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U — 27 a y F(REEFKY:, K (online), 2022 412 A 13 H).

3. KEFES, TH1 QCD FHECTO LM mm VX —EHA A U EEOWE |, B ARYE
2 2023 AEFRFRE KT VAR Y T LGEE(Online, 2023 4F 3 H 22-25 A).

B) TMfthdFEE

1.

VEREiir, MO RIE, [LIRRL [t R SN 72T 7 WITIRTE L2 W IEIC X A IIREF o

SR, R ZE I T E O 2022(0nline, 2022 458 H 6 H-9 H).
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11.

12.

LN, )1 —, AR, SR, ARG IR, & AT, %Mk,

F{LA M for PACS Collaboration, [#%7 QCD #HW\We K FfflFE2I V7 b= 7 A

BEACFRFE PRI ), A AWM ER Y2 2022 Ak R (il L BB R 7 i 1L 3 ¢ o /R 22022

%9 H 6 A-8 A).

VEREAE, B RRIE, IHIRFRI, Te B SN T7-E T VITHEAE LR WHIEIC X 5231 g7

AT EEETR) |, HARWE S 2022 FRKF RS BRI F R L3 v /R R, 2022

95 6 H-8 A).

KB, HARCRGE, A)I6E—, U, xR —, Frases, IHIRE, TR

K7 O ELERE 7 QCD BHE , A ARWEL Y2 2022 FAZE R 2 (I 1L BB R 1L =%

¥ UNA,2022 -9 H 6 H-8 H).

FNGR, ALRIETE, LR R, &8fE, [E27 +—27 QCD WM D N=6 (25 5%

TEAEMEAT) , B AR 2022 FRKFER (W LR R W 1L % v o /8%, 2022 4

9 H6H-8 H).

RS, s, [0 VLR AREED SU(2) X SU(2) principal chiral model ~® i

M1, BRI 2022 FFRKFRR (M (LERRL R P 1L % v o /32,2022 429 H 6 H

-8 ).

FNGR, ALRIET, {LRAEF], &%, [E27 +—72 QCD WS S O A EAFAT -

UG TBIRRE 2D KIRFE COMMT |, B O EF5m & £ OIGH 2022 (TFQT 2022) (i

HOR - FEME BRI SR T, HURT, 2022 42 9 H 20 H-22 H).

ILRAE ], @i, JLRIEVE, AAKENE, TH 7 +— 7 S8R 2 6 RS k1

QCD DR FREDTODR v B 7 RT7 A= EH |, B0 L T OIA

2022 (TFQT 2022) (RS- EEMEMBLAHIZERT, HUER, 2022 47 9 H 20 H-22 ).

Kazuyuki Kanaya, Shinji Ejiri, Masakiyo Kitazawa, Hiroshi Suzuki, Takashi Umeda,
[Gradient flow (2 K 248 5 QCD O#EJ)%] |, %9 [Bl HPCI ¥ A 7 A5 FAFZERRE

Ji% S 43 (Online, 2022 4F 10 A 27 H-28 F).

Ve, P RIE, 1LIRFRI [k B S 78T VITHEAE L7\ S B o

iR (R A X —F83), FHAEMELAROTFAL 2023 IR TTRTR B G 4E, s, 2023 44

3 H 15 H).

HERE, HEARE, A)IME—, EIEE, Ex RE—, Brascls, (LR, TR

K61 QCD 2D BT RIR 1- DR gE ), A ARYELY2% 2023 42 K22 (Online,

2023 £ 3 A 22-25 H).

VERERTE, P RIE, LIRS A B R O E T /VITHRAE LR W & R

RAZEOFHM ), HARMESES 2023 4257 K23 (Online, 2023 45 3 A 22-25 H).
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13.

14.

4)

AN, ABRIEWE, ITRAET], &8M=E, INt=6 I[CBIJ 587 +—27 QCD HED
FEERE ], BARYBL 2 2023 3575 K<3(Online, 2023 4 3 7 22-25 H).

ILHRAE®], AN, @Az, JLRIETE, THIEER F QCD OE 7 4+ — 7 fHll T
— MR OK R OILFRT Y MEFENE] , BAYES S 2023 FRFRE
(Online, 2023 43 A 22-25 A).
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1. ROHREESE - EFEESE - EFES - ERFERF

1.
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4
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International Lattice Data Grid (ILDG)
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Japan Lattice Data Grid (JLDG)
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%

VRO L, BIRE, R —IVEORERER

[EHRA B DAL 2023 )
IR TS B A EE, IREI(NA 7V v 1),2023 43 H 13 H-15 H
ZINERL: 5, ZINEE (xS N): 369 (155)
TER N RABRBRCROTREE), REFE S (RS, TS w(f i T3R5, JIAGRSE
(QunaSys), &n [ FE (3 ER), T)IHAMI(OIST), HHER(RIKEN AIP/iTHEMS), &
BB ISR E B TR B K2 IPUT Osaka), 7K HAAFLJAEA), —AHMREEL KT,
K EVRORPRR ), FiH KA (QunaSys)
7 = 7 ~— 1 https://hohno0223.github.io/comp phys_spring_school2023/
Youtube T+ > /L : https://www.youtube.com/@comp_phys_spring_school2023
MWy ELER O 7 6O OB E 28 )
Kt/ AT A BE, 2023 4F 1 A 12 H - 26 H (22 [R)
BERAE R 191 A
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9. §E - EE
1 i, EEEZRERER. EEWEIER
2. REFVES, LRMREMZARZER
3. HILAR, iz, BREES 2T L EMEZERER

10. #t£EH - BREE#R
1. kB s{#. ILDG board member
2. KEBFEESR, JLDG HH /L —FREGUEE © HILAR)
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1. FHYEWRRM

1. A2iR—
Hiz Hprs Mz, KRAE
HEZI% A& IER, K& F, &)1 BFF
BhZ#k Wagner Alexander, &5 Z&
e 8 mAK H— (CCS) , & MN GHRAT 4 NP AT R)
FIEZE HER (RIWFEEARRTSE A) , M ZE (BIPESHRRTE A)
I FRAR (R BARAESE A) , GARR (E3 (RHuR BARAESE A)
HH RS (BT EARAETE A), PIZESE et (RIERIDTIE SR F3E)
S R¥BEE 28 4
PR 10 4
et 1 4
2. M=

KRR, BT N—T1%, 7T v 7R —) VBRGSO KRG ONZE, —MAE R R
IV UEREERIR ET R & D T ER SRR AE TR O X BRI B O 5E, R MM A RiET 5 7
T v I IR D I AW DG, X% T VA OSBREIERER A 5] & T RS
RGOSR, T4~ a HOMRENAERE REXFT VT 4 BE, HAERERMEICE
FLHEIEE XA MR, BEEMEY T e —L M31EE R b Y —AOMA/ERH, Dark Matter
Sub-halo DSy, X —2 <~ 2 =T \m —@RICK DX — 7 ~ Z =R ZI/M OTERaETE,
JRAREHATHIE R Y R 2 b— a &, BRI €7 T 7 4 — OBAEISE, A —R—a
a2 EEeMOEFHAREHEICRS T 5 =2— ) VOffEY I 2 b—vay, Fif
KHBAEEERIZS T D =2— U D J)FHIE%E, AGN feedback: The interactions of AGN
radiation, jets and winds with the host galaxy, 2RI IT DERGHGEA) FE\fROMIE, %17

277,
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3. AR

[11 h— - TS5 vV R— I AEOBEREEROAR

TEEETIZS X R & Woloa v Ry M RETRTAFX —RIEOT XX —RIL, 77
VI RN A~DIHAEFRTHDHEEZEZDLNTWNWD, HTH, =7 4 Mo HEEBZ DN
FE R T RIRICIE, BEABRERSGTET D & THRIND, BENABEEROMIEIE, HiZL
TWRWNWT Ty IR —)v (aTr7 VYV N T Ty 7R—)V) ZHINATOITE N,
Ty I R=NABERE L TWAIGE (I— 77 v 7R—) IZO0WTIEEL LA
TRV, £ 2 TANETIT, ﬁ~-7?y7$~wﬁﬁ@%%ﬂ%%ﬁwéﬁmﬁ%%%
WSR2 b—va v EFER LI, ZOMRE, 77 v 7 AR—ARERICBEET S
3L, mXNF—EHER (FET LT AOEET RNV X =TT DRI D 1)L F—
DEE) MRELSBRDZ VDo, £, HELTWRWT T v 7 R—/LDEE, =X
X=X LICHRN TSN 2D L, RICHIET 577 v 7 R —VOEGEIERA T
AT T Ty 7 ACLDZRNNFX—RID BRI TH D Z ENbholz, ZhUX, BEE
LTI Iy I R—VOABTRINF =25 EHR T T RT7+— R« T 7R3N T
WL EDFRETH D, £, BERREL U x v MU =DM S, —IHOBEILE X #
T, ERICHEET A — « 7T v 7 R— LMEET D AREEDN B 5 Z L Db o 7=,

[2] AR L ERBEICE DTS VI FR—ILART I XATOEFREDOHR

ARVE e RTARY « T VRAA=TFICLDT T v 7 A= NORBEIIIZEY, 7T v
R—IVDFEEIE S & LV, 7T v 7 R— VEDOWE RS DREIE MR & 1T Do bh 5,
L2rL, I AHOEFREIL, v 7u ba s ighea s 7 b UiELE S L TR A
7 MR A A —VICEEREE RIETICL 0 0b 6T, FEIbhoTnin, 22
TARBFETIE, — R R RIIARRTE DT — 4% %2 4 & (B EEL T O — AR R G
EREEEI R AR L, 77 v 7 A— VR OBERFEC AR L ORI SH2 KT, %
OFER, EAMECITEICBFICE S V= y PO TN, FHREIEEHIOY = v 8T
BIEND Z ERbhote, EAMERIZAWEETEL S 00, (KIEFEZmiE 3
LT 7 77 —BERE 2T 5 2 L CIHRENITR DD, 77 T 7 —EEEEZZFIC< WY =
v O TWREB E AW E 2D, —J7, BRI, RTmDOY =y hTERS N
W2, 77y 7R VEBORIRFEKTY 7 77 A e T 52 THELD, 2O LTHE
PRIRE & FHRE D BEREE Z 0, £z, ZORBHIEFIRENMIKET D2 L broT,
MR & ERFRCOFEMRBIIC LY, 7T v 7 R—)VHL T T X~ OEFIREICHIRZ 5
ZHZEVBARTHLZ LEZRLTEDTHS,
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[3] B A O—REN RNEHBESIRENEISaL—2a Y  EBITs 2 FURF
EE M1EDLLE

7T v 7 A= VR OEE RO B N TIE, — AR EN BRI ) F Y 2 =
L= a VRMEATHD (D THRED/NSOHBEEERLS) o — M R0 SR 7
ZPHETHAEDPERATH 5720, BHOOKET—AY FRE 1T RE—2A LV FXEHL MI
PRRIA L DI TE Tz, LvL, MUIEIIOEFRNCHE RIS 25613 LW %
/52 EEE LW, X0 IERICERE 2R B ool E s s R A B < Tk
ML TH D, I TAFETIE, RAREGREERENT=T v bR AR 5 A H)
TTF 4 FCRFEICE DY I ab—va v BE L, L0 IEMERREERD D LIRS M1 %
DR LD EITo T2, ZTORER, EH00HEEZHNTY, 77 v 7 R—)VERBOMKEE
MR 22N DHAETLIT U N7 —2 BT 52 LIIAETH L0, MO EEREHT O
TN KR E S RAD 2 EnboTz, M1 ETIHPARICEEZ 7 B9 < BEH— R L X
— PN D DXL, BENTT ¢ b UK FIE TINS5 72 @512 72 5 2 L b o 7z,
M1IETIE, MBOSRE NS RIOCEPIFRERICRELS 2D, £z, Y= v FNEHOME
N IEMIZIRIT 2N 2D, ZORSE, 77 v 7 R— VERORKREMNBEST U 7 —
ZIERECTRAR 2720121, B#—T 4 hURTFIEZHNDZENEE LN ERbhoTz,

[4] —iAE>T SR AVEES #RX BT O — F"CARTOON" DS

7T v 7 A= VRO DR & O EE TRE S T2 O — AR R ER PR AT A A 2 — R
[ CARTOON ( Calculation code of Authentic Radiative Transfer based On phOton Number
conservation in curved space-time) | ZHHICBAFE T HZ LICHILTe, ZOa—RTlE, 77
v 7 AR — VROl 78 o 7o IHER IR > T — R RR RS ik R A g <, T BIRAT
PRFESND T A2 Y RAEHNTN D, ZAMO % & iEHERICB T 2% ook —1L
Y MEELEEIE L TS, BUESEEA N E <, £, AR —RIFBRIES LD &V ) KF
Mbdbd, 777 R—/VRZEICBIT 2 WERREDT A MHRAFEmM L& 25, DN
BN E —F L, HFEIIREPFROMEEICEET HET—ETH D Z LIHRT
&l ¥, 7Ty R—NIy FUZHEBTLZ LI LT,

[5] Lya A{REMERER E XTI ARG FORGEEFERME (FHEGHERZEE)
TR BRI, SR RMEARTH D LALE DRIRTFEE L, ERICB W TITEENER I NS,
UL, EfMmEflT 27 I 7BIE LEICREINTEY, Z2oBb3EmiEiie iz, &
FkOEF Lo TND, TOERIEOERME LT, TRV TKET A~ o PR
TORIGIZENT, LG L<IE D BRPERIRIICARK S HAIEEN RS Tnb, 22
T, KETA < o MMRADFEHZEHTENLS DWFET 2 OFERT 72010, RRHIZEH
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P OMGZ XD BY| L Te 2 A MR XD HHELSOWTHIZE 2 D TV D, ZhETOE
VT FIV R EEREIEFHRE A WISRER NS, KET A~ o TIEMRNE T 10% 2B 2 5 5
MR B ER S LD Z LN bhoTE L, BEZEMTOX A M GMETNDO—2THD
MRN 346 (EEGE DN 2 A N aq IS LT, ocaq >° &2 5504) ZHGELTWAHR, £
DFTEDY A XD LA MRLA-D m FHRGRAERICTF G L T NhEi~Tz, Zhickd L,
S MR CRAERICTHFET 24 A MY A XL, RIEEEED Y S5 ERY A X2y ~
0.025 um THY, N LV KREWH A XDOF X MRLFORELETIE, A A AR KREL
% 28T, MHRCEIIRE LA HIEADEZ &V, HHEIL 0 ~L#inrd 2 Z &3 hh
ST, FTo, RIRF A MRLFIZHIT D 1 BONHELIC X D MFELEZ, RERIEUOL ET
EATHIIE U, BGELA KLY, JCoEITH M & # A MR- OFhA 723 IOV T O FNE
ZEMH LT, ZORBELERDZET, ~0.025 um OV A XDHF A MR8 2 BELED
FRECEE L, BRI EOMEETVMELZ & 5 2 L3 -7 (Fukushima, Yajima, Umemmura,
MNRAS ~FeHi 1),

[6] RISRRERMARICHTHERPOF R bR (FHAEGEHERSEESE)

Compact#] F

Fluffy$1 F

e

f.'r\r.:‘?

02T ¢ yds—mmm 75T
1 REAFHOBEEL 7 ENHEE) . FERELZAFAS SITMEMIC
BET B NN D,

JFAAR R R MR, BT LR SNEROE Y Z R 518 TH Y, T A & EIRMRL
F (FADR) oSS, FURRERABEEE T VBT, 77>
A XDET A NPERREZRVIRTZLICE-T, BEPTAELZEIND, LALARR
b, A RIFIERIEHE (LA NV ZH) OREWVIRELITIKIEIC > TV D Z &AM bTE Y,
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SLEIC Ko TN S N2 H A O HRENRELS 2D, £O0, HEZERHIZEkQIKD
RBENEL E 0T, BAXAMII Y A—F =P A XLLEIZEE TE a0 &0 5 Rk i
R H D (Ormel & Cuzzi. 2013), & HIZ, HAIHLERY 29747 77 —@#E CEEI LT
WEHTzh, XA MITRLOEEZE L DA, AEBELY R, KA 100 4 THID
BICETLTLEIMENSH D (Adachietal. 1976), ZD7-8, XA MDNHLEIZETT 5 X
D HEHIE CTMRE E THRETDLERDH D, TOMRKLE LT, Sitimros iz
K- BEO/NSWVEFTICEE S (FLiky T AZ ) 7 LREN5) 2 & TREME N e
EWVNI) AN = XL EN TS (Panetal. 2011), FEES, JEITHIZE T, ELIEO EREEE
BICEES EMER OB 2 S S 2 b—3 g v LR, KO #E S AR N 2 E
TOMHGwRPM TR LY LS <, ZE D51 Gaussian Tl 72 <, Stretched-exponential !
2720, MERN ERD Z R hr> T % (Ishiharaetal. 2018), AHFZETIE, 4096° {H D%
FREMNT, FTETRA =7 2AFBRROBEHEREFI R Z1TO 21280, mLA VA
ELIE (Re =36500) ZFHL L, BB T2 2048 HOEBHOS I 2 L— 9
AT oTc, ZORR, TUA BT 4 —OEWIEETIE, RFECMERR DR, =
A b BT = MEOWGEIR O I B BN S OIS EIE L, fLiY 7 A2 U v 7R
WTE T, £, RFEBETRRTEYOE S LD Z Lnholz, EHIZ, Re=16100
DEFETICBNT, RUKRE SICHRESHTE 1024° BOEMRFOESZEHE L, (FEAK
THZLIZLEDZOY A XREMERELTDVIab—va VETRoTRE, KEK
FLIER FIEEZOBMENEGL, oA b7 4 —O/NSWE TR SN 2B S 5
ZENghol, TRHEORERIY, BE7 T A2V 71285 T, MED/NIWVERNR
BT, ¥ A MIFEEAEL, RELRoTRFIV/NE WA XORLFZ I AR, S HIT
K ERRLAZINEINTIZE T D Z & Do Tz,

[(IM31/\O—DEER ) —LEBAARD Y > THiE L DRR

OB EBIINCEZ D 7 Fa A X8R (M31) B2, A0 R & OFEA/ER O
EMNZEER SN TETEBY, 2, /2 —0 Andromeda Giant Southern Stream(AGSS) <°
TAARATD2HEY T REE Lo TSR ZE OIE B & RS D AEE B & BRI N O RE
MR SL N TS, AGSS 1 M31 OHL D 100 kpe PLEIZH IS THE LS AT HEK
G T, MEOHNEEOER THL EEZXLILTND, LLRNRD, ZOBITONT
%, KEERE L OmE2472 &5 2 % Major merger it (Hammer 2018) & /N R D fff2<
72L& % % % Minor merger D _DDRNAKGAIE X HALTERY, RIEFEDDONDTULRU,
AWFFETIL, SHATE I E D PRI T ¢ A 71252 D8 & 3 ISR ~, BEDT
4 AT DESEBHRTHOORMEERD T, ZOME, 10°M sun 2 REBAD L 72K
HEOR BRI OEROWREMEIIIRV 2 L AVREhT,
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%7, Blocketal.(2006) (%, M31(CHALHZ A NTTE/Z 2 BY U I/HEEERAL, HE
SR D M32 723 200 (EAEFREHTIZ head-on 2% L CZDREEN CEX L Z LA FREL TS, L
L, %5 IXEZE L 2o M32 OB T M31 OREED 104D 1 F2E (~10'"M _sun) 72
ERETROT TV DD, ZOX I BRKEEOITNESE L-SGE, ETREZLCT A7 0
JEERHEKL, BECHHE FIET 5, T2 Tha l/NEREOHEM OEZEIZ LY AGSS
E2HY T REEDOBEMEIZOWT NR/SPH © 2 2 L—3 3 N2 K-> TR, TORER,
ERE END ~10"M sun LV &—H/NEZR ~10"M sun FLE DFTRESA, M31 DT
AR IR UERT 2 FCElEZ ER<HIRTE 22 2R L,

[8] #—H T4 —/\O—0Hh3#lt &L NHBEE

A=)V NE =7~ 2 —FET VIR HBEEIEIETZRRIC IV T, BN E ORE &4
— 7w A= —3Z ORI BIT D ENT 4 77 ay 7 & U CHEER&E 2R L,
FOMALR BT T D LIZF— I~ Z—DOWEEMD O DHL 125,

AR, EEHPE2Y 100 5705 100 (ERBGEEREICH 2R/ NRI YA A0S —27 <4
—nua—D ) EEENE, BRFOBESMRETHRIINAES I 22— a 07—
HIERT 24TV, F DI & NEREEIZ DWW RS R 7=, = 2T, 27 (08 R
AADRA N =< Z = —DERT v VTS -3 30 IO Y —2 ~
HB—HB T —DF—2EHE L, ¥ 70— KEESEE L Z O EOELORT %%
FHROICARMT LTz, IS, o m—OWNEHEEOHIE L L THOEFEDNRT A =2 L m—
DT 4 VT NVEREEORRERANIZ, EORE, JATHFIED Ishiyama and Ando (2020) TS
ENTe ¢ — MBRORRNBESRIOFRER EFENRNER G HhoTz, DL, ZZTHLAEL
R T 5 &N DS A OB T — & & Lk - it L, T oxMEERERG Lz, ok
BN X 2R O [al iz {ARCIE By B D T — 4, SRIATRE - SR O @il AT A 0 B XOR el
— X RO DOE S L o R RN O RO T H — T~ H—ra—DE & DOT — X%, THi
O ESERHRFATa— NV R =7~ 2 —FT VOTEN, BlllZFERHIHTEL L
AN LT, B, "ua—NHOEEN T A TR TH LD, aTEIRTHLDNE
VN T2 A B JARD 5 7o DI B & 72 D BUIREEIC DWW T, BERANLIE D b iam
L7,

[9] Formation of dark-matter-deficient galaxies and dark-matter-dominated galaxies

ERITE R OIEHERT Cdo 5 a— )V R ¥ — 7 ~ &2 — |2 L 5 BRI E R RGH i, SR
EREEDOK 100 fFUEOY =7 < Z=NFELTND B X LN TEY, ARLBIHR
MENZRELTND, LL, mElZRo THRmMIC TSN —r 4 —Ha&X0 b
JERHNC D 7R NE LR WS — 7 ~ 2 — RZE0, FFH TSR INTE
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(vanDokkum et al. 2018,2019), 12T, HI UV v F 72 6 20 UDGs (Mancera Pina etal. 2019) <,
AN AP EER 7R 19 8 DR/ (Guo etal. 2020) 23 E S TWD, T O X 5 A
FIET D2 L%, BIEDOa— L RE— 7 <& — % FARIZ U T BEESRITI AlGm O %l CIIIEH
WCHEETH Y, TNODRY TV A ZRERFTO0EN DD, AR TIIHTAR L X —7
~ A —OWYBEHIEEOBEWNIER L, HAEZFAREY— 7 <& —F T m—RLOmRIZ L
S TH =7 < Z—RZHI PR S 2 BRI 2R Lo, —IROCIRIRE 7 /WIZ K D
WnoZ— <8 —REGRF — 7~ Z — % L GBS 5 BRI O K%
AL, =8P R 2 b—a Vb — 7 v X —RZEWMDBER S ND 2 & &R
Liz, LT, £DX D REENIEET HHE 2 TN RKO D HITHE) LTz, £ DR,
Milky Way F2EOE &ORIATET 54— 27 v & — e —RLOHEZRIE, £ 1 {EFEIC—E
IR EbRET IENR B INT,

[10] IHAFHIHE T KREARBAOHREBHBEA D =X LDOWHE

ROV 2 —L2AY = v 7T FHEERGIC L D2BINC LY, RTS8 21 2 WIHITHD
SRIMAE L < A INT, THOHREBROFIZIE, BRAE, BEEENEFICREINLO
R, TTIWRD ST T AMNPEZF OO ERFERINTWD, LLRnb, IR O
EOBECIEREOHEIZE L TIZR > TWVRY, Foxld, FH RGBT S
EEEEEICER L, FlmERIRAS R AT o7, FRIZ, ¥—r~vF—I=rn—¢&XK
BRI & RIB ISR ATREARZHE 21T 9 H T, S = o —NOERE [T £EOAL, BHTRERT
X D EBOETHEEY, € L TCRERETN TORSREFHBEE T2 B L CGHET
HEICH LT, fERE LT, HrOHEOETIVENL, Yx—Lb XY =y T A
THRINTZHRTREE 10-14 OFTORMR L BE &L LSBT 2FEN™ S hoTo, —F
T, FIRBK 16 TERASN TV DEITIBIEOFRE THIT 2FNEHL <, BRAEE, 2
BEELIZ, 1HUEYI 2 b—a TS WER SH-TZ, T, v I=2b—Ts
YTEFBAR TV ARNAZ — =2 MRS DR £, Bl /f A = X L0
WA TWDAREMEZRIEL TS, 2T, EEKEOEBEEBRIC OV T LT 2T,
RELT, MO REENRE S RDITHONER I ROEEES TS L TnE, bl
FIREROBPRDSH D Z B hotz, £, BHISN TS L9 RREEN 1070 FABE
BEOHRTH, BRI SNI-EMRO—EITFHEE T 2ICE 52 b0 THL I LEREL, Zh
B OfERITBIE MNRAS FEICERRF CTH D (Yajima et al. 2023, arXiv:2211.12970)
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1] ESFRXHEEBBRETICLDERRKA A -V ITHE HEATAHLYLIVR
HEDR : RN A T A A=)

B & B 7 /WA LTC RSt 51 A O E Bt R 21T o 7, BHARE L L CITEM 2 B
FEENLSMNIG T TN A —RRIEE & L, 2O T2 koe7 Y v Re&x, mE (GRD
WIRAR) ZFidiE L, b v ARG RET 2 OG22 i~ 72, £, TSR L - T,
DN~ v T EAER L, FEEORAEICE L TOMEEz, 0%, CIP EICL5EE
BAOFREIZLY, FEOERHICOWTEHREEZIT o, MRk LT, HHITHEET T -
JEHT 2 L s, —HOFRITHKEE TIRDL VBB TH L EN o7, £L T, £D
B OB 7V RS 24T, MENE O T T LV EERR LT, fE e L
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2. Location, morphology, and kinematics of shock—ionized gas produced by powerful
jets propagating through the clumpy interstellar medium of a forming, gas—-rich galaxy.
From left to right: volume render and sketch of the system; [0III] surface brightness;
[OITI] line-of-sight velocity shift; [OIII] velocity dispersion down-sampled to
resolution typical for VLT observations. The right three panels are viewed along a

[ine of sight parallel to the mid—-plane of the galaxy.
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3: Comparison of ionization mechanisms: photoionization by the central AGN versus
collisional ionization through shocks driven into galactic gas by jets. Left: in all
of our simulations A to E, collisional ionization through shocks dominates the
ionization mechanism of atomic gas. Right: the ionizing photons can pass through
holes and cavities in the interstellar medium created by the jet, casting ionization

shadows into the halo of the galaxy.

[14] AGN feedback: The interactions of AGN radiation, jets and winds with the host galaxy

The supermassive black holes in the centers of galaxies accrete gas and launch jets and fast winds,
or emit bright radiation. The jets, winds, and radiation may impact the gas in host galaxy on scales
ranging from fractions of parsecs to hundreds of kiloparsec. This cycle of matter and energy affects the
evolution of galaxies and is termed the *“feedback cycle of galaxy formation". It leads to a regulated
history of star-formation, evidenced through the luminosity functions of galaxies, and to the co-
evolution of the central supermassive black hole and the galaxy, evidenced through the scaling relations
such as the Magorrian relation. We are pursuing a numerically intensive project running 3-dimensional
relativistic hydrodynamic and radiation-hydrodynamic simulations with multiphase gas aimed at
elucidating the physics of the mass and energy transfer in the feedback cycle and the effects of jets,
winds, and radiation on star-formation and black hole accretion. In recent work we:

1. modelled the observable signatures of jet-ISM interaction and investigated the line emission and
gas kinematics in jet-impacted discs and halos of gas (Meenakshi et al 2022b and see Fig.2 above). The
analysis revealed intriguing observational signatures which have already been seen in recent
observations and which are informing observational astronomers in the acquisition and interpretation of
new data. We found:

(a) strong dispersion (~ 800 km s_l) in ionized gas along and at large distances perpendicular to
the jet;

(b) strong distortion of gas rotation curves; and

bginfem ')
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(c) that jet-galactic-disc geometry can be constrained from IFU data of ionized gas outflows and
radio data of jet.

2. We investigated the relative contribution of two ionization mechanisms of the interstellar gas by
AGN: photo-ionization by the radiation field produced by the AGN and collisional ionization in shocks
driven into the interstellar gas by the AGN jets. In almost all cases, even for weak jets, photoionization
is subdominant and line emission from ionized gas is due to shocks driven by the jet (Meenakshi et al.
2022a and see Fig. 3 above).

3. We have performed an in-depth comparison of our highest resolution simulations with LINER
radio galaxy NGC1167, the Teacup galaxy, and the giant radio galaxy J2345-0449 to gain insight in to
the astrophysical consequences of the interactions between the radio jet and the interstellar medium in
the galaxy. This work employed our new simulations of galactic scale low-power jets in massive
galaxies, a combination thought to occur frequently in galaxies, but difficult to model as the interaction
times are very long.

(a) Our simulations of jet — ISM interactions explain the overall morphology and spectra of the X-
ray emission in NGC1167 observed with NuSTAR and Chandra (Fabbiano et al. 2022).

(b) We observed and modeled how the central molecular region of NGC 1167 is cleared by a trapped
jet and a strong molecular outflow accelerated by jet is generated (Murthy et al. 2022).

(c) Feedback perpendicular to the disc is particularly strong also in the Teacup galaxy, which ex
hibits enhanced T32/T21 temperatures (first time ever discovered) and velocity dispersions in regions
away from the jet axis, but where the jet can stream out and release its pressure, as predicted in our
simulations (Audibert et al. 2023).

(d) We obtained VLT/MUSE optical imaging spectroscopic data of J2345-0449 that provided
spatially resolved line diagnostics, revealing globally reduced star-formation by a factor of 10 due to
jet-induced turbulence. High electron density regions coincide with sites of young stars and star-
formation embedded in a galactic disc of low-star-formation gas, very much like the complex star-
formation distribution and history predicted by our models of jet-driven turbulence in the ISM (Drevet-

Mullard et al. 2023).

[15] Top-heavy IMF TFIZH I+ 5K EMAMAEFH
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[7] Calculation of the Collective Inertial Mass Along the Nuclear Fusion/Fission Path (i&)

We are working on determining the optimal collective reaction path for nucleus-nucleus fusion/fission
reactions, based on the adiabatic self-consistent collective coordinate (ASCC) method. Using an
iterative method, where we combine the constrained Hartree-Fock-Bogoliubov (HFB) method and the
finite amplitude method, the ASCC coupled equations are solved. First, it is applied to the simplest
reaction system, a +a — °Be, where we aim at extracting the collective inertial mass along the
collective motion path. Since we are theoretically interested in the impact of pairing interaction on the
collective inertial mass, artificially we enhanced the pairing strength so that the nuclear state of *Be is
no longer the Hartree-Fock (HF) state but the HFB state. We obtained an interesting phase transition
from HF states to HFB states along the reaction path @ + @ — ®Be, which is reflected by the obtained

inertial mass parameter as a function of the distance between the two alpha’s as shown in the figure.

6. Inertial mass in units of the ) ZE .
nucleon's mass m for the collective é 50 HFB HF
path of a + a < %Be, as a function of j_j -
the relative distance R. The pairing % ;g ;
strength is artificially enhanced by ;-:’ 10 f b
2.1 times for theoretical interest. Of il
05 3 35 4 45 5 55 6
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BhZ# HE R CPNEEFERFER, EFERR)
2. =

AAEERETE B B Tl AN THERMBIE 2 L TW A ARG FIZER L. Tz
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b, G asEm L, >
Da’ldolbmmhl
THEE —@EmRICBT 2 FFERE 7 vk A b T j
404 3

F7=, X2 1%, PaCS-MD # 3 LT
JUBHET I DI TLA W 0 B L JE A cvele

R VAR LEZMBEEZ R o A%
¥ (Az) #&FE L., 2 RocHEEZE % E

X 3. ﬂ%ﬁzﬂl #5 QEEII;MI/#—

ERFE MD ICX AR SNIZ TV P b=/l a 7 REEET VAL CHE L 2

WK DR BEREEFIT 5720, &Y 7V U TENMERSINTCE -, AFFETIE, o
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DIGM D LFF— D2 WL E DO RMAIC LV EREZ R, ~U A4 r R7v T,
HWE O RV EEBRIC 7 BEEBREOEEZ R LRIV FF— V2R o600, 7
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WG FF o R L LT 7 =L KXV U(FA)RH 523, HIPIP 1X Fd (2~ CTHid CTligflb
BICENMAE, ZOFKE LT, [4Fe-4S]7 7 A X —[E 0 OMENER TH D Z L ofafi &
NTCWD, Lo T, 7 F7AX—[NOT 2/ iEIE[4Fe-4S)DEIRIBICEBEE 52 52 &
NYREIND, I CTRIFFETIE mk4ﬂﬁ7x¢~ﬂ DEREZZE LI-FETT L2
RILHZLicky, B FEHEAE . [4Fe-4S17 7 A 2 — D% FH) - IS & £ D
%W??/%#%%Hé%@%@ﬁbto

X A S S AR s B S AL TR TIREED HIPIP #5152 VT, BTV IR : 56) & &
7V MR ma@zo@%vw%%ﬁbto%z%méxt/ﬁim¢ﬂ% R —
TEIRREICHIRT 25 12 1Y) DAY UEEZ S 272, HEIZIE Gaussian 16 & VY, BEEIEIE
EOPLEEZ B3LYP, ZEEEHIC 6-31G*ZfEH L7, if:%%ﬁ%é\mﬁmm)ﬁﬁﬁ%m\
FHRWNED BRA Y R, BREM AR LT,

WY O B UEEIC R U OISR L A T o7 L 2 A, 4 0 OFIIA B U ELEIC
DNTT S RN =RV F—BICLE M - EHIRBICIUR L, 0o iEicxt L
T, NBO @t #17-7= & Z A, Fel-Fe2 1 L. (N Fe3—Fed TA B2 DIEFEILAEIM & 7=(IK
7)o F72. BUET R — DT A 5 HIPIP OERLIE TG Fel-Fe2 O Tt Z 5 Al fE
Ve do % 2 L iNbino Tz, [4Fe-4S]7 T AL —[EADT X ) A EE LIBA & EE L2V
B DL TEREE DR ERE R 2 i U5 5R. HiPIP TlXZ 0007 2/ E)3[4Fe-4S]17 7 A X
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OIZiE, TOENERREEZEBET LI ENEETHLZ LR LNE/ 57, HiPIP & Fd 72
EDERS X EOEFIRBOENZ M T 5720121, Bifirs 7 A4 —721F T
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(A)

< 7. Natural bond orbltals formed by Fe3-Fe4 and Fe1 Fe2 (A Fe3 Fe4 bond
orbital in model I, B: Fe3-Fe4 bond orbital in model II, G: Fel-Fe2 bond orbital
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[6] SPE&EMmESE (JE. EF. EA)
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e IEEd 2582 10-11 eV ICFEET D Z EBNHL IR > 72, ZORRLIY, 7/ =
FNUABRKREXRT VT A BRICERFEE G2 TN EEXOND, £, 102eV IXERTH
FROIENZEB VT Lya & LTS SN E—F =22k THh Y, ZoMRELbEnzHick
V. DEIRKSRL, LEIDSBREIC 2720 F U A4 (K8) BNBEZBND, AT, i
XAFET LAY —RA LT,

WIZ, T 7BOX 7 VEEEEICOWTIER Lz, 7/ BROF 7 LV IEE#E S LT
Viedma SR 3 ER STV D (. Am. Chem. Soc., 130, 15274 (2008)), Viedma Zyk D *¥—7"1
TARELTCT 2/ BOT MG NH D, L LEDORISHEEOFEIC OV TIEH LT
720, T2 TCARMETIZ, 7TT7=V (Ala) ET7 AT X UM (Asp) #HU0 i, =i
D 7 & LG D SOGREE % 2 FE LB FERR(DFT) &2 AWV TRl 7z, FHEICK Y., Ala & Asp
D7 & LSOV T, & I 10 HOSUSH K L 5 EOEBIREEN B oo Tz, 15
BNIERT VY VERIAX =T R Ty A VBT H L BHNTE Ala & Asp DT b
RIS DRISHEREIZOWTREREZ RV EBbhvoTe, 72, EbL b biFEH bz L
XF—DEW T ¥ ZIBASIETH Y, 60kcalmol! 225, —FH T, 7EIMMNEI DK
JEAT w7 TIE, Ala & Asp DA TENZ IR =L ¥ —73 30.8 keal mol™ & 31.3 keal
mol” & 72570, BIKEIE T, BUSEBOKY TE2BBL CHAEEZITY &, IFH =3 ¥
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Y, HERICETLIz/IKREGER) ICKY., #EIZTI/EBO LEBEINLZ5SN5,

[7]1 MnBi RBEEHBEOITITZILAL VT4 I T4V X (B33, EMA)
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NG NI KD Bl BN, Wb b AR p L F—IICAE L Th 572, MnBi DR
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c B A IICZ L L, 500 K REECE— 7 2R OMEN RS HBIETE (K 11), =720, FE)
il & LR T/ N OB A Do 72, ZHHOFFET—4 - FRZIGH L, NAIST FIlEh#
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ORI LY . T —HFEULFEZ VT Cr-Sb R — 72 OKHEL TORAL DO 1RE AL,
T AT o2, ZHICX Y, FrEt « =2V —BEZ2 5 2 D 5mHEm o PRI ATEE & 72 -
7=
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MERES

Gr Fe Go Ga Mo Pa Ag U Mg A Ga Ge As

9. NiAs structure 10. (a) Magnetization and 11. Temperature
MnBi. (b) formation energies of dependence of magnetic
MnBi anisotropic effect of

MnBi.

[8] BRFTKAA VR ELSTBREOEN (FLU, EEM)

PERER R VB &2 N LAYICEREHT 23 1% 20 FEML LA B TE TV D, B L7 MiE %
T 2EABEORFHITE Th, BERUIEEL R TEABEORFHIITWELZICHI L
TRV, &2 TR TIX, AN TH L EAEZMAGLE D Z & TEK LI-H4HE
R TERREGRE R T D2 BINOMNLE HIE L TR 21T o 72, RN TOE HE O
W, BESCES E Vo BRI T A—Z IS U, HHZ XX - L ERETH D
LEnd (Tr74rbroR7<) , fEo THREEMERBEA KO I ERT 2 EIER
BREERKET HIOIIIEHRTRVE TN EN TS D, AMEEOHE CILERIBEEN
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Cytc O 2 BREHIT3RIL AL LAY v B ZHLABD-DS) & IS, FIfEs 37
BERHENOED —HEANEZ D2 L THAEREITOBSAE L CEBTE S 2 LRER
MIZEN 5T % (K 12, S. Hirota ef al., PNAS, 2010) , 3D-DS 3153 %& [ O #5/0  HERL
1t/ 871t (unfolding/refolding), # KON, EEAER LORES MREEN 5 D T2 Hlk ik
A — L OEWEGIZ S,

X 12. Cyt cD D-DS RO ER, ThZh (a) BEAEE. b) HHMEKFHEE. )b A
WA LI=EE. (d)3D-DS#E, S. Hirota ef a/., PNAS, 2010 & Y ctés L TR,
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[9] First-Principles studies of enhanced dielectric response in tetragonal and monoclinic ZrQO,
with Te substitution (Mrinal, Shigeta)

We determine the dielectric response of tetragonal and monoclinic zirconia (ZrO,) with TeO, doping
at various concentration using first-principles density functional theory calculations based on
pseudopotentials and a plane wave basis. The TeO, is highly stable structure, and it can exist as
tetragonal and orthorhombic crystal structure. We find a significantly enhance dielectric response in
zirconia with Te doping with lower concentration. The dielectric constant increases from 36.5 to 82 for
tetragonal ZrO, and monoclinic 21 to 38. We have calculated the dielectric constant of ZrO, with PBE
and PBE with U corrections which shows that the dielectric constant with PBE with U correction (U =
2 eV) is good agreement the experiment results. Further, we have applied same methods for calculating
dielectric constant of doped ZrO,. The band gap of both phase of ZrO» have been examined using PBE
with numbers of U correction to determine the experimental band gap which shows band gap of
tetragonal and monoclinic ZrO> is ~ 5.3 eV. This band gap is similar to the PBEO method (5.43 eV) and
experimental value of 5.5 eV. The Te doped tetragonal and monoclinic ZrO, shows the insulation
properties after ~6% and ~3 % Te doping. Tellurium doping with smaller concentration in ZrO,
increases the dielectric constant as well as showing the insulating properties which suggests that they
can be used as good Gate oxide for transistor with low leakage current.

Table 1. Dielectric constant (€°) of Te doped tetragonal and monoclinic ZrO2 with concentration

of 3.1%, 6.2%, 12.5% and 25%

PBE (ZrO>) PBE+U (2 eV) (ZrO3)
Te doped Tetragonal Monoclinic Tetragonal Monoclinic
ZrOs ZrOs ZrOs ZrOs ZrOs
0% 42.94 21.27 36.56 18.57
31% 73.8 - 62.52 -
6.2% 85.37 27.95 80.80 32.64
12.5% 82.00 25.00 76.81 38.37
B e i z L4
e e i
\ _
s ——rrn
%:i%; —— i T T
GAMA ¥ 5 vemmmz R TZIUIVTSR
Band structure of tetragonal ZrO2 Band structure of Te-doped tetragonal ZrO2
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[10] Computational study for drug discovery and design research (Kowit Hengphasatporn,
Yasueru Shigeta)

We focused on antiviral research by searching for potential antiviral agents against SAR-CoV 2 and
Dengue viruses. For the SAR-CoV 2, natural compounds from mangosteen, and Piperine have been
elucidated for the antiviral activity towards SAR-CoV 2 3CL protease. LB-PaCS-MD/FMO helped
sample the ligand/binding conformations, which is necessary for accurately predicting complex
structures and binding affinities using quantum mechanics (QM)-based calculations. The pocket shape
analysis indicated that the LB-PaCS-MD could generate a suitable complex structure based on the given
ligand by modifying the residue selection. A ligand interacted with the protein receptor, and the binding
event could improve the program prediction accuracy. Thus, LB-PaCS-MD/FMO can be utilized to
generate a customized binding conformation for potent compounds and increase the binding score
accuracy, which is necessary for discovering and developing drugs (Fig.15). New N-containing
xanthone analogs of a-mangostin were synthesized via one-pot Smiles rearrangement. These showed
several bioactivities. For compound 2, this gave potent SARS-CoV-2 main protease inhibition by
suppressing 3CL protease activity approximately threefold better than that of 1. The fragment molecular
orbital method (FMO-RIMP2/PCM) indicated the improved binding interaction of 2 in the 3CL active

site regarding an additional ether moiety.

Figure 15 (A) Work flow for LB-PaCS-MD/FMO technique and (B) the summary of flavone analogs

as a potential inhibitor for Dengue virus.
For the Dengue virus, we have done the flavone analogs as a potential inhibitor for Dengue virus. The

tri-ester 5d and di-ester Se exhibited low toxicity against normal cells, and exceptional DENV?2

inhibition with the EC50 as low as 70 and 68 nM, respectively, which is over 300-fold more active
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compared to the original baicalein reference. The viral targets for these potent flavone analogs were
predicted to be NS5 MTase and NS5 RdRp, as suggested by the likelihood ratios from the molecular
docking study. The great binding interaction energy of 8-bromobaicalein (5f) confirms the anti-dengue
activity at atomistic level.

We have also worked on anticancer research. JAKs and EGFR are nonreceptor protein tyrosine
kinases that play a role in a broad range of cell signaling related to cancer. Thus, inhibition of both JAKs
and EGFR can be a potent strategy to reduce the risk of these diseases. The pharmacophore models built
based on the commercial drug tofacitinib and the JAK?2/3 proteins derived from MD trajectories were
employed to search for a dual potent JAK2/3 inhibitor by a pharmacophore-based virtual screening of
54 derivatives. Twelve selected compounds from the virtual screening procedure were then tested for
their inhibitory potency against both JAKs in the kinase assay. Similar to EGFR, we designed
sulfonylated Indeno[1,2-c]quinoline derivatives as potent EGFR-TK inhibitors using the integrated QM

and MM calculation. The efficacy and cytotoxicity of potent compounds are evaluated by in vitro assay.
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TENZIUNT Tree 1 O Tree 2 (TR T DEBALMEN AT D ATREMEN H D, FEER. 11EH L7z 2 B
O HEOLE 21T o722 3.6738. 55 D AU fRE Tl Tree 2 12T % p EIX 0.465 Th o7z,
i€ > T Picozoa % HEER L 72 1% Tld Rhodophyta" 7 L — R23 #5787 & 72 % Tree 1 & Glaucophyta
DA 3 & 72 % Tree 2 MICAH B R RBOLEZ TRV LR T %, Picozoa (2%
Rhodelphida & 7 7 A A > b7 —# 0 H4EFR L7234 . Rhodophyta IZE DRI HICEL 20,
Tree 1 & Tree 2 OXEAEAEIT LY RE BT D eltnd 25, PHREY . F=0 AU #H
FETIE Tree 2 O IALELIL Tree | ORMEEE LY b R&E < eoTo, L EDORRIT
Archaeplastida 7 L — RFPNHE Tl Viridiplantae 7% Glaucophyta & % UM% Rhodophyta/Rhodophyta++
D) BIREDENT Lkt L 72D Z L& L, SEIENT LT 157 X R0 BT T4 AV BT
IZ Archaeplastida 7 L' — KN®D 3 DDOH 77 L— REORFEERE IEMEICETT 5 2 & 138
LWz xR,

A Picozoa® # % EH H 5 HEER . B Picozoa & RhodelphidaZ 24 m & HEkx
Tree 1 Tree 2 Tree3 | Tree 1 Tree2 Tree 3

R, .|| G v | v R* R Vg vV |v R
AUsR e AUgE
o i
=4 %s =8k

0 G|| O R'| O G 0 Glllo R | O G
e, NA 3.6738 80.237 || B, = 49.593 NA 114.46
ol NA 0.465 0.000604 | o= 0.0828 NA 0.00133

2. fIRFIEBRLIEAERRBMEHRR L F=T—4 IZE S < Archaeplastida ® 3 2DYJ
Y L— FRDOR#FBIRICH T H{RERIRTE. A. Picozoa D& ZHEER L 1= AU RE. B.Picozoa &
Rhodelphidia Z#BR L7= AU RTE. Tree 1 &% & Rhodelphidia #5< &LV L—F (R") %
HWVNIATE (R) DN E L LRFBTHD. Tree2 (FIREE (G) A%, Tree 3 TIXZELE
YW (V) DM OHRKEGHIRMBTHD. RARKH & ZDOMOMIRFHBEDORIBAEE L
AU RED p fEIX, ThZhExD 2T7EHL 3TEICEE L. Z0MOY TV L— FORREIE
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1B LBLTHS. Picozoa NDHFHEFRLIRE (A) TIE Tree 1 AR ARHHE, Picozoa &
Rhodelphidia Z#B& L1=#&RE (B) Tl Tree 2 NmARH#B & Lo 1.

AT 157 Z U X TENDRER SN T A4 A v T—2 2R LT, 5% &0 250 x
VNI EEBNE ST TA A T2 EAER L, BLRFMIZIBVN T, Archaeplastida 7
L—FRHN®D 3 2OY 77 L— FEORFHERNS ED LI ITHEHI SN D DhE S OIS 1T
MNTLTETHD,

RIBENSVRIVT b—L -5/ LR

FRAEEMIET DT I X7 T VT DY LENT

TN T Y TITHERAERERE TR T OHRER—RAEEFED—DThHDH, TDEREY
IR EENEDN D T ) X7 T U T OSRPMEITIEFIHEMICHE SN TE 7, L LR b,
TERDIHT CIERBHE SNV T I RN TERHD LT /A7 T VT R L OFELEY
EDIAERROTNLHAD->TETND, ZOLS RFITHFEXRE SN >0H D | HEFEIC
ERT DT I NI T I T OEDSERMEZBRET H7-DI21%, thoEYLILESTH LT /N
IT VT DIORLPAEDLETHDL Z EPRBREND,

Dinophysis H /¥ &8l IEERKIA 2 IR R S TR RBEDO R T D, TD IO b AR
B IRWEIZ 5343 5 Ornithocercus <° Histioneis, Parahistioneis, Amphisolenia, Citharistes £ >
TEixsy 7 2 N7 )7 EIERBRRERMATHD Z ERmBNS, F AL IS Dinophysis
HOMMWEREIZILAET 07 2 X077 U T OSBRI OV Tt 2 ED T\ 5, =
AVE TOMIED F CTHEFEIREEESE Ornithocercus magnificus DI 7 7 2327 7 U 7 (OmCyn)
D, WES T )N T U TIZBTDHHRM THL Z Ea2ex kb=, X 5T 0. magnificus
& OmCyn DO ILABIRIFZIEF ITIRE TH ¥ | MHFEREEHIZHB VT OmCyn [THIMTEF T L 2
Ll E PRI, £ OmCyn (ZITIAERBR~OBEISORR E oD T /7 LR
fER STV 2,

ARAEJE . Fe & 1% Ornithocercus J& & 13572 % Dinophysis H it E# Citharistes regius (234
T 7 37T UT (LA CregCyn E5CT) D5 ) L& L1728 Z DFERIZ OV TH
ET 5, Bex I ZFRME T EBPOWEAKRY > 7D E Citharistes regius DEIAZ L L, £ 212
HEFTDVT /N7 TVTOF ) AEERICHmT 52 LIRS L, 2057 7 AlX 1.94
Mbp DO—DDERYAIKIZ K > TSN TV D Z LR B ERY | ZHUTIMATH 17
Kbp D77 A ROFE L RE SN,

143 & 2\ EHBn 7 W T 28 5 Rt 2 £l L7z & Z A CregCyn (FEEICH] 7>
& 72> TCWN % Ornithocercus magnificus OIEHET T /7 3277 U7 OmCyn DRt &[RRI HEE
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Synechococcus |7 ) NI T U TILRT HRHETHDLH DD, EDONERHIC
CHRBRDFZMTHDLZEDBHALNE ST, ZOREIX OmCyn & CregCyn X Z41E
HAEBBRER NI AR LTV D,

BB 7
AV LRVA NI EEY. e

Prochiorococcus marinus MIT_9211

™ Prochlorococcus maninus COMP1375

Prochiorococcus mannus NATLIA

Prochiorococcus marinus MIT_9215
Prochiorococcus marninus MIT_9312
Prochlorococcus maninus MIT_9515

—
Teeme e ————

Prochiorococcus marinus CCMP 1986

Prochiorococcus mannus MIT_SG13

0. magnificus Cyanoblont (OmCyn01) <
Symechococcus sp. WH_B109

. Synechococcus sp. KORDIS2

Syv'lerha:mrs sp. CCo%02
. Synechococcus sp. BL107
C. regius Cyanobiont (CregCyn01) <«
Parasynechococcus mareénigrum WH_8102
Synechococcus $p. KORDIS
Symechococcus sp. KORDI100
Synechococeus sp. MEDNSS

FHRBEITEE o — SRR SRS E

BWTHWZ

B Qt'qf o ,,’Of ,éy\wf \@mdgf

3. Citharistes regius 1t
&7 /189 T 1) 7F (Creglyn)
DRFBIT R UVFERIXOHTE
N 143 DRUINVEBET7I/ B
EFlZ AL LR/, KU
BIFT—rR +5 v JE 100 %
<9 . Creglyn (ZEXHE) (X
OmCyn (XEB) &IFERLDHRMT
HHZENRSNIz. B HA
REHTEDABRT ) LERL
T-1FEEH#E. Creglyn X OmCyn

1 Syiwxwowusspwﬂﬁsn ﬁﬁ, Eiiﬁm%%‘étﬁl:%ﬂi
s N LT3 EFMBENB.

WRIZ, BAREREE FICEIT D CregCyn &5+ & ODMHANER ZMGET 572, AT OWEIC
BUFDALT ) MMENT%AT > 72 Tara Oceans D7 — 4% % FWTHEBL N Z — 2 OfENT 21T > 72,
HHEAEEEOE 27 7377 U 738 L OmCyn # LT CregCyn O/ AEFNZKEL T,
& JAVEPEIZBTE T D 57 @ TaraOceans > 7'V V7 AT — a b gL, HR7R
A X5y (0.8-5um, 5-20um, 20-180um and 180-2,000um) DA X7 ) Ay a— F U — K&~
VT LIcE ZA BRAEEEOE Ay T NI T VT DN ) MIHIET DY — FoiZe
A E IR /NE e A XSy (0.8-5um) 22 BFbR, ZOR/BREFIEATT RN TITO
AR A RNERE 2um TG 72 2N 2 L 2 E 2 D EMIRITH D, ZHUTK LT 2 DOl
FWRICHAET DT AT VT OF 7 KL, 2OV A XESHLRST S Y — RiXix e
N E"FBNIR D 5Tz, CregCyn 7/ 5% LT OmCyn 7/ AIZHAIE 22 ECA 1L 20-180um O H A
Aﬁ%ﬁ%%<ﬁ%hLJOBWmiﬁ%%%M®E$%E%Lﬂmﬁéﬂﬁ >THD
72, Nakayama et al. (2019) 235G L2 KO ZOHBIARZ = NI b 0AETT /) X7
T VT RHRRE T TR oE Bl & FREICHRIE ROV TND EEZDH T L
PN TE, CregCyn & OmCyn & FARICEREFR CRBAEAITO 2 L1387, HEozx
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EHEATH 2138 T, BEOMREZER THEIZELRT 2O THDLZ ENREIND,
(mww#/AKﬁﬁﬁﬁU~+mmmmwm@#4fﬁﬂmﬁ$waémmﬁbcmﬁw
77 ADY — KA 5-20um O A X5 bR S =Dk, 15 F iR B OV 4 XK
T 5 LB 2 BiL5H, Ornithocercus magnificus DAY A X1E 75-115 pm FREE Th 575, A [EFE
BRIZS ) NHEEIZ N2 Citharistes regius ORIFR O K E S IE, #M OO R SV fllc ks
WT$ 40-50um Th 5,

RAHNISL T D LW D RENE B 72— T, CregCyn & OmCyn (ZIXFIERD 7/ L
INDIFERR S AT, FEATHFSE T OmCyn 13 H H1ZEE 42 @ Picocyanobacteria 7/ AIZ%F L CHfii/h L
e ) DO LR ENT WD, AW TIT o T2 ik 7/ L fif#HT Tld CregCyn b
OmCyn & RFRED, a7 FRBREDZ B L= ) —ZEOZ LRS-
72 LD subcluster5.1 @ H HAEREA Synechococcus D5 737 B 13— kU —(Z 2,000-2,400 D

FPHIZ T 2 DI LT, 2 DOERDZUTWT IS 1,500 T8 TH Y | ik A HARE
. Synechococcus O 1/4-1/3 F2E ULMREEF L TW o 72, ZHUFHBAEIEENZ TV TIZE
W Tl /N7 7 DB Fi> & Eivd Prochlorococcus D77 ) I E G L THD R L oX—
M —=Tbh%, 2 DOIEEPMIIER SN EEBEZAD L ZOX T EH L= |
U—Of/NS NI E T2 L EZ BND, TENENDZ R T BT N—T % ZDRFEHIR

[l Cyanocbactensl
Prochlorococcus marinus MIT_9211 = core
Prochiorococcus mannus CCMP1375 W Peocyancbactenal 5 - s —_ -
Prochiorococcus marinus NATLIA ancestral protens 4. T I INDTFYTFTH)
Prochiorococcus maninus MIT_S215 s = W Accessory proteins
Prochiorococcus mannus MIT_5G12 s == - — K -
Prochiorococcus maninus MIT_05 15 s S VA == I‘éhé@/lﬁaﬁ

Prochioracoccus mannus COMP 1556 i s S—
Prochioracoccus Mannus MIT_9G13 i s S L/ — Yy —O Lk &
P> 0. magnificus Cyanobiont (OmCynO'1)
CregCyn (ZEXEE) DA /N

Synechococcus $p. WH_B109 s
Synechococcus 5p KORDIS? m—s
Symechococcus 5. 5L 107 DB LIIN—FY—IZ OmCyn
PP C. regius Cyanobilont (CregCynO'1)
T mehocwoos 9, KOROUS (XE) DTh&REECH
INLTULVDS.

Synechococeus 5p. KORDMY m—m
Synechococcus sp. KORDITO) m——

5
'f|||||||||

R DO FEE & JLUE 1 ‘core proteins’, ‘Picocyanobacterial ancestral proteins’ 35 J2 T8 “Accessory
proteins’ (23S, ENENDYT ) LDZ L RTF L= =&k LTI2E 2 A, CregCyn D
LN TBE L= MY =R OLNABIERIEY OmCyn OENE R CHREZFF > TH Y,
2 X7 B OWAIEIFIE A T Picocyanobacterial ancestral proteins 3 & UY Accessory proteins @ [X.
TDRRTEFIZBNTEE TWD Z EBHLNE ol

CregCyn 3 £ 1Y OmCyn D4y F2HEHTFERIT. 2D 25D T /875 ) 7RG/ E
RDBM T DI EaRTDITIMAT, TNLNOFEEE OIRAERLRHIZHON T HIRRE
52560 T, OmCyn I subclusters.] DIEEL NS 3IET 5 RETHY . BELETIZZO
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RFNNT A HAEFEENAEZENTND 2L E2XFHT L7 —2IF{GoATHRY, ZHETO
H HAETEMERL 2 mi4E & L 72389 picocyanobacteria OMEREN) 72 ZLARMEMENT IZ 351 T OmCyn 235
RENTI otz L&EEE XD E, OmCyn ORFITT X CTEZAEY & OIARRICH D
ETHTE, OmCyn & ifHEE LA BILR D BSTITIEEE Synechococcus DEERALDNEE DRI
WD FHEMEN B D, — 7T, CregCyn 13N Synechococcus @ subcluster5.1 clade IV OFE &
HRAMEZTRT 27, 2 b 0BT T 7 N7 7 U TIEBER LN D WIE
Synechococcus DERRVENAE U= I IEBMR A AT LD L FHETE 5,

BRIET ) DIRT

Fexld, ZETIZ 3 ORI TS, Lepidodinium chlorophorum, FEC#RHEE#: 2 &

(MRD-151 #k3 L O TRD-132 #k) D @aFRME GERKE) 7/ LEdHIZRE L7z (Kamikawa et
al. 2015 Genome Biol Evol 7:1133-1140 ; Matsuo et al. 2022 Front Plant Sci 13:918543) , £7-.
TR « #h)IBEG I £ 2 OIS IPR G R U7 B e, ENSCRF M ER - R AR L & 2
RITrZ U7 NEBEOEBRIKT ) LMiEFHEZ1T > 72 (Kamikawa et al. 2015 Phycol Res 63:19-28;
Kamikawa et al. 2015 Mol Biol Evol 32:2598-2604; Kamikawa et al. 2017 Mol Biol Evol 34:2355-
2366; Tanifuji et al. 2020 Genome Biol Evol 12:3926-3937) , 2018 A5 1155 4 Dk aifbifiE
B Oxytoxum sp. SG-436 FROCFIRYT / LB IV 7 LATNT 7 ) b (REST 4 ) BOR
BZ) OffEiE BliR LT, FIORFEHEIEEESE TRD-132 KRICOWTHX 7 LAENLT T ) L
DffFie BIg L, v—7 v A 2B L7,

2022 FREITIE, WAEURZET VT AWEIRRENTE o 7 — - BRI & &t
EDIFEBITEE LT, B =7 FHREEESE O RERIR T /) b DG 2 I Te, xR e L
7T-F#1X., Kareina mikimotoi LMK17, Karenia selliformis MoKr600, Karenia papillionacea NGDr675.
Karenia longicanalis AmKr650, Takayama helix AmTk649, Takayama cf. xiamenensis NGTk657,
Karlodinium zhouanum clade 1 LKaK135, Karlodinium decipiens clade3 HrK1653 ., Karlodinium
australe clade2 LKaK136, Karlodinium ballantinum ® 10 ThH 5, €D 5B T. xiamenensis &
Karlodinium ballantinum | DWW CIIERMFRIIK N LT & B b D, 5% INLDOT — XX,
2023 FFEMNDIRE DT = L fEBST 17 X — « Hehenberger {81 & 0 " [FREIL[A F 3t
[FRFFED—8r & L CRTd 2,

I haVRY TS NENT

Ferld, ZNETRENTEFRI P R T MY 7/ A& fiRse L, BRAEMERIC
BiTD Mt 7 oW, BAG R, ATEIMEA o~ F e DI HOWTHIEZ T > TE T2

(Masuda et al. 2011 Harmful Algae 10:130-137; Nishimura et al. 2012 PLOS ONE 7:€37307;
Kamikawa et al. 2014 Genome Biol Evol 2:306-315; Nishimura et al. 2014 Mob Genet Elements
4:¢29384; Takeuchi et al. 2015 PLOS ONE 10:¢000132030; Nishimura et al. 2016 Genome Biol Evol
8:3090-3098; Nishimura et al. 2019 Sci Rep 9:4850; Nishimura et al. 2020 Front Ecol Evol 8:140)
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7 TF2HERED I D 43I U T- Microheliella maris O Mt 77 ) A% fi#5i U, Front Ecol
Evol 5% (2022 10:1030570) (ZHIR S L7, A TIXZ 02 #wE T 5,

Nicroheliella maris S b2 FYF4HJ/ LAlca— FEhdEEFL/ISA—F)—

I by RYT S MRS s o
PEICE TR, P05 Iz DSk SN\ s e |t
PEASTESE L 72 0 o 53 1 AR \ " ;
STV, ZHUTEEAES O
SRRV O KR53 % 5 2 B
ETRD Mt 7 DK D bR
WLV THD, 7Y TTFA
ZiFZ7 )7 Mg, A=FFF X
W, HE 7177 U REB LV -
Palpitomonas bilix 7> & R S U
Do ABETIL, i 7 U 7 F A
B DI T D 2 L 3]
B L 7= M. maris D Mt 7 ) 7% ik
E LT MomarisMt 7/ 513 61.2 B 5. Microheliella maris ® Mt %°/ L5\ v F. 4 2i%%
Kbp DEHRT /) LA TH D, ZOMt EEEFITEVKE, JARY—LRNABEFTEOKE,
77 AE 12,9 Kbp OMNIKAEE!  RNA BEFEETR L.

Wz 5 I 53D & N E il

fafma—RKLTWb, Mmaris Mt 7/ 22 a— REINAHH AT EEE L. ZET
(g ST —AEHA (Archaeplastida) . 7 U 77F X & (Cryptista) , />7"F A % (Haptista) .
SAR %7 BA#RY X415 Diaphoretickes D Mt 7/ LA Tl K CTh 5,

2 E TITMEHE STV % Diaphoretickes D Mt 7 ) LT — & & ARFZE CESE LT- M. maris
Mt 7 BZa— RSN Z NI EHEL A=) =2 L7z E 2 A, LD E > T
Mt 7 AiZa— RERTWEHX o X7 ERBEMERICE D L CE R HNTE D,
Diaphoretickes O HHMH I TIX 56 % VX7 BRBIEFDB M7/ AMZa— RETEH (K6
OM) . Mmaris, 7V 7F AKX, —WAWE (Archaeplastida) 7> AR S5 CAM 7 L—
ROILEMAETIE 1 BEFOREPEZ 27213 THD (M6 FDR) . M maris &7 V7
F A H OIS — R O @ e & % BiE TIXBRFREDBEZ Hlehole

MW, HBET T BETORIKPEI T TPHRIND (K6 TORBLVE) . KM
maris N7 V) 7 F A Z OIGEMAIE L IR, ENEN2BIE T E SELBTORIENEZ o712 &
HeH =7z (X6 Bl LUk

=12 Microheliella maris
61,620 bp

— i
“ m' |;N|
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6. Diaphoretickes [Z#(+5 Mt &
JLIZa—FEhd8 R 08DLA
— k1)—®mZE4k. miL Diaphoretickes M
#@E%E, Tl& CAM ¥ L— FO#£EHE
%, BIE—RHEMFE (Archaeplastida) D
H@E%, @XM maris £E9') TFRA

(Cryptista) D@5, @IEY ) TF
AADEBHELERT. TATLDOHIE

#HET, FEEINEZ MY/ LIZO—F
gz | |- naans SNBEUIRVEBERRLIzETFH
:f':s §§ SNABEEFEMBRITELE. RICH

e K4 BB AIIE M. maris D Mt 4° / L
atp1
- coxtt Ca—R&h238 R 8HE. M

maris M9 ) TFR A O @R L E DK
L=k LI-EBizFERLT-.

AT TIEFFNC A2V, =T 7 4 BT ABUCER TH D Z LA L7 SRT706 £k &
7 % v A$H Fabomonas sp. SRT902 ££D Mt 7/ NI fEHEE A CTh D, WHEELIKEE, LA
TOERMAED D Mt 7 ) Mgt e TE L T 5 OFrar B4 SRT605 1%, @Glissandra
sp. SRT312 ¥k, @ F fL B Ammonia berccarii. @ W H  (Didymocyrtis tetrathulumus &

Acanthodesmia viniculata)

[8] RABITICB T2 HERFRE L UVE VNNV BIAGEE L > FHIELEHRALETR

2020 FREEHE LTz CysN & X7 ORJFA 5 FE 17 I 2 b—3a v 2021 FFE#RE L
TR KEAEIR F eRF1 C K B A A > DR RKD H 3 7 ESLARHEIE~ D (& b I
B FEE P AR A RE G R BF & O JLRIBIZE) (2 OV TIERSGRSCOERZ BEE L., iRt &
1T-o7,
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4. BEH
1. FHEE, & 5 , B IED B HATETEREE B Kipferlia bialata (23317
DI hay R TEIEANT R TG Z X7 GO JSTERRT.
2. AHEMEE, &L (YY) BRKIRGEMED B -iARTEVEHEE B Dysnectes brevis |23

52 bay KU THEEFIVHRTOT 0T 4 — LiEfT.

3. B, &t (), HAMEOMEL L BHAEFHICE T « e R BICEB T
% B HAETERE 2 R 7 T OHRER.

4. eRFRE, EL (B) , BREKBEREOTAER MY aEF ADT 2L Co AU
FERS X7 B DORHES T

5. BEHEBER, 7L (BlY) , KEES RN X 5 Archaeplastida NS R#EEIFR D
FREA.

6. FHVEW, F+ (F%) |, Form VIV B A 2 |CBE T D HHLZ o R 7 ERED 3 A

7. CEAGN, At (B, MIaY A XBIBREE DNA & Witk 7 ) "o 7 U 7
DR

8. ®HEMIE, ¥t (BlY) , Histioneis JEIMEERIILEST LT ) XTIV T DT )
LFEMT IS K ORI .

ShHEBELE
L R SRR Y 77— (T, B &5 0AH0206)
2. L ERS: Computational Science Literacy ((£H %7, FlH %5 0AH0207)

5. 2H. NEER. MHMEES
2H
1. B4 EERFEEAN B O SCHB P KRR PR HEE, fIlses, 2022 44 A
20 H
2. O A4S FREREERE (BUET) , PILERS, 2022454 H 20 A

nNEaEE
1. Benrsefesiibhe BBpTE (B) , fitEtha] (IRFR) , 2019-2022 4FRE, AZf%H
PARPEE R 13,100 T (2022 4FEE B # 2,300 TH)) , X F=22 KU 7 DNA
RNY AT —BOLEEME L ELO 2R EY] GREZR S 19H03280)
2. FlRAFTEEAiEA  EESILRIFZEINERE S (ERILRMZERLB)) , fRiEtEw (%
), 2018-2022 RS, AATHE A EEEERE 13,700 T-H (2022 4F L E R 1,800
M), WA AT DM e O F2REMR GREZ 5 18KK0203)
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seE il JURAFSE (B) , HLEES (W) , 2020-2023 R, AR
PARPEE AR 13,600 TH (2021 4FEEERERE 3,120 TH) , MEAEDZERMED
BR— B EET 2R M D IR RS (RETE 5 20H03305)
BHPmregfiBh4:  EESERArZedt4e (ERLRZeRk®B) , BAES (R
), 2019-2022 R, ZAHEH - A RSB EERR R 18,330 T (2020 4 EE B4R 2 2,200
TH) , ZAN=A—FEYEICBIT S hay R TEEA LT R T OREEL
O (RYEE 5 19KK0185)

BLemfse e fiBhia  HARAFZE (B) , "ILEER (534H) , 2019-2024 4R, A% -
PARFEE R 13,300 T-H (2021 4R E R 2,200 TH) , Stapkwibhask > =
XY F U ORI D EE R ORI & OFEA DR E i < GREE 5 19H03274)
BLepfsetefiBha  HRERADAFZE (B3F) , Tilstfl (Gr4) , 2021-2023 R, 22f+
B BRI 4,900 T-H (2021 4FEEEEGRE 2,600 T-H) , FHEERAEYDRE
A 2ot OBERE & HIBERY /A0 OfER GRETE 5 21K19303)
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B) ZEaRME L

L
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W7ed—B L LT, OpenACC 12X D GPU - FPGA AT 1 /T 2 v JBEDOIIIE 217> T
WD, KT —< 1 XBML AT R A A5t o # — (R-CCS) K& UCK[E Oak Ridge National
Laboratory (ORNL) & OILFRIAFZEIZ I D DTN D,

OpenACC [FITHEHR SN TWD GPU Z#H.b & LeEFEMEEEO Y e 77 I 7%, 1L
F CPU (28T D OpenMP D L 512, BIRT T 7 T Lk ~— A ZER L 5512 directive

(FER30) ZIAT D2 & Ta A IREEINET SA A DO —F V3 — REET %
£ 91T L, incremental (270 7T L& mE LA REREET L—L Y —27 TdH 5, CHARM =
B MZHEASL OpenACC (2K A7 0l IV TEITZADE DR AREZERBL, 77V
r—vara—PTLREZHIT 0T T AEENMTZ, ET TV r—va v omdilb i EET
L ENAKMEOEBTH D,

CHARM = &7 MZHESL 7T v s/ F I 7K % CAMP (Cooperative Accelerating by
Multidevice Programming) & FE5, 2D CAMP O—-> D %E4E1E, GPU (25 Tid CUDA T,
FPGA (22Tl OpenCL CEBNIC7 07/ Z I 7L, ZNOEEEGEE 95 2 & Tk
NAFVa—REEBRLZY, Zhzi Intel oneAPI BibE CHIET S L 5 Riff5E 4 i1-> C& 7=
N, Ihx XV A~v— NpHE—7F v s 7+ —L4, 77205 OpenACC 721 Triib AIREIZ
%o, ZD7%, OpenACC O directive ZJLBEL, A LZ A 70— RTHEO X —57 v N T34
A (GPU 721X FPGA) #HRERREL L, AX AL A FIZX->Ta— Rapff Liz LT
EINIZT A ADHODNy J 2 Ray ", 125z, BEWREsa—Fe) 7L
TEITNATVEERT D ENI T T —F 2D, ZOAKX 231 7% MHOAT (Multi-
Hetero OpenACC Translater) & ’FFA TN 5,

MHOATﬁ%ﬂ?i%&SGNJ&UWPGAF?T@(mmmCC/\/ﬁia/F3/0\47 % PGI
GPU Compiler & OpenARC Z Z4LZ4LH 5, OpenARC |L ORNL 73GA¥E & D TV 458
Ma g T Ths, £72, MHOAT O/3—HEy LR S Iz Y — A a— FOHAIZITFH %
& R-CCS TH:[ABAFE LTV % Omni Compiler 7 L — AU —7 Z#H\\ 5, XIZ MHOAT DMLEL
OB Z R T,

— 172 —



P RT AR 4 — SR RS E

OpenACC Omni Compiler Infrastructure OpenACC
(= An OpenACC program ) T - = <
e Y C- N \
g CPP = Front || MHOAT | 9pPUC
- fpga.c
o] 125k on FRGA XcodeML

1. MHOAT 4 20—

T4 FEOWITETIE, At 2 —OFHWB AR - Hid a0 7 v —7 L 3L T
B L CO D FHMIRIAY 2 2 L—3 3 > 22— K ARGOT % MHOAT D& —/4 v ha2— R
L, —EFMEEICLD a2 — Rk Z21TV, CHARM 2> M KDET T r— 3
> ® GPU - FPGA Wit OFEE R Uiz, Ao — ROFHE PRGNS % 3 2 O R
Td % ARGOT £ & ART IEIZDOWT, £NZE4L GPU KU FPGA THERE/ BRI %,
ARGOT {EDFREIZEAMIZ 3 WLEMTOE YV —a— REREIZHLIL THY, GPU 2
JCHaEE e FEETH D, —T, ARTIEZIAEY TV BART X AT, X7 ML
RO NENEL 72 5%, GPUICARME 2R THY, FEERIS/IBEREZ R L L
o8y, CPU SHEGL TIEE A EIMETE 20 & W N H -7, FPGA TlXZhzx+
NEHIETED Z ERDho TS,

= Domain Decomposition + Intel Channel for multi-FPGA expansion

] FPGA
g cores (OpenCL kan;ald{
2 - Comp. engine
:>l L 1 : for ART method
E —1" reader :
& ; z
'E Mesh ¥
b _z,fl | writer | _ i
f Y _._-‘H“‘-..,, b } i b
| Y P

w—- Comm, path of ray data (Intel Channel) I

|:> load mesh data into comp. engine \/ | store comp. result (mesh data) in DRAM

2. EHH—RIVIZE D RTEDEREA A —D

MHOAT A1} 12 OpenACC 7t &472 ARGOT =— KX, %5 FPGA [A11F (Z A 72 il
AL CTW5, £7, FPGA WOTER R 2 H K IRICTET 72012, 225 HINZ &> T FPGA
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NTHINZENVMET DB AMEEZRHE L, ZNEERDO I —XMITIRY 317 5 (AEIDFEET
X8 H—xv) Z&T, ERIWEEZN LSS, Zhb0h—F VT MPLIESID X 9 7
EBIEMEE L 72575, Intel FPGA [7]1F @ OpenCL ALEERIZFE4E XU TUN 5 channel BERE A F UV
5HZETINEHRIZEREL T D, OpenARC (3 Intel FPGA [T IZFEHE I TEY, Z0
channel #$6E% OpenACC DOPLIEMEEEL L THWH Z &N TE 5, vV F I — kLT
ARGOT 22— RFDA A —T &K T, 72721, HAED OpenARC & channel DIEHER) 725~
IV NREDH Y R—F L TNDHTed, ZOEHMIIMHOATIZE D T ALb—32 9D
BTESI Ny F AT, MEEERE L TW5, £72, FPGA Lo reduction HETE 5 L
THEA T T ETFPIERTCLE DN DY, THHIZONTIE—#D RIS E Verilog
HDL TRk L TV %, MHOAT /&2 D X 5 IZH AN IR L~V ERELR Sh/c 2 — R HEY
WHZENTED,

IS O LORER, MHOAT (2 X% ARGOT =2— R, i) GPU OAIZ XL 5 CUDA
F24E 1i) GPU O AT & 5 OpenACC 34, iii) GPU (CUDA) & FPGA (OpenCL)Z L 5 F A —7
72984, 1) GPU & FPGA % OpenACC Tifi—7tik L7 MHOAT 3234, O CTRETH -7,
FFlZ, GPU ¥4y % OpenACC 51T L7- Z & C CUDA E3 LV & ARGOT IEDOZIERMNEL 725
722 L2 %, ART #£® OpenACC (MHOAT+OpenARC)IZ & 5 FPGA 2473, 1tk D OpenCL
WX AFEELIFIEFR CHE TEITTE L Z EnmiEkic >R o7z, 32D OB
&g (RBEY A X1 32x32x32, GPU=NVIDIA V100, FPGA=Intel Stratix10) .

Z OFERITE Y, MHOAT 78 OpenACC DA THET 7'V r—=3 a URFLilk TE, 7>> CHARM
a7 M-S EMETRY7: GPU & FPGA OESIZ L D GPU 721 OBA I b T
EMERE (R T994%) #FEBITELHZ LD o7,

Z IS OFFEACR IX [E R4 International Workshop on HPC by Heterogeneous Hardware (H3)
inISC2023 THREXTETH D,

or
W ARGDT
o A
& ART
"
oy
CpenAl e G M Cuba CLICA = O WihaDal

3. MHOAT IZ & % ARGOT =3 — k@D GPU+FPGA E & D4 REET (T
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[2] FPGA RIlF OpenACC a2 /34 S D= D RERBE L

GPU * FPGA (2 & 0 Wt 5 21D 5122472V . MHOAT ClXk[E ORNL THA%H OB
Fi =22 7%4 Z OpenARC % FPGA [f]i} OpenACC 2> /34 Z L LTy 7= RIZEHALTW
DM, AHOEwEL  — RS, & HICHE 528 FLICHHF LT 5 FPGA (s v
AT I CIRCUS E~DXISEBHIZT DH72DIT, FexMED FPGA % —7 v MILTC
OpenACC 21> /34 T DRI ZHED TV 5, ZIUIE LA AR e o % — L ot
RIFFEC, X"—RA L7277y F 74 —A L LT, ZivETHFEBIH L T X 72 Omni Compiler
DY —NF v NEFIHT 5, £72. Omni Compiler (21T EIZ OpenACC & GPU [a]i} OpenCL
(BT D REP TN TV D72, ZHEFIH LT FPGA M EEZED TV D,

B4 FEOIFETIEE L U TR EBINGIEICH T 2 Iy 722 _ 27 S VL (1751FE,
R MVNFE, VE V7Y a %) & FPGA OENARICE » TRl « a0 M T 50K
AL DUV T P REM L 72, Omni Compiler |2 & - T OpenACC = — K% OpenCL L3 % DT,
ZDOH 13 X% OpenCL = — KD A A —% Intel OpenCL SDK for FPGA Tz /XA /L L, &
BEIE L CREAm L 7=,

FPGA [TEARMNIN—T W Z A T T A MA6T DT, B —T 20 L7721 Tl
WNATTABLIDERSINDTIET T, 7y 7 AR > THENRHITHIC>TLE 9,
F T BEOSRA T T A L OWFNEME, T b B ZEMNESIE O TRIC K > THEREA M E X
H5, HfliZe N —7ThiUL, unrolling #1795 Z & T 1 —TWNIZEE DT — & W5 % 5ok
FTIEZDEIZ T A T T4 U RERTE D, L L, FPGA OFMHT DRAM 1% GPU #5#
® HBM Z|ZHANY RIEDMEW 2D, TR ASA 7T A VAL THT — ZHREDN AR B
NFE oy 785, % 2T FPGA F v 7ICIEIEE & L THEIE SN SH SRAM (Intel 55Tl Block
RAM=BRAM) % addressable cache & L CHV , N\ NigZ 4 5 Rz L7, LL,
Intel OpenCL = > /34 7 TlX, BRAM DO/ RiEZIERT 5720, —ELL LD unroll Z 2> F
%L BRAM BRI, £ 2ICT =2 Boil S iLd &V ) b2y BB Thid 2 &0
FIA L2, 2072, unroll B3 %2 5 & MEBEILM 95728 BRAM BREMTEEIND LD
M= RA TP EET D, A2~ M VINEAERIZ B\ T, /L—7'O unroll #1& BRAM
B, SOICEEAREEOBEREEDO /T A —Z P —F 24T\, f /e E b &Rt
L7,

Hi72 L — 7 unrolling 7217 CIXZEMIEFIMEDIRA 2 H D . BRAM %) T 57215 T <,
FEREE IR TS 2MEMICH D ENDN-T-DT, EHIZTILFH—FNIZ 729
FIEom L BRE LTz, BEOBEE S —* /L& [F— FPGA I~ FERBNIPITEIE S &
52 & CEMISWEE B ESED, Zhid, MPLIZX B8 7 a 2AETICBRITRBY, T—
2 DA FPGA 71— /VET1T 9, Intel OpenCL SDK for FPGA (% channel |2 & % 1 —x /L
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FHIEE RSN D72, I—FEBEICIhE NS Z & ThianieT —% OLfakF
DA =3~y RIMERHTE 5,

BRI A — VN D /V— 7 unrolling &~ /L F 11— FU(Z ZEENEAN D A I
HAEMERE EORERE Y | MMM*E%%WH&ﬁk®%V—%ﬁ7ﬁ&oﬁéﬁuom
TRAEHNIEHNS 2 728, CGIEIZ L DB THIEN. — IR TR ME A X F~—2 & L CRHMm
L7z, fERZ RS, 17809 A RT3 3000x3000, FEFEFH(T 4% T, FPGA A~ — KX Cygnus
WZHHE STV DD LR U Intel Stratix10 #45# 0 BittWare 520N & U 7=,

Hd aF %

4. JL—Zunrolling ERILFH—RILDOGERIZE B CGEAN D F T —2 MERESTM

m*n=3—30*Unroll ¥

:! 1831.93 MFLOPS |

"

T i

F ¢ 2 10 FFE KO

[ ' [} - u " ol [ [

[LEE 1 S s Pl 0 {LE [ ] =g (B E] il Gl dh

& FLiFd

O T, AT I — R K B ZERINEFIME I I REIC N S < . A— unrolling
:iéﬁ%iﬁ“*w@ﬁﬁ25&M&?é&wéﬁ%mﬁotow—fmmMgmﬁ~*
JVEHY 1 ORI b FRAI T, unroll ZUTIZIE LB L CTREREA M) B U7z, HL— R VIZZh Es
R IO, B —FRABORIMOBIEREEA R E EF L 21ih s,
77, unroll ¥k &R L7=FFZ BRAM fEHISRARE <X TLE D - LIRS i, =2
T, b= RA7OBUROIEE L LT, BRAM MAHK 1% %72 ) OVERER Hh#lt L C A rz, fER
ZRNCTT, FEEND . 01T v LF A — %Lt BRAM R A2 5 7- DI I35 B T h
V. BRAM i 14 7 0 DS PEREIT 1 — % L% 2. unroll 2% 4 DBLITELNT-. 5% D
OpenACC 7)>5 @ OpenCL 1 —F/VAERIZ I T, 246 OHIRZ A BISEG IS AL D 1
MEED D, £, CGIED X 5 e MAIMMERS 1T Cle <, X0 MR ISR T 5 225
P EFBEICOWTOREZED 5 FETH 5,

T D OWFFERE R IE AL -2 HPC WFE2s 2023-HPC-188(22)I2 35\ THER S 4172,
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m*n=h—FJE * Unroll &

" 11 11 14 T D 1 ] 12 | an [ a1 e [H]
wn 1] mu nn nm nn

5 B ]

B ENE 1% E O LRSS i LIPS )

24
SERA ERE I AEUD
FLOPS @ (MFLAPS O

bRl mne (LR s (LR H 1o L1

EaT—

K5 <ILFHh—RILEIL—Tunrol| OFAERD BRAM [FEHEZE 19411 DR

[B] BMEHRDOAFIE (FH)

3 Fourier 844 (fast Fourier transform, LA FFT) &, BUERMEHINGIRIZIBWTAS H
WHERTWET T Y XLTHD, FFT IEFRBELELZ AN THRESND Z L3200,
INOOEHTBRESCETHEHATE D ZENMONTND, TDO KD RERIT, BGakii

(number-theoretic transform, LLF NTT) & MEEiL 5, NTT IXHERBIR S, ZHEAFER, 205
FERERE e ICRH & T\ b, ABFFTIX, Arm Scalable Vector Extension (SVE) 4y %
VT NTT B — v %27 fUbT %5 & 382, MPI & OpenMP % iV T NTT &4k LT
PERERHA 21T - 72,

nA NTT 13F, = Z/pZ (piIFEE) 1BV T TFO LI ICRTZ LN TE D,

n-1
y(k) = Z x(]')a),{kmod D, 0<k<n-1
j=0
ZIZT, wpld 1 OFMENERTH D,
nANTT Z EEEHE T2 L 0m?) DGR Z LB L5, FFT LRkO 7 L3 ) X L%
WHT 52 LT, HEREEZO(mlogn)IZHIKT 2 Z & 3 F[EETdH 5, Out-of-place FFT 7 /L =
URXNELTHBND Stockham FFT 7L 3 XA %S 2 O NTTIZ#EHA L7273 ) XA
NIRRT,
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Alrorithim 1 ";lml\lmnl huln 2 ‘\TT c|11.,nul!u|1

Input: n = 2% n{j} = J'I[J'] cjE=n-—-1, and Wy 18 the prumuw n-th root of
nity.
Output: ylk) = X (k) = ET—_”I z{{lwl* modp, 0<k<n—-1
1: { 4= 12 /2

2m 1

3
A for ¢ from 1 to g do
| for j from O to ! =1 do

o for £ from 0 to m — 1 do

i o — Xk + jm)

T c1 & Xi=1(k + jm + lm)

& Xi(k+ 2im) + (co + 1) mod p

u: Xelk +2im+m) & ™o — 1) mod p
10: end for

11: end for

12: [+ 1/2

13: m +«— 2m

14: end for
6. E % 2 @ Stockham NTT 7)L31) X Ls

Mo7na) L0 84TH & 91T HICIE, RIRME, RIRBE, RRRENGENL TN D,
0<ab<NOBFADOEZMEc=(a+b)modNiL, INEc=a+bt. c > NDOHEDLKMA
EPHc—NICEEEZ 52 LN TE D, FIRFERIL Montgomery FH X Shoup FeH & H 5
Z L TR OB DR A FEMICIT O 2 < BE, MEELS IOV 7 NEEOALTIT
2D ENRMBN TS, Shoup HT LY XA EKNIRT, (OT AT Y XAIEBWT,
B2 DREFETHDHEE, 1 {THDABZBTHI 72UV #HETRIFAT 7 M XY, 2947THD
(AB—gqN)ZBTCEIST=2RVITE Yy h~AZIZEVHET DL LN TE D,

Algnuthm .3 ‘EImup 5 mmlul.u 11111It1pl|mtmu dl“‘(‘.‘lllthlll
Input: A, .G’ N such that 0 < ~1 B < 1 N < L"-
pw*rnmlmwd B' = |BB/N|

Output: ¢ = AB mod N

1: g+ |AB'/8]

22 U= (AB=gN)mod 3

3. if O = N then

. C+0C-=N

-

2 return O,

7. Shoup #E7I/)LT) XL

N NTTIZEWNWTn =ny X ny & fRTE D581T1E, six-step FFT 7 /L3 U XA L METNL D
FIEENTTIZHEAT 52 ENTE D, Six-stepNTT 73U X LFILL DO L S 12725,

Step 1: 1y X n 17815 n, X ny ATHIIZHAE

Step 2: nyfHDn, A multicolumn NTT
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Step 3: OV IR (w)?) Omod pTORI4 T

Step 4: ny X N 1780% n; X n A TFNCHRE

Step 5: nyfHdOn, AL multicolumn NTT

Step 6: 1y X ny {74 %N, X nlﬁﬁlﬂl%ﬁﬁ%

Z 2T, Step 1, 4 BEW6 2B HITHIDELE L MPI O4xt42i8F (MPL_Alltoall) % H
WTHEEES 52 LN TE D, £72, #HHED Shoup FH %2 Arm SVE 5 & VT SIMD b %47
9 & & HIT, Step 2. 5 @ multicolumn NTT (Z%F LC MPI & OpenMP % F\V Tl 5L 21T -
7

PEBEREA & L C.63 B b ™ modulus % 5D six-step NTT D FE2E D 4:HE % Fujitsu PRIMEHPC
FX1000 CHIE L7z, £ MPI 72 EXT 1227 12 ALy R, DF0 1 J—RbH7=h 4MP1 7
o2& AT A,

10000

i

1000

100

10 /

1 2 i 8 16 32 64 128 256 512 1024 2048 4006

Number of MPI processes

Gops

8. % NTT DERE (Fujitsu PRIMEHPC FX1000, 4 MPI // — K, N=226xMPI 7O+ X
#0)

X, A5 NTT OPEREZ R LT\ 5, MPL 7' i A% 4 /5 8 [THEC L7z & & OPERE]
E2NENDIE, = FKNT4 OO MPLI 7R ARBEEL TWDEETHD, 4096 MPI 7 11
T A T2 R NTT ZitH L7cE ., ETREE O 80% 23 &% &l {5 ThH® H LTV 5, Fujitsu
PRIME HPC FX1000 /%, 6 kot F—F A% v FU—2 T& % Tofu interconnect D 2 £ L TV
DM, = REBRHZ D LKAy 7B 2. BXPeEE0mE Ny RIENNEL 725,

PERERTA OfE . #2524 23041 NTT D 33X Fujitsu PRIMEHPC FX1000 (1024 / — K. 4096
MPI 7't R) 128 T 4831 Gops DIEREA /I~ L7,

— 179 —



B KT FHREAFREE v 4 — SRR ARk &

M Xy VT IT7ANIRTLOWME (BE)

INETA—RNaL b a—FDFHE /) — RO —G VA N —U3 AT AERERLET R
By 7 VWHNGHT 7 A NV AT A CHFS Okata4T-> C& 7, CHFS TlE, it/ —Fon
— VAR L=V EHWTEWIRHF— Y 2a— 2 T EEEL, 20 LiZ@Eilisg >
TANVAT LAOFEFEIToTo, REHIHTZY, /— REIZHT LA —J 807 ¢ #fFE
THER LA HEFT — X HEIECBRALEE 28T 72, Cygnus & W CHEBERHMT 21T o7 & 2
A, ) — REEBEINSE DS L VO Ny RIEB LA X7 — 2 WEENRM L35 2 LR onoTz,
F72, BeeOND & GekkoFS & DOVERELL# A 1T 572, BeeOND TlL/ — AL L TH A ¥
F—AMEILHEV HE Lo 72, GekkoFS (ZOW T/ — R A #04 & MEREI A B3
5HH OO, CHFS DIEH N A X T —ZMRRIL 5.5 fFmo T,

CHFS |FH 7 7 A VT AT D ENFHIDT 7 A NV AT L TH LD, FHENIS T 7
ANVAT HAEDH TRERT 7 A NDaA—%THILENDHDH, ZOBEIAT—V 7
ERFENDD, LIELIEZ 7 AT o L7 PUDIREBRVICK YV ERNKEZ 5, ZOMEE
RS B 728, CHFS ¥ v v v 7 7 7 ANV AT AOWEELZ IBINT 5720 DG 21T
ol FX v T T ANTAT AL, WHI T 7 AN AT LERUARTZEREZ S D, W
N7 7 ANV ATLEDEIOT7 7 A VA — T AT ANHEBICATY, LLERRDL, Z
NETEFY YU T T 7ANVAT ATIEAZ T —HHRENMEL R DER S -T2, AXT
—ZIWHN T 7 AN AT LTERTL700, MBI — S~y RRE2 5720 THDH, =
DOREE RS D720, FIAFICE > THREORWHFA TS 7 7 A VAT AL X v v
YT T ANV AT LAOMO—EWERED DL LB ZDH, I TUTOREEBV,

1. AN77AME, ¥Va 7TETHEIERES 2D

2. VaZllkbdr7 v AN, T4 V7 NUERIISTERENT S

3. BEF7 7 ANEEHT 5 & EITILEDORNIHHAL

4. WHNT7 7 AN AT A~OFEHILY 3 7T TR E T Thh b

INODIREFANAY T X a—A TV AT AEFAT L84, BERRIZITONTWAHIRET
HD, IR, FETRMEEZERR T 2B ETY vy v I 77 A VAT A E AN
T, WHNT 7 ANV AT MIEEEZIADLER DD, ZRNODOREXZBLS &, WIT7 7 A
WY ATLED—BWNOF =y 7 2 RIEICHI T 2 Z ERNAlRe L 78 b, JUAICOWTIE, F
YT Ty ANT AT LZRTIUE, WHT 7 AN AT K ESRT D0ERNH D,
TTIExR Yy v T T 7 ANV AT MIFET IR T 7 A NV AT A a2 BT DT
R FIAKZOWTIE, F¥ v T T 7 ANV AT BTHFERR, WHT 7 AV AT A
ELRTHLET RV, ZTNHOREDS &, CHFS IZF v v v v 77 7 A )V AT AOKRE
BN D7D, AZT—RIE—T 4 777Xy v a7 T 7EBENL, v v otk
RE, 77 v v alREDRREI AT o7,
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4,500
3,500

B CHF%
B CHF5/Cache

3,000

2{50':. B BeaQMD
2,000 Lustre
1,500

1,000 I | I

500 LI I i n

MDE-E-%f MD-E-5 MO-E-O0 FIND  PAD-H- MD-H-S MD-H-R KI0-H-0O

AI‘H-’-""

O

o=

9. Cygnus 48 / — KIZBIFB AR T—4214EE

Bz Cygnus 48 / — R& HWTZRED A 2 7 — ZPEREOFHiRE R 4 7~ 3, MD-E 134 7' =& X
INENENRERDT 4 L7 MVIZ 0, bDT 7 A NVENER, AXT—2HtS, HETHHR
EaRL, 7727131 BbHi-v off%t~d, MD-H 3% 7 vt ARFE—07 1 L7 MY
(247.008 N1 DT 7 A NVEAERR, AXT—2EfG, S, HET28/ETH 5, FIND 1Z/E
LTeT7 7 ANDRDPNORFED T 7 A NV ERBET LE8ETH D, sHliSRIE, Fr >y
BERE A FF7272\) CHFS, ARG L7 v v ¥ 2 BfE 4 & 0 CHFS/Cache, ¥ » 3 = HHE
F#7-721 > BeeOND, 4|7 7 A L2 A7 A Lustre TH 5, £, CHFS & CHFS/Cache ™ b
TIX FIND ZFREIZEAERAZ T —ZMERENED> TWRWIZ ENXghole, ZHIZKY,
MPIODHWTHDF v v T 77 ANV AT MBI D A X T — 2 EREOIC T MR LTz,
F 72, BeeOND & D L#ZIZ KV, CHFS/Cache DPERENEWNZ & 35y 7r o 7=, Lustre & O LS
{Z X Y, CHFS/Cache Z AV 5 Z & 12 XV Lustre DYEREZE KIBICERRETH D Z L3 hvo
oo THNHOREIL, EEEV—27 v a3 v 7 ESSA IZBWTHRK L, 4%, SE3EhTT
Uor—ya o _XeF~—7I1C KD & 0 AFZERs 2 D, Pegasus HED A —/ a B o —
ZITEAT D TFETH D

(6] I 7AW RTLELUVT Y Y F - 957 FEIFICEAT 2HME ()

SCER B DD D HEEHINA R T —~v o Aa B a—F 47475 (HPC) O
HPCI A b L—, BRI PIFT —ZLHF VAT LIJLDG DY AT LY 7 hy=T L L
THAHEND Gfarm 7 7 A V3 AT AOFERHE 21T -1,

HPCI A R L —UIZB W T, Xy NI =2 F o v I REL D EFRy NU—27 OMHRE
WD, BRI S DR TV, RIEICOWTIE, Xy N —7 D& EZED
%L &b, Glarm O/NT XA —F OFPEIZ L0 kIS E D 7=, BERIZIE, *y hT—27 03]
Wi SN HHEENRE <, 3PB/HDN—ATEZIATND T — & OFPGHLIFE OBEER A
BADIRWIREETH -T2, ZDT=, WHIEROIEFIEZ 400 725 1,000 12 _EF 550G %21T -
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7o WHIEZ BIF7TRRET, RNAEBIE LA, Xy NT—7 2T —NEIHITHWZ D
L <, BHEYERAHICE 9 X917 o 7, AL Gfarm D/8T A —Z FHEIC LV Rk L
=W, BlERERY N7 OFEIILEL 2D,

Fle, JIURNRAMNL—=VDOF =T Y —=AT Ty b7+ —LELTELLTND
Nextcloud [ZxF L, SMBA F L— L LT Gfarm 2RI AIRE & T 2B 2D T2, ZHIT LY
Nextcloud DFEVRCTUNA ¥ —7 = — 2% FWT, Gfarm O7 7B ARAREE 725, BIFEIC
BOTHEERL0F2—VEHELEOLSICHAETLINTH L3, IOV THE
myproxy H—/ 3N GEERAEAZ RSG5 2 & TR EZ X -7, F7o, EEOA IR Gl
7235A X HEIYIZ myproxy Y — " BREIAEZ IS L2 B HEE H BN L, myproxy H—
DOFEAEZ F08 Listit 5 Z £12 XV, Nextcloud 2> HYIIVE DRNT 7 B A& HiT 5 2 L A3HA]
HEL 772, AT AT Al https:/github.com/oss-tsukuba/nextcloud-gfarm (23N CTABAT % &
EBIT, BUERFORA—/Ra B a—4H Pegasus V' A7 AMIHBHAIN, FEHINLTWS,

GSI DY AR— M TISHE I I 2 U7 4 xS & LT, OAuth2 O h—7 & Vi
AEZAT 9 oo DEkEE, PR EED -, EFEEORRBICENTIE, =2 OFZPEREEIC
Keycloak $— "ZF|H L TWed, £0 N TiEa—WE, HERSEICH LA —F 71
TIERW2) Gfarm Y — 2B W THMERGEZAT 5 K 9 &GE, B E1To7, £72, b—
7 o DOAMBIRITFE S, BEIEFRDNVNAE L 725, € O & LT jwt-agent D%t ED T2,
jwt-agent |4 —7 YV — XA TP HED LTV D oidc-agent & [FIEDHRELFFDH, F—7
YOEFELITO N, oide-agent (FHEFTOT-DOY 7Ly va h—7 U HREFFTHDITH L, jwt-
agent CIXZD h—27 IRFFLRW, VT by o b—2 U0 jweserver DL L72E T
REFL, X2V T 0 VR 2R THZ LN TE 5, jwtagent [T https:/github.com/oss-
tsukuba/jwt-agent (ZIVNTAB L T\ 5,

[6] DO CONCURRENT [Z& % OpenSWPC @ GPU 1t (¥EH)

BEFD CPU MF 7 7'V r—< = > % GPU Tt 5 72 OIZITFEARMIZ GPU iz 7' mr 7
7 LEAEIET DMENH D, TOBIEITHMIER TR HDHRED GPU (2B % KAk
ik Z R o TWRITITR S22V T 557 L > TEOABITIRE S LH)T 5, CUDA,
OpenCL. hip D X 9 RSB %M+ HIE GPU ORI RT3 E 2 TOMELZIERT 5 =
ENTE, LVIRHARHEORENAEEE 2D — T, 7u /7 A& KIBITEET 2 LE
23 %, OpenACC X OpenMP target L&V ~— RANMELS, BEFD CPU H =2 — RIZHE/R7
(TH4VvIT47) ZFATHZETGPU fla— REAEKT L7280, —2D=— KT CPU
ME& GPU oW FIZMEHTE a— REROAEL Th D, ITEHIBEMI - 5EIC DO
CONCURRENT &\ 95 D23 % 5, Ziuid Fortran 2008 “CiB AN X AU 7= W FI{LA# SCC,
NVIDIA D 22234 TR ZD—TEHZHOWT GPU 22— REERTHZ LN TE S, 2
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WA GH T a O EZIZE T CPU & GPU HIOWM ST DA F Y AR TELHZ &
2725, & 512 DOCONCURRENT [ZEEFD DO /L— 7 IZIEH IV MESLTH 572 GPU A
DT 7T LR D Te OIZMERAGRDIEF D72 N e WO AR D D, £ T THUER
DIEFEY I =2 b—v a3 a2— K OpenSWPC Z X%z, 77V r—var2K% DO
CONCURRENT % VT GPU fk L7z, OpenSWPC | OpenMP+MPI D/ A 7 U v RifFIHL T
FEEINTEY ., BEHTEL O CPUR—ZD Y AT A TEIEEREN® S, OpenMP T F{k &
NTN5%< D DO V—7DN, GPU THFEITIE % /L—7IZ-5 T DO CONCURRENT (Z#
Wiz %, OpenSWPC DIGAIIRFHAT » TIZBT D A A L A—TONAINRRIR E 725,

OpenSWPC |Z 3Ly I 2 b—a »THY | BRITLH MO —TTHAEIND 3EH/L—
TH3Z\N, CPU A} @ OpenMP i 5L TlI—FSMAl OV —F ORI FULA4T > TWvD, CPU
DATHITENZEL L BN ZNTHATH DA, GPU DLGEITTTEND aTHE 72
H1eO3EN—T 2 F LD THINLT HME N B D,

DO CONCURRENT [E B O LIZ-DU T pure function ([Z[RE$ 5 & V9 Fortran 2008 0
KA H Y | S HIZ GPU D 73— RAEKZIT 5 HEITIE—UIORBERFOH LA TE v e n
) ALNNA TORBEIZEDLHIRN DD, ZOOEBKEA 74 VERTAIULERD D,
OpenSWPC (Zi% 2 FEEHDOREHMOH LB 503, —HIXZERICA v I 4 VIEBRZITV, $ 9
—JiiE~ 7 v BB TTxbG Lz, 2OV IEAHD 23, T ORISR L7z,

DO CONCURRENT (I=1:N)
X(D=v@)*v)
END DO

GPU 7’0 7 F LA JEMEZ L TWAER D —>1Z CPU D A E U OMLIZ GPU 73BT D 5K A
FVEHFEHL TNWDHZLTHY, GPU MIOFHHE CHERT —F Z M HEET 2 LERH D,
DO CONCURRENT TIEE5EE LTI DIREZ T D MEN R, EBETLIZEHR
ARETH 5, EFED X 972 DO CONCURRENT /L—7 Tl — 7N T STV B EHIC
DWTHERHREEIT ) 2— RPN A T L > TEBREIND, X(1:N), V(I:N)72 EDRELS
PMERH SN TWD 2, 26 0NEIICHECR S 472 ALLOCATABLE 24 CTHh L GPU | =2 —
R DA 1T Unified Memory &9 CPU AE Y & GPU A E VY DA T~ RIT_"—UVH
MCBENT 2RO AEY & LTRSS, 2L CPU 2L EH GPU B H 7 7 & AW[HE
ThHY., GPU O DOHRT 78 A %fITHZ LI2L>T GPU A€ RIZHHRMERSZ &
INTE %, —J7TALLOCATABLE TIEZ2 W EHER 2 EDRSITH 55E121L CPU AE Y &
L CHEMR S 4L, DO CONCURRENT /L — I A B 72N T — # OERERI T4, Z OEREN R
MLty 7 L7209 72 ALLOCATABLE B0 H 35,
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CPU-GPU [z Z Y6k & 372 HIZ AR 7] K 72 Unified Memory Th 528, — F CRHIER S H 5,
MPI T/ — RT — XL E21T 9 GAICFE DOEZA(E/3 > 7 7 13 Unified Memory D55 12815
PEREME 9%, CPU & GPU Offl& 47T~ RIZBEILTLE D AEVHETH D=0
Xy NI =0T ACHEEREE A 70— REEL 2 ENTE T, —E CPU AEY Lo
v 77 ERET D L) EEITAe D, FRIC GPU [# CEBABIE T 5 GPUDirect RDMA & Fhiik
T 5 LBEMREDEK FIZE LV,

real,device,allocatable :: sbuf(:)

!$acc data deviceptr(sbuf)

do concurrent (k=kbeg:kend)
sbuf(k) = vx(k)

end do

1$acc end data

call MPI Isend(sbuf,:-)

Z O Z [EEET 5 H1EIXEBLR DO CONCURRENT OFSRETZ T TIIARAIRE CTH D72, 1
FLO & 9 1Z CUDA Fortran & OpenACC ORRE L FI$ 5, £TWE Ny 7 7122 T CUDA
Fortran OFEHE T device B2 N9 %, Z 12 & - T allocate THEMR: L 72 BT Device Memory
RIRHRSND, RONV=TTIORERNNy 77127 = 2HEZIATWDHR, 22T
sbuf 23T /A ZDOT KL AT/ > TNWD I EHRZ D7D OpenACC O data 7 4 L7 T
4 7 HEBEALTWAD, MPI Isend TIEZF D E F sbuf ZE L TV 575, CUDA-aware @ MPI 7
A7 7 VIZBEEANTHEBIIZT A ZAOT R ATH S Z & 2 H5 L T GPUDirect RDMA
2T 5,
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S00
W global__comm_vel
200 M absork__update_wel
W kerrel__upcate el
F00 B global__comm_stress
M source_stressdrop
Euu absorb__update_stress
i.x:- kerrel__upcate_stress
= 500 = =

M output
A00 W sctup
R =

100 -
_— —
Iy - — — — — —

26PU 4GPLI 2GPU 15GPLI 326GPL 64GPLI BACPLI

ZIVE TR Ao b 21T > 72 GPU =2 — & W THERERHM 21T o 7o, 7 — Z I3 HR= Y
7 ZiH & T A/ HEFE-EDO Y I 2 L —3 3 & {#i 5 7= Strong Scaling D FEAM & 72 5, Pegasus
DK 64/ — REEHA L, %4/ — RiI NVIDIA H100 Tensor Core GPU & Intel Xeon Platinum
8468 (Sapphire Rapids, 48 =1 7) % 1 L9 D43 2, kernel *,absorb *D A A D AT /L5
B4 1E GPU BN fE > THEK 72> T 5, global comm *Di@{E 4 ICBI L CTix/ —
RECDEINAE > THBIE T EAH A 2 T2 O L TIZAR AN 16GPU LLETIHE S 7> TS,
HHJHIZ CPU = — & 64 / — R TIATLIZG A2 /AR L TW525, 8GPU (T
FEATREM & 72> TRV . 1GPU 2359 TCPU A Y § D IHFEMEREZ A L TV D & B A B,

Al

[7] BRBEN —RABRAICHT SEMANBKIERED GPU 1L 58 ZE L (SHE)
e )R & PRI B0 S — IR TR

& oB1=[)]
IIHEYEARAT, FEEAETRIARNT, (R TRAICHET 5 A v o U R EEMbiER & THA, K
R b N LB L SPLTWAD. 2 2C, AFEAZ n RETTH], B, ClInxmBl7NT 7
150, 01X mRFATHITHY, x, fiInk 7 by, y, gldmikT<7 MV ThHDH. #R
TN, — R FRRAO M A AR KB TH 25518, 7V v 785 E kR & O KIE
Bl X o R EnER< Shd. L LAERG, 1T81B, C O m BNWIGEIL, 1751 A 5
BEMTHoTL LTH 7 Y v 7 E ZEMRAEIEDIURIER AL L, RAFIZZ < O AR
EE LD RMAGRICRDZE DD, Fx X ZORWEITHT 272012, FFEXO7 7
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B KT FHREAFREE v 4 — SRR ARk &

v 7 MRS AR U7 Bl (BUF, 484305) 2B L. REBIEICBIT 23R 0 REmIT,
1190 A LB ORIV O R GTRAORMETH 2. Z O — R TFRAOE
BADR 7 NIV EIRERBIR S 220w, D OAIRT MvE b OB OE N — IR
BRUCHET LN TE L. HEIESNTEE OB — R FFEALFRERAER FTRETH Y
BB — IR GRS WHNKFERIRETH S Z &, BEEIFEBREOWIIMEE SO, A4
ZETCIE, BEREOEHLEZK D 72O GPU 2 W23 21T\, ZOMERERHME 21T - 72.
LUF IR RIEIC W TR HICIR AR 5. SN — R TR O 7 MV x, y IZLL T O
XoliREhns.

x=A"1f —A"1By,

{y::(CTA‘lB)_l(CTA‘lf——g)
ZIT, AU ERT Mo EERENU=ATB, v=ATf LEFRL, I5IZX =[U v,
B=[BflLEHRTHIET, BEADRY MvE O~ KRB AL =B B’ G55,
Z O —RGFREREREMATIN R 2RO D Z LIV, BeSRES R RO~ b
WEHETHZENTES, ZOBEEAES — R T RAOBREITINITA THY, 1T4IB, C
DI m OBEINIRBATIN IR L KIFE S 2. 20w, BEIEN — R TR

RIS — R E Y IURIEDBLE N O RAEIE TORBPEL TH 5. ok, ZOHK
FESL — RGO R 3 DREEO FEF R L 2 5. Zofyzmdb 52 &1
KV, REEOmEEL AL 2D,

I, REEOWFHILE GPUARIZ DWW TR D, A ENL R 52X AX = B Of50
175 B W 2510 FIVZEWVIKIEBIR A Tz, FEINARETH D, 2 b a5y
FIL T SN B OESL — R G FEAUTFRERAEN TR TH U, 5 S KL — R T
KO WHIRERARETH D, Lo T, MEEEIMEHOWSIEEZ S, 751X & B %

£=[X© 3  gF-D] 5= [p®, 3,  r-1)
LB S, 22T, PIEMPL Pt xHe L, XD,BD (j=0,1,..,P—1)1ZnxsITHIT
H5H. BL, s=(m+1)/PTHD (fHEO-D, m+ 1P THEVUINDLETDH) . ZDX
WZRET D2 L2k Y, PEOEEAIDES —RITEAPELND.

ARD =W j=0,1,..,P—1.

FEDHEE LT, 8 F R OB R GEKAXD = BD 121 LT, #jFBDOMPI 7ot
AEEINYTH, F2, £ MPI 7t A2 LT GPU % 1 HE|V Y4, GPU CHEEHINHE
SR GREROKRMGEAT S . 72k, BB SN R GBRAORMBIZIE, Ty Va>
WM EEEEATS. Ty s 7 ) 7S ZEMRKEEORE L LT, BEAROMHN
7 MVERBHIHE TE 52 L, ROAIARY MO S [N 8§ 2 e
WL EnFTFTond., Try s ) a 7EHs2EMKAEETYRE L e D3R — VT,
1) BT - ATHIRE 1 Y = AX

Y
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BUERY: FHEBEREE o 2 — SFNEE FREE

2) 7u v AXPY HE Y = Xa

3) 7y 7 NEEER  B=XTY

4) s RAREATHN & s KDY bV O, — R RO KR
Thsd. 22T, AlZnREITH, X, Y I<nxsHEITH, oflds RETHITHD. GPUIZE
526 OFBEDOIFEITIZIE, NVIDIACUDA 74 77 V% fn5. 1) 121 cuSPARSE 71
77V O cusparseSpMM & H W 5. 2), 3) OFFEIZIE cuBLAS T4 7 F U ORIk
cublasDgemm % 5. £72,4) IZiX cuSOLVER 74 77 U ®B#L cusolverDnDgetrf,
KON cusolverDnDgetrs Z 5. GPU TOMEN — R GTFEROKRMETE THIZ, FOHT-fiE

1781 XD 78 host lICHERE SN D, ZDH%, 1T81C & X IIATHIICHE SNAE MPI 7 a2
B END. Ba N — R TR O~ T MLORREIZIE, 1751 CTU &_7 b cCTo B
WEEL IR D0, D O FIEA GPU TEAE S 4, MPT Reduce (2L V5 OMPI 7' 1 k& &
IR SN S, BRERORETIE, 7 by 2R 5 720 O — R TR ORI IT
OMPI 722D GPU TOHT->TW5. [AFRRORKME, ~7 My 27t ATk
EL, 2 ML x 2427 at 20 GPU THAINTHET 5.

BB FEER 28 U CIERIEOMRERME 21T 9. 7 X M7l E LT, 1781 A IZiX SuiteSparse
Matrix Collection TZABH S4L TV 51741 atmosmodl (f78H 4 X n : 1,489,752, FEFRZERH :
10,319,760) % H\>, 174 B,C ®FFm 1£3,000 & L7, EBRERBE L LT, S RKFEHER
Wget s #—DA—/—a ' a—4 [Cygnus| ZHAV-. &itH /— RiZik, CPU £ LT
Intel Xeon Gold 6126 (12 cores) 732 3, GPU & L T NVIDIA Tesla V100 73 4 JFEH5# ST
%. 2734 7% nvfortran ver. 22.3.0, MPI 7 A 77 U % OpenMPI ver. 4.1.2 Z /=, &Gt
B — RIZIXLGPU A 4 I TW AT, /— RNIZIZMPL ' rE 2% 4 O3 h kI,
A MPI 7'm& A2 GPU % 1 J&EID YTl £z, & MPI 7' 1& ANIL OpenMP % FH\\Tif
S &1TVY, OpenMP DA Ly REE 6 & L7-. &N —RAHFBEXOKRMRIZIE, Ty s s
Va7 ZERIKEED 1 > TH 5 Block GWBICGSTABrQ % v /=, miALERE S L Clr
LT HIRTALEE 2 A =, ATLER TR T oMy, — IR TR THETH 5720, AT
FNTAFE ) — Fo CPU & AWV CIFIGHE L7z,

BUZFHE ) — RN ORI 5 8 ARNE N — R R0 KR 2~ G5/
— RFNO MPI 7t 28t 4 THH7-0, 2TV AEIIP = 4N 725, K@IZRT LD
2, CPU DA THEAEITo25E1E, BEEAEN — R TR AX = B ORER A 2RO
FE O K2 HD TS, —F, ROITRT L 91, GPU #HW5 2 & THEEE DN —IK
TiFE RO RARRERH] 2 KIGIZHEAME T2 2 E N TE, ZAUT O SRLE N, — R TR RO KA S
éﬁmfé:&ﬁf%k.%:N=4®ﬁﬁﬂxmu%ﬁw5:e Z&Y, BRANEN—IRTT
FEADSKAFRFH] 23 CPU IR & ELl: U TR 12 @iz 22 o 7. BLE XD, $2F1EIX GPU Z#54k
L2 WAIEHEBR B L ThmWBAEN H 5 2 L R Sz,
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800.0 | 7855

Solve linear system AX = B ]|
Compute solution vectors x,y
Misc s

160.0

120.0

= 55.8 57.6 56.4

Elapsed time [sec]

Elapsed time [sec]

4 8 12 16 20 24 28 32 36 40 44 48 52 56
Number of compute nodes, N

203 SLL 782 69.7 645 558 57.6 564

4 8 12 16 20 24 28 32 36 40 44 48 52 56
Number of compute nodes, N

(@) CPU A TEIR L7256 $AKIL 0~170 B DIEKIX)

800.0 - Solve linear system AX = B ||
Compute solution vectors x,y
—_ Misc ==
Q
8 600.0 - -
— = 600
g k3
. g 400 372
= 400.0 | : 4
o é- 20.0 = 154142 5
& it 4105 0.9 114 o 110 o) 104 93
<
5 200.0 | 0.0 4 8 1216 20 24 28 32 36 40 44 48 52 56
Number of compute nodes, N
65.3 372
0.0 = 207 154 142 124 105 99 114 91 11.0 82 104 93

4 8 12 16 20 24 28 32 36 40 44 48 52 56
Number of compute nodes, N

(b) GPU & 72356 (AL 0~72 B O3 KIX)
10. &/ —FRNOELICKHT b8 REETL —RAERXDORBERHBHOEL

[8] GPU - FPGA & EREMEY SR 4 ZHV-FHESWEI— F ARGOT DE/ —
FaFE M, BEHE, F+

EWERMERE L A U N> RIE% 9 % GPU (Graphics Processing Unit) (i FEEPEREIC
31TV % FPGA (Field Programmable Gate Array) % 4 X, X5 &2 FAIZ R H T 5 GPU-
FPGA #A VAT JMIBETIMELHE L TWD. ZOX—Fy v T TV r—vaThod
FH S = — F ARGOT OFFEN#IL, GPU & FPGA OfiA## L7z 1 >0/ —FK
ZHEAL, 1 20 CPU FmEAM GPU & FPGA TENENENET S CUDA & OpenCL
A—FNVEOH L THIET 2 Z Ltk o Tlian T& 7.
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Bl RS FHRRIEIE Y v 4 — SRIIERE FRmsE

InfiniBand HDR100/200 Network (100Gbps x4/node)

ode  cp
--"'J PCle

T rcor
ART nit data of ART _
-

| ResultolART g

T rcor
ART Init data of ART _
&
! Result of ART

T roor
ART |nit data of ART _
——

ResutOTART . P gl

"l cor
ART it data of ART _ = _

ART Init Gt of ART Inter-FPGA
T

. [ RosutoTART Pl Network . § Result of ART
/ " rraa GPU / " Sren [S2Y
)l’. )/'4

B 11. GPU - FPGA ;&#% ARGOT O — F D% / — Rl 5L DHEER

AW TIX, £0EELE MPI 8L FPGA MEFEHIF TdH % CIRCUS (Communication
Integrated Reconfigurable CompUting System) % FVWNTHE%E, — R CEIET 5 L 9 Itk L 7.
|2 GPU * FPGA #ff ARGOT =— KD% / — RIFHLOME %2 ~3. T X CTOFHE ) — K
IZ GPU & FPGA 2ME#i &4, £/ — RIZHEIV Y THA MPL 7B X 2Lk ->T, WA
DT NRA AP SN DG, A—r8S—a 2 Ea—# Cygnus & AV CEET 4, ARGOT =
— KT GPU BABFT L T HHA N — RV ThHD ART LTV v 7 TRk S L7 FPGA [
TUWHNEITEN, Y OEELTIEIMPI 7025 I VEF A& FWTHEED GPU LT

fbEns.
2.5
B Others
B ART comm.
> 2.05 B ART comp.
B ART init
—_ Optical depth accumulation
n "
o segment assginment
(@] “E’ 1.5 A v O'I? g
Y £ comp.
@ 5 B ARGQT init
o 5
3 1 0.89 12.8x
o 6.8
@ W -OX faster
= faster
N o5
0.13 0.16
]
o — — —
GPU-only GPU + FPGA GPU-only GPU + FPGA
1 Node / (32, 32, 32) 2 Nodes / (64, 32, 32)

# of Nodes / total mesh size

B 12. FBRT—Y T DEHEIZHITS GPUEED ARGOT 21— F & GPU - FPGA & ARGOT 31—
ol
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BIfED FPGA SE2ClE, MV A AN 322 ETL A W=D, 1/ — RdH=0 32° DR
YA XEED YT, JRAT—U > 7 DOSFMT GPU E2ED ARGOT =2— K & GPU - FPGA i
# ARGOT = — FOMEREA e U7z, UCREMRE R 2~ 7. Zeds, S RIOFAMNTIX, H&K2 /
—REFEHAL, 2250/ — RIZBITAMEY A XOEFHT 64X32X32 & L=, 1 /—KIZk
5 ARGOT 22— ROMERRICE T % B9 5 &, GPU 324 Tl ART 1£D TR Y ARGOT =

ERIZBWTHENTH D Z EN00 5. D ART k% FPGA IZA 70— RT5 Z &I
£ o, ARGOT =— ROIFATHEMIE 0.89 072> 5 0.13 BV M X4, GPU OADEITIZ A
To68fFDmE bz ER L. ZHIXFPGA ICEESNIZART 7 7T L—&I%, AT
A AEFF L OZERNFIMEATE A LT, ART IEOEIERZRIIEL TWEH2dThD. £
LT, ARGOT =— RF% 2 /— RTHEITT D &, GPU FEDLAIXIF] ART £ MPI #{E

[CHET HEEA ARGOT 22— RORETHHOY-02 5D TNWDLZ L83 yhnD. —J7, ART
E% 2 ) — RO~ /VF FPGA THEITLICGEIL, A— =~y FZREALIETICZEDHE
TEALFR 2 AT T X, T DR F: ARGOT = — FOIHATHIL 0.16 BICEH S TW\WaD. Zhi
WE L FHEZMA LTS, 7T A4 M CIRCUS IZk > THEESRIZZEIZLY, +To
ART ¥ &l 7 — KD FPGA (281} % FPGA MG 1L A2ICRRFCFI TSN, AT T4
MIHE I AT, 64X32X32 ORIEY A X & xR E L7z ART EILIEIE 100% DR THEITS
NHOTHD. OFED, 27— RETIZE > TH LN 12.8 FOMEREM 1IE, ART {EDH
FIEMERR O RIS, HIRLEE T — X HE ORI DOIRN LR SN D TH L. 27
L, 220/ — FORRITITRK 10" OFHRERH Y, £ OJREIZOWTITBIERET TH
5.

[9] A% FPGA BRIRICH 1T S EEBIEICBIT HBHK (A, /AR, #1)

PP RFF AR AT 2 — T, R S N8 FPGA L CTHI e ilfE 7 L
— XU —27 CIRCUS (Communication Integrated Reconfigurable CompUting System) % Bi%& L T
W5, L2rL, CIRCUS (F 1% 1 @ifF L2xAR— b L TE 5T, MPI (Message Passing Interface)
BHR—=FLTWDHEI7 HPC 77U r—v a v TR R S TV 2 EFHEE 1T FES
TR, CIRCUS Zflio 7o @thEfgit i FPGA 7 7 ) r—va VA FERT L2252 D
&, Zo X ) RMEMEIE ORER LICHEIEST 5 2 L3 L <, CIRCUS OEMHNEEXIIEH M
<RobNB. ABFETIE, EHBEDO—>THS Allreduce D F24E & PEREFFAG 21T 5 .
Allreduce (ZAEIEDUHTHE LR EE THOW OGN TRY, HEREHBEREDO > TH5S.

CIRCUS (Z81F % Allreduce 05 1%, AMEEZH WL T LT Y XL ZHWTHEEST L. X (£)
\Zd 5 & 512, Reduce 71—/ & Broadeast 7 —F /L% FPGA EITHEZET 5. Reduce 77 —=x
T, BEIZH T2 D FPGA NSO T —Z K L, iRIZH 5 FPGA IZik D 1 — /LT % . Boardcast
F1 =5V Allreduce FHAETRE R % 4T D FPGA I ARIEIEILIE > TRLD I —F NV Th 5. K ()
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B KT FHREAFREE v 4 — SRR ARk &

ZHERBRHM O R 2 R 3. B KT 64.6Gbps OYEREDMS H AL, HK T 100Gbps Di{E 23T X
HILwEEZDLE, ZOWREIZ TS THD LTS VEE. BUIR, 64KB £ TLMEREZFHAIH
RKTHELT, AvE—VENENZ EREREKTORRO—-STHLEEXLND. LAl
72035, CIRCUS X7 v —filHinnl, YEHLIZENYy 7y BbSsivd LT —2BHKL
TLEY. 2070, AvE—VEAZELTH L Allreduce BIENZTE LR E WD FEZ
ZTW5A. AT, ZORMBEEENT L7008 L TWARBICHKT 54— —~y |
NHY, HREEFIRL TWDZENHALNE RS, 7a—Hl#N2n=), LT%EaH
W25 —FVD I T2 X9 ICHIE L CRIEE2FIT T2 0ERH Y, Akl OIERE
TRV EENTLED.

SHBOBEE LT, 7a—flillnen 2o 72dls, BETr FaLvOEEERTL
TW5. BIEDOFIETIE, Intel #3429 % SerialLite 11 7' & b =2/ % VT FPGA [Hi#(E
ZIToTCWD0, ZUs 7 e—HgeER 2. {7 e har: LT, A=V —20D
FPGA {7 1 b 2/ CToh % Kyokko % CIRCUS |[ZHlAATe Z L &2 MFTL TR, FHx M
%Gl LT % FPGA R — RTEMET 57, @EMERE, 7 v —Hl#E OERIC DU CHERS &
HTW5S.

”
// 40.7Gbps

e 2F PG A Sestind

-
17}
©
o

el
@©
o
=4

o

Reduce

FPGA 1 N

AFPGA-Serixn

wn A FPGAT e

13. (%) Allreduce EEDHE (H) MREIEFER

[10] HBM2 % FPGA (S & 1T 5B EREMRER 1T A €YY S X TLICEET 8K (BHE. /b
. )

UT4E FPGA R & — L V)[R 72 2 %€ U Td 5 High Bandwidth Memory 2 (HBM2) 235
IITVD FPGA R— KR Y U —2AZ22H 5. Intel FPGA (2B TIiE, HBM2 &\ %
Z & TR 512GB/s OANH A E Y B AR TE 5. HBM2 (XK O A £ Y 2 ZHOR
NET—=F77F v ThV, BTCOREYF ¥ U XVZREET 7B A L2ITNL, ZOEN
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Average of recovery time (ms)
Query Global Recovery of Recovery of
Recovery SR; SR,
q4 156.2 143.4 18.0
q5 79.2 75.8 52.8

(4) InTrans: Fast Incremental Transformer for Time Series Data Prediction
ERSNT— & OTH (TF) 1%, HRKEH IS AT A, REATHR, K@EH AT L2 L,
2 DT TV = a TR SN TN D, ZLOBFOTRIET VI, &

W=7 ZADTHNZENT O ESHETDHARH L ENMENTND. 2L, £V
=T U ADKFRINER D L, NT A=V ANRKIBIIR T T 5. RIETIE, ZOHMME

DT LD EZL OFEITONTEY, Informer [XBER b EtERE THIET L Th 5.

TF TiE, #@%, FHIGLEGEMICITONS. 72 21X, RETHRVAT A, 2 5T LITR

D 24 FHORKZZE THT 5. 20728, BEIZATAT 47 U a4y RUZMH L TIER
SNDPL—=UT/T AN B UTNUET, ANEHNOWMGREBEL TWLI5E1E<H
L. ANNEWMNOWGN, ERINTZATA RITE-T, HHFL—=
MOERDOY T ATER L TS, KL TliE, FLr—=
LTWa TF ICEREZYTS.

Informer D E7RRFE, BEAIZFE TERWI & THDH. ABFFETIX, InTrans & FEIN

% 755 RH R RS < Transformer #4242 L, Informer @ h L—=2 7/ FRIRR 2 54ET 5 =
ETEREOR MRy ZICKHLT 5. InTrans 1%, MER/NT A —2 —DHhEFHRERL LOHEH
T LK, FERIIT —Z GBI R/ PRITE D, KimSCOEBRIZ(1) AJi/HT)

VT AN U
VTIT AN BTN HENCEBE
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BUE RS FHRRIEE Y v 4 — SRIERE FERRs &

@Wﬁ@ﬂ% REf), BEIOMEZZSMDIABZ A I =A N, & (2)Query, Key, XU Value
HENFRT2HCHEBAN=ALTH S, BEMRa 27 M &2 6 (RT.

Informer & s L7355 InTrans OFFHE&EIL (1) O(S)vsO(L) : MLERYIS I O AYHE
Wirdr,  (2) O(S+k-1) vs O(L) : Value DHEDIAZ, & (3) O(S+k-1) vs O(L) : HCIEE A
71 =X LTO Query/Key/Value DR TH 5. 2B LIFANIOEREE, kL kemel DH A X, &
S X slide 4 X TH 5. FEBROFERIZL Y, InTrans 1L, Informer & bl LT, [F U THIKEE
IR LN S, FEPRIRR A 26% @rfﬂﬁﬁf%é LR Ehie (K7) .

» Emb
EmbO’"® X e
:ﬁmbi 1=
EmbO]"“® EmbN,,,
Embo‘n-:’t Embi“*\“"

b

Incremental Embedding

|
Input i | X(i-1)s#15 === XG)s+L-10 X(i-q)s4L Output i X(i-1)s+L+1s =+» X(i.1)S+L+0
Input i+1  Xs415 =+ X(i)seL Output i+1 XpseL+1s ==+ Xjs+L+0

X 6. 12E9 5 InTrans OFE

3000 73 InTrans OInformer @ InformerF
2500 5 LogTrans Reformer & LSTMa
2000 & LSTnet

70007 InTrans 1 2 Informer  “CJ Informerf __
5%%- LogTrans4 55iReformer 6@ LSTMa[] Hil
"::l LSTnet 7 87

I
|
|\

N N

1500 : §§ N

BEZ =3 AR

95/96 168/168 336/336 720/720 96/96 336/336 720/720
(a) ETTm1 dataset (b) Weather dataset

K7 AA/HAREZESLESEDTA MERE ()
5) BRIFEEAIIREDIABLET NV EAWEZRE~ v F L T DdDT v v % FFE

Eh~ v Fr 7 EE, BN E, FRRRORKIIHIET L L a—- FMEEN TS5%
bt &, AUEKZZRL TV La— Rtz y FESELAHTHD. A LRIC
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M4 27 =2 2T 5 B 5 T =T NELEORAER, R—0T7—7 VB3 EEL a—
ROt L, Z< OISATHRIh TS, EiR~vyF 7% A =70 L LD &
HE, VAZXR mBEDR n OF—T7 MK L TmxnElO L a— REEEAMETHY, KX
RYARDT =T NENET HERCHEE 0D, 2K LT, FlLzra— RRLEE2T
—T7NVATHLNLD I N—LTEE, FULEA—70OMET Tra— Rtk
WEITO Z LI L - T, HEEE KIFICHIRT 27 vy ZAEFER LS HNHA TN D.
Try 7T, EffE LTy yFT oL a— FRIEZVWNIHEERSFE LT vy 728D
LUTHPDREETHY, ZNETICHKAD Y OFiE, HKili7z LOFiEEE DL OFEIE
RINTETL.

AWIETIE, EREERT 0y 7 RS 572010, IFERHVWLNDL L) IZho o
AIFEEASHET LV (PILM) e b a— FOMOIALRBICN 2, L a—FD7
2y ZALDTeHIZ, HIART MINBIERESND k 5B 777 Lo F A2 Y o7 v
HREERE L (K8) . BEFIETIE, AT —710% L a— ROEMEZ R L CH—
SCFHNZEH L7205, PrM 12 L » T_7 hVZERIZHDIATe. Z DR, % HR5E (Contrastive
Learning) %3 % 2 & THOIALRY M EFHET L. HFoie~7 MRBITESKRILT
boHTe, BB U TRIGHIZIT o7k, KL a— RE2ERET D7 T 7ICEHRT 5.
ZORE, TR ORGITHFICH D kEOTERICK UCEEERT H 2 & C, kFaltFEr 7 7%
T 5. WonieZ7 7271l T, Va7 V7 1 MblieED s A2 Y v 7 kAT
HZ LT, AL v a— RRhoedTay 7 2ERT 5.

Transformer
- or detcctuon
vnethods
SimCSE

8 IRETSHIAVIILFEOME
RRERFIEORINEEZTMT 2720, 4FHOT — 2y M HWEiHIERE1T 7. 20D

5 HM 9 1E iTunes 7— % v b & Amazon 7— X v D~ v F 1 7 &7 o T2 BEOEATI
125 KOS (F-measure) %2R LT 5. FBRTIL, %72% PrLM (method #1) (Z%F L T
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Bor7Z 7752277 )NIY X (algorithm Fl) ##AG DY TIELE, XTHREE %
EANTZIREFE (SIMCSE) 2H#E LTV 5. ZOREND, RETFIET b—F L O
flziz o>, RLBWHEZEI L TWD I LIRS,

Table 5: iTunes-Amazon.
methOd algobcst emb’scc bkscc mtaalgcc Fl
R-BERT I'vian 91.8 461.8 553.6 85.2

DeBERTa I’vian 311.2 557.2 868.4 89.2
RoBERTa I'vian 253.6 58.1 311.7 89.7

BART I’'vian 324.0 433.6 T757.6 91.7
RNN birch 2329.8 dnf dnf dnf
SimCSE I’vian 64.5 160.9 225.4 92.8

R-BERT 4 I'den 127.7 328.2 455.9 56.2
DeBERTa; I'den 470.0 607.8 1077.8 56.4
RoBERTaqs I'vian 391.5 368.2 759.7 64.0
BART4 I’'den 642.9 347.5 990.4 68.0

SimCSE4 I’'den 125.8 164.4 290.2 89.7

9. RERER

[2] T—4 =4 =2 - s#EHRE
(1) BT —F « AP Y=L T —=ZIHT D7 T REER AR

T—4ty MIBIT A5 A (Boundary point) &%, #7287 7 A X OEERMHEIKICALET 5
BOZELThHD. 7T AZPORLIEVLEILSH 2 mld—tEE b o> AT — % Th
D, a7 ARA L k(Corepoint) & MEHEND. —T5, 7 T A% iz < B 72 A3 UE (Outlier)
BERT. BERAIE, AMUELIZE ARV b 0D T EA b EIED LA BER R EE O
T LD, TAIEHTIE, BRAROREPER R —ABEET S, BlzX, @R
BERTT =TI, BERAT—ZBRRERIET DITITES>THRVEOD, ZDOY AT
BE o TWOMERE 2R T AIREMEN D 5.

INFETHEASMHOMERIIITONTE D, BEFEOFECEIZ S OMER S 5. §)
ZIE, —EHOFETIIERSEIINVEL HERIT L ZLRTERY. LEn- T, BRA
BHOREL, 7—2 %y PO NVEDOHFIEIC L > THELZ TS, £2, —HOFEIX
T =4ty FNOIMUEIZBET DHEE RN EREDEE LW T A X 2 E .

AWFFETI, 2O OREZ fERT 28772 72 5 5 Rkt F15 T d % Boundary Point Factor
1t (BPF) %=#2% L7=. BPF Ti¥, Gravity & Local Outlier Factor (LOF) %44+ T BPF
AaT LRI L TCEEAEL, 2ORAa7OEWEEERRE L THRIET 5. Gravity 1%, xt
GENSZO kEIFHEEF RO MVOFEERT MVEELTHESND 0L 1 F
TOMDOEZIRAIETH Y, k HALE R NFFE D F IR > THET D351 LISEVWEE
EIFNZHE R < AFET D5 I 0 ICEVMEZ IS . LOF 13 R < H b2~ — A2 D5
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ERHTFIETH Y, HMEIZKRE72 LOF A a7 25 —J, TS D ST 1 IR

EZID ENOMEEZAT LS. A p @ Gravity A P
=17 G(p), LOF 2 =7 LOF(p)Z M\ T, BPF 2= re MO fgz:::;aw
7 1%, BPF(p)=G(p)/LOF(p)I= L W sk b 5. K 10 \ . A .
R LIS, BRA p, 27 q SMUE T & 'q’é‘_%  Nelp)

T 5 &, Gp)>G(q) 72 b T LOF(p), LOF(q)<< -"’.6)?0 O%,CQOO.'

LOF(r) 78 A ¥ 32 > " fE M 8 & W\ 7= o c‘)dQ-gO.
BPF(p)>BPF(q), BPF()L 721, Fﬁﬁp®3wx ° ® ¢

AT REL LD T ENHIRFEND. Ny = :nearehr;iq;eighbors

StaticBPF (%, #H)7—% 1t v FNOET—H (T
*LTBPF 227 %5 L, EAL m EOEERA
ERIET L7V XATHD. k REGEZHFROIHERT 2B 2 L2 0WGEA,
StaticBPF DFFREILT —# 4  n I2x LT O(m™2)TH 5. 11 1%, StaticBPF D ks
%, WE{F T35 T % BORDER, BorderShift, BRIM, BPDAD & [l L/-fERTH D, M &S
NIEERRERETRL TS, £ 2 ITEENKBELBROMERTHL. b ORERIX
StaticBPF 23EA7 515 & el L C L 0 B RMICBER SERHTE 5 2 L 2R LTV 5.

B 10. BHRRA, IT7RAU b, SAnfE

(a) StaticBPF  (b) BorderShift ~ (c) BP(DAD ~ (d) BRIM  (e) BORDER
Bl 2 REF—48 RV EEFAOLE

®2 BFEOTEEMMERELLER

Method Parameter Prec Rec F1 ROC PR
StaticBPF k= 200 0.79 0.79 0.79 0.97 0.71
BPDAD #boundaries=915 033 053 04 - -

BRIM eps = 0.094 0.53 053 053 0.78 0.59
BORDER k=100 069 069 069 095 0.55

BorderShift k=100, = 3461, = 4028 0.66 0.66 0.66 0.93 0.69

AWFZETlE, EBHICA MY — Ak L CEERSMHE AT 5 StreamBPF & BI¥ L 7=.
StreamBPF (ZA U —ALEDARTAT 470 42 RUNOERSBHEZMEGEHIZITY H O
T, 7V FEEEZRW k REHE S, 740 UV RUNRRAT A R LIZBEOZESS I 2 A
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AOELZLET, V4 RUNOETORD BPF 2 a7 2RISR ATRETH S, AIHEIC
BWTIE, 77Uy MEELZHEHL, V4 FRURNDOETORA V a7 v—71T 5%
LT, U4 RUNOTRTOEDORT Z L ICHBEZ BMICHAET L0 b, k FallfEa%)
RKPPZFHEARTHD. BEICBNTL, Var RUDRATA FIZK DT OEIE LW
FREIIUIC X 2 SOHEIBRIZ L > T Gravity A 27X LOF A a7 N B% 7 5852 8EL, £
NHOROBPF A7 ZFEMICHEHT 5. K12 (a) (b) 1%, ST —& & Tl ik
k) EATA RV A X (w) ZEHE LIS EO W OZ{k%, StreamBPF, StaticBPF %
Mo A =7 R, EoHEORZ AW (IneBPF) , 7'V v REEO R Z V-
753 (GridBPF) L L7=HDTH S, K 12(c) (AL, WMHEFZFET — % TRHMliL7=H D
Thbd. 7V y P& EE=ZNitE 20T 5 2 & T, Tk & T StreamBPF (38172
AEEREZ R LT 5.

ORMDPF L IncBPF O GAzDPT O StreamPF O Z2atscBPf O incPf O Griche¥ O StreamBPF

s
«EEEE.CE  fg

* - ™ - w ™ N
L S f

(a) Slide Size (w) (b) #Nearest Neighbors (k) (c) MNIST

12. StreamBPF (1t REEEAM

(2) Indexing Complex Networks for Fast Attributed KNN Queries

2021 FENDFIEHEE, AFRTIER Y T —7 LOT —22xh LTI k Rl
ZITO O DRGIMEFIELRRE L. Xy PV =2 EOTF—F T L TINETEHRDOR
GIEFIENMER SN TV DD, TOEITRMEZZE L TBoT, FHs 7 7 axdg e L
bDThD. —HT, EMATEZBHSNLIEHLR Y N —2I13¥E T T 7 LI1TH#RY
Ty VREDRZFEE L FUMIERERH L L L HIC, Xy FU—7 EDO/ — FREHDRE
PEEETS. WBIAE, MaaSICE VRSN Xy N =7 2B R THG6, &4/ —F3to
TIPS 7 3%, £, &/ — RiZa—90BEkERTZLnn, 22—
VOWEZRTBEZ O LRARTHD. ) ZOMEL LT, ERORIIMEEFIEITE
B 727 — 2 ITE W TR BRI R ARG R AL E L 72D, k RolfERR e mdfb T
AN

AW TIEZ T =N IREEZ R > T2 MR v BT =271 LT, RV k il s
HFEBT D2 DORGIEETFIELRE LI 1), 2% F1E BAG-index Ti, x>y hU—72
CEEND ARG L, ThEhOREREEIT L CTRMER S| & R ER G 25
T5. JEIERG & EFEERINL, TNENEHER Yy MU =7 DREZBET D 2 L THRR
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W ERZ ORI TR 2 ENTES. K13 (£) 1TRETIE LB FFEORE
R DR 21T > 12 b D TH 5. P D CTHBAG MERE T4, CT+Naive [ L5 4 73 2021 £
WZBARE LT IR EIE L2 b @, CT+G-Tree I3 il FikZ R LTS, £, 24 FeLIN
WCEHERET L2V DIZOWTIERN LA LTS, ZOFRENS BB LR LI IT,
EEFIETEAFFIE & B L T 100~1,000 fFmd 2 g il 2 28 L T 5. £z, AR
DEFEZET D BAG-index 1ZIFRBEE A 2D 2 & T, ROIEERR S BT TIE & L TKRIEIC
FMHTHD. H13 (F) ICRIEERHORERERE T, ZoM»PbbN L1, 7
Tk CTHBAG 35 795 CT+G-Tree & L LT, 20,000 (5FEEEEHTH 5.

W CT+8AG 104 N CT+BAG
; e CT+Nave 3 o’j mm CT+Nawe
LR | = G-Tree+BAG 1 e G-Tree+BAG

’g { £ 1«:;’E
¢ £ 10

¢ FE 5

g .g ‘on! 1
3 ]o-l]

2 i '
10 ] | |
Movelers-1K Movielans-5K MovieLens- 10K MovieLens-50K Movielens- 1K Movielens 5K Mm_:;«ﬂ&(MmLun-SD(
13. (&) M&EENIEEFR DL () FESIEERHFMEODLE

(3) Fast Top-k Similar Sequence Search on DNA Databases
IFHIOFELECHBIC BT 2 I581E, 7 — % X— R B0 mIE RN BB W T
BRI THY, 77— 7)== IRF ) A= AT ' T Y T Bl <
BHIN TV, Iz, HER EOWNZR 54O DNA & A, C, G, T @4 CFTHRES
NHXLFHNE LTRTZENTE, AWFNTENVEIREIZL 57 DNA v—F v Rbhed
AIREMES B D . £ D728 DNA ¥ —7 » ZAOMEP AR BT B3 2 I3 SC5 2 ALt & [R5
OIEL L TEZDHZENTED. ABFJETIE DNA v —7 v 2EEE xR L LIRS
FIEIZOWTEZ D, ZhuI=—F b7 =Y DNA O —F U AT —F U ARG bl b
&, DNA v — 7 ZEE ORI BFPE DO @m WS CFH 25T L TH 5. DNA &
— o AT D R I SRR B A R T 5 Z R — B TH S, LinL7Z
WD, AMBEESETHONOND DNA V=7 AD Y —47 v 2RI LERFE EOEENS
MR SN D Z EBEZ. 2D, B FEOEIRRRERMG A TFIEZ AW T O IR R AR
MazETHMERS 5.

AMFFETIIAIE TIED DNA v —7 C ZEEOHNG 7 =) CFFNI U TR RS/
SWKE DR > RHN & miRICHIE T 2 FELAHRE L., REiRo@b, DNA & —F7 U ARNBK
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B KT FHREAFREE v 4 — SRR ARk &

VA, HERUEREMGIZ AW SRR RIS R & Gt RR A N L35, AR T
DMEE RS 5 7= 012, WEEBOSFFIRFIEARE L, ETERERR 4 &Ik 5
ZLERARRE Lo, ABFEABASE LIC B R FIE T, 2 OEERRERERICE SN T, M
TR & L TCAREY)Z DNA & — 7 U AZNRBNCRINT H 2 LN TEDH. ZORERELT,
FEFED DNA v —7 V AERITB W TIRKT 4 [(FFRRERERDRRLIEZEI L-. £ 3 TiX
RSk 7 500~2,000 HICZ L S E B A OREFIEOFBELZ R LTS (1.00 (24T
FE, BWHEORBEREZERT S, ) ZOEEISLHLN L ST, ETIEZIM
EEREZ V2 b DD, EWREE THRREZETARETH D Z & R L.

®I BREROBRE

Datasets k = 500 k£ = 1,000 k£ = 1,500 k = 2,000

dataset 1 1.000 1.000 0.950 0.926
dataset 2 0.998 0.993 0.934 0.913
dataset 3 0.998 0.987 0.932 0.910

(4) PR-MVI: Efficient Missing Value Imputation over Data Streams by Distance Likelihood

T4 AF) =L TRELTWDLREMEEZ TS ZL1%, Z<07 7V r—va Ty
Mk R DNGE %2 158D 2 DITKALD. KFIIRF S N7 —ZIZd L T, Z< o7 A X
A (BEEERERKRIL (DLM) 72 &) DRI Cho7e. BEFFEIEZT —4% A MU — A0
BIZBEHTE LD, 7—4% AN —LDH5MNB v —=00 F—2 L3R R 554, 7
G+ CAPMKTT 5. —EHOBAFETFE (B CEFHREBETY (ARIMA) & L) 137 —%
AN —LZMBTEDN, H73Y T —H T TE 0.

B2 27 R 2K 14177, BEOEHTEL N—=07 T—% R) T —%
ANV =D DORFOT—F Oy N (W) IZHEAEICHZENTHS. BERNIZE, Wi,
F—% ALY —LOEEN R OBENL Y7 b LT72Z & & PRIET MCHRT 5 O
D, T, R, AR TEH Y ) bR M EZ TRIET VICREEL, FERT—% X
N —LDOEED ) A AR— BRI K> TREICEEINLIOEH S ENTE .
52, DIM 3T —4% L 73 FT—H DOl R— s T&572H, DLM X R &
W O GNEFETEDL LIRS TN D.

ZOFmXTIE, BEO ML —= T EERROB I WELITRR D 0ME R o8ET — %
AR —=LEHTAY FT—=% AR —LOMWFIZK LT, [PR-MVI] EFEEILD, FEEEL
FEIC X D2 REJBIMEM T OO Dl EL L OEEDOEN—AD 7 P u—F 2 H1ET 5.
ESERT—F Y MIRT DR ERICE Y, PR-MVI BEEFFIELV T —% ALY
—LINBRE LTV DRMEELZ K0 EUICHET 5 2 LRSS, PR-MVI I, KRR O
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e HICEMICELT AT —% A MY —AIC% LT ARIMA XV 13%, DLM X 9%
45% BN TS, BEDO ML —=2 0 T—X LERO G ZFF>T —% A R —LADHE,
PR-MVI X DLM ¢ [REHEDONRT 3 —~ 2 A& FEB L, ARIMA XV & KIBICENTZ X7 +—

~ AR T L (K15) .

y (longitude) (longitude) y (longitude)
8 0°o L o 8 o 0°o
. > gl - I Q0 O,
v % %% o.oo, W o.oo. W %%
0,2 © 0o© 0 © 0,0 ©
/0"00 8 4 / /O'OO 8 s
000 OO 000 OO0
020 0 o 020 0 o
2 oo°°o°o° 2 2 oo°°o°o°
0,00 0,00
2 4 x (latitude) 2 4 x (latitude) 2 4 x (latitude)
(a) DLM. (b) ARIMA. (c) PR-MVL.

B 14. BEFDOFEL PR-WI OBE. &/ —FEELI—FEXRL, REBEOFET—2%
ZLWRT—HR M —LALOBFORLALI— KDty FEERT BRED/ — FiZ
HIET 2 FHROFECIIHAS AL

08
0.8
o7 MPR-MVI DLM I kNNE =MIBOS =CMI o7 WPR-MVI
0.6 0.6
0.5 0.5
04 \! ~ 04

k% & 3 N %
o3 I i i hew
0.2 =3 , 4 £% 202
01 =5 & % 3 01
; =4 3 7] 2% S
o 2 —_ Lo - o 0
50 100 150 200 250

“DLM 11kNNE =MIBOS :CMI

>
o] 2
gﬁ £

PRI
;('[I':I'EJ"[IL!'L

(a) # of incomplete records. (b) # of neighbors records.
15, f2RE N PRI EAOBEETAD T RMEE

) &Y Y—REBEHRE LERBMEEEET VE AW EA RS

T XA MLEIZBWT, XERICHEOAE N AL OMERL 7280 THEARD 25
T5HZ LR, MBI ERLARE AT SN AIRECH H IO HEE RN L L TR S
NTW5b., ZOHRUTITELX R L ORH DR, TETHE, BEOREIND, BHFEEZ2 A0

FENER S TWS.

ZOFETIE, BT —2 & LTHRUTHIST 2 HEES &K OV E

AERIAT v (N, M7 l) 252, ASNEEBEINE L TEREhOEA KT

SN EIMAT B LD BTN 2 S S 5.
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B KT FHREAFREE v 4 — SRR ARk &

M ESH272010F, KBWRZRHEIT — 2 N UNE L2 5. FRESRPHARER LY, ZOLH7RF
FEY Y= ANERR SIS LT, IR EOZ DL, ZOXIREFEY VY —AB 54
BlIN TS EEEAT, ZRO~OHIERLEEN TN,

AR TIE, FicmFAEeT (77U h) I THEH S, 900 5 AL EOFEE ZFOE Y
Y —AD—2Td % Tigrinya & X512, EARBENOTDOOT —2 2y MelElk+ 5 & &
H1Z, BERT R—ADEFEE T /L TdH 5 RoBERTa % JtiZ Tigrinya [l (2 L7 S36E T /v
T& 5 TigRoBERTa Z R E L7=. 7 —% & v MEMIZIHB W TIE, Tigrinya #6112 & - T 5,645
NENFTTHT LTz,

Fine-tuning on NER and POS
Generated

Pre-training text Architecture used Named Entity
) — ) Our Model e e Rocognitioln
@ y * —
I..(.'AT‘ A ¢ 4
—D ROBERTa _’ TigRoBERTa 2 POS Tagging
+ y 2y S
y v@ ° @ &2

r.gr-' a Free Books

16. TigRoBERTa EEEET /L

X 16 12, #2Z29 5 TigRoBERTa 5Bt 7 /L OE %79, #% ¢ RoBERTa [Flkk, ~ A7
FESFEETAEZFAL, Web PDEFF LT 430 T Efi-> CSEET AL EFE L. &5
2, BIEOBEGERIHB T —2ty ballioleT7 7 A v Fa—=2 T 2#HAT52 LT, B
BIDZATIZAND ZENTELRIBTEET VAT 52 TE D, AUFETIE, H
BRBEFINMZ, SFHEEZ A7 OO0 TVHAER LTS, 5L, 7—%& v b
DA D 120, FEHMHVICL DT =2y hOVBRICHLRV A TS, T42bb,
—HARLIEETVICE S TIVDfESNTWRNWT =2ty MZTVEfET 5.
ZORE, ETNTHIOMEEN—EU EOT—22HiT—2 L L TMx52 LT, 7—4
Ty MRS S.

Dataset Precision Recall Flscore
Supervised (Fine-tune TigRoBERTa) V1 80 82 81
V1 & V2 83 86 84
T = 0.85 80 79 80
Semi-supervised learning T = 0.90 81 79 30
T =0.95 80 81 81

17. TigRoBERTa MELM=EER (EHZRIZHEA)
BRFIEOENEE R T OIEHMEEREZITo TS, K17 TIX, A XD 85T
—& (VI OF, VI+V2) TORELKORE, L KEERT -4y N afio 2 & CTHE
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DA T2 LRI NTZ. £O—FHT, PHEIH Y FZEIZ L DEER B2 oW TIIIf#
AS S AN A G NSV WA ol

[3] RDF - #1#~—X - LOD
(1) 7 # ZEREEIZE T 5 RDF #R OSAT 8

TR AR —DRREE L HIC, BB T kAR bDERy N —71T8HHk L
UTNEABEREBIGTT D2 EDTED 0T ROV A N—7 4 VAL AT A (CPS) D3E
HENTWd., Znboxry NU—7 T, REOEUVF—NERINLTWAHTeD, 7 —X
BT D — N CAWMBNETTLE WO MER S H. ZORBEICHIET 5720, —n
— L V=T N, ADWT PEBRENEITO 747 ) — REBALLET =X 7 7 F ¥ N E
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(1) An ensemble method for improving robustness against the electrode contact problems in

automated sleep stage scoring
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(2) Owro: A Novel Robot for Sitting Posture Training Based on Adaptive Human Robot
Interaction (R4%)
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Wash Style for Free-Viewpoint Video Generation," 2022/12.

The best short paper award at Asia Pacific Workshop on Mixed and Augmented Reality
(APMAR2022), Yu Tamura, Hidehiko Shishido, and Yoshinari Kameda, "Evaluation of
Active Patterns on Direction Instruction for Pedestrians," 2022/12.

The Best Paper at International Workshop on Advanced Image Technology(IWAIT) 2023,
Fumiya Kimura, Hidehiko Shishido, and Itaru Kitahara, "4D Portrait Generation Based on
Neural Radiance Field and Facial Expression Similarity," 2023/1.

The Best Paper at International Workshop on Advanced Image Technology(IWAIT) 2023,
Shunzo Yamagishi, Hidehiko Shishido, Yoshinari Kameda, and Itaru Kitahara, "Visualization
Method of Movement Trajectory in Outfielder's Fly Ball Catching Technique Using Baseball
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Using Scene Coordinate Regression Network," 2023/1.
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Akira Ikumi, Yuichi Yoshii, Yuta Iwahashi, Satoshi Sashida, Pragyan Shrestha, Chun Xie,
Itaru Kitahara, and Tomoo Ishii, “Comparison of 3D Bone Position Estimation Using Qr Code
and Metal Bead Markers”, MDPI diagnostics, vol.13, no.6, ID-1141, 2023/03/16. (DOI:
10.3390/diagnostics13061141)

Masashi Tsukamoto, Yagiang Wei, Takashuke Nagai, Itaru Kitahara, Koji Takeuchi, and
Junichi Yamamoto, “Promoting Visual Perspective-Taking Skills in an Adolescent with
Autism and Intellectual Disabilities Using Multi-View Videos: A Pilot Case Study”, Journal
of Developmental and Physical Disabilities, 2023/03/10. (DOI: 10.1007/s10882-023-09897-
6)

Pragyan Shrestha, Chun Xie, Hidehiko Shishido, Yuichi Yoshii, and Itaru Kitahara, “3D
Reconstruction of Wrist Bones from C-Arm Fluoroscopy Using Planar Markers”, MDPI
Diagnostics, vol.13, no.2, 12 pages, 2023/1/16. (DOI: 10.3390/diagnostics13020330)
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Yuichi Yoshii, Yuta Iwahashi, Satoshi Sashida, Pragyan Shrestha, Hidehiko Shishido, Itaru
Kitahara, and Tomoo Ishii, “An Experimental Study of a 3D Bone Position Estimation System
Based on Fluoroscopic Images”, MDPI Diagnostics, vol.12, no.9, 2237, 2022/9/16. (DOI:
10.3390/diagnostics12092237)

Dmitry Patashov, Yakir Menahem, Guy Gurevitch, Yoshinari Kameda, Dmitry Goldstein, and
Michal Balberg, “Fnirs: Non-Stationary Preprocessing Methods”, Biomedical Signal
Processing and  Control, vol.79, no.l, 15 pages, 2022/8/24. (DOI:
10.1016/j.bspc.2022.104110)

Hisatoshi Toriya, Zedrick Paul L. Tungol, Hajime Ikeda, Narihiro Owada, Hyong D. Jang,
Tsuyoshi Adachi, Itaru Kitahara, and Youhei Kawamura, “Fragmentation Size Distribution
Measurement by Gnss-Aided Photogrammetry at Real Mine Site”, MDPI Mining, vol.2, no.3,
pp-438-448, 2022/6/24. (DOI: 10.3390/mining2030023)

Itsuki Ueda, Hidehiko Shishido, and Itaru Kitahara, “Spatio-Temporal Aggregation of Skeletal
Motion Features for Human Motion Prediction”, Elsevier Array, vol.15, n0.100212, 10 pages,

2022/6/23. (DOI: 10.1016/j.array.2022.100212)
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Kitahara, “Generative Image Quality Improvement in Omnidirectional Free-Viewpoint
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Kohei Yoshino, Taiga Sato, Hisatoshi Toriya, Hidehiko Shishido, Jang Hyongdoo, Youhei
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10.1117/12.2666988)

— 256 —



B KT FHREAFREE v 4 — SRR ARk &

10.

11.

12.

Fumiya Kimura, Hidehiko Shishido, and Itaru Kitahara, “4D Portrait Generation Based on
Neural Radiance Field and Facial Expression Similarity”, International Workshop on
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10.1117/12.2666565)
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10.1117/12.2666428)

Shunzo Yamagishi, Hidehiko Shishido, Yoshinari Kameda, and Itaru Kitahara, “Visualization
Method of Movement Trajectory in Outfielder's Fly Ball Catching Technique Using Baseball
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Jingwen Qin, Hisatoshi Toriya, Hidehiko Shishido, Youhei Kawamura, and Itaru Kitahara,
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Pragyan Shrestha, Chun Xie, Hidehiko Shishido, Yuichi Yoshii, and Itaru Kitahara, “X-Ray
to Ct Registration Using Scene Coordinate Regression Network™, International Forum on
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Itsuki Ueda, Yoshihiro Fukuhara, Hirokatsu Kataoka, Hiroaki Aizawa, Hidehiko Shishido,
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10.48550/arXiv.2208.06335)

Junyi Shen, Itaru Kitahara, Shinichi Koyama, and Qiaoge Li, “Size Does Matter: An
Experimental Study of Anxiety in Virtual Realit”, 28th ACM Symposium on Virtual Reality
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29th 1IEEE International Conference on Image Processing (IEEE ICIP2022), pp.2142-2146,
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