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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)

https://youtu.be/eA4_qMXnnd8


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



Data as an Asset
Fundamental Change in Data/ Information Management needed
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http://www.worldbank.org/en/news/press-release/2016/12/12/new-data-reveals-uptick-in-global-gas-flaring

World Bank: 147 billion m3 natural gas were flared in 2015.

Price in Europe about 0.5 € per m3 (75 billion € value)

Pharma Industry: we consider data as an asset but we *do not* treat it as an asset

? ?How many data assets vanish every year

due to poor data management

Data is the new oil of the digital economy

http://www.worldbank.org/en/news/press-release/2016/12/12/new-data-reveals-uptick-in-global-gas-flaring


Management of Corporate Data Assets
Economic Perspective: Data should be in the Balance Sheet

DATA
• Cost

• Value

• Amortization



FAIR and Roche Data Commons

From application-centric to information-centric



Roche Data Commons (RDC) – Flipping the Coin in Data Mgt
Moving from an application-centric to an information-centric organization

Terminology, Metadata,

Dataset Model, Ontology



Roche Data Commons (RDC)
Data FAIRification – Everything is a Resource (URI)! 

URI

URI

URI

URI

No more transformation

between layer 3 & 4,5  

Data FAIRification

only in layer 2 & 3

HDAPs organize data in

Information Types

Interoperability (URIs):

semantic data dictionary

semantic models



EDIS E2E Engine
RTS Integration (born FAIR)
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Roche Data Commons
Fully Integrated Transformationless FAIR Architecture (FAIR by Design) 
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FAIRification at Scale

Scientific Interoperability Hub – Key Capabilities



Roche Data Commons (RDC)
Semantic Infrastructure of FAIR Data, Services and Applications
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FAIR scientific data management
FAIR guiding principles

Ability for scientist/data consumer to find, access and understand the data 

(without the presence of the data owner)

Ability for a machine to automatically find and use the data 

(machine actionable) by Olivier Roche (pREDi)



FAIR Assessment
Pistoia Alliance

FAIR Toolkit

https://fairtoolkit.pistoiaalliance.org/methods/reusability-maturity-indicators/


Implementation for FAIR Data Principles in Life Science R&D
Maturity Indicators: FAIR Metrics

https://fairtoolkit.pistoiaalliance.org/

FAIR is about data *and* metadata

https://fairtoolkit.pistoiaalliance.org/


FAIR Playbook for IT Professionals
An open public-private infrastructure of FAIR applications, services & data

IT as key enabler.

Data Managers should not care about FAIR.



Digitalization building on a FAIR architecture
Digital Objects and Data FAIRification

Definition 1: A Digital Object is any kind of data that exists in a digital modality. 

A digital representation of a physical object or a process is also a Digital Object.

Definition 2a:  A First-class Digital Object is a Digital Object born in a digital modality (born-digital).

Definition 2b: A Digital Twin is a Digital Object that represents a Non-Digital Object.

Born-digital does not necessarily mean born FAIR. 
(FAIR Maturity Indicators)

FAIR is above all about the *how* not only about the *that*.



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



Metadata Management
Generic and type specific metadata



Metadata  - Recommendation
Minimal Metadata & Conceptual Models



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)

Scientific Interoperability Hub - Capability Stack
Data Management Value Chain - From Terminologies to a Unified Domain Model
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Scientific 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



Reference Data Services for Data Management
Native support of RDF/ OWL



Data and Information Architecture
Mapping RTS capabilities - Fully FAIR Representation
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I2O Ontology
Instantiation of a Knowledge Graph



FAIR Data Integration
Federation of Knowledge Graphs (Zero Integration)

I2O Knowledge Graph

Competitor Information  

Knowledge Graph



FAIRification at Scale -

FAIR APIs with JSON Linked Data (LD)



Digital Data Assets & Data Management
The Hamster Wheel (Why FAIR Data is not sufficient)

clinical-study HDAP :

{…

StudyIndication:

"Non-small cell lung cancer",

…

}

pRED-study hdap :

{…

TargetDisease : 

"NSCLC",

…

}

clinical-standard respository :

{…

TherapeuticIndication:

"Carcinoma, non-small cell, lung",

…

}

? Data Transformation (map & merge)



JSON-Linked Data (JSON-LD)
Leveraging on a Semantic Infrastructure

In a universe of FAIR applications, data and services *everything* should be considered as a resource

Subject

ObjectPredicate



JSON-Linked Data (JSON-LD)
Context provides Model for unambiguous interpretation

Model



Digital Data Assets & Data Management
Breaking up the Vicious Circle 

"@context" :{…

"StudyIndication" : {

"@id" : ROX37603872443814754,

"@type" : "@id"}

… }

pRED-study: {…

TargetDisease: {

@id : ROX1305277804386,

prefLabel : 

"NSCLC”}

… }

clinical-standard respository: {…

TherapeuticIndication: {

@id : ROX1305277804386,

prefLabel: 

"Carcinoma, non-small cell, lung”}

… }

Instantaneous Integration of Data & Metadata 

clinical-study HDAP: {…

StudyIndication: {

@id : ROX1305277804386,

prefLabel : 

"Non-small cell lung cancer"}

… }

"@context" :{…

"TargetDisease" : {

"@id" : ROX37603872443814754,

"@type" : "@id"}

… }

"@context" : {…

"TherapeuticIndication" : {

"@id" : ROX37603872443814754,

"@type" : "@id"}

… }



JSON-Linked Data (JSON-LD)
RDF Serialization – immediate usage



FAIRification at Scale - Implementation

FAIR plus Data Quality as a Service (DQaaS)



Semantic Interoperability Hub
Architecture/ FAIR by Design



Data Harmonization Service – Offerings
Data assets born FAIR



FAIRification at Scale Use Case

A true FAIRy Tale – the Roche Dataset Portal



R&D Dataset Portal
Data Catalog of Data Catalogs
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https://data.roche.com

search

Biomedical datasets from 

Roche R&D data catalogs 

e.g. biomarker, clinical, digital, 

imaging, omics or real world 

datasets

Cataloged and stored in source systems

published to the R&D Dataset Portal 

as a central place to search & access 

corporate data assets

Scientists in Roche can 

search for Biomedical 

datasets from PD, pRED, 

gRED, DIA, etc.

https://phc-datacatalog-us.science.roche.com/


Roche Dataset Portal
Find Biomedical Datasets Across R&D
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Search FAIR Dataset Metadata

Search Facets based on Controlled 

Terminologies

Biomedical Datasets from muliple publishers listed 

based on the posted Metadata Description 

Free text



identifier.roche.com

R&D Dataset Portal
FAIR Representation of Metadata & Data 



Standardized Dataset Metadata & Data (Terminology)

JSON-LD format specified in R&D Dataset Metadata Standards (Data contracts)
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R&D Dataset Metadata 
JSON-LD API (served by all data catalogs based on prospective FAIRification)  
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Details about the actual file(s)

e.g.

Download URL

File Format

Data Model Version

Digital Repository

Standard Metadata 

using Controlled 

Terminologies, e.g. 

License or Study

Title and Description

Dataset 

Version

Unique IdentifierCatalog

Unique Identifier
Dataset

Unique Identifier

Standard Metadata, 

e.g.

Data Classification

Data Model

Privacy Level

Unique Identifier

Distribution



Roche Dataset Portal
Automatic FAIR Assessment
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• FAIR representation of Model, Metadata 

and Data

• Entirely machine-readable 

FAIR Data Standards

• Automated FAIR Assessment



FAIRification at Scale– Capabilities and Implementation

Conclusions



Conclusions

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

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

● Data Integration based on interoperable Domain Knowledge Graphs – Unified Domain Model. 

FAIR Ecosystems at scale based on Knowledge Graphs becomes reality.

● 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 and integrate semantic capabilities:

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

● It’s all about Semantics.



Doing now what patients need next


