪ Realizes inheritance mechanisms

▪ Automatically determines association between operations and attributes/data types

▪ Rule-based logic for validating entities not only syntactically, but also in their context 

→ acyclicity; conflict-free inheritance hierarchy
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Conclusions and Future Work

▪ Type-associated FAIR-DO Operations abstract the complexity of finding and executing Operations 

from users

− Agnostic to the concrete environment they are executed in (e.g., Docker, bare-metal) 

− Able to describe and use various technologies (languages, libraries, APIs, etc.)

− Enable reuse of technologies across multiple operations

− Association mechanism between Operations and Data Types

− Inheritance mechanisms that enable reuse of Data Types

▪ IDORIS realizes robust validation that ensures correct syntax, acyclicity, and other rules

→ Fundamental typing infrastructure for machine-actionable FAIR-DOs and reproducible Operations

Next step: Execute technology-agnostic FAIR-DO Operations
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TODO: Maybe 

provide a 

website for 

IDORIS
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Maximilian Inckmann – maximilian.inckmann@kit.edu
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