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EFEEEN, AJfkTTME 4—5%,

HIZBEYAIRIR atat/3.52-8173m Y T8 NS ANA, HERE MPI REIEFHINEX R, LESEZE—R
BAAE. WA . FARRILNERSEY, WARRAHTESHER, XEN "8 UREEHRE
WRAAA5R; EEREFERERNREER. HBFEMRHEONE=SZ0M4, SR,

REXHEE BHS5HE. CESEMEIRARN SVG/PNG Bk, #iES5H<e2SEXREH —1 PDF, EF

B,

1. ATAT &E

R+ 4e]

ATAT 2—AMRERENEEFICT R, CHEIFNARTFERFNRFHT, BaEBITFSEMamaEEAaRn
NIRRT, BRAKERRMREREE FRMWETTA.

et GRE A

LESBEMASD, EREFETER
FIH IR RBP4
FRSEMIRE BRI — T/ TR R
HEEE. FHTHTRMEIMNR
RERFMEZ BBIHEFAR

M —RNBIEEEF
FRNERRKIXFRIEMEF
IMNEEFEHEE

4 A% CALPHAD ¥0IEEE

FEEF

mcsqs

genstr

maps / mmaps

emc2 / memc2

phb

fitfc

fitsvsl +svsl

felec. clusterexpand. mkteci

sqs2tdb
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bestsqgs.out. KEXREIRE
2N ATAT 451
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ATAT | NREIEHES, BInIRBRNRANFEER

BRE5BEIFES EMERR EESRH BEREKE

lat.in / rndstr.in - mcsqgs / genstr - VASP FiEABEEK - maps/ mmaps

REFNITHE T RIE SQS EFLEM S8, ¥7. DOS ECl. CV. E&
o <

Al%ER B REE R Bk

fitfc / svsl : #&kzh - felec: BBF - csfit: BFHE emc2 / memc2 / phb

i HE—RE. i I . .
clusterexpand + mkteci : £—RE. BUMAEIRF RS RS, FHIENRRE RS

B—SRBAASRL ; 8/ NHRRERELE LU TR,
MEEM RS FE R ATAT TIER - RERITMK

ATAT ASFA2BiE—aRAS TR RNEE, SHEENRNFER VASP FEFENREFHESZ
MEEFBREGRM, SMBEE. EiE. BN, BE—BE. IISEBENGITHRSERR IMRLLE R,

IR = HER . Cu-Au BEEM Al (AFR131E (5 VASP/PBE; AlBEF. = Ta SN TaemE D
5IEEF ASE BY EMT %; — X415 £/&E A ATAT B examples/mc BB ERBINE, XL/ R8P EFRHRIT
I, BEREEENEEEN, UREEH IR LR HRIREE,

2. FHRER: iR, BRMMESER

2.1 NEIFIR

module load atat/3.52-8173m
yskit atat-init

WA LSRN yskit, FEEAFIFRECE NI TERL ATAT #8810, #at ReIBRRAIINAKE, EREERR

Finy
Mo

RIFERSY A ERRIFE

ATAT 3.52, GNU G++13.3.0, ®#l CPU i
ATAT MPI 25 J®37 OpenMPI 5.0.10

VASP 0 CPU i@k VASP 6.4.2, Intel oneAPI 2024.2
BRI EH ASE 3.29.0, EMT; FERNE ase/3.29.0

ATAT B FIERS ST REXEEAN GPU IIEFA X, MPI KR ATAT 5 VASP EREH) MPI IRIERE, 954
B RNEIENR, BRER—XRinRERE MPl, REE atat-vasp T atat-mpigenstr JNEIBE—Z

mpirune
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2.2 THEHIRMFEIER
SERERHIE. EERIEANEIATIE KREFERNANISELER:

cp -r examples my-atat
cd my-atat/01l-sqs-fcc32

BHIE¥5 input/ 5 reference/ D FF. 1REHESEAI common/ B R, TRMEMXMNEEE. SHMMEEO, T8
IR B RIZZ sbatch submit.sh, BIARSBNHN input/c MREFZREEXSGS, BFEIHFEANTFEN
input/; AE4E stop. stopsgs. |H bestsqs.out. |H error SRS HNFITE,

2.3 EREFRRR
BB Slurm 232, yskit BEHEIRIRIA ATAT BIZS; 1B A P BOASR AL T -

/public/slurm scripts/hs user/atat/3.52/8173m/

ELBAPERREMN tc user N0, BRELIEMVIEREFZBECHEGFER, BEREGIRR:

sbatch sub mcsqs multi.sh 32 250000

X8 32 SQS BRFH, 250000 REEMERHARNP LR LIR, #HFAIRIFH CPUZE. I1T CPU RIRAIA
FAI5 56 XTI R, sub_mcsgs_single.sh BASEXMHE, BRIBIRIERISERIZ MERHERE, FRENEX
rRFIEFE IR E,

5 LA = )ik S
LI SQS BERHIEM sub mcsqs multi.sh
BANEIRY VASP BE2/ZH sub_atat vasp.sh
ZTHERIS VASP BiEda sub_maps_vasp.sh
MPI #zsLEi sub_mpigenstr.sh
MPI ZrTikEF sub_mpimmaps.sh

IEXRBTRMI mesqs. maps. fitfc FRIFHEGS, NHERSIHTERENELEET. FeERAENEFR
F—1i#12, MEVAESEERKHEKNIEETT,

3. JoiRiE ATAT B9

3.11at.in: RIFHINHPLEREFHES

THE=Z FCC Cu-Au B &% :
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3.85 3.85 3.85 90 90 90
0 0.5 0.5

0.5 0 0.5

0.5 0.5 0

0 0 0 Cu,Au

EITEXSELIM. = MKNERMS, ERN=TEXZRLE, FAXESEMERR. &E—17
QUE—MERIE, UREUEFAURENTR. ESRTAERNYM, TEEMHTERI Cu, Au

AR “B—1TELAUTRE, TEZITALEEER" B8, LHIRKIREMRZ FCCRA, AN
3.85%/4, BPMREEIAE-NEIBRER, BEFLTHENTE—TEXNSEM, FTEDSFTENTFEE=
FERIBREN D LT,

SEWMBEIUER=1TEF/RAE; XN—NMEBEENT/IVAEE, 2EARERFIIR. BN str.out By
NMTHRAEIZ MBI =17,
3.2 str.out: —{"BLEMHENSH

5190 CusAu BY L1 ERAE:

3.8 3.8 3.8 90 90 90
100

010

001

0 0 0 Au

0 0.5 0.5 Cu

0.5 0 0.5 Cu

0.5 0.5 0 Cu

lat.in 5 “RIF CusLAU”, str.out T “XELFRE Cu’s BEFREIET—MTE, BN, ZAIAILUE
A Vvaco RI—RANTRSB R BRAVF OEMENLIRHB R —E,

3.3 rndstr.in: BIiREFE
SQS MNBRE—TRMBEER:

0 0 0 Cu=0.5,Au=0.5

BB TFEE ERBRNNA 1, BREPNETREEDTEEINEY. FIN=FLF 24 RFIIN
8/8/8; 10 RFHI=cELLBABRAETRBEX M. BE N FREESE2REFE, M -n FiFiE.

3.4 ¥, 1WEMAINK

cellcvrt -pn < str.out
cellcvrt -pv < str.out
str2poscar < str.out > POSCAR
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str2cif < str.out > structure.cif
str2xyz 1 1 1 str.out > structure.xyz

FIFE 2 7R R FRMREAETR, B=%BTF VASP. SREnI{IEEEF XYZ EEHZ3. str2poscar 21&YFh
HARFIRF, 3% POTCAR RATERIL POSCAR BITTEIMF,. str2poscar -r < POSCAR > str.out BJ
MR AR, BB POSCARZETTER, RAGERNYMITEZEZ,

cellevrt -cHIHEER/REAT; -FIBREAESEEITER; -ss=2 ST MAREMER. ¥ FIFERR
B, REBUAMIE -ss=2 BN “184F 8 BRI —ARBRFHENEMKRE, BREZEER -uss=
Xt LA TE B

4, EHf|l—: FCC Cu-Au i SQS

4.1 F—¥. igEBIrE S
ETBERFEFE 3 EN FCC LA, &E—1TEHH Cu=0.5,Au=0.5, XHE rndstr.in,

4.2 % HEELERIERE

mcsqs -2=5.5 -3=3.0

2 RIHHBENRARE, -3 R=HEARNSRAEE; BOUMBANNKERN, IXHKERA, FIUXE
R A, ZHHERAR=ATPRKN—KA, FERHI=ZAMILKZM, XMINGEIIOE ZEHHRN—%
RV NEj ) 38

clusters.out REFEEHARE, A getclus EERE. BMMEEEEZMRXONESHEEER, FHE X
BRTAMEA, AERAKEEIIN.
43 F=H. IWEN
FEIrBEEILRIET:
mcsqs -n=32 -ms=250000 -sd=2410

RFERECRERN T M EREER, KEEERIAUEZEG EREVE stopsqs IBKIEFFLE; FRA
FEMFFIREILH. ZMRILHAEBARRD -ip S -sd BEHIMF, REMITmesgs -best EENERIFHI—HLS
Ro MTZHIERREVIEX—F,

XER -TRRRRZNEESY, FEMEHEIZL KTHEN; €5 enc2 WIEEETRF.
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4.4 FMP: LGSR, MARREEFEL

X

bestsqgs.out

bestcorr.out

mcsqgs. log

rndstrgrp.out

sqscell.out

B4R

LA EINRELS, A9 POSCAR/CIF
HIFEFiER. HiE. SQS XEX. BIRXEL. BWEEE
BRER MBI E R RS
WIRENERIE, BEFRESIERE

ERERNREER, TA -rc IEEER

AFIELER 16, 32, 64 JRF, EAMBEEET. MEHMFANTHLER:

BRFEH

16

32

64

b UNTE 35 RABIRE
CuAu=1:1 5 0.000000
CuAu=1:1 5 0.000000
CuAu=1:1 5 0.000000

HHRA ST BI=A PR SQS
FCC Cu-Au - 16 BF FCC Cu-Au - 32 BF FCC Cu-Au - 64 BT

Au X 8

FERH - ATAT 3.52 SLEHG2

® CuXxs Au X 16 ® CuX16 Au X 32 e CuX32

SQS KFRLEH - RERIHK
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CEGASS, FRARFAIBEZIEXBKEBAFE

IRITHE  ZhE8A, =E55A

. 1.00
2K/ 2.722 A 1
214/ 3.850A 1
214/ 4.715A 4 0.75
21K/ 5.445A 1
214/ 6.087 A
. - 0.50
214/ 6.668 A
214/ 7.203A 1
5 L o
31k /2.722A 8
. L2
314/3.850A B
" . r0.00 T
31K/ 4.715A
/ %
31K/ 4.715A 1 g
31K/ 4.715A 1 --0.25 3K
31K/4.715A 4
314/ 4.715A
. --0.50
31K/ 5.445A A
314/ 5.445A
314/ 5.445A -0.75
314/ 5.445A
314/ 5.445A
-1.00

16 BT RNET 64 BT

SR - ATAT 3.52 ST
FANEERENRKIZE: ZHESA =HE55A - SEARK
REANZRUAFMERARSEILA, FRTELRER. FESHEABRTEMR. EXBRSY KIER=E,
BRERWME FHMRIE—ELL/NERT.

4.5 FRY: WEEREXBKHZLFETHE

SHERIMIINER R, BRITEKEMM corrdump; EFJBEETE clusters.out, FAEEIGITHIEER
FREMXINE,

corrdump -l=rndstr.in -ro -noe -2=8 -3=5.5 -s=bestsqgs.out
corrdump -l=rndstr.in -ro -noe -2=8 -3=5.5 -s=bestsqs.out -rnd

BFAHKIRREL, BFAHERMENXE, NNAARSEIERRIRE, MEOZIERERZIREN!

str2poscar < bestsqs.out > POSCAR
str2cif < bestsqs.out > structure.cif
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[5%: DFT BERFREME. SQSH/LELITRES DFT NEF/BFERER T FEEZE; 7

HAETELTRMEHERITE,

5. ®EBHBHIZ: =nEas5EEFRIE

5.1 BCC Nb-Mo-Ta, 24 [8¥F

2.9 2.9 2.9 90 90 90
-0.5 0.5 0.5
0.5 -0.5 0.5
0.5 0.5 -0.5

0 0 0 Nb=0.3333333333,M0=0.3333333333,Ta=0.3333333334

mcsqs -2=4.2
mcsqs -n=24 -ms=250000 -sd=2410

INSGRAIBEIEANE , EEERAGIF N 1o X—HFIBIEHRZ 8 Nb. 8 Mo, 8Ta, KEXRHMEZS

£, TeeBA-TN— “BieRiR” #BEMRE5.

5.2 B3ih4Ef (Ti,Zr)N, 32 [RF

.5 4.5 4.5 90 90 90
0.5 0.5

0 0.5

0.5 0

0 0 Ti=0.5,Zr=0.5
0 0N

o O 0 © © b
v u

(6]

mcsqs -2=4.6
mcsqs -n=32 -ms=250000 -sd=2410

F bestsqgs.out

MRV T

2 BEERFH, G1F 16N, AIBMREEEERB 16, Tii Zr& 81, BENAESELEKE, BN

SRR LA FI XSRS
&% ERRFEFER £} 354 RALEIIRE
bcc_ternary Mo 8, Ta8, Nb 8 9 0.020833
rocksalt32 Zr8, Ti8, N16 2 0.000000
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EraiESEE N FRig

BCC Nb-Mo-Ta - 24 [RF (Ti,Zr)N - 32 [RF

[ 0, ® >
o ® 90 % ¢
.. ] > 00, ®
- S .
o ® \
® Moxs ® Taxs ® NX16 Zrx8
® Nbx8 ® Tixs

EERNY - ATAT 3.52 SLEHIE

=7t SQS 5EE FRAELEH - RERIMK

MREFENTAHS, ANES N FRENTERSNEESSHMEER, BEMERRBRNEN, T THR. &
BHFEEEXG, FERAIAM clusters.outo

6. FA ATAT i VASP: X{$=2{{Z2ERY

6.1 #&FitEESH
str.out #EIR L], vasp.wrap IERBFEMITRIZRE, UTEASEERNANELREN:

[INCAR]

ENCUT = 450
PREC = Accurate
EDIFF = le-7

ISMEAR =1
SIGMA = 0.1
NSW = 0

IBRION = -1

KPPRA = 4000
USEPOT = PAWPBE
LREAL .FALSE.
LASPH .TRUE.

KPPRA ZSRFHE G A TEM K MEHIBIR, A2 “S17H5RE 4000 TR7. EERITHIMBONEE LR
BY KPOINTS, AN Cu-Au FEIBREN T HARBHEMNEZEZERL, BERERIKELRNE, HARK
SHNT—F; LEERATHBERORI, FEEREMS EHREEZFHER,

USEPOT=PAWPBE IEZE M ABCEHHY PBE PAW BB1F. AEBAREERE. ZHR. 4. ENCUT S REREEENE
BE—MIgRE,
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6.2 FeERXF, BitH

runstruct vasp -nr

}oZ INCAR. POSCAR. KPOINTS #1 POTCAR TTZEIF. HiAS#/GE, E(EPHhIT:

runstruct vasp

NREBTTE VASP faith, RABIREN ATAT X4

runstruct vasp -ex

FELEREZ energy. str relax.out. force.out. stress.out. dos.oute FEEURJIBSAIRIFRFINFS

str_relax.out —=2\

6.3 REENELHEE

i extract_vasp F&E—F OSZICAR I FIEE N energy, HIEE MIERENEENE;, FBmH
E0, maps BHZIRA] B RSB SR — 1K, BB SEZTE8&ET, SMTRRME—TREF; B
Bl FRARTME, BAEMBHIN ‘SRR N “BRF B

Fith: FEF I energy BRIARFEBZLERIAB mapso mmaps -pa. clusterexpand -pa ZFHEFBELRII—KLMN
BN, BENIHRIEAE ATAT i2FERE B RYE,

WEE, BREMEEEMS/]; ISMEAR=1. SIGMA=0.1 274X Cu-AuEBIEISE, FREEMEEER.
SRR RN H— P EEDT. kK MR ESTIRN AR, /A DOSTATIC REIMAITERSTE, SHTKK
static N Sl ENEEELNTERIT—H. HBXYIEL RN VASP FEZIHEA,

7. TEHHI=: 291 Cu-Au E1I8Y DFT BEESFERFH

7.1 FE RS
AGIRA FCC B4, BEERMEHNK3.85A, MEE 4 RTRM:

genstr -n=4 > genstr.out

FREEHLIRIZE end TR, EREMAREIHFRESER, ETERFEF 1 str.oute X—EEHFE
29 PP HIRFFMLH.
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1.2 1HHESEHIBVEEE

8 FHIEE FERIHE

. 2R VASP 6.4.2. PBE PAW b=l

ENCUT 450 eV 550 eV

k FAAEHAN BEREAEEERAT 0.25A AATF 0204
SCF EDIFF=1e-7. NELM=120 18R

BE= ISMEAR=1. SIGMA=0.1 eV +8E

Bie. 44 FFENER; EERFUERRR [

Hith LREAL=.FALSE.. LASPH=.TRUE. 18[E

XE2—HEE FCC BBRMNBFHIE, ATREEBNGMOTEE, 4 Cu. MAuSEWLEERSREHT
HE; ERRTIMIRM Cu-Au BSHEE, FeEEEPRBEREEEEFR TR,

288 29 MEMTERBTFWNE, BUTRFITESEFIAMKEE:
AE = Ecell / N - (1 - cAu) ECu - cAu EAu

XERMATENSEREEBRFRE. BERRNACNFERTEERRERXF -T2 LHEAT

4fi Cu &£ -3.5941924 eV/atom, 4 Au /i -2.6522221 eV/atom, LATFFIHEER 29 NEM; TEEHIN
mRAEBER k MM EHIE S data/cuau_dft.csve

SRS [RFE Au 538 B§E /eV - atom™’ FRREE / meV - atom-’
0 1 0.0000 -3.5941924 0.000

1 1 1.0000 -2.6522221 0.000

2 2 0.5000 -3.4081158 -284.909
3 2 0.5000 -3.4939959 -370.789
4 3 0.3333 -3.4696467 -189.444
5 3 0.6667 -3.1642891 -198.077
6 3 0.3333 -3.5851530 -304.951
7 3 0.6667 -3.2725757 -306.364
8 3 0.3333 -3.5329657 -252.763
9 3 0.6667 -3.2247177 -258.505
10 4 0.2500 -3.5056958 -146.996
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13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

RFE

Au 9%

0.5000

0.7500

0.2500

0.5000

0.7500

0.2500

0.7500

0.2500

0.5000

0.7500

0.2500

0.5000

0.7500

0.2500

0.5000

0.7500

0.2500

0.7500

BHE/eV - atom’
-3.2768442
-3.0430870
-3.5879675
-3.4454390
-3.1226112
-3.5872062
-3.1247288
-3.6289195
-3.4847748
-3.1702820
-3.5819815
-3.3943340
-3.1193702
-3.5462233
-3.3125925
-3.0777845
-3.6302830

-3.1797142
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FZR%EE [ meV - atom-!
-153.637
-155.372
-229.268
-322.232
-234.897
-228.506
-237.014
-270.220
-361.568
-282.567
-223.282
-271.127
-231.656
-187.523
-189.385
-190.070
-271.583

-292.000



29 N32BR VASP &892 AR BE
VASP /PBE - a=3.85A - Fkithig

-50 1

-100 1

w

-150 1

AAE / meV/atom

HMEFH

-200 1 e

2
Z

&R

-250 1 ° °

[
- \. /
2350 1 \
— 29PN EItEEMNTOE

0.0 0.2 0.4 0.6 0.8 1.0
Au BFHE

EER
N

BEEML - ATAT 3.52 SSEHG2

29 MEMITZREES BRKESEERNNTOE - KRERTRK

ERELRFXEHREEMNTOE, FEREELS RMEEABREN. Ht&REHS.

7.3 BifEEH
B lat.in 5XESEHRB str.out. energy RIER—IMBE WA, AXIHESR 29 N EEEFEM:

maps -d -t=1 -g=4 -mv=4

-t=1 BB A TL; =4 RESEREMEHEEME; -nv=4 [REFTEWHNATEE. EFSHLE
FHMNENEEEE, BIPNSERGE, ER—BREIE stop ERER.

WERMEFIALE ATAT $F40EFEN, NER B TER: Bt maps, H pollmach iBKFFIRALEN, BH
runstruct vasp G[ElgEE, 1T sub maps vasp.sh BENIRER—1 Slurm 2BR. XRWT:

BERNITERR
v Bl ready

maps FF4E KS/str.out M HKS/wait
v pollmach 4HENEH

VASP it& - extract_vasp - %iS/energy
.

maps BEHIE. RXXIIEMEST

wait RREMEFEFITE, busy RRAIER, energy BAINSEIRVMINIKIE, error BT ENHFREGSS
MEHEN, EREREIMEFESTIA VASP ITE5EM, BEIE stop M stoppolle EFFIERIFHIA
RHEBLRY, BERESXXITEER THELERICS,

BEAE - ATAT ER%E 13/78
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7.4 BN S RS A

X

maps . Log

fit.out

predstr.out

clusters.out +eci.out

gs str.out

ref energy.out

=0

WIZREEHT

ECI #&

IER RMSE

R XEIIE CV

SRR AL IRE

W S 3:5] S E

RXIEDE. EREMESES

—H. EFCE

BIMEMNESIIAEE. IETZMEE. IRESHRR

S EEEHIROTRN; TREZ4{E DFT EfE

EFRABEMBEIER, BINERT

HEAEIRA R ESLE

i

REFRARSE
TREER
29
13

3.479 meV/atom

5.440 meV/atom

10.423 meV/atom

RERALS | IRESEMACE—ES

IR RMSE 3.48 ; CV 5.44 meV/atom REMGRE
0 - ¢
7 5.0 ° °
-50 1 7
. 2.51 e °
€ .100 R § . o @ e ©
8 g "&; v [ ] °
© 7 4 o— =
> 150+ d > 00 s ° ¢
[J] e £ [ ] ] [ ]
S 7 = )
= 200 o° = 257
- e 0 04
gLiJ) 250 '. LL 5.0 °
2 0@ (&) L4 [
-300 1 o
o 7.5
-350 1 ./,
) -10.0 °
-400 . . . . . . . . . . . . . .
4400 -350 -300 -250 -200 -150 ~-100 -50 0 0.0 0.2 0.4 0.6 0.8 1.0
DFT FiZR{BE / meV/atom Au[RFRE

EHEEH - ATAT 3.52 LEHR

NEERIRED, TMMERRANEWRED/ N, XRWIEBTHREZEE
A BRRIELEN, FEIBEMEER “CV/NFZL” HEMBARARNTE—E18L,

EEMEt,

KErREESTRERATN -

BEAE - ATAT ER%E 14/78
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eci.out WA BEFREESFAREL,;, EMEENFTERMENEI. clusterexpand FIBSHIL .eci #
.ecimult, FEEETIELN, FEBFR—X,

clusterpredict energy RE BN energy IFINIER, HolgeBERRHNEREE. FUNFEWES R IH
THR, RHRANNMN str.out; REERXKH DFTIILBR. ECEMZTE prediction-example/ HERIX—
Fo

1.5 WERESKESH

&t ERE - JERFAE EfCRREE FRRIAREE |

0 12X12X12 > 15X15X 15 0.000 0.000 0.000
1 12X12X12 > 15X15X 15 0.000 0.000 0.000
2 11X11X11 - 14X 14X 14 -284.909 -269.040 15.868

B=5813979 meV/atom, 4543 2 BIRZAAEENZELY 15.87 meV/atom, 1RRTEE SN AL MIEE I

) 8

BXESHE | BERBAFRENFELR

550eV/EH kMK - FigE AT RBEMGERY T
16
141
5.
3 § 121
S g
e_\J 0 %10'
B £
o g 8
qm 2,
51 ?(é 61
& &
W
L
-10 1
2_
T T T 0-
4 Cu 4l Au #5492 / CuAu #5492 / CuAu

EERNY - ATAT 3.52 SLEHGE

R AEFTE S ENCUT 582 k RIS - mERIHRA

RORMEREIAE T ML S, REERAR—AKSTURIRMm, FEED VAR T ENCUT B k Mg, Edig
BEESRE. SR, BBEERME 29 M, ALRE ERBFERTE.
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8. RERAIN: ZrFRIFRERSMHIEAR

ASEE{HF ATAT FEIRFR AV examples/mc PO MEINIF: lat.in. clusters.out. eci.out. gs str.outo
XBATEHRZMEMNITE, T2 7 ZENINEH Cu-Au DFT iRE, BAXMHMER Cu/Auice, TSR
EEEYME Cu-Au SN TSEE,

8.1 {EEH SRR EE
IR B RITIT!
emc2 -cm -x=-0.5 -gs=1 -mub=0 -keV \
-T0=100 -T1=1400 -dT=100 \

-er=12 -eq=300 -n=2000 -sd=2101 \
-tstat=0 -g2c -o=mc.out

XR—HFBRKIBFAHEIRE, BERBFIERENENEA, TFEEXFIHAN. SHEXOT:

88 FHIE X

-cm EE A5 HIEMIE

-x=-0.5 FHERE, RARE FIFHIEER I $CR 0.25

-gs=1 M gs_str.out M 0 RSHIE 1 SIBIES
-keV REEN eV. BEA K; AIBPRALY 8.617X10-5eV/K
-er=12 FRERATE FERIR M RES I FIRIE
-eq=300. -n=2000 AR Monte Carlo passes, N2YIERia)
-tstat=0 ARESIIE AT E ST Y B BB

-g2c BHPER AR ST R IEN &

I3 -er=8 5 -er=12 RFMFER=THIIMHF;, RABEEIEMRELE, RLEERIENEREITHIR
E, Ziﬁb*E%ﬂJ/\UHEa:RTJ—o

AR er=8 I 512 8=, er=12 MWW 1728 i m. TRIIMLE—HIIIES =P MFEIRIEFSITEE !

BE K HE219(8 [ meV - site-! FREE [ meV - site’ R $BREX
100 -11.63100 0.00000 0.000000
200 -11.62200 0.01559 0.000079
300 -11.21800 0.02066 0.003697
400 -8.66000 0.06110 0.026700
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BE /K HE219(8 [ meV - site-! FREZ [ meV - site-! BRI 4BREX

500 3.66833 0.03037 0.146314
600 5.97133 0.01290 0.163356
700 7.30033 0.02312 0.173353
800 8.20600 0.01572 0.180428
900 8.95533 0.02285 0.186540
1000 9.55100 0.00608 0.191529
1100 10.05100 0.01153 0.195786
1200 10.48600 0.01212 0.199431
1300 10.85467 0.01106 0.202589
1400 11.15800 0.00781 0.205218

e RS E M E R I PR R B

=NRITRNE  EE T ERIEE EIEE Y0 #20.25
—$— er=8; 100+500 passes 0.251
107 —3— er=12; 300+2000 passes
0.20 1
5 B
v 0.151
s I
£ 0 ]
- b
) \H) 0.10 1
® g
51
0.051
-10 1
0.001 AT FARIR
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
aE /K =E /K

EHEE - ATAT 3.52 LEHIE

BERIEHNRERXRIYCREMSL - AHFTHA
RERR=MRUSRZENITEE, BTRETXEEETRENEHEE, FTRELMIaFRXERRIITE
DITETIRESR

8.2 mc.out BFIAREESR

o emc2 EH, FI/LFMRORZERE. HFH. E-ux. FHBREx. F-ux. BEENKE. REKE. £ -g2c
&, HR5ANE uxo % 17 FIREN FHRERFENKIEERFRE; TRAED. YSHIEFEX TAREERLEAM
EXRELFRR—ENZ. % 18 FILUGHEKKEX.
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TLEFE: T emc2/phb BRELARTE [-1,1], MBS _YFERDEAE c=(x+1)/2, F—IBREREHE
&8 7 IEH Boltzmann BG4 2 Ko

8.3 IREFM TMERIHTFAR

phb -gsl=0 -gs2=1 -dT=25 -er=8 \
-dx=0.02 -dmu=0.002 -1ltep=0.001 \
-keV -sd=2410 -o=phb.out

XASHBTRRLER, ANBEIRERS. pho SEENRF, HAREREERNER . MHEKRN
T. p. AR BIERE KRB E-px; EEERIXMIIREERM IR IRE,

me IRER

RHRES 19

RETE 0—450 K

450 K 48 0 RE 0.221713

450 K 48 1 RFE 0.229459

450 K L35 -0.0664873 eV / B BRI

phb F#8ia5 : BRFEE THEERTRH

L5 ERRAY - er=8 - dx=0.02 - dT=25K

—— 10—

100 1

0.00 0.5 0.10 0.5 0.20 0.25
BYIMERDTE

BER - ATAT 3.52 SLEHIZ

SERBENMBLRERER - fREHUBRA

HARRRRARIRE FERER, FEUBIBHEANEREN R EE, EXARFEENEES K. B
FRETHEE. EXBRE, HREHEMAIEEREE.
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9. REHHIA: =37t mmaps 1 memc2

=HIRAEE FCC @8HER3.9A, ¥MA Cu. Au. Al, R ASE EMT #itE/\RILHNESER. ©
BFERZTMANBIEASR, FMEAZ=TRNEERERE,

B4 Lat. in BOMIRRITE AL Cu, Au, AL, ZATEHEETIT B AER. PN HER maps, TFRERNSEH 7T
naps Bft. ZTEEE. AN, LEBEHBRIWHKETIL

g IREER

EMT Z5#9%5 30

cv 6.477 meV/atom

BRI Al Au. Cu

1500 K B9 352853 Al=0.078648; Au =0.466139; Cu =0.455213

Cu-Au-Al : EMT 8UERZ HEEHF S5 MC

HAl=pAu=pCu=0 ; HIFEELHL?

Cu
051 4r—__:=t====:t::::=:::::::
0
0.4
§
? 50 £
% <|S 0.3 1 —e— Al
. 2 £ B
2100 53 & —— Cu
qm B 0.2 1
° o ' F
B
-150 -
Al Au O.O ] T T T T T T
400 600 800 1000 1200 1400

BE/K
EEE - ATAT 3.52 LEHIE

= TEMEESRIFERAS - AETHK
Zfll control.in f9:

300 0 0 O
1500 06 0 0 7

F-1TAVIRENZMNLTFE; BETRERRAREREFRE, ~FIER -l 884 R, 321300,
500, -« 1500 K £t =,

memc2 -gs=-1 -er=6 -eq=100 -n=500 -keV \
-il -sd=2410 -tstat=0 -o=mc.out
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IR LA atoms . out MFEFFIGIH 0, FE lat.in PFRBTBIRFEBN. 3ENERLITH ncheader.out, &
EFIFREAZ RIS X ; RFEER T enc2 WEEFIS, -gs=-1 2RENIIE, FARIENIESELESE
To ZMEBHLASHUABRKRE=MTES S 1/3;, TREYHIEEZNEFMEELHSD

FETIEHEDLORE, B conccons. in MM MAIFIEHMENISE; ER/NEHHBTERLIRATEEIRHRIE(F
TIETE o

10. REEFIZ: AlEFSIREHEE

X—E KRR ASE EMT BiRMEsSae8NR 71, FrAEIRE EMT, EMT SRESFS) ATAT RIS (iR
MItERE, TaeE7 PBE A FHKEHME, ASER EMT EMS5EATRIGIRE T HiEFKIR.

10.1 &REISE L

3t FCC Al @A E I F—EaE B RV, 1SRIZfIF %k 3.9942742 A, str.out RIMBLEH,

str_relax.out B FEESELEN; LEREER.

10.2 £RHERILS

fitfc -er=9 -ns=1 -dr=0.01 -nrr
-er=9 RUBRFNMEARGZEINR/NEEER, 5 enc2 FIRFRHNEXRE, -ns=11EPEFIEIIM; -
dr=0.01 N{IFEIBEE, BAIA; -nrrBbIEMIIREMMHBNSE, BRATAMIMNILS REBETIRZ

£ vol 0 REMBFERRE, W& str.out itES ., EEE EMT IR ER
common/calculate emt.py, ETHIAEEZETFXMEO, &R0 VASP B, NEXARHITEFHRHES
N8, NRBABXMEKREE, MEXRTNEFTENME .

10.3 A5 H1HEK

fitfc -f -fr=4.1 -T1=1000 -dT=100 -kp=4000 -meO

-fr=4. 1 RMENEHIERTEE;, ENSBRAMER, SFNTF -er/2, EXHEREDNEBR. I
BIEE. DEYCEEME=ERRD W&,

-me0 [FLEESHSREBAGHES T AT, AARENELELES -ns IZEBAMEEEM. A
INRHMANSERIBITE; €8 -pa AIKNERF, BREE TFFRFRTFH.

10.4 itHEFEH

kpath.in IE—1T4 HRF R EMRE MR
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31 0 0
31 0 1
31 0.5 1
31 0.5 0.5

o © © O

o O O o
” o

© O~ =
”

o O O o

-5

fitfc -f -fr=4.1 -df=kpath.in -me0

XEBER ST str.out BEIMFRE X BEITB) 1R, BRIEN T-X-W-L-T, eigenfreq.out BYSRZEEIA S
Hz, B&LL 10" [FA R THz.

KRR R 1FEIRY ALEMT BF

ALEMT - a=3.99427 A IRENSEE
8.
8 -
67 6
2 2
= =
ESY ESY
21 2
0 0
r X w L r 00 02 04 06 08
DOS/(1/THz)

BHEA - ATAT 3.52 THHE

ALEMTHEFEBSSEE « [REAIHRA
HIGIRRE N ELE. RIBE. IEEESER, BOMYEFREL. -fn ATFRHSTRERIER
7, FRERIGEARERRIMARE, BAEKREIUERN UIRER S BIEBmEAT.

10.5 fitsvsl 5 svs1 9B —R KL%

fitsvsl EEZNEK TINGEENZHNIE, S sispring.out; svsl AXLEXRTUNEMIE FHER. &
FIER=MATRE A, BRAKMNE 2%, iI#% 0.01A:

fitsvsl -er=9 -ns=3 -ms=0.02 -dr=0.01
SERERERPNRNITEREG:
fitsvsl -f -op=1 -ncs

AHI = PMRERAF AR NVBOTPNSIEFERENRK, A8 -ncs RELMED, BREATMEE)\WEXEIE
FRIIMMEMHELL, -ncs XFBHFRMELE, RERTELMIANKERMARRENER; FERTE
BERRRNHEENREMNS,
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HABIMEWER, BT

svsl -ns=1 -T1=1000 -dT=100 -kp=4000

BE /K fitfc / eV - atom-’ svsl /eV » atom-'’
300 -0.0119114 -0.0112127
1000 -0.359252 -0.356946

FREIBSZI RN S 8.54047 THz; T SMVAERELH 102 THz, AHLHKRES,
MZAEIRED B HEE

MHSHILTRBR— EMT & ; &L

—o— fitfc : BIESEEAEH
0.00 —m— svs| . ENIE—FEKIEE

0.05 1

-0.05 1

-0.10 1

-0.15 1

-0.20 1

REhEFAE / eV/atom

-0.25 1

-0.30 1

-0.35 1

0 200 400 600 800 1000
mE /K

BERHY - ATAT 3.52 SLEHIE

i ATAT RS EL M B HREE - |EAK

XMFHARBAENAELSHL, LIEREFTEDNIREER. FEEBENNESIZEMRN VASP 5
FHRELZ BIRVERELLE, EASHMFERENZHERE EMT,

11. ¥ HHt: BFEHEESAEEX ECI

VASP itH42 extract vasp ¥5AY dos.outo XEEFLBHEFI. EESHRENEHRRETF, ZERSMEERT
NEZE;, ©ARZEE VASP DOSCAR, FEEEEIE DOSCAR &M,

felec -T1=1000 -dT=100
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185 felec. felec.log. plotdos.outo ZSEXT Cu-Au HHEFAISERR VASP DOS, LUKz AL{AFR#AAY VASP
DOS #1777 AbIE,

SEP5 DOS fARIEFHHEERH

VASP BBF7& — extract_vasp — felec

0 —o— [EE a=3.85A B Cu
—m— Al {AFR##EB2E DOS
_l E
€
@]
+
©
=2
()
€
~
w3
H
{m
H_,
B -4-
54
0 200 400 600 800 1000
BE/K

BERH - ATAT 3.52 SEHEHI2

BT S2FR VASP B FSEHIERN EFEHAE - REAHA

XL DOS REHFMEHERAH, MEAATLHBESE K AREBEHLE. felec RARETRERE
HHGE, TAEHIAFTE BT A 1bE R R T AL,

BEX—TUHENEERER, EEBRAREME!
1000 11
RT3 Trange.in, &R 0—1000 K 11 MEE, DAITEEWERIETIT felec, EEESBR:

clusterexpand felec
mkteci felec.eci

AEUBERARESHEZRE THETFEREE, BFELES eci.out FRVFFSIHESGH teci.outo Z K
TR LL—EAHE, B9 mkteci fvib.eci felec.eci, RIRRERFEINF. EEMNE. RAUS5)FI—KE2E—.

teci.out FER, FIFRBMAFERAE, IR “REaWi” M “MAFHEBERE" NERNEARNMEL
BR, BRTICESR teci.out MEMBRE, AXRMHBFIASHE L, TREEERET AEZIRSRE
TEEE,
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12. SRR HEFI\: ALFRAENFIESE

552525 VASP/PBE 38, FCCAl#1taSM& &%k 4.05A, @ ENCUT 450 eV. KPPRA 4000, EDIFF=le-
8. ISMEAR=1. SIGMA=0.1, X HNMEMNTITEFHSEE,

calcbulk -0.02 0.02 0.01 runstruct vasp

EPMBHIRRNENEMENTE. RAEMENENS K, GENGLSATENEWNEE, TEEHIF “—3
L RMITRVASP”, KRHIZBIUATNEER,

KN %3 / A3 - atom-’ 82 / eV - atom™’
-0.02 15.63087555 -3.7395880
-0.01 16.11436742 -3.7494319
+0.00 16.60748204 -3.7512525
+0.01 17.11075605 -3.7458654
+0.02 17.62404502 -3.7340911

IEAIEE 77.72 GPa;, FELMNT -0.00202045, 357 5854k 4.0418172 A,

AlPBE : AR {dfiAESHIEE

B=77.72GPa ; $l& a=4.04182 A

-3.730 1
— NMEZXHE
©® EFRVASP #ER

-3.735 1

-3.740

fagEE / eV (1 RF)

-3.745

=]
BB

-3.750

15.5 16.0 16.5 17.0 17.5
14%3 / A%/atom

BERE - ATAT 3.52 SLEHIE

AR —EEEXR - REAHK
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bulkmod BIZRINEE{IE eV/A®, T 160.21766208 35 GPa, strain.out BINAEBEINTELMNT,
str relax.out Z8 xR J 147,

calcbulk EANEZMAMUE; ARENEXETBEMMENER, FNEREMHFE Birch-Murnaghan
HRENER, BTHMHEEMRNENQINNISEE. REFERE. k R EETEE.

13. ZEEHIh: HTRZEE. APB HMERM

13.1 csfit: RTKRESHBTRE

FOETIT lat.in. RMATTENEMESELEN, UK dir.in. ZFIMH EMT 23046 Cu®l Au B FCC &
%, £ [100]. [110]. [111] = NARERNELEMHITEFRSEE!

csfit -np=5 -nl=5 -ml=0.15 -nc=21 -t=1

-np FEHEETEESMNNERAE, -nUERGZERESR, -nUREREER. HTESFFERER
PHIEESR; EFT/EIE cs.in, cs.log AHEED . SHABEFREEE,

Cu-Au R~F kECHY 75 [RK#

EMT - = 1N&F - iRt 5X5 TS

80 1 —e— [100]
—e— [110]
—e— [111]
(0]
£ 60 1
2
=
(O]
€
~
32 401
£
=
H
z
20
0 -
0.0 0.2 0.4 0.6 0.8 1.0

B IH7T Au P
BERHY - ATAT 3.52 SLEHIE

Cu-AUEMT TR ZRE « RERIRAK

cs.in AJI@id maps -p=cs. emc2 -ks=cs FHNMENIER, AFHIEBRINENAS; ZEIEEEEMINEELE
BREIENTIEMBEIEF, HZE -np/-nl/-m BMERFMER, BRFARENTMIZHRES B REE I,
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gencs FAFIFRMEAR RIS XN LR ER, F csfit W AEFRNTSINERER—1 < ; HigH
harm.out EBAFEH—THIRE T %,

13.2 apb: [EEESR

KHIELFHAEZTREWET, ML BAEHR, XA\ (0.5,0.5,0):

apb -sx=0.5 -sy=0.5

TR str_apb.out HABA ECIITEREEE, SiRIRFREMRAEENTH; RENASESEEXER
fERRIZM.

b= BTERBIER
HIRRER -0.011631 eV/atom
APB Z5tREE 0.000182 eV/atom
[ ARwE5REE 52.428 mJ/m?

RHEEES © 427 ECI THYGEM 5 REE

4R L1_2 A APB #3%! - y=52.428 mJ/m?

Au X 1 ® CuX3 Au X 2 ® CuXe6
EERHY - ATAT 3.52 SSEHGE

SRR RERARBS AN - REATHOA
X APB RER B A ERIFRBRAIRE, TEEMAAXER VASP REITH. apb -f REMLGH, EEHBRAME
B F SR TIRILIT R,

13.3 pdef. icamag. gce # cvmclus

EE/NEHIEEE: A pdef £ FCC Cu ML, A icamag MR Fe MREVEEHLTS; A gce £
F SRR ER9FEE; A cvmclus £ FCC MEREIMFRTERY CVM REX,
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XERFRRNEMEMERABER, ARG ERETME. ESHETRE. #EERI&IVE
B9 CVM 1BEl, HERFRFES 4G E I BYR AR REEIKE, HTEMEEIAE RN FERE.

14. TEEGI4: M SQS #hiE4ERL CALPHAD X ¥

sqs2tdb HEftt SQS ##EEI CALPHAD ¥ HFRVERE. ZA<fIfEMA Cu/Au. FCC_AL BUEEFRIHTTAIRIEA D
£, B EMTIHELMFSERE, BIE— I ERINANRE,

14.1 SHl%EH
sqs2tdb -cp -1=FCC Al -1lv=1

FE—IRKEIL FCC_Al/species.in 10, WIAFREIEVMWE, BRRITR—£HTATHEHREF., TN
species.in 5 Cu,Au; ABXMHE F@RIEFIR, FEEiB=&EER.

14.2 HREMERE, BEiEFINSH
HNFCC AL, SENERMAMITEER, BT

sqs2tdb -fit

BRSIRTRIE terms. ino AFIRNEN:

N =
o o

ERFELMITARRM Z T EEATL. AREMNIT sqs2tdb -fito

14.3 §ili TDB
EIEITAE
sqs2tdb -tdb -oc
RS AHREEIRAERE TDB FIMA IR, AGIREFE FCC MM EMT IR, EREEEMERS

B, B, TEEF/BEFIRKRERL. FEMEERTFEIXMGEENEE, TEERFAZPAMENT
ErARE &5

ocplotpd 2IFH OpenCalphad B4 EIRES, ATAT EIRABARETF OpenCalphad Bt mkaxes.
simplexize. triph#3d2gnu fASTATHL. M SLEEIBER, ©ITREBELIE, EREAEETE SRR
FERNIRLER,
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15. 5 F%HBIIR(F

&R BENHTEEESM

REENETLERT mindist -r=gEfE -s=str.out; HRERKE, 0 REAERNEBFRM
REMGERNERMEER checkrelax -1; ZIEITHIR T BIATERMSARIEER, FREERRETMARE
T BFIFELR nnshell -l=lat.in. nnshell -1b -l=str.out

REURMANE/ SRS Usfit; AMAHRIRAGIE. FUNAIRE

HEHTERAHS foreachfile; %tHd pwd HESEE, BHITIHERXHHER

B A E T X ] getvalue. getlines

BTN BT blanktonl. nltoblank

fEIE Windows 1T fixeol -u Xff; REEMRWNENR, ZNEHEER

EERRTERE mapsrep / mmapsrep; T gnuplot, EARTERIFRAIMER ARt SR G ELRIZ
A VASP AXft cleanvasp; =ik POTCAR. INCAR. POSCAR. KPOINTS %, &R EMEAN

cleanvasp AT THREHIG S, FESHIBE cleanvasp -h EFEHEN; Haila{=H1THIBR.
splitjob # dispatch iZFWERSFIRX MY, HWEBESARZEATAT FREZFERDN -h T8, TERABATERT—
hmesE,

16. tH I RIABH X R IRF I E

nR BiNhiE

NEADBENIE. FARBEMEYT; BINRIThF, KEMEAE; TRXEBORERRE

ERER

SQS —Ei#%%R, &F Perfect_match

KEBREM stop/stopsqs/stoppoll REIAXGE,;, MIAFEIESEZEREREMMT

EER

naps KR ek T%éj%%‘ﬁ)\ﬁ']@ ready. B&GTFE wait/busy. IHTEFFEEREESEC. pollmach BEIEIE
1B1T

B8 energy BINEFREIE BB, RESEE/ERTE. TESE. BS. B ATARRESESHES—

A2 v N
runstruct vasp HABIWap BTN B 2T BRI vasp . wrap; B yskit AL ITS RERHEE

i
bz . BT, WHETRE; BHRSS GEN
VASP (SIS SR ﬁf,_ Oli'I;EAR/OSZICAR BFEFWEL. BERE=E,;, BHRESHEEENXHEREER
REgEns
MC iREE EE B it ATRE R BbE, & (x+1) /2 B, ZITNEE mcheader. out
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ng By

BT eciout ERANAE OB RDFEMAERN teci.out, UREEHEEMBRIET
EFHIAIESINEEERE REUBRERME. NERFHF. BRMNERTEE, BHELFRERE
A hER iR EIRIREL T A fE A MEEREMERNMIE. FRNXE; TEENRSSEE ECI/HRX R
BT TERE £ PNG/SVG X#Haitt, THEEE; HBEEFASEETRYREIFE

17. X EFRIERTEHCHMH

1. EHESRE. AIBRER. BEFRE. A0 RIS,

2. B—MNNEH L SEEE/RNEO, FHERTAMREITR,

3. BIEHICR DFT B RS E, WHEHVHXEH CHREEBIRLE,

4. SQS KBRS EIRIZXEK; REARNKLERRIEIE. ESHRSEMUSHIE,

5. 5[ RBANERY. SitKE. BHIMF. BEMEFES K, RTHHTRMRMNE,

6. FF. BFEHBAEMBTREIZEIIZN, RER(. I—ULKEETEEIT.

T RFHAN. ERBITHIA. BRO4RE. FRESIENLERE, BRRERNET, BEMTEREAZE
I EMAYE L,

ACERY plot_figures.py FIM reference/ B2 BRI FEIH. T8 E ASE. NumPy #l Matplotlib BY¥F iR
i&E1T python plot figures.py, HitHZEl replotted/. BEA AP FRE; HdZiHEL
ATAT TUTORIAL FONT }§EFIRS o

18. &EFF55|H

B LMRTULAASEREE ATAT 3.52 Bis1T#EB). FERIRBAMIMIASERR T AN A, ASCRIRIRE RIIRIEEGZ. LI
MTIFMBIRAFIRESIRIRAE], BEIERMLTZN SRRENSEHER,

o ATATREBEEXTISEAFM.

A.van de Walle. M.Asta. G.Ceder, ATAT FHF$8R, Calphad 26,539 (2002),
A.van de Walle, %45, ZFRHK5IEMEET R, Calphad 33,266 (2009).
A.van de Walle &, mcsqgs 7574, Calphad 42,13-18(2013),

A.van de Walle 2, SQS %| CALPHAD W&, Calphad 58,70 (2017).

R.Sun. A.vande Walle, APB757%, Calphad 53,20 (2016)

ASE EMT JRf5 5 757435 BB,

VASP B 58E2151 A,

KARER ATAT RURRSREY, N5|AFTARRNNATGEIEX, MARES I ARHIE. LSRR S
FEEIRITEE 7 Axelvan de Walle RRABNZIBAE , EAHIFRIM ATAT FR]iRR, BB ES VASP i2F41
POTCAR,
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meSeEsE
ATAT 3.52 S eE&E

BERHx - HPC KB, BCE TBHE EM. UT 718 M EBSAEFHERN 2 AL,

BHEH FAR BTRBSMUE;, MEHEXSLHELESRENEN. AFEHENTERINEESE
e, MERBRORBNERIEFS N ETRMEITR.

SHREBERE 3.52 EFMEMIRIETVER, RERMIRINELUERIZI. [int] BB [reall A
SKE. [string] AXHR/XA; HRAXBEHMEEH. FRIEFNERZERRGES XAE,

&M, RBSFRE

makelat
BEAENEAERREESEEE R,
RASER: nRIR. BB, EBEERKRSRFFE - KR _&%E/latin.
LR
makelat Cu,Au fcc,bcc
B SRR F &%, FIiCa,Mg:0. BIARTRBRFFZE, REVIE/ A, EFRERSHEE-s 8E,
SRR AFRIREEBN PR -s=#E ##tf. -o M EIARERIH.
v BAAHINRESHE

MAKE LATtice, by Axel van de Walle
Utility setting up directories with maps input files for a given alloy system
and for one or multiple lattices.

Syntax: makelat [-0] [-s=scale] atoml,atom2,... latticel,lattice2,...

Make sure that there are commas but no spaces between atoms and similarly between the
lattices.

Examples:
makelat Al,Ni bcc, fcc
makelat Ca,Mg:0 rocksalt

(note the : to separate sublattices)

The default scale is 1. It can be changed to allow for units other than angstroms.
The -o option outputs to strout.
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file:///root/yskj-hpc/publications/atat/ATAT%E5%AE%8C%E6%95%B4%E4%BD%BF%E7%94%A8%E6%95%99%E7%A8%8B.md

Lattices available:
B2 bcc bcc-oct bcc-tet diamond fcc fcc-oct fcc-octtet fcc-tet hcp hcp-oct hcp-tet L11
rocksalt sc wurtzite zincblende

Other lattices can be added in the /public/software/atat/3.52/gcc-
13.3/8173m/share/atat/data/ directory or

new atomic radius can be added in the /public/software/atat/3.52/gcc-
13.3/8173m/share/atat/data/radii.in file.

genstr

METEATE B RS LIRS N EERLEM.

BMASER: latin > REREPNZIMEN, Uend DR,
B

genstr -n=4 > genstr.out

-n RRARERETFEH;, BETERADMAERERERK, EEYMHIRANSEEREKES, -2dRfl7a. b
FHEHNER. EARITEENEE.

v BRFAEGRLHTESHE

GENerate STRuctures 3.52, by Axel van de Walle

-n=[1int] maximum nb of atom/unit cell (Default: 0)

-z=[reall Tolerance for finding symmetry operations (default: le-3)
-sig=[int] Number of significant digits to print in output files (Default: 6)
-2d Find supercells along a and b axes only (Default: Off)

-l=[string] Input file defining the lattice (default: lat.in)

cellcvrt

RTAIRRT. B, RE. R=, EIBEH)LE

WANSSER: ERANRB ATAT 418 - FIRENEHSHFMERITE,
)R

cellcvrt -c < str.out > cartesian.out

-CEHRR; -f D -abc BIEEHRT; -ss/-uss BifE; -sc RE; -wi[B%E; -pn [RFE; -pv&F]; -sym/-
ppg/-pbv MIMES. T~EH > BER—BWMAXMH.

v BARGSHTESHR

cellcvrt 3.52, by Axel van de Walle
Performs various conversions/changes on structure (or lattices).
Reads from stdin, writes to stdout.

-C Use cartesian coordinates (Default: Off)

-f Use fractional coordinates (Default: Off)
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-cc Find conventional cell and use it as coordinate system (Default: Off)

-abc Use a b c alpha beta gamma format to specify axes (Default: Off)
-noabc Use cartesian format to specify the axes (the default) (Default: Off)
-ro Read fractional Occupation (Default: Off)

-u=[string] User-specified coordinate system input file (optional) (Default: )
-uss=[string] User-specified supercell (Default: )

-ss=[int] Simple supercell (multiple of axes in all directions) (Default: 0)
-fc Fix cell (to make it as symmetric as possible) (Default: Off)
-s Look for smaller unit cell (Default: Off)

-sh=[string] Shift all atoms (default 0,0,0).

-ja=[real] Jitter all atoms positions by a random amount less than specified
(Default: 0)

-jc=[real] Jitter all cell parameters by a random amount less than the fraction
specified (Default: 0)

-sd=[int] Seed for random number generation (default: use clock)

-sg=[string] Space group file (Default: )

-gsg Generate Space Group (Default: Off)

-wi Wrap all atoms inside unit cell (Default: O0ff)

-wiu Wrap all atoms inside unit cell and undo shift (Default: Off)

-rr Remove redundant atoms (Default: Off)

-rra Remove redundant atoms and average (Default: Off)

-ar Add redundant atoms (Default: Off)

-osf=[string] Original setting file (optional) (Default: )
-fsf=[string] Final setting file (optional) (Default: )

-r Print reciprocal unit cell (Default: Off)

-fs=[int] Index of first structure to process (default: 1)

-ns=[int] Number of structures to process (Default: 2147483647)

-slf=[string] Structure list file (Default: )

-pn Print the number of atoms in the structure only (Default: 0ff)
-pv Print volume of cell only (Default: Off)

-sym Print spacegroup (Default: Off)

-ppg Print point group name (Default: O0ff)

-pbv Print Bravais Lattice name (Default: Off)

-sc=[real] Scale factor (default: 1)

-sig=[int] Number of significant digits to print in output files (Default: 6)
-z=[reall] Tolerance for checking overlap (Default le-3)

fixcell

LA TE RN E A EIE S MR IR SN R
MASER: ERATPHREE - BEER; -brEif Bravais A,
FRER:

fixcell -c < cell.in > cell.out

CRTIANBHERA=F£HFREEXE, SABREHEENTR, BAREEEAHNEREFUENRS LK, T8
ZWEES cellevrt -feo

fixcell 3.52, by Axel van de Walle
-d Use all default values (Default: 0ff)
-C read and print cell in cartesian only (no axes specified) (Default: Off)
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-z=[real] Tolerance for finding symmetry operations (default: le-3)

-b print bravais lattice type only and conventional (potentially not primitive)
cell (Default: Off)
-sig=[int] Number of significant digits to print in output files (Default: 6)
checkeell

ELEA NSRRI, MBI BT RRRET R BN SIE,
WANSER: MERMBER, siaH T FEEEINEEER,
FARAE:

checkcell -p < two-cells.in

-q E kL, -pBhNE. RENESEE/LE, FARBFERY. RFNNHNDFREN.
v BARGLHTESHR

check cell distortion 3.52, by Axel van de Walle

-d default (Default: Off)

-q be quiet (Default: O0ff)

-p print strain (Default: Off)
checkrelax

3y e ET =t Y b
MANS4R: strout 3 str_sup.out 5 str_relax.out = e B4R, TEHAHET—EER.
FAgt:

checkrelax -1

-1 BT Lo 1Etn BB IeR SFLAIELGE; HERANNERLESERRGT, FEE— 1 EEVRR
PRI,

str2poscar

TE ATAT 54970 VASP POSCAR 2 jal5% i,
MANSSR:. RN - R,
)R

str2poscar < str.out > POSCAR
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-riem; -old MHFETRRIIBRN. ERSRITEDAHHF, POTCAR MIRMRIMHTTRINF. &MAIRE
IBz0 POSCAR [REANI E ST RIFE

str2cif

RHAIBATRAEEESEN CIF,

MNSER: ATAT &gt — CIF ARERIH.
LR

str2cif < bestsqgs.out > structure.cif

EENEBRIRSRFLE;, FENEEERNEINEEAHERRRES,

str2xyz

LR EEHREH SR XYZo

WANSER: E8XH nanbnc. BNEGERRF ATAT X — XYZ,
LN S

str2xyz 1 1 1 str.out > structure.xyz

v 2EIAFA rasmolo XYZ ASAREFREF—RERRBEES, BREFRARREMMS T POSCAR/CIF,
v BAFRGSHTESHE

Utility to convert structure files into xyz files suitable for viewing with rasmol
Syntax: str2xyz [-v] na nb nc [scale] infile

-v (optional) calls rasmol (otherwise, xyz file is written to stdout

na nb nc define the number of periodic repetition to plot

scale (optional) scales the structure to adjust which bonds are plotted

nnshell

BHOE SRR H BT RERV R,

WMANSER: latin 5(-lIEELEM - BE. HEXUE. YHHELER.
LS

nnshell -1=lat.in

-r FEMFEEBIIHFRE; -lb FIFEKE, FIBTH SQS &M N ELEEER— M AEER,

v B SSRLHNTBSHNE
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Nearest Neighbor Shell 3.52, by Axel van de Walle and Paul Dalach
-l=[string] Input file defining the lattice (default: lat.in)

-1b List bond types in given structures (Default: Off)
-sig=[int] Number of significant digits to print in output files (Default: 5)
-r=[reall Define a max radius for neighbor search (Default: 0)
-d Use all default values (Default: 0Off)
nntouch

BRATERFFERMNAEIOER, FERIFRE,
MANGER: B/, TEFREXXE - BHRERNRE.
A%

nntouch -1=lat.in -r=rad.in > scaled.in

-s BEIMIFELL G, WWHERBTFEMMBENE, FFTFEERERMNIL.
v BAARGLHTESHR

nntouch 3.52, by Axel van de Walle
Scales a lattice so that nearest neighbor atom just touch.

-l=[string] Input file defining the lattice (default: lat.in) Use filename - to specify
stdin

-r=[string] Input file defining the atomic radii (default: rad.in)

-s=[real] Multiplicative scaling factor (Default: 1)
-sig=[int] Number of significant digits to print in output files (Default: 6)
-d Use all default values (Default: Off)
mindist

WELENRESEFT/\TEERNREFEEE,
RANSER: -SsIEESEN. riEEs/NES - BHKRES.

FARE:

mindist -r=2.5 -s=str.out

RS 1 RE T2 AR5

[aYay

AER/NEBFMERE 0; KITERFRE 1, THREFEZERR, 78
v BASGTHTESHER

Test if MINimum DISTance between two atoms is less than a given threshold, version 3.52, by

Axel van de Walle
-s=[string] Input file defining the structure (Default: stdin)

-r=[real] Threshold radius (Default: 0)
-e Create error file atoms are too close (Default: O0ff)
-h Display more help (Default: O0ff)
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kmesh

RIEET k REAREEER S MK,

WMASSER: tnERN. BRRY, BEZFERRIBBERE > ZPWEE
LS

kmesh -q -r < kmesh.in

-q =R rALEE; e EAMBE; 1B =7RA 1, SEINWEFEEIMERE, VASPEORKL
18 KPPRA FRLURF 4o

v B SSRLHNTRBSHME

-d Use all default options (Default: Off)

-q Quiet! (Default: Off)

-r Round output to next largest integer (Default: Off)
-z1 Force 1 k-point along 3rd axis (Default: Off)

-e Force nb of kpoints to be an even number (Default: 0ff)

wycked

TRAE = 818 & Wyckoff {15 4 B Rl 4w B R LE AR R

WASSER: TEE. ([BFE - & #const FURIR; sspp RIBFRI ATAT 454,
LR

wycked 225 a > fcc.sspp

FIEE a. by c. AELITHTRFEERSE, BBI1Tssppo -r f&k#i GULP HHITEIKTS,; FEEHE
GULP H1EATAT REREF,

v BAARGLHTRESNR

WYCKoff position EDitor, by Axel van de Walle

Syntax:
wycked spcgrp [-r] list of wyckoff position letter without seperators
[speciesl:species2:...]

The output is meant to first be edited to set the free parameters
a,b,c,alpha,beta,gamma,x,y,z,etc
in each of the lines starting with #const
and processed by sspp to create a valid ATAT structure file.
If the -r option is specified, then:

the structure is relaxed using a soft-sphere model (of radius 1.5 A) by invoking the GULP
code

(multiple times (10) with randomized initial positions).

In that case, you can also specify a colon-separated list of species that will populate
each wyckoff position.

Also, the structure will be isotropically re-scaled so that the nearest neighbor distance
are consistent
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with atom radii from the atat/data/radii.in file.
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getproto

EH AR EHREESIEETRRE.

MANSLER: BIMIKEM prototypes.in SHERE M — RES BHEMHEIR,
ELEEE S

getproto -s -1 -w '"A3'

WRFFBEFIENTE; -s EMRERF, -1 REE—T, -w Rfath=iEgEs5 Wyckoff (1E. FEHEN
[REVERERIFIRI RN ; HRiMEESH R EEFERR prototypes.ine ERR THEREIEENG S, EH
RRBIHRENFE RIS HE, FUSERAMMELZE RS,

sspp
WIBB BRI, HEEREAR,

WASER: & #const. RAMEESRIAXWIMERN » BHEHXZS,
A%

sspp -nb < edited.sspp > str.out

-nb £=F17, RIATEMA awk/C FMIERATE ; FEIBINRAMRR LR EENIT, RAEFBIUE
BTN IEM awk 5.
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pdef

FE @& E RV SR B TR NN,

WMASLER: latin NAFYM. THREE strout. -er [8)EE — pdef* BR.
ELEE

pdef -er=6

A BYMFIRFIMA Vac RR=fL -p B RAIR. CHREWEMN; REFMENFLFSE. FEEEMN
IR EEEHRFEG AR,

v BARGLHTESHR

Point DEFect generator 3.52, by Axel van de Walle
-l=[string] Input file defining the lattice (default: lat.in)
-s=[string] Input file defining the undefected structure (default: str.out)

-p=[string] Prefix of the directories that will contain the defected structures (Default
pdef)
-er=[real] Minimum distance between point defects (Default: 0.00000)
-sig=[int] Number of significant digits printed (default: 5)
-h Display more help (Default: Off)
strpath

ERIRE 2 BiE(E, WIEEWERER/ MG,
MANSLER: strl.out. str2.out— B MEELEHHESEGER.
FAE:

strpath -sl=str.out -s2=str_relax.out -ni=5

fHEERRIEEDE; -df AMEEXRIRE; -ci/-cil BTFRERENERME, RiKREFYHSHRIRFE—
H, EEGAFTEZTM NEB,

v BAARGSHTESHRE

STRucture PATH generator 3.52, by Axel van de Walle
-sl=[string] Input file defining structure 1 (default: strl.out)
-s2=[string] Input file defining structure 2 (default: str2.out)

-ni=[int] Number of images (Default: 0)
-f=[real] Interpolation fraction in [0,1] (Default: 0.5)
-df=[reall Dimer distance [0,1] (Default: 0)
-dp=[string] Directory name pattern (default 00)
-ci Calculate inflection point (Default: Off)
-cil Calculate inflection point location (Default: Off)
-sig=[int] Number of significant digits printed (default: 5)
-h Display more help (Default: Off)
-d Use all default values (Default: 0ff)
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surfbond

TRAE S E A A BB M (T B geit,

RASSER: &1, Miller iSHEiAEMRE. RKEET > BN XAV IR,
LS

surfbond -s=str.out -m=1,0,0 -b=2.8
-mIEESRE, -mm K -nph/-nth ITHEIEN AR, RHE/LAELE, FRELITEFNREEHEE.
v BAKRGSHTESHR

SURFace BOND counting 3.52, by Helena Liu and Axel van de Walle

-h Display more help (Default: Off)
-s=[string] Input file defining a structure (Default: str.in)
-m=[real],... Miller indices (Default: )
-mm=[int] Max Miller index (Default: 0)
-b=[reall max bond length (Default: 0)
-nph=[int] Nb of mesh points along phi (Default: 24)
-nth=[int] Nb of mesh points along theta (Default: 48)
-sig=[int] Number of significant digits printed (Default: 5)
-z=[real] Tolerance for comparing coordinates (default: le-3)
-a new broken bond counting Algorithm (Default: O0ff)
-d Use all default values (Default: 0Off)
symbrklib

BAEHEEKARREEERHBENSEEN,
MASER: TR, YIEREMERANLE -s 5% — str_hint.out. str_sup.out.
1L Ea
symbrklib -s .05 Fe bcc fcc
LREIEES bee/fec/hep ZIEIMIEERRR. ®5 robustrelax B2d; i RIRMHAIAEN, ReeiELL¥I kBT
E,
v BERAEGTHTESHER

Usage: symbrklib [-s fraction] [element] [initial structure] [final structure]
Currently, the initial and final structures can be one of bcc,fcc,hcp.

The -s option (optional) indicates to just generate a small distortion (a given fraction
along the instability path).

This command is intended to be run before robustrelax xxxx
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icamag

MEEE BRI MR FN RS B S 1B /S

BASER: SESYH Fet3,Fe-3 FMMHATER lat.in > WEREHE.
1L

icamag -d > magnetic-configs.out

RINMR_EERASELBEEENEE, -nm BUERERESENHATFZYM GIB. ERTESSEEN

Bzh18%) Curie JBE,
v BARGSHTESHR

Independent Cell Approximation for MAGnetic systems 3.52, by Axel van de Walle

-h Display more help (Default: Off)
-l=[string] Input file defining the lattice (Default: lat.in)
-nm No Magnetism (Default: Off)
-sig=[int] Number of significant digits printed (Default: 5)
-d Use all default values (Default: Off)

SQS. HlFEf[EY3

mcsqs

LAREAA A 12 R I BC B AR K BXBR ER BV IR A RE AL 45 1 o

MINSLER: rdstrin. clusters.out = bestsgs.out. bestcorr.out. H&,
ELEE

mcsqs -n=32 -ms=250000 -sd=2410

Rl -2/-3 FERERR; -n BRIREFE; -ms RFEISE; -ip KOHLELHGI; -best’CE; stopsqs IERE. -T
EBIMWBE, FREHMMELRE. #MIEX SQS WE,

v BARGSHTESHR

Monte Carlo generator of Special Quasirandom Structures 3.52, by Axel van de Walle
-n=[int] nb of atom/unit cell (Default: 0)
If -n is not specified, generate clusters of the following sizes:

-2=[real] Maximum distance between two points within a pair (Default: 0)
-3=[reall] Maximum distance between two points within a triplet (Default: 0)
-4=[reall Maximum distance between two points within a quadruplet (Default: 0)
-5=[reall] Maximum distance between two points within a quintuplet (Default: 0)
-6=[reall] Maximum distance between two points within a sextuplet (Default: 0)

-l=[string] Input file defining the random structure (default: rndstr.in)
-cf=[string] Input file defining the clusters (default: clusters.out)
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-tcf=[string] Input file defining the target multibody correlations (default: internally
calculated values for fully disordered state)

-tol=[reall] Tolerance for matching correlations (default: le-3)

-wr=[real] Weight assigned to range of perfect correlation match in objective function
(default 1)

-wn=[real] Multiplicative decrease in weight per additional point in cluster (default
1)

-wd=[real] Exponent of decay in weight as function of cluster diameter (default 0)

-T=[reall] Temperature (default 1)

-pf=[string] Input file defining the optimization parameters (default: sqsparam.in)

-rc Read supercells from file sqscell.out (default: generate internally and
write to sqscell.out) (Default: Off)

-ip=[int] Index of current process (for parallel operation) (Default: -1)
-best Collect best SQS among the outputs of prior parallel runs (Default: Off)

-crf=[string] Select correlation functions (default: trigo)

-sd=[int] Seed for random number generation (default: use clock)

-rt=[int] Read parameter file every (rt) step (default:10000)

-ms=[int] Maximum number of Monte Carlo steps (default: no limit)

-2d Generate only supercells in the plane of a,b axes (Default: O0ff)

-sig=[int] Number of significant digits to print in output files (default: 6)

-h Display more help (Default: Off)
gensqs

B SR A% B BARR<EXRY SQS.
MANGEER: latin. clusters.out. tcorr.out — {&iEEMtT & Ho

A%

gensqs -n=8 > sqgs8.out

-n BIERIEENREX), FRFEERENNER, BIRIdSHARERIEZERE. —iRtA mesqs,
gensqs EAR/IARHIMEEA T

v BARGLHTESHR

GENerate Special Quasirandom Structures 3.52, by Axel van de Walle
-n=[int] nb of atom/unit cell (Default: 0)

-sig=[int] Number of significant digits to print in output files (Default: 6)
-cf=[string] Input file defining the clusters (default: clusters.out)
-tc=[string] Input file defining the target correlations (default: tcorr.out)

-tol=[real] Tolerance for matching correlations (default: le-3)
-l=[string] Input file defining the lattice (default: lat.in)
-rc Read unit cells from file (Default: O0ff)
-pc Print number of supercells only, and quit (Default: Off)
-tp=[int] Total number of processes (for parallel operation) (Default: 1)
-ip=[int] Index of current process (0,...,tp-1) (for parallel operation) (Default: 0)
-crf=[string] Select correlation functions (default: trigo)
-h Display more help (Default: Off)
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corrdump

HEEMNERXEK. ERERK. RHXNTRMESEE% ECI T,

MNSLR: latin. strout, HFRELTEM clusters.out — KBERKEFFE/JFF o
BB

corrdump -2=4.0 -3=2.8 > corr.out

-CIEEUIRERARE; -clus RERARE; -ro EEURSHE; -rnd BRELRES; -eci T, -mi RRAEAHESEN
ZRIAATBEZE S clusters.out, ¥ B SQS XEXIEESHER,

v B SSRLHNTRBSHME

CORRelation DUMPer 3.52, by Axel van de Walle

-h Display more help (Default: Off)

-2=[reall Maximum distance between two points within a pair (Default: 0)
-3=[reall] Maximum distance between two points within a triplet (Default: 0)
-4=[real] Maximum distance between two points within a quadruplet (Default: 0)
-5=[real] Maximum distance between two points within a quintuplet (Default: 0)
-6=[real] Maximum distance between two points within a sextuplet (Default: 0)

-l=[string] Input file defining the lattice (default: lat.in)
-s=[string] Input file defining the structure (default: str.out)

-pc Print composition only (Default: O0ff)
-pcm Print composition matrix only (Default: Off)
-fast Use fast algo to calculate correlations of 'simple' supercells (Default:
0ff)
-skipr Skip algorithm robust to relaxations (Default: Off)
-sym Just find space group (Default: Off)
-clus Just find clusters (Default: Off)
-C Read cluster file instead of writing it (Default: O0ff)
-cf=[string] File name of the cluster file (default: clusters.out)
-z=[reall] Tolerance for finding symmetry operations (default: le-3)
-sig=[int] Number of significant digits printed (default: 5)
-noe Do not include empty cluster (Default: Off)
-nop Do not include point cluster(s) (Default: Off)
-noc Do not include any cluster(s) (Default: Off)
-eca Calculate Energy of Clusters of Atoms (Default: Off)
-wu=[string] Write Unrelaxed structure into specified file (Default: )
-rnd Print correlation of the random state of the same composition as the input

structure (Default: Off)
-eci=[string] Predict quantity using ECI in specified file (Default: )

-mi Multiplicities are already included in ECI file (Default: O0ff)
-crf=[string] Select correlation functions (default: trigo)

-nb Print structure number (Default: 0ff)

-ro Read lattice file containing occupation variables (this code does not make

use of them) (Default: Off)

getclus
BRABEXHEIERET LR,
MANGEER: clusters.out, A% ECI X — k. BER. EFNE
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A%

getclus -e > eci-table.out

TSHARAEBRR; -e %k eci.out, WAIEEEEAEMABRIUF. HEIRNFS clusters.out/eci.out =%, FEH
A B A

v BAARGSHTESHR

Syntax: getclus [-e] [ecifile]

extracts, from clusters.out, the cluster sizes, lengths and multiplicities
if ecifile is given, it also prints the eci therein

if -e is specified, it prints eci from eci.out

maps
N RIS REERENHF ERERE.
WMASER: latin 5 &S /strout. w5 /energy — ECl. IAE. FUNFESRIE

TEANE:
maps -d

ERFEH, BT ready IEREM. stop &R, -g/-mvITHIEZESEE; nbclusters.in Af ATiEZERIR, HEE
touchrefresh, energy B@EHRMEEE;, BZ TR B EYFHE mmaps.

v RS LHTRBSME

MIT Ab initio Phase Stability (MAPS) code 3.52, by Axel van de Walle

-h Display more help (Default: 0ff)

-l=[string] Input file defining the lattice (default: lat.in)

-z=[reall Tolerance for finding symmetry operations (default: le-3)

-c=[reall Exponent of the order of complexity (default: 3)

-t=[1int] Time between disk reads in sec (default: 10 sec)

-m=[int] Maximum number of points in cluster (default 4)

-g=[int] Extend ground state search up to structures having at least that many atoms.
(Default: 0)

-cO=[reall] [cO,cl] is the concentration range where ground states must be correct.
(Default: 0)

-cl=[real] (Default: 1)

-mv=[int] Maximum volume (number of atom per unit cell) allowed when generating
structures (default: no limit)

-mw=[reall Maximum weight allowed when try to match ground states (Default: 16)
-2d Find supercells along a and b axes only (Default: Off)

-p=[string] Predictor plugins to use (examples: -p=cs or -p=cs_es) (Default: )
-ks=[string] same as -p (Default: )
-fa=[string] Select fitting algorithm (default: built-in)

-q Quiet mode (do not print status to stderr) (Default: Off)
-sig=[int] Number of significant digits to print in output files (Default: 6)
-d Use all default values (Default: 0ff)
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mmaps

HRAZHD /% F RN B hRE .

BAS4ER: B maps, EMZTHAPKEMNELIRE - ZTMES5KFEBER.

FAAE:

mmaps -d

-pn IEEEMERMERXXHE; -pa RFBIFT—K; -cr READXE; -ig FRENNGEES—H. ®F
atoms.out. HE#&H ECIIiF. Bayesian MGRF—TNEEED, FRESAXFINIEGERET.

v BT LHNTES

£ €5

MIT Ab initio Phase Stability (MAPS) code 3.52, by Axel van de Walle

-h
-l=[string]
-z=[reall
-c=[reall
-t=[int]
-m=[1int]
-g=[int]
(Default: 0)
-cr=[string]
-he=[real]

Display more help (Default: Off)

Input file defining the lattice (default: lat.in)

Tolerance for finding symmetry operations (default: le-3)

Exponent of the order of complexity (default: 3)

Time between disk reads in sec (default: 10 sec)

Maximum number of points in cluster (default 4)

Extend ground state search up to structures having at least that many atoms.

Concentration region input file (Default: crange.in)
Highest predicted energy, above ground state hull, allowed when generating

structures (default: no limit)

-mv=[int]

Maximum volume (number of atom per unit cell) allowed when generating

structures (default: no limit)

-mw=[real]
-2d
-p=[string]
-ks=[string]
-fa=[string]
-xo=[string]
-crf=[string]
-pn=[string]
_j_g
0ff)
-pa
-q
-sig=[int]
-d

mapsrep

Maximum weight allowed when try to match ground states (Default: 16)

Find supercells along a and b axes only (Default: Off)

Predictor plugins to use (examples: -p=es or -p=es cs) (Default: )

same as -p (Default: )

Select fitting algorithm (default: built-in, alternative: -fa=bayesian)
input additional parameter for extension (Default: )

Select correlation functions (default: trigo)

Property to cluster expand (default: energy)

Ignore whether cluster expansion predicts correct ground states (Default:

Quantity to expand is already per atom (Default: Off)

Quiet mode (do not print status to stderr) (Default: Off)

Number of significant digits to print in output files (Default: 6)
Use all default values (Default: Off)

F gnuplot EE ZtikERFAMIEEE. 1RZEF EClo

RAS4ER: maps BHXH - BFR1E.

FAAE:

mapsrep
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-e W EBRNE error WM, FE gnuplot; TREIRE X ARG AR LERA, FoEMiTREEEEE

Display the output of maps in graphical form.

Syntax: mapsrep [-el

the optional switch -e tells the code to plot structures flagged with error too.

Thanks to Ruoshi Sun and Mike Widom for updating the script for recent versions of gnuplot.

mmapsrep
ERETHERANASKRESNEES.

MANSER: mmaps BIEXHURBFEERE S S — gnuplot BIfZ.
G0 T

mmapsrep 1 2 3

ENSHBED YT, FRTERRFFH. T XGFNENX; -e BEIRIEH error L,
v BRAXGTHTRESHER

Display the output of mmaps in graphical form.

Syntax: mmapsrep [-e] cl c2 c3

where cl,c2,c3 are the column numbers of the compositions to plot
the optional switch -e tells the code to plot structures flagged with error too.

Isfit
SERE/ N3k, ZINT\ O3 M BE—AR X Wik,
MANSER: x BXEFEME. -y Bir. oENE/END — RS IEEIZHE,

A%

lsfit -x=x.in -y=y.in -1

-1 INEEG; -pw EXBR; -5 &5, -cv RRXIGIE; -p FiUlll; -eiRZE; -se FrAiIR; -colin SMIBHLLF, %K
BITHAT=AEIR, 8 CV 5illlZk RMSE SRR,

v BAARGLHTESNR

Least-Square FIT 3.52, by Axel van de Walle
-x=[string] x file (Default: )
-y=[string] y file (Default: )
-w=[string] weight file (Default: )
-r=[string] regularization parameters file (Default: )
-pf Perfect Fit algorithm (Default: Off)
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-pw=[string] number of powers of each column to regress on (Default: )
-s=[string] select columns to regress on (one number by column, 0: ignore, 1: use)
(Default: )

-1 add a column of ones as regressor (Default: Off)
-colin Ignore colinear columns in x file (Default: Off)
-cv Print crossvalidation score (Default: O0ff)
-se Print standard errors (Default: Off)
-ty Print trues values of y (Default: Off)
-p Print predicted values of y (Default: Off)
-e Print prediction error (Default: 0ff)
-mat Print fitting matrix (Default: Off)
-sig=[int] Number of significant digits printed (default: 5)

cv

MREXFEPE IR FEH THE R X IIE.

WNANSER: corrin. energy.in. clusters.out, Al include.in/weight.in = A&, ECI MIZBIX
1L Ea

cv -d

KHBEETE energy.in HE X, -g/-w/-p AJRIAES. ESWH/SIRERXHS, NEMIBIATIRE, FBS
[ETEIE1TH maps.

v BAARGSHTRESHRE

Cross-Validation code 3.52, by Axel van de Walle

-g Favor cluster choices where the ground state line is correct (Default: Off)
-w=[real] Weight structures by w/(struct energy-gs energy+w) (Default: 1000)
-p=[real] Penality for structures that lie below the ground state line (Default: 0)
-d Use all default values (Default: Off)
-h Display Help (Default: 0Off)

clusterexpand

BFEERABREANEBRIENMRE. BEFYIZHKSM R,
MNSLER: latin. clusters.out. FBF strout FISEMRXM — 4 FH.eci 5 M f.ecimult,
A%

clusterexpand -cv energy

BINREMREFHA—; -pa RRBANBVI—1; -e Bk error; -s 1EFF; -g A XERF. SEHWHVE
E R /IKEHT I I—E

v BFASamLHTRESME
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Syntax: clusterexpand [-e] [-pal [-s "1,0,1, ..."] filename
Cluster expands the quantity stored in */filename
Uses the clusters in clusters.out
Outputs to filename.eci filename.ecimult
ecimult contains the eci multiplied by multiplicity
the option -e causes the structures flagged with an error file to be ignored
the option -pa indicates that the quantity is per atom already
so that the code must NOT divide it by the number of atoms
the option -s lets you select which cluster to include (1) or exclude (0)
the option -g selects a generalized (tensor) cluster expansion
the -cv option prints the cv score.

clusterpredict

FA clusterexpand it BIAR BTN NS 14 B

MASLER: SMBERDM strout. FEBR MR eci — FNIE,
LS

clusterpredict energy

EFHITUNBE RIETT, ERREREASHRERBRHXY, nIEEBEEE energy. ft&Hl strout, (REERE

DFT iJII&- %438, 5 clusterexpand BRI NEREMFHE -pa, FIBEESEREFEERER.
v BRAGSHTEESHE

Syntax: clusterpredict [-pa] file
see clusterexpand for more info.

This command is to be run from within a specific structure directory containing a str.out

file.

gce
REBAEMTFEMEKESE X ERNER,
BINSLER: latin. strout. gcetensor.in Z — "X clusters.out F1 KB /FKEE B

FAAE:

gce -2=2.8 > tensor-corr.out

gcetensor.in EXKEMBMAMIRER; -st WIMKLTEIKE; -gee IEMRAER, ZEARXMHSE@IR

FAEA, BIRILIRE.
v B SRLHNTESHNE

Generalized Cluster Expansion 3.52, by Axel van de Walle
-h Display more help (Default: Off)
-2=[reall] Maximum distance between two points within a pair (Default: 0)
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-3=[real] Maximum distance between two points within a triplet (Default: 0)

-4=[real] Maximum distance between two points within a quadruplet (Default: 0)
-5=[real] Maximum distance between two points within a quintuplet (Default: 0)
-6=[reall] Maximum distance between two points within a sextuplet (Default: 0)

-l=[string] Input file defining the lattice (default: lat.in)
-s=[string] Input file defining the structure (default: str.out)

-pc Print composition only (Default: O0ff)
-sym Just find space group (Default: Off)
-st Symmetrize tensor given in tensor.in (Default: Off)
-clus Just find clusters (Default: Off)
-C Read clusters.out file instead of writing it (Default: Off)
-z=[real] Tolerance for finding symmetry operations (default: le-3)
-sig=[int] Number of significant digits printed (default: 5)
-noe Do not include empty cluster (Default: Off)
-nop Do not include point cluster(s) (Default: 0ff)
-rnd Print correlation of the random state of the same composition as the input

structure (Default: Off)
-eci=[string] Predict quantity using ECI in specified file (Default: )
-mi Multiplicities are already included in ECI file (Default: Off)
-crf=[string] Select correlation functions (default: trigo)
-gce=[string] Select type of Generalized Cluster Expansion (default: tensor)
-nb Print structure number (Default: 0ff)

cvmclus
ERETDE CVM BRANFAENE. BMERTHEM A
BMANSLER: lat.in. maxclus.in BIRAHE#FE — clusters.out. clusmult.out &z CVM BREH

FARBE:

cvmclus -d

ZPE&AREEMU end DR, EEMFTENRY, FEM&/IMCERE, WABITEMTERE.
v BRFASGRLHTESHNE

Cluster Variation Method CLUSter generator 3.52, by Axel van de Walle
-h Display more help (Default: Off)
-l=[string] Input file defining the lattice (Default: lat.in)
-m=[string] Maximal cluster (Default: maxclus.in)

-sig=[int] Number of significant digits printed (Default: 5)
-crf=[string] Select correlation functions (default: trigo)
-d Use all default values (Default: 0Off)

S F®. MEMREHRDF

emc2

3t ZIoiE R #HITIENZ ¥ E1EN Monte Carlos
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WMANSER: latin. clusters.out. eci.out. gs_strout, Bk teci.out = mc.out. RER,

A%

emc2 -gs=1 -T0O=100 -T1=1400 -dT=100 -mu0=0 -er=12 -eq=300 -n=2000 -keV

-cm BIEA D x =2 [-1L1] WBEIRRE; -abs SABUFERANE; -g2c TMBHEANFE, FIANTENK
FESHENUFERRE—HE FATE X RIEX,

v B SamLHTRESME

Eazy Monte Carlo Code 3.52, by Axel van de Walle

-h Help (Default: Off)
-mu@=[real] initial chemical potential (Default: Off)
-To=[real] initial temperature (Default: Off)
-mul=[real] final chemical potential (Default: Off)
-Tl=[real] final temperature (Default: Off)
-dmu=[real] chemical potential step (Default: Off)
-dT=[real] temperature step (Default: Off)
-db=[real] inverse temperature step (Default: Off)
-cm Set Canonical mode (Default: Off)
-x=[real] Set concentration (Default: Off)
-abs take chemical potentials as absolute quantities (as in mc.out) (Default:
0ff)
-phif=[real] initial (grand) canonical potential (Default: Off)
-er=[real] set the system size so that a sphere of that radius must fit inside the
simulation cell (Default: 0)
-eq=[int] number of equilibration passes (Default: -1)
-n=[int] number of averaging passes (Default: -1)
-dx=[real] Target precision for the average concentration (optional, replaces -n and
-eq) (Default: 0)
-aq=[int] Alternative quantity that must meet the tolerance specified by -dx. 0:
energy, 1l: concentration (default), 2: long-range order, 3- correlations
-gs=[int] which ground state to use as initial config (-gs=-1 to use random state,
c=1/2) (Default: -2)
-innerT inner loop over T (Default: Off)
-tstat=[real] Critical value of the test for discontinuity (Default: 3)
-sigdig=[int] Number of significant digits printed (Default: 6)
-q Quiet (do not write to stdout) (Default: Off)

-o=[string] OQutput file (default: mc.out)
-oss=[string] Output snapshot file (default: mcsnapshot.out)
-opss=[string] OQutput periodic snapshot files (default: do not write)

-k=[real] Boltzman's constant (conversion factor from T to energy) (Default: 1)
-keV Set Boltzman's constant to 8.617e-5 so that temperature is in K when
energy is in eV (Default: Off)
-z=[real] Tolerance for finding symmetry operations (default: le-3)
-sd=[int] Seed for random number generation (default: use clock)
-dl Drop the last data point of each inner loop (after the phase transition
occured) (Default: Off)
-g2c Convert output to canonical rather than grand-canonical quantities

(Default: Off)

-is=[string] File name containing a user-specified initial configuration (replaces -
gs) (Default: )

-ks=[string] Specify how k space ECI are calculated (e.g. -ks=cs). (Default: )
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memc2
D FEREFFH1T Monte Carloo

MANSER: MIEERIHE. control.in, BJI%E conccons.in/teci.out = mc.out. mcheader.out,

AAE:

memc2 -gs=-1 -er=6 -eq=100 -n=500 -keV -il

control.in s EREMEZYFUED,; -tp TEENEE, -aqRTHIE; -il B8HEER. U
mcheader.out AZAREER T B ELE,

v RS LHNTRBSNE

Multicomponent Eazy Monte Carlo Code 3.52, by Axel van de Walle

-h Help (Default: Off)

-er=[real] Set the system size so that a sphere of that radius must fit inside the
simulation cell (Default: 0)

-cf=[string] Control file specifying the ranges of temperature and chem. pot. scanned
(default: control.in)

-egq=[int] Number of equilibration passes (Default: -1)
-n=[int] Number of averaging passes (Default: -1)
-tp=[real] Target precision (optional, replaces -n and -eq) (Default: 0)
-agq=[int] Quantity that must meet the tolerance specified by -tp. 1l: energy
(default), 2: long-range order, 3-: point correlations
-gs=[int] which ground state to use as initial config (-gs=-1 to use random state)
(Default: -2)
-k=[real] Boltzman's constant (conversion factor from T to energy) (Default: 1)
-keV Set Boltzman's constant to 8.617e-5 so that temperature is in K when
energy is in eV (Default: Off)
-g2c Convert output to canonical rather than grand-canonical quantities
(Default: Off)
-phi@=[real] initial (grand) canonical potential (default: from mean field approx.)
-tstat=[real] Critical value of the test for discontinuity (Default: 3)
-mft=[real] Mean field threshold (if |lte-mf|<mft, use mf values instead of mc)
(Default: -1)
-mftg=[int] Quantity that must meet the tolerance specified by -mft.0: phi (default)
, 1: energy , 2: long-range order, 3-: concentrations
-sigdig=[int] Number of significant digits printed (Default: 6)
-q Quiet (do not write to stdout) (Default: Off)

-o=[string] Qutput file (default: mc.out)
-oss=[string] Output snapshot file (default: mcsnapshot.out)
-opss=[string] Output periodic snapshot files (default: do not write)
-sd=[int] Seed for random number generation (default: use clock)
-dl Drop the last data point of each inner loop (after the phase transition
occured) (Default: Off)
-is=[string] File name containing a user-specified initial configuration (replaces -
gs) (Default: )

-hf Shift all coordinates by half a grid point in scan (e.g. 2 steps in [0,1]
give 0.25,0.75 instead of 0,0.5) (Default: Off)
-il Include last coordinate in scan (e.g. 3 steps in [0,1] gives 0,0.5,1

instead of 0,0.333,0.666) (Default: Off)

-ts=[string] Triangular scanning. Specify list of composition axes (e.g. -ts=1,2).
(Default: )

-crf=[string] Select correlation functions (default: trigo)
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-df=[int] Max distance between flips (in unit cells) in grand-canonical mode
(Default: -1)

-mf=[int] Minimum number of flips in grand-canonical mode (experimental) (Default:
0)
-rw Use random walk algorithm (experimental) (Default: Off)
-fdT=[reall] Temperature step for finite differences (Default: 0.01)
-fdmu=[real] Chemical potential step for finite differences (Default: 0.01)

-ks=[string] Specify how k space ECI are calculated (e.g. -ks=cs). (Default: )

phb

WREIBIREE MIENHEFENFE B ERE.

MANSER: MBMNIRESH RIECIAR M — phb.out BRE. ©FH. MMAESMEEES,
ELEEE S

phb -gsl=0 -gs2=1 -dT=25 -er=8 -dx=0.02 -keV -o=phb.out

-d1/-d2 AL REREAESRERER; -dn REMFEE. RS gs_strout, -1 AEFHE. FOETHRERE
RESNIFRD K/4T, FRIBEERLKLERIIRTRE,

v BFASGRLHTESHE

PHase Boundary 3.52, by Axel van de Walle

-h Help (Default: Off)
-mu=[real] initial chemical potential (Default: Off)
-T=[real] initial temperature (Default: Off)
-dmu=[real] chemical potential adjustment step (Default: Off)
-dT=[real] temperature step (Default: Off)
-mug=[real] Gap between the mu in phase 1 and mu in phase 2 (default: 0)
-ltep=[real] threshold free energy precision to use MC instead of LTE (in units of T)
(default: always MC)
-er=[real] enclosed radius (Default: 0)
-gsl=[int] ground state for phase #1 (Default: -2)
-gs2=[int] ground state for phase #2 (Default: -2)

-isl=[string] File name containing a user-specified initial configuration (replaces -
gsl) (Default: )

-is2=[string] File name containing a user-specified initial configuration (replaces -
gs2) (Default: )

-dl=[string] directory for phase #1 (default: current dir)

-d2=[string] directory for phase #2 (default: current dir)

-lro print long range order parameter (Default: Off)
-tstat=[real] Critical value of the test for discontinuity (Default: 3)
-smax=[real] Maximum step (experimental feature) (Default: 1le+50)
-sigdig=[int] Number of significant digits printed (Default: 6)
-q Quiet (do not write to stdout) (Default: Off)
-o=[string] Qutput file (default: mc.out)
-k=[real] Boltzman's constant (conversion factor from T to energy) (Default: 1)
-keV Set Boltzman's constant to 8.617e-5 so that temperature is in K when
energy is in eV (Default: Off)
-sd=[int] Seed for random number generation (default: use clock)
-dn Go down in temperature (Default: Off)
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-dx=[real]
-ks=[string]

mcdroplast

i MC S8R

Concentration Precision (Default: 0)
Specify how k space ECI are calculated (e.g. -ks=cs). (Default: )

RE— MR,

RASER: tWERARI MC R, 170K - LIEERIRK.

A%

mcdroplast < mc.out > trimmed.out

BTF7REBHETHRS, 5emc2-dlfX. REHINKRABTFEFESIXRER, RISXHNRE

csfit

WE T AERN

*E:FF_RJ\ﬁko

WANSLER: latin. 47T str_relax.out. dirin; 4REEMEEE — cs.in. cs.log.

A%

csfit -np=5 -nl=5 -ml=0.15 -nc=21 -t=1

EVFEBEEBHVRIER,; BEANVEMNESHVRER. HEEMREHNEEREFA AL, FEIFNTINA

#EN -p=cs/-ks=cs,

FHEES I

v BFASGRLHTESHE

Constituent Stra
-h
-nc=[int]
-ns=[int]
-np=[int]
vector(default 5
-nl=[int]
vector (default
-ml=[real]
-l=[string]
-pa=[string]
-pb=[string]
-ds=[string]
-t=[int]
-sig=[int]
-d

gencs

HEREBARFIT X

in FITter 3.52,

by Axel van de Walle

Display more help (Default: Off)

Number of points
Number of points
Number of points
)

Number of points
3)

Maximum parallel

in concentration mesh (default 50)
in mesh used to look for energy minimum (default 100)
in stretching mesh in the direction perpendicular to the k-

in stretching mesh in the direction parallel to the k-

stretching (default 0.05)

Input file defining the lattice (default: lat.in)

Directory containing the pure A calculations (default 0/)
Directory containing the pure B calculations (default 1/)

File containing a list of stretching directions (default: dir.in)
Time between disk reads in sec (default: 10 sec)

Number of significant digits to print in output files (Default: 6)
Use all default values (Default: Off)

AR
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WMANSER: latin 3¢ sym.in BIRBFERTT — harm.out; REFRARE 2kt
TEAME:

gencs -r=4

XEREMEMB TR, RNEEM DFT 44 csfit BUREERNLZL. -r ERIRSEM; NS harm.out FIKER
TMEMA.

v B SamLHTRESME

Generalized Constituent Strain 3.52, by Axel van de Walle

-h Display more help (Default: Off)
-l=[string] Input file defining the lattice (default: lat.in)
-S Specify point group directly via generator (in sym.in) (Default: Off)
-z=[reall Tolerance for finding symmetry operations (default: 2e-4)
-r=[int] Maximum Rank of the harmonic (Default: 1)
-mr=[int] Minimum Rank of the harmonic (default 1)
-sig=[int] Number of significant digits printed (default: 5)
apb

ERRERR, HeRRRFITEHES ST,
WANS&R: £, /8%, 8&MEH ECI— str_apb.out. gamma_apb.out,
R
apb -sx=0.5 -sy=0.5
-f RERZEN; -mc BRIERE Monte Carlo. RIFSRBKREENX APBE; kit gamma A mJ/m?, KA ECI
FEIMNERTEES BRI DFT R E#E,
v BAARGTHRESHER

AntiPhase Boundary 3.52, by Ruoshi Sun and Axel van de Walle
Automating impurity-enhanced antiphase boundary energy calculations from ab initio Monte
Carlo,

Calphad 53, 20 (2016)

File options:
-l=[string] Input file: lattice (Default: lat.in)

-s=[string] : structure (Default: str.out)
-o=[string] Output file: APB structure (Default: str apb.out)
-og=[string] . energies (Default: gamma apb.out)

APB options:

-f Generate APB structure file and exit; do not compute APB energy (Default:
0ff)
-sx=[real] APB slip vector: x-component (Default: 0)
-sy=[real] : y-component (Default: 0)
-sz=[real] : z-component (Default: 0)

BERE - ATAT ER%E 53/78



Monte Carlo options:

-mc Run Monte Carlo (Default: Off)

-eq=[int] Number of: equilibration passes (Default: -1)
-n=[int] : averaging passes (Default: -1)
-T=[real] Temperature (Default: 0)

Other options:
-d Use all default values (Default: Off)
-h Display more help (Default: Off)

VASP. #Fzh5HFEHEE

runstruct_vasp
B ATAT £19%0 VASP, ERREA. HTE. ZE
MANSZR: strout/str_hintout. £ vasp.wrap. M™AEEE — VASP i NI Az ATAT energy/force &,
1L Ea
runstruct vasp -nr

-nr FERY; -ex RIREY; -ng FRABA vasp.in; -wi wrap; -d EEE; -p REXH; -luERLEBEKEK
o EFBBITAST -nro EEHEIRELIE MPI,

ezvasp
MEBEN vasp.in £ VASP BIAHRITIEEH L.

RNS4R: [INCAR]/[POSCAR]/ATI%E [KPOINTS] FEE R M ABEBEE — VASP XK .static/.relax.
AAE:

ezvasp -n vasp.in

-n RER; -p "o BT, -s I DOSTATIC iBMNERS; -c A% &M, KPPRA/USEPOT H2EOMR
iz, FEERIHHFEERA INCAR BYEA VASP 1755,

v RS LHNTRESNE

Syntax: ezvasp [-c] [-s] [-n] [-p "..."] input file
-c: Cell patch. This option will convert the cell you entered into a cell that has the
symmetry needed for

vasp to work properly. The atom positions are altered correspondingly.

-s: Static run. After the relaxations are completed, this option makes vasp start again,
turning off relaxations
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and turning on tetrahedron integration with bloech correction. Can acheive the same

effect by

including DOSTATIC in the INCAR portion of the input file.

-n: do Not run vasp. If you want to create the input files now and run them later, perhaps
on another machine.

-p:

name of the vasp command ("vasp" by default). You can include addition prefix such as:
ezvasp -p "rsh remote.machine nice +5 /usr/local/bin/vasp" vasp.in

Here is an example of input file:

[INCAR]
SYSTEM = FeNi
ISPIN = 2
PREC = HIGH
ISMEAR =1
NSW=41

SIGMA = 0.1
IBRION = 2
ISIF = 3
ENMAX = 400
EDIFF = le-6

EDIFFG = le-4
KPPRA = 1000
USEPOT = PAWGGA
DOSTATIC

SUBATOM
KSCHEME
MAGATOM

s/Fe$/Fe h/g
GAMMA

[POSCAR]
SOME TITLE
3.55

-.500000000 -.500000000 -1.000000000
.500000000 -1.000000000 -.500000000
-.500000000 .500000000 1.000000000

12
Direct

.33333 .33333 .00000 Fe+5
.00000 .00000 .00000 Vac
.66667 .66667 .00000 Fe-5

End of example.

Note that there 6 new tokens in the INCAR section.

1)

KPPRA stands for "K-Point Per Reciprocal Atom". This is a way to automatically set the k-

point mesh for

a number of similar systems. Here is how it works. If you know that you need 500 k-points

for a 2-atom

structure, then you type in 1000. If you now try a similar structure with 4 atoms, the

code automatically

as

use 250 k-points. The mesh along the three axes is automatically chosen to make the mesh
uniform as possible.

(For the algorithm, see atat/src/kmesh.c++).

You can also specify KPPRA = UPDIR which indicates that the KPOINTS file

found one directory above should be used.

(This is useful for cell distorsions used in elastic constant calculations of constituent
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strain runs).

If this token is ommited, you need to specify a [KPOINT] section in the input file that
contains what

you want the KPOINT file to be.

2) DOSTATIC indicates that a static run must be done after the relaxation run (NSW tag is
removed and the ISIF and IBRION

token are ajusted accordingly). The output files named *.relax contain the result of the
(first)

relaxation run while the files named *.static contain the results of the (second) static
run.

When DOSTATIC is not specified, all output files are named *.static , whether the VASP
input parameters

allow relaxations or not.

3) KSCHEME specifies the type mesh to use: Gamma shift or Monkorst-Pack. The default is
Gamma if KSCHEME is ommited. You can

also specify (on a separate line) KZ1 to force one k-point along the 3rd axis, which is
useful for slabs.

4) MAGATOM is similar to the usual token MAGMOM used to specify the moment on each atom. The
novelty is that you specify the

moments in the POSCAR section. (In version 3.15 and above, this token can be ommited.
Having spins specified in the POSCAR

section turns this on automatically. It also set ISPIN=2 automatically.)

The usual MAGMOM token is still available (but you cannot use both MAGMOM and MAGATOM).

5) USEPOT

selects the potentials used: LDA GGA PAWLDA PAWGGA PAWPBE (or any other potential defined
in .ezvasp.rc)

By default, LDA (without PAW) is used.

For backward compatibility, you can also use the tag DOGGA instead of USEPOT = GGA

6) The SUBATOM token lets you specify a sed-like substitution command to be

applied to the name of the atomic species.

For instance, SUBATOM= s/Fe$/Fe h/g will cause ezvasp to use the Fe h

pseudopotential instead of the Fe one. Multiple SUBATOM token can be given,

one for each substitution. Don't forget the s/ and /g and the $ after the first element
name

(to avoid F matching Fe, or Y matching Yb).

There are also familiar VASP tokens that are robustified. For instance ISTART = 2 does not
work unless you force

the FFT grid size to match the earlier run.

To help with this, ezvasp fetches the right NGX,NGY,NGZ from the previous run's OUTCAR or
CHGCAR in the current directory.

There are new features in the POSCAR section as well.
1) The line that specify the number of atoms (here 1 2) can be ommited (it is ignored).
2) The atomic species are specified to the right of the atom positions.

The corresponding POTCAR are automatically copied. You can specify pseudopotentials like
Li h or 0 s.
3) The number following the species is the magnetic moment on the atom (if MAGMOM is in the
INCAR section).

Identical species with different moments will be considered symmetrically distinct to
allow for

symmetry-breaking relaxations.
4) Do not specify "selective dynamics". It will be written to the INCAR file

automatically if you include T's and F's after the atom species, e.g.:
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0.5 0.5 0.5 AT TTF
5) The element "Vac" or "Va" stands for vacancy. It is ignored for everything but
to compute the k-point mesh with the KPPRA option.

extract_vasp
HBE A VASP £E5R4%LRL ATAT B o

BMINSEESR: OUTCAR. OSZICAR. CONTCAR/POSCAR, fii% .static — energy. force.out. stress.out.
dos.out %,

A%

extract vasp

4l energy BY OSZICAR &Rfe— 1 F, RERBEE. WERFINFMITEUS; #RITERIIFHTBRIEYE
#ZRPIH.

checkerr_vasp
Xt ATAT 20 B ERHETEAEIRHITIRERE,
MANGLER: vasp.out.static/vasp.out.relax = IBHIRZS, AIE error X4,

AAEI:

checkerr vasp -p

-p FTENFEIRERIZ; -e BIE error fRid. EXRENXEIAEIRE, FeeAE EDIFF. BFthisMmt T2 MNs,
REEE vasp.stdout MEEO HEN B IR,

cleanvasp

flIBR—2E VASP A5 Hial x4,

WANSER: HaiERHRI VASP X — BIBREEE.
)R

cleanvasp

FRIA=M CHG/CHGCAR/WAVECAR/POTCAR. INCAR/POSCAR/KPOINTS. XML Z; -viARIBREZiaL; -s
f518] OUTCAR, REFEMMN. KELXEMN -h iR, TR RREBHEIEERERSH.

atat-vasp

SRBHEHAY CPU VASP 14T A,
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MASERE: Slurm 2 E2F1 VASP 38\ — H Intel MPI B35 VASP 6.4.2,

A%

atat-vasp

BEffEA SLURM_NTASKS; R7E Slurm fRIRIER. ERIFIREEEIEE, FNEHEY VASP RAHEFIMIFR
%5 INBAREBE mpirun,
fitfc
MERAUBZHINE N EEHIHES F/AREIBHEE.
BMNSLER: strout. str_relax.out; E{iI#E%55 force.out — fc.out. vdos.out. fvib &
R
fitfc -er=9 -ns=1 -dr=0.01 -nrr
s -fERK; -fIkE; -frfEREE; -df BEERR; -ns>1 AERTRE, BIMAE Hz; -fn AFBTARE
&, TReERImTIRE,
v BARGLTHTESHER

FIT Force Constants 3.52, by Axel van de Walle
-f Fit force constants (otherwise, generate pertubations) (Default: Off)
-si=[string] Input file defining the ideal structure (default: str.out)
-sr=[string] Input file defining the relaxed structure (default: str relax.out)

-er=[real] Minimum distance between displaced atoms (Default: 0)
-ernn=[real] Minimum distance between displaced atoms in multiple of nearest neighbor
distance (Default: 0)

-fr=[real] Force constant range (Default: 0)
-frnn=[real] Force constant range (in multiple of nearest neighbor distance) (Default:
0)

-dr=[real] Displacement of the perturbed atom (default: 0.2)

-ms=[real] Strain of the maximum volume sampled (default: 0.01)

-dv Specified strain above is volumetric (Default: Off)

-ns=[int] Number of volume sample (default: 2)

-iu Include Unperturbed structure in generated structures (Default: Off)

-nrr Do not rerelax structures at each new volume (Default: Off)

-CS Check for Singular matrix in fit (Default: Off)

-ncs No check for singular matrix in fit (this is the default, option included
for backward compatibility) (Default: Off)

-wm Write fitting Matrices (Default: Off)

-sf=[string] Extra strain file (Default: )
-m=[string] Input file defining the atomic masses (default: ${atatdir}/data/masses.in)
-ccut=[string] Character marking the species label suffix that must be cut (Default: )

-TO=[real] Minimum temperature (default: 0)

-Tl=[real] Maximum temperature (default: 2000)

-dT=[real] Temperature step (default: 100)

-P=[real] Pressure (in GPa, default: 0)

-kp=[real] Number of k-points per reciprocal atom (default: 1000)

-kx=[int] k-point mesh (along 1lst recip lat. vect.) if <>0 then overrides -kp=...
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(Default: 0)
-ky=[int]
-kz=[int]
-fp=[int]
-s0

0ff)
-sx=[real]
-sy=[real]
-sz=[real]
-df=[string]
-hp=[real]
-kb=[real]

-cfk=[real]

k-point mesh (along 2nd recip lat. vect.) (Default: 0)

k-point mesh (along 3rd recip lat. vect.) (Default: 0)

Power of polynomial to fit free energy (Default: -1)

Use a gamma-centered k-point mesh (default shift: 1/2 1/2 1/2) (Default:

k-point shift (along 1st recip lat. vect.) (Default: 0.5)

k-point shift (along 2nd recip lat. vect.) (Default: 0.5)

k-point shift (along 3rd recip lat. vect.) (Default: 0.5)

Phonon dispersion curve calculation input file. (Default: )

Planck's constant (default in (eV s))

Boltzman's constant (default in eV/K)

Conversion factor for force constants into energy/dist”2 (default: converts

eV/A™2 into J/m"2)

-mu=[real]
-rl=[real]
-rls=[reall]
(Default: 0)
-cP=[real]
-pa
-pe
-sc=[real]
-me0
-no
-wl
-w2
(Default: Off)
-fn
-fu
-gu=[int]
-gn
(Default: Off)
-mau=[int]
64)
-sfc=[int]
-apd
-sig=[int]
-z=[reall]
-h

fitsvsl

Mass units (default: converts a.u. mass into kg)
Robust Length algorithm parameter for soft modes (beta) (Default: 0)
Quadratic strain-dependence of robust length for positive strain (beta)

Conversion factor from pressure*volume into eV (Default: 0.00624151)
Output free energy per atom instead of per unit cell (Default: Off)
Print energy in 3rd column of fitfc.out (Default: Off)

Correction factor if spectator ion are present (default: 1)

Subtract energy at 0K (Default: Off)

Print number of atom in supercell only (Default: Off)

Flag first perturbation waitl instead of wait file (Default: Off)
Flag negative perturbation directions with wait2 instead of wait file

Force continuation of calculations even if unstable (Default: Off)
Find unstable modes (Default: Off)

Generate unstable modes number n (Default: 0)

Also Generate Negative displacements for mode specified by -gu=...

Maximum number of atom per supercell for unstable mode generation (Default:

Simplify force constants: l=streching+bending, 2=symmetric (Default: 0)
Atom-Projected DOS (Default: Off)

Number of significant digits printed (default: 5)

Tolerance for finding symmetry operations (default: le-3)

Display more help (Default: Off)

MEMRERKHZDBIEMSNIE —BKXR.

WANSSER: latin. strname.in. BEWRAIFEZ ] — slspring.out. #EIZHT,

A%

fitsvsl -er=9 -ns=3 -ms=0.02 -dr=0.01

ERRIFERNIE; HE5TE fitsvsl -f-op=1 G, i3, BKEEMEHMARIERERTEEE,

v BAARGLHTRESSR

BERE - ATAT ER%E 59/78



Fit Stiffness VS Length transferable force constants 3.52, by Axel van de Walle

-f
-l=[string]
-dn=[string]
calculate force
-er=[real]
-dr=[reall]
-ms=[real]
-ns=[int]
-op=[int]
-dd
-pc=[int]
dependence)
-msl=[real]
-sf=[string]
-eqt=[real]
-sig=[int]
-z=[reall
-ncs
-od
-h

svsl

EREMSHINIE—

Fit force constants (otherwise, generate pertubations) (Default: Off)
Input file defining the lattice (default: lat.in)

Input file listing the directories containing the structures used to
constants (default: strname.in)

Minimum distance between displaced atoms (Default: 0)

Displacement of the perturbed atom (default: 0.2)

Strain of the maximum volume sampled (default: 0.01)

Number of volume sample (default: 2)

Order of the polynomial used to fit stiffness vs length (Default: 1)
Use direction-dependent force constants (Default: Off)

Maximum power of composition used in fit (default: no composition

Maximum spring length (Default: Off)

Extra strain file (Default: )

Tolerance for excluding force constants in plots. (Default: 2)
Number of significant digits printed (default: 5)

Tolerance for finding symmetry operations (default: le-3)

No check for singular matrix in fit (Default: Off)

Use older 1-level only directory tree (Default: Off)

Display more help (Default: 0Off)

BRI BIREN %

MINSEER: strout. str_relax.out. slspring.out Ff17tEBRE — svsl.out. fvib. vdos.out,

A%

svsl -ns=1 -T1=1000 -dT=100 -kp=4000

-ns=1 151, SEMBTEE; -df @8 -pa BRF. EXZBEIAITVASP, MABESRMEATNEEAT

AR LEN

v BAARGSHTRESHRE

Vibrational free energy calculator using the Stiffness VS Length method 3.52, by Axel van de

Walle
-l=[string]
-us=[string]
-rs=[string]
-sp=[string]
-m=[string]
-b=[reall
-bf=[string]
-ms=[real]
-ns=[int]
approximation)
-TO=[reall]
-Tl=[reall]
-dT=[real]
-kp=[reall
-s0

Input file defining the lattice (defaults: lat.in, ../lat.in, str.out)
Input file defining the unrelaxed structure (default: str.out)

Input file defining the relaxed structure (default: str relax.out)

Input file defining the springs (default: slspring.out)

Input file defining the atomic masses (default: ${atatdir}/data/masses.in)
Bulk modulus (Default: 0)

Bulk modulus file (Default: )

Maximum stretching of the lattice parameter (default: 0.05)

Number of lattice parameter stretching step (default: 1 => harmonic

Minimum temperature (default: 0)

Maximum temperature (default: 2000)

Temperature step (default: 100)

Number of k-points per reciprocal atom (default: 1000)

Use a gamma-centered k-point mesh (default shift: 1/2 1/2 1/2) (Default:
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0ff)

-sx=[reall] k-point shift (along 1st recip lat. vect.) (Default: 0.5)
-sy=[reall] k-point shift (along 2nd recip lat. vect.) (Default: 0.5)
-sz=[real] k-point shift (along 3rd recip lat. vect.) (Default: 0.5)
-hp=[reall Planck's constant (default in (eV s))
-kb=[reall] Boltzman's constant (default in eV/K)
-cfk=[real] Conversion factor for force constants into energy/dist”2 (default: converts
eV/A”2 into J/m"2)
-mu=[real] Mass units (default: converts a.u. mass into kg)
-rl=[real] Robust Length algorithm parameter for soft modes (beta) (Default: 0)
-pa Output free energy per atom instead of per unit cell (Default: Off)
-sc=[real] Correction factor if spectator ion are present (default: 1)
-fn Force continuation of calculations even if unstable (Default: Off)

-df=[string] Phonon dispersion curve calculation input file. (Default: )
-sf=[string] Extra strain file (Default: )

-msl=[real] Maximum spring length (Default: Off)
-sig=[int] Number of significant digits to print in output files (Default: 5)
-up=[string] User-specified Potential Plug-in (optional) (Default: )
-d Use all default values (Default: O0ff)
-h Display more help (Default: Off)
felec

ERERKTREFHNEIA T REFEHEE
BINSLER: ATAT I dos.out — felec. felec.log. plotdos.outs,

AAE:

felec -T1=1000 -dT=100

dos.out R DOSCAR, -sd BI*F& DOS; -pa &R F; ../Trange.in i—REMIE, & DOS ATH=H
TCEEE®.

Electronic free energy calculator 3.52, by Axel van de Walle
-dos=[string] DOS input file name (default: dos.out)

-To=[real] Minimum temperature (default: 0)
-Tl=[real] Maximum temperature (default: 2000)
-dT=[real] Temperature step (default: 100)
-kb=[real] Boltzman's constant (default: in eV/K)
-pa Output free energy per atom instead of per unit cell (Default: Off)
-sc=[reall Correction factor if spectator ion are present (Default: 1)
-sd=[real] Smooth DOS with a Gaussian this width (Default: 0)
-nf Do not calculate free energy (Default: Off)
-sig=[int] Number of significant digits to print in output files (Default: 5)
-h Display more help (Default: 0ff)
-d Use all default values (Default: Off)
mkteci

B85S ECI 5 REEXBHEE ECIHS.
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WMASER: eciout. Trange.ine — 1 EZ 1 *.eci — teci.out,

A%

mkteci felec.eci
MWRFIEDIERMERRARK. INfF. BESRFMEPEN, MCEE teci.out BRILLIEEE, LHRAREYIEEY AR
IZBR.
v BAKRGSHTESHER

Syntax: mkteci filel.eci
where filel.eci etc. is a list of T-dependent eci files obtained with
the clusterexpand command, e.g.
clusterexpand fvib in the case of vibrational free energy or
clusterexpand felec in the case of electronic free energy.
Usually the file list is: fvib.eci felec.eci

~vibrational "“electronic free energy

calcbulk

B2 ELLFINELEY, HAREREFHISHIRE,

WMANSER: strout. NTEX[E)/FK. gEEmMm<S — bulkmod. strain.out. energy. str_relax.outs
R

calcbulk -0.02 0.02 0.01 runstruct vasp

2RIA B J eV/A3, 3 160.21766208 # GPa, ME4ERMEEESE EndER, FHARE

IHE FIRITEEHIAY dos.outs

iy
X
#
A
o
[aYay
>0

v BAARGLHTESNR

Calculates bulk modulus.

Syntax: calcbulk mins maxs ds runcommand

where mins and maxs are the minimum and maximum strains (e.g. 0.00 0.01)
ds is the step size (e.g. 0.005)

runcommand is the command to run the ab initio code (e.g. runstruct vasp)

robustrelax_vasp

RAEBITR. AR, BENARESHLIE,

MNSSR:. TREB®R VASP wrap 541 —» DS RER. BIReEE/EH,
AAME:

robustrelax vasp -mk
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-mk SEERMFIRIEIENR, HIRER wrap, TEEAFBENN VASP itH, Atk EMEAZXRKE; -id HA
infdet, REREEA TR FXo

v B SamLHTRESME

This command implements the "inflection-detection" method introduced in

A. van de Walle, Q. Hong, S. Kadkhodaei and R. Sun, "The free energy of mechanically
unstable phases"

Nat. Com. 6, 7559 (2015) doi:10.1038/ncomms8559

and

A. van de Walle and S. Kadkhodaei and R. Sun and Q.-J. Hong, "Epicycle method for elasticity
limit calculations",

Phys. Rev. B 95 144113 (2017) doi:10.1103/PhysRevB.95.144113

It calculates the energy of a structure that is potentially mechanically unstable.

In a nutshell: the method finds either a local minimum (for a mechanically stable phase)
or the inflection point on a path joining the unrelaxed and fully relaxed structures
(for a mechanically unstable phase).

Syntax: robustrelax vasp [options] command prefix
where options are

-id Inflection Detection method

-idop "options" Options passed to the infdet command.

-neb Use the Nudged Elastic Band method to find minimum energy path
Otherwise: simply interpolate linearly.

-ex Only extract data form VASP files. Do not run anything.

-c  [real] Relaxation magnitude cutoff needed to activate robust relax algorithm

(default: 0).
-ni [integer] Number of images in the minimum energy path (default: 6).

-rc [string] Command for full relaxation (Default: runstruct vasp -w
vasp.wrap) .

-vc [string] Command for volume only relaxation (Default: runstruct vasp -w
vaspvol.wrap) .

-cc [string] Command for chain (neb) calculations (Default: runstruct vasp -w
vaspneb.wrap) .

-sc [string] Command for static runs (Default: runstruct vasp -w
vaspstatic.wrap).

-ic [string] Command for inflection-detection runs (-id option) (Default:
runstruct vasp -p -w vaspid.wrap).

-idf [reall Starting point fraction for inflection detection (default: 0.5)

-ja

-jc By how much to jitter atoms (-ja) and cell parameters (-jc) for the

initial conditions
for inflection-detection method.
-vib Update vibrational data in svib ht file from vol 0/svib ht file.
-mk Make auxiliary vasp input files (vaspvol.wrap, vaspneb.wrap,
vaspstatic.wrap, vaspf.wrap, vaspid.wrap)
from vasp.wrap. Does not run anything.

-cln clean files for a full restart.

-cip continue (an prior run) if possible (only implemented for -id algorithm).
-d Use all defaults values.

-h Display more help.

command prefix Prefix needed for vasp to run on a remote machine or in parallel (e.g.
mpirun).

Note: the commands specified by -rc,-vc,-cc,-sc can be set to empty "" to skip the

corresponding
calculation step (useful to restart an aborted run).
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This command does the following:
1) Fully relax the structure (in str _hint.out or str.out) to create str relax.out,
just like runstruct vasp.
2) If the relaxation cutoff (-c=...) no exceeded, stop. Typically, should be set to -c=0.05.
3) Relax the volume only of structure in str sup.out or str.out. Results are in directory
00/
4) Do a neb (-neb) or infection detection (-id) calculation between the two structures
obtained in step 1 and 3
or just a linear interpolation between them (if no -neb or -id). Results are in
directories 7?7/
Note that you need VTST Tools from http://theory.cm.utexas.edu/vtsttools/ for the neb
method
with variable cell shape.
5) Do static calculations in each directory ??7/
6) Find the inflection point on the path optimized in step 4. If it does not exist, find the
minimum energy along that path.
7) Report the energy found in 6 in the file energy and the corresponding geometry in
str relax.out

Notes:
1) str beg.out and str end.out contain the extremities of the path.
If you want to restart from scratch, delete these files.
2) For high symmetry phases (e.g. bcc,fcc,hcp) you may need to break the symmetry of the
phase for it to relax.
For that purpose, you can use, e.g.,
symbrklib W fcc bcc
or
cellcvrt -ja=0.01 -jc=0.01 < str.out > str hint.out
Sometimes a supercell is needed (a phonon analysis will tell you that - or symbrklib for
bcc, fcc,hcp).

infdet

FA epicycle SRR EANTLR TH LA,

RANSLER: 4. 5HMNtEE/ZHRFERENXH - ARMMBEMLE,
LS

infdet [ERENENASH]

BFSE&MARERSE, @EMH robustrelax_vasp -id Ik5h, -e* I=HIRNE, -i* BHI9MNE; &R -aex
AEMBEG, AXEREOSSEH, MEERERSREEHKRBHEE

v BARGLHTESHE

INFlection DETection method 3.52, by Axel van de Walle

-h Display more help (Default: 0ff)
-egt=[real] Epicycle Gradient Tolerance (Default: 0.04)
-ets=[real] Epicycle Trial Step (Default: 0.1)
-ems=[real] Epicycle Maximum Step multiplier (Default: 5)
-eml=[real] Epicycle Multiplier in Line minimization (Default: 2)
-ebl=[int] Epicycle maximum number of Bracketing steps in Line minimizations (Default:

5)
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-eil=[int]
-eic=[int]
-ebf=[int]
-eir=[int]
-el=[real]
-ism=[real]
-isi=[int]
-igt=[real]
-its=[real]
-ims=[real]
-iml=[real]
-ibl=[int]
(Default: 5)
-iil=[int]
-iic=[int]
-ibf=[int]
-iir=[int]
-ics=[real]
-ff=[reall
-ds=[int]
y,z, 3: along X,
-ns
-st=[int]
-d
-0s
-r

Epicycle maximum number of Iterations in Line minimizations (Default: 3)
Epicycle maximum number of Iterations in Conjugate gradient (Default: 20)
Epicycle motion Bad step Forgiveness (Default: 2)

Epicycle iterations between conjugate gradient reset (Default: 5)
Epicycle Length (Default: 0.1)

Ion motion Steepest descent Multiplier (Default: 0.003)

Ion motion Steepest maximum number of Iterations (Default: 0)

Ion motion Gradient Tolerance (Default: 0.1)

Ion motion Trial Step (Default: 0.005)

Ion motion Maximum Step multiplier (Default: 5)

Ion motion Multiplier in Line minimization (Default: 2)

Ion motion maximum number of Bracketing steps in Line minimizations

Ion motion maximum number of Iterations in Line minimizations (Default: 3)
Ion motion maximum number of Iterations in Conjugate gradient (Default: 40)
Ion motion Bad step Forgiveness (Default: 2)

Ion motion iterations between conjugate gradient reset (Default: 5)

Ion motion Curvature constraint Stiffness (O=automatic) (Default: 30)
Force scale Factor (Default: 3)

Dimension of the strain relaxation allowed (0: none, 1: along x, 2: along
y,z (default))

Do Not Scale tolerance with number of atoms (Default: Off)

Sleep Time between read access (Default: 5)

Use all default values (Default: 0ff)

Output Structure defined by epipos.out into str.out (Default: Off)

Relax to minimum (Default: Off)

For debugging only:

-db

-aex
-tl=[real]
-t2=[real]

debug (Default: Off)

Analytical Example (for debugging) (Default: Off)
Temp param 1 (Default: 1.9)

Temp param 2 (Default: -2)

CALPHAD F1EA 4% %

sqs2tdb

MFH SQS. L5t FFNH 1A 2 CALPHAD TDB,

WMNSER: species.in. PMEEIBE. G4, terms.in > @8EEE R &FH TDB,

AAE:

sqs2tdb -cp -1=FCC Al -1lv=1

-cp EHl; -fit il
IR TR EREN,

-tdb &3F; -ociE® OpenCalphad AI#%1EE. BRERIINESFEIBFRIBEIXM,
RERXAEAARBIEEFERS TBMHES.

v RS LHNTRESNE

sqs2tdb version

3.52 by Axel van de Walle and with contributions to the SQS database

from Ruoshi Sun, Qijun Hong and Sara Kadkhodaei.
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Usage: sqs2tdb [options] where the available options are:

-h : More help.
-cp : Copy SQS from the database to the current directory. Must specify:
-lv=[level]

level indicates how fine of composition mesh to use (0: only end members, 1: mid
points, etc.)
-l=[lattice]

Available lattices
AUCD B19
AUCD_B19.tar
AUCU L10

BCC A2
BETASN_ A5
CDI2 C6

CHI A12
CR3SI A1l5
CSCL B2
CUPRITE C3
CUPT B22
CUPT L11
DIAMOND A4
DUMMY

FCC Al

FE3AL D03
FLUORITE C1
GA3PT5

GAMMA L12
HCP_A3
HEUSLER D022
HEUSLER L21
LIQUID

MGCU2 C15
MGZN2 C14
NI3SN D019
NI4MO D1A
NIAS D81
OMEGA (32
PEROVSKITE E21
PYRITE (2
REO3 D09
ROCKSALT B1
RUTILE C4
SIGMA D8B
WURTZITE B4
ZINCBLENDE B3
ZINTL B32
ZIRCONIA TET

Optional: -sp=Element,Element,... to indicate which elements to consider
(otherwise read from species.in if it exists).
-fit : Fit solution model from SQS energies (to be run within the desired lattice directory)
The -sro option can also be specified (with -fit) to include short-range order
effects.
The -ew=[real] option (default: 5) lets you set the increased weight given to
endmembers in the fit.
-tdb : Combine solution models from one or multiple lattices into a single .tdb file.
add the -oc (Open Calphad) option to generate a more portable tdb file.
-mk : Generate input file for SQS generation with mcsqs. (Usually not needed - only for
experts.)
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To be run in the SQS database directory:
/public/software/atat/3.52/9gcc-13.3/8173m/share/atat/data/sqsdb/[lattice name]
Note that -h,-mk,-cp,-fit,-tdb are mutually exclusive.

For more information see user guide published in:
A. van de Walle, R. Sun, Q.-J. Hong, and S. Kadkhodaei.
Software tools for high-throughput calphad from first-principles data.
Calphad, 58:70, 2017.
https://doi.org/10.1016/j.calphad.2017.05.005
(Also, this paper should be cited in any publication resulting from this code's use.)

EXAMPLES

-> A simple session of sqs2tdb could be:

cp ~/atat/example/vasp.wrap
emacs vasp.wrap #edit as needed

echo Al,Ni > species.in

sqs2tdb -cp -1=FCC Al -1lv=1
sqs2tdb -cp -1=FCC Al -1lv=1

cd FCC_Al
foreachfile wait pwd \; runstruct vasp

sqs2tdb -fit

Edit the file terms.in to read

1,0

2,0

sqs2tdb -fit

cd

(repeat the above for other lattices if necessary)
sqs2tdb -tdb

The file AL_NI.tdb would contain a valid .tdb file.

-> In a more advanced example, the runstruct vasp command could be replaced
by a job script submission containing the runstruct vasp command.

-> When there are lattice instabilities, the runstruct vasp could be replaced by
robustrelax vasp -mk #this is to be run only once (see robustrelax vasp -h for
instructions)

robustrelax vasp -id

-> If phonons are to be included (for end members) one could do:
foreachfile endmem pwd \; fitfc -si=str relax.out -ernn=4 -ns=1 -nrr
foreachfile -d 3 wait \; runstruct vasp -lu -w vaspf.wrap

where vaspf.wrap contains parameters for a static run to calculate forces.
foreachfile endmem pwd \; fitfc -si=str_relax.out -f -frnn=2
foreachfile endmem pwd \; robustrelax vasp -vib

sqs2tdb -fit
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OPTIONAL input files (to placed in the topmost directory):

exfromsgte.in : specify which phases should NOT be copied from SGTE database
(by default all phases for each relevant element are included,
but you may want to use ab initio data for virtual phase).
Phases are specified in the form: SGTE [lattice] [element]
e.g. SGTE BCC A2 AL

subref.sed : substitution rule (sed command to be applied to final tdb file)

OUTPUT FILES

In addition to the *.tdb files, there is some diagnostic info available in the files
fit [property].out where property could be

energy, svib ht, etc.

ADVANCED FEATURES
In each sqs subdirectory created, there may be a file called link that contains the path
to
another directory where energy data can be found. This is useful if another structure is
known be equivalent by symmetry. This file is created by default for equivalence within

given structure type can even find symmetries across structure types.
You can also create the file yourself and the code will follow your link.

There may also be a file called bump which indicates that a structure must be moved up
in energy by the

amount specified by the -bv option (or 5e-3 by default) to avoid degeneracy with an
equivalent higher symmetry structure.

This file is created by default (during the -cp step) when the code detects higher
symmetry (e.g. a GAMMA L12 phase with all sites occupied

with the same type of atom is just FCC). You can delete this file if the higher-symmetry
structure is not in your

set of structures. This file is read during the -fit step.

In summary, if you see a bump file, ask yourself if you have that structure elsewhere
and put an appropriate link file.

If you don't have that structure elsewhere, you can delete the bump file.

The code will still work and give the right answer if you don't do this, but it will
spend more computer time.

During the -fit step, one can specify the -sro option to include a low-order CVM
approximation to the short range order.

One can also specify the weights used to enforce better fit of the end members with the
-ew option (a weight of 10 is the default).

The default lower and upper temperature limits of 298.15K and 10000K can be changed with
the -Tl=... and -Tu=... options, respectively.

This code now allows for the input free energies to general CALPHAD-compatible T-
dependent functions. To use this feature, place your functions
in 'func' files and do not specify th 'energy' or 'svib ht' files

(or specify the -jf option to force the code to ignore the 'energy' and 'svib ht'
files).

ocplotpd
JAF OpenCalphad 3 FEH AL IEEIIE /42 E
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WMAS4&R: TDB. AN5EEIRE. MNP oc S KRALE — FELIESBER X,
A%

ocplotpd -tdb=AU_CU.tdb -n=20 -T0=300 -T1=1500 -e=AU,CU

OpenCalphad @5 EBAHR, ATAT LA G AIRMEX KRR, LIE ~/.ocplotpd HIEFZEE, HIAEIE
EEEM, AEEAISEEGHEEREEE.

v B SamLHTRESME

A front-end to OpenCalphad for PLOTting Phase Diagrams.

Usage: ocplotpd [-ha] [-nt] [-tlf=fraction] [-1f] [-vtk] [-rmax=r max] [-rmin=r min] [-
np=nb _of proc] -tdb=tdbfile -n=nb of samples -TO=min temperature -Tl=max temperature -
e=element,element, ...

Mandatory parameters:

tdbfile: name of the Thermodynamic DataBase (TDB) file to use

element,element,... : a list of the elements (and associated phases) to extract from the
TDB file

nb of samples: Number of phase equilibria sampled to generate the phase diagram

min_temperature: lower bound on the temperature axis

max_temperature: upper bound on the temperature axis (if min_ temperature=max temperature, a
cross section is plotted)

optional parameters:

-ha: high accuracy calculations

-nt: no tie lines

-tlf: fraction of tie lines displayed (between 0.0 and 1.0)
-1f: generate a single gnuplot file

-vtk: generate vtk files (instead of gnuplot)
-rmax: max distance between points in triangulation
-rmin: discard points closer to each other than this cutoff

-np: launch nb_of proc copies of opencalphad
-noc: do not run OpenCalphad - just create the graphs from the *.dat files
-nd: general n-dimensional phase diagram (generate input files for ndviewer -

experimental)
-debug:do not delete temporary files
-mpi: use mpi for simplexize code (experimental)

mkaxes
5% Gibbs = /MEAS LR LITE IR,
BASER: WHEE. 78, REFRALR - g/SRER,
A
mkaxes -tri -ef=bi > axes.bi
-tetra TUE{K; -trans B4R -mat FBFE; -ef i vtk/bi/stl FRH. NERMSLAIE M.

v BFA SR LHTRESME

BEAE - ATAT ER%E 69/78



MaKe Axes 3.52, by Axel van de Walle

-h Display more help (Default: O0ff)

-trans Transform to coordinate system (Default: Off)
-mat OQutput transformation matrices (Default: Off)
-tri Gibbs triangle (Default: 0ff)

-tetra Gibbs tetrahedron (Default: Off)

-hidim=[int] Dimension (Default: 3)

-col=[real] Color (Default: 0)
-rgb=[real],... RGB Color (Default: )
-vl=[string] Vertices labels (Default: )
-zmax=[real] (Default: 1000)
-zmin=[real] (Default: 0)
-zscale=[real] (Default: 1000)
-Cs Cross-Section (Default: Off)

-cf=[string] Cross section input File (Default: cut.in)
-font=[string] font file (Default: )
-ef=[string] Export format (default: vtk)

-sig=[int] Number of significant digits printed (Default: 5)
-d Use all default values (Default: Off)
simplexize

B R R R AL P 45 B B B AT /R AR
MANSER: tab.in FHEFMTITHEE — VTK. WE bi FMHK,
FAAEI:

simplexize -1 -ef=bi > lines.bi

L&, -tie ERLZL; -rmax/-rmin ITHIRME; -cs EiE. ML E SHETEHIIERRE,
v BAAGSHTESHR

Simplexize 3.52, by Axel van de Walle
-t=[string] Input table file (Default: tab.in)

-col=[real] Color (Default: 0)

-rgb=[real],... RGB Color (Default: )

-rmax=[real] Maximum radius of curvature (Default: 0.1)

-rmin=[real] Minimum distance between points kept (Default: 0.001)
-1 Plot lines (Default: O0ff)

-tie Plot tie lines (Default: Off)

-tiew=[real] Tie line width (Default: 0.01)

-sig=[int] Number of significant digits printed (default: 5)
-ef=[string] Export format (default: vtk)
-Cs Cross-Section (Default: Off)
-cf=[string] Cross section input File (Default: cut.in)
-h Display more help (Default: Off)
-d Use all default values (Default: O0ff)

triph

RE — =Tl 2 BE= A thmE,
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WMASLER: tab.in DERFME — VIK/bi Fh@E,
A%

triph -sc=1 -ef=vtk > surface.vtk

KIRBETIAME—, ERFIAN=TTHDRIR; -sc BREM, -bf EREHE. MALAEEHDZHHF,
v BARGIHTESHE

TRIangulate PHase 3.52, by Axel van de Walle
-t=[string] Input table file (Default: tab.in)

-sc=[real] Scale for the unique axis (1st) (Default: 1000)
-col=[int] Color (Default: 0)
-nfn do Not fix Normal vector (Default: O0ff)
-bf generate back face (Default: Off)
-sig=[int] Number of significant digits printed (default: 5)
-ef=[string] Export format (default: vtk)
-h Display more help (Default: Off)
-d Use all default values (Default: 0Off)
3d2gnu

1 ATAT AE =4 MR EZHERK gnuplot 4= EIfZS,
MANSER: -if 187 bi Mg, MA/HRIZRE — gnuplot fiiZs,
TEAE:

3d2gnu -if=lines.bi > plot.gnu

-t IREL IR, -eye/-at/-up AEBMA, FEEHIER CSV T VIK EEZ AL bi HiAo
v BRAFGRLHTESHE

3D to GNUplot 3.52, by Axel van de Walle

-if=[string] Input table file (Default: tri.bi)

-tc=[string] set terminal command (Default: set term postscript eps color ; set out
'test.eps')

-eye=[real],... Eye position (Default: 0,-5,0)

-at=[reall],... Lookat position (Default: 0,0,0)

-up=[reall],... Up direction (Default: 0,0,1)
-fov=[real] Field of View (in degrees) (Default: 30)
-lit=[real],... Light direction (Default: 0,0.707107,-0.707107)
-amb=[real] Ambiant light level (Default: 0.5)

-h Display more help (Default: Off)

-d Use all default values (Default: Off)
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{ESZLALEF0 MPI

pollmach

1517 wait/busy EXHHME AT AT BEIMERAHF L.

BASSER: SWER. £5H<. TENBHR - HEBHSREIRL.
ELEEE S

pollmach -e -m .local-only runstruct vasp

AFENENBXERTIREARHINFER; -e TESEER; -l REEIF; -wFF#HIZ; stoppoll IEE
%o EBFMNE Slurm ENERFRAER, FEEMTFEERYER.

v BASGRLHTESHE

Syntax: pollmach [-f] [-e] [-m alternate machine configuration file] [-s] [-w]
command_to_run

This command periodically checks the load on various machines

(specified in the file ~/.machines.rc)

and looks for subdirectories containing a file called "wait".

If the load on a machine is sufficiently low, it executes command to run
on that machine, in the directory where the oldest wait file lies.

A default ~/.machines.rc file is created the first time the chl command
is run. The format of the file is explained in the comments therein.

If no ~/.machines.rc file exists, command to run is run sequentially on
the local computer in each directory containing a "wait" file.

This is the single-machine mode.

When using this command with maps, command to run will typically be runstruct vasp
The -m option overrides the default ~/.machines.rc (it is optional).

The -e option specifies that the command should terminate when no more
"wait" files are to be found (only works in single-machine (sequential) mode,
when no ~/.machines.rc file is given).

The -f option forces the command to run even if of pollmach is running file exists.

The -s option cause pollmach to self-manage the load (it does not poll the nodes for their
loads

but instead keeps track of where it sends a job and does not send any other job to that node
until it is done.

The first column in the machine configuration file is ignored and can be omitted.

The -w option tells pollmach to wait until all sub processes have finished before quitting.
The -il interactive loop option (beta). Here pollmach waits for a file called 'busy' to be
created,

then runs command and then deletes 'busy'
This repeats itself until a stop or stoppoll file is created.
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The -t "command" option first runs "command" and, only if its return code is 0, runs
command to run.

To cleanly stop this program, type
touch stoppoll

chl

RERNERECE RS S T R,

RASER: -mEEHX ~/.machines.rc > i 5EITRIZTIR,
BB

chl -m machines.test

FEFHSBLSWHIIT. BRSHNERTR, BIERHESER Slurm; MESUXAZEERHETER. B
RERECE AJ BB EERIN S o

minload

M HECE i iE S AT AR A E X R AV e L AT SR
WASER: [ chl— 2 Hi4e none,
R

minload -m machines.test

-wEFIRKZRB. FREMRHIE Slurm FR; FREEFEERIBT R LBHESITE,
v BRAFGRLHNTESHE

Syntax: minload [-m alternate machine config file] [-w]

Returns the command prefix needed to run a command on the remote
machine having the minimum load, among the

machines listed in the ~/.machines.rc file

(or as specified by the -m option).

A default ~/.machines.rc file is created the first time

the chl command is run and the file format is described

in the comments therein.

node

EminFE—BERITHLHIAEE,

WMASSER: TN, 2, AEEFNIRE - ERHAITER.
)L S
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node -s user@host command
-s £/ SSH; -r EFHEI B RERT. FEBRZEHNMITEZFENR. AXEMIIERER Slurm, R
iz L IRERIFEITE,
v BAKRGSHTESHR

This command is basically like rsh, except that the command

makes sure that the current directory on the remote machine

is the same as on the local machine.

(If the two machines do not share the same disk space, use the -r option.)

Syntax: node [-s] [-r] user@host command
-s: use ssh instead of rsh
-r: copy files in current directory to remote host before running command
if user is the same on remote host, use may use
node [-s] [-r] host command

atat-mpigenstr

2R MPI SN,

WMNSLR: Slurm ZEFD genstr 2% — K&,
LS

atat-mpigenstr -n=4 > genstr.out

B libexec/mpi/mpigenstr, B&DEFMIL OpenMPl, REHR mpirun; FRERENNMEBESEHREA
MPI &R,

atat-mpimmaps

M MPI ZITFERFF AN,

MASLER: Slurm 2B mmaps BN\ = IE SEMERER,

BB

atat-mpimmaps -d

BEKE mpimmaps, REXHFAES mmaps —H. AESIEFEIENSETT mmaps EE—MTEER.

atat-dispatch
AR e < yIRE MPI TIE#HE,

RASER: Slurm . BT —FHIHIXHE - FBTER,
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atat-dispatch jobs.in

JE dispatch fEF—1MNAE#ERE, ERANITHRE, FIUEDFER D ranke BN FH<LESHITHRERLE

BERSBHDE. wyIRNMAIERMIRITER,

splitjob

BTSRRI DEH LIRSS MPlrank.
BASER: ST FHOHXH > SKERITER.
AAE:

mpirun -np 2 splitjob jobs.in

A rank ShSEFKMAES. TITHRERYIRIRE, =2EEA -h R

XAt =02

calc
B awk iHBE—&HERIER.
MASER: F5|5MREAR — HE

FRER:
calc "2+3*4"
A awk EERIBAEZL, FRERHIEEERE. REXSHNMSE|S, #R shell IRFIER,

v BARGSHTESHRE

Syntax: calc "mathematical expression"

getvalue

M AR IS E AR 2 R RV EUES

MANSSR:. TENRERN - 8RLEEENEE,
)R
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getvalue F < 0SZICAR

BESHENTESFS. ESHTH. ¥ENBRRE—1T, B#%RIiBH(E SCF EHARAE.
v BARGLHTESHR

Syntax: getvalue [label]

Script that scans standard input for a given label and

write, to standard output, the numerical value following

every occurence of that label.

Any number of : = spaces or tabs can separate the label and the number.
Example: getvalue "Final energy" < gulp.output

getlines
BEMREZAT. ZESHE MRS Z B,
WASER: &, —PMHFAMRE. ERN - EE T,
LR

getlines -jbt BEGIN END < text.in

-af [5MHE; -bf BIE; -bt #ial; j AIEHBRIAFTIFETT. MR ERMENFRHEESESIA.
v BRARGHSHTESHR

Syntax: getlines [-h] [ -af | -bf | -bt | -jaf | -jbf | -bt ] stringl string2

Copies selected lines of standard input to standard output.

-h print this help.

-af print all lines located *after* a line containing stringl

-bf print all lines located *before* a line containing stringl

-bt print all lines located between a line containing stringl and a line containing string2
(If there are multiple blocks of lines braketed by [begin string]
and [end string] they are all copied.)

The prefix j means "just", indicating that the line(s) containing the matching string(s) is

(are) ommited.

Don't forget to quote your strings if they contain spaces.

blanktonl

IESEH IR R BRI EI TR H.
BWAS&R: tnERA - 81MFER—17.
AN

blanktonl < row.txt

ATREEHETIR; EHhR, FYERATREEREVIEHIITERFEX .
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nltoblank

BIRITH I REER—1To
BASER: WERN > SHROFRXE.
)L S

nltoblank < column.txt

XEREXAHE, FEEA CSV T, FERTSRARIUTHIFFNEEFTS.

fixeol

ARSI TR

RANSER: RERNSXHFIER - Unix/Windows #1737,
LR

fixeol -u windows.txt

-u¥ Unix; -p ¥ PC/DOS, fEEXMEI=EIE bak HEEIRZ, FHIAXHER; #REHEBISHHEN.

lookup

MEETB RE L EXRFES X
WMASSER: XHE - B MERMENEREZ.
AAME:

lookup vasp.wrap

EHRERYRIMARE, RSZHAMIE; EREREIRRE, FRERSUER .

foreachfile

EEEEXHNFEREMUITH S,

RWASER: BEXEHEN6H< > EERRITH L.
AN

foreachfile energy cat energy

-e Bk error, -n BKESF—1 X, -a BERB—IXMHEE, -d BHRE. %10 aSRERSS5IA; &
foreachfile Xt pwd 1&ESEE,
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v RS LHNTRESHME

Syntax: foreachfile [-e] [-n filename to skip] [-a and filename] [-d depth] filename command
Execute the specified command in every first-level subdirectory containing the file
filename.

The -e option cause foreachfile to skip directories containing the file "error".

The -n option cause foreachfile to skip directories containing the file filename_ to_skip.
The -a option specifies that the file and filename must also exist.

The -d option specifies to go down to lower level subdirectories as well (the default is 1).

MPI [ RB& 5 LiEkMiniEO

REERF ERAO E3

mpigenstr atat-mpigenstr 1EE MPI E18R, SEBERERHEITIMR
mpimmaps atat-mpimmaps 18R MPI ZtihEER, BEELIERAERZEHRS MPI
dispatch atat-dispatch HRNSIKEIZR, FEEEFEE

splitjob splitjob B4&7E 78 NANOHFIE, HITEY MPI /Z5h

[REEFIRTFTE ATAT ZEFIZIAY libexec/mpio —ARAFRERAIITIRLRR; KE MPIREFHNEEARE
TEE MPI i ZA<&REEE Ao

EFEH%E Quantum ESPRESSO. ABINIT. CASTEP FHZOMZA, URAKRLZER ZHF] PATHIWALZ TR, X
ERBFARIRE 78 Man AL, BAREREMAERERENNANIREIFETER. VIREERRR, X
BREBRFEN. EERN. RFINF. RABRASHITRE -,

RIGSEERKIR: ATAT 3.52 AHIZFHiL; 15 Axelvan de Walle R&ETEREAE, PXHAANSER
RRIRE, BiEHAS5IARTERE,
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