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The OpenModel Project

www.open-model.eu "Where have | seen this before?"
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www.open-model.eu

on semantic technologies:

The OpenModel Project

"Where have | seen this before?"

OpenModel is a management system for materials modelling workflows based

\[/

* Interoperability between physics-based models, solvers, third-party software, post-processors,
and databases via a semantic layer.
e Automatic generation and execution of materials modelling workflows.

e FAIR data creation.
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The use case: a hydrophilic polymer membrane
MODA workflow

input model raw output processed output
e Force field .
CG-MD (without >
* bulk polymer —— electrostatics) ‘ l
structure

Polymer/water

> sample
|

| want to predict the

wettability of a
polymer substrate.

bulk water
structure

Here is a multiscale
simulation for youl!

Y

¢ Density profile
. > CG-MD (full ¢ Wrapped structure

e el electrostatics) 3 ® back-mapped
atomistic positions

MODA is a human-friendly, high-level description

of material models and workflows. However:
X The semantic of the arrows is undefined. (tama) C'“.Z'&“fi'ii“'” — ‘—> el et

X The notation does not distinguish data from processes.
https://github.com/hothello/openmodel

X Not machine executable.
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Step 1: create the slab

Materials: PLGA bulk structure,
CG force field.

relaxed structure

2x2x1 supercell,

slab geometry.
] ——

model

CG-MD (without
electrostatics)
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Step 2: add the solvent

initial structure

PLGA slab

model raw output processed output _<

CG-MD (without ‘
electrostatics) 3

3 Polymer/water
sample

* Density profile
CG-MD (full 3 * Wrapped structure
electrostatics) * back-mapped
atomistic positions
1

Classic Molecular * Density profile
Dynamics > ‘9  Wrapped structure
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Step 3: equilibrate again

Input from previous step,
CG force field.

relaxed structure

model raw output processed output

CG-MD (without 3 ‘
electrostatics)

Polymer/water
sample

+ | CG-MD

* Density profile
CG-MD (full * Wrapped structure
electrostatics) 3 * back-mapped
atomistic positions

Classic Molecular * Density profile
Dynamics > ‘9  Wrapped structure
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model

CG-MD (without
electrostatics)

Step 3: post-processing

raw output processed output

_)‘—l

- Polymer/water
>

sample

Y

CG-MD (full
electrostatics)

* Density profile
* Wrapped structure
3 * back-mapped
atomistic positions

Y

Classic Molecular
Dynamics

3 * Density profile
* * Wrapped structure

en Model
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structure
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The beads are finite-size spheroids!

CG
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Step 4: equilibrate

Input from previous step,
atomistic force field.

input model raw output processed output

CG-MD (without 3 ‘
electrostatics)

- Polymer/water
7 sample

 Density profile
CG-MD (full 3 * Wrapped structure
electrostatics) * back-mapped
atomistic positions
1

Classic Molecular * Density profile
Dynamics > ‘9  Wrapped structure
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Step 4: post-processing
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coarse-grained
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Density profiles
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28 January 2025




Step 4: post-processing

Density profiles

1.4 — . . . ' ' ' ' ' 1.4
12 M - 12 _
"’E 1.0 “"E 1.0 ’
O O
\\@ 0.8 r \9 08 I
> >
= 06| s 067
: :
o 04r PLGA — o 047 PLGA —
0.2 water 1 0.2 water —
total total —
0.0 — — 0.0 ———+4 —
-80 60 40 -20 O 20 40 60 80 -80 60 40 -20 O 20 40 60 80
Sample profile (A) Sample profile (A)

A soft interface (3 nm) is present on both samples.

en Model

o - e 8 | 28 January 2025



Semantic documentation of workflows

m The topology of a workflow is build using hasinput and hasOutput relations connecting
processes to datasets. S {:E

\
Input Data  *_ 0 Output Data

N ’

N ’

' J
4}{ Model PE + MR ]—}O

InputParams OutputResults Start Event End Event

{Imusicode

P Data «€¢— hasIinput—| Process — hasOutput—p| Data DN

a a

en Model
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Semantic documentation of workflows

m The topology of a workflow is build using hasinput and hasOutput relations connecting

processes to datasets. \ @
N 4
Input Data \‘\ L, Output Data
4
P Data «€¢— hasIinput—| Process — hasOutput—pp| Data < \\X ’
a a 4
‘ ‘ H{ Model PE + MR ]—}O
InputParams OutputResults Start Event End Event

{Imusicode

m The input and output datasets are "decorated" with semantic relations, e.g.

. 0.30 0.00
._‘Y: 0.25
§ ~ 0.20 -0.01
2 hasProperPart hasProperty _ § . z
g I I N N N S . I I N N N S ﬁ . -g_o'oz
E & 0.10 &
g 0.05 -0.03
E 0.00 ood %@%
: 0.000 0.025 0.050 0.075 0.100 0.000 0.025 0.050 0.075 0.100
Strain (-) Strain x (-)
Polymer membrane PLGA Elastic modulus

en Model
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Breaking workflows into single tasks

m Each workflow is broken down into a series of individual tasks.
m Each task is a computational process transforming input data into output data.

m Each process has a limited scope and is described with a wrapper.

m Same software, different uses: Imp -i sample@l t02_02.in -1 sample@l t02_02.log

EFINCH2022
1

1 1
225 250 275 300

Coarse-grained model of organic Structural geology simulations

I
200

150 175

semiconductors (MOLC model) Credit: Emma Finch, U. Manchester

n Model
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Connecting the tasks: the Knowledge Graph

I
\)‘0&0
d A
- \S()e ///A\\\ (/// \\\)
‘— a SIabGap . p\\gr\F - "\>\ ) < NS
i hasinput haslnput 1gpes N, Y
Geometrical -\ \SDESUIptIOﬂFOT ; N {
SuperceIIPostprocessGap . = - . +
haslnput N X -7 . . ‘ .
Water N MaterialBulk MaterialSlab2 CGSlab2AnnealingLT AADensityProfile
-4
ThreeManifold hasOutput -- * ’
_ hasinput hasinput hasolutput
} [ Y - A\ 4
isDescriptionFor : AADensityProfilePostprocess
A [ PLGA > VirtualMaterial J [ MoltemplateDPSlab2 J [ N
R, - | N
IR =21t - - A A i -7 T N \\haslnput () /
YAMLFile A\ Tl B RIRLY S hasWrappe SN N
D N ~ P hasOutput >
\\/ﬂ o N <ot hasinput . a v
isDescriptionFor < I . hasOutput
a ~o_ E LAMMPSLog DCDFileSlab2
2 y ¢ )/ LAMMPSDataSetSlab2
MoltemplateWrapperCGDump B L ’ K VergeTrimPostorocess & +
CGSlabAnnealingLT MaterialSlab1 ST AN L & P T hasOutput hasOutput
,/ isDescriptionFor' ’ \
& Q ) " N \ \ hasinput N LAMMPSSimulationSlab2AA
KPA hasinput ! AR Fa D
P haslnput isDescriptionFor SN RN hasinput ‘: > >N \\/\ T
A / ’ 0?0‘ A ~. N \ LAMMPSSimulationSlab2 hasinput
o . RN
- hasWrapper- M N al i | AN \
- MoltemplateDPSlab1 % + \ / \ )
! v
BoolOpenSource hasKPA K | [ MaterialSlab1Opt ] [ R — ' hasOutput hasOutput a/ [ LAMMPSDataSetSlab2AA
' N '
/ hasOutput (// Y
moltemplate_o] éosource hasPamupant '

hasKP

e
’

Process

Dataset

Instance stored in the KB‘

Instance created during /™
) <
workflow execution ™\~

.
v~

Moltemplate

Ye

en Model

, \ |5Descr\pt\onFor
/\/ ’ . : hasOutput
‘ // ) asOutput hasOutput isDescriptionFor LAMMPSLog DUMPFileSlab2 |
; G \ [
K [ MoltemplateDataProcessing ] % MoltemplateDPSlab2AA
’ LAMMPSDataSetSlab1 Z SlabPostprocess
'
a ' E
g\ haslnput haslnput khaslnput
N hasinpu
LAMMPSSimulationSlab1 N oA hasinput MappingXYZ Slab2Backma
hasinput ] ‘,‘/\) asinpu haslnput:( P hasOutput‘»[ PDBMaterialSlab2 ] AASlab2AnnealingLT ]
v \ \\v//
LAMMPSDataSet hasOutput hasOutput a N a} a}
haslnput N ‘
! N/
\
LAMMPSLog DUMPFileSlab1 [ CGDensityProfilePostprocess hasOutput:
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m It can be queried for outcomes.

rrrrrrr

m An acyclic causal graph is built.

m Heterogeneous tasks can be combined in novel ways. -

en Model
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Executing tasks with wrappers

Suppose we want to describe a simulation that is executed from the CLI:

$ moltemplate.sh -atomstyle "hybrid molecular ellipsoid" -overlay-bonds -dump input.dump input.lt

- workflow: execflow.exec_wrapper<-----_____
inputs: -l
shelljob: BRI
metadata: s
options:
resources:
num_machines: "{{ ctx.mt.mn_machines }}"
num_mpiprocs_per_machine: "{{ ctx.mt.mn_mpiprocs }}"
command: "moltemplate.sh"
arguments:
"-atomstyle"
"{{ ctx.mt.atomstyle }}"
"{{ ctx.mt.overlay }}"
"-dump"
"{{ ctx.mt.dump }}"
- "{{ ctx.mt.ltinput }}"
outputs:
- input.in
postprocess:
- "{{ ctx.current.outputs['remote_folder']|to ctx('lammps_dir') }}"
- "{{ ctx.current.outputs['input_in']|to_ctx('lammps_in') }}"

9
Dey._

~

\ K N\\"
@w Model 12
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[ CGSlabAnnealingLT MaterialSlab1 ]
hasinput haslnput

I\ [

Tt «[ MoltemplateDPSlab1 ]

hasOutput

|

[ LAMMPSDataSetSlab1 ]




Documenting the datasets

The input can be stored as a single dataset, representing a particular instance of a simulation
and its parameters.

egbRESXwrn:
meta: http://open-model.eu/meta/1.0/CGSlabAnnealinglT

dimensions: {} a a
v v

properties:
atomstyle: "hybrid molecular ellipsoid” CGSlabAnnealingLT MaterialSlab1 ]
overlay: "-overlay-bonds"
ltinput: /tmp/Inputs/02_cg slab 01.1t &haslnput hasmpu?
mn_machines: 1 '\\ [

mn_mpiprocs: 1
MoltemplateDPSlab1

T hasOutput
VHN124cU4M: i
meta: http://open-model.eu/meta/l1.0/MaterialSlabl
dimensions: {}

properties: It ensures reproducibility, but...
dump: /tmp/Inputs/61_slab. dump It does not explain how the simulation is carried out.

[ LAMMPSDataSetSlab1 ]

en Model
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Documenting the datasets

OTEAPI pipelines reveal the content of the input datasets, exposing free and model parameters,
materials relations, physical equations, and their semantic relations.
Data are mapped to concepts in the ontology.

A A
output: "@2 cg slab 01" hasProperPart //' "
,final temperature: 300 _--TT T ‘~\\ isDescriptionFor hasPT’ope(Part
/ equilibrium_pressure: 1 J L/ |
/ cutoff: 14 ' \ & '
;I tlmeStep: 10 [ FreeParameters ForceField J ForceFleIdParameters SampleDefinition ] [ ThermoOutput J [ SimulationTask ]
. n n
' boundary: "p p p
N
rﬁaps—[q \ \ /
hasFreeParameters
' hasinput haslnput haslnput haslnput
“ hasinput \ \ / hasinput
1
\ 4
[EMMO.ThermodynamicTemperatureJ OTEAPI
hasOutput hasOutput

[ CGSlabAnnealingLT ] [ MaterialSlab1 ]
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Documenting the datasets: MD simulations

The syntactic implementation of MD protocols is hidden in
macros, which are documented in a formal ontology where
the relationships between parts are stated as axioms.

diffusion_single

vacf_nve

Computation

DataProcessing

cg_init_random

ThermoOutput

cg_npt_nh_aniso_only
cg_npt_nh_monoclinic
cg_temp_scan_nh
deform_to_slab

molc_cut

molc_long

=l cyclohexane water_TIP3P_CG ©Quirgs | -
molc_long_accu diiodomethane water_TIP3P_AA oo i
N cg_compression_lang
’ < N
molc one gamme o _
U S~ cg_compression_nh
sProperPart | X 3 4 1 = requires. _ _
’ X \ | i

insert_on_slab_p01

vV v v v T ’ ,
‘ MOLCParameters ‘ ‘GROMOSParameters \ ) )
\
L v v

- . 15 | 28 January 2025

en Model

= = = —hasProperPart = = = =|

‘ CoarseGrainedMolecularDynamics

MesoscopicModel
MaterialsModel
MathematicalModel

IS

ThreeManifold
_Geometrical
Perceptual

Domain class

EMMO class




Documenting the datasets: MD simulations

The syntactic implementation of MD protocols is hidden in
macros, which are documented in a formal ontology where

‘ Timelntegrator ‘

the relationships between parts are stated as axioms. [Cmmanage

Computation

DataProcessing

cg_init

!

A

# Input variables (task dependant).
write_once("In Init"){

cg_init_random

# Input variables.

variable run string 02_cg slab_o01

variable ts  equal 20
variable tf equal 300.

variable p equal 1 @

variable cutoff equal 14.
variable skin equal 4.
variable s equal 5
variable cl equal 200
variable prod equal 50000

molc_cut

boundary p p p . ©
} _ cyclohexane water_TIP3P_CG “reqy;, ! _-="
molc_long_accu

# Define the force field.
import /usr/local/share/lt/cg_molc.1lt
ff = new molc_long

molc_long_gamma

QUirgs B
? diiodomethane ’ water TIP3P_AA S— o - _ L\_
’ i : \
N

hasProperPart_ s\ 4 /@ | .

N

\ \ \

vV v v v

‘ MOLCParameters ‘ ‘GROMOSParameters

# Single molecule definition of a PLGA chain.
import ../molc/plga/plga_cg 012.1t

= = = —hasProperPart = = = =|

ForceField ForceFieldParameters

CoarseGrainedMolecularDynamics

# Create the molecules.
molo® = new PLGA12[360]

MaterialRelation
MathematicalFormula
MathematicalConstruct

- . 15 | 28 January 2025
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MesoscopicModel
MaterialsModel
MathematicalModel

# Quick annealing at fixed volume.
import /usr/local/share/lt/cg_tasks.lt
thermo = default

task[1l] = new cg_nvt_nh

ThreeManifold
_Geometrical
Perceptual

vacf_nve

cg_compression_lang
cg_compression_nh

insert_on_slab_p01

Domain class

EMMO class




The science behind

Mesoscopic simulations executed with the MOLC model: a coarse-grained force field based on
ellipsoids, long-range electrostatics, and directional bonds.

Are Coarse-Grained Structures as Good as Atomistic Ones for T
Calculating the Electronic Properties of Organic Semiconductors?

Mesoscopic Modeling of Bio-Compatible PLGA Polymers with [=] E
Roscioni et al. J. Phys. Chem. C, 127, 9225 (2023). Coarse-Grained Molecular Dynamics Simulations

Bellussi et al. J. Phys. Chem. B, accepted (2025). Eﬁrﬁ
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Take-home messages

m Semantic documentation of workflows allows users to ask high-level queries and obtain
machine-executable code.

m Semantic interoperability allows to combine heterogeneous tasks in novel ways, retrieving

existing workflows and creating new ones.

m A formal description of input parameters, materials relations, and numerical approximations
ensures reproducible results and physical consistency.

m A syntactically valid simulation can vyield bogus results, with no semantic understanding.

m Part of the EMMO ecosystem: https://emmo-repo.github.io/

en Model
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