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from qiskit import QuantumCircuit
from giskit_aer import AerSimulator

from qulacs import QuantumCircuit, QuantumState

n=3

circuit = QuantumCircuit(n)
circuit.add_H_gate(1)
circuit.add_RX_gate(2, 0.1)

qc = QuantumCircuit(2)
qc.h(@)

qc.cx(0, 1)
qc.save_statevector()
state = QuantumState(n)

circuit.update_quantum_state(state) simulator = AerSimulator(method="statevector")

state = simulator.run(qc).result().get_statevector()
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Motivation

® Collective communication is the significant causes of scalability degradation in HPC.

® NBC (Non-Blocking Collective communication) is expected to be a means to overlap this collective communication with
computation and hide the communication time, but its use is currently limited to a small number of applications.

® This project provides programmers with correct knowledge about the usage and performance characteristics of NBC
and the effect of communication hiding in real applications.

Topic 1: Available progress methods for NBC on each system

® 4 progress methods for NBC will be examined on the following 8 JHPCN supercomputers.
® Documents of the usage will be released for each available method.

AOBA-S Wisteria- | TSUBAME GENKAI
Oddysey 4.0 (2024.7 ~)

SHARP in study in study in study
Tofu Barrier NG in study NG in study NG NG NG
Assistant core NG OK NG OK NG NG NG
Progress thread OK OK OK OK OK OK OK

TOpIC 2: Trends of the effect of overlapping by NBC

Effect of overlapping by NBC depends on various conditions 16 nodes 1 PP 16 nodes 2 PP
such as interconnect, progress method, PPN (number of 00 aSurE 4w TR SARE
HPY harp = HPC-X NoShamp
processes per node), etc. W e ” RreAEr: ==
® Preliminary results £ . ' g .
- Overlapping ratio on TSUBAME 4.0 E é
(OSU Micro-benchmarks, MPI_lallreduce) # #
- Other available methods will be examined on each system = ... & ' BE =
® |n addition to the overlap ratio, the effects on the total P S s v o (R, I T .- TSNS TN
. . . . . . 4 2 256 2K 16K 128K ™ 4 32 256 2K 16K 128K ™
execution time will be investigated with another benchmark. iz (byio) size oyio)

Topic 3: Investigation of communication hiding algorithms with NBC

® Description

65,536 ; Alg.1 Original PCG
Krylov subspace iterative methods, like Conjugate Gradient el e d . 7 ::€-3 Pipelined CG
(CG), are essential in scientific computing for solving large- srabarrd s hikiin < R B4 CropRce
scale linear equations with sparse matrices from FEM, FDM, sy _* /% HAR ol time lscg) s : . e reeuce
and FVM. Efficient execution and minimized communication 5 T T ¢ -
are crucial for large-scale parallel computing. Research on § Ef;‘;‘;’:;i’l‘;se‘gc(s
Communication-Computation Overlapping (CC-Overlapping) 16,384 Solvers for Parallel FEM
has led to pipelined methods that reduce communication Application with
overhead by overlapping communications and computations. / zunpg;r;(?gr/e\go;:g?s
Pipelined CG changes the sequence of Krylov iterations using hise m == P P oz sepaes SYStem at JCAHPC
recurrence relations, allowing collective communication for ' ' ‘Number of Core ‘ " usingIntel Xeon/Phi
dot products to overlap with heavier computations. (Horikoshiet al. 2022]
Implemented on Intel Xeon Phi systems, pipelined CG ® Schedule
achieved a 40% speed-up over original CG. This project (FY.2024) Evaluations on supercomputers with SHARP using CPU,
evaluates the performance on NVIDIA SHARP systems and Pipelined algorithms with mixed/lower precision
aims to develop stable algorithms for lower precision (FY.2025) GPU version of the codes, Evaluation/improvement of
computing. Future plans include developing GPU versions pipelined algorithm with mixed/lower precision
and optimizing collective communications for applications (FY.2026) Evaluations on supercomputers with SHARP using

like FFT. CPU/GPU
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International Conference on High Performance Computing in Asia-Pacific Region Workshops, 2024




— 18 — SENAC Vol. 57, No. 3(2024. 7)

JHPCN: FBRAFRIGHREBHEFA - HERFHR 8160 = >RSI A
2024 —fixHtFEIAFTERE jh240076

EXEFEZRAVCEHRIRRZSOXRRIEREFITS LU IFLA
NI i (REXE) T % >

Eﬂg TOKAI KIRZ u%%‘f A atiar

« BENBIZRZE I 2K, RORRIDEVWIR, BREXREZH Y SRNDOERIERE
o FRA ISR (CEA R EUREARRERT VL) \DRFES LU T F D EFOEREANDIEA
SR X
« KRE: K 1Bt (RiBX)
« BIREE: 4K K (KIRQAIZK), WR BEZ (RIEXK BA/N\—SAIT> 25 —), &E BT (RBX)
HEAFRE: FH =i GRBX), WE BN GRBX), Kl HTHE (KIRAIZK), fialH A2 (KRAIIK)

RO E

. JEFEARENavier-Stokes/ TR A BRHEFEIC L DETE -
. FEfTEIEREE(Level setE)IC L DMEB LURRAE LTS .
- Ghost cellZ FIL Ve 1BsDiAHE FE TR EDE R % R o

° _\a/&ﬁE(L(EtGhOSt ﬂUId/ﬁ%@ﬁﬁ L;AS?H%T‘MSLED‘/rbfﬁ’éiﬁn%i%l‘g
- BEEER&ESR EMROB R (CE T IZERBEANGB

Ghost Cell

(]
e @ e o o o
A

o TAEEERR(CKDEREMH DA ZEERE : : ; : T,< x
e @ @ e e e
+ MPI&OpenMP(C K BilFIFTEADI G Object Cell I

Endgap  Top land

Velocity Magnitude [m/s] 0 1 2 3 4 5

% s -
B "
. :“;3 Piston
B §b$1> SCHDEX b U SO EDORIE R ER 9 DTEAREE O DN

SEEDHERNE
o v —F)UEREBRADY A IO/ T ILODR A (C KD EEKRRIROIRET
s BRORET IAF v 2ER UKREA(CET S EERI OZES) T8
- MEEEMD E— N A TREBOSIR _ABRERT
FARE(CAE SNTTE MDD ERES KRND AT Z X LADRES
o TANMBISEREIT (C KX D REPIREDZE I MEEET A

SEM

» S. Takahashi et al., Journal of Applied Mathematics, 252478, 2014

* Y. Kawamoto et al., Journal of Advanced Mechanical Design, Systems, and Manufacturing, 14(6), 2020
» D. Sasaki et al., 14th International Conference on Flow Dynamics, 2023
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