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For the NPAR, I recommend doing a test to find out the most efficient number. e.g. run a same calculations multiple times with
different NPAR. Also, do the same for LPLANE parameter as well. The manual instructs to use the number of node as NPAR as each
parallel calculation can be run at each node minimizing communication overhead between each node. If not optimized, VASP takes extra
time to comminucate between nodes, eating up your computation time. However, I have found that this instruction does not always hold
up, and, really, this parameter is heavily dependent on the batch server/ node configuration. So, it is wise to do your own test to optimize

this parameter (and other parameters as well). ”

BEAh, WA B, VASP PP — e B B UOF IS G . X R EEWE, RN, B T MR 2 il
WA REREN AL S HNE? WRBAVI AT RESERMMNIASEL, SRR MRS ], RIS T A5 AU T A . X iR
N AMIREZ s, HDEERKRGN — DR, RO XRS5 R 2, B 50% i E5R, R bt
e M DAREZ I o (HEAE G IR RCR BRI A B2y, Aok 1T BRI RIE RN 2% o

Fk, SAMMNKEZARLEEY, ARFFATIEL T RRA —dE R EEM SN (1], RS VASP i
TR TMIAMIE, AEiIES WY (51530 HEAEREE—N . X—mREEZ AT, EAREN G/ NMES
o), FERATA LS EE A Z LRI R AR B T e U B RO, (RS VASP T RIEAT H S LB O T RE,
IR B o R aX Al e, DARE A 3Lyt VASP fiz17.
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AR MBI T EXT G RS T AR ZeNCLR R . XA RE T HEG ZNHME, WA T, 4iEiEn 2, [FH
AR EICEMEEE, RN MRS, HEERZHIAPEEN, HREHER PR, nTA E2A R
FR A A, A T amPIE, ATAOR)ER S SR T2 KPOINTs 8, Wi+ %S9 S58R T
Gamma fii1H&E.

FATHETAREG, 5k

1. JRHfE, 18 Atoms (Zr6N6CI16), 272 irreducible k-points

2. HE 221, 71 Atoms (Zr24N24Cl123), 36 irreducible k-points
3. #EMY 221, 71 Atoms (Zr24N24C123), Gamma point

4. #8441, 284 Atoms (Zr96N96C192), Gamma point

5. #8661, 630 Atoms (Zr96N96C192), Gamma point

PAR A RIfEHE R A18K272, ATIK36, ATIK1, A284K1, A630K1. FijHi kit % K-points, &R HFRMER vasp_std.,
i =HE AT Gamma fHE, FEAERKGHEET, RBIRAENITTEREE, AT EMRLZH kpoints, JLHF, 11 EH VASP
FERh Gamma pItEAALAIICA vasp_gam.

4 T sEI
4.1 MHMmASE
S



SYSTEM = ZrNCl1

ISTART =0

ISMEAR =0

SIGMA = 0.4

ENCUT=400

PREC=Normal

NELM =5

NELMIN =5

NELMDL =0

ISYM =1

EDIFF = 1E-7

LREAL = Auto

LPLANE = .TRUE.

KPAR = $KPAR # 1 2 4 8 16 default: 1

NCORE = $NCORE # 1 2 4 8 16 default: 1

#NPAR = $NPAR # 46 8 16

#NSIM = $NSIM # default:4

AR FEIHE R E BT .04 KPAR, NPAR/NCORE HA7Z 51 % &, KPAR $5{{H £ /b KPOINT #H 17 ib
i, NCORE f8f{—"> BAND 1 £/ CPU BHiff7it5, NPAR #8811 E £ /4 BAND 174b3, NCORE 5 NPAR H
BEFGE — DA RIS, RSB IT08Ch 32, KPAR=4, NCORE=4, I} 2 W%, AIHF1TiHE 4 4 KPOINTS,
A4~ KPOINT ffifi] 8 %L, FE&A KPOINT B, 4 4~ CPU &L FEMH—4 BAND, SitH 2 4~ BAND fEH47. FrbA
KPOINT H#47J@ FAMNZ WA, BAND HATRTRNZENIFAT. 4N VASP WIHATERIAMR L, Wik TAEEWARK, oAy
Bl VASP WMz HATRCR AR G BRI 0] . AN 5A NSIM, ECUT 45 H At 8 2/ S 40 i BRE B
A, FARMKABA TR SR Z 5SS, X2 E TR ek e ab.

4.2 WS BINALES R

A eds th— 2 R WA H 7 T VASP R2)7 FrAsi b Je M 4 E SR A i B, AT n] B R R I R A, 2
WEHREIR, B MRS AE , 1NSEHE TC4600 FARZANFEZEBRAY A GG A SO, BB T RS, 5
AEERERR/NG KPOINTs FHZFCEBG], PAAHREEE, MixHaTanmsy, Fnbreksst—2pst 3o i
G A T AR IR B AR S 4
W UL AN I T e B I

e NPAR = 4 ~ approx SQRT( number of cores)

— BT BRER L “For optimal performance we recommend to set NCORE = 4 - approx SQRT( number of
cores) NCORE specifies how many cores store one orbital (NPAR=cpu/NCORE). This setting can greatly improve
the performance of VASP for DFT. ”

— MWEBAE KPOINT REMFFHIAGEN, HAFIF T EA S5
o NPAR = number of cores per compute node [2]
— KRB, FEARMNKALR 2 B AT, SFREAGE, WA R

e not recommend attempting run with KPAR>compute nodes, even though you may have more k-points than compute
nodes. [3]

— MNKZR RN, B R Z O/ E5V4 R, fE KPOINTs 82, Hiiiiats KPAR fE K T5 54

Rt A Ak
« NCORE [ NPAR HATH/NA R EBUE AR, T ABE A& WA [ 5 AT A% D25 1Y s R



— FESCHR [1] H, AT NPAR XPzATif R, XL NCORE [E9iZms. (Hig, HIATTE—THIMA NCORE
JEATAL, fefl NPAR U TE B B R S EAZE R, xR it NCORE Z3[a] i _E R 1 FHE A DRSS R
PAWN, BEER SASCRI NS R EA T A AR 2R (B R M AR ARG 4 420 E3VS 3780, ARLEIFT
BB, SAFKFEBIT, NCORE = 8 TFHuzfrifal & A~ TR IUE, HEALT [4,16] 2SR N.

o VASP ZRAHATS40 (KPAR=1 & NCORE=1) AHMREL, SILABITSET AR @AY Rk S is s

— 1E E5V4-A18K272, E5V4-ATIK36 B 1, BOABCE FRIFFATIRIR N 24, 64 Bls, EREMAHITSEUGE, VA
R RER) 256, 128 MLy, HANGRA Y AN, BRI THEE AT AR 10 £%. R, 78 630 T HIE K

anf D] ESV4-AG30KL W, ZZHUL)G, AOFT—ZOEN 256 $m5) 384, JUIL

o i K g% NKpoints 574 Natoms P, W REGE RAESI AT 0% (3]

— AR KPOINT 1580, HATRLET Y EEI K2 Natoms/2
— 472 KPOINTs 1155y, HATH 24 & 8-16 1.

— W RRE AR KPOINTs n 2y, FrPAfERffY NKpoints Wiz A% EXIFRIGHIZMLIE N, H ATE KPOINTs %K,
A BRI AT RS 0 0 -

o MEATZLHTH NCORE BRI, REASTERS D 2 T i S G kR

— B LRI 9 NCORE B8Ry, Wl BAND FHATM A5 RHBIAET AN, BE LR aiiikarat, 5,

— S b, fEf KPOINT 4756l , BAND @ fE@mage/, P AR 237 mig i KPOINT 1554 5 iy il if
TR, 4] “alBEER” Aok BAND HATIRMARI AL .

— #£Z KPOINT Z3y fifafl, HikE KPAR ®KN, B KPOINT 78 1-2 M fiNistr, EAmEER/N, st
BAND {5 5 K, #omi g sz iy, “nl R k) BAND HATEIRMER, SBER st . ek 7.2
AI8K272 5B, 4 KPAR M 1 3KF] 4 i, NCORE 2y 8/7 WHHiafTib [ MAHZETCILRY 130/124, 72534 40/28,
HARFNZS . Bib—5, 729, FRIRR T AISK2T2 (A&, P sl 56 #Z.0, KPAR &y 1, NCORE
SR 8 5 7 RYHEREATIE, AIAN NCORE 24 7 If#H L NCORE 24 8 I, HfE 5 79% B&E] 72%, 1e2iiti
T PRAFZT 50s ARG DT . BHIIBTTIIA 254s (k3] 182s,

5 BEPRGR S

5.1 JA#E(E

—

BA7T

BRI 354s A E] 183s.

AP AR T w, A5 Intel Xeon CPU 5 i (WGFTIHE @4y - ESV3/ESV4, £y i E3V5, TR
Fat144), PAKPHFIE T Xeon Phi KNL 7 (A8 S BN B A AlLI2AL Cluster mode & Flat Memory Mode fajfi-y AF
Mode, ¥ Quadrant Cluster mode & Cache Memory Mode f&#r QC Mode), ASAIMARXS GPU FE&EMIREE R 04, Fh
AT MG R BA R ARG T W, ©A M GPU MlHAiREERY], Hul VASP & GPU LA S ST

A (4.
| e | cpu | wtr ODRY) | mm | s |

E5V4 2*E5-2680 v4(2.4GHz-3.3GHz, 35MB L3 Cache), 3t 28 1% 128GB 2400MHz | 240GB | 100Gbps OPA
E5V3 2*E5-2680 v3(2.5GHz-3.3GHz, 30MB L3 Cache), it 24 #% 64GB 2133MHz 300GB 56Gbps FDR
E3V5 1*E3-1240 v5(3.5GHz-3.9GHz,8MB Cache), 3t 4 £ 32GB 2400MHz 500GB | 100Gbps EDR
Fat144 8*E7-8860 v4(2.2GHz-3.2GHz,45MB L3 Cache), It 144 #% 1TB 2400MHz 480GB | 100Gbps OPA
KNL-AF | 1*Xeon Phi 7210(64 #%, 1.3GHz-1.5GHz, 16 GB MCDRAM, 96GB 2133MHz 160GB | 100Gbps OPA

AF Mode)
KNL-QC | 1*Xeon Phi 7210(64 #%, 1.3GHz-1.5GHz, 16 GB MCDRAM, 96GB 2133MHz 160GB | 100Gbps OPA

QC Mode)

Table 1: ARG 1515



5.2

PR BPE ARSI
ZERLR TCA600 GERERBCTE T, BSV4 15509t E5V3 HAT W] A ST 5 AP ATH At MR i5 10%-30%

— E5V4 AL E5V3 TRIREAR, FWHIE, OB Z, Cache/ LRI AR, BCAM OPA MHIRB Rk,
HERN], E5VA Tl iE e 7 4%, BARTERE LT

— TR R A284K1 T, E5V4 itk ESV3 ML AR AN TSI ENE. JRAHEN: KRR G RN
FHATSHECR, A S R AR B, I 38 TR BE AT/ 22 SR 45 3 R o S B ) S )

E3V5 4y it E5V4 Y i, R E AR TSECT . BAW SR EE, EAEaFE et 72580r,
WA B E LB L TR

— E3V5 Mkt E5V4 35 G BA BE S T8, XTI S RA VRS . XT VASP, FA1HEE BEFEER,
SRR ROARICE TR BL 100Gbps @5 R, (Hig E3VH A G LEED, #Omis1 nls F Bl 2@ R 2
JIrA, FRATE TR EE PR IS 8L, DA VASP ¥ E3VS FRYZ TR i, A18K272 MHXFEW, £
128 B FRIBEAIFITSECR, E3VS BATmJ 24s, H E5V4A 1 31s jsA7NE], MEfe EARKME; H217E KPAR
x NCORE &8} 1 x 16 i}, FEFTAEITZ%LECN, E3VS st #EE AT ESVA 1zt .

E3V5 45508, EZRETERRFEE LTI A, SERMMAZOECT S E TS, AN b G KLY VASP
A
— 4 AT1K36 Ff, E3V5 7E 96 OB A RAEMHEE, B2 RN RE AL, 1 E5V4 NIFE 128 .0 XA
WIRARIF TR
— % Gamma Only 175, #1 A284K1, 7 128 #.00F, E3V5 BSRB T L —L, X E5V4 4352k 36s/44s, {H
W ERACR, 128 B0 TR LG 96 20 BB AR B2 451k 0.86/0.77, FRILH E5V3 15 S st Th)
[P NE, B ESVA FRIFATY BECEEIT—LL,

Fat144 5054 8 B 18 B0 CPU, WAFEOR, 1EiBf/NFATHUE (32~48 LA BRH/IME RIS B RILS, (2
TEZHATROLN, A ESVA BRIRFHFATY ReIEL:, B LS TRIAT 2R NAFR) VASP Rl

— e (7.5) o, ATAREL, M 20 (64 LA ERE), Fatl44 "R VASP IFATH Rtk BV 822, ROVt £
e CPU [AIR A IC Sd B, A G A PR BEAR Y 1% S A A 2% REREARAE. CPU AL A1 23 Bl Sl R A,
TR AR, B ARG ST

KNL 5584 64 #%0, FZOH 4 MREMEE, LR T, FA1%H QC B ELEUAR AF fX BAy 41 8
PLABATRER, [FINAEREDS KNL 35 fUafriad 64 200 5 VASP AR A SR A ARCR , 18 AF BARCR 2,
— 1E[ (7.6) 1, KNL3 iy A284K1 B, Mk KNL25 Ty A284K1 56, 1 128 IATHERE T, Wi AYIBATIN A
a2 k2, W AR BT, NS ATERA sl 64 HATUERRR B VASP FRl.
- &

QC FAF A B KNL T, X E5V4A BT, #HIRIULAE TS50 : fE/MAR AI8K272 T, AT L2y 120 H
90, E5V4 HAT RS SOTHEMSE . (HRIERIKRAR A284K1 T, izf7I I HLZ07 130 L 140, RERA ML

— FEHR L, A1 Intel 24—~ 56 N T R HEARME B, 45PR AL E5V4 5 EHL KNL Nzt
2y 3637: 1997, KNL ML ILHRK, Xt KNL M3 5380 OB TSR &
— WREE G KNL SRR EAR, WBUAEEREN], Bl KNL 24 KPR R VASP Rl RA BN .

F KNL 5 E5VA 45 G230 AT ST 5w E], KNL 35 s I T8 R R AR

— XTHE (7.7) S5E (7.1), 78 A18K272 (KF&, KNL T ginl AR EE 96 &0, THRRZ, 1235, E5V4 51
AR R 256 Al TITRRHEIZN 2255 Ak A284K1 A&, KNL 4G nl ARG & 48 L, IR £)h
133s, 1£ E5VA J5 8 a AR 3 96 0, THRR 2, 52s.

— BeEREN], KNL fEf i B2 BRT AT RIE, fEfR Pk h 45 R R ERA 5%
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6.1 Gk B
ARER ML, AT RIS N -
o Intel MKL: Sequential/OpenMP
o ScaLAPACK: Enable / Disable
o FFT implementation: Intel wrapper / Juergen Furtmueller (JF)
o« DCACHE_SIZE: 4000 / 0

WA OF (i a0 ) . RATAY 4% S %0k V8: Intel MKL Sequential & Enable ScaLAPACK & Intel FFT &
DCACHE_SIZE = 4000

AL AN 3 FPEAB R g A, - 5h

V12 : JF FFT

V14 : Disable ScaLAPACK

V16 : DCACHE_ SIZE =0

AN, FE V16 i, W-AEHFHNE"CACHE _SIZE=0 has a special meaning. It performs the FFT’s in x and y
direction plane by plane”, FrPAFRA VAT SMEEE T 5 RS R T7 ], K5 abe T cba, AKX z direction HI5EIA .

6.2 ZaikiLfbatig

o XfH V8 5 V12, Intel FFT #flt JF FFT WE5271 1 VASP WzfTi e, f/MER SRIKZ T TENA 2/5, 1/5, FFT
BORBIFETHILETS VASP BAFFATH et s b

« XHH V8 5 V14, FFiRf ScaLapack il DA EHTF LA T (NP>24/28) W57t 5470 ALK

o XTH V8 5 V16, dF VASP H 5 SOtk DCACHE_SIZE 2405 0 J5, V16 AT RAT IR s T
AT TR, MBS Z M7 )5, PREA WIS
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Figure 7.1: E5V4 455N, 5 FESHMMIAS R (B AL N fohisfr-r 6 SHEpIEA)
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AT R DB NCORE JEERINHE /4 S I

400
350 o
112 300 <
N 250 2
200 =
= 150 =
224 130 113 124 111 100 ©
50 =
; ; ; ; 0
E5v4  1x1 1x4 1x8 1x16 1x7 1x14 1x28 4x1 4x4 4x8 4x16 4x7 4x14 4x28
A18K272 KPAR x NCORE
2244235 195 212 265 199 203 222 241
100
_ 80 &
112G 49 49 (548 48 53 B85 v 336 184 214 236 209 181 205 nan
a 60 £
= 40 £
2244 66 43 31 36 31 32 47 |||, g 448 196 223 250 228 207 205 267
ESV4 1x4 1x8 1x16 1x7 1x14 1x28 E5V4  1x1 1x7 1x14 1x28 1x4 1x8 1x16 1x32
A284K1 KPAR x NCORE A630K1 KPAR x NCORE

254.23s

Elapsed Time

Your application is MPI bound. This may be caused by high busy wait
time inside the library (imbalance), non-
or MPI library settings. Use MPI profiling tools like Intel® Trace Analyzer
and Callector to explore performance bottlenecks.

optimal communication schema

1 0 7 7 6 O 8 9 Cumentrun - Target Delta
: N 78.53%R <15% EE——————————
SPELOPS CPL
(MAX 0.93, MIN 0.66) R o<20% mm
R >5000 me—————
[ 026% <10%
MPI Time TOP 5 MPI functions Memory Stalls FPU Utilization
(7189235;;) of Elapsed Time Func % 23%R of pipeline slots 2.31%K
) Cache Stalls SP_ELOPs per Cycle
MP! Imbalance B 36.49 20.58%R of cycles 0.74 Out of 32.00
26.37% of Elapsed Time -
(67.04s) Allreduce 2217 DRAM Stalls Vector Capacity Usage
1.03% of cycles 83.19%
Alltoall 14.89
; NUMA FP Instruction Mix
Memory Footp Barrier 14,55 18.87% of remote accesses
Alltoallv 8.41
1/O Bound

182.97s

Elapsed Time

MEAN 1.2 MB, MAX 1.2 MB

Wiite
MEAN 4.0 MB, MAX 6.7 MB

Your application is MPI bound. This may be caused by high busy wait
time inside the library (imbalance), non-optimal communication schema
or MPI library settings. Use MPI profiling tools like Intel® Trace Analyzer
and Collector to explore performance bottlenecks.

Wall Time (s)

1 3 5 82 O 90 Curentrun  Target  Delta
R - e 71.89%MR <15% S—————
SP.FLOPS CPL
(MAX 0.95. MIN 0.70) A ; alls 23.8206% <200 mm
FPU Utilization 2,9206R >50% me—
! 0.08% <10%
MPI Time TOP 5 MPI functions  Memory Stalls FPU Utilization
(7113?3;) of Elapsed Time Eunc % 23.82%R of pipeline slots 2.92%Kk
Cache Stalls SP FLOPs per Cycle
MPI Imbalance Beast 41.67 22.1004X of cycles 0.93 Out of 32.00
19.44% of Elapsed Time -
(35.575) Allreduce 21.07 DRAM Stalls Veclor Capacity. Usage
0.94% of cycles 82.02%
Alltoall 14.35
N NUMA FP Instruction Mix
Memory Footprint Barrier 1037 16.66% of remote accesses % of Packed FP Instr.
MB, PEAK
Alltoallv 6.03 % of 1 26.74%M
% of 1 67.14%
.. 6.13%
1/0 Bound FEP Arith/Mem Rd Instr. Ratio
0.08% 0.3
(MEAN 7.86, PEAK 0.29) .
ER Arith/Mem Wr Inst. Ratio
Read 134
MEAN 1.2 MB, MAX 1.2 MB
Write

MEAN 4.0 MB, MAX 6.7 MB

Figure 7.2: E5V4 350 , A% 04 28 Wy NCORE BER @ 2 HMA . BRAlTH 3 5N, FRmKER T, X
AI8K272 (AR, FEPIHI AL 56 &L, KPAR ¥ 1, NCORE 25t 8 5 7 WFHPEREMHT AL
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164 240 172 143 150 204|190 142 125 135 nan | 158 122 112 nan nan | 136 nan nan | 126 nan nan nan nhan
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Figure 7.4: E3V5 iU FEOIIREER (7 A8 N k] TisfTF 6 S R p12ea)
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Figure 7.5: Fat144 3575 FRYMASER (K8 N AT 7176 SR 248)
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