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Abstract  [Background] With the improvement of computing power and the rise of high-throughput computing,
researchers usually need to perform a large number of repeated instructions to submit scientific tasks and further
check their computational results during material theoretical calculations. Generally, these instructions are simple,
cumbersome and time consuming. [Purpoese] This study aims to improve the efficiency of scientific calculations by
using VASP code. [Methods] The material theory calculation assistant program, VaspCZ, developed by using Python

languages, is summarized to form a general github open source project, which provides detailed user documents,
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examples and application programming interfaces (API). [Results] VaspCZ, an efficient VASP computation assistant

program includes two parts: the software part and API part. The software part provides the command line user

interface, which enabled the researchers to complete the VASP calculations with the basic Linux command. The API

part provides the bottom layer library to realize the custom calculation (such as high-throughput calculation, writing

advanced application, etc.) for the researchers with python experiences. [Conclusions] It is proved by practice that

the efficiency of theoretical calculation of materials using VASP can be significantly improved by aid of this assistant

program.

Key words First-principles, VASP, assistant program, electronic structure calculation, transient state calculation
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fEHER A 1 75 5K 5 LAk, 7T K T Python J& VaspCZ.
zzdlib, DA & B SR IR PRI g 5 B )= N 7R
Ko AT RGHLE IR VaspCZ FIAEZL B AR 2H
B L DIRE FRea T &80 B8 s d e Bl
TIRECRE P I IR AR

1 REFESERT

VaspCZ 272 T Linux &4t , H Python i& 5 4w
BT EG ZARTFREZE W 1 B . 104 Linux &40
AN ELK , Python 75 181 3.6 M2 LA B ARCAS , SCHF PE 75
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53 W Z A2 A5y =42 APLER /7

Software

0S module NEB module Test module

+ Deal with input files B . One-key next cal. + One-key ENCUT test
« Pre-check and submit ¥ . Convergence check + One-key K-point test
= Post processing and - Post processing and

outputs outputs

« Console outputs re-
trieve interface

+ Files R & W interface | - Inputs decode/madi-
- Files modify interface | fy/generate inteface
- Paths retrieve inter- = Pre-check and post
face processing interface

1 VaspCZFE/FHEZL K]
Fig.1 Frameworks of VaspCZ

T2 TR 53 O T i e PR R S AT 55 (B 4
for 25 1 75 3K B g AR AL FRAS TR O ST
AT B R T T =AM - OS (Optimization and
Static) 5% £ \NEB (Nudged Elastic Band) 5 £t f1 Test
B

Ji$JZ ) APLER 73 /2 Tl 2 (] python P , 43 A4 shell
File Fl Vasp #58t , 22 %% VaspCZ I} i [ 3l %2 %% , 1 F
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I import VaspCZ.zzdlib, 4% 5 15 = B FH 2 1L {5 4
.
L1 TE:RHEES

AR SR AL 7 a1 2 B B Linux Ay 247 H
J G, vy NRAERE vez JAANAR T JG , £ S
i N\ B e BRI, T i AE 2 B BT G 5 T BE
1T

AR 343 9 OS FEH: (NEB AU Test fHL .

VaspCZ interface
(1) Opt and Sta module
(2) NEB module
(3) Test module
(@) Exit

by: Zhengde Zhang (drivener@163.com)

Input: 1
0S module selected

Optimization and Static calculation
(1) Generate inputs (example)
(2) Generate INCAR for Sta
(3) Generate POTCAR
(4) Generate KPOINTS
(5) Generate Vasp.sh
(6) Vasp Keep Inputs
(7) Vasp Pre-check and Qsub
(8) Check Results
(0) Back

Input:

2 VaspCZ ¥ 22 5t Al OS LT 5t i
Fig.2 The main and OS module user interface of VaspCZ.

1.1.1  OSHidk

OS B He & fit 1 P £ # 17 45 W L 1k
(Optimization) 71 5 A1 2 (Static) T 5 DA S K 25 45
RETRE, B IHREAIR 1 PR

#1 OSHEHRINEE
Table 1 List of OS module

bR2E Ty
Label Function
1.1 74 Vasp 3\ ST GRBD
Generate inputs (example)
1.2 AR A THE INCAR
Generate INCAR for Static calculation
13 PS5 S POTCAR
Generate POTCAR
1.4 PR SCA KPOINTS
Generate grid file KPOINTS
1.5 FEAESRACAT 55 IR Vasp.sh
Generate script Vasp.sh for submitting jobs
1.6 AR A VASP 4 A SCAF
Only keep inputs of VASP
1.7 HAS B IR SAE S
Pre-check and submit jobs
1.8 Ja AEEEIFAT BT 545

Post process and check results

Horp, FREEAE LA Thag 4 s UK T A
PREITHRE, W 1L 1ARRZE 1AM (OS FEHO 128 14>
Ihie, W e Th Ag X T IR & am iR KN s vez-1-1.

THEE 1.1, P2 A s 9] () Vasp B N S, S 18 24 /1
H 3 B4 5AN SO (Vasp THHFT 7 SCHE) : INCAR
POSCAR.POTCAR.KPOINTS #1it % F 4 PBS /%
% R PEACTH AT S A Vasp.sh.

Thag 1.2, % 2400 42 10 45 M A 1k INCAR — %2
BEUCNERASTHE R INCAR,

D fe 1.3, H 3h 7= £ L BC POSCAR H' JG % 1Y
Vasp i1 57 FT 75 J& #4304 POTCAR , 8045 7€ 70 & AL E
PRA P POTCAR.

IHRE 1.4, % N RS AT 5 v2s (ol fefi FH ERAAED , —
B 2E Vasp THEL T 75 RS S KPOINTS

THRE 1.5, 3T S0 A% BT 55 44 (B34 FH R
WIMED , — 5745 PBS RATE AL S5 HHIA Vasp.sh.

ThAE 1.6, M BR 24 /i H 3% HAh B & SO s
J& AL AR B Vasp 1) 5 A% N X (INCARLPOSCAR
POTCAR.KPOINTS Al Vasp.sh) , F T+ 5 Hi 31 ] i
WS EPZIhREE AT N SO 4 N 7 A
TRBE S

Thee 1.7, #ES NS, — BT ATk A
5 7 INCAR.POSCAR F1 POTCAR J& 75 UL , 16 75
L ERITERE A E R, RS .

RE1.S, —HRE YA H X MTAE THR TN
SRR RS TR 45 R, W OUTCAR B log
rh A £5% (ERROR) B2 15 (WARNING) #4472 75 T 7E
frE. RN UATEA R TP H
% .POSCAR Al CONTCAR J& 12 8] ff)H 55 L Ji T 1
K327
1.1.2 NEBHiH:

NEB ## Ht $ fit 7 {f 5 b f# FH| NEB (Nudged
Elastic Band) /7 v 1H 5 ik I 45 RS 25 45 S Th g .
AFE B BT S AE W P 3 R ek S TR —
MR S TSR AL, T e B S, a1 UE
B, W H RS T

F NEB J5 ¥ 1 F 50 8 245 75 B2 i 1 VS A
AFIRAS , WAk s o7 A Jit 7 W B st B 617 S 0 544
FHOE R R T RO R A . VAR RS
T B WE R, DA R OR A 7 B 4 B AE S ke
[WORKDIR J/ini/Opt I [WORKDIR J/fin/Opt 3 14
Je AT SR F R Tt T B LA AR B IS5
WhowE VRSB R w8 W a2 B Sk
[ WORKDIR J/ini #1[ WORKDIR J/fin 3 4 3¢ N i3 47
F TS, RIS e RE . R BRI K
R GEMIAE TG 55 RS AR B S M E N RS 1
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Finnal State l

mmmml

k)ptimization Calculationl [Optimization Calculationl

CONTCAR 10 POSCAR CONTCAR *to POSCAR

Static Calulatio Static Calulatio

CONTCAR as CONTCAR as

Initial Structure Finnal Structure
NEB Calculation

[ NEB Vibration Analysis ]

End

3 AdESUHER R
Fig.3 General flow charts of NEB calculation
A8 vest T HAH A A 25, I NEB J7 VA 7E 24 /i TAE
H [ WORKDIR] T 24T i AR5 . i
R AR A S B R B o A B i
AR R A BRI . B I A T ) —
FL R T BE T NEB BEH % D REANR 2 IR o

% 2 NEBiRHRINEE
Table 2 List of NEB module

b5%: Label B Function
2.1 —RREM A BB S TR
One-key from optimization to static calculation
22 —RES T RS ES IR
One-key from static cal. to NEB calculation
2.3 ISR B 7
Transition state vibration analysis
2.4 IUOR B S5 A A S A A
Only keep inputs of optimization
2.5 AR B RV 2 i N HE
Only keep inputs of static calculation
2.6 LRER ORI E L N
Check the stress of transition state
2.7 KA SR SR T
Check the atomic distance of transition state
2.8 (RS UR) o R
Check the results of transition state
2.9 A A IRBN 7 Hr 45 R

Check the results of vibration analysis

DIRE 2.1, (EWI RS M AL TE G , — A
45 B P4 Il CONTCAR 5 POSCAR. ¥ & ¥ 1)
INCAR. B EL & RS FH ST HALS -

TNRE 2.2, (EWIR S MERS I H e UG , — B
B S5 R RAEAI RS B2 e S50 10 S R B 22 2 A
0.8 H #h#d A H A2 L 15 B H I INCAR IR A I A
THEATS

Dife 2.3, M ESTHR S RE » B3I
RKEHEESMEW, HeEEBmET, 1BK
POSCAR 314, % B B 1) INCAR, #2428 80 73 B 1F
%, BT R R FAEMIAS R A S IR

ThEe 2.4, AE I A TRt LA R B At iR B 7
TEFHER, BREE —PYIRES SR H B
B 2400 H SR 1 B SO A SO % AR B ini/
Opt/ N 1 fin/Opt F ) 5 A~ % A\ 3 1 (INCAR,
POSCAR, POTCAR, KPOINTS Al Vasp.sh) , Ifij Ji5 AJ
i ThRE 2.1 T TAESS .

Dhee 2.5, AEI A TRt A R B A R R 7
HE PN, AR B NEB R B, MR H SR
9 SC A SR 2, A AR B ini/ A fin/SCPE S R BT N
2%, 1 JE A Ih g 2.2 SR A AT -

Dhfie 2.6, ib A TH B B S A R
KBS G .. —BATE S BT & A s
(1 S F I K52 70 S AATT 2 R AR S de K 52 g A
5/ IR L (1 25 55, PR A 4R B Y S R R
R 5, BT R A AT AL

Diee 2.7, i RS VA A B A RO S
HEmE  E& T RSETES. REEETE
SR AR FA A B2 7t T 204 AT S0 1 45 74
FEOHE AL

DiRe 2.8, fE I A THE B 5E T K A 4T
Hsk KT 7 H % FRINEB 545 1 (g 5 5t
S5 R AL AL ), T OUTCAR B8 3 log A 4 iR
(ERROR) B 4t (WARNING ) ¥ $ 7 i 76467 B, 44
SN SR TRk E S (TR OB E A
B H SRS A RERE ARG R

DIRE 2.9, £ 1 JE AR BN 70 4 58 e » K & 24 i
H & AT H & 5 iRz s (R 22020
It A RO
1.1.3  Test#itk

Test A PR AL 7 — FA T E IR K A D)
REo N, — /MR R R IBEAT UH A A 20
AT AT R K A K S e A E
ENCUT % B fI KPOINTS %W B . AFE 7 HE AL Test
BLHE DIRE AR 3 B o

R 3 TestiRERINAE
Table 3 List of Test module

PR Uite

Label Function

3.1 AT RED
One-key ENCUT test

32 K A

One-key K-point test
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S T BE DU 1) B A2 L — A A 3E 11 A
BE , AT RE Y E 7 VASP TS FE Aol 1 o JE Ak
T R TR B TE . AT RE RN RSB
R REA TS, T RE AR, T3 kAR 7R B AL 3%

ThRe 3.1, $eft 7 —gdb 47 A ae 15 2 & 38
AT e I ThBE . 5K R i H e B —
AN A KPOINTS % 8, K AU E T VASP it 5
Tt e 1880 25 [ (1 IR A 20 B s 0, Ak R AERCK, B i@ I K
PR A — RN

ThAe 3.2, $eft 7 — 8T K S 1 24 21
K s % B IR

1.2 JEE:APIZS

APL#R43 94 python JE Al I B 78 5 B2 (it T A2
Fr il I DO Re i 11 ol ad 22 4R 8 T A 5C Th R, DA
K HE RN mEE RS RE. FEA4 -
VaspCZ.zzdlib, 75 : Shell B | File #2 H A1 Vasp 15
BR, % R AR AR AR R P I B A, 1l A P AE
python A2 B 5 8% py SCAFH -3 A EERI AT -

1 import VaspCZ.zzdlib as zzd

API B3 ) Shell B AL 1 (6 5 RS2 i) 5 H
R, AT AR SRR 3 3 (O D fE - File
R GR AL T EFE R SCAFALPEFE 1. Vasp iIZBEHRR fit
TSR Vasp it SR F R ZH D . B
VA #2 1 R AR NS H T REATR (8145 WL APT
LI SOR,

2 NAsf

K30 3 = AN S5 1 B VaspCZ 3435 40 143
Ak th 25 5L, I o g A AR <2 48] 33 B 4 £ fe
APLH A /DAY &, SC B il B v 5
2.1 RGBS LA

SEHIE 2 REARFE I B3R, R H %
A : [HOME ]/bin/ VaspCZ/examples

1 — Bk 25 A A s TSR 46

od JEN S SCAE R I 1.8 ST AR RN vez-
1-8, Bl H] 12 47 OS #E 5k (1 Th B 1.8 J& A & Jf 41 Bl
453

b S5 SR E 4 B, B3R5 T H sk
AT Bk R BAFAE G A B S T, 4712 ) A
W 73 52 B, 5 H U R S R R B Bk
B A B 5 BRI, A TUIAT B2 4 Bl R S Y
KA A E SR NP R AR SR D
RN R A o NG

] 2 — Sk B LA T E RSN 73t &6

o1. Path:./Te-Energies/Fel@6TelVl_6nn Done 10F 12 RMM
02. | Path:./Te-Energies/Fele8 Done 1F 43 RMM
03. Path:./Te-Energies/Fel@6TelVl_2nn Done 12F 12 RMM
4. Path:./Te-Energies/Fel@7Tel Done 8F 7 RMM
05. Path:./Te-Energies/Fel@6TelVl Done 15F 9 RMM
06. Path:./Te-Energies/Fel@6TelV1l_5nn Done 10F 10 RMM
07. Path:./Te-Energies/Fel@6TelVl_lnn Done 15F 9 RMM
08. Path:./Te-Energies/Fel@7Vl Done 8F 11 RMM
9. Path:./Te-Energies/Fel@6TelVl_4nn Done 12F 12 RMM
10. Path:./Te-Energies/Fel@6TelVl_3nn Done 12F 12 RMM
11. | AR

12. | ¥ i SBHL mag dist RMS
S .../Felo6TelVl_6nn -862.8140 10 0.0000 0.4859 0.0082
14. ...-Energies/Fel@8 -879.4933 1 0.0000 0.0000 0.0000
58 .../Felo6TelVl_2nn -862.7920 12 0.0000 0.4653 0.0080
162 ...ergies/Fel07Tel -873.2808 8 0.0000 0.4551 0.0000
11775 ...gles/Felo6TelVl -863.5515 15 0.0000 0.4876 0.0000
18. .../Felo6TelVl_5nn -862.8245 10 ©0.0000 0.4708 0.0062
ilie) .../Fel@6Telvl_1lnn -863.5515 15’ 0.0000 0.4876 0.0000
20. ...nergies/Fel@7V1 -869.0110 8 0.0000 0.1263 0.0000
21, .../Fele6TelVl_4nn -862.7821 12; 0.0000 0.5201 0.0093
227 .../Fel@6TelVl_3nn -862.8325 12 0.0000 0.5003 0.0093

B4 ThAg 1.8 Jo A 4T B s 5l

Fig.4 Function 1.8: post check and print example

[F] B, 7F examples/2.6-2.9 SCAFJ& R FH ZhRE 2.8
AL g A AT A R D RE 2.9 A BL—
R A RSN T EE R RN ) SEA S fee-Fe
i Fe J5l 1 1) H B8 — I S0 A 9 ) P S H L (%
THE R ORZE 18 E ERAL) .

Dhee 2.8 K i VA TR A RN 5 s, H 3l
FIWT 210 H s ST A 1 B skrh R B A AE L ES T
S, HIBZIH SR R e O B AR AR R AR
R TS AT B S AT ST R R . 5 —
5| IMAGEO /& ¥] 7 , IMAGE4 & K%, IMAGE1.2.3
e S, 5 A BRI R T K% T, 5
ZHR AR R EEE, BB VU A YIS R O R
ARARRS RE B IMAGE2 (1 8 & 22 dt a1 1 [R] A5 B
R A (BRR I RS , Bl fee-Fe H Fe [a] 56
—IE BN B 229139 eV,

o1. NEBCheckBegins. .. --func=3

02. Path:./ NEBit+ 5 5a ik !
03.  logHOUTCARH Jo &

04. Path:[HOME]/bin/VaspCZ/examples/2.6-2.9./

05. IMAGE RMS Energy Barrier
96. Q 0.000000 -869.011000 0.000000
07 1 0.007191 -868.512500 9.498500
08. 2 0.004424 -867.616760 1.394300
A 3 0.007191 -868.512500 0.4398500
10. 4 0.000000 -869.011000 9.000000

kL NEBCheck done!

B 5 Thae2.8: K Aid A4S
Fig.5 Function 2.8: check the NEB results

2.9 Difgkn AL SRS 7 4 R an & 6 B
[ True, True, False ]3R5 70 HT 1 )3 B s s Al
REMRFIHIREN . T foc-Fe A HUMAIZS AR
A A2 AR, R AN 2 30 A RS IR 1IR3 . it
W HUR FEPIS T = E HE B SlmE
(Attempt Frequency) 73 %l 4 : 6.59 THz+ 6.16 THz #ll
4.99 THz, M § HUR FER RS =D E B E ER
SRAIZ 5 5N :6.92 THz.4.67 THz A15.82 THz, H&
o, BB = AT ) B AR IR R HZ T IR AR 3 A
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REA, Je AK€ 1) kA A RO (Effective
Frequency) /& FT 3 Ji T 1E RIS I (1) 201 3 2 FL 5
FE R P A I S R 2 BRI R e 8 SR 11
WIS B 28 3 AR S A P A I 2 3 2 AR
R ONTE RO, o LA Z L S A By
6.28 THz.

T e e Fg R AR s A e
Q2. [HOME]/bin/VaspCZ/examples/2.6-2.9/vib_analysis [True, True, False]
3. [HOME]/bin/VaspCZ/examples/2.6-2.9/vib_analysis

e4. TF = ©.592458 THz 41.421637 2PiTHz 219.90808730 cm-1 27.264225 meV
5. 2-F = 6.167487 THz 38.751465 2PiTHz 285.725224 cm-1 25.586686 meV
6. 3f = 4.988518 THz 31.343783 2PiTHz 166.399047 cm-1 20.630886@ meV
e7. 1f = 6.915127 THz 43.449027 2PiTHz 23@.663815 cm-1 28.598678 meV
es8. 2f = 4.670165 THz 29.34351@ 2PiTHz 155.779928 cm-1 19.314255 meV
e9. 3 fli= 5.816549 THz 36.546458 2PiTHz 194.019199 cm-1 24.855323 meV
1. [HOME]/bin/VaspCZ/examples/2.6-2.9/vib_analysis foreward fregency: 6.2885

. - LR c 47 S —

6 ThAE2.9: A il AR i 45 R
Fig.6 Function 2.9: check the vibration results of transient
states

] 3+ 39 AU St

AE B UCSUE ST AR R S TR R IR AT RE
PSR, AN SICE T RE R W R S A A B
TS, AT B & TE TF 5 b 45 44 5t 75 20 AS ] F50I 1) 45
RFTEL. HEN examples X2, I 2.6 Dy ag vl LA
FIAYS SR I P S T ST 2 b

o B H TS TR B 20 B B R T ok
ZHWmE S s PRI = :01.02 8103, HER
2~4 G E Y, A TR AT 25 8 B TP, & ]
AR T 55 K32 10/ BT 9% B U Siobs 1
(0.01 eV-A D LU, iZid P& FUSUR T . Hhik
FIAWCS T R BN TE 2 7 25 5 WSl B A, i
FHRRZIIAERTE, &5 3] 100 B # B H I
SH, BRI 35 A A B AR TR) 25 25 R AN A2 100 25 B [ 45
¥, T A28 7P B 4K . A FHIhRE 2.6 IR 48 i K52 )
Z RSN TR R S 120 FI BT — 25 R g5 R BN A
BLOM B Z A B EE AT — B
5.

a1. CheckNEBRMS runs...

02, Step ©1-RMS 82-RMS 03-RMS  01+02+03
3. 1 1.037164 2.821187 1.@37873 4.095364
04, 2 ©0.536016 ©.547372 0.536028 1.619416
5. 3 9.161589 0.171973 0.161456 0.494938
06. 4 0.107206 0.100033 ©.107196 0.314435
a7. 5 0.066828 0.045721 0.066828 0.179377
08, 6 0.035165 0.021158 0.035164 0.091487
09, 7 0.01449% 0.008725 0.014491 0,037712
10. 8 0.007191 0.004424 ©.007191 0.018806

1k CheckNEBRMS Donel!

7 THRE2.6: A ERIE BN SR AE A S
Fig.7 Function 2.6: check the unconvergent NEB results

2.2 API R4 SLfl

B 43 BH Y 0 4al i B VaspCZ.zzdlib ¢ FEARACHS
50 E SOV B 5 SR T anAr i i 7 SR
EEE T

151 4 : 14 47 AR S B — Bk b7 Rl

HEAT AT B8 K 1 i 2 & 7R INCAR H 43 1) 132
BEHWIEES) 200 V250 V300 eV +++ 700 eV, i
ITEERARA T B . — Mk Tl A T A B L A R SR
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