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In recent years, approaches to predicting 

physical properties and designing materials 

using machine learning (materials informatics) 

have become popular, in which the generation of 

a large amount of supervised data is essential for 

highly accurate prediction and design. From this 

perspective, databases such as MaterialsProject 

[1], which store crystal structures, experimental 

measurement results and first-principles 

calculations, have been developed and are 

actively used. On the other hand, machine 

learning requires the preparation of materials 

and physical quantities as teacher data, but in 

many cases the desired materials and physical 

quantities do not exist in existing databases. If 

tools and environment can be created to quickly 

prepare these teacher data, it will provide a 

research stage for the field of materials 

informatics and is expected to make a significant 

contribution to its progress. 

We developed HTP tools [2] for exhaustive 

data generation from crystal structures using 

first-principles calculations under the support of 

“Project for advancement of software usability 

in materials science”. Specifically, we 

developed a script cif2x [3] to generate input 

files from crystal structures for the first-

principles calculation software VASP [4], 

Quantum ESPRESSO [5], OpenMX [6], and 

AkaiKKR [7]. Samples and tutorials are 

provided for each software to explain how to use 

cif2x with each software.  

We also developed a tool to generate batch 

job scripts, moller [8], which can easily realize 

exhaustive calculations by bulk execution of 

jobs on the ISSP supercomputer. Since moller is 

independent of cif2x in nature, it can be used for 

general exhaustive calculations with various 
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solvers. Samples and tutorials are provided that 

apply HΦ [9] and DSQSS [10] to illustrate the 

implementation in bulk jobs when multiple 

calculation scenarios are prepared. 

These two software packages, cif2x and 

moller, are developed as Open Source software 

and distributed under GPL v.3.0. They have 

already been pre-installed on the ISSP 

supercomputer systems. For future plans, we 

would like to create a computational materials 

science database using cif2x and moller. It 

would be interesting to make moller compatible 

with supercomputing systems other than ISSP 

supercomputer, to become a standard for 

exhaustive computations at HPCI. With these 

tools, we hope that users will make use of them 

to generate various databases. 
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Application programs adopting machine learning and comprehensive calculations

workflow development
Recent focus lies on the enhancement of 

cooperative functionality among various 

software packages developed in PASUMS. 

A5-P501-42: MRM2023 at Kyoto International Conference Center, Kyoto, Japan on December 11-16, 2023

abICS
A framework for the ab initio sampling of 

configurational disorder systems using 

extended Monte Carlo ensemble scheme 

and first-principles solvers.

Enhanced by active learning 

of neural network potential 

from sampled dataset.

Advancement of Software Usability toward 
Materials Design on Large-scale Computers
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PHYSBO
A library for Bayesian optimization elaborated 

for materials science. Blackbox optimization 

technique using Gaussian process regression.

Applied to data-driven optimal parameter 

search from pre-existing data in experiment, 

estimation of model parameters for effective 

models.

Purpose of Project
"Project for Advancement of Software Usability 

in Materials Science (PASUMS)” is conducted by 

ISSP, University of Tokyo as a project of joint use 

program of ISSP supercomputer facility.

The project supports development and 

enhancement of application software that is: 

1) particularly important in the field of 

condensed matter physics and materials science,  

2) expected to be used on ISSP supercomputer. 

The software is pre-installed in the system for 

use by the supercomputer users.

→ Create such an environment that users 

can carry out advanced parallel computing 

more easily, 

→ Enable rapid prediction of new phenomena 

and verification with experimental results.

Advancement program
The PASUMS program supports:

• Development and functionality enhancement 

of software packages,

• Improvement of user interface, such as input 

and output formats,

• Preparation of documentations and tutorials,

• Test calculations on the ISSP supercomputers.

Software packages developed in PASUMS
Since its launch in FY2015, 14 software packages 

have been developed in PASUMS project. 

Expand
User base

Develop software 
for supercomputers

Comprehensive calculation tool (moller)
A tool to execute bulk job, a set of jobs within a single job of large queue 

provided by supercomputer systems.

• Multi-platform support. Currently supported: 

• ISSP supercomputer systems: ohtaka (w/ slurm) and kugui (w/ PBS),

• general cluster systems and workstations.

• Project repository:

https://github.com/issp-center-dev/Moller

Input file generator (cif2x)
A tool to generate input files for first-principles calculation software from 

crystallography data (CIF) and input parameter file.

• Parameter description in common format (YAML) 

instead of software-specific format.

• Supported software: Quantum ESPRESSO, VASP, and OpenMX.

Planned: AkaiKKR.

• Usage

→ scf.in, band.in, dos.in (according to settings in input)

→ set of INCAR, KPOINTS, POSCAR, POTCAR

• Project repository:

https://github.com/issp-center-dev/cif2x

Project website:  
https://www.pasums.issp.u-tokyo.ac.jp/en

High-throughput (HTP) toolsFY2023 Project
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Overview
A tool set to generate training dataset for 

machine learning and neural network potential 

efficiently by conducting comprehensive first-

principles calculations on supercomputers.

• Materials informatics approach has gained 

considerable attention in materials design.

• Large amount of training dataset is required 

for precise prediction.

• Dataset of physical quantities and material 

types required for particular purpose (not 

always pre-existing).

Tools and environment for quickly developing 

such dataset are needed.

→ Prepare a light-weight tool set, easy to install 

and use without dedicated hardware or 

complicated setup.

Functions
• Search and obtain crystal data from DB.

• Prepare inputs to first-principles calculation 

software. (→ cif2x)

• Manage calculations on supercomputers.

(→ moller)

• Build target DB / neural network potential.

$ cif2x -t qe input_qe.yaml material.cif

$ cif2x -t vasp input_vasp.yaml material.cif

Active learning scheme

job 
#1 job 

#2

job 
#3

single batch job

bulk execution

Jobs #1...#3 corresponds to 
materials or parameter sets 

Experimental Data Seamless analysis on Supercomputer

First-principles 
calculation

Low-energy 
effective 
models

Analysis of 
physical 

properties

Crystal structure

Figure 1: a series of small jobs are executed 
within a job of large batch classes as a bulk 
job execution. 
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