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The meaning of ... coffee

An ltalian bar in Germany:

- Silvia: “Un caffé macchiato, per favore.” [A caffé macchiato, please.]
- Barman: “Un caffé macchiato... che significa?” [A caffée macchiato... what does it mean?]

Espresso Espresso Espresso
doppio Macchiato
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An ltalian bar in Germany:

- Silvia: “Un caffé macchiato, per favore.” [A caffé macchiato, please.]
- Barman: “Un caffé macchiato... che significa?” [A caffée macchiato... what does it mean?]

What is happening?

The barman needs a clarification, namely: which meaning do we refer to, the Italian one

(as language suggests) or the German one (as the location suggests)? They differ,
notably in the average size of the cup and drink.

Espresso Espresso Espresso
doppio Macchiato
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The meaning of ... coffee

An ltalian bar in Germany:

- Silvia: “Un caffé macchiato, per favore.” [A caffé macchiato, please.]
- Barman: “Un caffé macchiato... che significa?” [A caffée macchiato... what does it mean?]

Let’s analyse this further:

1) The two subjects speak the same language (Italian)
2) A disambiguation is needed (to agree which convention is being followed)

3) They are in a bar: the first sentence implies a trading interaction between the speakers
(e.g., this wouldn’t be the case in a friend’s place)

These correspond to: 1) syntactics, 2) semantics and 3) pragmatics (see next).
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The meaning of ... coffee

An ltalian bar in Germany:

- Silvia: “Un caffé macchiato, per favore.” [A caffé macchiato, please.]
- Barman: “Un caffé macchiato... che significa?” [A caffée macchiato... what does it mean?]

From Merriam-Webster (following Charles Morris):

1) Syntactics: “a branch of semiotics that deals with the formal relations between signs
or expressions in abstraction from their signification and their interpreters.”

2) Semantics: “the study of meanings; a branch of semiotics dealing with the relations
between signs and what they refer to (...).”

3) Pragmatics: “a branch of semiotics that deals with the relation between signs or
linguistic expressions and their users; a branch of linguistics [the study of human
speech] that is concerned with the relationship of sentences to the environment in which

they occur.”

According to Morris, these are the three branches of semiotics: “a general philosophical
theory of signs and symbols that deals especially with their function in both artificially
constructed and natural languages.”
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40.0 1.17745 0.167
60.0 3.03579 0.3592
80.0 3.62384 0.3797
Now: how does this picture look in the context of data? 1000 43047403719
Let's imagine we receive a file “sigma.dat” (on the right). P sama en
40.0 1.25022 0.1238
60.0 2.75247 0.2723
80.0 4.05209 0.2691
100.0 4.05401 0.2726
1) Syntax/syntactics: »  The file format (ASCII text file).
formal relations between signs
2) Semantics: » Info about the content: e.g., what each
meaning, relations between signs column and block means, the data
and what they refer to provenance, etc.
3) Pragmatics: » E.g.: we type “rm sigma.dat” in a terminal.
relation between signs and their Depending on our rights on the file, it will
users/enviroment be removed or not.
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What values did x and p have?

How was the data point obtained?

What is the margin of error, how was
the error defined, and what software
(or experimental setup) was used?
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What values did x and p have?

How was the data point obtained?
What is the margin of error, how was
the error defined, and what software

(or experimental setup) was used?

competency
guestions

Good practice in managing research data:

Make all data findable, accessible, “ remember.
interoperable, and reusable (FAIR). Haha, joke. Of course | don’t.”
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Metadata standardization

Hierarchy of semantic assets

A
5
5 XML-based technology
N
© : : XSD
£ EngMeta | hierarchical schema | {5\ < hema A
%n annotated literature,
b= enhanced by machine-
= thesaurus processable semantics
a
9]
© taxonomy Review of
Materials
Modelling
vocabulary literature corpus compendium
.

depth of domain knowledge
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Hierarchy of semantic assets

A incorporation of pragmatics,
modal, temporal, and
epistemic logic

semantic web | VIMMP TTL
c ontologies ontology | <
. technology | and EMMO OWL DL
N
© : : XSD
= EngMeta | hierarchical schema e A |
5 annotated literature,
b= enhanced by machine-
= thesaurus visual notation | vector graphics processable semantics
e
_§ MODA and LDT graphs
taxonomy Review of
MolMod DB Materials
nomenclature Modelling
vocabulary dictionary literature corpus compendium
|

depth of domain knowledge
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Ontologies (in a nutshell)

What are they?
In philosophy, Ontology is the “science of what is”.

In information science, an ontology is a formal (machine-readable) representation of
knowledge within a certain domain. It identifies the categories (“classes”) that exist in the
domain and the relations between them.

Why are they useful?

Ontologies allow 1) automatic reasoning, 2) easier exchange of information across

The context is that of semantic technologies and semantic interoperability. Notably, the
Semantic Web concept, an evolution of the World Wide Web that is based on semantics
rather than ad-hoc links between resources (e.g., web-pages) was proposed in the 1990s.
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Ontologies (in a nutshell)

subject a class_of_subject;
has_property first_object, second_object;
other_property  another_object.

- Example
TTL format applied to OWL osmo:logical_access a owl:Class;

rdfs:subClassOf evmpo:annotation;
owl:disjointWith osmo:section_aspect;
owl:disjointUnionOf
(osmo:logical_read_access osmo:logical_write_access);
rdfs:comment "connection from a section to a logical resource".

osmo:has_access_point a owl:ObjectProperty;
rdfs:domain osmo:logical_access;
rdfs:range osmo:section;
rdfs:subPropertyOf viprs:satisfies_requirement_of.
osmo:has_resource a owl:ObjectProperty;
rdfs:domain osmo:logical_access;
rdfs:range osmo:logical_resource.
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Ontologies (in a nutshell)

:STFC_DL a :Laboratory; GFC ; :ResearchCOunD
:isPartOf :STFC. -isPartOf

Knowledge graph; also: Scenario or assertional box (ABox)

:STFC_DL :isPartOf :STFC.

RDF triple, consisting of subject, predicate, and object

Taxonomy, part of
@archCo@ rdfs:subClassOf the ontology
\@emicOrganiz@
also: TBox
:Laboratory rdfs:subClassOf . .
(terminological box)
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Ontology development in materials modelling

Community-governed development of metadata standards

> R

RoMM VI MODA CWA 17284 | | Ontologies 23 * electronic
Review of Materials Modelling (compendium) m
MODA (“Model Data”) A atomistic
CEN workshop agreement

Domain ontologies
EMMO top-level ontology

mesoscopic

continuum
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materials
modelling
translation

agents and
communication

EVMPO -
fundamental
categories

validation and

evaluation Evi=

connection to European Materials

the EMMO and Modelling
Ontology

Introduction and most recent release
doi:10.5281/zeno0do.3936795, 2021

Ontologies for the Virtual Materials Marketplace
Kl - Kiinstliche Intelligenz 34(3), 423-428,
e doi:10.1007/513218-020-00648-9, 2020

file formats,
computational
and data services


https://dx.doi.org/10.5281/zenodo.3936795
https://dx.doi.org/10.1007/s13218-020-00648-9
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:CERTIFICATE a vivo:certificate; o
’ has_certifier , oo
vivo:states_assessment :ASSESSMENT; = :CERTIFIER a VICOZCGF@

vivo:has_certifier :CERTIFIER.

:MODEL a osmo:materials_model.

evaluates_model

states_assessment

:ASSESSMENT a vivo:model_assessment,
vivo:accuracy_assessment;
vivo:evaluates_model :MODEL.

The certifier :CERTIFIER has issued a certificate (the IRl of which is :CERTIFICATE)
stating a model accuracy assessment (the IRl of which is :ASSESSMENT) that

evaluates the materials model :MODEL.
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:CERTIFICATE a vivo:certificate; has certifier . =
vivo:states_assessment :ASSESSMENT: = :CERTIFIER a vmo:cer@

vivo:has_certifier :CERTIFIER.

:MODEL a osmo:materials_model.

evaluates_model

states_assessment

:ASSESSMENT a vivo:model_assessment,
vivo:accuracy_assessment;
vivo:evaluates_model :MODEL.

The certifier :CERTIFIER has issued a certificate (the IRl of which is :CERTIFICATE)
stating a model accuracy assessment (the IRl of which is :ASSESSMENT) that
evaluates the materials model :MODEL.

In the model accuracy assessment :ASSESSMENT, it is asserted that the materials
model :MODEL has a relative error of 5% for the speed of sound of isopropanol.
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:CERTIFICATE a vivo:certificate; has certifier _ =
vivo:states_assessment :ASSESSMENT:; = :CERTIFIER a vmo:cer@

vivo:has_certifier :CERTIFIER.

:MODEL a osmo:materials_model.

evaluates_model

states_assessment

:ASSESSMENT a vivo:model_assessment,
vivo:accuracy_assessment;

vivo:evaluates_model :MODEL;

vivo:has_accuracy_assertion :ASSERTION.

:ISOPROPANOL
a osmo:ec_listed_material;
osmo:has_ec_number "200-661-7".

refers_to_material J has_accuracy_assertion

:ASSERTION a vivo:relative_deviation;
vivo:refers_to_property :SPEED_OF_SOUND;
vivo:refers_to_material :ISOPROPANOL.
vivo:has_deviation_magnitude 0.05.

:SPEED_OF_SOUND
a osmo:physical_variable;
vivo:is_quantity_kind

qudt-gk:SpeedOfSound.

refers_to__
property
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EL.1: Ab-initio quantum mechanics ~ EL.4: Charge transport (statistical)

electronic EL.2: Effective Hamiltonian models ~ EL.5: Spin transport (statistical)

EL.3: QM modelling of time-dependent quantities and fields

A.1: Classical DFT (atomistic) A.4: Partition function (atomistic)

atomistic A.2: Molecular statics (atomistic) A.5: Atomistic spin models

A.3: Equations of motion (atomistic) A.6: Statistical transport (atomistic)

M.1: Classical DFT (mesoscopic) M.4: Partition function (mesoscopic)

mesoscopic M.2: Molecular statics (mesoscopic) M.5: Mesoscopic spin models

M.3: Equations of motion (mesosc.) M.6: Statistical transport (mesosc.)

CO.1: Continuum solid mechanics ~ CO.5: Continuum thermodynamics
CO.2: Continuum fluid mechanics CO.6: Chemical reaction kinetics
CO.3: Heat transfer, thermomechanics CO.7: Electromagnetism
CO.4: Phase field models, DGT CO0.8: Processes and devices

continuum

Ontology for Simulation, Modelling, and Optimization (OSMO)
J. Chem. Eng. Data 65(3), 1313-1329, 2020
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Please give name andtype of the solver

DUMERICAL SOIVER e.g. Monte Carlo, SPH, FE, ...iterative, multi-grid, adaptive,...

EURQPEAN COMMITTEE FOR GTANGARDIZATION
COMITE EUROPEEN DE HORMALISATION
EURDPAISCHES KOMITEE F R NORMUNG

i

Please give the name and if this is your own code, please specify if it can be shared

3.2 SOFTWARE ToOL with an evt link to website/publication.

If applicable, please give the time step used in the solving operations.
3.3 TIME STEP | This is the numerical time step and this is not the same as the time lapse of the case to
be simulated (see 1.4)

S8

PHysIcs
EQUATION, = Computational representation of the physics equation, materials
MATERIAL | relation and material.

COMPUTATIONAL R:,ILAT'ONS’ There i gt ; inf
3.4 | REPRESENTATION ATERIAL ere is no need to repeat user case info.
MODA cover
“Computational” means that this only needs to be filled in when
your computational solver represents the material, properties,
equation variables, in a specific way. )
MODA section 1
If applicable.
COMPUTATIONAL
3.5 BOUNDARY  Please note hat these can be translations of the physical boundary conditions set in the

MODA section 2

CONDITIONS = user case or they can be pure computational. (e.g. a unit cell with mirror b.c. to
simulate an infinite domain).

Please specify pure internal numerical solver details (if applicable), like MODA section 3
ADDITIONAL SOLVER e Specific tolerances
PARAMETERS e  Cut-offs, convergence criteria
e Integrator options

3.6

MODA section 4 (processor
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Simulation data provenance

MODA 1.2 @
MODA section 1 MODA 1.4
has_use_case_aspect s
OSMO @ B {usecase aspeci MODA 1.1
NA

has_use_case_description,
has_use_case_material,
has_use_case_geometry,
has_use_case_timespan, MODA 1.6
has_use_case_boundary_condition,
has_use_case_literature

quse_case_boundary_condition><] (
MODA 1.5 MODA 1.3

-—

Please give name andtype of the solver
e.g. Monte Carlo, SPH, FE, ...iterative, multi-grid, adaptive,...

MODA cover

3.1 NUMERICAL SOLVER

Please give the name and if this is your own code, please specify if it can be shared
with an evt link to website/publication.

. If applicable, please give the time step used in the solving operations.
M O DA SeCt| on 2 mod el 3.3 TIME STEP | This is the numerical time step and this is not the same as the time lapse of the case to
be simulated (see 1.4)

PHYsICS
EQuATION, = Computational representation of the physics equation, materials
MATERIAL  relation and material.
RELATIONS,
MATERIAL = There is no need to repeat user case info.

3.2 SOFTWARE TOOL

COMPUTATIONAL
3.4 REPRESENTATION

“Computational” means that this only needs to be filled in when
your computational solver represents the material, properties,
equation variables, in a specific way.

IMMP

VIRTUAL MATERIALS COMPUTATIONAL
MARKETPLACE 3.5 BOUNDARY = Please note hat these can be translations of the pl
CONDITIONS | user case or they can be pure computational. (e.,

simulate an infinite domain).
Please specify pure internal numerical solver det
—l 2 ADDITIONAL SOLVER Specific tolerances
fO m a.I 0 nt0| (0} gy i PARAMETERS ®  Cutoffs, convergence criteria
. ®  Integrator options
(machine processable)

If applicable.

semi-formalized
metadata standard
(human processable)
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Simulation data provenance

user case processed
. tput
MODA input raw outpu output

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

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

Workflow _graph
........ el k.“?".‘%"‘.’".f contains_logical e memmeepeda .o Workflow node
contains_section l contains_section "

. logical_resource

is_final is_initial !

lopical write access\/ logical_read_accg¢ss LpOStpl’OCESSOT]

1 >,
----------------- ' is_linked_to D L L
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Simulation data provenance

MODA user case raw output

processed
output

LDT ! e e
casel

>‘ simulation
outcome

processor

PoL
Wﬁn: N
L

case 2

simulation
outcome

LDT

: :

E ini w L2 r :

run run 1

starting : > ol

point : solver processor :
1

: :

coupled
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i simulation workflow W

: : " L3 I W L4 r Cz
classical mechanical I n = IS
equations of motion P
i (atomistic-mesoscopic) i linked linked
iy > MD simulation

with Is1 mardyn

materials relation:
LJTS potential

starting
point of C,

continuum :
thermodynam ics E starting

5/ ..

use case: :
Riemann problem '

13

continuum fluid
mechanics and
heat transfer

H

H

H

H

H

H

o

N

N

i I

I

Vo

in I

I

I

1 1 "

" 1 1

H I

H i

M I I

™ H .

2 F i Vo

Vo w 8 21 B

1 1 run un 1 L]

HE N

\ 1 starting i H

starting i 1 pointofC, i

point of W I X n n N

1 [ . "

e EL LR R LR LS TRt e e L e L LL R L EE :

. : :
continyum

simulation
outcome

thermody}

J. Chem. Eng. Data 65(3), 1313-1329, 2020

Ontology for Simulation, Modelllng, and Optimization (OSMO)

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.




Technology H I_ R S

Facilities Council
VIRTUAL MATERIALS . —
MARKETPLACE .

% Science and T

Geometry 1100790 7
Types and positions ,, Uuﬂu]1ﬂwmgm]nm
of interaction sites 100 el Gliiith
. . . 100100711 54 00900hERN 1 10040
Dispersion and repulsion 01000111 B g
Lennard-Jones or Mie potential: R N
Size and energy parameters 1100700 ) 00 EPRTT (Lo o
- 010010101010
Electrostatics 101011101001101011101001
Point charge or multipole }}E]]IJU]%]BUI%]UU[I]]U1]1]]][]1[I
(point dipole or quadrupole): 01010

Magnitude and orientation

Molecular model database (MolMod DB)

7\ | http:imolmod.boltzmann-zuse.de/ |
Computational
Molecular Engineering Pair potentials for over 150 molecular fluids
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Annotating molecular models

vov:involves_variable

coordinates of
vov:has_initial_point

centre of mass A

vov:involves_
object

—@gid_object

rigid unit with three &
interaction sites (and
one centre of mass)

vov:has_

variable

vov:involves_object

MolMod DB
model name C2H2 IlI

viso-am:two_
overall pair \ _ body_potential

potential

(0,0,-0.482954) ¢

osmo:logical_array,
vov:relative_position

viso-am:mass_site

attached_

LJ site 1: coordinates of LJ site 2:

(0,0,0482954) ¢

quadrupole coordinates: v
(0,0,0)

osmo:logical_array,
vov:relative_position

osmo:logical_array,
vov:relative_position

7
vov:has_final_point | vov:has_final_point | vov:has_final_point
- X | 11 vov:has_initial_point g |1
viso-am:structureless_object o il el s i T == == = = |
1 1
LJsite 1 LJ site 2 ¥ quadrupole

site

viso-am:lj_site,
viso-am:mass_site

viso-am:lj_site, viso-am:charge_

quadrupole_site

i

vov:has_
mass
m=13.019u

vov:has_electric_
quadrupole_
moment

vov:shares_value_with
== osmo:unique_
elementary,
vov:scalar_variable,
vov:object_mass

osmo:unique_
elementary,

vov:scalar_variable,

vov:object_mass

o=23.7504 A vov:shares_value_with

osmo:logical_array,

osmo:unique_ osmo:unique_ vov:tensor_variable,
elementary, elementary, vov:electric
vov:scalar_variable, vov:scalar_variable, quadrupole_moment

vov:length vov:length

e=59.71Kk, alue with

quadrupole tensor
with Q= 5.73 DA

res

osmo:unique_ osmo:unique_
elementary, elementary, and all other Q, = 0
vov:scalar_variable, ok vov:scalar_variable,
vov:energy attached_ vov.energy

variable

Z

CH(2)

H(1)

MolMod DB
(Molecular Model Database)

E—
Q0N 0 0 1 (OSSR
) | | IR —
100 Gt Gttt
010017 N4 DOTODTRENT 110 040
0007717 (Sed00.10 1 N
00700 G POSRI 0 10000, (PO
FFRA0T0 070 Bkl
g | 1001001 08 00 TGS il
010010101010
101011101001107011101001
1110010010101
1100780+0011T1010
01010

10
01
11

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

pair potentials for
over 150 molecular fluids
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Annotating molecular models

vov:involves_variable

coordinates of LJ site 1: coordinates of LJ site 2:
(0,0,-0.482954) ¢ (0,0,0.48295 A) v quadrupole coordinates: v
(0,0,0)
osmo:logical_array, osmo:logical_array, osmo:logical_array, Z
. . vov:relative_position vov:relative_position vov:relative_position
vov:has_lnlt'lal_pom}
vov:has_final_point | vov:has_final_point | vov:has_final_point CH ( 1 ) CH (2)
- X | 11 vov:has_initial_point g |1
viso-am:structureless_object o il el s i T == == = = | MolMod DB
1 1
centre of mass / Y UJsitet { Y UJsite2 l v S (Molecular Model Database)
/iso-am:lj_sit viso-an )-a rge_ \5M€

vov:.involves
1
e(

G
ov:nas_

JSON-LD file containing a hierarchical representation of the ABox (scenario):

material-D/acetylene-model-cecam.json

with Q - ,, L
http://molmod.boltzmann-zuse.de/

osmo:unique_ 2
and all other Qu‘ =0

osmo:unique_

model name C2H2 Il
elementary, elementary,
viso-am:two_ vov:scalar_variable, Vovihas vov:scalar_variable, . .
overall pair \_body_potential vov:energy sttachad. vov:energy pair potentials for
variable over 150 molecular fluids

potential
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»What questions would you ask about data provenance when
looking for simulation results in a research data infrastructure?“



https://www.menti.com/
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Tools for working with ontologies

vov:involves_variable

coordinates of LJ site 2:
(0,0,0482954) ¢

coordinates of LJ site 1:
quadrupole coordinates:
(0,0,0)

(0,0,-0.482954) ¢

osmo:logical_array,
vov:relative_position

osmo:logical_array,
vov:relative_position

| 1vov:has_final_point

vov:has_initial_point
7
vov:has_initial_point

\i

osmo:logical_array, z
vov:relative_position
| vov:has_final_point CH(1 ) CH(Z)
4 |
MolMod DB

(Molecular Model Database)

viso-am:structureless_object

}
/_L L site 1
/1ISO-am:l]_SIt

centre of mass

vov:.involves

e(

TTL file including relevant parts of the TBox (ontology) and ABox (scenario):

material-G/acetylene-model-cecam.ttl

osmo:unique_

MolMod DB . ~
model name C2H2 il eEluer el
elementary, elementary,
viso-am:two_ vov:scalar_variable, Vovihas vov:scalar_variable,
vov:energy attached_ vov.energy

body_potential
variable

overall pair
potential

vith Q= ,‘.,'7, L
and all other Q, = 0 http://molmod.boltzmann-zuse.de/
pair potentials for
over 150 molecular fluids
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Tools for working with ontologies

¥ acetylene-example.ttl (https://purl.vimmp.eu/semantics/scenario/molecular-models/acetylene-example.ttl) : [farc/tr/lehre/2021/cecam-swimm/contribution-02_owr

e R
File Edit View Reasoner Tools Refactor Window Ontop Mastro Help
< ® acetylene-example.ttl (https:/purl vimmp .eujsemantics/scenario/molecular-models/acetylene-example ttl) ~ Search...
»workflow_resource ) workflow_graph ) workflow_node
| Active ontology x| Entities x | Classes x | Object properties x | Data properties x | Individuals by class x| DL Query x|
|C|ass hierarchy ICIass hierarchy (inferred) | |Annotation5 | Usage | OWLViz |
Class hierarchy: workflow_node ElIEMmE f§ OWLViz: workflow_node 1i=10]&)
% | &+ Asserted =
v- @ owl:Thing Asserted hierarchy
@ cas listed_material
. function non_bonding_potertial electrostatic_potertial
@ Iogical_value ) mass_site
logical variable —
elemﬁfntary_loglcal charge_quadrupole_site
unique_elementar

logical_structure

s protégé - standard IDE for ontologies

I_site
unigue_logical
variable rigicl_ohject
model_object
potential

it available at https://protege.stanford.edu/

application_case_asp
use_case_aspect

use_case_matelTar

v model_aspect contains_section 1 owl:Thing

governing_equation
materials_relation

workflow_graph

>~ @ structure_term
»- @ unit
v workflow_resource

) section

@ application_case
- use_case

@ materials_model Instances

workflow_graph @ MODEL_NODE
2 Iworkflow node 2

4@ USE_CASE_NODE

SubClass Of (Anonymous Ancestor)

To use the reasoner click Reasoner = Start reasoner | Show Inferences @
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File Edit
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Refactor
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Window Ontop Mastro

¥ acetylene-example.ttl (https://purl.vimmp.eu/semantics/scenario/molecular-models/acetylene-example.ttl) : [farc/tr/lehre/2021/cecam-swimm/contribution-02_owr
View Reasoner Tools

Help

@ logical_value
logical_variable

¥ elementary_logical
e & unique_elementary
7~ & logical_structure

- logical_array

@ unique_logical

p-- @) variable

@ model_object

@ potential

@ section_aspect

application_case_aspect
¥ use_case_aspect

@ use_case_material
¥ model_aspect

¥ governing_equation

' materials_relation
+- (0 structure_term
+ 0 unit

v workflow_resource

@ application_case
- use_case
@ materials_model
workflow h

arap
YL Cfiow niode]

e R
® acetylene-example.ttl (https:/purl vimmp .eujsemantics/scenario/molecular-models/acetylene-example ttl) ~ Search...
»workflow_resource ) workflow_graph ) workflow_node

| Active ontology x| Entities x | Classes x | Object properties x | Data properties x | Individuals by class x| DL Query x|
|C|ass hierarchy ICIass hierarchy (inferred) | |Annotatior‘|5 | Usage | OWLViz |
Class hierarchy: workflow_node ElIEMmE f§ OWLViz: workflow_node 1i=10]&)
L X psserted ~| | @ | |V |B8]) O || M (B3] [« ||| # | =)
¥ owl:Thing |Asser‘ced hierarchy | Inferred hierarchy |

© cas_listed_material

@ function

(:l-"lon_bondir1g_po‘tentiai:)ﬂ—iﬁ:a—{-electrostatic_potenti
iga R ~— it

(;;tem_i.;l_\/‘l%’::is-a _<;;u_o_;

ody_potemiaT>'{]—is=a—‘Cmie_potemial ‘)

(‘ mass_s'rte)
) i e

is-. _— —
= = = /:/ Gharge_quadrupcle_sit@

- — —. . isea T TR S

; g2 ___structureless_ohject =F——%=2————{ interaction_sit:
Godel_ob]e% . — —__J__,/ Wby e

= gen —iz=a —

A s

e B
—_‘—'(lL!ite )]
- 3 ~— e
e 0 e ol
_l':_f_o_nned:ed_ob]efii_,'ﬂ—&a—‘\ilgld_objecf/'
|Description | OWLviz |
Description: workflow_node Bn=0iE|
SubClass Of

@ contains_section max 1 owl:Thing
© workflow_graph

General class axioms

SubClass Of (Anonymous Ancestor)

Instances
& MODEL_NODE
4@ USE_CASE_NODE

To use the reasoner click Reasoner = Start reasoner | Show Inferences @
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Tools for working with ontologies

SPARCOL ENDPOINT CONTENT TYPE (SELECT) CONTENT TYPE (GRAPH)

/MOLMOD/query JSON j Turtle j
1+ prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> :: u
2 prefix osmo: <https://purl.vimmp.eu/semantics/osmo/osmo.ttl#>
3 |p
4
g05
6v W {
8 .
fuseki SPARQL server
10
a5
2 available at
https://jena.apache.org/documentation/fuseki2/
QUERY
oo *
Showin shtries
magnitude Y éunit .
1 "59.71"**xsd:decimal <https://purl.vimmp.eu/semantics/vivo/vivo ft#UNIT_KELVIN_ BOLTZMANN=
2 "3.7504"*xsd:decimal <http://qudt.org/vocab/unité Angstrom=

Showing 1 to 2 of 2 entries


https://jena.apache.org/documentation/fuseki2/
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Tools for working with ontologies

SPARCOL ENDPOINT CONTENT TYPE (SELECT) CONTENT TYPE (GRAPH)

/MOLMOD/query JSON j Turtle

1+ prefix rdf: <http://www.w3.0rg/1999/62/22-rdf-syntax-ns#>
2 prefix osmo: <https://purl.vimmp.eu/semantics/osmo/osmo.ttl#>
prefix vogi - immp.eu/semantics/vov/vov. ttl#=

query

SELECT ?magnitude ?unit
WHERE {

?iri rdf:type vov:pair variable.
8 7iri osmo:has elementary value 7elval.
9 ?elval osmo:is decimal ?magnitude.
?iri osmo:has variable unit ?unit.

-

59.71 K-k, 3.7504 A

QUERY RESULTS

2 BRESEE Raw Response *

KA
K

Showing 1 to 2 of 2 entries Search: Show 50 Eentries
Y unlt .
"59.71"**xsd:decimal | <https://purl.vimmp.eu/semantics/vivo/vivo ft#UNIT_KELVIN_ BOLTZMANN=
"3.7504"*xsd:decimal <http://qudt.org/vocab/unité Angstrom=

Showing 1 to 2 of 2 entries




Science and

= VIMMP e T H L R|S

VIRTUAL MATERIALS
sees  sEEEs mEEEs wmEEEs wmEEEs  wmEEEs  mEEEa  EmEEEE  mmaEs  mmass  wmmaw
MARKETPLACE

Query languages

\
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History: SQL (Structured Query Language) for relational databases category to

be selected
model_parameters
id name value unit category reference

V4
1 “sigma” 3.7504 A I/pair_variable
2 “epsilon” 59.71 Kk, \\pair_variay
3 “site mass” 13.019 u object_variable /\
4 “quadrupole” DA tensor 276
B “site 1 position” A vector 178
6 “site 2 position” A vector 179

pointers to IDs from other tables
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Query languages

History: SQL (Structured Query Language) for relational databases

model_parameters

id name value unit category reference
1 “sigma” 3.7504 A pair_variable

2 “epsilon” 59.71 K'kB pair_variable

3 “site mass” 13.019 u object_variable

4 “quadrupole” DA tensor 276

B “site 1 position” A vector 178

6 “site 2 position” A vector 179

SELECT name, value, unit
FROM model_parameters
WHERE category = pair_variable;

,sigma“ 3.7504 A
,epsilon  59.71 K-k
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Query languages

SPARQL (,,SPARQL Protocol and RDF Query Language®) for the semantic web

SELECT ?x ?y ... WHERE {sequence of triples involving ?x, ?y, ...}

pair_variable

SELECT ?unit
WHERE @

?iri rdf:type vov:pair_variable. has_

. . . : iabl
?iri osmo:has_variable_unit ?unit. Varl:f“te—

|
© S.Chiacchiera M.THorsch ~ 16"March2o21 36
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Query languages

SPARQL (,,SPARQL Protocol and RDF Query Language®) for the semantic web

SELECT ?x ?y ... WHERE {sequence of triples involving ?x, ?y, ...}

pair_variable

SELECT ?magnitude ?unit

WHERE { 2iri has_ ?elval
?iri rdf:type vov:pair_variable. has_ elercaelﬂt;ry—
?iri osmo:has_elementary value ?elval. Varli?]ki’tle— is_decimal
?elval osmo:is_decimal ?magnitude.
?iri osmo:has_variable_unit ?unit.
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Query languages (SPARQL in protégé)

¥ acetylene-example.ttl (https://purl.vimmp.eu/semantics/scenario/molecular-models/acetylene-example.ttl) : [farc/tr/lehre/2021/cecam-swimm/contr
File Edit

\View Reasoner Tools Refactor Window Ontop Mastro Help

@ acetylene-example ttl (https://purlvimmp.eujsemantics/scenario/molecular-models/acetylens-example ttl) ~ Search...

|Actiue ontology | Entities = | Classes x | Object properties x | Data properties x | Individuals by class = | DL Query X |

Class hierarchy: (21 [ = (=] (%]
Asserted -

#— ) logical variable
7 model_object
) composite_object
¥ connected_object

“- 0 rigid_object
v~ structureless_object

v interaction_site
@ charge_quadrupole_site
@ lj_site

) mass_site

- () potential
- () section_aspect
) application_case_aspect
¥ use_case_aspect

L use_case_material

¥ model_aspect
¥ governing_equation
~- 0 materials_relation

- structure_term
unit
ElectricityAndMagnetismUnit
EnergyAndWorkUnit
- MassUnit

"
b |

SPARQL query:

prefix rdf: <http:/fwww. w3 0rgf1999/02/22-rdf-syntax-ns#=
prefix osmo: <https://purl vimmp.eufsemantics/osmofosmo.ttl#>
prefix vow: =https:/fpurlvimmp. eu/semanticsivovivov.ttl#=

SELECT "magnitude 7unit

WHERE {
?iri rdfitype vov:pair_variable,
?iri osmo:has_elementary value 7elval.
7elval osmo:is_decimal ?magnitude.
?iri osmo:has_variable_unit 7unit.

¥

magnitude
"50. 71"~ ~<http:/fwww. w3, 0rgf2001/XMLSchema#decimal= UNIT_KELVIN_BOLTZMANN
"3.7504" " <http/iwww. w3, org/2001/XMLSchema#decimal= Angstrom

unit

59.71 K-k, 3.7504 A

Execute

Reasoner active v Show Inferences @
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Constraint language (SHACL)

SHACL (Shapes Constraint Language) for validating knowledge graphs

:UNIQUE_ELEMENTARY_SHAPE a sh:Shape;
sh:targetClass osmo:unique_elementary; unique_elementary
sh:property [

sh:path osmo:has_elementary_value;

has_ has_
sh:minCount 1; elementary_ variable_
sh:maxCount 1 value index
sh:path osmo:has_variable_index; @
sh:maxCount 1 exactly 1 at most 1
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Constraint language (SHACL in protégé)

¥ acetylene-example.ttl (https://purl.vimmp.eu/semantics/scenario/molecular-models/acetylene-example.ttl) : [farc/tr/lehre/2021/ce:

File Edit ‘“iew Reasoner Tools Refactor Window Ontop Mastro Help

@ acetylene-example ttl (https:/fpurl vimmp.eufsemantics/scenariojmaolecular-modelsfacetylene-example ttl) - Search..

ylogical_variable yunigue_logical » unique_elementary

|Actiue ontology | Entities = | Classes x | Object properties x | Data properties = | Individuals by class | DL Query = | SHACL Editor =

Class hierarchy: unigue_elemer BB MmE | SHACL editor:

%e |8+ K Asserted ~ Open Save Validate
f----:.'lugical_variable @prefix osmo: =<https://purl.vimmp.eu/semantics/osmo/osmo. ttle=,
b elementary_logical @prefix owl: <http://www.w3.org/2002/07/owl#=,
b & logical_structure @prefix rdf: <http://www.w3 orq/1999/02/22-rdf-syntax-ns#=,
T . unique_logical @prefix sh: <http://www.w3.org/ns/shaclg=,
=0 logical_array
=Y, hique elementary acetylene-example: UNIQUE_ELEMENTARY_SHAPE a sh:Shape;
i i sh:targetClass osmo:unique_elementary;
Direct instances: sh:property I
o sh:path osmo:has_elementary_value;
sh:minCount 1;

sh:maxCount 1
| |

For: & unigue_elementary

® L AEPS sh:path osmo:has_variable_index:
& L] A MASS sh:maxCount 1
& L APOS X 1.
: L]_A_POSY SHACL constraint violations: 3
L] A POS Z

® L ASIG Severity SourceShape Message FocusMode Path ‘alue
o LJ_B_EPS http:ff... afdfa4478c... Property needs to have at least 1 values, but found 0 https:#purl.v... hitp...
& LJ_B_MASS http:ff... afdfa4478c... Property needs to have at least 1 values, but found 0 https:/purl.v... hitp...

R http:ff... afdfa4478c... Property needs to have at least 1 values, but found 0 https:/fpurl.v... http...

& LB POS X

Reasoner active v Show Inferences @
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Constraint language (SHACL)

vov:involves_variable

coordinates of LJ site 1: coordinates of LJ site 2:
(0,0,-0.482954) § (0,0,0482954) ¢ quadrupole coordinates: v
(0,0,0)

Z

CH(2)

vov:has_final_point | vov:has_final_point | vov:has_final_point CH(1 )
7 e R | 11 vov:has_initial_point g |
viso-am:structureless_object ) — — — = = = = =l = = — — = —T— — —
t t I MolMod DB

ntre of A y
centre of mass LJ site 2 \ Gl (Molecular Model Database)

viso-am:lj_site, site nosn.— — —
viso-am:mass_site 00N 0 0 1 (OSSR 0N

) | | IR —

100 Gt Gttt
010017 N4 DOTODTRENT 110 040
0007717 (Sed00.10 1 N
0

osmo:logical_array,
vov:relative_position

osmo:logical_array,
vov:relative_position

osmo:logical_array,
vov:relative_position

vov:has_initial_point
7

viso-am:charge_
quadrupole_site

viso-am:lj_site,

vov:involves_
viso-am:mass_site

object

—@gid_object

rigid unit with three &

i

vov:has_electric_

10
01
11

interaction sites (and quadrupole_ 010V 0 Qe POSRIO'TEE0.0 o5 0P
one centre of mass) 'h elementary, elementary, Femeht 1110010070 819
S teched voviscalar_variable, vov:scalar_variable, = 1100108 1 0 1L 0

e vov:object_mass vov:object_mass v 0101010070

101011101001101011107001
1111001001010111

res_value_with

0=3.7504A vovisha

osmo:logical_array,

voviinvolves_object OSmo:uNiquUES ShilEls vov:tensor_variable, 110016 716001111010
elementary, elementary, vov:electric_ 111k
vov:scalar_variable, vov:scalar_variable, quadrupole_moment -

vov:length

vov:length

e=59.71Kk, vov:shares_ alue with quadrupole tensor
MolMod DB ; P = : withQ_=5.73 DA
osmo:unique_ Bsmo:unique_ 2
model name C2H2 Il Ry e ey and all other Q, = 0 http://molmod.boltzmann-zuse.de/
viso-am:two_ vov:scalar_variable, vov:scalar_variable,

pair potentials for
over 150 molecular fluids

overall pair
potential

body_potential vov:energy attached._ vov.energy

variable
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RDF and OWL libraries

Jena (Java) owlready2 (Python)
https://jena.apache.org/
/K https://pypi.org/project/Owlready2/
Tena o
Functionality: manipulate OWL 2.0
Developer: Apache Software ontologies as Python objects; reasoning;
Foundation Ntriples and RDF/XML 1/0, OWL/XML as |,

Reasoning, RDF quadstore
Functionality: TTL and RDF/XML
/0, SPARQL querying (used by Developer: Jean-Baptiste Lamy

fuseki), reasoning (, Inference API")
License: GNU Lesser General Public

. ) License v3 or later (LGPLv3+)
License: Apache Software License


https://jena.apache.org/
https://pypi.org/project/Owlready2/
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RDF and OWL libraries: Apache Jena

OSMO-only example in ,material-1“ folder
knowledge graph VOV-only
l import org.apache.jena.rdf.model.*; knowledge graph
modelOSMO.read(inputStreamOSMO, null, "TTL"); l

modelVOV.read(inputStreamVOV, null, "TTL");

—

Model model = modelOSMO.union(modelVOV);

lcombined knowledge graph

model.write(out, "TTL");
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RDF and OWL libraries: Owlready?2

example in ,material-L“ folder

python3 owlready2_example.py

A toy example to
myonto = get_ontology("vimmp-ontology-fragment.owl")
*load an ontology myonto.load()

*navigate it (classes and properties) classes_list=list(myonto.classes())
op_list=list(myonto.object_properties())

‘modify it (create an individual) my_ind = (my_class)("my_individual", label="my_label")
-save the modified ontology in a file myonto.save(file="my_first_test.owl", format = "rdfxml")

* .. all via Python commands
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A sign and the object it (supposedly) refers to
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The following (only) refers to the contribution to this presentation from the VIMMP project:

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 760907.

This document and all information contained herein is the sole property of the VIMMP Consortium
(unless specified otherwise or clear by context). Information presented herein may be subject to
intellectual property rights. No intellectual property rights are granted by the delivery of this
document or the disclosure of its content. Reproduction or circulation of this document to any third
party is prohibited without the consent of the authors.

The statements made herein do not necessarily have the consent or agreement of the VIMMP
Consortium. They represent the opinion and findings of the authors.
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