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Abstract

Crystal structure is the critical information for understanding the physical and chemical proper-
ties of materials. Therefore, theoretical prediction of crystal structures only with chemical com-
position and external conditions is significant. It has become a trend to design new materials
through high-performance computing clusters or even using supercomputers. In this paper, we
developed an open source framework for crystal structure prediction (CSP) based on Tianhe-2
supercomputer, named CSPTH. When designing the algorithm in CSP, we chose the most efficient
genetic algorithm in our framework and adopted numerous technologies to improve prediction
accuracy. Specifically, we used a multi-process parallel method to generate the trying structures.
The space group restriction is introduced to reduce the searching space and improve the structur-
al diversity in population. We utilized a crystal fingerprint to eliminate the similar structures,
which can avoid the problem of “gene drift”. In particular, considering the characteristics of crys-
tal structure algorithm and the system environment of Tianhe-2, we optimize the crystal structure
prediction algorithm from two aspects: task management and data management. In terms of task
management, we designed a multi-layer task scheduling management module to distribute fine-
grained tasks (within a node) and coarse-grained tasks (multi-nodes) according to the system size
of tasks to improve the efficiency of employing resources. In our data management module, the
data of each computing task is temporarily cached in the RAMDISK of the computing node, and the
useful information is extracted and later stored in the MongoDB database, which can avoid a large
number of small files stored in the public storage. CSPTH has been used to predict the structures
of 15 known element, binary and ternary systems. Experimental results show that CSPTH can pre-
dict all the corresponding stable structures with the only known of chemical composition and ex-
ternal pressure.
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Table 1. Summary of structure search software

1 SRR RREER

B4 Jiik S FH itk HRAES TR V] AT ]
Upack BEMLZE R, R HHL Fortan TR 1995 [24]
AIRSS FENLA A R Tl - FFIF(GPL-2) 2006 [10] [11]
USPEX piid AT THUAHL Matlab FFiE 2006 [14] [19] [20]
CALYPSO BT R AL Tl Fortan ANFFE 2010 [17] [18]
Xtalopt AL E L Tl C++ JTi(BSD) 2011 [25]
DMACRYS TLEN I HHL - (R4 2010 [26]
GASP BEHE Tl JAVA FHIF(GPL v3) 2013 [27]
GRACE H#T DFT Tl - [ERI4 2013 [28] [29] [30]
IM*ODE % BisiR ik Tl Fortan FFE(LGPL-3) 2015 [31]
GATor WAL HHL Python FFK(BSD-3) 2018 [32]
MAISE AWML, HELEE Tl C JFE(GPL-3) 2020 [33]
CrySPY AL 1 R TAL Python FHFE(MIT) 2021 [34]
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Figure 1. Flowchart of genetic algorithm
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Figure 2. Diagram of variation operations
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Figure 3. Framework of CSPTH
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Figure 4. Diagram of dataflow
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Figure 5. Structures predicted by CSPTH
5. CSPTH RLIN TN A 2544

Table 2. CSPTH tested on known structural systems
Fz 2. CSPTH UM A B MLEHIE R

EX 5 ullcTbise (LA B H AR R R A FRER /N
Li [45] 0 GPa P6s/mmc 42.69 1 30
0 GPa Im3m 42.55 3 30
C [46] 0 GPa P6s/mmc 35.29 7 30
Mg [47] 0 GPa P6s/mmc 46.15 2 30
Si [48] [49] 0 GPa Fd3m 160.19 6 30
0 GPa Fd3m 159.85 11 30
SiO, [50] [51] 0 GPa P3,12 113.24 1 30
20 GPa P4,/mnm 46.51 1 30
271 GPa Pa3 60.69 1 30
TiH, [52] 0 GPa Fd3m 87.00 4 30
0 GPa 14/mmm 43.87 1 30
Al,0; [53] [54] 0 GPa R3c 84.50 1 30
300 GPa R3c 254.93 9 80
MgSiO; [55] 120 GPa Cmcm 120.34 13 100
MgAIQ, [56] 100 GPa Pnam 234.46 15 100
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K15 B DL R G50 S RE &, I EAITTS N MongDB $U¥i g« R4 — UM e 52 BREE M AE . S5 SR
b, ditgBkikf5, CSPTH <M MongDB 45 i Sk BUZACT A S5 I TE4AE 2, 5 N3 STA S
gen_x_info F1(Hd x FoRMEERED. B 7 R T Si SIS 11 RS BIC A0k, e s T
EEONE: 1) MRS FANERNGER, ORFEER. SR, 28 WRE AR EG 2) &
lREERE IR BB 1 REH 11 MBI RIKERESIR: 3) Sk BN EWNAERDTR, %
ARk B TR ERAE, S0 RAARSEE .

[basic]
atype = Si
anum = 8
pressure = 0
tsize = 30

[job]
total_node = 45
vasp_job = 2

Figure 6. Input file of Si case

B 6. Si 6l

Generation 11:
struct 2: enthalpy= -43.282028 entyhalpy(eV/atom)= -5.4102535 nsym = 227 gen =11
struct 35: enthalpy= -43.280859 entyhalpy(eV/atom)= -5.410107375 nsym = 227 gen=6

the best is 2, its enthalpy= -43.282028

low enthalpy list:

[-41.44115, -42.20226, -42.20226, ....., -43.28268, -43.28268, -43.28268, -43.28268, -43.28268]
Structures generation infos:

struct 2: type= heredity  parents = ['6_32', '1_50']

struct 35: type= Random  parents = None

Figure 7. The detail information of the 11th population in Si case is recorded named gen_11_info

7. Si EfIREE 11 KFHEEA01E 202X gen_11_info

MRIEFREAE DI LS, 7 AR A Sk 8 S A8 0E Si et R, il 8 pn. BEEMHE
fEtl, AP RRILA M RERIZ D TR, Bk CSPTH KBRS HIZHT A TRUE. £58 6 M
11 RO AR B AR BE ) 5 AR RE R BRI %1, X PIAUR AT BE B UOREL T AN RIIERSE Si 4. BE)5, T8
WAL TR SURLLE, i€ CAESS 6 AUMER 11 A3k B SRR E L5 .
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