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We examine the performance of a density-functional-theory-based quantum simulator for
materials, Quantum ESPRESSO with use of GPUs in TSUBAME 4.0, focusing on the central
computational engine, PWSCF. Choosing three kinds of benchmark data as SCF single-point energy
calculations, we study the scalability as increase of the number of GPUs and effects of the runtime
settings on k-point parallel executions. Our measurements indicate that good performance is
attainable from a simple increase of the number of GPUs, rather than use of fine tuning of the
k-point parallel executions. Moreover, we find that a global setting of compiler options on

page-locked host memory can be a pitfall of performance.
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FHBITEALERYFI—YTF—4, QEF/benchmarks [7]55 3 F83E% &R,

RUFI—=0% |1=vbtl | AvbAdD-T | SALFEE SCF &E®D | /\UF# FFT 3 kzxY
ROREFH | *FLF—(CK RAREE oy K O#
EREE) Ry) M (smooth)
AUSURF112 112 25.0 Davidson % 2 800 1600000
(125,64,200)
GRIR443 443 30.0 Davidson % 1 1793 2764800
(80,180,192)
PSIWAT 586 25.0 Davidson % 5 1531 1600000
(64,125,200)

AUSURF112 [1 node, PPN={Num of GPUs), 1 t 1] GRIR443 [1 nade, PPN =(N;

at TSUBAMEA4(AMD EPYC 9654 w/ NVIDIA Hlnn SKMSI

um of GPUS), 1 thread, nk=
at TSUBAME4(AMD EPYC 9654 w/ NVIDIA H100 SXMS)

PSIWAT [1 node, PPN=

(Num of GPUs), 1 thread,

. nk
at TSUBAMEA(AMD EPYC 9654 w/ NVIDIA H100' SKMS]

30 - niun  E newd
band mi_rh
sum_band  mem eth 350 1
- of_rhx
= 300 4
| [ ]
__ 20 1SSt 250 1
o
H 200 1
B 15 1. —
]
]
-3
z _— 150 ™
10§ - -
100 1 .
(RSN I ——
50 1

Number of GPUs

(a) (b)

B 1: GPU % (f&#h) ITxi9 % PWSCF O#Fi@bfE (#té#h) . PPN (X GPU #z—

ALYRTREIT, (a) AUSURF112. (b) GRIR443,
TSUBAME 4.0 T QE Q4 RESFMEITS, /S —23
UIE 741 EF5,QE DI\ —CEOBICHITEAE
BEEIVDUTHSDPWSCF CEEREEICE D]
BT YILEBERBEHEI—R) ICTERELTS,
QE @ NVIDIA GPU []I+3E % (& OpenACC &= 4K
ELTULVS, F£i-. CUDA API #FFUH T =8I,
CUDA Fortran Cigib S =547 5!) deviceXlib [5]
MEHN TS, 4. CP (Car-Parrinello 55— R
DFEANFEI—F) BE—MODI—FTIF CUDA
Fortran TEEINTWS, AFIARETHRET S
PWSCF (& OpenACC &1 7 3V A MBI E-EEL
Eo T %, OpenACC KEED EANDIFE . GPUD
AEVFAICET IRBILORMIIBONI=LDIZA
%, REETIE,. IV ALULAToarTHIEITESL
RNILELTEVAEY (HBHULMIE Pagelocked host

- nit_n

- rewd

Number of GPUs

120

100

80

60

40

20

(c)

(c) PSIWAT,

Number of GPUs

&+, 1 OpenMP

Three benchmarks at TSUBAME4(AMD EPYC 9654 w/ NVIDIA H100 SXM5)

-€} CPU-GPU (1 node, PPN=4, 4 GPUs, 1 thread, nk=1}
CPU-GPU (1 node, PPN=4, 4 GPUS, 1 thread, nk=2)

-@ CPU (1 node, PPN=192, 1 thread, nk=1)

-4 CPU (1 node, PPN=192, 1 thread, nk=2)

,-:’f‘-’?"’-""-—-l;::-_; S

[Quantum ESPRESSO 7.4.1 [PWSCF)

| CPU: Intel 2025.0.0, Intel MKL, OpenMPI 5.0.2
| CPU-GPU: NVIDIA HPC SDK 25.1, CUDA 12.6, OpenMPi 5.0.7, nopinnedallac

10] -
"
(1]
)
£
£ 1004
o .
2 &
o
©
w
10049
AUSUR

*19 % PWSCF D#z:&

memory) [6]

F112

GRIR443

PSIWAT

Name of benchmark

2: 3FBEDOAUFI—H (HEEh, R 1%23H)IC

B Gt

DHRZFARDL, LIF7LURELT,
CPU OADETHAEITDNAFYTRELITD,



(B 20) KR |HESE

YAk 1: KM c_bands [2HFHHRYFRRY D EESF], PWSCF Oa—KR (1M oik#%,

I PW/src/vloc_psi_gpu.f90
ALLOCATE( psi(n,incr) )

ALLOCATE( psic(dffts_nnr*incr) )

[
I$acc parallel loop collapse(2)
DO idx = @, group_size-1

DO j = 1, dffts_nnr

!$acc data deviceptr(psi_d,hpsi_d) present(v, igk_k) create(psi,psic)

psic(idx*dffts_nnr+j) = psic(idx*dffts_nnr+j) * v(j)
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Impacts of MPS [1/4 node (1 GPU), 1 thread]
at TSUBAME4(AMD EPYC 9654 w/ NVIDIA H100 SXM5)
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AUSURF112 (1 nade, PPN=4, 4 GPUS, 1 thread, nk=1
at TSUBAME&(AMD EPYC 9654 w/ NVIDIA H100 SXMS)
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