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EMMO Python API
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e Hosted at https://github.com/emmo-repo/
e Open source BSD license

Requires:

e Python 3.5 or higher

e Owlready2 v0.10 (currently issues with v0.13)

e pydot (generation of graphs)

e pandoc (for generation of EMMO documentation)

* java (for reasoning, use pre-reasoned version of
EMMO instead)
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https://pypi.org/project/Owlready2/
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Based on Owlready2

* Python package for ontology-oriented programming
e Selected features

— transparent access OWL ontologies
— natural Python representation
e OWL classes -> Python classes
e OWL individuals -> Python instances

— load, modify, save, search (simple + SPARQL), reasoning (via
HermiT or Pellet)

— includes an optimized triplestore/quadstore (via SQLite3)
* handles large ontologies (>10° classes)
 Documentation: https://pythonhosted.org/Owlready2/index.html

e Author: Jean-Baptiste Lamy, LIMICS reseach lab, Sorbonne Paris Cité
e GNU LGPL v3 license

https://emmc.info/ Brussels, June 7%, 2019
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* X %

EMMO Python API
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EMMO Python package

e A thin EMMO-specific layer on top of Owlready?2

— Makes it easier and more convenient to work with
EMMO

— Generation of graphs
— Generation of documentation

https://emmc.info/ Brussels, June 7%, 2019
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Importing and loading EMMO
(by default pre-reasoned)
N~
/
Accessing class relations <

Accessing class IRl

N~
Search for IRI {
/

Search for all properties <

https://emmc.info/

In [3]:
Out[3]:

In [4]:
Out[4]:
[emmo-core.spacetime,

emmo-core.elementary | emmo-core.has proper_part.some({emmo-core.elementary),
emmo-core.has temporal proper part.only{emmo-core.physical)]

In [5]:
Out[5]:

In [6]:
... 4943d366d")
out[6]:
In [7]:
out[7]:
[emmo-properties.qualitative property,
emmo-properties.quantitative property,
emmo-properties.subjective property,
emmo-properties.physical property,
emmo-properties.physical quantity,
emmo-properties.measurement _unit,
emmo-properties.descriptive property]

thyra:~/prosjekter/MarketPlace$ ipython3

Python 3.6.6 (default, Jul 19 2818, 14:25:17)

Type 'copyright', ‘credits’ or 'license” for more information
IPython 6.4.8 -- An enhanced Interactive Python. Type '?' for help.

: from emmo import get ontology

: emmo = get ontology()

emmo . load( )
get_ontology(“http://www.emmc.info/emmo-all-inferred#™)

emmo.physical.is a

emmo .physical.iri
‘http://emmc.info/emmo-core#EMMO_cS5ddfdba_c@74 daad_ad6b_lac4942d3eed’

emmo.search(iri="http://emmc.info/emmo-core#EMMO_c5ddfdba_c8®74_4aad4 adbb_lac
[emmo-core.physical]

emmo . search{is_a=emmo.property)
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. Extending EMMO via Python

Example 1

#!fusr/bin/env python3
from emmo import get_ ontology

emmo = get_ontology()
emmo . load()
#emmo . sync_reasoner()

# Create a new ontology with out extensions that imports EMMO
onto = get_ontology( ' onto.owl™)
onto.imported_ontologies.append{emmo)

onto.base_iri = "http://www.emmc.info/emmc-csa/demo#”

PrOduces a neW OWI flle: Ont0.0WI # Add new classes and properties needed by the use case

with onto:

class crystal(emmo.solid):
"""A pericdic crystal structure.”™”

Loading the extended ontology is simple Ll sl

In [1]:
In [2]:
In [3]
Out[3]:

In [4]:
Oout[4]:

from emmo import get_ontology
onto = get ontology('onto.owl')

onto.load()
get_ontology("onto.owl/onto.owl#")

onto.atom.is_a

[emmo-material.matter,
emmo-material.atomic,

emmo-properties.has _property.exactly(l,
emmo-properties.has property.exactly(1,

In [5]:

https://emmc.info/

class unit_cell(emmo.descriptive property):
"""Describes a unit cell in a crystal. Three cell vectors.
label = ["unit_cell’]

class PeriodicAtoms(crystal):
"""Representation of a periodic Atoms class in ASE.
equivalent_to = [emmo.has_spatial_direct_part.some(emmo.atom) &
emmo.has_property.exactly(l, unit_cell)]

tomic_number({emmo.physical_property):
abel = ["atomic_number®]

[T
o @

s atomic_mass{emmo.physical_property):
label = ["atomic_mass”]

onto.atomic_number),
onto.atomic_mass), class
emmo-properties.has property.exactly(l, onto.position), la
emmo-direct.has spatial direct part.exactly(l, emmo-material.electron_cloud)
emmo-direct.has_spatial_direct_part.exactly(l, emmo-material.nucleus)]

osition(emmo.physical_property):
el = ["position’]

# Add some properties to our atoms
emmo.atom.is_a.append(emmo.has_property.exactly(1l, atomic_number))
emmo.atom.is_a.append(emmo.has_property.exactly(1l, atomic_mass))
emmo.atom.is_a.append(emmo.has_property.exactly(1l, position))

4 Save our new extended version of EMMO
onto.save( 'onto.owl")

Brussels, June 7t 2019
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Scale Real world Model Transferred
| properties
Continuum « Mechanical response
Component | — ' Applied
Welded T foIce
structure ! >
« Cohesive behaviour
__________________________________________ Tensile for (cohesive elements)
N ! Shear force
Microstructure | Al I
Intermetallic : : _
a-AlFeSi | ) - : _
phases and a-AlFes] | Continuum
interfaces Interface
» Work of separation
» Work of sharing
-------------------------------------------------------------------------------- Bulk
Atomistic/ « Elastic constants
electronic Density
?:OST;Z% q functional
. Y theory « Atomistic structures
interface (DFT)
structures
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- Materials entities

state
elementary mesoscopic atomic continuum subatomic boundary
i
1s_a lis a is_a is_a\is a \is a is a
/ / / A\ N N
crystal_unit_cell molecule atom rve solid fluid phase
< — M A
@t _part min 2 as_spatial direct_part some (is_a @_direct _part only \is_a is a
T
standalone_atom e-bonded_atom crystal

Additional materials classes needed for the user case

https://emmc.info/ Brussels, June 7%, 2019




* X %

" Describing a crystal structure
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- Materials entities

state
A_a \N is_a
elementary mesoscopic atomic continuum subatomic boundary
1s_a lFs_a 7\ /s 5[1\5‘\ _a
|| crystal_unit_cell molecule atom rve solid fluid phase

A
@t_part min 2 @aﬂdlrect _part some r @ direct_part only £iis_a is a
1
standalone_atom \t e-bonded_atom ﬂ\ crystal ]
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Describing a crystal structure

Material entities

Material entities needed for describing a crystal structure

# Crystallography-related classes
# _______________________________
class crystal_unit_cell(emmo.mesoscopic):
A volume defined by the 3 unit cell vectors. It contains the atoms
constituting the unit cell of a crystal.”"""
is_a = [emmo.has_spatial_direct_part.some(emmo[ 'e-bonded_atom']),
emmo.has_property.exactly(3, lattice_vector),
emmo.has_property.exactly(l, stiffness_tensor)]

class crystal (emmo.solid):
""MaA periodic crystal structure.
is_a = [emmo.has_spatial_direct_part.only(crystal_unit_cell),
emmo.has_property.exactly(l, spacegroup)]

Tewe e

# Add some properties to our atoms

emmo[ 'e-bonded_atom'].is_a.append(emmo.has_property.exactly(l, atomic_number))
emmo[ 'e-bonded_atom'].is_a.append(emmo.has_property.exactly(l, mass))

emmo[ 'e-bonded_atom'].is_a.append(emmo.has_property.exactly(l, position))

https://emmc.info/ Brussels, June 7%, 2019




* X %

" User case ontology

* EMMC %

* *

s Properties

physical_quantity

s a is a /f a lFs_a is_a is a

is_a | energy_per_area position measured_volume orientation mass atomic_number pressure

area is_ a |(has property exactly 1 has property exactly 1 has property exactly 1 has_property exactly 1 lattice_vector

work_of_separation vertex e-bonded_atom traction_separation

stiffness_tensor |

has property exactly 1\1&5 _property exactly 1 has spatial direct part some as_property exactly 1 as property exactly 3 as property exactly 1

interface crystal_unit_cell

lhas spatial direct part only

crystal

Properties and related material entities

https://emmc.info/ Brussels, June 7%, 2019




Density functional theory

Properties
DFT input
DFT output

physical_quantity

iy
is a 1s_ a (s a is_a is a

Y -

is_a | energy_per_area position measured_volume orientation mass

area A has property exactly 1 has property exactly 1 has property exactly 1
work_of_separation vertex e-bonded_atom traction_separation
has property exactly 1 has property exactly 1 has spatial direct part some as_property exactly 1 as property exactly 3
interface

crystal_unit_cell

atomic_number pressure

has_property exactly 1 is_a is_a|| lattice_vector

~ §

stiffness_tensor

as property exactly 1

lhas spatial direct part only

Note:
elastic_tensor is a property of both crystal _unit
(atomic) and rve (continuum)

= vertical interoperability

https://emmc.info/ Brussels, June 7%, 2019
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Describing a crystal structure
Properties

class stiffness_tensor(pressure):
"""The stiffness tensor $c_{ijkl1}$ 1is a property of a continuous
elastic material that relates stresses to strains (Hooks's
Taw) according to

$\sigma_{ij} = c_{1jk1} \epsilon_{k1}$

Due to symmetry and using the Voight notation, the stiffness
tensor can be represented as a symmetric 6x6 matrix

/ €_1111 «¢_1122 ¢_1133 c_1123 c_1131 c_1112 \\
c_2211 «c_2222 «c€_2233 ¢_2223 «c_2231 «c_2212 |
c_3311 c_3322 «c_3333 «c_3323 c_3331 c_3312 |
c_2311 c_2322 c¢_2333 c¢_2323 c_2331 «c_2312 |
c_3111 c_3122 «c_3133 c_3123 c_3131 c_3112 |

|
|
I
\\ c_1211 ¢_1222 c_1233 c_1223 c_1231 c_l1212 /

is_a = [has_unit.exactly(l, pascal),
has_type.exactly(36, real)]

class atomic_number(emmo.physical_quantity):
"""Number of protons in the nucleus of an atom.
is_a = [has_type.exactly(l, integer)]

class lattice_vector(emmo.physical_quantity):
""U"a vector that participitates defining the unit cell.
is_a = [has_unit.exactly(l, meter),
has_type.exactly(3, real)]

class spacegroup(emmo.descriptive_property):
""U"A spacegroup is the symmetry group off all symmetry operations
that apply to a crystal structure.




Describing a crystal structure

* EMMC %

* *

s Properties

class stiffness_tensor(pressu
"""The stiffness tensor §
elastic material that rel
Taw) according to

class SI unit (emmo.measurement unit):
"""Base class for all S5I units."""
pass

$\sigma_{ij} = c_{ijk

Due to symmetry and using
tensor can be represented

class meter(SI unit):
label = ["m"]

c_2z1l1l c_2z2z class kilogram(SI unit):
c_3311 «c_3322 label = [Ikng

class pascal (51 unit):
label = ['Pa']

is_a = [has_unit.exactly(l, pascal),
has_type.exactly(36, real)]

class atomic_number(emmo.physical_quantity):
"""Number of protons in the nucleus of an atom.
is_a = [has_type.exactly(l, integer)]

class lattice_vector(emmo.physical_quantity):
""U"a vector that participitates defining the unit cell.
is_a = [has_unit.exactly(l, meter),
has_type.exactly(3, real)]

class spacegroup(emmo.descriptive_property):
""U"A spacegroup is the symmetry group off all symmetry operations
that apply to a crystal structure.

https://e




Describing a crystal structure

Properties

{1jk1}% 1is a property of a continuous

#
4 Types es stresses to strains (Hooks's
# e ———
class integer (emmo.number) : \epsilon_{k1}$
pass
he voight notation, the stiffness
class real (emmo.number) : S a symmetric 6x6 matrix
pass 3 ¢_1123 c_1131 «c_1112 \\
3 c¢_2223 c_2231 «c_2212 |
class string(emmo.symbol) : 3 €.3323 c¢_3331 c_3312 |
pass 3 c¢_2323 c_2331 «c_2312 |
3 ¢_3123 c¢c_3131 c_3112 |
— _ 1233 c¢_1223 c¢_1231 «c_1212 /
is_a = [Ras_unit.exactly(l, pascal),
has_type.exactly(36, real)]
m ™ | EXEN N — e 1
as_unit exactly 1  |has_uni t exactly 1 as_unit exactly 1 as_unit exactly 1 [has_unit exactly 1 has_unit exactly 1 has_unit exactly 1 has_unit exactly 1 has_unit exactly 1 has_uni t exactly 1
pesition lattice_vector area measured_volume mass has_unit exactly 1 as_unit exactly 1 has_unit exactly 1 energy_per_area density grientation

i5_a is_a

work_of_separation

elastic_tensor

traction_separation

atomic_number

spacegroup

class spacegroup(emmo.descriptive_property):
""U"A spacegroup is the symmetry group off all symmetry operations
that apply to a crystal structure.

https://e
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elastic properties

o & o YA )
G‘“"&’ »@*_' Fe,Al 5 A i\ alpha

¥ .-"? d‘ .". /
/ _J:".{-“?“ ey
ﬁ%‘%; %W\“:;@
f‘. - *
v \{ ﬁ. 4)‘%;,

Calculated anisotropic elastic constants

eystal [, 6, e fe, Je. e e, Ja, fe. e o fe. fe,
m21349 237.49 269.17 8825 78.25 99.66 77.13 89.43 45.71
| Alpha |

216.3 1958 219.03 77.09 63.93 76.07 59.70 4152 -2.75 19.28 -3.61 -3.36 -0.067
33.21 38.42 27.32 53.17 53.17 53.17 116.58 116.58 108.03

Stiffness tensor c;j; expressed as a 6x6 matrix (from Hooks law 0;; = ¢;jx;&ki)

€11 Ciz Gz Cia Cis Cie] 11111 €112z €1133 C1123 C1131 C1112]
Ciz Gy Cyz3 Cou Cys Cye C2211 €222 C2233 2223 (2231 (2212
c= Ciz Cy3 C33 (G35 (35 C36 _|€3311 C3322 3333 3323 C3331 (3312
Cia Cyy C34 Cuy Cus Cyg C2311  C2322 €2333 (2323 (2331 (2312
Cis Cys5 C35 (45 Cs5 Csg C3111 €3122 €3133 C€3123 C€3131 C3112
1Ci6 Cog C36 Cuag Cse Ceel LC1211 C1222 C1233  C1223  C1231 C1212d

https://emmc.info/ Brussels, June 7%, 2019
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system
A

interface
A

COMMON
REPRESENTATION
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Realising interoperability

Example 2

Aim: use common ontology to realise
interoperability between applications

How: map between common and
application ontology

Approach: use metadata framework (for
practicality)

1. generate metadata from common
ontology

2. define application metadata (from
implicit ontology)

3. instantiate application data

map application data to instance of
the common metadata

COMMON REPRESENTATIONAL SYSTEM
Domain
, ontology

MarketPlace API

“* |nterface

- B

Application B

https://emmc.info/ Brussels, June 7%, 2019




Realising interoperability

Generic example

Ontology 1 Ontology 2
EMMO-based common representation (Implicit) application ontology
generation generation
Metadata 1a Metadata 1b Metadata 2
mapping

data instance

. data instance
data instance

https://emmc.info/ Brussels, June 7%, 2019



Realising interoperability

Generic example

Ontology 1 Ontology 2

EMMO-based common representation (Implicit) application ontology

e-bonded _atom

crystal_unit_cell crystal

Step 1: generate metadata |1eration

I Step 2: app. metadata I
ASE Atoms class

e-bonded_atom crystal _unit_cell  crystal i

mappin : :
(' ’ ' ’ ERnY I Step 3: instantiate app. data I
atom 1 I Step 4: map B P e
(eI IXINI NN W”’ "*{ 5 read
unitcell  structure 0% _3, V ¢
L ' ﬁ}; ;.é.,; .
atom 211 - i LSL S CIF f|le
Collection

ASE Atoms mstnce

https://emmc.info/ Brussels, June 7%, 2019
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Entity: "Something that exists

* EMMC % 1 G d by itself, something that is
* * : e n e rate m eta ata separate from other things"
* * X Source: Merriam-Webster

About the metadata framework used here od sOM

e C- |mplementat|on of SOFT (dllte) dequa\\

http://emmc.info/emmc-csa/demo
o An electronic bonded atom that shares at least one
Description . L
> electron to the atom_based entity of which is part of.
opery Name  [oesorpion

ncoords Number of coordinates (always 3)

atom

e-bonded_atom

physical _quantity

Properties

atomlc_number position mass mmm
/ atomic_number int - Number of protons.
mass float = u Mass of this atom.
position float ncoords A Position of this atom.

https://emmc.info/ Brussels, June 7%, 2019
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1. Generate metadata

*
* 4 *

Mapping of concepts
1. OWL classes — metadata entities
2. EMMO properties — entity properties
3. all other relations — relations
(+ restriction, class construct instances)

atom
is_a

e-bonded_atom

physical _quantity

atomic_number position mass

/ Collection \

e-bonded atom

atomic_number
position
mass

mass is_a p.q.
position is_a p.q.

https://emmc.info/ Brussels, June 7%, 2019
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# Create an ASE Atoms subclass that also inherits from dlite atoms.json
DLiteAtoms = dlite.classfactory(ase.Atoms, url='json://atoms.json?mode=r#')

atoms.json

"name': "Atoms",

"version": "0.1",

"namespace": "http://sintef.no/meta/soft",
"description”: "An ASE Atoms object",
"dimensions": [

"name": "natoms",
"description”: "Number of atoms"
?
"name": "ncellvecs"”,
"description”: "Number of cell vectors. Always 3"
?
"name": "ncoords",
"description”: "Number coordinates. Always 3"
)
"name": "npair",
"description”: "Number in a (key-value) pair. Always 2"
L)
"name": "ninfo",
"description": "Number of info items."
1, _
"properties": [
"name": "positions"”,
"type": "double",
"dims": ["natoms", "ncoords"],
"unit": "Angstrém",
"description”: "Atomic positions in Cartesian coordinates.”
L)
"name": "numbers",

"type": "int6é4",

https://femmc.info/ ‘dins”: ["natoms"],

"description”: "Atomic numbers."
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3. Load atoms

* *
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#! /usr/bin/env python3
# -%*- coding: utf-8 -#-

Step 3 - load atom structure and represent it using our metadata framework
In this step we uses the Atomistic Simulation Environment (ASE) to load

a atomistic Al-Fe4Al1l1l3 1interface structure from a cif file and

represents it using the metadata defined in step 2.

import ase

import ase.io

from ase.spacegroup import Spacegroup

import dlite

from .step2_define_atoms import DLiteAtoms

# Load atom structure from cif file and convert it to a DLiteAtoms object
at = ase.io.read('../vertical/Al-Fe4Al1l3.cif"')
atoms = dlite.objectfactory(at, cls=DLiteAtoms, instanceid="atoms_Al-Fed4Al1l3")

# Create a new collection for data instances
coll = dlite.Collection('case_data’')
coll.add('Atoms ', atoms.dlite_meta)
coll.add('atoms’, atoms.dlite_inst)
coll.save('json', 'case_data.json', 'mode=w')




4. map Atoms instance to

* EMMC %

common representation

def map appZcommon (inst, metacell, out id=None):
"""Maps atom structure "inst’ from our application representation
(based on a not explicitly stated ontology) to the common
EMMO-based representation in "metacoll’.

Parameters

inst : Instance of http://sintef.no/meta/soft/0.1/Atoms
Input atom structure.
metacoll : Collection
Collection of EMMO-based metadata generated from the ontology.

out id : None | string
Bn optional id asscciated with the returned collection.

Returns

atcoll : Collection
New collection with the atom structure represented as instances

of metadata in "metacoll’.

mir

# Load metadata collection from step 1
metacoll = dlite.Collection('json://case metadata.]json?mode=r#case ontology', True

# Load dlite-representation of atoms structure from step 3
coll = dlite.Collection('json://case data.]json?mode=r#case data', False)
inst = coll.get('atoms"')

# Do the mapping
new = map appZcommon (inst, metacoll)

https://emmc.info/ Brussels, June 7%, 2019
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VERSION: "1.8°
Common Universal Data Structure
A representation of EMMO with CUDS

emmocuds.py

o)

n: Root of all CUDS classes

definition: The class representing the collection of all the individuals declared
in this ontology.
arent: CUBA.CUDS_ENTITY

definition: The class of individuals that ‘has_member® some 'item’ (i.e. that
stand for a collection of "item’ individuals).
arent: CUBA.EMMO

definition: "Superclass for all individuals that are subjected to MT MereoTopology.\nThe
class that collects all the individuals that are member of a set (it\u2e1l9s
the most comprehensive set individual)."

Mappings (EMMO — CUDS)

e class elucidation — description

on: Pure space entities.
CUBA.ITEM
PART:

e classification (is_a) — parent

* parthood (has_part) — containment ~definition: ‘1D space entity
« . - - (space) + (time) substrate.’
 slicing (has_subdimension) — parent: COBALSPACE o

CUBA_HAS_PART:

containment - ()

. = . ition: '2D space entit

e representations (has_sign) — attribute ’ !

- A 2D (space) + @D (time) substrate.
parent: CUBA.SPACE

CUBA_.HAS_PART:

shape: (:)
POINT:
definition: '@D space entity
A @D (space) + @D (time) substrate.’

parent: CUBA.SPACE
CUBA.HAS_PART:

https://emmc.info/ Brussels, June 7%, 2019




* X %
* *
* EMMC *
* *

* 5k

European Materials Modelling Council

= danke ﬁgj ngiyabonga

sz IUAG= pu he leﬁekkuredenma =
| % TE%I ffffff [a[:|3s_=_=a;;;ﬂ;,ﬂ..a
w5 “4=kﬁ“ mmmm | i o mm -mﬂshuhakkeram -

's‘f‘nansluke o i T mmeﬂ]

angalu = dakmem e

3 (iolch Chanyavadagaly siutma z = Mepcu

==Teiwia= e

EMMC-CSA project has received funding from the European Union's Horizon 2020
research and innovation programme, under Grant Agreement No. 723867

Centre for
S 1 R eeeeee h base

I =~ manufacturing

The scientific part of the user case was performed in SFI Manufacturing, a national
Norwegian project funded by the Research Council of Norway.



* X %
* *

* EMMC % Boundary vs interface

* 4 *

00000 0.0 OO ©OOOOC. OO
0000|e% 0 N0 'elelele/ XO=Ox
0000/%°% o070 Q00D
000000 0 QL O OO0 O
0000 g9%% eUD Q20D
0000/%% % Rexlielelele Mo xe
mattera  matterb boundary (matter) interface (world_volume)
(3D+1D) (3D +1D) (3D + 1D) (2D + 1D)
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I Density functional theory

* EMMC %

et Interfacial properties

# Properties
class area(emmo.physical_quantity):
"""Area of a surface."""
is_a = [has_unit.exactly(1, square_meter),
has_type.exactly(1, real)]

RN
XIS
TZ0ZoX

L3

A
W class work_of_separation(energy_per_area):
"""The work required to separate two materials per boundary area.
is_a = [has_unit.exactly(1, joule_per_square_meter),
has_type.exactly(1, real)]

class traction_separation(pressure):
"""The work required to separate two materials per boundary area.
is_a = [has_unit.exactly(1, pascal),
has_type.exactly(1, real)]

# Sub-dimensional classes
Fe class interface(emmo.surface):
"""A 2D surface associated with a boundary.
label = ['interface']
is_a =[emmo.has_property.exactly(1, area),
emmo.has_property.exactly(1, work_of separation),
emmo.has_property.exactly(1, traction_separation)]

- ﬁ"._-_v_,‘::._..—‘.; > W,
T ansY

# Material entities

class boundary(emmo.state):
"""A boundary is a 4D region of spacetime shared by two material
entities."""
equivalent_to = [emmao.has_spatial_direct_part.exactly(2, emmo.state)]
is_a =[emmo.has_space_slice.exactly(1, interface)]

https://emmc.info/ Brussels, June 7%, 2019
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