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Structure

YanChao Wang, et al. Acc. Chem. Res. 55, 2068 (2022)
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Generation of random structures
with the constraint of symmetry

Y

Local optimization

A 4

A

List the geometric structure parameter

A 4

Generation of new structures by PSO
( Some structures are generated
randomly)

h 4

Local optimization

Converged or not ?

YES

Stop

Yanchao Wang, et. al. Comput. Phys. Commun. 183, 2063 (2012).
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Qunchao Tong, et. al. Faraday Discuss. 211, 31 (2018).
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Volume Prediction
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Sixth Edition
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2016
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Origin on 2

Asymmetricunit [0<x<1; 0<y<l; 0<z<! —»AUI:[:lj(rjgiifig

Symmetry operations
(11 (2) 2 0,50
Generators selected (1); 7(1,0,0); £(0,1,0); #(0,0,1); (2)
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Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

2 e l (1) X402 (2) j:y:Z_

1 d 2 Ly 1B 13 WyckofffiL s HI E
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1 ¢ 2 5:y,0 }\AﬁﬁékT%DAU

1 b 2 0,y,3

l cl 2 0:}!: 0
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Copyright © 2016 International Union of Crystallography 196
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Reflection conditions

General:
no conditions

Special: no extra conditions

W5,

Along [010] p2
a=c b'=a
Origin at 0,y,0
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1 '»
g PbMoO3
w
i i - i i 0 8 tl a ot L 4 b o ]
1 0.5 0. 05 1 -4 -3 -2 -1 -7 -5 -3 -1
Standard Deviation Energy Score Energy (eV/atom) Energy (eV/atom) Energy (eV/atom)
c -2 M PbM
C d ocC gS OMg oS b 003 ©OPbOMo 00
-8.465 -8.268 -8.040 -3.673 -3.667 -3.633 -5.495 -5.268
p NV NN S22,

ML-PSO

ML-DFT

DFT-GA

SCCOP

SCCOPH REIEFF AIKeE1EY
BAFRINA: 1. FHEER
2. EEDHEF

ML-PSO. ML-DFT. DFT-GA,
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3.2 BoronFI#%E#EE --- EETA

Boron® Z2AY1L FIRIR:

Boron ik AL 1~ Hp A H B AT AR I s
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Tian Xie, Jeffrey C. Grossman. J. Chem. Phys. 149, 174111 (2018)
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BoronHFI#%&8 & --- AENA
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a Generate Grid for Cluster Search b Change Connection between Clusters
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BoronEIfE{# & --- SCCOPHER F¥ R 8K 11 Wik

SCCOPRZ A T#l1- 1205 F HY#2 RFERT:

®0 Total Time Cost of SCCOP ~ O(n"2.23) Energy: -6.61 eV/atom
1 20 B H Time Cost on DFT ~ O(n’2.49) Number ofAtoms Ql 17
100+ <>-<> Time Cost on ML ~ O(n"1.23) .
E 80_ -] Time Cost on Sampling ~ O(n"1.10) E:‘:;i};gi;::at;én -- v
é Energy: -6.62 eV/atom N % X
L 60F Energy: -6.51 eV/atom  Number of Atoms: 27 ) R R IR Y
= Number of Atoms: 5 % - °% e ™
= 40 P '
20 o- ___0_ el
0 é::::?f_:t:g‘
5 Q 7,
b‘\b‘ b“ob 6\6
Number of Atoms in Unit Cell
USPEX-MLFERT: SCCOP#EHT:
12J8F . 3.4/7\B 106JRF: 24.3/\BY 11-15J8F: 0.14/)\B 106-110/8F: 1.29/\BF
BEE. -6.69eV/atom  HE=:@ -6.69 eV/atom BE&E. -6.69 eV/atom BE&. -6.69 eV/atom

Evgeny V.Podryabinkin, et. al. Phys. Rev. B. 99, 064114 (2019).



BoronH#&E#E R --- [KEEES

SCCOP#R % 2l iy #lll B & X e 55 44:

a-Boron

a Energy = -6.7034 eV/atom
Space Group: R-3m

Energy =-6.6971 eV/atom
Space Group: C2/m

€ Energy = -6.6642 eV/atom
Space Group: Cccm

Energy = -6.6927 eV/atom
Space Group: Cmcm

Energy = -6.6759 eV/atom
Space Group: Pnnm

Energy = -6.6541 eV/atom
Space Group: C2

&I AU H 555 TTB,,

Energy = -6.6485 eV/atom
Space Group: P1

a2 b

Energy = -6.6432 eV/atom
Space Group: C2/m
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3.3 Culn;Se; 5T --- B RNAA

ChalcopyriteZ5#4: A PBHEE B it A4 1
CulnSe, ““‘““““““ttt‘ CulnSe,: iR, BRIKREL

EHAE A B ER A RE SRR

=Hr4e 5
LR RFEFSEMAS W BRI
CulnSe, ™ |CulnSeg| Culn;Ses Cu,ln,Se,

|CU:31++ ININE#3NCu, F=E2N AL
n:

Se: 2- RAEMENEMTRB I TEREMASYRIR K




Culn;Se,ZEMWRE --- IRREEH

Culn:Seg K BE4514:

-3.6827 eVV/atom

BRERBEALHITRELETRER

-3.6790 eV/atom

-3.6774 eVV/atom
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Culn;Se, LMW E --- EZHFHERE

SCCOPE R R M LM E: {RREAD Y.
WEEEEN W) CuRin{RE N EAE
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Culn;Se;, FHR R --- EEMRIER
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Culn;Se MR & - -- ECART ST

Se- FILHYEC AR K GE it
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3.4 SCCOPER{H3RENFOEH : SCCOPHE

I~
P

IR --- GitHub¥¥5

SCCOPHEM 11:
p

e SCCOp  Public

¥ main ~ ¥ 1Branch © 0Tags

@ 1cn1997 Update README.md

[ data

B examples
B images

0 libs

W src

[ .gitignore
[ LICENSE

[ README.md

1] README  %[3 Apache-2.0 license

Q Gotofile

update
update
update
update
update
Initial commit
Initial commit

Update README.md

57 Edit Pins ~ @ Watch 1

8efclac - 4 hours ago @ 262 Commits

2 years ago
2 years ago
8 hours ago
8 hours ago
8 hours ago
3 years ago
3 years ago

4 hours ago

V=

Symmetry-based Combinatorial Crystal Optimization

Program (SCCOP)

This software package implements the Symmetry-based Combinatorial Crystal Optimization Program (SCCOP) that

predicts crystal structure of specific composition.

% Fork 1 - Starred 11

About

Symmetry crystal combinatorial
optimization program for crystal
prediction.

machine-learning crystal-structure

simulated-annealing bayesian-optimization

vasp-calculations crystal-prediction

01 Readme

58 Apache-2.0 license
Activity

Custom properties
11 stars

1 watching

<0Oon D ¢

1 fork

Report repository

Releases

Mo releases published
Create a new release
Packages

Mo packages published
Publish your first package

~N

Table of Contents

s How to cite

* Prerequisites

s Llsage
o Confiugration
o Customize initial search file
o Submit SCCOP job on cluster
o Successful example

e Data

* Authors

® license

1ES . Python + Shell
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HBHEIE

ZfTSCCOP <43

R (PBS):

host="hostname”
work=$PBS_0_WORKDIR

cd $work
mkdir output

ssh $host
cd /tmp
rm

Ka2s, PARS#

"3

shell

Bl A< (SLURM):

5 job

module load mpi I/
S5LURM_OVERLAP=1

work=$SLURM_SUBMIT_DIR
host="hostname”
ssh $host

cd /tmp
rm

python
python

cd

sCp - m. $work/ .

EE20, 22, JehBE

X My

POSCAR-050-node136.0ut, True, -7.355353166666667
*WARNING* SinglePointEnergy is failed!
POSCAR-051-node136.0ut, False, 1000000.0
POSCAR-052-node136.0ut, True, -5.619335
POSCAR-053-node136.0ut, True, -5.0963294
POSCAR-054-node136.0ut, True, -5.2703275
POSCAR-055-node136.0ut, True, -4.4585394
POSCAR-056-node136.0ut, True, -6.203008375
POSCAR-057-node136.0ut, True, -7.1264536666666665
POSCAR-058-node136.0ut, True, -5.71548725
POSCAR-059-node136.0ut, True, -6.3693504

Energy file generated successfully!

Delete duplicates: 52

SCCOP optimize structures: 12
End Symmetry Combinatorial Crystal Optimization Program --- Recycle: 0
Start VASP Calculation --- Optimization

POSCAR-000-node131,
POSCAR-001-node131,
POSCAR-002-node132,
POSCAR-003-node132,
POSCAR-004-node133,
POSCAR-005-node133,
POSCAR-006-node134,
POSCAR-007-node134,
POSCAR-008-node135,
POSCAR-009-node135,
POSCAR-010-node136,
POSCAR-011-node136,

Delete same structures:

-9.088195625
Soois  FHIHE6PCPUT &

-8.983441167

-8.983651000 "

-8.983535333 -: A '“\481{

-8.611571000

132847875 N N
SEL empc, ERRes
onera  D-10JRF, FERT: 3.6min

7

Energy file generated successfully!

All jobs are completed --- Optimization

[-9.13284787 -9.08972625 -8.983651 -8.6187955 -8.611571 -8.14067522]
Optimize configurations: 6

Start VASP Calculation --- Optimization

POSCAR-001-node132,
-node
POSCAR-006-node135,

-9.097467500 @ R“J E

-8.689496375

POSCAR-007-node131,
-node
POSCAR-011-node136,

-9.223258750
s AE

-8.135457222

Energy file generated successfully!

All jobs are completed --- Optimization
43



4. SCCOPAEENHBARS

SCCOP & 4t:

- L RETETFEEBEASNETNZAR S RIENE RGN R 7S

2. PR T BT BRI 4R B B TE Rl 4 SR, SIS I v AR I

3. 1R TETHEIGE KK XEAE RS, ORI T AL STBIR A € 14
L4 MRYE B =N, RE T E AL FRIFEA R FR 0458 2 SCCOP.

JIRREE 5

LA AR, SHRRIEHITIN, AT T AT IRA

2. “HEB,C N, S HUE R, HRILT 2880 2R 5 R AR 454

3. MAZ RN E S, FRINT AMEBIEEELEN, R AF B, A8,
4. RS IIER, TN T B A R4 CulngSe, MIRARMIAL, LK Self T RIBEAIAZ .
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SERM

X

1. Chuan-Nan Li, Han-Pu Liang, Xie Zhang, Zijing Lin and Su-Huai Wei. Graph deep learning accelerated efficient crystal
structure search and feature extraction. npj Comput. Mater. 9, 176 (2023)

2. Chuan-Nan Li, Han-Pu Liang, Yifeng Duan and Zijing Lin. Machine-learning accelerated annealing with fitting-search
style for multicomponent alloy structure predictions. Phys. Rev. Materials 7, 033802 (2023)

3. Chuan-Nan Li, Han-Pu Liang, Xie Zhang, Su-Huai Wei and Zijing Lin. Minimizing the training dataset for efficient crystal
structure prediction by graph neural network [J]. Nat. Comput. Sci. (submitted)

FHEACHD:

SCCOP: https://github.com/TheCatOfHs/sccop

(" S

¥ main ~ P 1branch ©0tags Go to file m About

Symmetry crystal combinatorial
ﬁ Icn1997 Update README.md c36b7fc on Mar 1 ¥X) 257 commits optimization program for crystal
prediction.
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https://github.com/TheCatOfHs/sccop

SCCOPHERE

TR R
(1)

A
Hill climbing (move accepted with certain probability)

ackage

imulation > JERE A

Cost function

2)

Global minimum

Feasible Solutions

Conjugate Gradient(CG): 15 15 f 48 5[]

Broyden—Fletcher—Goldfarb—Shanno(BFGS):
Tl Hessian®E [, - 75 ZE T AR 5 PN 28 B0 2

FRAUIR K A R AL B

1, E; > FE,
1-2) = E, — E
p(1—2) exp(— 2 T 1), E{<E,

SCCOPH e ITE A E A4 ETR?

Miroslaw Blocho. in Smart Delivery Systems, 2020 46
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