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Why Machine Learning is popular now? 

Number of publications per year between 1994 to 2016 (Web of Science) 



Paradigms of Material Science and Engineering 

Ref: Claudia Draxl and Matthias Scheffler, “NOMAD: The FAIR concept for big data-
driven materials science”, MRS Bulletin,  Volume 43, (2018) 676-682. 



Big-Data Analytics in Material Science and Engineering 

Electronic or Structural  
Properties: 

Energies 
Forces 
Atomic Charges 
Magnetization 
Band Structure 
Band Gap 
Density of States 
… 

Prediction Si Diamond Crystal 

HRAS Protein (~7000 Atoms) Ref: Wikipedia / PDB 



Representation of Potential Energy 
Surface of Li-Si 

Ref: Berk Onat, Ekin D. Cubuk, Brad D. Malone, and Efthimios Kaxiras,  
        PRB 97, 094106 (2018) 

Lithiation of Amorphous Si Implanted Neural 
Networks 

19000 Structures  
SIESTA calculations 
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Novel Materials Discovery (NOMAD) Lab 

http://www.nomad-coe.eu 



Novel Materials Discovery (NOMAD) Lab 

NOMAD Archive as of March 2018. 

http://www.nomad-coe.eu 



Novel Materials Discovery (NOMAD) Lab 

Codes with more than 100 uploads to NOMAD Archive as of March 2018. 

http://www.nomad-coe.eu 



NOMAD Infrastructure 
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Open 
Access 
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at Gitlab 
MPCDF 



Code Citations 
(2013-17) 

Type Search Name 

Gaussian 19100 DFT Frisch 

VASP 17900 DFT Kresse 

Gromacs 11200 FF Lindahl 

LAMMPS 10300 FF Plimpton 

Amber 9440 FF Kollman 

NAMD 7110 FF Schulten 

GROMOS 7080 FF Van Gunsteren 

Quantum 
Espresso 

6960 DFT Giannozzi 

ASE/ASAP 6650 FF Jacobsen 

CHARMM 6250 FF Karplus 

Discovery 
Studio 

6240 DFT, FF Accelyrs 

GAMESS 5780 DFT Gordon 

WIEN2k 5570 DFT Blaha 

CASTEP 5330 DFT Payne 

Molpro 4440 DFT Werner 

Most cited 15 codes: 
Standard Metadata 

NOMAD Parsers 

Parser codes developed in our group. 

Parsers from other groups in NOMAD. 

Ref: L.M. Ghiringhelli, C. Carbogno, S. Levchenko, 
F. Mohamed, G. Huhs, M. Lueders, M. Oliveira, M. 
Scheffler, arXiv:1607.04738 



Metainfo for MD Codes 

Amber 
CHARMM 
Gromacs 
GROMOS 
NAMD 
Tinker 

Smart Parser 

MD Data 
Access 

Metainfo 
Storage 

https://gitlab.mpcdf.mpg.de/nomad-lab/python-common 

ASE, Mdtraj, MdAnalysis, ParmEd,   
GROMOSTopo, CHARMM_Reader, 
Pymolfile (VMD plugins) 

https://gitlab.mpcdf.mpg.de/nomad-lab/pymolfile 

Supports 128  
Topology/Trajectory : 
Formats 



NOMAD Encyclopedia 



NOMAD Encyclopedia 



NOMAD Encyclopedia 



NOMAD Big-Data Analytics & Query 



NOMAD Big-Data Archive and Query 



[1] C. Poelking, A. Ziletti, L. 
Ghiringhelli, and G. Csányi, NOMAD. 
S. De, A. Bartók, G. Csányi, and M. 
Ceriotti, Phys. Chem. Chem. Phys. 
(2016) 

Similarity Map with SOAP 
Representation 



[1] C. Poelking, A. Ziletti, L. 
Ghiringhelli, and G. Csányi, NOMAD. 
S. De, A. Bartók, G. Csányi, and M. 
Ceriotti, Phys. Chem. Chem. Phys. 
(2016) 
[2] Ádám Fekete, Aldo Glielmo, 
Martina Stella, and Alessandro De 
Vita, NOMAD Big-Data Analytics 

Similarity Map with SOAP 
Representation 

Pair-Potential Predictor for Si 



Classification of Representations 
Atomic neighbor density Histogram Connectivity 

(Graphs) 
Physical 
Property 

Symmetry 
Adapted 

Direct Direct Direct Direct 

Kernel/
Power 
expens
ion 

Functions/
Filters 

Expensio
n/Tensor 

Structure Electronic Static 
Builds 

Hierarchical 
Builds 

Combinati
on of any 
property 
with any 
math. 
operation 

SOAP Sym. 
Funcs, 
Chebyshev 
expansion, 
AGNI 

MBTR k-bags, 
Bag of 
Bonds/
Angles
… 

Electroni
c Band 
Structure
, DOS 

n-gram, 
Graphs, 
CGCNN
,Coulom
b Matrix 

Building 
blocks or 
Ligand/
Residue 
based 
Graphs 

SISSO 

Ref: Berk Onat, James Kermode (2018) under preparation 



SOAP Kernel: 

Ref: A. P. Bartok, R. Kondor and G. Csanyi, PRB 87, 184115, (2013) 
        A. P. Bartok, G. Csanyi, Int. J. Quantum Chemistry 115, 1051–1057, (2015)        

Smooth Overlap of Atomic Positions (SOAP) 

Power Expansion: 



Cutoff function: 

Radial Symmetry Functions: 

Angular Symmetry Functions: 

Ref: N. Artrith, B. Hiller and J. Behler, Physica Status Solidi B, 250, 1191 (2013) 
        G. Imbalzano, A. Anelli, D. Giofré, S. Klees, J. Behler, M. Ceriotti, J Chem. Phys 148, 241730 (2018) 

Symmetry Functions 



Compressibility Tests with CUR and FPS 
Methods on C,H,N,O Structures 

2963 Molecular Structures 
(Single Molecules, Bulk Molecular Structures) 



CUR Decomposition 

Selecting Columns of X: 
1)  SVD Decomposition 
2)  Column scoring with right singular vector v 

3)  Select c from k columns (Here we apply CUR[k=1]) 
4)  Orthogonalize all other columns of X to c 

Error estimation: 

Ref: G. Imbalzano, A. Anelli, D. Giofré, S. Klees, J. Behler, M. Ceriotti, J Chem. Phys 148, 241730 (2018) 



Farthest Point Sampling (FPS) 

Selecting Columns of X: 
1)  Select first column randomly 
2)  Select N columns according to 

3)  Build C matrix using the selected columns 

Error estimation: 

Ref: G. Imbalzano, A. Anelli, D. Giofré, S. Klees, J. Behler, M. Ceriotti, J Chem. Phys 148, 241730 (2018) 
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