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PWTK

(( Anton Kokalj
Jozef Stefan Institute, Ljubljana, Slovenia ))

v PWTK = PWscf ToolKit
(pwtk.ijs.si)

Tcl scripting interface for PWscf set of programs
contained in the Quantum ESPRESSO (QE) distribution.

Aimed at making flexible and productive framework.

based on presentation given at:

2015 Quantum ESPRESSO developer's meeting



Why scripting ?

( user's perspective )
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Three paradigms 570

¥ oldie goldie 1/0 paradigm

W not easy for novices Input—» calculator —»output

W rigid
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‘ G U | ConllrloITS?’Sllem TElticlrons ons | Variable Cel attice & Atoms oints | Other Cards
Required variables | Optional variables_
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W easy for novices but very rigid B -
celldm(1): |1o.0| | Help \ -
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N Iptl | I
Scripting N | =8
N flexible & powerful (but for more expert users)

W starting barrier:
N programming skills
W need to learn yet another new “specific’ syntax (API)



PWTK: How it got started ? 8©©

“ |/O paradigm Is too rigid (static)

consider performing many similar calculations
(whose inputs differ only by a bit)

Y

each calculation requires its own input file(s)

many input files :
more systematic

approach needed:
scripting interface

easy way out: shell scripts J

soon get messy for more complicated cases

cumbersome and error prone
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About PWTK
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~ small program package (=10 000 lines)

< written Iin Tcl

“ free software (GNU General Public License)

“Web page: nttp://pwtk.quantum-espresso.org/



About PWTK

“ documentation pages @ http://pwtk.quantum-espresso.org/

automatically built from
program sources by
Robodoc
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DOCU mentation by RObOdOC Fle Edit Options Buffers Tools eTrc'l“";Zi“'tf"YSt T

|y B B X iSave Undcwg_‘@Q

ghrrdfE o opwik: pwil/: ipwtk: :pwi:: load_fromPWI

# SYNOPSIS
proc ::pwtk::pwl::load_fromPWI {pwi {clear_existing 1}} {
# PURPOSE
# Load the input data from existing pw.x input file.
#
J[src/pwi.tcl - Mozilla Firefox # If clear existing == 1, then the current input will be cleared. but 2
# otherwise the data will be simply added to the existing data.
File Edit Wiew History Bookmarks Tools Help #
# ARGUMENTS
/PW el » + # * pwl -- filename of the pw.x input file from which to extract the input data
_ [srefpwi.tc \ # * clear_existing -- [optional]l should the current input data be cleared?
(i) | pwtk.quanturm-espresso.org/sro/pwi_tel2A3 Search #
€ ) @ | putkg P gisre/pwi_ ¢ ||Q sea v [ B
global env

pwik::pwi::load_fromPWI if { 1 [file exists $pwil }

error "pw.x input file $pwi does not exist"

1
SYNOPSIS if { ! [string is boolean $clear existingl } {
i:pwtk::error "clear_existing 1s not of boolean type: setting clear_existing®

proc ::pwtk::pwi::load_fromPWI {pwi {clear_existing 1}} { ‘B set clear existing 1
PURPOSE if { $clear_existing } {
# clear the current pw.x input data ...
Load the input data from existing pwx input file. pwtk: :pwi::clear
If clear _existing == 1, then the current input will be cleared, but otherwise the da| v
added to the existing data. -i---  pwi.tcl 22% (201,0) CVs:1.14 (Tcl)
ARGUMENTS T

» pwi — filename of the pw.x input file from which to extract the input data
» Clear_existing — [optional] should the current input data be cleared?

SOURCE

global env

if { ! [string is boolean j$clear_existingl F {
sipwtkserror "clear existing is not of boolean type; setting clear existing == 1" N
set clear existing 1

}

if { $clear_existing } {
# clear the current pw.x input data ...

sipwtkipwi:iclear




PWTK: basic philosophy

“ Keep the syntax close to original input syntax

pw.x input file

&CONTROL
calculation = 'scf'
/
&SYSTEM
ecutwfc = 25.0
ecutrho = 200.0
/

ATOMIC POSITIONS alat
Si 0.00 0.00 0.00
Si 0.25 0.25 0.25

K POINTS automatic
4 4 4 111

pwtk script

 Si bulk.in

Run from terminal as:

pw.x -in pw.Si.in > pw.Si.out

CONTROL {
calculation = 'scf'

}

SYSTEM {
ecutwfc = 25.0
ecutrho = 8*25.0W\

}
ATOMIC_POSITIONS alat {

Si 0.0 0.0 0.0
Si 1/4 1/4 1/4
}
K POINTS automatic {
4 4 4 111

}

~

runPW pw.Si.in

~ Si_bulk.pwtk
Run from terminal as:

pwtk Si_ bulk.pwtk
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PWTK: get started 890

O

g - .. CONTROL {
~ Simple script: cerelonen o e
= g
.- SYSTEM {
# load the input data | P ibrav = 2
e - nat = 2
import Si bulk.pwtk -
- }
i ATOMIC_POSITIONS alat {
# scan the lattice-parameter o 0.0 0.0 0.0
Si 1/4 1/4 1/4
foreach alat {5.2 5.3 5.4 5.5 5.6 5.7} { }
K _POINTS automatic ({
SYSTEM "a = $alat" , 444 111
# perform this calculation < =
' Si_bulk.pwtk
runPW Si_a$alat
}

'~ scan_a.pwtk

Run from terminal as:

pwtk scan_a.pwtk

(otherwise PWTK knows how to determine
the lattice-parameter automatically)



PWTK's features

W (re)assign instances of input data at will
~ math-parser
“ stacking of input data

~ hierarchical configuration
N global (~/.pwtk/pwik.tcl)
N project-based
“ local

< data retrieval and manipulation

“ high-level tasks
(lattice parameter search, charge density difference, ...)

“ whole machinery of Tcl scripting language



PWTK: input data stacking 8©©

modify & do something
ush

0)
Input data L, Input data = mod. data Jpp—> Input data

Input data Input data

... define default input data (#0)

# 1lst calculation

input push
# here input data is the same as in (#0)

... modify input data for this calculation (#1)

... perform Ist calculation
input pop

# input data is again the same as in (#0)




PWTK: input data stacking

... define default input data (#0)

# 1lst calculation

input push
# here input data is the same as in (#0)

... modify input data for this calculation (#1)

... perform Ist calculation
input pop

# input data is again the same as in (#0)

# 2nd calculation
input push
... modify input data for this calculation (#2)
... perform 2nd calculation
input push
... modify input data further (#3)
... perform 3rd calculation
input_ pop
# here input data is the same as in (#2)
... perform 4th calculation
input_pop

# input data is again the same as in (#0)




PWTK: configuration oo

< Main configuration file: ~/.pwtk/pwtk. tcl

W executables and how to run them

W special directories
D

# HOW TO RUN QUANTUM ESPRESSO EXECUTABLES ...
# i.e.: prefix bin dir/program postfix < in > out

prefix "mpirun -np 16"
postfix "-npool 2"
bin dir /home/tone/prog/espresso-6.4.1/bin

# DEFAULT DIRECTORIES ...

# top (root) directory where the scratch files are written
# i.e.: outdir == outdir prefix/outdir postfix

outdir prefix /temp/$env (USER)/pw

# location of pseudo-potentials
pseudo _dir $env (HOME) /pw/pseudo

- ~/.pwtk/pwtk.tcl




PWTK: hierarchical configuration

< Main configuration file: ~/ .pwtk/pwtk. tcl

W executables and how to run them

W special directories
D I

~ Project-based configurations (via import), €.0.:

W .../projectl/common.pwtk
L) sub.projectl/common.pwtk

l}sub.projeth/common.pwtk
L) subsub.project/common.

pwtk



(O

PWTK: data retrieval and manipulation functions%QQ
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W retrieve energies, forces, pressure, Fermi energy, ...
“ |oad cell parameters and atomic positions from:
W pw. x Input & output files

“ XSF file

% |oad input data from existing input files

“ several simple structure manipulation functions



PWTK: data retrieval

~ Example #1.: retrieve the data from an old calculation (from I/O files),
modify some input data, and make a new calculation

# load data from pw.x input file
load fromPWI relax.in

# load optimized coordinates from pw.x output file
ATOMIC POSITIONS fromPWO relax.out

# change some input data
SYSTEM {
ecutwfc = 35, ecutrho = 35*8
}
K POINTS automatic {
6 6 6 111

}

# run pw.x with new parameters
runPW relax.e35 k6




PWTK: structure manipulation

~ Example #2:

scan different lateral
positions of a
molecule @ surface

Remark: instead of

input push & input pop
pair of functions, one can use
input pushpop { .. }

# load common input data with slab-only coordinates
import slab.pwtk

# (x,y)-displacements
set dx 1/4.0
set dy 1/3.0

for {set i 0} {$i < 4} {incr i} {
for {set j 0} {$7 < 4} {incr j} {

input push

# add molecule
insertAtoms begin "

H 0.1699+8i*$dx  -0.1262+$5*$dy
H ~0.1699+$i*$dx  -0.1262+$j*8dy
c 0.0928+%i*$dx 0.0000+$*$dy
c ~0.0928+$i*$dx 0.0000+$*$dy

"

# perform this calculation
runPW relax.xy-$i.$j

input pop

1.2035
1.2035
1.1907
1.1907
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PWTK: utility 570
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~ Example #3: charge density difference between the mol-surf
Ap(r) - pmol/surf(r) o pmol(r) - psurf(r)

h}_f

— >

;cumber‘some\ E
— e

/O paradigm:
QE requires 6 (or 7) input files &
calculations
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PWTK: utility QQQ

~ Example #3: charge density difference between the mol-surf
Ap(r) - pmol/surf(r) o pmol(r) - psurf(r)

# load the mol-surf input data
import mol-slab.pwtk

# instruct the pwtk how to calculate \Delta\rho

DIFDEN {
name (1) = 'mol-surf'
segment (1) = 'all'
weight(1l) = 1.0
name (2) = 'mol'’
segment (2) = 1-15
weight(2) = -1.0
name (3) = 'surf'
segment (3) = 16-
weight(3) = -1.0

}

# do the actual \Deltal\rho calculation
difden_run difden.mol-surf
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~ Example #3: charge density difference between the mol-surf
Ap(r) - pmol/surf(r) o pmol(r) - psurf(r)

# load the mol-surf input data
import mol-slab.pwtk

# instruct the pwtk how to calculate \Delta\rho
DIFDEN {

name (1) = 'mol-surf'

segment (1) = 'all'

weight(1l) = 1.0

name (2) = 'mol'

segment (2) = 1-15

weight(2) = -1.0

name (3) = 'surf'

segment (3) = 16-

weight(3) = -1.0
}
# do the actual \Delta\rho calculation
difden run difden.mol-surf




Conclusion

~ Scripting interfaces are flexible, powerful and
provide more productive framework
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