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Introduction

1 number + 1 units + (1 uncertainty) obtained on 1 sample with 1 method under certain conditions

DATA :
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« One will have to train students and people to be expert at all scales ? »
C. CHIZALLET (IFPEN), Oil & Gas Sci. Tech. 68, 110-1113, 2013

« If I need brain surgery I will not apply to a foot doctor »
R.J QUANN (Exxon Mobil), ), Oil & Gas Sci. Tech. 68, 110-1113, 2013

« …promote a rather wide training and then on this broad

training you need to build specialization »
P. SAUTET (ENS Lyon), ), Oil & Gas Sci. Tech. 68, 110-1113, 2013

« …it is more important to teach the skills to use computational

tools rather than the programming skills required to develop such

tools. » THORTON et al JOM, 61, 12-17, 2009

International Conference on Multiscale Approches for Process Innovation 2012
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• How reduce the learning curve ?

o Lectures

o Bibliography

⁃ Properties

⁃ Methods

⁃ Materials

o Practice
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YESS…….

I lost Weight

reasoned
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INCAR

KPOINTS

…
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MedeA® VASP Interface 
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“I like MedeA, it gives me more time to think.”
-Ryoji Asahi 

Toyota Central Research and Development Laboratories, Nagoya, Japan
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MedeA environment

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Databases  

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

Builders 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization 

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors 

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 

Databases  

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures
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Databases

https://www.materialsdesign.com/databases

over 1.1 million entries
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Databases
Vizualisation

Structure list
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MedeA environment

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Databases  

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

Builders 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization 

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors 

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 

Databases  

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Builders 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 
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Builders
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Random substitution

Cu



Surface



Interface builder

© Materials Design, Inc. 2022https://www.materialsdesign.com/datasheet/InterfaceBuilder
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MedeA environment

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Databases  

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

Builders 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization 

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors 

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 

Databases  

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Builders 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines
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MedeA® VASP GUI
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MedeA® VASP GUI



MedeA® VASP Output
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MedeA® VASP Ressources

Tutorials:

o Introduction to MedeA VASP: Learn how to set up and run VASP first principles calculations with MedeA

o Introduction to MedeA MT: Elastic Properties of TaN: Learn how to calculate the mechanical properties of crystals with MedeA MT and MedeA VASP

o Introduction to MedeA Phonon: Vibrational Properties of Silicon: Learn how to calculate the vibrational spectrum of silicon using MedeA Phonon with VASP and 

LAMMPS

o Introduction to MedeA UNCLE: Cluster expansion calculation of Au/Cu alloy: Learn how to set up cluster expansion calculations with MedeA UNCLE for Au/Cu alloy

o Introduction to MedeA FFO: Optimizing Buckingham Forcefield for LiNbO3: Learn how to optimize a Buckingham forcefield for LiNbO3 with MedeA Forcefield Optimizer

o Thermoelectrics: Seebeck Coefficient of Bismuth Chalcogenides: This tutorial describes how to calculate the Seebeck coefficient of the material Bi2Te3 with MedeA 

Electronics and MedeA VASP

o Calculate the Color of Cadmium Selenide and Cadmium Sulfide: Learn how to calculate the optical properties, such as color, of materials using an ab initio approach 

with MedeA VASP

o Electron-Phonon Coupling: Phonon Induced Change of the GaAs Band Gap as a Function of Temperature: Learn how to use the single displacement approach by 

Zacharias and Giustino to calculate the phonon-induced temperature-dependent change of the GaAs band gap with MedeA VASP 6

o Obtain Accurate Heat of Formation for SiC with ACFDT RPA: Learn how to calculate the heat of formation of silicon carbide using ACFDT RPA with MedeA VASP 6

o Thermal Expansion of ZnO: Learn how to calculate the thermal expansion of materials with MedeA

Webinars:

o VASP in MedeA: A Fast Way- From Models to Reliable Results: http://my.materialsdesign.com/webinar-31

o The Color of Materials: Value from Computed Optical Properties: http://my.materialsdesign.com/webinar-25

o Atomistic Simulations as a Driver of Industrial Innovation: http://my.materialsdesign.com/webinar-18

o Predicting Elastic Properties Using Ab Initio and Forcefield Based Simulations: http://my.materialsdesign.com/webinar-15

and more..

http://my.materialsdesign.com/webinar-31
http://my.materialsdesign.com/webinar-25
http://my.materialsdesign.com/webinar-18
http://my.materialsdesign.com/webinar-15
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LAMMPS GUI and Flowcharts

• Powerful flowchart interface lets you easily set up 

complex calculations by connecting stages

• A stage can be a computation, e.g. energy 

minimization,NVT and NPT dynamics, as well as an 

operation such as setting the density to that 

computed by a previous stage, or building a larger 

simulation box

• Any number of stages can be chained together to 

perform a detailed, reproducible calculation.

• Flowcharts from any previous calculation can be 

edited and run again, even on different molecules

• Capture best practices, and share validated 

computational strategies with colleagues

Custom Stage 

available

for LAMMPS 

advances

users
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MedeA® LAMMPS Ressources

Tutorials:

o Introduction to MedeA LAMMPS: Learn how to set up and run LAMMPS molecular dynamics simulations with MedeA

o Importing External Potential Parameters into MedeA: Learn how to import external potential parameters and files into MedeA

o Deposition of O2 on a Si Surface with Reactive Potentials: Learn how to perform deposition simulation with reactive potentials using MedeA Deposition

o Cold Spray of Cu Nanoparticles on the Cu Surface: Learn how to simulate the cold spray of metal nanoparticles onto metal surfaces with MedeA Deposition

o Plastic Deformation and Fracture of Single-walled Carbon Nanotube: Learn how to set up and run plastic deformation and fracture simulations with MedeA Deformation

o Mesoscale Simulations of Water and Octane: Learn how to set up and run a mesoscale simulation of a mixture with MedeA

o Self-assembly of Lipid Bilayer: Learn how to run a mesoscale molecular dynamics simulation of self-assembly on a time-scale of a microsecond with MedeA

o Mechanical Properties of a Thermoset Through Mesoscale Simulations: Learn how to predict mechanical properties of a thermoset through mesoscale simulations

Webinars:

o MedeA 3.1: http://my.materialsdesign.com/webinar-38

o MedeA Mesoscale: http://my.materialsdesign.com/webinar-36

o MedeA Elastic Properties and Deformation: http://my.materialsdesign.com/webinar-33

o MedeA Deposition: http://my.materialsdesign.com/webinar-26

o MedeA ReaxFF: http://my.materialsdesign.com/webinar-17

o MedeA LAMMPS: http://my.materialsdesign.com/webinar-12

o MedeA Forcefields: http://my.materialsdesign.com/webinar-10

http://my.materialsdesign.com/webinar-38
http://my.materialsdesign.com/webinar-36
http://my.materialsdesign.com/webinar-33
http://my.materialsdesign.com/webinar-26
http://my.materialsdesign.com/webinar-17
http://my.materialsdesign.com/webinar-12
http://my.materialsdesign.com/webinar-10


Interoperability

1. Create 30(Si O2) cell

at low density with

Amorphous Builder –

Forcefield is cvff_aug

2. NVT dynamic annealing with LAMMPS followed by NPT 

equilibration and VASP geometry optimization

Amorphous silica bulk

and repeat the procedure
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MedeA environment

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Databases  

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

Builders 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization 

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors 

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 

Databases  

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Builders 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization Machine Learning Potential 
Generator

Forcefields + Forcefield Optimizer 



Potentials - Forcefields

• Increased simulation coverage and accuracy from the state of art forcefields for molecular dynamics and 

Monte Carlo

• Automatic assignment of atom types and charges

• Customizable forcefields: safely add and change parameters when needed, changes are kept separate and 

not overwritten by updates;  version tracking to keep all modifications accessible for evaluation and 

comparison

• Materials Design’s experts provide industrial level support of forcefields shipped

• The complexities of developing and tuning forcefields requires a reliable and powerful computing platform. 

MedeA's architecture with the JobServer/TaskServer is the right environment to get things done.

Metallic forcefields:

• EAM

− All LAMMPS eam, 

eam/fs…

• MEAM 

Inorganic forcefields:

• Buckingham

• BKS

• Clay-FF

• CVFF_aug

Semiconductor forcefields:

• Tersoff

• Stillinger-Weber

Organic (valence) 

forcefields:

• PCFF/PCFF+*

• Compass/Compass+

• OPLS-AA/OPLS-AA+*

• AUA/AUA+ *

• Trappe+ *

Reactive forcefields

• COMB3

• ReaxFF

Mesoscale

• Martini

• Shinoda



Forcefield Optimizer
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Forcefield Optimizer
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• Examine fitting output graphs

Energy Force Stress

Energy Force Stress

Training

Validation



Machine Learning Potential
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Spectral Neighbor Analysis Potential (SNAP) 

Neural Network Potential (NNP) 

Build a model

Use VASP to run an ab initio MD 
simulation

Use the MD trajectory to train a 
SNAP MLP



34

MedeA environment

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Databases  

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

Builders 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization 

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors 

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 

Databases  

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Builders 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization Machine Learning Potential 
Generator

Forcefields + Forcefield Optimizer 



Properties Modules
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Phonon Module
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• MedeA Phonon is based on the PHONON program authored by 

Prof. Krzysztof Parlinski2,3

• Automatic detection and use of the space-group symmetry of the 

phase 

• Fully automatic determination of supercell and the necessary 

atomic displacements

• Fully automated setup, execution, and processing of VASP jobs  

• Uses forces computed with VASP, MOPAC, and LAMMPS. 

• The use of Phonons with VASP includes the ability to utilize 

GGA+U, meta-GGA, van der Waals, hybrid functionals, spin-

polarization, and fully relativistic Hamiltonians

• Partial freezing of atoms possible. 

• Applicable to transition state geometries

• Restart capabilities in case of hardware or communication 

failures. 



Phonon module

© Materials Design, Inc. 2022



Phonon module
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Electronics module
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• Boltzmann theory: semiclassical theory

o electrons follow classical equations of motion

o electron velocity/effective mass from first principles

o results depend on relaxation time  

• calculated properties  

o electrical conductivity

o thermopower (Seebeck coefficient) 

o thermal conductivity (electronic part) 

o electronic specific heat 

o Pauli paramagnetic susceptibility

o Hall conductivity 

results vs. temperature or doping
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Electronics Module

• Three-dimensional isosurfaces of electronic 

energies (Fermi surfaces) in k-space 

• Interactive analysis of effective masses for each 

band at any point in k-space 

• Interpolated electronic band structure displayed 

for orientation 

• Highly accurate effective mass tensors for 

selected electron or hole bands at requested 

points in k-space 

• Electrical conductivity, thermal conductivity 

• Thermoelectric power (Seebeck coefficient) 

• Electronic specific heat 

• Pauli paramagnetic susceptibility 

• Hall coefficient
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Examples



Thermal Conductivity

c-Si      a-SiO2 c-Si

Sharp interface between crystalline Si 

and amorphous SiO2

Reverse non-equilibrium molecular dynamics

A. France-Lanord, P. Soukiassian, C. Glattli, and E. Wimmer, 

J. Chem. Phys. 144, 104705 (2016)

Isotopically 
Pure

Isotopic 
Mixture

Expt(*)

Si 272 128 130

Ge 98 37 58

To examine isotope effects, 300K

thermal conductivities for isotopically 

pure and 'natural' isotopic mixtures of 

pure Si and Ge were calculated (units: 

Wm-1K-1)

Green-Kubo Approach

* http://www.ioffe.rssi.ru/SVA/NSM/Semicond/SiGe/thermal.htm

http://www.ioffe.rssi.ru/SVA/NSM/Semicond/SiGe/thermal.html#Thermal


Example
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MedeA environment

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Databases  

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

Builders 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization 

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors 

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 

Databases  

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Builders 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization Machine Learning Potential 
Generator

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors

High Throughput  



HT in MedeA
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• Value: Highly efficient screening of large number of compounds
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MedeA environment

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Databases  

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

Builders 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization 

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors 

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 

Databases  

Direct access to experimental and calculated structure data gathered over 
decades – more than 1,1 million structures

Graphical workflows & pre-configured computational protocols, to facilitate 
modeling, analysis, and property prediction 

Property Modules 

Builders 

Rich set of builders for crystalline/amorphous/ordered systems, molecules, 
surfaces, interfaces, nanoparticles, polymers, fluids, solids, hybrid materials, 
composites… 

VASP, GAUSSIAN, MOPAC, LAMMPS, GIBBS

Compute Engines

Access to state-of-the-art Forcefields (non-reactive & reactive); open access to all FF 
parameters; addition of user-defined FFs; FF optimization Machine Learning Potential 
Generator

Forcefields + Forcefield Optimizer 

Generation of large and consistent sets of computed data & descriptors

High Throughput  

Analysis and post-processing tools, for system characterization, visualization 
and analysis of calculated properties 

Analysis Tools  

Automated processing of compute protocols & workflows; Reliable long-
term archiving & accounting of computed data

JobServer & TaskServer 



MedeA’s 3-Tier Architecture

© Materials Design, Inc. 2022

The JobServer interprets the flowchart…

…and automates the process.

MedeA  
environment

• Create models, 

• Launch simulations, 

• Analyze results

Job control

• High-throughput 
workflow processing

• Job monitoring  and 
databases

• Local or remote

Task control

• High performance 
computing

• Parallelization

• Queuing  systems

true 64bit Windows/Linux applications

• MedeA’s three-tier architecture lets you submit 

compute jobs to local or remote compute 

resources. 

• Parallel task processing and MedeA’s high-

throughput job control guarantee optimal 

performance on workstations and HPC platforms 

under Windows and Linux alike.

• Submit your workflow, turn off your workstation or 

laptop and take a break! – Or join a meeting! 

• MedeA’s tier architecture takes care of the entire 

workflow,  in serial mode, or parallel, or  running 

through structure list with hundreds of entries in 

high-throughput mode.

• Workflows may include multiple stages involving 

several solvers,  intermediate analysis and building, 

and even on-the-fly graphical analysis.  - Though 

you still need to write the report or paper yourself. 

☺
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MedeA helps focus on key objectives such as

materials screening, design of experiment and

scientific analysis, rather than dealing with shell

programming, file formats, command lines and

syntax issues.

"Computational material science tools have revolutionized the evaluation of 

neutron thermal scattering laws. All of the new thermal scattering laws 

including in the new US national ENDF/B-VIII.0 nuclear data library were 

developed using DFT or MD simulations. The vast majority were developed by 

MedeA users using VASP, PHONON, and LAMMPS."

-Michael L. Zerkle, Ph.D.

Senior Advisor, Reactor Physics Methods Development, 

Naval Nuclear Laboratory

Over 500 customers in Industry, Universities, and 

Government Laboratories
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