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testing the hell out of DFT codes 
with virtual oxides

testing the hell out of DFT codes 
with virtual oxides

keep the talk accessible
for a broad audience

illustrate why things are done
the way they are done

indicate where input 
from the maths side 

would be useful

present “problems” 
rather than “results”
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http://dx.doi.org/10.1126/science.aad3000

all mainstream 
DFT codes

lead to
nearly identical results
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10 years ago, 
this wasn’t the case

Emanuele Bosoni
ICMAB

Giovanni Pizzi
EPFL

improvements
1. crystal set

71

bcc (8)fcc (12) sc (6) diamond (4)

X2O (I) XO (II) X2O3 (III) XO2 (IV) X2O5 (V) XO3 (VI)

all cubic,
fully determined by volume
(no forces)
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96
improvements

2. work flow

96*10*7 = 6720 static DFT calculations
with +10 codes

problem

general input

code-specific
input

DFT 
engine

resultworkflow

problem

general input

resultworkflow problem

general input

resultworkflow
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problem

general input

resultworkflow

npj Computational Materials (2021) 7:136 ; https://doi.org/10.1038/s41524-021-00594-6

improvements
3. comparison tool
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B0 = 317 GPa B0 = 2 GPa B0 = 234 GPa

best worst intermediate
 = 0.26 meV/at (best)  = 0.62 meV/at (intermediate)  = 0.96 meV/at (worst)
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B0 = 317 GPa B0 = 2 GPa B0 = 234 GPa

best worst intermediate
 = 0.26 meV/at (best)  = 0.62 meV/at (intermediate)  = 0.96 meV/at (worst)

100 = 0.10 (best) 100 = 322 (worst) 100 = 1.34 (intermediate)

V0(A) – V0(B)
V0(A) + V0(B)
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testing the hell out of DFT codes 
with virtual oxides

keep the talk accessible
for a broad audience

illustrate why things are done
the way they are done

indicate where input 
from the maths side 

would be useful

present “problems” 
rather than “results”

3 parameters

many parameters

+ any other data

DOS,
phonon DOS
optical spectrum
numerical lists (Cij, …)
…

indicate where input 
from the maths side 

would be useful

results
1. all-electron
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indicate where input 
from the maths side 

would be useful

***Julia

results
2. other codes
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• not all Z available
• noble gas elements are difficult

• most Z available
• lanthanides need attention

pseudopotential improvement
(example)

“the availability of 
good all-electron
data was key” 

results
3. physics
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X2O (I)
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XO (II)

conclusions
(preliminary)

• more elements
• more environments

per element

more intuitive
comparison criterion

automated
common

workflows

• more thorough code comparison
• pseudopotential test

10 x 96

playground for 
basic physics
& chemistry

2016

nowwe see fine details in differences

we identify pseudopotentials
that are not optimal

all mainstream DFT codes
lead to nearly identical results

10 years before,
this wasn’t the case

peace of mind

you’ll get better
pseudopotential libraries

machine learning potentials
will be trained on better DFT data

What’s in it
for me ?
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peace of mind

you’ll get better
pseudopotential libraries

machine learning potentials
will be trained on better DFT data

What’s in it
for me ?

indicate where input 
from the maths side 

would be useful

• comparison tools ?
• DFTK ?
• … with collaboration,

you do MORE !
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