SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

[2022 JNIN KR BERITIE AT F IR : 2022FF

https://hdl. handle. net/2324/7157415

HERIEER : N KPISMETITEATRESR. 2022, pp. 1-, 2023-11-01. Information Infrastructure
Initiative, Kyushu University
N—=I 3

HEFIBAMR

%, KYUSHU UNIVERSITY




B8E ARV AN

FT8E ANV MBS

8.1

la xSC2018Q ¥ — L& R—/IN—OAVE1—RICET BV VRI VL]

ChE 7RI X A= 8 —arvEa—% (SO LW T7—<Z#ETF. ZD [7xich] O7E T,
SETCA—/N—aVEa2—2LDBEDONHEO >/, BT, BUCA——a 22—
AEEHENT VS, TNTHICTHEOMAREBONAZ#EHL CHE, S5, ZhbH
EESE Z IEE B K OBIMEOE R EITS ¥ VRV T LT,

SENE.ZD [7RICh ) 72 17— L] & U4 FOREEE OBEERIC RS HED X 5 Tl — L,
ESICENAINA Y TA VT — LR EMEORZHIN E T 50U 7 A7 — Lz @itic, BIE
DOHD FHARIFRDEY, EHICA—/3—a V¥ 2 —2IEHADOAREIECDOWT., TR
FLl, Tl 5BOS—LEZA—)8—a ¥ 2a—ZDMEDLDIC DN TDIERZHRZITD T
MR E Uz,

FAfEHIE @ 202244 H8H (k) 13K 205~ 17 I 30 77
o F L AV B

T JUNKAE R o 2 —

Ho O SEKEHNERA T« T 2 —

A= AN

13:20 ~ 13:30  BHEERES

13:30 ~ 14:15
RIS EEBIRDTRN T — LT LA D ER
T —h CUNRAIEBR 7R > 2 — B4R

R L R 7% W Tz AlphaGo D FHEML - 28] U7z Z L IERdBICHT LW, AGHET
. WEPEETIVO N L—= 2 T L MFIRERD 2 DORSN 5 KB R G R ERD
EDX IO — LT UAICEHBK L T2DOD ZEHT %, & SICHWT— L AL O
TN BELNTETEMEDODTFICE 6 LDODH B EHBRICDOWT, #EHEDEICE
N 7MY %,

14:15 ~ 15:00
TR & ZRa YU BNAIVA VT A U7 — LDARK ]
B E7 (KLab #RRX24t)

WESDENAIVA VT A 27— LOWMRHSGHEIL 7 JKFNCE L, GBIz
BT TWVBe TNUHES T — LORFE < #HAE ZURICKEIBE L TH D, 2R
ARARICIE S TWD, Klab BRRXEHTIE, 7V —LDOB¥ - EHTELZBERT—
ZFEH LT, BRSBTS HD HA TV 5, AT, SUNKABH TS
EOHEMIHICE D, VRALT 7Y a v — LOREERICOWTHRNT %, A3

(151)



HF8E ANV MEN

VTHEERETIVEIIML, ZOEE ST RIT7aA49 2% & T, WHEERER
Ze BRI IR RTREIC Uz BRARIC BRI & ZNa I K> CThlRE L B B #7275 —
LIZDOWTCJRYE bR %,

15:15 ~ 16:00
[T ATF—=L7 0y b in X ZN—=ZIEA[EED | 7]
B 152 CUNKA R A=t T2l B

V)T AT = LR EMEOMRIE A A 17 Y 2V —LTH D, 2009 F
MBEEE DI NCYNIVAT 7B 7= T AP —=L7aY 27 b (SGP)
ZHELTHBO X9, £z, 2020 FLPE. auF#MTHEERS T LICHRIND»D S
HEEACH DT, KiEF v > /8&7% 3DCC TIER L. T Dot it 77— L
ARG - KKEF vy R HIgR) ZTLAT B L0 (FfTD) X ZN\—Z)ik
DA Z KRNI T R>TED £, AGHTIE [F—L) LWy [0T v
V7 AF—=L7ays7 b BXO TAVET - KiEF v VA% HIgYE) Offaiz
THELEIC. ARN=AZETUY T AT — LOFEGEI[RED. ZDHLEICENL
SHVWDAVE a—RICKBEEDPRBEICERDZDEAINEVINETHE L TENL
EBRNWET,

16:00 ~ 16:45
A — INODfifR )
HH TR0 CREURZE ISR > 2 — B

FEDT —LERGIC LY —L7 0l 2 7O T, TABO Ny 7L A
YZ2ET ) [ —=LRR ] &0 2DDRERIAIVA =D B, TD2DDX
AIWAN—=V73ERT % T2DICiE  KEDFHEEERENNE L /5%, AEHE T T,
A DBARICSIN LTz GPS FHHOGEZHLIC, MEICaAVEa—X T LAV —0HE
DESICANBD Ry T VLAY EBATEIEDZHENT 2, £lz. ROXAIVA b—
VTHB 75— LR 1DV T, MEICREINS—LE, SERDOBELICDONT
fRaEd %,

16:45 ~ 17:30 #&5tim

(152)



B8E ARV AN

8.2 THEBRMBEFHRICEAT 57 4—5 L 2022

202284 H 25 H (H) IcA > 54~ Microsoft Teams) 7z VT, wHFTDNAINT +—< VA
aY¥a—7 17 (HPC) 1B 3 el SL BOR DRI HE TR S A 7 LRI HE O 1F R
THDGEE UT, Ml 7 A —F LEMELE Uiz, 74 —F LICIZHEMAZy 7, v 2—HEH
BIfRE & I L. BLDGEEILED D ENE Lz,

(TH—5L7ar75 L]
13:00 BEOBRE

13:05 ~ 13:25
e $hittt (RIS
[HRAARELIR O KEEUER 5 & BT 7 Uk

13:25 ~ 13:45
AT B (EYKE)
FEEA2 W AGN ¥ vy MEBRD 2 IR AR I 2L —Ya ]

13:45 ~ 14:05
AREF L RIER)
[TV Fw T REF T ORI &S O R

14:05 ~ 14:25
FHH L CRYIRRS)
PRESHE 01 4 VRIS B 2 MG RREMIB O iz H IR L 7
DTV Ial—ya Vg

(AT

14:40 ~ 15:00
ik —F CUNK)
M ez 22 nTHE S % in silico AMAE TV ORIFE & BRETREN DR

15:00 ~ 15:20
I B (KLab k(4D
IR 72 O TeRE TR SR O WEE

15:20 ~ 15:40

FH s CEEOES IR
[A1K L2VPN 3@ E#87% W 12 00 B0 T — 2 INBH Y AT LNORRGIE

(153)



BH8E ANV MM

(K5

15:55 ~16:20
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8.3 [EPEREE SC22 Exhibition |ZH 1T B HZEHRESR
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SC I KETHME S N TV S EREHT. 2n#Ed 12,000 ~ 13,000 AL IEFICEZ L, K
122nd 2B X UREES RPN SEEL S, HREEDE TR KHEBIO X
>~ F T, SC22 13 >K[E Texas MND Dallas i CHIEE N EK LTz, 2 112 SC22 DS A,
BERGIUNKRET — ADMERZTLEHRLE T,

1 1 SC22 ML KU NMNARET — A

SC22 Web Site http://sc22.supercomputing.org/

A Kay Bailey Hutchison Convention Center Dallas
(Dallas, TX, USA)

SC22 Wi 202211 A 13 H (H) ~18 H ()

Exhibition ] [ 20224 11 H 14 H (A) ~17 H (K)

NKRT—A No. 3941 (20x20 7 r— )
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FHRERPE B K UGHRBRIAICE T 28R, BB L TV 25 RRERA EZBNMLTEXL
7zo LA L COVID-19 DFEET SC20 x4 VT A4 VBfEL 2D, SC21 &4 7V v RBAfEZ -
et DO IR E LU < f S Nz, 2 . B TORERRMTATEAT L, SEIZ
YLK DIFRIC L £ 750, ALSD OB TOEREZD LTz,
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(1) Research Institute for Information Technology, KYUSHU UNIVERSITY

Research Institute for Information Technology, KYUSHU UNIVERSITY

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 Interdisciplinary Large-scale
Information Infrastructures
(JHPCN, collaboration of 8 universities in Japan, FY2010-)

® Part of the High Performance Computing Infrastructure (HPCI, FY2012-)

Research Sections HPC Activities
® Academic Information Section ® Operates supercomputer system
® Language Education Environment Section ITO
2 H i « 2000+ COMOUUNE NOJ:
® Learning Spaces Design Section g m:";“:' :«uw-v
® Next Generation and Future Network Section Hyseid: COU » GPU, Batch » Interactive k
® |Interdisciplinary Computational Science Section @ Study on hybrid quantum-classical computation
® Advanced Computing Infrastructure Section - As 3 momber of "Project for Innowvative Al Chip and Next-Generstion

Computing Technology Developmest™ (FY2016 - FY2027) of NECO (New
Energy and Industrial Techaology Developrrent Organization) in Japan,
RULLT of Kyushu University is udying techeical issues in hybeid use of
Quastum computers and Casscal comautens.

MO campus, Kyushu U. o |

Fukuoka City AT S Japan

(2) Supercomputer System “ITO” - 10 PFLOPS Hybrid Supercomputer

Supercomputer System “ITO” - 10 PFLOPS Hybrid Supercomputer -

Batch-style Backend A Batch-style Backend B

Fujitsu PRIMERGY, 2000 nodes Fujitsu PRIMERGY, 128 nodes

18¢ Intel Skylake-SP x 2, 19268 RAM, Water-cocled, 15¢ Intel Skylakoe-SP x 2, J8GGH RAM, NVIDIA Tesls P100 x 4, Water-cooled,
255900/ sec, 45PF HPL, 62.9 TF MG, 255 9GN/sec (CPU), TI2GH/sec (GPU), 35.1 TF HPCG (GPU)

6.9 PF

Interconnect

0.5 PF Mellanox InfiniBand EDR
. e Mellanox S87890 x 407 switches,
Interactive Frontend Full Bisection Bandwidth Storage
HPE DL380, 160 nodes N DDN SFA14X (OST)
18¢ Inned Skylake SP x 2, 33668 RAM, - 1078 SAS x 790 HDOs x 4, RAIDS
NVIDIA Quadro P4000, Aircooled - - F “tS ETURNUS MDT
SGI UV300, 4nodes o e . = 1O}
22¢ iened Broadwell-EX x 16, 12TB RAM - = = _.:._."":
NVIDIA Quadro MA000, Ar-cocled oo
L(:1&|BPerformance Memory Memory BW Power # Racks
10.43 PFLOPS 44178 960.2 TB/s 2667.6 KVA 74 racks
CPU: 2.72PFLOPS  DOR4: 43318 DOR4: 585.5T8/s estimated maximum with HPL,
GPU: 2.71PFLOPS  HBM2: 8T8 HBM2: 374.778/s includes cooling
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(3) Advanced GPU computing: utilizing MIG and RT core for HPC

Advanced GPU computing: utilizing MIG and RT core for HPC

Lewe{eni: oEites an 6 (1A wirk i pirtialy sppeted by ISP KAKENME Grart Mumbers 21903447 and 25619761 )

® Although Moore's law Is approaching the Bmit, the growth of computational #H -matrix on GPU
performance supports the improvement of various sciences. The growth of the

speed and capacity of memory i not catch up with calculation performance ® To actelerate Horardhical matrix (- matrix) « vector multplication in Bi.OGSTAS

Low Rark appron mation methods have attracted ttenticn as a soluticn 20 this method on GPU, batched calculation is empioyed. We succoeded to obtan high
5500, performance than CPU.
® Low-Rank approsimation methods use appeaimated matrices instead of raw * Satoahl Obabima, et al: Optimszation of Mecschical matts computision on GHU, SCIA 2018

$077%, DOt 10.1007/978-3.319 6955 3.0_14, 2018
ot g o Can ' " i a NCS
matnces. Various applications can be solved fast with a small amount of Setouhl Ohshiona, o0 o: Optbinization of Mumeormes Sl Ouise-hhatrisVoetar Mtiphtatons 4

memnory within the acceptable error W matric Antheretic on GPU, MCSCC 2019, DOI 302 50 MCSeC.2019.0000%
® How about ton GPU?
® high performance of GPU is yieided by a lot of cores Block Low-Rank QR factorization (BLR-QR)
® high paralielism [very long loop) s required, but Low-Rank matrices on Multi-Instance GPU ([.1](_‘,)
requre numerous small matrix calculations  Mow o acoelerate it?

© BiRis a siwple case of I -matrix, suitable for datributed computing.
® Batched computation is 3 hopeful solstion, but it requires major code rewraing
To obtain high performance withcut major code rewriting, we employed MIG
(A) Examgple of N -matria

Caktuintion image z-m«m-nnm-.

- — =
S~ _ s

feature, With MIG, we can use GINU Iearies in imited GPU and It is uiefiul in
A " calculating numercus senall calculations on GPU.
oy o o = ® The latest result will be shown at POCAT 2022 (this December at Sendai)

a - s I Ceamaie of BURMWETE o gopnqns Ofanrvan, o8 0L GR Factinizatson of Boch Low Mk Mutsces on Mt ivitance G
Gerveriad e A) POCATI0N, Witan /) wwrw hoe itk 2 pdent 2002/
Ui A7 e (e coenlile Eppliniliig cooortoed by trovs mae ot tagoys Usw) < © Optix ebstard the Lalest vt tome

= © Operit? 4nd OpenALC ute BT Mgonthm,

® Ray-tracing & an Important algorshm in various scientific e o VM dgormnm (By usng

I
|
! o

apshications. Becaune current GPUs have ray-tracing PR BV % appted omarically The
cceleration gty we want 10 utiiae them for scentific ~ - e oo et of Opax )
appiications. — — 0

® Our current target application Is radio wave propagation e b Satoshi ORatima
loss calodiation. We succeeded to accelerate its smple — Assochate Professorn

problem settings by wtiizing RY core of NVIDIA GPUs.
® We haww alrvady publshed its result in Lipanets

OOMest research reports. Medse waill for the Englah

report at the future conference. [ R —
(Thin work wis partially wppcrted by 595 CACENNI Grant Numibens 192119763 |

chahima@®oc byushuu o i
btpc/ fexth net

(4) CoToCoA: Code To Code Adapter for Coupled Simulations

CoToCoA: Code To ((J(l( Adapter f(n Coupled Simulations

M N AURKE (K e Uil Yite KATOM (Tubokn L Kehinn FTKAZAVEN (Kyotn £ Vol MIVART (Kb 1

Motivation: CoToCoA (Code To Code Adapter)
ub.com/tnansi/cotocoa

Connect MPI codes for coupled simulations with hitps://githt
minimal modification to original codes Goal 1: Minimize modification to existing MP! programs
Example; Connection via a coupler program that controls connection
I An MPT code of MMD simutation | Goal 2: Asynchronous execution
wrisien by programmer A Requester-Worker model,
ey = Goal 3: Low overhead of data transfer
An NP1 code of Electron Mytad il Two styles of data-transfer:

Ohag} Simutetion writien by programmer 81| 1. Attach an array to a request
Another NP1 code of Blecton Hybrid | 27 RECE 60 1y I Cn et

S = S | simudation writan by programmer B2 | .
s Beauey
R a . v et e

Code .

MR Coted  Data (Direct ¢ 1 >
M Code B,
Evaluation:

Requester: Coupler: Worker: - resssr oy Ao sty ot
Comoute POUL 0 rerest 1o Requester POLL 2 reguest o Cougler . + COMCAA SRadh AN 33 3 At
PNROSE duta area, o Collect data, calcutete. Colecy dony 4 (0K ek waz Bervcte 408
ATTACH dats 1o 3 regroent 08 choore ¢ worter - Cormpute MNP Une WA Sond st _Sec
CWRAMT 4 St 10 (onapier SURNET nqaets] 10 the wirier - ~;

- - - St —— —— S ahahinaa d Atpate e )

e e e LSRRERES it B, Miruson Infeland 108

- - e o e - St Butergrive 7, el A9,
" ————— ———a - —— o £ e, 4 o | e
. B e sty | | ZRE e M Snams
A - e e & S St - :—-':mub—-l
boir? ‘ L 3 L ke
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(5) Time Sequence Buffer for In-Situ Visualization

Time Sequence Buffer for In-Situ Visualization

MAENO Yuta,

AR M

Motivation

Inesitu wisualizaton requires storeg the results of lat ™ 8 butler in ch

NANRI Takeshi (Kyushu University)

pical order. Generally, the size of the butfer is not sufficent to save all results. In

this work, we develop the Time Sequence Buffer that runs as one of the MPI processes om multiple nodes runming the simulation. For efficlent vie of the Bufler, the
Visualiver should Be able 10 erate arbitrary dats snd save 1t 1o disk, For this purpose, we study slot masagement technology for the Boies

Visualization

Request
l 0
8
Send Data
Next
Save  Delete
Delete
. Vi e maambet of CAO0L000 Uty g * Defnition

Uity . Tha Unity facitanes visuslizason and oo
Sreen maspvisten * Function
. Lach Bunion on 1he sorwen has 2 Sen Arton 10
aripdane Bata whes & bamon 4 presied | saih
TGttt 5 st 10 1he Bt dide
) Prwy - Beturn to the prewvsous trme thep
Nt | Procesd 1o the et time weg ®

1 1o in the Dutler

& Uses Bash-tabies 16 saarch for emgty shots and

requested stegn

Time Sequence
Buffer

#5003 dats with Tene XInp M0ng e way b0 the smetetion

& Trarmmits , erases, Of wves dats sccording 1o the
requeits from viusluer

_ Simulation

Send Data

=

Loop

Save

®  WiNhe he mtetion Mogs wet 3 Caliulinans s
ompited, | serds Cakiuleted dints 10 Soe Duler
and it stopn W there i n 1o0m i tha tuer

& Continues 10 receive and whore data for 34 long i there

O oot Sge nierty OF CaliAstions 0 Mgy
~oaer

®  Tacget | TBOON o6 JpTan Srvteen
o) Vharreal furw of el plate
wesier forecast

(6) Dynamic optimization technique in tiering mechanism for hybrid storage

Dynamic optimization technique in tiering mechanism for hybrid storage

Memory / Storage Hierarchy

Currentty, hecarchical storage tuch a5 NVDIMAL, S50, MOD, and mamary are used in
computer systama. They each have the foliowing characteritics.
® DRAM
®  Volstie: Data is lost when the computer is turned oft
®  Very fast and asctessibie, Bul very sspensve.
& KVOiMm
Non Volatile: NG dats 15 bt when the computer i3 turned oft
Accevutie it \peedi equivalent 2o DRAM
Byoe-Ly-bryte Accens, s Opponed 10 lock y-ock acces for S804 and HDOs
Very expeniive per capaiity comparned 50 5500 and MOOs

.
g....

Faster than MDD with slectrical read/'wose
More oxporsive than HDO and Smited number of weites.

Low 2NCe paf CA0I0TY and lange Capadty.
Fead/wiite is phwsics and slow.

Hybrid Storage

Hybeid storage] 1] it & methed of combining devices with different
periormancelNVOIMM and S50, S50 aad HDO). Thary e clinaifiod into caching and
Eoring accoeding b the sigoethm Uted 1o exchange dats Sotmeen Sovicm.

-
..é..

® Caching
@ Use 13t device a5 cache for Slow device
@ Perlormance i highly dependent on access
oonterns
® volume depends on Vow device
® Tiering
®  Migration between devices of Sfferem
pocfOHMants 1O ISrowe average throughput
®  woiume i aalisble for the total of af devcer

Tiering mechanism for hybrid storage

®  One system That enables dytirid storage thiough Shering is Avtemated Tiered
Storage with fast Memay aad siow Flash stonage| ATSMF|[2]
®  Partition stocage In00 sub LUN units and monitar 10 dccesses by these units
®  Migramion of tarpet ares ctording 10 the gredictod remained
time of 10 concentration
®  Predcted remaingd time fimttpties
analyres the rephay in
Advance and uves satic
vkt fund by workioed

R
e

‘E = \,.»:-—— o

Dynamic optimization technique in

tiering mechanism for hybrid stora

®  ATSMVF performa megration based on the performance of NVDIMM: and S505.
10 If HOD4 are tarpeted, 0Qeration & unitable

®  Need 1O andtyze warkioad ch N advence 10 Oc grton
theeahoids

e Moca e

Iy X

®  Budd ATSMF-Dymamics, whach m B
Synamicaily changes the
migraticn dechion crderia
that are curmensly determined
iaticaly. 1o accommadate
MOTe peneric workiosds |
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(7) Toward large-scale quantum computer system architecture

Toward large-scale quantum computer system architecture

O Ot () eramntil 10 B Tervn & 11 1erme Of GasTum Sagremiy
o Corrctos (O C) Dchamiy & Fiessary 10 Seioive asch bagher e ate OF TS Loevired 10 (lariial omes
B Correed gy wansatebie Sulv BEvies Mgure Cragetk arvirtewrent (£ 4 1raramon, oo guartum dott)

[ISCA "22) XQshen: Modeling Cross-Technology Control Processors for 10K IMICRO 22| Q3DE: A fauit-tolerant quantum computer architecture for
Qubit Quantum Computens m ervlti-bit burst errors by conmic rays
(Seoul National Usiversity, Kyushu University, Nagova Universay) (NTT Corporation, The University of Tokyo, Kyushu University)

Research Goy

cowon | @ Provide 3 QEC GAcoder smplementstion 31 & snence esin

% S power) evabler estmiting QCP scstatiity

Aasoc Prol Tervo Tamemctn (Meruo@ipeda 0| # sty of information Scence snd Uectrical Enpmeerng, Kyt Unavenity

© Propome an e decoSng Mechanam BN 10 1INt deviations of phyieal ence it

® Optamizations hased on scatebity anshwe schiews & OCF $5¢ up to 39,000 subis Cribe count redocsion (X10) Iitruction theoughout Improvament (K1)

W BHboIc

SC22 1%, COVID-19 DEEN BRMNICSMEN D&, R OSIN#HXE SC19 Ikt
NB LRI UIZHRT L, ZOHT, KT —ADRAZ—ANBEP LKLY X —
DFFRERBICHKZ R > Te 2N & dam P ziT A X Lic, e, 7 —ZAF6R%
Technical Program, Birds of Feather, Workshop ZF\DOZfN7Z2iE LT, LK —AZMEE.
TNThA—8—av¥a—%, xv bY—7, X L—IFORMOMSEN > EAfiIcDO»

THIRMEONEK LTz,

I SC23 1%, KE Colorado @ Denver ilc & % Colorado Convention Center I T B fi T

ETY, SC23 THLIMARET - AL LTRRTETY,

%2 1SC23MEBXUERTET —A

SC23 Web Site http://sc23.supercomputing.org/

ELAT Colorado Convention Center (Denver, Colorado, USA)

SC23 20234 11 H 12 H (H) ~17H

Exhibition HiRH 2023 11 H 13 H (H) ~16 H (k)

KT —A No. 237 (20x20 7« —})
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