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Existing standards
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CIF standard proposal: S.R. Hall, F.H. Allen & I.D. Brown (1991) Acta Cryst A47, 655-685

CIF is a acronym for both 
Crystallographic Information File

and 
Crystallographic Information Framework

Data exchange file format

System of data dictionaries 
and relational rules

DDL Dictionaries

The International Union of Crystallography (IUCr) has long been 
working on standardising crystallographic data

Machine readable, but not formalised 
ontologically



Dictionary definition language (DDL)
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A schema for the CIF standards
https://github.com/COMCIFS/cif_core/blob/master/ddl.dic
#\#CIF_2.0
#############################################################################
#                                                                           #
#                      DDLm REFERENCE DICTIONARY                            #
#                                                                           #
#############################################################################
data_DDL_DIC

_dictionary.title DDL_DIC
_dictionary.class Reference
_dictionary.version 4.0.1
_dictionary.date 2021-03-01
_dictionary.uri https://raw.githubusercontent.com/COMCIFS/ci
_dictionary.ddl_conformance 4.0.1
_dictionary.namespace DdlDic
_description.text

;
This dictionary contains the definitions of attributes that
make up the DDLm dictionary definition language. It provides
the meta meta data for all CIF dictionaries.

;

save_ATTRIBUTES

_definition.id               ATTRIBUTES
_definition.scope Category
_definition.class Head
_definition.update 2011-07-27
_description.text

;
This category is parent of all other categories in the DDLm
dictionary.

;
_name.object_id ATTRIBUTES
_name.category_id DDL_DIC

save_

#===========================================================================

https://github.com/COMCIFS/cif_core/blob/master/ddl.dic


CIF core dictionary
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https://www.iucr.org/resources/cif/dictionaries/cif_core

https://www.iucr.org/resources/cif/dictionaries/cif_core


Motivation
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IUCr community

Formalise the CIF standards as an ontology
• enable precice description of 

experimental results
• enable use of all available data in 

structure determination

EMMO community

An endorsed standard for describing 
atomistic structures
Needed by several domain ontologies, like:
• structure characterisation
• atomistic modelling
• electronic modelling
• …

Domain experts Ontology experts

EMMC task group
Casper Welzel Andersen, EPFL

Jesper Friis, SINTEF
James Hester, ANSTO

Saulius Gražulis, Vilnius University
Rickard Armiento, Linköping Universitet

Emanuele Ghedini, University of Bologne
Francesca Lønstad Bleken, SINTEF
Joana Morgado, Fraunhofer IWM

Stuart Chalk, UNF

https://github.com/emmo-repo/CIF-ontology

https://emmc.eu/focus-areas/interoperability/

https://github.com/emmo-repo/CIF-ontology
https://emmc.eu/focus-areas/interoperability/


Aim of the task group
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Create ontologies based on the existing CIF dictionaries
should be generated:

to ensure consistency
to ease maintainance

Create an EMMO domain ontology for crystallography
ontological description of atomistic structures
based on EMMO and CIF Core dictionary
include crystallographic concepts not explicitely stated in CIF Core
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Approach
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EMMO

top

cif_top

cif_core

crystallography

middle

cif_pd …

Ontological description of the CIF data model
Ahead to the CIF DDL

Independent of any top-level ontology

Generated ontologies

Crystallography 
Domain Ontology

imports

Benefits
• Based on existing cummunity standards
• Can be reused with any top-level ontology
• Ontological standard for atomic structures 

used by other EMMO domain ontologies

powder diffraction

Possible powder 
diffraction domain 

ontology A description of 
crystallography 
according to EMMO

CIF 
dictionary

DDL

PyCifRW
EMMO-python

https://bitbucket.org/jamesrhester/pycifrw/src/development/
https://github.com/emmo-repo/EMMO-python


The cif_top ontology
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cif_core
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Generated from 
https://github.com/COMCIFS/cif_core/blob/master/cif_core.dic

https://github.com/COMCIFS/cif_core/blob/master/cif_core.dic


Crystallography domain ontology

08/06/2021 DORIC-MM ESWC 2021 11.

Based on EMMO

European Materials Modelling Ontology (EMMO)
was initiated by EMMC in 2017

An ontology able to express concepts and 
constraints coming from materials modelling and 
applied sciences
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Holistic
• processes
• semiotics
• properties
• models

Physicalistic
• matter
• field
• material

Perceptual
• symbols
• languages
• metrology
• mathematicsReductionistic

• direct parthood
• countability
• ordering

In EMMO there are no absolute 
definitions of the ontological 
nature of objects excepts for the 
Universe and the single indivisible
quantum elements of which it is 
made up.

Perspectives allow 
categorizing things 
according to different 
views.



Crystallography domain ontology
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A semantic description of crystallography

Formulated as a formal language (Perceptual perspective)

Utilised strict granularity and ordering (Reductionistic perspective)

Refers to physical objects, like atoms (Physicalistic perspective)

13.

Infinitely repeated unit cells (crystal)

Finite structures

Unit cell Asymmetric unit Site, lattice vector

hasSpatialDirectPart hasSpatialDirectPart hasSpatialDirectPart



Crystallography domain ontology
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Summary
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A practical example of development of a domain ontology

reuse of existing standards

fits the needs of different communities

showed how it is connected to EMMO

the approach allows to connect to other TLOs as well
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