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Good
How to generate ^ PAW Atomic Datasets

 Challenges
 Tricks
 Opportunities for collaboration
 Importance of having several independent codes (both for 

atomic dataset generation and for materials simulations)
 Advantages of developing a common format for atomic 

datasets
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 Challenges
Experience of a long time generatrice –
very personal opinions:
 Large number of great generation schemes 

have been developed 
 There appears to be no perfect scheme (yet)
 It is important to continue to test, refine, and 

compare

From ABINIT:   “Users must carefully test … [datasets]  adequately before using 
them in their applications.”
From Quantum Espresso:  “Remember: always test the PPs on simple test systems 
before proceeding to serious calculations.”
From GBRV (USPS datasets from Rutgers):  “Despite our relatively thorough 
testing, we cannot guarantee that these potentials will be appropriate for every 
application…”
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 Challenges
 Goal:  for any physical approximation scheme, the 

dataset should provide numerically well-controlled 
results that match the all-electron results as well as 
possible

 Large number of pseudofunctions to develop

 
 

 
  PS

c
PS

c

cln

lncln

rrV
rrn

rrp
rr

ii

iiii

:radiusntialPseudopote:potentiallocalUnscreened

ˆ:radiuson Augmentatiˆ:functionshapechargeon Compensati

:radiusMatching~:functionsProjector 

:radiiMatching~:functionsBasis ;



1/28/2014 CFCAM Workshop 2014 5

Good
How to generate ^ PAW Atomic Datasets

 Tricks

Ideal case Less favorable case
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Scheme for systematic exploration of pseudo parameters, recently 
implemented in ATOMPAW code version 4.x series, based on 
machine optimization approach.  (Original idea from Alan Wright 
(Sandia National Laboratory), Alan Tackett, Greg Walker, and 
Rachael Hansel (Vanderbilt University). Further inspiration from Qi 
Li (WFU).) 
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 Tricks

ATOMPAW scheme: 
New keyword “explore” allows you to run up to 9999 sets of 
input parameters, keeping track of the best overall success 
value for each l channel.



Na 11
LDA-PW   loggrid 2001
3 2 0 0 0 0
3 0 1
0 0 0
c
v
v
v
1
1.7   1.5   1.7    1.7
n
y
4.6
n
MODRRKJ VANDERBILTORTHO  Besselshape
2 0   MTROULLIER
1.5
1.7
1.5
1.7
ABINITOUT
default
PWSCFOUT
UPFDX  0.0125d0   UPFXMIN   -7.d0     UPFZMESH 11.d0
END
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Example input file for Na
For dataset generation

Atomic configuration

Pseudo parameters

Output datasets



Na 11
LDA-PW   loggrid 2001
3 2 0 0 0 0
3 0 1
0 0 0
c
v
v
v
1
1.7   1.5   1.7    1.7
n
y
4.6
n
MODRRKJ VANDERBILTORTHO  Besselshape
2 0   MTROULLIER
1.5
1.7
1.5
1.7

EXPLORE
2000
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Example input file for Na
with explore mode

Fixed atomic configuration

Initial pseudo parameters

New keyword for “exploration”
# of pseudo parameter variations

2000 pseudo parameter sets
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(idea attributed 
to Alan Tackett)

For each l channel, choose set with smallest Ml
p
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http://pwpaw.wfu.edu/newperiodictable
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http://pwpaw.wfu.edu/newperiodictable
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http://pwpaw.wfu.edu/newperiodictable
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 Opportunities for collaboration

Many database projects

GBRV at Rutgers University 
GPAW from CAMP and the Technical University of Denmark 
PSLibrary from THEOS @EPFL in Switzerland 
abinit Francois Jollet’s JTH dataset
quantum espresso
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 Importance of having several independent codes (both for 

atomic dataset generation and for materials simulations)
 Advantages of developing a common format for atomic 

datasets

Abinit

Quantum 
Espresso

GPAW

Atomic dataset 
generator

Compare with 
each other
and with 
all-electron codes
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Abinit

Quantum 
Espresso

GPAW

Atomic dataset 
generator

with standardized 
output

Use   codes 
interchangeably 
(after validation)

Ideal collaboration

Materials simulation codes
all designed to read standard

atomic datafiles
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Summary
 In order to develop an efficient collaboration 

both between alternative atomic dataset 
generator codes and materials simulation codes 
it would be ideal to develop a common 
comprehensive and accepted dataset format

 Also important is to develop a convenient and 
reliable all-electron “standard” for validating the 
atomic datasets and the materials simulation 
codes 


