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The OpenModel Project

1 28 January 2025

"Where have I seen this before?"

User front-end

www.open-model.eu

• Interoperability between physics-based models, solvers, third-party so�ware, post-processors,

   and databases via a seman�c layer.

• Automa�c genera�on and execu�on of materials modelling workflows.

• FAIR data crea�on.

OpenModel is a management system for materials modelling workflows based

on seman�c technologies:

Ontologies

DB So�ware

V&V ServicesReasoning

hku_user@ndd-635.materials.hpc $ showq -u hku_user

SUMMARY OF JOBS FOR USER: <hku_user> 

ACTIVE JOBS-------------------- 

JOBID     JOBNAME   USERNAME     STATE   CORE   NODE  REMAINING STARTTIME 

=========================================================================

10721     hpl       hku_user     Running 64     2      2:06:56 Mon Aug  9

10722     hpl       hku_user     Running 32     1      0:13:35 Mon Aug  9

WAITING JOBS------------------------

JOBID     JOBNAME   USERNAME     STATE   CORE HOST      WCLIMIT QUEUETIME

========================================================================= 

Total Jobs: 2     Active Jobs: 2     Idle Jobs: 0     Blocked Jobs: 0

DLite

Workflows and

data management



The use case: a hydrophilic polymer membrane
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I want to predict the

we�ability of a

polymer  substrate.

input model raw output processed output

• Force field

• bulk polymer

   structure

Bead posi�ons
CG-MD (without

electrosta�cs)

bulk water

structure

Polymer/water

sample

Force field Bead posi�ons
CG-MD (full

electrosta�cs)

• Density profile

• Wrapped structure

• back-mapped

   atomis�c posi�ons

Force field

(atomis�c)
Atomic posi�ons

Classic Molecular

Dynamics

• Density profile

• Wrapped structure

MODA workflow

h�ps://github.com/hothello/openmodel

MODA is a human-friendly, high-level descrip�on 

of material models and workflows. However:

The seman�c of the arrows is undefined.

The nota�on does not dis�nguish data from processes.

Not machine executable.

Here is a mul�scale 
simula�on for you!



Step 1: create the slab
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input model raw output processed output

• Force field

• bulk polymer

  structure

Bead posi�ons
CG-MD (without

electrosta�cs)

bulk water

structure

Polymer/water

sample

Force field Bead posi�ons
CG-MD (full

electrosta�cs)

• Density profile

• Wrapped structure

• back-mapped

   atomis�c posi�ons

Force field

(atomis�c)
Atomic posi�ons

Classic Molecular

Dynamics

• Density profile

• Wrapped structure

Materials: PLGA bulk structure,

CG force field.

2×2×1 supercell,

slab geometry.

relaxed structure

CG-MD

14
×1

5 
nm



Step 2: add the solvent
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input model raw output processed output
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Step 3: equilibrate again
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input model raw output processed output
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Input from previous step,

CG force field.



Step 3: post-processing
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input model raw output processed output
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The beads are finite-size spheroids!



Step 4: equilibrate 
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input model raw output processed output

• Force field
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Input from previous step,

atomis�c force field.

relaxed structure

AA-MD



Step 4: post-processing
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Density profiles
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Step 4: post-processing
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Density profiles

A so� interface (3 nm) is present on both samples.
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Seman�c documenta�on of workflows
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The topology of a workflow is build using hasInput and hasOutput rela�ons connec�ng 

processes to datasets.

Start Event End Event

Output DataInput Data

Model PE + MR

Process hasOutput

OutputResults

hasInput

InputParams

Data Data
a a



Seman�c documenta�on of workflows
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The topology of a workflow is build using hasInput and hasOutput rela�ons connec�ng 

processes to datasets.

The input and output datasets are "decorated" with seman�c rela�ons, e.g.
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Breaking workflows into single tasks
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Each workflow is broken down into a series of individual tasks.

Each task is a computa�onal process transforming input data into output data.

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

Same so�ware, different uses: lmp -i sample01_t02_02.in -l sample01_t02_02.log

7PWN protein, 22K atoms Coarse-grained model of organic 

semiconductors (MOLC model)

Structural geology simula�ons

Credit: Emma Finch, U. Manchester



Connec�ng the tasks: the Knowledge Graph
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Class

Dataset

Instance stored in the KB

Instance created during

workflow execution
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Connec�ng the tasks: the Knowledge Graph
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Instance stored in the KB

Instance created during

workflow execution
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Execu�ng tasks with wrappers
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Suppose we want to describe a simula�on that is executed from the CLI:

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

MoltemplateDPSlab1

LAMMPSDataSetSlab1

CGSlabAnnealingLT
hasW

rapper

MaterialSlab1

hasOutput

a a

hasInputhasInput

- workflow: execflow.exec_wrapper
    inputs:
      shelljob:
       metadata:
         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') }}"



Documen�ng the datasets
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The input can be stored as a single dataset, represen�ng a par�cular instance of a simula�on 

and its parameters.
---

egbRESXwrn:

 meta: http://open-model.eu/meta/1.0/CGSlabAnnealingLT

  dimensions: {}

  properties:

     atomstyle: "hybrid molecular ellipsoid"

     overlay: "-overlay-bonds"

     ltinput: /tmp/Inputs/02_cg_slab_01.lt

     mn_machines: 1

     mn_mpiprocs: 1

...

---

VHNl24cU4M:

 meta: http://open-model.eu/meta/1.0/MaterialSlab1

  dimensions: {}

  properties:

     dump: /tmp/Inputs/01_slab.dump

...

It ensures reproducibility, but...

It does not explain how the simula�on is carried out.

MoltemplateDPSlab1

LAMMPSDataSetSlab1

CGSlabAnnealingLT MaterialSlab1

hasOutput

a a

hasInputhasInput



Documen�ng the datasets
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OTEAPI pipelines reveal the content of the input datasets, exposing free and model parameters,

materials rela�ons, physical equa�ons, and their seman�c rela�ons.

Data are mapped to concepts in the ontology.

OTEAPI

FreeParameters

CGSlabAnnealingLT

ForceField ForceFieldParameters SampleDefinition ThermoOutput SimulationTask

MaterialSlab1

hasOutput

hasInput

hasInput hasInput hasInput hasInput

hasInput

hasOutput

output: "02_cg_slab_01"
final_temperature: 300
equilibrium_pressure: 1
cutoff: 14
timestep: 10
boundary: "p p p"

hasProperPart

VirtualMaterial

hasFreeParameters

isDescriptionFor hasProperPart

EMMO.ThermodynamicTemperature

mapsTo



Documen�ng the datasets: MD simula�ons
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The syntac�c implementa�on of MD protocols is hidden in 

macros, which are documented in a formal ontology where 

the rela�onships between parts are stated as axioms.

Slab Bulk

NoTimeIntegrator

Temperature

cg_init

Minimize

cg_init_random

TimeIntegrator

NVE

Task

Role

Geometrical

ThreeManifold

Perceptual

ThermoOutput
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msd_single
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cg_compression_lang
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cg_save

deform_to_slab

cg_rerun

cg_nvt_nh_only
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cg_nvt_nh

make_slab

cg_npt_nh_only

cg_npt_nh_aniso_only

production_slab

insert_on_slab_p01

vacf_nve

cg_npt_nh_monoclinic

NVT

NPT

CoarseGrainedMolecularDynamics

MaterialsModel

MesoscopicModel

ForceField

MaterialRelation

MOLC

molc_long

molc_cut

molc_long_accu

molc_long_gamma

cg_nve

loop_insertion_velocity

MathematicalFormula

MathematicalConstruct MathematicalModelMathematical

Language

Parameter

MOLCParameters GROMOSParameters

Variable

cyclohexane

diiodomethane

water_TIP3P_CG

water_TIP3P_AA

ForceFieldParameters

DataProcessing

Computation

SpecialitySim

loop_insertion_onlyDefault

cg_npt_nh_aniso

ViscosityGC

trajectory_only

Domain class

EMMO class

a a

a
a a

a

hasProperPart

hasProperPart

require
s

requires

requires



Documen�ng the datasets: MD simula�ons
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The syntac�c implementa�on of MD protocols is hidden in 

macros, which are documented in a formal ontology where 

the rela�onships between parts are stated as axioms.

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

 # Input variables.
 variable run    string 02_cg_slab_01
 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

 # PBC
 boundary p p p
}

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

# Single molecule definition of a PLGA chain.
import ../molc/plga/plga_cg_012.lt 

# Create the molecules.
mol0 = new PLGA12[360]

# Quick annealing at fixed volume.
import /usr/local/share/lt/cg_tasks.lt
thermo = default
task[1] = new cg_nvt_nh
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Temperature
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Minimize

cg_init_random

TimeIntegrator

NVE

Task
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MathematicalFormula
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Language

Parameter

MOLCParameters GROMOSParameters

Variable

cyclohexane

diiodomethane

water_TIP3P_CG

water_TIP3P_AA

ForceFieldParameters

DataProcessing

Computation
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loop_insertion_onlyDefault

cg_npt_nh_aniso

ViscosityGC

trajectory_only

Domain class

EMMO class

a a
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The science behind
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Mesoscopic simula�ons executed with the MOLC model: a coarse-grained force field based on 

ellipsoids, long-range electrosta�cs, and direc�onal bonds.

CG BM QM

Are Coarse-Grained Structures as Good as Atomis�c Ones for 
Calcula�ng the Electronic Proper�es of Organic Semiconductors?
Roscioni et al. J. Phys. Chem. C, 127, 9225 (2023).

Mesoscopic Modeling of Bio-Compa�ble PLGA Polymers with 
Coarse-Grained Molecular Dynamics Simula�ons
Bellussi et al. J. Phys. Chem. B, accepted (2025).



Take-home messages
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Seman�c documenta�on of workflows allows users to ask high-level queries and obtain 

machine-executable code.

Seman�c interoperability allows to combine heterogeneous tasks in novel ways, retrieving 

exis�ng workflows and crea�ng new ones.

A formal descrip�on of input parameters, materials rela�ons, and numerical approxima�ons 

ensures reproducible results and physical consistency.

A syntac�cally valid simula�on can yield bogus results, with no seman�c understanding.

Part of the EMMO ecosystem: h�ps://emmo-repo.github.io/
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