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Digital Transformation & Management of Data Assets

FAIR plus Q



Digital Transformation
Megatrends & Data Management Strategy

Source: Rik van Bruggen, Neo4J

Data Standards: Terminology, Metadata, Dataset Models & Ontology (FAIR+Q Data)

The Semantic Web is Dead - Long Live the Semantic Web!

https://youtu.be/eA4_qMXnnd8
https://github.com/GavinMendelGleason/blog/blob/main/entries/semantic_future.md


Data as an Asset 
True Costs of Data Management

Planned/ Visible Costs

• FTEs creating Data Asset

• Material procurement (sample, reagent, compounds etc.)

• Infrastructure

Unplanned/ Invisible Costs

• ETL processes

• Searching & accessing

• Data Cleansing

• Data Curation/ Semantic Data Integration

• IT Infrastructure supporting unplanned activities

Backcharge the costs for processing to the data producers



Information Procurement

Transformationless Integration of Data Assets



Manufacturing

Components & C-Parts Procurement

• highly complex product

• highly distributed process

• vertical integration (CMO)

• assembly in different global 

geographic regions

Contract Manufacturing Organization Technical Connections/ Interfaces

Are data-driven data

management/ information

assembly processes different?



Information Procurement
Data-Driven and Knowledge-Based Pharma R&D (Ontologies)

• Information Architecture: 

Information-centric data organization - semantically sound and meaningful (ontologies)

• Information Procurement:

the effective and efficient process of creating, acquiring and integrating standardized 

information types into information-driven R&D activities

– creation: an in-house activity which will result in a new data asset

– acquisition: an internalization of a new data asset created by an external organization

– integration: assembly of internal and external data assets into larger meaningful assets

– information type: primary building blocks for representation of data assets based on 

interoperable Minimal Models using community standards (FAIR data principles)



Biomedical Ontologies & Terminologies

Missing Community Strategy – Intractable Knowledge Space



FAIRsharing Catalog of Biomedical Resources
Proliferation and Fragmentation of Standards

1299 entries for

Standards 

Manually done-

no smart interfaces



Data Standards & Interoperability Challenges
CDISC vs OMOP/ OHDSI

Demographics Domain Patient Model

Creation of insights & analytics blocked: different model, variables and values 



EMBL-EBI Ontology Xref Service 
Creating referential identity by ontology mapping

1. Allocating significant resources to inflate a problem 

2. Allocating significant resources to reduce a problem

(loss of information & interoperability)

Source: EMBL-EBI OxO

https://www.ebi.ac.uk/spot/oxo/


Interoperability for Ontology Mappings
RDF standard for a FAIR representation of OM

Reference: SSSOM

Not fully FAIR (dct:creator & dct:created)

No guidelines on property labels
Linked Open Vocabularies

https://arxiv.org/abs/2112.07051
https://lov.linkeddata.es/dataset/lov/


Digital Transformation & FAIRification at Scale

Industry Approach –Vision & Reality



FAIRification at Scale using Biomedical Ontologies
Vision

An open public-private semantic 

infrastructure of fully standardized 

FAIR applications, services & data



Linked Open Data Cloud
Linked Open Drug Data Cloud (LODD)

Data in the Linked Data Cloud is not linked 

Linkage comes with referential identity

Referential identity comes with interoperability

LODD is not FAIR



Digital Data Assets & Data Management
The Reality - No Standardization, unlinked, unFAIR

• Data Curation: creation of evitable additional costs

• Data Curation: creation of evitable project delay

• Data Consolidation/ Data Integration: misallocation of expensive resources (data scientists) 

• Information loss (not all information can be recovered)

• Insight creation (data monetization) serverly impacted



Why FAIR and Linked Data might fail

The seven deadly sins



“The FAIR community fails to make clear 
what FAIR really is. In particular, the 
implications of FAIRifation on how we work 
in Knowledge Management and IT projects 
are not clear.”

Seven Deadly Sins of the FAIR Community
Deadly Sin #1



“There are foundational misunderstandings 
about the scope of Data FAIRification in 
particular in the context of Data Quality 
Frameworks. FAIR Data and High Quality 
Data are not the same.”

Seven Deadly Sins of the FAIR Community
Deadly Sin #2



“We cannot really measure FAIR maturity as 
the FAIR maturity model is almost 
incomprehensible. This heavily impacts the 
correct adoption of the FAIR principles”

Seven Deadly Sins of the FAIR Community
Deadly Sin #3



“The biomedical community does not really 
converge on standards. We rather increase 
the chaos instead of harmonizing both in 
terms of semantic resources and 
harmonization projects resulting in an 
intractable knowledge space.”

Seven Deadly Sins of the FAIR Community
Deadly Sin #4



“The FAIR community stays in a bubble. 
Insiders connect with insiders. The outreach 
and integration with the business is poor. 
Besides a vague understanding there is little 
support for a true break through from 
management.”

Seven Deadly Sins of the FAIR Community
Deadly Sin #5



“Scaling up knowledge management based on 
FAIR resources and standards requires an 
operational backbone of FAIR data and 
services – but no community strategy about 
the basic resources and their maintenance”

http://lov.okfn.org http://linkedct.orghttp://www.ebi.ac.uk/rdf/

Seven Deadly Sins of the FAIR Community
Deadly Sin #6



“Implementation of a landscape of FAIR 
data, services and application requires a 
high engagement with key communities such 
as IT Architects, Master Data Management, 
Data Managers. Until now FAIR does not 
speak to them.”

Disclaimer: This is an arbitrary listing of tools and vendors without implying any recommendation or preference 

Seven Deadly Sins of the FAIR Community
Deadly Sin #7



“Using RDF and OWL to build Ontologies as 
well as creating Knowledge Graphs does not 
at all prevent you from establishing new data 
silos or producing unFAIR data.”

Seven Deadly Sins of the FAIR Community
Deadly Sin #X



Digital Transformation & FAIRification at Scale

FAIR by Design



FAIR Playbook for IT Professionals
Targeting the Key Enablers

IT & its professionals as key enabler.

Data Managers should not care about FAIR.



FAIR Data & Identifiers
Global Unique Persistent Resolvable Identifiers (GUPRI)



Digital Transformation & FAIRification at Scale

Standardization & Capability Stack



FAIRification at Scale: Capability Stack

From Terminologies to Domain Models

Terminology Management: The concepts used in our scientific and technical domains are properly defined, typed and organized in a Terminology 

Management System. Each concept is given an unambiguous, complete, preferred label and a textual definition. The concept is complemented by a 

rich synonym set and cross-references linking semantically equivalent concepts in other internal or external repositories. 

Every concept is represented by a global, unique, persistent, and resolvable identifier serving as a reference.

Dataset Model Management: In essence, a dataset model describes a fully harmonized representation of a table-like data structure. The column 

headers refer to metadata elements (variables, field names, properties, attributes - many different names are used). All the metadata elements are 

defined in a Metadata Registry and share the same rich descriptions as concepts in a terminology management system. The set of all metadata 

elements forms a (meta)data dictionary or a (meta)data catalog. When a metadata element is selected as a column header to define a dataset, 

additional properties are set to determine its value domain. Value domains are either data types (string, date, boolean, etc.) or terminologies. 

Value domains establish the constraints for the values occurring in the column of the metadata element. 

Every metadata element is represented by a global, unique, persistent, and resolvable identifier serving as a reference.

Every dataset model is represented by a global, unique, persistent, and resolvable identifier serving as a reference.

Conceptual & Logical Model (Domain Ontology) Management: Following modern data and information architecture approaches, conceptual 

models support a reasonably grained division of the knowledge space in data domains and subdomains. In contrast to the table-like dataset models, 

conceptual models are purpose-driven Ontologies representing the classes and properties of a domain using a directed acyclic graph as a data 

structure. Domain ontologies can be used as a blueprint for knowledge graphs. 

Every class or property is represented by a global, unique, persistent, and resolvable identifier serving as a reference. 

Every conceptual or logical model is represented by a global, unique, persistent, and resolvable identifier serving as a reference.
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FAIR Unified Domain Model (KG)

Semantic Interoperability Hub - Capability Stack
Data Management Value Chain - From Terminologies to a Unified Domain Model
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Data and Information Architecture
Mapping Semanti capabilities - Fully FAIR Representation
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Semantic Interoperability Hub

Terminology Management, Metadata, Dataset Model & Ontology



Reference Data Services for Data Management
Terminology Management  - Contextualize Concepts (FAIR)

-> More than 100 productive applications integrated



Reference Data Services for Data Management
Metadata Registry/ Dataset Models – Metadata Harmonization (FAIR)



Reference Data Services for Data Management
Conecptual Model - Purpose-build FAIR Ontologies



FAIR Linked Data

Conclusion



Conclusions

● High-Quality, standardized and linked data: foundation for digitilization & insight generation.

● FAIR data principles intrinsically tie Data Management to Semantic Technologies. 

(FAIR data is Linked Data by Design) 

● Information Procurement based on FAIR supporting transformationless data integration.

● FAIR is primarily about the *HOW* and not only about the *THAT* (FAIR maturity indicators).

● Data Management Value Chain: new architectural approaches around data and information.

Interoperability of terminologies, metadata, dataset models and ontologies is key. 

● Data Management Strategy - urgency to build semantic capabilities at community level:

open public-private semantic infrastructure of FAIR applications, services and data.

● It’s all about Semantics.



FAIR Linked Data
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Doing now what patients need next


