




Level Properties Methods Size

I
Atomic positions and nuclear charges,
properties of free atoms, symmetry, 
temperature, pressure

Input: definition of material
gene

10 kB 
-

10 MB

II
Total energy, electron density, potential, 
wavefunctions, atomic forces, optimized
geometry, elastic constants, etc.

Density-functional theory
(DFT) and ab initio
molecular dynamics (MD)

10 MB 
-

10 TB

III
Excitation energies, dielectric screening, 
matrix elements of Coulomb interaction, etc.
optical spectra, electrical conductivity, 
phonon spectra, thermal conductivity, etc.

Many-body perturbation
theory (MBPT), 
DF perturbation theory, 
ab initio MD

1 GB
-

1 TB

IV
Efficiency of solar cell, thermoelectric figure of
merit, turn-over frequency of catalyst, etc. 
as a function of temperature and pressure

Modeling, output derived
from levels I-III
phenotype

10 kB
-

1 MB



















S  Seebeck coefficient
σ electronic conductivity
κ thermal conductivity

𝑍𝑍 =
𝜎𝜎 𝑆𝑆2

𝜅𝜅𝑒𝑒𝑒𝑒0 + 𝜅𝜅𝑝𝑝𝑝
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Existing resources
Code-dependent data 









K. Lejaeghere et al., 
Science 351, aad3000 (2016).



https://molmod.ugent.be/deltacodesdft



https://molmod.ugent.be/deltacodesdft



Vorführender
Präsentationsnotizen
Just to show one exampe



Slide from S. Cottenier K. Lejaeghere et al., Science 351, aad3000 (2016).







A. Gulans, S. Kontur, C. Meisenbichler, D. Nabok, 
P. Pavone, S. Rigamonti, S. Sagmeister, U. Werner, 
and C. Draxl 

exciting: a full-potential all-electron package 
implementing density-functional theory and many-
body perturbation theory
J. Phys: Condens. Matter 26, 363202 (2014).

exciting is a full-potential all-electron density-functional-theory
package implementing the families of linearized augmented
planewave methods. It can be applied to all kinds of materials,
irrespective of the atomic species involved, and also allows for
exploring the physics of core electrons. A particular focus are
excited states within many-body perturbation theory.
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J. A. Van Vechten, PRB 182 , 891 (1969).
J. C. Phillips, Rev. Mod. Phys. 42, 317 (1970).

A. Zunger, PRB 22, 5839 (1980).
D. G. Pettifor, Solid State Commun. 51, 31 (1984).

Y. Saad, D. Gao, T. Ngo, S. Bobbitt, J. R. Chelikowsky, and W. Andreoni, PRB 85, 104104 (2012).

L. Ghiringhelli J. Vybiral M. SchefflerS. Levchenko
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Calculate 
property, P, for 
many materials

Build feature 
space, d

Calculate 
property for 

test set /
new materials

For training data 
find function 







IP A − EA(B)
rp A 2

|rs A − rp B |
exp[rp A ]

|rp B − rs B |
exp[rd A + rs B ]
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