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Digitalization in materials modelling

MODAEMMC Focus Area Digitalization

In computational engineering, digitalization encompasses 
aspects of representing, managing, accessing, and utilizing 
digital information about products, components, materials, 
their behaviour, and their processing.

MODA CWA 17284 Ontologies

Semi-formalized terminology or vocabulary

MODA workflow graph language

CEN workshop agreement

RoMM VI

European Materials Modelling Council (EMMC ASBL)

The non-profit association EMMC ASBL was created in 2019 
to ensure the continuity, growth, and sustainability of 
community activities for modellers, materials data scientists, 
software owners, materials modelling translators, and 
manufacturers in Europe. The EMMC regards the integration 
of materials modelling and digitalization as critical for an 
advancement of industrial process and product design.

https://emmc.eu/
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EMMC-guided metadata standardization

electronic

atomistic

mesoscopic

continuum

MODA CWA 17284 Ontologies

Review of Materials Modelling (compendium)

MODA (Model Data) tables & graphs

CEN workshop agreement

EMMO top-level ontology

Community-governed development of metadata standards

RoMM VI

MODA

Domain ontologies
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EMMC-guided ontology design: Foundational ontology

“represents” or “is 
sign for” is here 
abbreviated by R

molecular model
of acetylene

fluid acetylene

R

molecular
simulation result

R

C. S. Peirce

Elementary Multiperspective Material Ontology1, 2

1) Taxonomy:
Conceptual hierarchy (subclass relation)

2) Mereotopology:
Spatiotemporal parthood and connectivity

3) Semiotics:
Representation of physical entities by signs

1J. F. Morgado, E. Ghedini, G. Goldbeck, et al., Proc. SeDiT 2020, 2020.
2H. Preisig, T. Hagelien, J. Friis, et al., Proc. WCCM-ECCOMAS 2020, 2021.
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EMMC-guided ontology design for materials modelling

Introduction and most recent release
doi:10.5281/zenodo.3936795, 2021

Ontologies for the Virtual Materials Marketplace
KI – Künstliche Intelligenz 34(3), 423–428,
doi:10.1007/s13218-020-00648-9, 2020

validation and 
evaluation

models & 
simulations

EVMPO
& EVI

OTRAS

VICO MMTO

VIVO OSMO

MACRO VISO

VOV

materials
modelling
translation

training and topics

software

model
variables

file formats, 
computational 

and data services

agents and 
communication

EVMPO – 
fundamental 
categories

EVI –
connection to

the EMMO Elementary 
Multiperspective 
Material Ontology

EMMO

https://dx.doi.org/10.5281/zenodo.3936795
https://dx.doi.org/10.1007/s13218-020-00648-9
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Simulation data provenance1 on the basis of RoMM2

1Journal of Chemical & Engineering Data 65, 1313, doi:10.1021/acs.jced.9b00739, 2020.
2A. F. de Baas (ed.), What Makes a Material Function?, ISBN 978-92-79-63185-6, 2017.
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use case

model

solver

processor

MODA section 1

MODA section 2

MODA section 3

MODA section 4

overviewMODA cover

Simulation data provenance using MODA
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use case

model

solver

processor

MODA section 1

MODA section 2

MODA section 3

MODA section 4

model section

OSMO

OSMO

OSMO

OSMO

OSMO

semi-formalized
metadata standard

(human processable)

formal ontology
(machine processable)

MODA 1.1

MODA 1.2

MODA 1.3

MODA 1.4

MODA 1.5
MODA 1.6

use_case

MODA section 1
has_use_case_aspect

has_use_case_description, 
has_use_case_material,
has_use_case_geometry,
has_use_case_timespan,

has_use_case_boundary_condition,
has_use_case_literature

OSMO

MODA cover overview
OSMO

Simulation data provenance
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OSMO: Characterization of workflow semantics 
by logical data transfer (LDT) graphs

“What is the exact 
meaning of the 
blue arrows?”

logical_read_accesslogical_write_accesssolver postprocessor

logical_resource

is_linked_to

contains_logical
contains_section contains_section

is_final is_initial

workflow_graph
workflow_node workflow_node

user case 
input

processed 
output

raw outputmodelMODA

Simulation data provenance
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Simulation data provenance using OSMO and LDT graphs

solver
starting

point

L
1

processor
linked

L
2

simulation
outcome

r
init

w
fin

modeluse case

w
fin

solver
starting

point

L
2

processor
coupled

L
3

simulation
outcome

r
run

w
run

modeluse case

w
fin

L
1

r
param

r
param

r
init

user case 
input

processed 
output

raw outputmodelMODA

OSMO
& LDT1

(case 2)

OSMO
& LDT1

(case 1)

1Journal of Chemical & Engineering Data 65, 1313–1329, doi:10.1021/acs.jced.9b00739, 2020.
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OSMO-based 
provenance 

description as an 
extension of the 
MODA workflow 

meta-
data standard:

For all elements of 
the graph notation, 

there are 
corresponding 
concepts and 

relations from the 
ontology OSMO.

Ontology for Simulation, Modelling, and Optimization (OSMO)
J. Chem. Eng. Data 65(3), 1313–1329, 2020

Simulation data provenance using OSMO and LDT graphs
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Workflow resource branches of OSMO

postprocessor

coupled_processor

preprocessor

data_processor

simulation_overview

application_case

materials_model

solver

processor

logical_node

workflow_node

workflow_graph

section

logical_resource

workflow_resource

simulation_workflow
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Knowledge representation in molecular modelling

Molecular model database (MolMod DB1)

http://molmod.boltzmann-zuse.de/

Pair potentials for over 150 molecular fluids

Electrostatics

Point charge or multipole
(point dipole or quadrupole): 
Magnitude and orientation

Geometry

Types and positions 
of interaction sites

Dispersion and repulsion

Lennard-Jones or Mie potential:
Size and energy parameters

1S. Stephan, M. Horsch, J. Vrabec, H. Hasse, Mol. Sim. 45, 806–814, 2019.
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Knowledge representation in molecular modelling1, 2

1S. Stephan, M. Horsch, et al., Mol. Sim. 45, 806–814, 2019.  2M. Horsch, S. Chiacchiera, et al., Proc. ISWC, 2020.
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