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SC25 Web Site | https://sc25.supercomputing.org/

=Y America’s Center Convention Complex (St. Louis, Missouri, USA)

SC25 HifH 2025411 A 16 H (H) ~21 H (4)

Exhibition #ift] | 2025411 A 17 H (H) ~20 H (K)
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(1) Research Institute for Information Technology
(2) Finding Molecules by HPC + Al + Search

(3) Revealing real effect of communication overlap with Non-Blocking Collective
(4) Advanced GPU computing: utilizing MIG and ray-tracing HW for HPC

(5) A Workflow Management System for HPC-QC
(6) Photonic quantum interconnect architecture for distributed superconducting

quantum computers

Research Institute for Information Technology

Revealing real effect of communication overlap
with Non- Blud\m" ( ollective

About Us
®Institute for research and development on wide variety of
topics in computer science field, established in Apr. 2007
®A member of Joint Usage / Research Center for
Large-scale
(JHPCN, collaboration of 8 universities in Japan, FY2010-)
®Part of the High Performance Computing Infrastructure (HPCI, FY2012-)
R h ion e —
eyt - TR
®Educational Information <
® Advanced Network and Security
® Advanced Computational Science
®Cyber Security for Information Systems

Activities Fuliuah City

®Working together with information infrastructure
division of the university

‘®Research topics : computer/computational/data
science, network, database, security, education, etc.

A

Japan
®Operates supercomputer o
Supercomp Genkai__opentonsurted i 0ct. 2024 i
e : s =
0w \ Next Cloud) ] onket
- K

Intergonnect (18 NOR, 200Gb93/400Gbgs] s s ST

et Sopgon R 3 et g o3 et e

performance Memory Memory BW ___ Power # Racks
FPOA(CPUIGPU) 1339FF  SSLSTTD  108L4ATH/s 2375.75KVA 32 racks
(P60 s GRISEINN  OORS MOTE  CORSGSLE e sower.

FP16/BF16 (GPUTC) 166 PF "IWae/s 155718 MMGW/3 41742 T0A s cose BMA)

Find Molecules
by HPC, Al, & Search

The components of the algorithm

@ Simulators / Mode valuate Molecules

® Molecule Generator: Generative Models for Molecules

@ Search: Massively Parallel Graph Search (MP-MCTS [1) / ChemTsv2 (3))

Parsliel
Search Algorithm
" « o N ¢ HPC i‘
‘ . Gerkst
’ HO% & 3 >
©r . "ML model
ONN models . we

Used by Multiple Companies

@ MCTS finds better molecules than other Al based methods
® Our Parallel MCTS scales well up to 1,000-fold [1]

® Found novel naked eye-detectable fluorescent molecule [2) g
® Software lreely available on github gthub.com

Non-Blocking Collective (NBC)
® Allows the process to perform other work (computation, 1/0) while
data transfer (ex. MPI_lallreduce, MPI_Ibcast)
® EXPECTED to enable high strong scalability by hiding communication cost

ine progl isms for NBCs
Offosdng progress Twesd @ Overlapping effect by NBC depends
g unimesi < B | Onthe progress mechanisms
- ™ T | = | ®sStudyavailable mechanisms:
Ot |y Comte | [ - Offloading (ex. NVIDIA SHARP)
e owen ||| gz = | - Progress Threads
=" = " u - Assistant Cores (Fujitsu)

Build a benchmark suite to measure overlap effect
@ Enable comparison of overlap effect

among various NBC progress ‘
mechanisms | Al I I I
@ "Overlap Ratio" measured by existing - |
benchmarks cannot reveal the real
Oveta 30 WENNEC ot esacurion e wih NOC
effect on oy ourbecomark)

Apply NBCs on applications

Pipelined CG MPI_tallreduce
Pacallel FFT MPI_talltoall

Atmospheric simulation MP1_taligathery.
Sparse tensor decomposition Sparse Allreduce

Supponed by JHPCN program (jh250041) in Japan

T ATy S LD T

Advanced GPU computing:
utilizing \ll(. and ray-tracing HW flu HPC

atoshi Ohshim ive

MIG may help improve computational performance.

® Small GPU kernels cannot fill whole GPU. ® Concurrent GPU kernels
struggle for resources.
small GPU kernels GPU s ~ GPu

kernel 1 kernel 2

QAR

® Computational performance may be improved by MIG.

® Small GPU kernels can be executed smoothly
® Total performance of sub GPUS is higher than normal GPU in
of Block Raw-Lank
® over 50% improved

+ Satoshi Ohshia, Akihiro s, Rio Yokota, chitaro Yamazaki, “GA Factorization of Block Low-Rank Matrices on Mult
nstance GPU", POCAT2022, 00¢/10.1007/978-3.031-29927-8 28

Accelerate simulations using ray-tracing acceleration unit.
® Ray-tracing is an important algorithm in various scientific applications.

® Current (non-HPC) GPUs have ray-tracing acceleration unit.
® May we accelerate simulation using ray-tracing acceleration unit?

@ We succeeded to accelerate radio wave propagation loss calculation by utilizing
GPU with ray-tracing acceleration unit
@ We are trying to use ray-tracing acceleration unit to other physical simulations

Sy “o'“ =yl ® Could it be used for collision detection
‘\ \n in physics simulations?
Screen Otject s [
S 0
Sir cotoon Necower
g oru g,

-, POSEC

0OI:10.1109/\POPSWSS300.2023.00115 Workshop Best Paper

, Tukumi Truda, Kin'ya Tekahash,Tukeshi Nari
Information Kyushu University)
tkoba@cc.kyushu-u.ac.jp nanri. {akoshi 995am] kyushu-u.ac.Jp

Purpose
® Developing, constructing and management an environment for “HPC-QC”
hybrid environment that scientists can concentrate their study.

Problems cFp Who choose? giochem
® A wide variety of " g
® calculation methods
® calculation purposes
® super computers
® Quantum :ampuxers/s-mulalors
o Al (LLM, ML)
. their comhlnmons/conslramts

A Workflow Management System
® GUI part of the “OPEN-WHEEL” [1] + Distributed Daemons[2] (user space)
OPEN-WHEEL Upper Layer Scheduler

You can manage and control the
entire environment of “HPC-QC”
from your PC.

hat/How do you choose?

Schedule

® FY2024: of resource (e.g. multi-
layer schedulers) for effective use of quantum computers

® FY2025: Development of systems that integrate workflow and resource
management technologies

® FY2026: of through

Photonic quantum interconnect architecture for
distributed superconducting quantum computers

Supercond. Fault-Tolerant Quantum Computing (SFTQC)
® Superconducting Qubits operate at 10 mK.
® The State-of-the-art QPU integrates more than 1,000 qubits,
but there is still a considerable gap toward 1 M qubits.
scalable,

are intensively explored.

Distributed SFTQC

® Connects QPUs via optical channels
jeeds to transduce media

® Connects QPUs via microwave channels r whe

® Needs to connect 10 mK stages physically

Architecting Distributed SFTQC

@ Step 1: Physics-oriented quantum network simulation
« Developing discrete event driven quantum network simulator
* Tracks single ph , interfer
. ware ting network

are defined as modules

] —~

Module based design
(Entangled Photon Source)

fofs

System-level configuration with components
® Step2 logical generation
. network are defined as modules

@ Step 3: Application-aware dynamic resource scheduling
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Al BT OFREIC KD, FHREIEENICRE T H/KGRi DR RNEN I >TOWE Uz, e, B
AT BRERGBILIE>TED “DOBYNCTHE NI E T R RNAZ T % DIk 22 L
Xl7e, TOHRTHMARZOT =&, @B O@EEIGED >7e e H D, RSB TE N2 o7k
BOWE T, JUNKRZERT —ADOSNINEE. 7 — A0 Technical Program, Birds of Feather,
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SC25 Web Site | https://sc26.supercomputing.org/

= McCormick Place (Chicago, Illinois, USA)
SC26 i 2026 411 H 15 H (H) ~20 H (&)
Exhibition #iff] | 2026 4511 A 16 H (A) ~19 H (K)
UM K% 7 —Z | No. 4802 (10x20 7 4 — k)
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APAC HPC-Al Competition

TOARYME, HPC & AlOHE. W7t 0O D0OHEER HINE 33K TH2 APAC HPC-AI
Advisory Council (https://www.hpcadvisorycouncil.com/) W EMTZEDT, 77 R FrEHIEK D
4 A58 LT HPC BXU Al 3B OE i 2556 D T,

B DNE, AFR HPC e AL 0O " DOEMEREN BT — LA 4 ~ 5 HIEEN T T
W77, E LG EBS M —7 DM RERELICH O A, TORERZTBATHEK TS, EVILDTY, HE
ZAERBMREL I THITVLE Y T—a Y ONEBIIR L TEEZTTO, M AETF—LISIZEED
mEENXY,

CDANYME 2018 FFITHAED 2 8 RIHE A5 5N, 5T 49 F—LBZINLE LIz, £z, FlH
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L7z,
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EEE 22, SOISIREFESIE RO RS HICHR E NIz Slack Fv RUISSIMLTXA
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QTEEHESTHY ZRIEFAROSEZZITS TETT,
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