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Community-driven metadata

CECAM-Psi-k workshop:
Towards a Common Format for Computational Materials Science Data
Lausanne, Switzerland, January 25 to January 27 2016

Perspective paper: 
L.M. Ghiringhelli, C. Carbogno, S. Levchenko, F. Mohamed, G. Huhs, M. Lueders, 
M. Oliveira, and M. Scheffler
Towards efficient data exchange and sharing for big-data driven materials science: 
Metadata and data formats.
NPJ Computational Materials 3, 46 (2017). DOI: 10.1038/s41524-017-0048-5.

Update:
NOMAD-FAIRDI workshop: 
Shared metadata and data formats for Big-Data Driven Materials Science. 
Berlin, Germany, July 2019. 



  

What are metadata?

Working group at the 
NOMAD-FAIRDI workshop: “Shared metadata and data formats for Big-Data 
Driven Materials Science.” Berlin, July 2019.

Participants: 
(data scientists) Javad Chamanara, Patrick Lambrix, Tatyana Sheveleva , 
(materials scientists) Carsten Baldauf, Stefano Cozzini, Christoph Koch, 
Astrid Schneidewind,  Christof Wöll.
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What are metadata?

Working group at the 
NOMAD-FAIRDI workshop: “Shared metadata and data formats for Big-Data 
Driven Materials Science.” Berlin, July 2019.

Participants: 
(data scientists) Javad Chamanara, Patrick Lambrix, Tatyana Sheveleva , 
(materials scientists) Carsten Baldauf, Stefano Cozzini, Christoph Koch, 
Astrid Schneidewind,  Christof Wöll.

Metadata are data about data.
Data object (information resource): a row in the data table. 

Columns are attributes of the data objects.

UID Structure Method Total energy

31415 Graphite.xyz DFT, PBE +TS -2718281.828 eV



  

What are metadata?

Columns are attributes of the data objects.
These attributes are data or metadata depending on context.

UID Structure Method Total energy New structure

31415 Graphite.xyz DFT, PBE +TS -2718281.828 eV Graphite_2.xyz
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What are metadata?

Columns are attributes of the data objects.
These attributes are data or metadata depending on context.
Administrative: location, access privileges, who, when, where. 
Provenance: how.

UID Structure Method Total energy New structure

31415 Graphite.xyz DFT, PBE +TS -2718281.828 eV Graphite_2.xyz



  

What are metadata?

Columns are attributes of the data objects.
These attributes are data or metadata depending on context.
Administrative: location, access privileges, who, when, where. 
Provenance: how.

Metadata: The attributes that are necessary to locate, fully characterize, and – 
ultimately – reproduce other attributes that are identified as data. The 
metadata include a clear and unambiguous description of the data, and their 
full provenance.

UID Structure Method Total energy New structure

31415 Graphite.xyz DFT, PBE +TS -2718281.828 eV Graphite_2.xyz



  

The NOMAD Laboratory - https://nomad-lab.eu/

https://nomad-coe.eu/

FAIR since 2014
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Raw input and outputs from 
atomistic simulation codes

The NOMAD Laboratory - https://nomad-lab.eu/
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FAIR since 2014

Raw input and outputs from 
atomistic simulation codes

AI-Ready (F AI-R) data 
representation and 
storage 

The NOMAD Laboratory - https://nomad-lab.eu/



  

Findable    Accessible    Interoperable    Reusable
M. D. Wilkinson et al., Scientific Data 3, 160018 (2016)



  

The NOMAD Repository
>0.1 Giga Total-Energy Calculations

AFLOW

S. Curtarolo

OQMD

C. Wolverton

Materials Project

  G. Ceder         K. Persson

90% of the VASP 
files are from
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Computational materials science: basics
Atomistic-simulation

code

Input structure
- Coordinates
  Zi   xi yi zi 
- Cell vectors
- (Topology)

Input model
- xc treatment / force field
- Relativity treatment
- Basis set
- Numerical integr. settings

- Code name
- Version
- Libraries

More complex input model
- Model1 (scf)→ Model2 (perturbative) 
- QM/MM (space partitioning of models)
- ...

Output
- Total energy
- Forces
- Electron density
- Electrostatic pot.
- El. band structure
- Self energy
- ...



  

Computational materials science: basics

Input structure
- Coordinates
- Cell vectors
- (Topology)

Input model
- xc treatment / force field
- Relativity treatment
- Basis set
- Numerical integr. settings

- Code name
- Version
- Libraries

Output
- Total energy
- Forces
- Electron density
- Electrostatic potential
- Electronic band structure
- Self energy



  

Our solution: NOMAD MetaInfo

Metadata: in general dictionaries of key:value pairs, e.g.:
UID: 3141593
Structure: Graphite128_5775defect_final.xyz
Method: DFT, PBE, TS correction, NAO basis set, tier 1, light194 settings



  

Our solution: NOMAD MetaInfo

Key:
type: section

Metadata: in general dictionaries of key:value pairs, e.g.:
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Our solution: NOMAD MetaInfo

Key:
type: concrete value

Key:
type: section

Metadata: in general dictionaries of key:value pairs, e.g.:
UID: 3141593
Structure: Graphite128_5775defect_final.xyz
Method: DFT, PBE, TS correction, NAO basis set, tier 1, light194 settings

NOMAD MetaInfo, basic elements:



  

Our solution: NOMAD MetaInfo

Key:
type: concrete value
name [energy_total, atom_forces, ...]
description

Key:
type: section
name [section_run, section_method, ...]
description

Unique→ URLUnique→ URL
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Our solution: NOMAD MetaInfo

Key:
type: concrete value
name [energy_total, atom_forces, ...]
description
parent_section
units

Value: ...
ID parent section: ...

Key:
type: section
name [section_run, section_method, ...]
description
parent_section

ID parent_section: ...

Metadata: in general dictionaries of key:value pairs, e.g.:
UID: 3141593
Structure: Graphite128_5775defect_final.xyz
Method: DFT, PBE, TS correction, NAO basis set, tier 1, light194 settings

NOMAD MetaInfo, basic elements:

SI unitsSI units

Unique→ URLUnique→ URL



  

A posteriori, hierarchical scheme



  

A posteriori, hierarchical scheme

Section_system
- Coordinates
- Cell vectors
- (Topology)

Section_method
- xc treatment / force field
- Relativity treatment
- Basis set
- Numerical integr. settings

Section_run
- Code name
- Version
- Libraries

Section_single_configuration_calculation
Total energy
Forces
Electron density
Electrostatic potential
Electronic band structure

LMG et al. NPJ 
Comp. Materials 3, 

46 (2017). 



  

https://nomad-lab.eu/prod/rae/gui/metainfo
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MetaInfo at work: https://nomad-lab.eu
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MetaInfo at work: https://nomad-lab.eu/AItutorials



  

https://metainfo.nomad-coe.eu

section_run

section_method

section_system

section_single_configuration_calculation

single_configuration_calculation_to_method_ref

single_configuration_calculation_to_system_ref



  

https://metainfo.nomad-coe.eu

energy_electrostatic

Type: Concrete Value
Description: Total electrostatic energy (nuclei + electrons), defined consistently 

with calculation_method
Data Type: floating point value
Shape: []
Units: joule 
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section_single_configuration_calculation
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https://metainfo.nomad-coe.eu

section_run section_method

section_system

section_single_configuration_calculation

energy_value

energy_electrostatic

energy_component

Abstract type → OntologyAbstract type → Ontology



  

Ontology in data and information science

An ontology is a 

formal 
representation 

of the knowledge 
of a community
for a purpose

An ontology is a 

formal 
representation 

of the knowledge 
of a community
for a purpose



  

Ontology in data and information science

An ontology is a 

formal machine readable
representation 

of the knowledge 
of a community
for a purpose

An ontology is a 

formal machine readable
representation 

of the knowledge 
of a community
for a purpose



  

Ontology in data and information science

An ontology is a 

formal machine readable
representation concepts, properties, relations, functions, 

constraints, axioms are explicitly defined
of the knowledge 
of a community
for a purpose

An ontology is a 

formal machine readable
representation concepts, properties, relations, functions, 

constraints, axioms are explicitly defined
of the knowledge 
of a community
for a purpose



  

Ontology in data and information science

An ontology is a 

formal machine readable
representation concepts, properties, relations, functions, 

constraints, axioms are explicitly defined
of the knowledge domain specific
of a community
for a purpose

An ontology is a 

formal machine readable
representation concepts, properties, relations, functions, 

constraints, axioms are explicitly defined
of the knowledge domain specific
of a community
for a purpose



  

Ontology in data and information science

An ontology is a 

formal machine readable
representation concepts, properties, relations, functions, 

constraints, axioms are explicitly defined
of the knowledge domain specific
of a community consensual
for a purpose

An ontology is a 

formal machine readable
representation concepts, properties, relations, functions, 

constraints, axioms are explicitly defined
of the knowledge domain specific
of a community consensual
for a purpose



  

Ontology in data and information science

An ontology is a 

formal machine readable
representation concepts, properties, relations, functions, 

constraints, axioms are explicitly defined
of the knowledge domain specific
of a community consensual
for a purpose (competency) question driven

An ontology is a 

formal machine readable
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has_part

is_a (has_abstract_type)

has_part

has_part has_part

has_part

has_part

is_a

has_reference_to

has_reference_to

section_run

section_system

energy_electrostatic

energy_value



  

FAIRness and Acknowledgments

MetaInfo: Metadata for FAIR scientific-data management and stewardship.

Findable: unique names, human-readable descriptions 
Accessible: URL, accessible via API
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NOMAD Repository & Archive: Markus Scheidgen
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AI Toolkit: Angelo Ziletti, Emre Ahmetcik, Ádám Fekete, Luigi Sbailò

NOMAD Lab: Matthias Scheffler, Claudia Draxl
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FAIRness and Acknowledgments

MetaInfo: Metadata for FAIR scientific-data management and stewardship.

Findable: unique names, human-readable descriptions 
Accessible: URL, accessible via API
Interoperable: typed, extensible schema →  ontologies 
Reusable: hierarchical schema → data-analytics

Acknowledgments:
MetaInfo: Fawzi Mohamed, Pasquale Pavone, Henning Glawe, Micael Olivera, 

Benjamin Regler, Bryan Goldsmith, 
NOMAD Repository & Archive: Markus Scheidgen
Ontologies: Maja-Olivia Lenz, Carsten Baldauf 
AI Toolkit: Angelo Ziletti, Emre Ahmetcik, Ádám Fekete, Luigi Sbailò

NOMAD Lab: Matthias Scheffler, Claudia Draxl

Risks and challenges: 
Redundant or conflicting 
metadata

Risks and challenges: 
Heterogeneous 
computational methods
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