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Ao —OiEENE LT, 2019 FEIT N E ThlT CEToARE X —D8R, FRCHER
A L RHRMALEEN L, BMRERE Y AT AR L ENEAOFAT S EERET
TV = a YORBERIHIAT A TSI Oa 27 NOF, WOBOWER % LY
—JEHEET 2 2 LNz, FRCEEERE I Om B LR Ny 7L OB SRR~ 0 i
fbx B LIoiEE 21TV E L,

BUERFRIERI A TS o 2 —1F, 1992 FFCEAL 4 ) EICRE S - EMBEER Rt
A—mpiE & LET, FHEMELEE X —1T, B4 (BRiIuItt ¥ — R, B
KRFFR) D, PR 4 BICSCHRFE O “Fiiof LWER OO v 7 F L (@EHE7
) 7 ACHIEE Lz “BEAAIEERIC X D oML O OFIREZ T TR SN D
DT YHNIWERTF R D D 6 4 DIRAEZ L AMYE TRO B2 44 OEEN B 72 DT,
U —MAEOEMIIH Y THATLE, TLTC, WEFHEOBESEILE B LIZA—S
—a B a—% [CP-PACS) OB THENED b, FHAMMERENREY £ L, D 44F
%O 8 HT, HFIFHEME CP-PACS M5ERK L, A—/X—a B a—% « kv 7 500 O
R 1B ENE L, RENTELET0 Y27 T, REGEERDO A —/—a v
2 — 2 & B LIo OIXFEAE R OPZ T LIz, CP-PACS DOFERIE, WERFEMstE & 3T
FOFEMEZOWHBNELFEALILZLDOTHY, 5 TIELRLBHEND LI T Ro7ca-THA
DOEBRTTHLH Y E Lo, 2Dk, FR 16 FOENKFEMEOFH BICSHE L, FBM %L
Fo LT, FRRAFHIICEM, WE MR, HERAEMBREEFTE, e sEtmm s
AT DAFFEERY, SHRE AT O 5 E PN 6 e 2R ERERR U A— B E L E L,

D%, FRISHEL ) B IESL R FVE NGB B B AT @RI i & 0 22t 25 T, mifkRe
N F 7 Z A% TPACS-CS| MBIFIIE Lz, & HITFRRIVEICIE, & EFE NSS4 [l
BSHIH 22T —FT 7 F YHMCS 2 38 S, ReflHEEF 7212 F-5 < @ B0 51 EH
M7 X = L—ZFIRST) MBAFE S E L7, ERR23MEITIE, FFRIAFTERE Oz LD,
B HITEF IR 7 7 A% THA-PACS| BNHEU/ESE LT,

Fio, FR20FICE, Yo — LK PE RS VX —, R FAER A T 4
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Tsukuba ZFHEL F L7z, ZAUFBWH KT L LTEM O THEIS] 7 7 AZ A —/R—a ¥
2— X DENTHD LRI, FRRKFLE L THYD TRERA =D —IZL A= —a B
—HDEANELND ZLICb D E L, 7T AXAGREBITZE DK D HA-PACS 2 CA=
—a 7RI A7 7 A% COMA ORI « BA~E DN F Lz,

ZOFNEZT, Rk 25 FICEHER R v X — L HR KRR 2 —10 X D,
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JedmdE[A HPC S sk (JCAHPC) | i@ SHLE L7z, £ LT, PRk 28 4Ri2iX, JCAHPC
ICBWCH TR A =—a 7 MDA —/\—a ¥ 2 —# OQaskforest-PACS ZE AL, Fhis[EHk
EMERE A R L E L7z (Top500 7 > 3% o 7 LT MRS 6 A7)

oM, By —#fkL LT, FRTEFH, WELAEMPBNLLIEEME RS &I
TR b I - T 8 MMDIEHIE 720, Zokb X —L LTOMREE L LRD,
BR2HEIARICBNVT B AOEEHBLTES Ry ¥ —~EREBLE Lz, £ L TH3EH
FHEEE DN FHE S AL, BT OMIDOH /25T, FHRME L8 & O W8 <0 5 4 T i) a3
INKIBRAESND L2120 F LT, SRR E & —1X, R 22 FFEN DX, SCHRT
FALRFA - LEFFEI AT e PR AR EZRARMRRR NGB ESNE Lz, FHTIE
FFE R F LR EF £ D T C, i%%ﬁ%iiﬁﬁ%t/9—®~otLTM%HTE% &
SR 7R RERRAL M T O D L 3RIT, ik 28 AEFEICIT P REBUTOANF 2N LT O #m & 72
DE Lz, Fie s =0 LR E D DlE, HERFTIIMDTCOZ LT, B
F—MNIZETHERTELDIL, TR E DL R TR, REPATEHORNY R — |,
R - AFFEREBI D% < DBFSEE D)1 & 3], BIFE LR LY E OB bt

2 —NOWFREORIIOBEHMTH Y, ZO%%E D TREBRANIZOL X VEFLE L ETET,

22 SHITEEDFES A&

SCHEF A L FA A - LFEPFZELA T P BRE E R LRl R ) & LT, B
AT LOBAFE - EH, WO 2 e W EEREHER R O 2 HEtE T 5, [RSEumIk A HPC
FERiER | \ZHB WL, BUARTF & DM LY A—/"—a3 ¥ 2 —F Oakforest-PACS % i#E
ML, EIRWZEOFMFZEICAE L, FHRBIFOREICET 2, £/, 201944 H LV EH
ZBHAG U725 10 XD PACS 27 A Tdh 5 Cygnus (PACS-X)&Z{EHL, =2 - FTH A D=
T MCES S HILEENEZRNICHEET 5, S 51T, [FHEEMRSEELL ) T
ARt RERBEEEEILS ) TR AT 4 DY A = A 2T, R I 2 5
b7 %, [EFEIEFEAF TR M T AFFE AR OREEE b ke L T 5,

23 £RFA - HEAHARNR [EInFRAERFZHRHRLR] OFEHIKR
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LRI A AT L, EERERE T 07T L) #FE T 5, K7 077 AT, KHEGE
BLEL LT D HORIME TR, B U RS A HEE T D PR, BR O AerF—D R
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WEE, BT CTH D, KFEET 0P =7 N ORREASHTENDIZ T AT, F
PRI Z D58 AR FEAR 1S B N 55 & Rt~ 5
PERESIEFRFIE Y 1 7T &) OEBIZBW T, LRFEEES & HAFEERZES

RE L THEEZITY, HAMEZERIE, E0BHIZONTHEI 24 - FN 140D RY, R
FHREIZONWTE T L E 2 —%21TV, EEREZESIIFEEMREZZ T TREREEZREL,
B RN INERET D, EFEFIE - SLFEAFFRIC BT D IE®RIEIE 1L, Ak ¥ —HP DA,
B BEOMFEE I 2 =T A DA =Y 7 U A REERLTT Y, £, FEILFEFH

s T AORGE - FAE - BIGEN - ey s NERSE (A 742) fbEan<Tk
0. WG &n%ﬁ@%&%%mwﬁﬁib%MéMTw
B EBEKR

FOURZAF I T v & — & eFRE LTz Thuimdt [ HPC Bl ik ) (2HBW )T, 2016 4F

FEIZHEALVENZB LA =—a 7R A —R—a B2 — & 2 X7 A Oakforest-
PACS FiEH 4 FHIC AV LE LI-BE R L 2 — PR HE L2508 L7, Particle Physics,
Astrophysics, Nuclear Physics, Material Science, Chemistry, Life Science, Global Environment,
Biology, Numerical Analysis, HPC System, Computational Informatics ® 11 43%C, F 78 BDHF
g7m Y e P aRIRULFENIGEE FE LTz, EREREIC W TS, FEIEFEFE T e 7 Z
LoFuv=s M LTEMLT,
IO OEEILFERIN 7 v 77 K Gte b FA A - LEFEIC LD, HINERSC 305 fEA SR
L7z, &0BICB T 2FEEERRNHA T2 77 5070y =7 MEIEZR 112, FEEILEF]
M7 7T Kagitedt[A A  LRFIEIC X D ERFERM A K 218, BBz 312,
FRILFEIFIA Y 7 7T A ORERAE LK 4 1277,
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1 HHBICBIL2FEEERMAT 077 5 Ty =7 MRIREK

11
11 10 4
11 11 5
11 11 4
5 5 3
6 4 2
3 3 1
3 2 2
2 2 1
10 3 9
2 1 2
78 66 44

#£2 FEXFEFRH 077 LAeEGteFFIH « XEIFRICI DR E L TEREINT
L DR EL

36
48 (12) | 14 (4)
18 (7) 17 (6)

0 (0) 0 (0)
16 (3) 14 (2)
0 (0) 0 (0)

305 (67) | 219 (52)
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#3 FRESEREFIH T 0 7T AR ETIFRFRIA - EFEFZEO B ERE 5

148 182
75 101
3 4
17 14
12 21
28 23
3 8
16 18
| 2
303 373

F 4 FEEFREFIH T 0 7T oo BER R

Oakforest-PACS 7.5 18.0 24.0 28.1 313 37.3 43.3 482 53.7 64.0 715 90.4
;i@iCygnusIISFI 7 BiEERA
OROARRARR I T B (%)

2.4 EfRERE RN TFRE

FRERE & L C, JmEx= T 3T K% (EPCC: Edinburgh Parallel Computing Cent) & D[]
V=27 vay 712 FIZRARFETIT o7, £IokE R — L 2 28— 7 L—[E 52T (LBNL:
Lawrence Berkeley National Laboratory) & O&[FY —27 ¥ = » FI3FIFET> T 5 3 HBilEE
4 HIZFBH L, 2020 4 4 AICAE X —THEMT L TETH-72A, ZHEFHH=an T T 4
VASRGSE DRI LV STV D (B A RRIIRE) . £72, RUCLBIF 2 JICBfE
L T 5 #[E KISTI & @ Japan-Korea HPC Winter school X INA R T — 727 v 3 v 2OV T,
ARIFIAE 2 —ICERE LR L CRET 2 TETH 72, RUSHManF v L2
JRYER S D72 IE & a5 7,

F7o, [BHREMRFEENS ) 28I, AR TR BAREO IFHOREAREH] &
LR | OREMEI & U CHEEMZEZHEE L7z, 61, AR N ) \EAGREO TR
DPEFEZ" LR DHERET /A A - @VEREAM L DRIRL) DY 7 3 ATEERE R T S 1 2 ],
BROWNCY 7TIEB Db - EFRET S 2] OB E U TIFEE2H#EE LTz, 72, RX
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kTR BEERIRRED TSRO 7 a v T ¢ 7 — MR~k TERERZodk —E A~
IF R — )V LT RROEER ) OV 78 D [\ 505N L G 2 R
ELTHEE L7z, AR A b T B9 2F00RREQ) TRIGRIMVERE (BEoHiER) DA & KEGRN
EERBELHOMI | TI1X, [EmzBEUXEORE - (b & REREEABOMP | OV 7]
D TR K RIZEB T 2WEE L Amiili) & IFil At ERFEENLS) O T T, 4
MR LCHEEE L7z, ZHOORZ N T BETm =7 MIOWTIE 2019 FERE b
STTEBBVKETL, RERMREEL S > THFEL R LT,

B, EESHLEOEEICLY, R RO Z BN E L, THE
AT 4 AN A = AR 1T TFHER) & LTS TAE DT, R TEEE o L [E A
Zea ik < H 7,

25€3—S VRO L

T Z—TIEEE 10 H, IFEEHERRICE DT RMmORE - HE Al VR Y T A
DD T, ko2 —OiEE) & EERNFEB R SRR ICE T R YT A%,
SRR AP MBRSZ QA THML T/, 2018 FELVFE AV Y AZEHE L, &
ToOTr T LEwEELL, EEOERE N Z @D 2R A 21T o7, 2019 4 ke L C
AU CTEHEES VR Y T L e UTHEM L2, AEEIER 2 RIS THEMEL TV
VURT T LA 1 BICEME LT, ZhUE, PRI A 2 —RE R IBRRERE A B O AR Y
A& L, 2 BEIEFEERFBICES RO R KR OEMEFER L WO B TEML T
bDOTHLHN, 1 ADT 07T LMIBEIZHETLIRAS —RELHETHRAAND Z &IZL
7o ZHUTED, —MEBRHEOEERIZ BRI FEREERFARRZAHTE, TR e 7
T LOFEMIE M L RO FHEET H 2 LN TE T,

L, RNy T UL OEBEOIFEILRZ BHET ET, fxhA X0 v T v s 7 A0
PR LIXEER AT v 7 Th D, 2019 FFEIZHB T 2 FBEERFIHOREEY A7 L0E T -
Jeihib e, B =V URTV Y AOEBRIZL Y, A%OIEBOREAEo T,

26 SEDHYA

SREBEEE X — 1%, HIKFONSE Y X — MR ERO T T, St o 2 —RE
OO HFRAFFERLS (R1) IZA@ T Sz, Zhuc kb, 2FEIKHEo ABRES Y 1
Yl NTEORSE A U CHE R B RESRIL M T D, SRR 28 R X D ARFOMNL LT
HRO—2 L0, KEOHIEIMILICEIRL T\ 5, FHRBRIEE v % —1F, FHRER
ForEy L RVERE TS - S LT EBRERERNY) AL, BOEOERORE
BT L E PR B OB - AT o TV D, SRR OBEAT, H, HE, ke
EDOBEREBRTBEMNIED N7 L AR—=F—{bOIETH Y, FHRBFEMIEE 7 — D&
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P2 EETEX2HLETH Y, BEICH~ e BB RIERMENEA TV D, £z, EET
a2 BT RHEAT WY A = ZFEER (TR HILEITRIE, BP0 & O
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2. BIE

YT, BEMWE R & OBSE O L & T QCD OREIY I a2 L—v 3 UifgEE
HEHE L TV %, 2016 4FK72 & JCAHPC (vt Rl HPC AR AR « U RS & AU ik
BOBRE N ERVERFT DA R—a L B a—F AT AERE L, HILHHO KK
M RE R AR A L - TEE T A 7o OFARR) 1238V T Oakforest-PACS (BSFr TOFP) @ E'—
7 B MERE 25PFLOPS O#EA 7 T X # 515 #%. HPC(High Performance Computing)[f]if & L
T DR 282 5ENREMEES X7 L) BBEZHE L, MEEICTIEiE, REED
B K% i & L72 PACS Collaboration (232 < L[RAMFZEMRH D &, OFP % Hu 7= KA
Iavx s MIEAEHE LT, T EWATL T, AIRIEE - AIREE QCD Off%E, K — nn
FREEICB T AN Ra UATHIEREFHE, T Vbt y U — 27 (INERICES BT/ — U
i AV BT VOIS, EERGRAE A DMELOBR R L IERRIREH LT o7, S
BT, #F QCD FNrCE DM DT — 42 2 HT 5207 —4% 7V » K ILDG/JLDG DOHEEE -
Hefig 2 HEME L7,

EANOFREFREOBE R & LT, 2015 L THT L7z HPCL IS 7' 1 7 F L O%kE L
T, [RA N TR CHEAMICERY MR & A0 - B I 27 70 r—va v
PR3 - AFEBRR M E o 72, 9 DOHAENRE SN, 9 FHORETH D [FHOIEARE
Hif &AL ORI ) D3RR T B - JR TR BE - WIS B A x5 & 9 2 RO ST R
MTHDH, ZOIEFIL, http://www jicfus.jp/jp (ZFE LV, 7o, BHAGEEEWAIT LT, 2016 4
JEID 4 OOWFERGRENRES N, 1 BEHOMETHS [RBERZEO 7T 07— IR
~OPREE ) TR EICBIT 2 0B e ERE T H D . R —T I LT
BIL TN D, HSGRME - BN L HIC 2019 FFERTHKR T Lz, RA L (5 04X
BRI TEE] EREL. 2021 FELEIC—RFAIADRBRG SN D TETH D,
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[1] PACS Collaboration =& % Oakforest-PACS ZHUV=-KEEL I aL—2ay
(. A5, AE, i, ST, FE, O

2016 4EFKIZ JCAHPC (235 T Oakforest-PACS(OFP) 2N A S 41, Ffl) 2 BHAA L 7=, OFP I
v — 7 {iBEMEBEDS 25PFlops TH V. HPC [Alf & L TiE [ &8\ CTHFE H A fE D A — X
—arta—HFThnb, REEIZH EHE, RFE S PACS Collaboration (2355 < SL[FIMFEA
HoDH & OFP Z W THHSICEIT S 241 7L —3—QCD ORI = L— 3 v &#
HEL 7=,

W25 30 4ELL B2 0 . A8 QCD 1T EIC/ Ru RO EMIAZ A L Ckiz, B
TEO TR ZRRBUZ BN TIE, 2 DORERMESBNHFET D, £, WEHAE ETOv 3
2 b= g VIRARRIC e o 7o T B ITHEEEN, EEIZIIWENA O T EOFIZ1T 2 5
EEDREEEFD L-ULZIEE > TR, RIZ, BIIEOK T QCD v = L— 3 VIZET
LY EHREIL “T—TF—AA K ThHEFFINTWD, Tk, B E T2 &EFHE
IS CTC, Y E BN DM RT A —2 (7 +— 7 BRSZEMERE R )2 RATY I 2 L
—varT LI EERLTWD, Zo5A, B R —VRNEHWZERETh-o
ThH, HOWHEICKH L TIRSERIE L S O 23, o &2 L T ERE 2 B8 L 72
WEWHZEREZY H D, OFP ZHW7uY =27 kT, EEOKFEREICEV TR
JSE ETA0fm) O K2R 2>y I 2L —2a U E2TH 2 LItk o T, EE2 o0k
xR LI EHE A EBLT 5,

2018 4EFEIX, 1WA X 128 & 64 (BIE R O 1 QCD FHE CHAICERHA ST D
T A X)) ORI ETr, K A Y VEEEREEROREZITV, Wk 1A X ETORR
T HZLI2LoT, ZNOOMEEICKHT DAY A ARG HRAAZD D) & E &
HUZFHM L7z, 2019 4FEEIE, RV EHRENSHEEE R~y 2 — 2 Y VR LN U E RO &R E
FHRAZFEIL, 20 OFBREFENROE BTSRRI Uiz, K1), &1 X 128
& 64 DEL ETRE SN p A Y D 2 SARBIEIEL Co() 2 FW T, 2N EIUUT- DV THRE t
2B D p A Y ORFTANE B mT(t)=In(Cy(t)/Cy(t+1) 2 7 r v hLIzbDTH D, B
RIE 128 K& T A XOFER T, R VBT 64* KTV A AOFERTH D, W7 —F 1Tk
HEEOHPTER > TNDTD, AR A ZNRIZEHTE D2 L RNb15D, BFTAOE
BRI & & BICHRABD LTS 2 ERRTEND A, 2T p A Y U B AR ERL1- (L0
WBYTHYD, 2200 1 AV U ~DRERHINTNDLLEDThD, ZEDDIC, LY
BDOAERITERANBR SN TN D p AV VDI RAF—2HK L TWD, K1), &F
A X128 & 64 OFEUNL ETHE SN EANV AU ORFTAENE & ERFOBKE LT e
Yy hLTEbDThD, ZOHAEL, BRDE A XOT—FRERoTHWbHIzd, AR
A RAHRIFEHECTE D enbND, E ANY A IR OCHEAAIEH CLERRE L2V ki1
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ThHhoHIED, t>8 OFEKIZEWTT T M—MIRD B W(RITAZNE &SR T LRV %
MR TED, BWVEREIX 2 SMHBEEEAE 7 v M T2 LI o TROTLEANY A DOHEE
ERLTEY, B FRRREDTDDA 7y hE LTHWTWS, ZOMDRT Z—A
VERERANY A UVERICBWT S, BT A X 128 L 64t OB ETOREOR R, AR
A RHRIFEHTE L LRV ThHolz, T b ORERIL, BEICHRST(AFSERSC A-1) TR IR A
ThH b,
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DR A R 1280 L 64N BT D p AV VIRPTARNE R E E N A URITA AN E &
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[2] EFQCDIC&B U +—V #EHEL LE-REFROEEER (B, 1Ll
. LR )4 B % & O IEFIRFFRIC L 0 . 2010 AR THIO TR QCD 12 & B~
U LRFEOERIZEI L. ZODH 2 Bf RO FEIRIE T D H 51 ORERIC H A L
7o TNOHOFEIT, HEIXNEMZ DD = F U SEWNZ +— 7 BEEZ N
BRI b D ThoTe, TO%, JEERFA)E—HEBR 2 LR 2N 2. H2E R
MEREZID ANTZ 241 7L —/3—QCD ¥ =2 b —y a3 U&7, RERAVGFHE L SR
[ZIEVRILTONY U ARFEB L2 B RO L =3RS Lz, ZOFHE
n PR E 0.5 GeV £ 03 GeV DV 4 — 7 EHEEHAN-HDOTHY, WELS (@ P&
F0.14 GeV ITHY) L0 b EVWEEZ AWV, ZOREEBEZ, Karva—#TE
B E AT 96* K& T A XD — VBT A W BT o B & 0.146 GeV TOHRJR
TEAET XL =3 R EZED TV D, ZOFHEITRERELIZ 5 Z ERNIEFICHL <,
AU T AT IOV TIABERERIIE SN TW RV, EE 2OV TIBLIR CRERE
NE PR SNEZFHBT 2HEDRAZIAED THD(K 2 OLEK), 5#%ITFEHEa— FEsit
KOGHRFIEOB R & MdHREE /NS T2 HIEOHREZIT O,
Fio, BEREE T2 AW N E TORRICE ENDEREBORFIRZEICONT, &
W — 7 EEAEMNWEEERBESRICLDHEZITV. ZORERET /NS NEER
BNDFERESZ, SDIC, VA —NVEEE - OFT R —EORBEIRFIE R, 2 &
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FHGELIRRE, B - B P HGELIR BB A B8 L 2t 2 . U 4 — VB - 2 IO T2 RS
IBERIE DTG NMERICHAI L TRE < 0D 2 L 2mmed 5 R(X 2 DEK) 2457,
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B4 2 : (fe) BIEIZEWY +— 7 B ETHREMER 2 WA o 3L X —2, Bl
THERR . KEFITAREREDIRZBE L-FERIE, (h) BN +—27 TO U+ — /A
TE AW, B B X108 £ 5 R BRI 53 2 BELIR RE D BIG D IRFEIK AT
Ve, Bt EHREMHRRT T ¢~ MER.

[3] #®F QCD ZRW-RFHEERRE (R, L, B

B & E (IR 4 — 7 ORFERIETH 0 | T OMEEZ RIS 5 7201, R
FHAEROE —FEFH CH L7 QCD ZHW=HENNETH D, T E TITHK T QCD
ERWT, BrEEICBRT 2 T IIRE PR T 2o bl TE 72y, FEHIC R WREE T
EINTWDEREEZFHETE T iaRnolz,

IR, T, TN EBR L | AR A —REBdZ . LR e 2 R — e
B, HAERFRFEBRABARE LK L L 12, PACS Collaboration |28\ T, WHED YV +— 7 'F
BITHRD TV T A —F (n PREIFEE 146 MeV) L OB FER 7 + — 7 B &E L TEFIR
WA AT o7z, 2019 FEIIE 1 AN 7 — B LT 2V IVER DT OV ARG
BT SEZNENOMEOMBAERE L, ZNETOMEL B USRERNT & 2R L
(WF9ERR 3L B-7),

Flo, BENI +— 7 EEE L TORRRFEHREOMENEZEIE LR, WELERE
(ZI3 S —F > D ORRRAENEG TN D AR RE LT, 2 ORFREAEO KK Z BfRE T 5
7o, B DM THIRE HWICEHEND . GRS TRHIMRIC K 2 Rt EZORE S 2HWET D
FTETHD,

(4] BENI A —VEEZRAV-KHEFEI LT v 7 REBRKEFHE
(., A8, A, Lk, 5T, )
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BEFIE B (B E R) & TR FE S +— 7 E&TO K FMT+EI V7 b= 7 BEED
B 2+1 7 L— = KEER - QCD 2 = L— 3 v %179 Z & T, CKM{THIEZD—>
ThD Vs DREZIToTe, ZOWEEILY +— 27 OMARMIRA 2K TIT5ITH DS CKM 1751
DITHNBEZED I, Ty T I 34— LA ML P 34— DIRBADERVERTETH S,
O ERGR I BV T2 =2 ) — A FF oD T, 2=F ) —HOMEREZITH Z & TIE
WG 22 DB ORGEZTT O 2T LN TE D,

B3 IZRT K IS AR TR B T2 [V (R HI)IE, 2L E TDZ < OFREFER (K Ne=2+1+1,
N=2+1) & B0 0 | BEUERREG 20 & Tl S D E(K B HY) & B0 J& 70 B 72 - T (8RR S0 A-
3), EDOICAMZERERIZK FRHF LT =y 7 BN DIRE SN D V(T FER)E b —K
LCRY, EEFERIZEZ 2WEO Y 7T s L OIS EN RS mE B L T D, L,
L. ST OFEHERIR O T CTIXR O IR @ 2 8 X 7o K E 72|V DA S TER Y | R
A DMBOMEEZIT O 1200, S OITHERERREZ/LLEND L, Sk, A
R R Th b KE R R EL 5 2 1A RIS IR E R O RHERZEZ B R~ <, s
FRADIMEZAT 5 72T, i&é%%%%f@ﬁ%%%ﬁ#é# Thb,

L L
K N 2+1+1
H—E—H
H—A—H
_____________________________ O FNAL/MILC19 ||
A ETM16
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& JLQCD
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Lo 0w by

| | | | | |
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v I
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31 [V DEL#R, JREAHIT CKM ATHI D =% U —PE 53K £ 2 HERL G O T,

[5] #%F QCD IZ & 5+EEREREIND Bethe-Salpeter X EIRIR % ALV -ERELIRIE (LK)
BELR X, RO AER 2 RS0 2 AN e ETH 5, ZE THELRIX. 8
AAEHI#LPHA 0 Bethe-Salpeter I EIREE) HEH SN2 AREFIEIC L VEIRINTE 7,
KEK ¥#JIAFSE R & IR 2 73 A FE RSBV T, FEAVERELFAN O Bethe-Salpeter 7 BB
a A CHGELIR IR 2 R 8 LT, 5 O 7o HGELIRIE ) S BELR A5 H L. BEFOFIETRD
Eth%km BAMR LT, MAT, $F 73 = VBEIRREEEICH R CHIH TREI L
7o & DITHGELRIE DO S A P E R E T~ R AR AR R R AAE 72 & O
ﬂ%@@ﬁgﬁowf%%ﬁLMﬁn L A-4),



FURKZ AEREMRE S — SHRFE FRESE

(6] BB Wilson ¥ +—Y ZRAWEF QCD 2 aL—>aVIZ&BEREBE - AREFE
QCD O#E (&4, #H)

By INVEZOFEHIICERL LB OND I 4+ —0 « Ay « 77 X< iREEMN
HIEE DN R a CYE~OHEBHTE D 7 4+ — 7 WE Ok < 728 ) FHIEE L. FIFH O
WEENLSCERIRA I = X LOINZB W TEETH D, JIUIAREMICIEFEEIR 22 E
THV, 1T QCDIZLE D QCD FHF—HFEENL DKM Y I 2 L —v a VAARARTH D, 7
+— 7 WE OMREESCE ) FRE A2 S S T 2o, FIRIRE - HIREERK 7 QCD %%t
L. $720d0HEEED -,

B ARG, JUNKRFPEIARIEESR . R FACRIETE B, B KRG R #E=
INEBRFRERE LHERD &, AR VANV VR T — 7 ERAVT-AIRIBE - HIREE
QCD D¥ X 2 b—va UIFRZEIT/R > T\ 5, 2019 L QCD OEES Y +— 7 WE
DBV =L FEME O L [FIRFSE & HetE LT,

HRREEE « HRREEE QCD DY X 2 L—3 3 VDL < 1T, BHEENDIRNAZ J— N
%%7¢~7%%wfﬁbhfméﬁx@m@@?QmD%ﬁﬁ?é:kﬁﬂ%éﬂfw@m
EWVWIHIKREEE 22TV D, Bl BERAYIEED L L TV 5 Wilson BUSE 127 +— 2
ZHWT QCD HHERREUTE OWE T Y 4+ — 7 WM E D X 5 70 B PR % R 3 O KB
VIialb—Ta U AHEE L TV A, Wilson Y 4 — 7 1%, HERIEOIE L S 0MRIES T
TWA K, AROKT ETIEIIA FVRFMEZBBICE L TWD 72, A FIVRFEICE
DOYEEIZE L TR ERENRKELS . ZRERY RV TYEELZFHET 272D K72
AREEFERNEREIND EWHIRENR D 7, Tz, WESTEICHEIBREI L FE LTE
BINDLZRNVXF—EEHET Y IVITRDO ) FRANEZ TR D TR 8L & 72705 (5 2

I, ARSI RN X —BERE 72 EOEREE . 2 AR bk & RN
BN D), KBTI R R FRIE DS BT ST WD T2 BHEZR RV AL B E 21T
DI TIUTERD & 2 5Hli N sk 22 o 72,

Fex 1%, Gradient flow(ABLIENZEE DUV TEARTE 512 L 0 BJE 472 SFtX #£(small flow-time
expansion method) ZJEH LT, ZTHETOREL WIRLIZKERT L—7 ZAv—%2 HIEL T
Do AELHEE 1L, ARARAYZREERE] ST A — 4 t(flow-time) & A L C—FEOHLHT I L 0
DEEZEFSEDLTET, t>0 TlE7 o — S EE 7RIS Rl — SRR b #7720
WEWS BREE LWREZ R > TV 5, SPX LI, AldiRO Z OFRRMEZIEH LT, i
RO 0 ZENT-YIEICHIST D B2 ECTRHMET 2 N 7estH kb b, K11t
IZ &0 BRRIEF ETIIBBCE ST L E 5 R LSOO W& T b BHGHE T & 5,

7 A — 7 WA LT 7 = FEE QCD 12 L B 3BRIFFEIC L - T, SFX {EOA AR S
NTWD, Fxid, SEXEPTERGPEDOMALZT T2 < Wilson B +— 272X A F
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NOENDREEIZ G FERTHDH I LIZER L, 241 7L —_"—081R 7 +— 7 2 F LB
1 QCD T SFIX L4 S H LT —HE O 2 #HEdE L T 5,

2016-2017 FEITEIT LT ud 7 4 — 7 DBLFE L U OREWIGE O Ni=2+1 QCD OWF4EIC &
D, ZRFX—FEBET VL ORI RG BIERD FIEIZ L HIREHRXOMKREL B 3
THIEERL, SBIT, WA TWVEZRENI A AL —NRN—RETE—V 2RT a2 TA
WY = L LTHID TR LT, Fio, MRS RE2, It re2HnzERA L.
Tk, BRI O A T NVEMRRE AW T Y +— 27 Z AWV TE LE LMl 5 Tt
BL, AROKFEBCHLEENBO TELS —HT 52 LarmLiz, @BHOHETIETAY
H— R o — 7 & T BRE Tl 2 ORRE ORI CIEmE 1L 2 #1 b iE - TH Y SFX
EDRYEHIIEH CE AR EHGL L TROTAHTHLIZEEZH LD LTS,

2018 FFEEN DT, ZOMRERESE, BIEO S +— 7 HE (WELN) TOME, KT
ud 74— PEWGAEICKETRBEEX v Iab—ra VEHEL TS, SFX JEIC
D, WHEEOBINICE U RRH O K X 2B T 722y, W0 7 RER 2

BT OBNLERIZIIER ARG R N R Sdv, BRx 2 ERER 2838 L TR I 2 L —
arEFETLTND,

2019 FEFEICIE, SFIXIEDOHR E LT, KV ZAART— LD E | v v F o 7RI
6%&%@%%@ﬁn\Izw%w@@g?yyw@m%%ﬁ®m%&5%NﬁHHxDf
1To72, Fio, BEAMNFEEZR WY +— 27 BDEVBIRIT < O N=2+1 QCD OFafEiE DAF
gea D, B 4 — 7 B O & RE O R T MR OISt 21T - 72,

SEtX LT 5 < W ZH AT — VOIS

SFtX I TlE. B F ETHl-7Z 50 TO 70— SH-HE T L RO LIYHEL~ v F L 7%
HTHRODIT, >0 OMBREZID Z &IC kY, WIELFHET 5, QCD & &t 8 H 725
i ClE, t—0 OMEREE T, ~ v F U 7R BBl LM T2 288 TE S, v v F
VIRRBEHET D L EDL D ZHA =L wiE, FFROEEFEARGE LRWVRY, A
EER-S>THEL, KA HBEEOR R p IEF L WiE T chsd, @FE, 7a—
SREHEEFOARR AT —LD—>TH b n=lNS(ZITAEFIC & 0 B\ E 5
FEIROJEN U OWENZFE LUYEI DN, TNERBEDO u 251X, E s> THRY,
i)y, BEEHOEIX, p 282 WMDNTELT D, SFIX IET t—0 IMFZ FEIT9 25 LT,
EZETRERtZFATEANEEN EEETH S, w=lNSt DENLSND L IIC, t%
REL T D ERMEBIGES &, v v F U 7 REOBEEE S SET 5,

Fxlx, BIED 7 +— 7 HEWEER) TOMFE % . PACS-CS Collaboration D -F & il FEEL 23
AR S AVTERET-TEIRR 0.09 fm O THED TN D, ZOWFFER, ud 7 4 — 7 BEWILAEITK
FHEEZHL LIEFRIZEB N T, WSO OWBEIZE LT, t—0 IMEEIT O 72O OFIEH
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WA+ RAARLS D EVIBRERR LT, TO—2DHERE LT, KTNSO
Tp otz BENFHEEGET 5 BRILO flow-time t/a> B/NE 72> TLEV, t—0 SMF
DFRIRER LR TERLS RS ENRBZZOBND,

412, K D ZHBAT =L E LT, RO pa o 1R & | TR R SNz n=1NQ2er™ )
(YE T A 7= o TR A2 i35, LZXIX, = FrE—EE ¢ + p D flow-time /&
7, AT ua 7 4 — 27 DI A Z )V 5 disconnected part (K77, pa 21 - 725 23 t/a’<1.5
FTLMNENODOIX, % Z T running coupling SR X 2o TLEW, BENEH EFET 205
Th D, po=1.5p T, 2’3 FTEREFITRARETHD, LARED ., pAr—icky, kv
TE LT t—=0 AMENARETH YD . TOMEIT wlc LD t=0MF L KL TWDHZ Enbn
Do FHEY, AT — Tl t=0IMEZ ED LI E S TREWMNLRVEATH. W
R — K t—=0 SMERFIRE L 72 DA H D 2 & b D (WFFEEH S B-8),

30 ‘ ‘ ‘ 2.5x10°
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4: 77 vy v 7a— (2O SFX JEIZ L DA BRIEE(Q2+1)-flavor QCD OAfF4E : BLED
I A —VEREIIBITH Y ZHAAT— UK FME, AR = ha b —&E etp, X :ud 7
F— 7 DA T NVEZROIEERET Sy, T=157 MeV TOFE R, Bl IR ITO flow-time t/a’
T, MELAURERIT t—0 SMFIZ L o TH B AL 5 (WF9ERR SC B-8),

SFtX £ % V7= W PR A [RIEFE (2+1)-flavor QCD DAfF5E

FROFERZS T, pp A7 — V2 8H L TS A BRI (2+1)-flavor QCD DOEN ) i % 5T
MiL7=b DR, M5 ThHD, 2721, T=122-146MeV D 2 = L—3 3 %, £ EITH T,
FEIR T TRV, £2, ud 7 4+ — 7 BOREWIGH ORERD G, T>247 MeV(Nt<8) Tl
AERREN NS e PRI D,

50, MoOWHEBEOREE NG, T=122-146 MeV M ISR L TEOBAERICH D = &
D3RR S D (WFFERRSC B-8), FE RAHIEBIRE A5 272012, ZORERTOY I 2 b —v
a v EHEFTH D,
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74— 7 B 'O R (preliminary), £X : = haE—FE e+p, HAX: hL—R T <V
€—3p, HEEHIXIEEE TAFIEE S B-8),

SEtX EICBT Dmik~ v F v T RI DN R DML

EREOBFTRIE, <’>fﬁl>/5fﬁ%§i0)11JV*—:f55§%§+k”0)%t§E%Efﬁb\fi%>0)fiﬁ§ it =%
NFX—EBRET Y VICET O~y F U TREO 2 V=T ERREORB AR SNIZRV.
Harlander et. al, Eur. Phys. J. C78, 944 (2018)), 6 TEDMREMIE LT, po A7 —/vZHH

AT H D, ud 7 A — 7 PBELLRLENGE TRBRL, EMOxTy e —
BETIE I A—TORFEL 2 V=T OREB L —H L TNDZ E¥bind, i, P
DRL—RZ 7 /<Y TlE, T>250MeV TR LN Z 5,

FZiX, Harlander & D 2 )V —7HRE T, 7 4 — 2 OEB)F RN Z > TS 22 A 1% 3
HLTW5, 74+ —7OE# RT3V —Eih&T v Y L OARSIZOMERT 5
DT, T bR E—FEIZITHELRZNN, FL—R -7 /< VIZIIERH 5, EB) R
KlE, SFEX 1 CHEGEMIBIME 21T 728 » 721 TIIBNRED N TP 7208, ARG T LTk 11k
AZRD 9 5, MREKR TOXVORKZAfEICT 572912, Harlander D~ v F 2 71
BONN—THRETEROEL TR L—X -7 <V EFHALIZ DN, K6 DAKTH
Do Tnb, AV A — 7 OEHFERICELIDLDOTHLZ LBbDd, ZOREIX
Ni<10 DA Tl EE S RNTERE TE RV HERRERH D Z L 2R LTV D,

k. PR EGHOLEND, B IRAEE 7 1 V=T DRRE 2 V=T DRERIT
FIL—HLTEBY, EMOx= e U—FELFRKIZ, vy F U 7RBOKEOHRE D
H DI/ N & DR T E D (WS8R SC B-8),
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— 7 EBENRLE N QCD DOfE R, 2 V—TF~ v F U IREOME, EX = o E—&E
e+p, FRE, AKX : FL—R T/~ e-3p, AHTIE, 1 V—TF~oF L ITRKT, &
B R A A o 7R R & o, BENTIR . TAF7E3R 3C B-8),

SFtX JEIZ £ % PCAC 7 4 — 7 'E B DL

SFtX 1E%& F WL, A Z IVt Bk & Bk L7 otk ~ Ze it Wilson B +—2 C
EHFMITED LHHEL TV D, AENE, ud 7 4+ — 7 BPEEL D CCEWGEAO Y 2 il ERK
T T, 74 —27 DPCACE&E% SFHIXIEIZL VA L7z, K712, ud 7 +— 2V EEB L Ks 7
F =7 EED t—-0 IMFERT, SFXIEIC KD 7 +— 7 E &), H O Schrodinger JLEI %L
ICEDRERE LS —HLTWD Z R0 DM B-13), ZAAFEIE T, SFIXIEIC
£ KHRHTFy ZFRF A —% By OFFEEITV, CP DIV OIFRIZSRIT 5 Z L2 HIEL
TV 5 ([EERERIEE B-15),
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[12] 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, fast winds, or
emit copious amounts of 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-
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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 have: 1) carried
out a multi-wavelength study of the z= 0.025 Compact Steep Spectrum radio source hosted by the early-
type galaxy UGC 05771, to investigate jet-ISM interactions in a galaxy with a young radio source. The
jet is likely accelerating shocked molecular and ionized gas outwards at low velocities, creating a
“stalling wind”. The star-formation rate is also somewhat reduced, possibly due to the jet-ISM
interactions, as our numerical modelling suggest (Zovaro et al, including Wagner 2019); 2) performed
high-resolution simulations of wind-cloud interaction involving a collection of clouds being swept up
by a shock. We followed the fragmentation, compression, destruction, and mixing of turbulent clouds
embedded in a fast astrophysical flow. The work uncovered the very differing of evolution of turbulent
clouds dominated by solenoidal modes, and those dominated by compressive modes, and uncovered a
strong dependencies on porosity (Banda-Barragan, including Wagner, 2020); 3) performed VLA and
EVN HI absorption observations, modelling, and comparison with molecular gas data of the radio source
B2 0258+35, which suggest that the cold gas in the centre of its host NGC 1167 is very turbulent and
that this turbulence is induced by the interaction of the jets with the interstellar medium. The ionised gas
in the galaxy shows evidence of shock heating at a few kpc from the radio source. The results are consistent
with our numerical simulations of radio jets expanding into a clumpy gas disc, which predict that the jets
percolate through the gas disc and drive shocks into the ISM at distances much larger than their physical

extent (See Fig. 2).

Low surface brightness

Fresh plasma ainlobes

leakage

kpe scale gas disc

Galactic Hi disc

Gas shocked by

the plasma Central radio source

log(l,) [WHz * kpc™2 Sr71]

X [kpc]
2 The small and large scale structures of the jet in B2 0258+35/NGC
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(1] EEEEERREZELBSEOHEI— FRARET A YRS FLERTIEFHIBEAD
SR (Shi WNLEVIHEKRE) . BEE. Schuetrumpf (GSI) )
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[4] GW170817 constraints on the properties of a neutron star in the presence of WIMP dark
matter (Quddus (Aligarh Muslim University), Panotopoulos (IST), Kumar, Ahmad (Aligarh
Muslim University), and Patra (Homi Bhaba National Institute))

My colleagues and I have considered a relatively light Weakly Interacting Massive Particle (WIMP)
as a dark matter candidate with properties suggested by the results of the DAMA/LIBRA collaboration,
realized for instance within the framework of the Next-to-Minimal Supersymmetric Standard Model.
The dark matter (DM) particle interacts with the baryonic matter of a neutron star (NS) through Higgs
bosons. The DM variables are essentially fixed using the results of the DAMA/LIBRA experiment,
which are then used to build the Lagrangian density for the WIMP-nucleon interaction inside a NS. We
have used the effective field theory motivated relativistic mean field (RMF) model to study the EoS in
the presence of dark matter. The predicted EoS are used in the TOV equations to obtain the mass-radius
relations (see Fig. 4), the moment of inertia, and effects of the tidal field on a NS. The calculated

properties are compared with the corresponding data of the GW170817 event.
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Fig. 4: Mass-radius profile for NSs in the presence of DM.

[5] Effects of Dark Matter on Nuclear and Neutron Star Matter (Das (Homi Bhabha National
Institut_e), Kumar (Homi Bhabha National Institute), Kumar, Biswal (Xiamen University),
i ¥%, Li (Xiamen University), and Patra (Homi Bhabha National Institute))

We study the DM effects on the nuclear matter (NM) parameters characterising the EoS of super
dense neutron-rich nucleonic-matter. The observables of the NM, i.e. incompressibility, symmetry
energy and its higher order derivatives in the presence DM for symmetric and asymmetric NM, are
analysed with the help of RMF model. The calculations are also extended to 3-stable matter to explore
the properties of the NS. We analyse the DM effects on symmetric NM, pure neutron matter and NS
matter with the help of RMF model using NL3, G3 and IOPB-I forces. The binding energy and pressure
are calculated with and without considering the DM interaction with the NM systems. The influences of
DM are also analysed on the symmetry energy and its different coefficients. The incompressibility and
the skewness parameters are affected considerably due to the presence of DM in the NM medium. We
extend the calculations to NS and find its mass, radius and the moment of inertia (see Fig. 5) for static
and rotating NS with and without DM contribution. The mass of the NS considerably changes due to
rapid rotation with the frequency in the mass-shedding limit. The effects of DM are found to be

important for some of the NM parameters, which are crucial for the properties of astrophysical objects.
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Fig. 5: Moment of inertia of the NSs in the presence of DM.

[6] Calculations of the collective inertial mass and self-consistent reaction path for low-energy
nuclear reactions (GB. #%)

Towards the microscopic theoretical description for large amplitude collective dynamics like
fusion/fission reactions, we propose a numerical method to determine the optimal collective reaction
path for nucleus-nucleus collisions, based on the adiabatic self-consistent collective coordinate (ASCC)
method. At the same time, we extracted the coefficients of inertial masses for low-energy nuclear
collective dynamics, which is the key ingredient for constructing the nuclear collective Hamiltonian and
study the quantum mechanical features of nuclear reactions.

Under the scheme of adiabatic self-consistent collective coordinate (ASCC), we use an iterative
method, combining the imaginary-time evolution and the finite amplitude method, for the solution of
the ASCC coupled equations. It is applied to light reaction systems of a + o— *Be, a + '*0— *’Ne and
%0 + '%0— 32S. We determine the collective paths, the potentials, and the inertial masses. The results
are compared with other methods, such as the constrained Hartree-Fock method, Inglis's cranking
formula.

The left panel on Fig. 6 shows the fusion path for the fusion reaction of '°O + o — *’Ne, constructed
by the microscopically derived collective coordinate, which can be decoupled from other intrinsic
degrees of freedom. This fusion path smoothly connects the two reacting nuclei into the ground state of
»'Ne. The right panel shows the derived inertial mass for the same system, the results are compared with
other methods. When the two nuclei are far away from each other, the reduced mass can be reproduced.

We have demonstrated that the inertial mass calculated by our method is advantageous because it is self-



FURKE SHEREHR LV — SHNREE FR|ESE

consistent and not spoiled by the existence of the time-odd mean-field potential in the realistic energy
density functional. With these results, it becomes feasible to perform ‘requantization’ of the TDHF(B),

which will reveal more quantum effects and microscopic information of nuclear fusion/fission reactions.
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Fig. 6: (Left) Density distribution on the x-z plane at four points on the ASCC fusion reaction path of
%0 + o — *’Ne: (a) R = 7.6 fm, (b) R = 5.2 fim, (c) R =4.2 fm, and (d) R = 3.8 fm corresponding to the
ground state of *’Ne. (Right) The ASCC inertial mass (red solid curve) in units of the nucleon mass as
a function of R for the same system, compared with the cranking inertial masses based on the CHF states
with constraint on octupole deformation. The non-perturbative and perturbative cranking inertial masses

are shown with dotted and dashed lines, respectively.
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Transition Charges in Hcliol)dctcrial Type-I Reaction Center
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[7] Antiviral agent discovery through computational study and calculation at atomistic level
(Hengphasatporn, Shigeta)

According to the Dr. K. Hengphasatporn’s previous study, FN5Y was used as a template to search
for the novel potent molecule from flavonoid databases using multiple virtual screening strategies that
newly develops in this study. Besides, several computational techniques, such as all-atom MD
simulations, pharmacophore-based virtual screening, molecular docking, binding free energy
calculations, and FMO method, he has also developed a program to predict the possible binding sites of
structural protein using a Python script and confirmed the results by the molecular docking method. In
addition, the trajectory from molecular dynamics (MD) simulation was analyzed the binding affinity

using the integration of quantum and molecular mechanics approaches, including pharmacophore-based
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virtual screening to search for the novel potent inhibitors screening. The inhibitory effect and binding

affinity of flavone derivative (F18) are greater than FN5Y about three-fold at 4 binding sites, which is

confirmed by computational and experimental assay.

Another study, our team reveals the inhibitory effect of phenolic lipid; cardol triene, on dengue E

protein using cell-based assay, and the binding pattern and interaction is also supported by the binding

free energy calculation. However, the time of addition study showed the series of inhibition that result

indicates the compound might disturb other proteins and some inhibitors cannot be specified the protein

target based on an experimental study. The possible targets of this compound were predicted using a

homopharma concept and network-based method as shown in his recent article.
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Table 1. Caleulated
in DMSO at CPCM-MP2 level 25

and experimental pK, of tanget molecules
s.

o

Compound  Tape  pk, (eake.)

ol
, eazie MP2)
*y-actam{MP2)
aazole (BILYP)
Wy -actam(B3LYP)

pKa(exp.)

280 310

290 300
AGo [kealfmal]

The overview of this study. (1) FMO study of lopinavir and ritonavir on SARS-CoV2 3CL

pro, (2) Dengue viral target identification of phenolic lipids, (3) the estimation of acid dissociation

(pKa), and (4) the study of multiple virtual screening strategies.

He theoretically estimated pK, of N-containing heterocycles in DMSO by a quantum chemistry

method with a polarizable continuum model, which was previously developed for estimating pKa of

molecules in water. Furthermore, he also calculated the permeability of middle-sized drugs through lipid
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bilayer using steered MD and umbrella sampling method. Also, his research focuses on structural
modeling for biological systems, for example, to evaluate the rotation of the transient receptor potential
cation channels (TRP channels) and model the 3D structure of CDK-related protein. Recently, the
fragment molecular orbital (FMO) method has been implemented in my latest article in order to carry
out the binding pattern and energy contribution of the anti-HIV drugs on SARS-CoV2 main protease
which is the cause of COVID-19.
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MR L IR CTE D, — 7, Momaris 1£27 UV 7 FAZEWYFIITEZENT, 7V TF R
SR IR L 2 DR THDH E b EZ DD, b 2 DOMROZ L PEIZ OV TR
AT A7, O RENT 72T Tl < M. maris & IR#i72 7 ) 7F A L W T ORI
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PNBGHIARE I O LLES AT A LB CTdo D, BIfE, 338 AR 17 — XIS < M. maris O HZAAINL
EICB LT, 3GRICHED DI 21T > T D,

AW 8
—— 7 OFY oy = s, =
59 —— 1. 3B EBIEFT—RICE IR

L %48, Microheliella maris (%
DIFRAEMBFE (VYT LE. T
89 —rhE
M% —HEFRE. HETLIFUR
99 a )| j"g: 1,9 #8. Palpitomonas bilix % 5 < )
r Microheliella maris DESMNSHIE LTz, M. maris &

ASTAFITAS JUTFRAEYEE OEBMEIL
- . BEAZET—FR RSy TE 99%T
TAADIN zmanr

XIEFAR

TSVLEFR
PFOEFR

FENIAT

5 BEFT—FICEIRBEBRE (ERKW) 2R OBEEE 3 BORMKEAROKE

REB DA FRMEREE BRI D kB k> TR Sh AR (YT =206
FIR) =HOMN, 3 FOMMETERE. Lepidodinium chlorophorum, FRiC#imHEE#: 2 F8 (MRD-
151 BE3B LYV TRD-132 #%) TliE, AR ONY 7 = aRENREEICH KT 5721 7 ¢
Voa kb S REAGERICERIN TS (Sarai et al. 2020 Proc Nat Acad Sci USA
117:5364-5375) . AL T E TIZ LFE 3 OBFERST /) AESIZERITRE L, @A Lz

(Kamikawa et al. 2015 Genome Biol Evol 7:1133-1140 ; H27 4FBEAR R R £ ; H28 4FEEAE IR R
HE) . REETED D BAFERT— RO 51 EE ISR SRR CIX, Bt
P 3 FEOREAFIRORIRIT T « /#E, & <IZ Pedinomonas JE\ZWGD Tilifx THH Z &N
e TH s (K27/4) . Lo LimdiEs 3 Mo NS 2 5 < ) B IT A
WCRES R 2D, b ULERBEREL L LITEIEREDAWVITEZR CTRWEIRET H LT 1/
BEOMBANIAE L BRBEPMNLITEE 72 & B2 X5 2572003, VAR Y —24 rRNA BIs5 1
BRI & 2 RAEARAT ClIfk i £ 3 M ORMBERIC O W TEmA I 2 LN TE 2
ol ZZTES ) La— RO T5 BIBFNOIERESNDT T4 A T —Z ZAERL - T L
7o EDORER, L. chlorophorum, MRD-151 £33 O TRD-132 #R D fig £ RFIL AT IR & 13
ROV EREWVEY AR — b TS (K2 F) o fEo T, iR L T,
AN AEZ R T RT ¢ ) BOBHEREIID < b 3ERI > TS EE X LND,
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Glenodinium foliaceum
Kryptoperidinium foliaceum
Durinskia baltica
Scrippsiella hangoei
Heterocapsa routundata
Symbiodinium minutum
Symbiodinium sp.
Pelagodinium beii
Alexandrium margalefi
Lingulodinium polyedra
Protoceratium raticulatum
Dinophysis acuminata
Proracentrum minimum
Gymnodinium catenatum
Lepidodinium chlorophorum
Togula jolla
Karenia brevis
Karlodinium veneficum
TRD-132¢
Noctiluca scintillans
-151#k

I . — ] R D
—T A RL-Z HHETD ol_._ Oxyrrhis marina
—_— Perkinsus marinus J\—# 425

Lep;dodmrum
Pedinomonas tuberculata 83
Pedinomonas minor
Marsupiomonas sp. NIES1824

FCHAT /RYPF-TO1H
FAVR oOS550=A>%E

I
i’\T‘f JE
A 84

FLARFSFER

BEERN

0.1

B2 #HShREREEE3EOERERM (£) LEIRHM (B) . &: BRAKI— RO 51 BETICESCRARH
#f. iB¥EEE Lepidodinium chlorophorum, MRD-132 ¥, TRD-151 #%(3BER#F L LY, RT 4 / BDLEH TH Pedinomonas
BIZEG LGz, COETHE, BEERLRTA/ BV L—FUNOTBRDT— R Sy TEFERLEZ. B: %5/

LO— RO 75 BEFT— 5 CE S BARME. BBEE3BEERRKLASHNI LN BLWI— R 5y TETEH
SATWS. BEDBRIET— R RSy FE 100%%E RS
(2] B LS VRV T b—L - 5/ L@

AEBRMERMENOBREYT / LIEF

Fox 1, 2 E Tl 3 FEOIRHEESL, Lepidodinium chlorophorum, A FC# R =B 2 fE (MRD-
151 BRI LUV TRD-132 %) DEFEE GERkER) 7/ AEdYZ27E L= (Kamikawa et al. 2015
Genome Biol Evol 7:1133-1140 ; H27 SRS 5 5 H28 AR EARR IR &) o BIEILFEINITEH
RERFET U7 EWERREN TS o 7 — AR, SisfmtiEL) 2335 L, MRD-151
I LU TRD-132 RO IEARGEHGR LA E T TH D, MHROLHGR XA HR Sz, &
FIRT ) LDIZT DL OBEICIVEND FETH D, EHIZ20BFENHIE, [HF40
FREIMEERL ] OBAEERYT ) LB IOX 7 LFELTY ) A (BT 4 ) BOEWE) O
i A Bida L. BUEMITh TH 5,

HERE A O . — BIER LA REES O 2 IR KRR DSMSIIZE IR Z - T
WD, ZONERIES D 2 IR ISRFE T, Mk LAt aB R 2 REEL T D
T2 A REES ORI L O B FE AR %%%%%\#%éﬁMLtﬁﬁ@é$%€/
DT A OO SRR - I FERS L & L [RIFZE & o0 C & 7= (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) . F7o, HEE L IIRMACHEN T2 U 7 NERIZIBWT 2 IRIGZRIESLA BB AN
SERBEGRIE TR Z 5 TV D Z E RS- TR Y ENCRH AR AR - SRS L L 3
FENAHAL LTS D 7 V7 NEDOFEIRT ) DOEGH T T2, T OWFEERIL Genome
Biol Evol FE\ZHg# S, T OMEE LI FIZHE T2 (Tanifuji et al. 2020 Genome Biol Evol
12:3926-3937)
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ZOMFFETIE FENERANEZ U 7 k2 FE Cryptomonas sp. CCAC1634B 35 X O SAG977-2f,
HARNMED C. curvata CCAPIT/52 DEFEIRY /) L fiRge L, ZiVE Clofifme S nizftho 7 U
7 NERGBHFERT ) LT 21T o7 (K 3) o IEHIEGRRS ) 2613006 Rk B
BAR T ORI L TWER, FEHARFETH 5 SAGITT-2f BRDO SRR 7 KZidb 7z
< &H 10 HOEBR T2 ST, A RMEARES 7 AR CILE S FIEF X R R AT
ENTWEN, 7 AP LT IEE AR OGRRTIEY ) AERESEEICKR . 5722
EMVHIEA LTz, BRI Z &2 CCACL634B #EIS L O SAG77-2f #£ TIE, ifE & & ARk
PETHLIZHEDLLT7rr T v a BRICED B FRREINT W, £, TITif
e TR S NI IEEE HE C. paramecium CCAP977/2a DK ) MZIZVE AT L Z DR
HE R F RIS oS, RIS TG SNV I B UERRER T ) LD EH HIZH /L E X
BB TR A INR 0T, RBIRIZE D SEBREETI O 2 WK KIZIE S BFREKT ) L
FOBIET L /3= N — O/ NEBRRIIZZHRERNH D 2 2L o T,

il

vt
!
-

Cryptomonas sp.
CCAC1634B ..

80,503 bp __

Cryptomonas sp.
SAG977-2f

Cryptomonas curvata

o

CCAP909/52
129,974 bp

106,661 bp

B3 MELLY )T FEIBOBRRES /L —FBEDS
S LOAXERE. BY 2005/ LITFERERETHD.

SR N F"J7’7’/Aﬁ¥*ﬁ'
Ferld, THETRBEICEHEZI Fa R T M) 7 LafRi L, B-AEwEC
BITD Mt 7/ LOHE, Bin . FTEIMEAS > e OEICOWTHIE A2 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) ., H30 FFEEICHE L72i@Y | Fx 23 LT
7 ) FF AL EMFEC S5 END Hemiarma marina D Mt 7/ & BALSEHEZERT (BLR UK
%)-Eﬁﬁéﬁtﬁ%ﬁbkﬁt<&U7%x&$%ﬁ@#%MTkéﬁ57v77Ux
\ZJB 3 5 Leucocryptos marina ® Mt 7/ 2% & H CTHGER L & L C Frontiers in Ecology
mMEmmmnm:&mLﬁ;Qmoﬁsﬂfﬁmfﬁﬂﬁk2m0$4H24H§ﬁ)o&%ﬁ
COWNEIE, H30 FFEICHE L@ ) 2D THIET D,
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B30 ) TFAZEMHEOSHME L L2 AT 5 1 DOFRE LT, AR
DETEEM O Mt 7/ ZOFEFEIZIRY #lA TE 72 (Nishimura et al. 2012 PLOS ONE 7:¢37307 ;
Nishimura et al. 2016 Genome Biol Evol 8:3090-3098 ; Nisihimura, Kume et al. Front Ecol Evol 2020
8:140) . HIRIRNZ iz, [1] HHEEMEDMORMMOULEORT THE LIZHED |
Microheliella maris 137 U 7*F A Z EWRITRO Tl CTh b EFEX HiLDH, £ T 2019 4F
FEITIT, MEERTZEPR TS - R BRI L & 3EF T M. maris © Mt 77/ DREGEHTELY #4725
7o (BUEMHTH) o M. maris © Mt 7 7 JZ2W T, 2020 4EFEEHIZ 338 @fn 17— Z f#T ¢
TR ZHER S V72 M. maris O RAFEHINLE & BDOETERIGHLE LTHERRT A2 TETH D,

RAEFZLARE LU OB O Mt 7 M2 TE L T % : OF ar S EY) SRT605
¥k, @SRT312 ¥ (Glissandra sp.) . @SRT706 ¥, @WFH FLH Ammonia berccari, & HHEL H

(Didymocyrtis tetrathulumus & Acanthodesmia viniculata)

iB¥EEE Ornithocercus magnificus [CEX&ET BT /N9 T VT DT/ LR

BERAMIT ORI Y Vb2 25 I hary N7 BEREADLER AL Z 2
O EBFRE CERME) OREBIX. TN ENMNILE LI a-T 0T AT T VT LT IR
TIVT ThDH, BREEVELOMMERETING 2 MEOA LT X7 BN LTz 2 L IXHE
WA, Z OREALE R TIAMIE & 15 EEEMIIC &0 &5 b & 7oy, R
B 72> B 1 BRI S S D ANV TR T ~DLEAE TRIER L EHRIITIZ - To DN TFH S h
TV, BUFT 28 AEMICRBITS2I hary R 7 - BRIEIANVITRT L LTHIL S
TRVEHEARE L TREY . AT IEOPEE TR I2TH S 5 1~ hOEBZ &
DIFHTENREEL, —FH, FEOEEAY TIL, HEMRIKFELTWDLINI har R
7’%)@??14‘ EETEEIC L DHME « KAWL L TO WM 2 S5, 20Xk H7%

M — ERZ A A R ORI LA BT 2 R - B arRE 2 A T hiE, TomA

E**E%J@%ﬂﬂ;ﬁ EETREEI bar R T7TRBREOM 2N TS5 -Bie s, Th
FTHAIE, mAnT o TREREOMEMNICEAETDEREEST N7 T VT (FEHE)
MR AE ST m e 7 ¢ TREERIZ OV THFZE 21T - T & 72 (6l 21X Nakayama et al.
2014 Proc Nat Acad Sci USA 111:11407-11412; Nakayama & Inagaki 2017 Sci Rep 7:13075) . £7-
T id, B RALRY: - Al AR & SR [E TN I EE R B I SRR D M E RIS O
TR 24T > T & 7o 2019 AR Z DAFFEDHS 1 % Proc Nat Acad Sci USA 55123 FRK T 2
ZENTEEDOT, UTICZEOMEZHRET D W%wmmadlm9HwNmmmMﬁUM
116:15973-15978)

—RIZT T NI T ) TIRBEREEICR T S —RAEERE L LTHEREWTHY . ZhE
THMHAERMEMEZ T2 DA, M, B EPRAICHIES N TE L, S BIZES, i
TERUZEY) &M O A D BHEBNE . RRICEEMAED L RAERBRRICH DT 2 N7 T ) TIZHon
TOMANERLTBY WEERRIIB I 2IETT /"7 T VT OBEBENEH S Lo
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Db, LnLBUEDE 2 A, WHFREIZRIT 2AETT /"7 T VT OFFEMIZ OV T OH
EIE oy E XS 20, AR Tl BSRBEWIRICAE T 2 RH £ Ornithocercus magnificus
OMIFASMEERICIAET D7 2377 U7 (OmCya) DF ) DERE LT, 7/ LEHID
FE L LTSRN i, OmCya X2 N E TOHBAERMEY T ) "7 7 U 7 2l & L-hf
TR SN TWRVWHBORK TH Y . TN E THFEABRICEE &R Z 505 L35
ZONWTWOMEST /N7 T VT Rt LD Clitg T 2 LHEN S iz, A Z 57 ) DEHT
TlX, OmCya lIREK AR Z R~ — ., M s BBICFT 22 L, 2
NHORRAERET 5 & imHiERE & ERRZ © D OmCya IZZIVE TITbILZ A X 7 ) A
AT CIEABM SN Tz EE 2 Hid, OmCya Liltfx/e B AIEMES T 2 X377 U TRIT
B /N— MY —%&k#k U7z & 2 A, Prochlorococcus J&>7 /N7 7 U 7 &£ OmCya XA
BEDT ) Agik %~ LTz, Prochlorococcus (X B RAETEES T 2 327 7 U7 D H 6 The biffi
BL7=7 ) 5% FFO7, OmCya & Prochlorococcus OD77 ) AKEIBIZ A WITIMNIIZE Z » 72 &
EZ2 N5, 15 ER & BREIZIAET D OmCya DI RIL, WBRES T /N7 T U T DLk
P, AR, ERICEERMREZ 720 Lo, £ EFRRIT, RO RIT, BE-EMAEY &3t
AR Z RO AT LT N T U T SRR TR T D R A R T D,

—

—

Size of protein reperioire (number of protein type)
Prochlorococcus clade ? 5c|° 1000 ‘55'? ?BOCII 250(:
Prochi. marinus MIT 9312
Prochiococcus sp. MIT 0604
Prochi. marinus MIT 9301
Prochi. maninus MIT 9215
Prochi. maninus MIT 8515

0.2 Substitutions/Site

sp. CCO902
Synechococcus sp. WH 8103 Synechococcus
Symechococeus sp. KORDI-49 subcluster 5.1

|

6. RCC307 | subcluster 8.3
Paiinelia

[l Gyanobacterial ‘Core’ Protains [l Others

mmwmmm

Synechococeus sp. WH 5701
Cxwmobs ke POC 8907
— «= Symechocystis sp. PCC 6803

——————— Synachococeus slongatis PCC 6301

Synechococeus subchaster 82 | Outgroup

4. k : B¥EEE Omithocercus magnificus DXFBWHHEETE. RBEFHRELLIT/ NI TUVTERT. BR: 48R
FT—RIZEDICEEEQLT/ NI T T7OREZRGE. BEERICEET L7/ /39717 (OmCyn) (£, BEH®
BEVT/INITITERLBIHHERHKTHD. B BEEILTFT/ NI TYTE OmCyn BITOR VNGB L/IR— 1) —
D&, OmCyn DEDZ VNI BLNR— M —[EthOBBREEERHEZGELIY LNV, BEERLOHEETETT
OmCyn 7/ LIEHER LIz&EZA BN B.
iR U7z O. magnificus OITiEAE T 5 5MEVE IR TESE Histioneis depressa 1%, OmCyn & %
B GEOREMEEREFL TS I ENmhole (RERT—F) . BIE, Bxlx H
depressa 7553 BE LTI O 7 ) LABLHNZEIT L TN D, Z OFFEHTHRE RIS DWW TR

FELIRRIC 9%,

(3] RIFEBITICB TR AERARS LUV VNI EIAFELE L D FELLEHE LR
Ao\ B FEERR A S0 CysN- EF-1a D EZ D&
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B R RF EF-Tu & EF-la 13% v /7 EERICEET 5 GTP IR iRERETH D |+
TOEMNZ L > THHEADZ XV ETh D, MEED EF-Tu & il - B4 O EF-lo 13
HUMIHEFETT, 1 EEED D 3 IREEE LUV T O MR 28>, 7272 L., EF-la & EF-
Tu OSARHEE 2GRN BT 5 & EF-la D N Kifi KA A VDO 3FHD a~V v 7 AT
M5 2 WAEIED, EF-Tu IZIEFFAE L 72V, EF-TWEF-1a 13\ < O ORGEHR & v 37 B O
JRETeoTHY EECHEEE & ATP ST T /v 5" VIRLEERE 2 AT 5 ATP A
N7V L—RAEHRT 57 2=> § (CysN) ZZD—fITH D, HBEZHENZ LIZ CysN &
EF-Tu/ EF-la & & B2 FRMMTEAT O & MEZ /X7 Th % CysN 1Z[A U < ME &
X7 THDEF-Tu L0 b lHIE - E4EMO EF-1o (240 & 72 % (Inagaki et al. 2002 Curr Biol
12:772-776) . Z® CysN & EF-lo [l COURRMENIE L2 51X, CysN O =& 2 EF-la
BREAG72 o~V v 7 ANIFEET D AMREMES BV, LA L EF-lo F7 58 A o ~ U v 7 ZF 405
D3 EAREE CysN #tdh (PDB %% 1ZUN ; Mougous et al. 2006 Mol Cell 21:109-122) H1® disorder
FEIIC S ENTTD, 202 RIEEDN 3Ol (K5E)

P 2 VLA AR B ZE R P A Ay B RE 1 0y B OO JRUH B S HE SR & JE[F T CysN fEda o
disorder fE}k7% EF-1o #5520 o~V » 7 ZZTERL L 9 % D EFED D D 7280 K3 OfKAR B
CysN X /X7 DR fENFyIalb—rarkw 2 v 7 aibiitoiz, TORE,
CysN # /37 {0 disorder kX o ~V v 7 A& L 2 5 & THITEZ (¥5) ., 2D
FERIT, 0 T RFENT T/RIB & 72 CysN & EF-lo MO E & o /3 7 BN ARKEE ) FL
DOMTRT HFER & o7, BUERBAWERZ PO, ZORMREEGHLE LTERT S
TeOIZHE i 2 D TV D,

MG gl LRFATONE | em
(PDB no. 1ZUN) { Disordertit ) SRl B T . .
? FURAER-= . E5 CysN 2Ry BEO= RIS
RE y () ERFBNPELIaL—T 3

¢ VICEYHRASH-ZRBEETIL
() . ERMICRE SN-RIRE
CysN 2 /D #58IZ1% disorder %8
HENEEND () . 2 FBhEDS
aAl—2avn#ER. Z 0 disorder
fEEIL EF-1a BFE MG aN) v I R
EEOWHRMENTE I (B) .

Zoft, B &R OFRIFRKEHRT IR - C R B A A 2B DE IR RIZHONDTO
MG « 3 FHEALRY RHD O OMGEAIT > T D, 2 OBFSE S AEmEHFH P A g Re I H oy
B & DILFETIT > T 5D,
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. BB
EAKE, Ft (), WXL BEEAEMICBITAS SMC X o0 77 2 ) —D%EE b &
TRy EE A
INRREAY, St (BRR) , GRCA  BER - PR REREE R D SR A X | R ITB T S fifkE R
REEEESE DAL,
EriER L
L

ZE. SNEER. MMIEESF

OS2 A AARBAEEMEESRS XA NS L TF—2 a7 U— L, FEHE, 2019
10 H 26 H

SRR E &

1.

Gwr, KA, REK - OB RIRERE, &8 EA)

Blbse B4 FURATIE (B) , fdEthE] (RER) , 2019-2023 4L, 44 -
R EER R 13,100 TH (R1 FEEHRE 2,900 TH) , I F=FY7 DNA
WY AT =DM L LR GREE 5 19H03280)

BHemt e afiBh4e  EESEFEFFEmE A (ERRERIER®)) , fEdi= (R
#) , 2018-2023 4R, AHH : RAFEEHGRHE 13,700 TH (R1FEEHERE 2,900
M) WERERE RN IR T 2 M Rk O 2R MR RS> 18KK0203)
Femfse g adiBhe Bt (B) , fidEthi=] (040) (RR&FE - A1) , 2017-2020
R, ZTEE . RFEEERE 17,420 M (R1FEEHRE 3,100 TM) , XSG

AN OIS L DR RY]T GRS 17H03723)

FHemt e g aiBh4e  EREFEFRME LS (ERREFREERIB) , BAES (R
), 2019-2022 4R, AfHER - AAEREE PSR R 18,330 TH (R14F B ELEERR A 3,300
TH), 7ANV=—XEWYRRCBT 5 Fhar KU 7EEA LT R T OREE(LO
fil] (RS 5 19KK0185)

Brenrse i BEESE (B) , HIUEF (RER) , 2019-2021 L, (44
P EERE 15,210 TH (R1 FEESRE 4,100 TH) , ¥ =48 dumedt A pk
Vs AN D LB FRBLE v U — 7 RO RS 19H03026)
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6. FBHEFFREMBE HEME (O , AREZ ((RF) , 2018-2020 &, {14
PR 4,420 T-H (R1AREEELEGRE 1,000 T-1) , KBS ERHEE — =
AW OREE &AL %ﬁ’%%ﬁﬂﬁx#! — (%5 18K03820)

7. BEERRREAMIBIG AT %(m,iﬁﬁﬁz<%ﬁ)(ﬁ%-&%&ﬂ%),mn-
2019 4R, ZSfH4E AR EHRE 17,810 TH (RIS EHERE 3,000 TH) , A
%Emﬁﬁé%%%%%®%%—EWM®7?y&ﬁy&x%%<—(ﬁ%ﬁ%
17H02978)

SNAYRLEEHE
7L
6. WFREME

(1) BRI
A) EHEMEHRX

1.

Sarai C, Tanifuji G, Nakayama T, Kamikawa R, Takahashi K, Miyashita H, Ishida K, Iwataki
M, Inagaki Y. Dinoflagellates with relic endosymbiont nuclei as models for elucidating
organellogenesis. 2020 Proceedings of the National Academy of Sciences of the United
States of America 117:5364-5375

Tanifuji G, Kamikawa R, Moore CE, Mills T, Onodera NT, Kashiyama Y, Archibald JM,

Inagaki Y, Hashimoto T. Comparative plastid genomics of Cryptomonas species reveals

fine-scale genomic responses to loss of photosynthesis. 2020 Genome Biology and Evolution
12:3926-3937

Ciacci C, Grimmelpont MV, Corsi I, Bergami E, Curzi D, Burini D, Bouchet VMP, P.
Ambrogini P, Gobbi P, Ujiié Y, Ishitani Y, Coccioni R, Bernhard JM, Frontalini F.
Nanoparticle-biological interactions in a marine benthic foraminifer. 2019 Scientific Reports
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HBKRZTORE, #4077 TRRFERTO#E (HT)
FEILOLTEIC TR N ZToH KL 7e y=7 hoFE (H )
FOMBRE AT F#S £8 (HTD)
HAe—F7 A5 e #HE (HF)

K[ - FIAEES %E (B D)
H ARG T#t CPD i, #EEEE,

[}

i

VYEBRER (HD)

Tl

\

I

1 (T

i

S 2

k=1

\

- REMFFERT, AFERE ()
. REITRE XSRS £ (1)
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13. RS (WMO) KRB FSEZEES(CAS) THIFTHEN: « RS L o7 v 7
T HRICEI T 2 1F3EE 2 (PDEF) Z8 (21)
14. 7 AV KR FE (AMS) #ifigREH < (BUE) £8 (F7 V)

1. FDH : A T4 7EEE

1. NHK 7 VA% — INHKY Y —7F/1] (201949 H 9 RH)
FV Uy 7 OB IXRICEEL T, H FEROWMHREG THIOMIER B T,
2. wHFHE, HEB#IE (201948 A6 H)
H F#d% & FBEEFE B o, BB OB RIZET 2R i S vz,
3. NHK#A TE#EEry hv—21 (201948 A 6 H)
FV Uy 7 OFSKRICEEL T, H FEROATRE T RO S i,
4. fEHEHE AT (201947 A 29 H)
H F#d% & mEELFEE O, RBRAEE L 7 = — L O ERCE DS B S vz,
5. weooHE (201947 A 25 H)
H 8% & RESGSH [V 2 —=a2—X) BRHFETTo T HHHRE THET
VORI BT 2 NED — Ik ST,
6. HAARRFEHE ST (201946 A 17 H)
H F#d% & B IE B ORER O OFSCONEN, Hifld, v 74 v =a—RI(
s s,
7. PERHTEIS T (2019 £ 6 H 17 H)
H F#d% & FEBEE IR B ORER OB OFRSCONEN, Hild, v 74 v =a—RIC
s s,
8. HULHRIA T (20194F6 H 17 A)
H F#d% & B IE B ORER OB OFSCONEN, Hifld, v 74 v =a—RIC
s s,
9. fEIRMAFE (201946 H 17 H)
H F#d% & B IE B ORER OB OFRCONEN, Hild, v 74 v =a—RIC
s s,
10. #4781 (201946 A 18 H)
H F#d% & B IR B ORER OB OFRSCONEN, Hild, v 74 v =a—RIC
s s,
11. #2019 46 H 18 H)
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16.
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T4 =a

T4 =a—

T4 r=a

o4 r=a

T4 =a—

H T 2% & HBE e B ORER OSRE DR L DN D, HiH.
s s nr,

SR

H T #% & HBEEAFIE B ORER OFR B DR LD D, HTH.
B s,

PR NEXT

H T 2% & HBELAFIE B ORER OSR B DR L OWNE D HiH.
s s,

dL#r#  ONLINE NEWS

H ¥ & FABESLAFSE B ORER OB OFRSCOWNE R, Fifd.
s s,

TV HIVEEH

H T 2% & HBER e B ORER ORRE DR LD D, HTH.
s s,

NHKE 71 (201944 A 24 A)

[(REERO~T L—T | JIZ A BN, # A PR TNEE L 2
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1. A —
iz kB, mfE KO, B EBA
IR o mE (FE, HOLRT)
BhZ# ZME T, K R, Em BA
= RFbed 214, FFE 14
FILFEAFIE R

Zk STAL Rl B, BOF #kth, o R, 48 BE
(BLE, v 27 AEHR)

I R RIST) , Al # (BMEZFHRER

B EYEEASERT , PE O GERT)

R ellf (BERBART) , &k (8 (EBREIRFRT)
o B CERBINRSHIERT) [, TR BN (EULEH5ERD
s ERRS (BALPARZEAT) , IS 2 (BERERKRY)
e B (BERBKRT) , PE IV (BERERT)

2. BiE

AT TIE, SEREFR AT LT %7 7 F %, W7/ 7 785, GPU F
MELAT, FPGA FIBEIN, WHEAEALIE O @d A SE, B AT LY 7 by =T, =7 X |k
U—Abty 7T =8 OEMBEEMEDOWIR LT > T\ D,

SEFEOMIEE LTI TOT —~ BB b b,

& SZHEMHAMHENEA— \—ar Ea—% Cygnus DYV AT LK T X ALY T H
vxT, KT TV r—v a7 by =T O
T = a oy e OILFERFEIC K D EBENE T Y r— 3 RS
MEE] S8BT DBUEEE T 4 7 F U BA%E & O REFEAT
KRB Z 5310 7 7 A Vo AT DOPERE R OEIEME O [E) -

BEADN T v EROITHEHE O Edb &SR -

[1] OpenACC IZ& % GPU+FPGARE TRV S 205 IJL—LT—2 (%)
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OpenACC [FUTHEH &N TW5 GPU ZH.L & LEEANEEED e /707 %, )
Fi CPU 28T % OpenMP O X 912, BIRT 17T Lk ~S— R ZFEFNEE 45312 directive

(FER) AT DHZ L Tar A IREEIET A A0 —F v a— REAfT 5
X 91ZL, incremental (2707 T AEx @ L AHEREETY L—LA Y —27 Th b, BURTIZ,
P OpenACC =2 > /3A 7|33 & LT NVIDIA #1:# GPU [} C, FPGA Zxt% &35 b DI
FAEL72V, 2Dz, GPUH & FPGA i, ZhENRip ol Ny 72 Far A4 7%
WTTFr s I IRERZBRT S,

Z#UE T GPU [A]iJ @ OpenACC 2734 7 & LT NVIDIA #H42 F D PGI iz kL B 22 /3o
TBRIESHWLNTEY, FTxIXI%E GPU D OpenACC Ny 7 = Ra /(5 & LT
A%, xt LT, FPGA [AF @ OpenACC Bii & L TIidK[E ORNL (Oak Ridge National
Laboratory)?® FTG (Future Technology Group)73Bi¥E % #£ 8 T % OpenARC = > /34 F 255 H
35, OpenARC [3kE % 72 {EBENNET XA AT D OpenACC =12 /34 ZTH Y, Intel #HL
FPGA Al D 3 XA MAKEEN T A Mike L THRIESI TS, OpenARC 7317 9 FPGA [] 17
OpenACC = > 73 A JLHHEIX, OpenACC ik % f #4112 OpenCL (225 #2795, Z @ OpenCL =
— R Intel ££0> FPGA [f11} SDK (21895 OpenCL =2 /3o T THRAAMIZ FPGA D& A
A TOND, - T, 1 202—¥F 17 F A)b GPU CTHEEAENMET 55> & FPGA TZ
NZEAT O oHEL, T E GPU [AllF OV FPGA Al D =1 3o T TR L, &I
WA TV =7 N AT UL OpenACC #t—7' 1 77 2V VERENENRT D,

OpenARC = 734 Z{ZO\TIE, FPGA T s {kid ORNL WO 7' m ¥ = 7 K TITH
NTWDHTe), FxlTUsTF — o & OEBILFNIFELZED, ZORFR=a A T 2T
HTENTEDLLHIT LI, ORNLIZE 5T, OpenARC =2 > /34 T OYEHEFIH 7r— A %
/DO ENTE D, ZOMEIRIINERICHED 5 Tnd, 7272 L, 120 OpenACC =
— R&EWT S AT OBET 5 2 I3RS Tlided, ZnEa—FRFTTITH ZEiTkE
AWML IS, F T, AFEMETIEINE BEINICIT O S5 % MHOAT (Multi-Hybrid
OpenACC Translator)Z Bl L7=, X 1 1< MHOAT OMEDOBEXTH 5,

MHOAT IZ & - T FOGA & GPU &\ 9 2 FEHO T /S A A HIZ57HfE S 4172 OpenACC = — K
L, ENEhoNy 7 Kal s34 Z (GPU: PGI Compiler, FPGA: OpenARC) (Z & - TH
TV MPEREN, B gec 1L DY 7 ERT, 1 DDKRA N a s T Ay FPGA
& GPU DK T NA AR I —x T ar T hEi#aligled 7 =7 MR5ENRT %, OpenARC
PNILER L 72 FPGA M1} OpenCL =1— R % Intel B8535 C=2 /<A L L, NVIDIA t: GPU O %7
Y=/ FERAET HEANCONWTIE, FEEEDOHIZETEYE L7z, OpenCL+CUDA =1 /31 Z
EERTIEREEZFH L TWD,
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Omni Compiler Infrastf_li(itu_ria‘_ OpenACC
& /
Front MHOAT  g—| ptc/
End \ //
fpga.c

1 MHOAT DWLER 7 1 —

OpenACC
(© An OpenACC program)

Cneores I

tasks on GPU

tasks on FPGA
o ey

BERE S OVEAMERERH & LT, AT O X D e EHBEINE T 7 7 F 5% OpenACC Cilif
L7z,

® GPU LTIT4 - ITHIRE 21T,

® ZTITHERINIATIIERT MVORREZIT O,

® ZTHNTHEMRINTEZ ML%E FPGA IZfisik L, ZHEEE~NZ hrET 5 CG ik (B

TABLIE) K D AEATHIREE % FPGA ET1T 9,

® fiAER A CPUICRET,

¥, AHEE D MHOAT E3ETlE, FPGA & GPU DE] T DMA #5217 9 FEAE D FH A A
FTIFITA T, GPU & FPGA OF — X #4i%5(X CPU 241 L THEEMIZIT > T D,

2 |24k D CUDA+OpenCL THT /A ZAD T 1 7T LNaEN TG L, MHOAT % v
T OpenACC DA Tk L7358 D178 (a) & SCUF8(b) D ik & 7777,

7000
. ? 64%
i o = reduced
3200 30 reduced g 50
[=]
. 7]
4000
- o 2 host CUDA E 4116
g1 ; 5 3000
£ 41 host OpenCL |
: 50 = kernel GPU # 2000 678
2 m kernel FPGA 1000 g 53
0 : 1189
CUDA+OpenCL OpenACC CUDA+OpenCL OpenACC
@ 7% ) TR

2 CUDA+OpenCL {2 X A itk D7tk & MHOAT % iV 7= OpenACC D A2 K 5tk D178
() K O SLTFH(b) D 7=

X725 6572 X 912, MHOAT % U 72 OpenACC D AT K Dt —MIFEIR TlE, HFICA A

k=—F (CPU ETEWET AT 07T L) ORRBENIHEFICDRL R, a—FDTa s
RV HNEROTZENTETCWD, £, EREEEZHVWL T 7720 701%, 20l
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BICLIFHZEL, ZOBMES PR AT ORAOAREESE, O TI: MHOAT 7%
HEAGHBEINEEREEICB TS FPGATGPU 71/ T 2 v VAR I VIZHNNIAESICTH
EMTREE WD T ERIRET,

PV THRERIE Ch D, ERERTHVEI— FNLERSNET RS T 8%, FHERY
Woet s 2 —NENT 2L EEAEAENE Y 7 X% Cygnus b THIfi L7z, Cygnus @
GPU+FPGA {&# / — FIZ1X Intel Xeon Gold CPUx2 &, Intel Stratix10 FPGAX2 &, NVIDIA Tesla
V100x4 FE B STV DM, AFEBRTIX CPU, FPGA, GPU #2211 T S>HWTEE
fliL7z, MERZH3ITRT,

1 GPU
m FPGA

sec

O = N W B 1 O N

CUDA+OpenCL OpenACC

3§l 7 v 7T LD FEITHERE] : CUDA+OpenCL & MHOAT (2 X % OpenACC D Z O ELi

ZZITRTIE Y, AR TlE MHOAT EATDIX 9 AMEREDME T L7z, GPU # T3 1.7
¥, FPGA #TI3K 1.07 £, TNENFETRMNELS > TLE >7, $FIZ GPU IZOW T
I%, OpenACC =21 /3A T DRRAE L %, OpenACC =— KD FR/RICFLIR AT 5 2> e
ERRELBEZ HND, ZHITESHROBETH D0, LR OFRROFS S ZREMICHE 2
I¥, MHOAT @ OpenACC DA K DBREED TN T 0 7T AOAFERD S TENLTND EE X
Lbivd,

TS DRFFEAERIC D W TURIERUIL 45 169 [0l HPC iffgt 4, [FIZE 172 8l HPC #iff 5%
RICTHRRFHATH 5,

[2] K% 7 74— 3> City-LES ® GPU [AI+&E#FIE (#h)

GPU & FPGA O &IZ XD EBENEHDO T 7V rr—rad—o b LT, Ao ¥ —HiEkER
BERFFEE P CRIR T O R L ET /LY R 2 L—3 3 » City-LES @ GPU * FPGA &b & i
DTND, SAEEEITHFIZ, 240 E T CUDA T L T& 72— RE2HEAYIZ OpenACC L,
A% D OpenACC IZ X D E—7 0 77 I v 7~ a2 D 7-, MHFEEE T, CUDA IZX
% City-LES FE#A#1T o723, CPU L TOEITHOTNITIRY, BIEOFIATRIHIOK) 85%H°
GPU liZBE S22 B 57, CPU 3235k > T 5728 CPU & GPU D DT — X 5
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PEaRX MREEHETET, MRE L TEETREROKN 50%03 7 — XK TH 5 L)
Z o T,

SAREEIR TSGR L — 7B 1T % CPU ETH O T% GPU IXTHhEL Z LT LR, £
NS DA CUDA LT B0 a & MIR LTINS RV, £, £2TOTF—F %
GPU I CEFT 5720, AEVHEERS IR TELINERSH D, £ 2T, FELL2EN
IZHRE L, £ 7T% OpenACC |[ZEXEHT Z £12 L7, OpenACC |Z X A5k TIE, CPU LDk
A hza—R& GPU LD —xva— RE2EBNHEET 5D TIE72 <, OpenACC DFE/RLT
BN — AT 2GR ET 2720, T — X OFEE RS IR TE 27207 T <,
27 —%% GPU LICHEfR L, B2 IEFIMENMES THELZ TE D% GPU THEITTH L9
27T AT HIENRRGITTE, 20, FlZERSH7e GPU 1758 CPU 17X 0 <
Th, T—HEBERHEZHEET D2 LR TENEEEMICEWVEERGOND W), HE
DEHAD K X 7o fERE M IS 5 72,

AR H =BT 5L EHEEAMEEMER — R—a Ea—4F Cygnus DK 32 /— K

(128 GPU) Z#HWCRHliZ1T 72, £7, HYK/ — K LD 2 50 GPU (NVIDIA Tesla V100)
& 2 H® CPU (Intel Xeon Gold) % HVY, CPU DA DFAT, T — X BB & £ 5 WEAEE £ TD GPU
F2HE, OpenACC Ik > TF—#B#%7/2< L1z GPU TOEELE I L1-, FRE2K 4 (R
T, TR ENTE@Y, T—2BEE S AT GPU 22— K TliX CPU @ 2 f5LL EDOVEREN S
S5NTWDHEDD, ZDOFEITRRIOK 50%1L GPU & CPU D OT — X BEIFTH D, =
AUDY OpenACCALIZ K > TRT — 4% % GPU IZPACIADTEAER, 7 — 2 BE DO & 556 DK 2.8
{EOMEREM EAE B AL, B BUIZ CPU D AT K 5 FATIZH A 6.2 5 D REM B35 BT,

BT, K32 /7 —F, 128GPU & HW = PEBEfHlAs A X S 1ord, 22Tkl /—FR
FITO%EZ 1 & L, weakscaling, D%V /— Y720 OREY A X% —EICLIzEE /) —
R0 L CHERE R B2 3l L 72, GPU Of55RIL4A T OpenACC DAIZEDHHDTH D,
fR&E LT, 32 /= FOHBAETH 1/ — RETIZHAWSVLHEL D 86% & @ < fhizit T
D, WO — RETH CPU ORI 9 (5 DOMEREN S BTz,

500

Execution Time [s]

71

202
200
- .

2¢PU 2GPU with data move 2GPU without data move

mCPUrun mGPUrun m MPIcollective wMPIp2p mCPU-> GPU memcpy mCPU <-GPU memcpy

4 Cygnus OHi{A / — NIZH1T % GPU - CPU 7 — & @ HI O 2 R
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1000
900 822 828 841

800 740 770 772

s ¢ P}

600

500

400

300

jﬁg 79 78 78 80 85 9-2
5 ] B 1] [ | [ | il

CPU GPU CPU GPU CPU GPU CPU GPU CPU GPU CPU GPU

lnode 2node 4node 8node 16node 32node

ETEM [s]

1 CPU run B GPU run MPI collective

1 MPI p2p mCPU -> GPUmemcpy mCPU <- GPU memcpy

5 Cygnus 32 / — R%& V72 GPU E# D weak scaling PEREM] |-

72, 4Bl 7L OpenACC 3412 L - T, MHOAT % O 5 % Hv 7= GPU - FPGA #—
nJ 7 I AT ENAREE o To, AFEEONFETIX FPGA 1T X % OpenACC 1k
F CEEAIAD 72735 7273, City-LES TITHMe 27 U VEHETET T <, #iRmohEe
ELVIIR, SOICHNOREZ LA FL—v T 5, EEICHEAR Y I 21—
3 v & 7o TEY,GPU OFFD SIMD JHEMRET T TIEBENIERF IR T 5 AIREME E,
Z ZITFPGA Z AL TV ORREEUBEOBRETH 5,

IS OIFFERRAT W THEEF AL 235 170 [B] HPC %84, [A55 173 [B] HPC #F9E4
ICTHRREHLTHD,

[3] AMSVE S Z ALV FFT DEES L UVEMS I 2 L—2ITL HMREHE (548)
Mg o7ty ThD AGAFX ([ZAT 72 FFT O34 % Arm SVE (Scalable Vector
Extension) 45 % HAWVTITV, BRAFS I = L—2 |2 L0 MEERHI 21T o 72,

Arm SVE FE2ED 58+ & LTI, Fortran TEM L7 FFTE 74 77 U O —x /L%, SPIRAL
a— RV L—% CTHARL L7= SVE intrinsic iR FFT I — R /L CE I H 2 LI LV &E
kx5, mWE (FIZIEX16) O FFT H—R Va2 FTa—T 4 7T 5DIEZ KRG %
VB L35, SPIRAL TIEE#E A4 57217 C FFT A—F V& HEI CTAERK TE S, Arm
SVE 5 Z W T FFT 1 — 3V Z4ERKT HIZ&H 72V, Vector Length Agnostic (VLA) 7'v 2
TFIVITETNERWE,

SPIRAL |Z#ftf 7 — U =& H#2 (DFT) 72 & DT VX UG HMHEIZ% L C C S5 Fortran D
b L7za— REHEVERT S5 A7 LA Th S, Camnegie Mellon University @ Franz
Franchetti ® 7 /L —7 TR I TW5H, Y —Aa— RN http//www.spiral.net/7>H AF9°
5T ENARETH Do SPIRAL IZBWTEBOFEI & A A& ET 5L, A XL C7T
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N Y ZXENERS D, ZOTNT T XALE, KD/ WEROK (rule tree) (253 S 41,
2TV ODDOERKATREZR AR S XV RO R WS D ZERIRT 5,

FFT #—x/v & LT, 4l out-of-place @ FFT 7 /L2 X A TH 5 Stockham FFT 7 /L=
U X L% Ao, mWEEO FFT 71—V Z2 BRI WS Z &2k, A€V T7 78 X[H
BEWOTZENTED, TO—FHT, BWEED FFT 1 —XWIEL DT VR T VAR %
VELT D720, BFE/ NSV Y A XA RT D, FFTE % & 1 Fortran =12/ A Z Ta
PNANUTEBRCHESE 2, 3BLOD4 D FFT I—FRVTIEY 7 N =T XA T T4 =2 7 Wi
MEnT=n3, S5 U LD FFT A —F )V CIRFE/ NIUR L D AZHDOARRIZ LY Y 7 b =
TRATTA = 7 0NEA S/ > 7=, FFTE Tixi%k2, 3, 4, S X8 O FFT 7 —%
JV%, SPIRAL Tl3#%k 2, 3, 4, 5, 6, 8, 10, 1238 L 16 @ FFT 1—x /L% H\ 7=, SPIRAL
AR U2 3502 @ FFT 71— 3V &K 6 (2R,

void dft2_sve_jk(float64_t *Y, floaté4_t *X, a106 = TW1[a105];
floaté4_t *TW1,int 11, int m1) { a107 = TW1[a105 + 1];
svfloat64x2_t s49, s52, svex2_3, svex2_4; svex2_3.v0 = svadd_f64_x(pg1, s50, s53);

int a104, a105; svex2_3.v1 = svadd_fé4_x(pg1, s51, s54);
floaté4_t a106, a107; svst2_f6d(pgl, Y +2* (k1 +2*j*m1),
svhool_t pg1; svex2_3);
svfloat64 t s50, s51, s53, s54, s55, s56; svex2_4 .v0 = svnmlis_n_f64_x(pg1,
for (int j1 = 0; j1 <I1; j1++) { svmul_n_f64_x(pg1, s56, a107),s55 ,a106);
int k1=0; svex2_4.v1 =svmla_n_f64_x(pg1,
pg1 = swwhilelt_b64(k1, m1); svmul_n_f64_ x(pg1, s56, a106), s55, a107);
do { svst2_fB4(pgl, Y +2* (k1 +(2*j1 * m1) + m1),
a104 = k1 +j1*mf1; svex2_4);
s49 = svid2_f64(pg1, X + 2 * a104); k1 += sventd();
s50 = s49.v0; pg1 = svwhilelt_b64(k1, m1);
s51 = s49.v1; } while(svptest_any(svptrue_b64(), pg1));

s52 = svid2_f64(pg1,

X+2*(@104 +11*m1)); }
§53 = s52.v0;
sb4 = sb2.v1;
sb5 = svsub_f64_ x(pg1, s50, s53);
s56 = svsub_f64 x(pg1, s51, s54);
a105 = ((2)*(j1))

X 6 SPIRAL ARk L7552 @ FFT —x/b

PERERTAMZ & 72 > TId, FFTE 6.0 (http:/www.ffte.jp/) O —WRICHEFEL FFT L—F o zffild
ZHOT, BHAFY I 2 L—HZIZE D AGAFX OPEREZMIIE L7z, n = 2~65536 DT 1A FFT
2 10 [MFATL, Z£OFEORERFM ZME L7, n=65536DHE50 T —F 7ty A
A1X 3MiB TH Y, 2 k¥ ¥ v =2ZIE D, nil FFT OB FEHII5nlog, n& LT MFlops
BEEH LT, AG4FX OZFNEh 1 ALy R&EHW=, 222734 F 1% Fujitsu C/C++/Fortran
compiler 4.0.0 20190701 ¥ & U8 Arm C/C++/Fortran compiler 19.1 Z VY, 2234 T A7 9 >
& LC, »-Kfastrestp=all” (Fujitsu) , ”-Ofast-march=armv8-a+sve” (Arm) % H\ 7z, Arm Fortran
AUNA T TEMLTEANA T U BB R 2 L—F TRITTE o772, FFT I—x/b
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DHZ Arm T34 T Tar XA VLT, FnSor—F o 28 Li@Ear (4T TarnN
ANLTAAL TV AR LT,

12000
10000
8000
6000
4000
2000

Ll

2 4 8 16 32 64 128 256 512 1024 2048 40906 8192 16384 32768 65536

0
=e—=FFTE 6.0 (automatic vectorization, Fujitsu compiler)=e=SPIRAL (SVE intrinsic, Fujitsu compiler)

-SPIRAL (automatic vectorization, Fujitsu compiler) =-#=FFTE 6.0 (automatic vectorization, Arm compiler)

=—8—5PIRAL (SVE intrinsic, Arm compiler) SPIRAL (automatic vectorization, Arm compiler)

7 power-of-two FFT OVERE (ML I = L—X)

P R = L—& & T power-of-two FFT OPEREZ HIE LR EZX 7187, 777
OFEENTT — 2 A4 XTH Y, HeEiXEFEERE (MFlops) Th b, B C a4 7% H
WEHETH, Arm C 2231 T2 W88 T, SPIRAL (SVE intrinsic) (X SPIRAL

(automatic vectorization) KV HmEmMTHDH, LB C 231 T EZ WA, n =256l
FU T SPIRAL (SVEintrinsic) (% SPIRAL (automatic vectorization) £ ¥ £ 6.33 {5 TH
Do SbIZAm C a2y A T2 MWeE, n=32768/238 T SPIRAL (SVE intrinsic)
SPIRAL (automatic vectorization) & ¥V $#J5.62 5@ Th o, T HDFERN D, SPIRAL IZ
£V intrinsic Z AW ZBIRIVZR R AT TH D Z L3005,

H 1218 C/Fortran =2 > /34 7 % H\\ /=454, FFTE (automatic vectorization) | SPIRAL (SVE
intrinsic) £V bEETHD, — 5T Am 231 T & H 234, SPIRAL (SVE intrinsic)
I¥n = 16 %R\ T FFTE (automatic vectorization) £V & EETH D, kFlin = 32768128\ T
SPIRAL (SVE intrinsic) (% FFTE (automatic vectorization) £ Y $#J3.16 f5mETH 5, &L
18 Fortran =1 > /3A 7 Tz 73A )L L7 FFTE X Arm Fortran =1 > /3A 7 Ta L8 A )L L7
LV bEETHD, —HTAmC 273 7 T3 73 L L7 SPIRAL (SVEintrinsic) 13
n= 8, 16, 256, 4096, 65536 ZFRWVWTHELIE C 22 /3f T Tav A L LEHEXY bE
HWTHDH, L7en>7T, SPIRAL (SVE intrinsic) IZxfL CIFE L@ C 2231 7 X0 Arm
C 22 A T OEGFEDRAHM N ZEZ D,

— 174 —



FURKZ AEREMRE S — SHRFE FRESE

SPIRAL =1— R ¥ = X L —H CHRK L7z FFT 71—V OMERENY, Fortran Titik L7= FFTE
® FFT A —3 /L EIZIER CHREIC R oo, BB /A T & Amm =2 /3 T TIREEID )
VR D L yhhoTs, BARRIZIE, Fortran TIXE i@ /34 3, C CTld Arm 22>
RASREETH D, SBRITEHA LY FICLAETEITH) TETH S,

[4] AVX-512IFMA ZRAW -2 ERBHARENSELE ()

RIS AR MAERE DO —2>Th D, F7o 64bit MR ITRE OB E LEEHR LW
W, ZEREBEECRFEILY 7 MU =7 TR TDMETH D, T OHEFITABRER S AT A
YA AT MG SN D, RRICBWTH v ) —ORLTHEO ->THY, Zh
WX T B 7oA T RO 1 U — RO bit AP ST EKIL (reduced-radix REL) FiEZHW
77 F 724 TlX Intel 205 Cannon Lake 7' 22 v V3 A S 372 Z £ 12 X W AVX-512 Integer
Fused Multiply-Add (IFMA) a3 FIHIEEIC 2 o7, S DICHEERER T LI U X LD—D
(Z Karatsuba {238 5,

BEAFZE & L C, reduced-radix Bl & AVX-512 i & W T2 245 REEHORE O @b 217
STF9E3 8 5, [Keliris and M. Maniatakos 2014] Cl% AVX-512 Foundation (F) % {# /] L Intel
Software Development Emulator (SDE) T34 3l L 7245 %, GNU Multiple Precision
Arithmetic Library (GMP) (ZxF L 4096bit & 9 L DO FE TR 1.45 f5MEREM £ L7, [Gueronand
Krasnov 2016] Tld AVX-512 IFMA % F\\CT3EEE LSO O MERERHN 217 - 72 f5 3,
4096bit &5 LDOFEHE T AVX-512IFMA (2L Y, GMP (ZxF L#) 8 fEotEfem L3 s T
%, F7-[Edamatsu and Takahashi 2018] Ci% AVX-512F %4 L T Xeon Phi 7' vt v 42k 1S
2 FATIRF M OFAM 217 - 72 k55, 4096bit £ 9 LOFRFE T GMP 12X LK) 2.3 fisoMEREm £
/o TnDd,

Algorithm 1 BasecaseMultiply

Input: A = Zi”;}‘ a;f', B = z;:(} b; 37
Output: C = AB := 221:0114 o
:C+A-ly
cforj+«< 1lton—1do

1
2
3 C+C+p(A-b)
4
5

: end for
: return C.

AWFFETIE, ZAERBEEAFT 572 L 64bit HEEUES|TERILT D, 64bit £ 5 LOINFEITA
KT 65bit (12720, Fv U —03ETHAEENS D7 ORSRUEBMBENMEND, £ I T,
FHEANZ 1 UV— R&H72 D O bit % 52bit [T L7-KBL (reduced-radix KB IZE#T D,
52bit T 2 PRHIE, AVX-512IFMA 3358/ NS B B OB 2 R L 72 BE O FE A
EATO 708, AT Rid 64bit D 9H 5 52bit OAPEH I NAHT2DHTHDH, ZILIZL Y 52bit

— 175 —



FRKE SHEREHAR LU — SNREE ERBESE

E9LOME LY, 53bit HUREZF v U —FRO%ERE LTHMT S, ERMLEE v —
TREDOHRTE LOTRHET D,

Algorithm 2 Kﬂ.ratquhz\\lu]tipl\'
Input: A=Y""1a;f",B= Z" ) b3
Output C— AB = ZL s ! e 8"

1: if n < np then

return BasecaseMultiply(A, B)
end if
k + [n/2]
(Ag, Bp) == (A, B) mod gk
6: (A1,B1) := |(A,B) / 5¥]
(A2, B2) := (Ap — A1, Bp — By)
s: Cp + KaratsubaMultiply(A,. By)
0: ('} + KaratsubaMultiply(A;. By)
10: Cy + KaratsubaMultiply (A2, Bs)
11: return C = Cp + (Co + C1 — (‘2)3" —

C'| .'fjk.

o LN

=]

AMFSETIE Karatsuba £ (Algorithm 2) (2 1 5 FE2EA 1T o 72, Algorithm 1 /% Karatsuba 14T
HbHWONDLERETHD, V— FEnOREOFHFEEIZOWT, R L Karatsuba 1513
NENOMN?) & O(nlogz 3) ~ O(MY585) T 5. ARFZETIE Algorithm 2 @ 7, 1147 HIZI% AVX-

512F, 24TH OEHEIEIZIZ AVX-512IFMA 52 VW 5

7

6
75
=
@
E4
[
[ =
23
2
Q
@ 2

1

0

512 1024 1536 2048 4096 6144 8192 10240 12288
Operand Size [bit]
—Karatsuba (IFMA) -=-Basecase (IFMA) -«Karatsuba (F) Basecase (F)

8 ZEEVE L Karatsuba 325 & O S THERM] O Ll
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14
12

10

o.llll

2048 4096 6144 8192 10240 12288
Operand Size [bit]

Execution Time [us]

~

(8]

GMP mKernel Split = Combine

X 9 GMP & AWFZEDFEHE D FATRER]

X 8 134k & Karatsuba ¥512 AVX-512F & AVX-512IFMA %l L7z 4 O SR 0%
BREOFATREMZ R L TS, 48T 2 K93 512bit OGEIENT I b IRIE RO R TR
TdH 57N, 6144bit £ TIiT AVX-512IFM |2 L HERIEDR, TALLIEDO A X TIid AVX-512IFMA
|2 X % Karatsuba {E23 5 & UWERDZG B 772, AVX-512IFMA 45 1% AVX-512F 4 &
DHEEICERREZUIRT 5 Z LIRS NT, F2K 9 IZAMIZEDFEEEL GMP & O EITREH
D Z R LTINS, X OFfEFRN D, 7168bit ZEEICER LN D Karatsuba I~ EH) 0 X 5
FA (T, T 70T RTOYA AT GMP L0 HEHICREALITH Z LAURS
Iz, AMFIEIL GMP (25 LIk R THI 2.97 i DYERER LG 6TV 5,

[5] /—KA—HILNA—=R by T 7 DHRE (BER)

A—=Raya—Z B T5, HEMEREA ML —UMRBROX v v S E2MIET 5720, FF
B — RICAEREMEAE Y, NVMe SSD R EDFEHRA L —T & b OB R A hL—Y
DIFFENEH Lo TS, /—FRa—hL A ML—UF, §E/— Roxx Y LFEEEIC,
R = RRED Y THONTWDHI LRI T 2 Z LR TERY, 20D, KR TIE,
Va7 OB, BIEBICHE — ROoe—U /A ML —U WS 7 7 A )V AT A
EHELT, N—A My 77 LTHATLIZEERFILTND, R—=RA MRy T 7R
T AL, B, SR MART — X EARCHIET DI ORI Ny 7 7 & U CHFER
ERTTOLNTEN, EFEITF v v o 2 BFIH, —R7 — ik s L CTOFIHDIEH, In transit
T —Z RN D= DR 78 EEx e BIZIEN > TE TN D, 2D, — kN7 7 AL
VAT ADA U E—T 2 —AEFFOZ L1E, LVIAFEOFANFREL Y K& AT v K
L72%, J—FRa—=NNRN=Z hy 77 OWERIEIZHIZY, T E THIZERRE 2D T
&7 Gfarm 7 7 A VYV AT L _X—2 L LTIToTz, Gfarm 7 7 A VT AT A, bE b
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HHE/ —Foe— VAR L—VERAWEWES 77 A VAT ATHY, /—Fr—FI/ILA
=YD RAMEERI AT 58S A2 > C\h, 2D Gfarm 7 7 A VU AT Ak, EiER R
HERPMEAE Y, NVMe SSD (Zxf L CHWA 72912, BT 7 A VT 7 2 20O &EmdEbARD
LD, TORBEEZMFRT 572012, ZTNETOBEETe ba it U EiE#E 5 X9
(Z RDMA ZHJWoilfE 7'e h a v ORRGEH 21T o 1o, £, A2 T — 2 MR mEib T 5729
ABT =B DILEMEEVERED L — RE 72OV TR 21T > 72,

IOR - file-per-process read/write bandwidth on Cygnus
supercomputer

300

250

Gfarm/BB read

200 .
Gfarm/BB write

-~

50 / BeeOND read/write
o |8

0 10 20 30 40 50 60 70
# nodes

GiB/s

150

100

10 A7 7 A VT 7 & AMRE

10 |2 Cygnus A—/ "3 Ea—Z BT HWHT7 7 A NVT 78 AREZ 7~ T, Gfarm/BB
IIAFRCTRIELIZNR—A My T 7 VAT A TH D, /— FEEEINEE 2 L EEsm b
LTWDZENRSH5D, BeeOND (X, RERD VAT ATHDHD, /7 — R0 OMEREAEN
ey nD, Glarm/BB 1X /) — Fr—H /LA N L— U DRFEL ZE L CTHIAREZIT> T

DKL, BeeOND [TEEBDA L —VIZA M TA BT LTEHZIAALTNDZD, 0O
PEREZE L 72> T D, AR, F@SCaE Journal of Computer Science and Technology (2331 >TC
NFR LT,

[6] BHmKREFREZHR EVIT—IBHFEEROMAE (EEB)

RN - 2R - mR7e EORIRRGI NI ER e EE L7290, 2o PRI RS
CBET DR RGNS ME TH D, ABFFETIX, T OMkE RN T 5 B g
DIEEEZHET D, TNET, KEEZRBUIT —% % W8 2D 5 720 O Y
& LT, 2006 £ 5 2018 FEE TOLREA/K L —4 GPV &, JAMSTEC 752t S 7=
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KEOT —2EH, WFEEOTDOT —2 OWfFxIT-o7-, ZHICLY, ARKEOR
BREIC K DR EDFEZBIEL TS, KRBT —ZIC k0 FEEZ1T 56, KRB
ADNT = Z DFGAERENR vy 7 Elad, WHIT 7 A NT 2T KO O/NET —
2kt L, ZHOFHE ) — KR —FIZT o E LT VAT H20THD, /BRI, ot
BIKTZEET 5720, HENLD /) —RR—A VAN —VILT—FEAT =V LTE
X, TOT =2 ERNTEREITI HFIERELN TS, LrLAERS, KEEALT—#
DHBEIZDOAT =V JIHBRE L 05, PIAE, FEERN 75 B TETT5H00,
AT =Y TRRIZ 10 ZEEDNRD VO HE L H D, AR TIE, ZORAT—T 0 V]
RN, BT 570, W77 AN AT LADT—F % ) — R Fa—H )L SSDICF Y 7= v
FITHHEERE LT, TNETIE, AT —XIET X ACHIAEND DT Y 7=y F
FEEL W EEZ DN TR, DHEEEEE 7 L —L 0 — 271270 7 = v T2 AT 2
L XY Z OREORIE X - 72, B KF O Cygnus A— 322 B o — X 2B W TRl 247
W, TV T2y FEGRIAT) ZLIZEYD, /J—FRe—B L SSDIZHLNTEHAT—T
JLTEBNWEEE LIZFEDLRVER TR T — 2 DIRBEFEEITO Z &R TH D
ZEmaRLT,

10000
-g- 8000+ Proposed
n
g 60001 Lustre
= SSD (w/o staging time)
8 4000 |
o
©
W 2000

0- ‘ ‘ =
1 2 4 8 16

Number of nodes (PPR=4)

11 Cygnus A—/"2 U Ea—XIZXH7) 7=y FOMHE

1112 Cygnus A— 32 B2 —Z(TBIT HFHlfERZ "7, SSD I, HHENUDAT—
VT BT ol b & ORI T, Z ORI T Y 7 o o FAUBENERICE R ST &
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EOREEEZRLTND, ATV 7=y FE2MNDZ L8y, WHZ7 A N7 7 AR
T AMNBFHAT L A, 1/ — N T L7445, 16 / — R T 1.26 i ALE 5 2 & 37
RELRoTe, ZHUCXY, KRBT =2 ORBEFEICBVWTIHAT —F DR MV v 7 &
HTL2ZLNTELLEERAOND, ARITEFE= 6th IEEE/ACM International Conference
on Big Data Computing, Applications and Technologies (BDCAT 201923V THF LT,

(7] XKIREA RS /) AT—2BTOWE (L)

A B ) DMENIEBREE > T E B L7 ) AR RIS 250 TH Y,
BEDT ) DOREENHE LN — A L CHT A AL 70D, v—7 U OBEEED O
mbicky, 725 —%, BT —HRXR—=2DORFOT—ZENEZ TW\WDH, 22 Xkb,
AEY &, MEHEEOMBIZEY, | /— R TOLENTE L 2o TE T, Z O fiEk
TH0IL, ZNETTZ YT —FE5E L TRt 5 FIENERZ S CW\Wb, LavL
RING, BT —FRXR=2ADT =X BEOHINILY, BRT—FX—=2 250 THLuEIT 5
ZEMMBELIRSTWD, ABIETIE, 72T —X BT —FX—ADM S E455E L,
T — H RIS D FIEERET D, M7 — X EREITHILICEY, S8BT — 2T L
FEROEFENE E L 72 D W, AHFFETIL Pwrake V—7 70—V AT LEHNWS Z LI X
DARR LTz, $£72, Glam/BBIZ XY, /—Re—L A N —U % RMICHND Z & TR
BB Z BV T, VO ERER A — S~y R b2 &, HEMEN A —L35 2
& MM DT,

800 ' ' ‘ ' ' " parallelism 4,500
700 L F——— = cxcc[scc_.._.‘l "4 4,000
600 | |1 3,500
£ 500 || 3,000
z 1 g
= 400 | || 2,500 2
g Total Tasks: 12,690 4419.142 2
[=7 L sed
300 1179 (nodes) x 4 (ppn) =716 | 2,000
200 | | 1,500
100 | [ 1,000
0 . HL.- il . : | i = = "-\'r 0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

time (sec)

%] 12 TSUBAME3.0 |Z L % KL FIT OREE
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B 12 ICHR TERFDO A —s3a 0 a2 —% TSUBAME3.0 @ 180 / — R4 U 7o KIS
TRz R, 1/ — Rid Gfarm/BB D A # 7 — % % —/3, Pwrake V—2 71— AT LD
VAL =Y =L LTHWY, YD 179/ — FTHEZ1T-> T\ 5, %/ — FIZ GPU 8 4 1L
HoHI2, &%/ —FTlE 4 7rvRAZFETLTNWD, ZOFTORERITE bR Z BT
TAAL NI RE AR LTS, FATHIGO ORI AREREF A /) — R 7 vigfi> T
DLW D. 62GB DT —HR—=RLTIGBDY TV T —=FDALXYT ) Lfiflia 180 /
— FAWTHILE, RO 2 &Y T2 RFHITIITT 5 Z LN AREThd o 7o, ABURITTR <
WHMDIPY TRRKORAZ T ) LT T D, RRRITIEFE2H Third IEEE International
Workshop on Benchmarking, Performance Tuning and Optimization for Big Data Applications (BPOD
201)ZBWVTIE LT,

[8) Intransit RET— 2 BITOHE (GEE)

I RFFHER R v ¥ — DR 7V —T1L City-LES K% LES €T /L¥ R 2 bL—¥
ay:~F%%%LTméoamumm%%m&ﬁ®umy::v—ya/%ﬁotb,é
FIERT —FBITRARETH DY, ZOMIETIEENE— ROoEiTH5> 2 Lic kY, &Lk
WEDINT 21T 5, BT — ROoME, RERINT —Z OE— Rpa1T2 b D THY, KH
FIT7— 2 Ze @RI L, 7 — X TR IS @R ICE AT 2 E N L I D, £DT2DIT
NI Ticm&mmmwsx~A:/t;~&@A~xﬁA/77/xTAIMEwﬂm%
fEEt L7z, IME I, [HBEMERE X R L—UMRROMERY v v 72 D 5720, WHI7 7 AL
VAT LEEE ) — ROMOA ML —VHEEE L TEAINTELDTH S,

¥ 13 |Z City-LES OFEALMREZ RS, K7 T 7IIGHHE /) — REEHEC LIz & X OFEAL
PEREAZ R L TWD, TOZROBITIS T 7 A NV AT MIEABRETSI2HHETH D,
FNIATDOEEL 128 A NTA TOGEERRINTNDN, 128 A T4 TOHETH 10
GB/s IZETHITHL > TWD, —F, IME ZHWHE, 256 7/ — RE WG THMHE
RElf B L, 60GB/s 12 & DMREA R L T\ D, FHAAIZOWTIE, EEORRIIT — & &3
AT Z ERMBE LT BN, ZIRICESN DT — X 3N EAAL T o R LFHAT v A TR
AZENMEL A, FRENOFTHAT O ANRNE o7 — X B IAT &, I L
R FOAMERIZAMLTLE ), ZNEHRT L7201, 2 7 =— A THHAZITY, FiA Tk
LN R LD T —F B CHiAZITY, TDO%/ — R CTHERT —XHREE1T9 L)
W2 L7z, ZAUC KD FOAMEREZSGET D Z ENTE T, AFIEL, WERIL 1 77402250
TITORTWEER, RIFETIEZENEZE T 7 A VIS Lz, ACRITZEESE 6th
IEEE/ACM International Conference on Big Data Computing, Applications and Technologies (BDCAT
2019)ICHBVTIFE LT,

— 181 —



FURKZ AEREMRE S — SHRFE FRESE

80 = Lustre 1stripe
—A— |ustre 128 stripes
—o— DDN IME

Bandwidth [GiB/sec]

| | | |
0 50 100 150 200 250
# of nodes

[X] 13 City-LES O EIAAMERE

(9] R TFANDRTFLRUT Y)Y K- 057 FEMICET %K (BE)

SCEREL R DD DN N T p—~v A Ea—F (75 (HPCL) O
HPCI A R L—, FERIFPEFT —ZHWHG AT L IJILDG DYV AT LY 7 hy=7T & L
THHMHEEND Gfarm 7 7 A )V AT LD 21T -7,

KEFENT, 7oA NVA— RO REEl, BT 7 ANV AT LIS EIT T,

Gfarm 7 7 A WV AT ME, AZT—4, 77 ANT—E PRI TEY, H-FEEZ
ONTEFE T oA NA—NCEVERT DI ENARETH D, AXT—XIZONTIL, vAH
—ABT = EY—NEEGRHDA L —T AT —Z Y —"PEEL TR, YAX—AFZT—
B — NIZEENFEAE LR, $AZ T2V —n"oaly haZzfRL, kbHilie
%31y PLTWAY— NP RAF— A ZT —HYP—NICHKET D, ZORE, BEENEA
LIcAZT =2 —=n_"DaIy ha BB TERWEEHNE I DOHRNP TERNEE
Tz ANT—=NEITHI T LD, ZORE, KESF—ATEHaIy MNELOu TR KD
TLEHIZ & ERD, ZOF—RIZONWT, MEREPENDETITTAT ) —T 7 A LT A
TAHAELTEET AL )ICSEEIToT-, ZHICED, aIy ha 7 ORI D ETO
MLZRIZT 2 ANT—"PITZDE Do T,
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BBAL T 7 A LY AT ADOF 2N TIE, EncFS EflA/HES Z L2k Y Gfarm 7 7
ANV AT D FALENTT —Z O EITS, ZD&E, EncFS [Iv/VF ALy RTT
78 AT DN, Gfarm T4 7 7 VI~ ATF ALy RE—7 TEROTZOZERINZ LEET
LIZENTERY, 2D, SAFALy NE—=T7ER25 XHIChEEZIToT, T K
D, Y VFALy RTaZ T hnbDT7 7 ANT 78 ANRERE 25T,

INBOMEITELZY V=230 TWRnn, £H0< V=A% TFELTWD,

(10] 7By o5 )R IR ERREEDELMERERLICET S2HE (2HEE)
ERZe n RATH A ELARDAINRY v b O — kTR
AX =B (1)
1%, FRTHHEFESIICB T 2B EGRESC, BTHNC KT 2 [E A EARE O N R E% T8
N5, RFERORMEE, FTEPRREEXT 7Y r—2 g 08 L TRE B L2 KIET T
D, WEIEN T BUEME DRI DB NEL L 70 %, BN —IRFRER (1) (23T 2 2h==m) 72 5 fil
fRIEL LT, Try 2y 7 a7 8nMKEERS L, FETEROADRY bvi b o
MR GRREREFRRHICRLS 2 &N TE, 7 U a 7#n2eEE & g LT W E RS
TNGELNDZENHDH, TOMRE LT, L0 EBRRMP AL 2D, L LARRS,
VDRSO TUE, A7 RVEL 350 RN IAE L, Sk OR35S
NNWZ ENRD D, FxIZINET, 7uv s 7Y a 7HasEfKEERD ) LFEh
LHERVEREICIER L, Block BICGGR #%° Block GWBICGSTAB 572 & 0 & ks B U {EUi% oD A o A3
AIREZRFRIE A RS L C & 7o, DRUCEENL, EEOIHRMEICEN 7 GPBICG 15 A0~
7 hVRRIZHESR L 72 Block GPBICG {AZ ST 5 & L bIZ, AR S DU O UEEC
BT 2R E1T o7z,
HNL—RFRER (1) OF (k+ 1) FHOELFEE Xpq &2 ERIET DFEZEATH Ry q 1T
Ryi1 = B—AXyq (2)
ETR D Xy WEDIETH D & &, Ry (174 E 725, Block GPBICG £ TIE, Xpyq &
Riyq FLLF oML TRD BN D,
Xier1 = X + Peay + Zy, (3)
Riy1 = Ry — (APay — i Yy — Gy (ATy). (4)
ZZ T, Py, Zy, Yy, T iEn X LAHBATAN, ag VX L IRATHN, G, m (XA T T —/"NTF A—HTh
%, Block GPBIiCG JEIZERBWTIE, /NT A —H {, i (TFREATHNDO 7 a X=X ) )V ARy llp
B/ NI X2tk bnbd, £72, 9 =0 EEE L TRy llg DI/NT725 X 95124, %
RIET % &, Block BICGSTAB i£1IA T %, BRI (2) L#ikX (3), @) £V, AZ, =
e Ye + & (AT OEMERE NS,
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ZIC, ) IEBEMICH R SN RREE B AT R R T LT 5, BEOKEITSIB —

AlXpy1) LWL TR ST FRZETI (Ryyq) DAL R TRETINE Epyq & L,
Exy1 =B — AXi41) — (Riy1) (5)
ET D, ORBEDRWIEMHARTERE TIE, Eu, 3B aimdleies, £ 6) Lo, ~&K:
IEk+1ll = IRkl < 1B = AXps Ml < Egs2ll + KR4l

DS, Res )| BT/ EL 725728 LTH|IB — AXer )l = |Esall £E720, BEoORE
ITHNE Epyq DBEZZT D, 22T, HEHT2E%Z InXx LT & L ATHIORE CTHRAET
DDA IRE L, EALSOHE THRAT D2FAEITEHTE L LET D, 2D & X,
FAFEITH Epyq IFLLF TR EN D,

n

Exy1 = Z (Ei(y) + Ei(P)),

i=0
E = (mY) + (G(AT)) — A(Zy),
E = ((AP)ay) — A(Paty).

Li=3oT, 1751 EY & ED O Bamz 2 = L N TEIUTEAEITH By ORBEMZD
TENTE, MRE L TCELMMORESEIC SRR D,

BHEFHE AT TWALL L, OFBREITILTREL, ZhEERICR T I & IXREE L MR
D5, TARZETIE, BUEER LTW5 Inx LITHI & L IRITHIOFE TRAT D DR
ORATHET D5, T ED, EP CRETEBEREINEL T DL, BbXomEE
Hxtiote, THEY, EP 0BT 27 T n—Fathneh, EFE, REFHE
2 LIRS, TIUD O FIEEMAIA AT FTE % Modified Block GPBICG 15 & 4T 7-, = 2 Tl
WO I T 23MITEIZET 203, BUEAWTWLREICET 2RED FTIE, #
BFEEMOD 2 & TIHIED L EP R aitsle 2d, £, Trv 2 n 7525
AL TIE, A7 SAVEMEEINT 5 LR ETHIONFMENELS 25720, e
% 7212 Modified Block GPBICG #£IZxf L TH AT D IEME AL A F LA A L TEFIE S
TRA% L7-, Z ®FE% Modified Block GPBICGrQ £ & 4Tz, 72, "TA—Hn, % 0
IZ[E & L 7= Modified Block BICGSTAB %, & Uf Modified Block BICGSTABrQ £ & fif 4 CTBA%
L7z,

BMEFEBRIC L - C, MEFIEOFIEHERT 5, 7 A MilEE LT, HE#E{bEEICIEH
THALH1TH majorbasis ZAREATHNC b DL — RGN AE Ao, FHRXDOY A X n ik
160,000, FEFEEFHIL 1,750,416 Th 5, AL B ITEBTREL, X7 MELIT30 &L
2. RERERER X, CPU: Intel Xeon E5-2620v3 2.4GHz (6 cores) X2, A€ U :64GiB DDR4 2133MHz,
21734 7 : Intel Fortran 19.0.0, =2 >/ A /LA 7 3 » : -qopenmp -axCORE-AVX2 TH Y,
OpenMP % M\ T 12 Z Ly FXFITEHE L=,
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14 1Z, Block GPBICG 7% & Block BICGSTAB JEIZ BT 5, Wb CEE S /- fHxt ik
I (Rl /NIBllg) » BEOMEXERZE 7 VA (||IB = AX g / IBllg) » K OFRZEITHIOFERS

S VBD (IElE / IBllg,

£ /1B,

|E,§P)||F /IBllg) ZEAEZ R, [ 14(a) 1TRT &9

iZ, Block GPBiCG 1 TIATHI EXY, EP ookt 7 v Ais & bl K& WMElZ /> TH D, 20
FECRAZEATH B DR/ Vb KRE L o TS, b NOMRIFEE 7 L 23D LT
LN, BEOMMEZE VAT CER LTV 5, —J5, Block BICGSTAB JEIZBWTIE, 17
S E BRSOV, EP ORI X 0TI E, ORX /L ABRKEL RY, ZOF
BCHEXIIRZE /v DD AR TR LTV D,

1512, |ETFEZEA L1254 O Block GPBICG 14, Block BiCGSTAB EH1T 5 L
N CHE SRR E /L A, BEOMXERZE VA, RORRETHIORKE 2 v A& %
Y, K15 ) 1R E OIS, RETFEZEAT L I ED oREEmL D L n
TE 5, FEIC, F150) [ORT RO ICRETE 2 ZMMAT 52 LIt kY, 1T ED o
IR TE D, L LD, BZETH E CBE RITTERNE > THD720, WIno
Ba b EOMRIRAE ) NV AIERP CERLTWD, —H, 15 (¢) 127”9 & 51T Block
GPBIiCG IEICXI L TIREFIE | & 2 OWFZMMAT 52 LT, HOMMEE L LE 5/
S<TBH LN TE, £7-, Block BICGSTAB #: CHEA7HI E 283 < 8 LTz s, [ 15
(d) IR T LG BETIE2 ZMEHT D Z & TRREITHE, DB TS5 LN TE -,

4 4
10 : r T — ‘ ‘ 10 ‘ — — - ‘ ‘ ‘

5 Recursive relative residual norm s 5 Recursive relative residual norm
107 True relative residual norm = 107 True relative residual norm =
10° Relative norm of the error matrix ] 10° Relative norm of the error matrix

Relative error norm of E{” Relative error norm of E{”

102k Relative error norm of £{” 1 1024 Relative error norm of £{”

104F 104

105 100

108 108
107101 107101
10712 10712
10714 | ] 10714 ]

0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 200
Iteration number, k Iteration number, k
(a) Block GPBiCG £ (b) Block BiCGSTAB %
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R RV DI L7 > CTEOMXERZE / )V AT A H D08, 7

3l
RFEAZERATLZETHNMEMZ 2 2N TE, £72, K16 (b),(c) (TR T X H1Z, £l
X7 MO E - T, RGIZE LT ERE, ROGEIANT RV 1 K120 O Kk

LA AN & - 72,
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16 FHiL~T bAVEL OEALSE O ERAE /v A, RAEREL, HiO~7 by 1 Abiz
D ORIRRHNC G- 2 5 5%

[11] GPU - FPGA E#(C kK 2 FHEFMEI— FOREMR (M4, #EH, #)

GPU - FPGA A BN LI L S D HHIL, HEOMILE T LB O FRRAET 5
MBS E GV I al—2a  ThoIYANT T4 Uy I AT TV r— a st L TERD
EBATNDTEDTHD, ~VF 74V 7 AT, ¥ alb—ya YNITHRA R fRE OB
BAHBT 20T, GPU 721 CIREFEMER NG ENH D, £ DT, GPU 7217 Tldxt
Ji L ENIRWRE DB ONEIZ FPGA ZFIHT2 2 & T, 77U r—3 a V2RO MRER
k&S,
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Radiation from Radiation from
ratially distributed Radiation from spot spatially distributed
ight source (ART light source (ARGOT light rce (ART
method) method) thod)
M
) - ‘
3
GPU y
FPGA
(a) ARGOT code: radiation transfer simulation (b) ARGOT code running on the AiS concept

B 17 (a) FHEEA %= — F ARGOT O#E#. (b) GPU * FPGA ##1Z X 5 ARGOT =—
R O BEFEANE

AR TIE, ~VTF 74V v 7 A0FITHD, FHEREE 2L —v g a—F
Accelerated Radiative transfer on Grids using Oct-Tree (ARGOT) % %}5(29 %, ARGOT (FA+E
VA —THEESN TV D TFHBEHREXZMS 7077 4 THY, K17 (a) 1T T L1, &
IR & 22N B LT IR O 2 FEOTRSEEMEZ BT, 7238, SO b O % o
FHHE A ARGOT 22— RIZEIT5H ARGOT ik, ZEMICIEN 2D & OfE Gk O FH R &
ARGOT =2 — RIZEIF 5 ART IEMES, & 2 CEEZR O, ART &I ARGOT 127 7 ADH
T 90%LL EOFEREMZ D DT LT Y XATHY, R TIE ART IEOEE Z ZiLE TIC
B L C& 72 FPGA 7 — /& VT S5, £72, ARGOT EDOEFEIZITBEIZ ARGOT
Ta T MIFEEINTWS GPU I—3 Vv ZHNWAZ ET, X 17 (b) [T & DI EEH
FHSy 2 GPU & FPGA (Zi b AT I BERE /0 L T ARGOT =1 — R & dgifb 4 %,

[X] 18 |Z CPU %, GPU Z¥%E, FPGA FIEDMERELLH % /79, ARGOT(CPU) / ART(CPU)
IZ ARGOT & ARTIEN EH B 6 CPU %E2E, ARGOT(GPU)/ART(GPU) X EH 5 % GPU 52
4%, ARGOT(GPU)/ART(FPGA) % ARGOT {47 GPU %4&, ART 7£72° FPGA EETHLH Z &
#EKT, £72, w/ DMA, wo/ DMA 17 /314 Al DMA ZHW\ T\ 57y, HWTH 20D,
BENENET, CPUFEETCZHE—ATHY, OpenMP ZH\\ /= A L v RIFFHIILER A
an<Tnbd, AiFZETIE, BH—® Xeon CPU (14 27) ZRHALTEY, 1271 ALy K
D~y 7 TTur T AxF T L. GPU FE, CPU ELELX—2L L TkY, 2—F
I CUDA TRtk =T\ %,

ARGOT ik & ART % EH 64 CPU TIHITL7HA, 7725 ARGOT(CPU)/ ART(CPU)
Z1 & L7c& &D ARGOT =2 — ROFITHE W LA ¥ 16 12779, ARGOT(GPU) / ART(GPU)
ICHEET DL, Avvat g X116 L 322 1CBiT 2EER i, T2 1184, 2195 Th
%o ZHUE, PIOOGPUIZE > TZNHD A v ¥ aP A XADP/NEFTE D728, 3,584 CUDA Core
2k L CTHOREROWSENSE LNV EICEKR LTS, 207D, Ay vathfX
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NKEL 7251250 T, ARGOT(GPU)/ART(GPU)DMEREIZIF EL, A v ot A X 128128
VWTIX, ARGOT(CPU)/ ART(CPU) @ 184 f5DIERE L 725,

30
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X 18 ARGOT £ & ART 2 EH 5 CPU THEITLESGE A 1 & L& & D ARGOT 22—
RO SEATHRE R] b

ZHUZH L, ARGOT(GPU)/ART(FPGA) 1%, 7 /3A A DMA OFIZL 5T, CORE
A X THo>THHFIZ GPU BELVENTNDZ EN0D 5, DMA OF I X - THREZE
PEEAEALRODIE, ARGOT =— K10 GPU--FPGA [H1815 23 &R DMLEED 1%FEE T
HOHIDTHD, FATHRTHE SN TWDIEY, FPGA il ART 1ZZEMNEFI721F T < 3 A
TTA N E o TR AN b WSNEREEZTT O, 2D, BEY A XN WGETH -
THEERE TS, 204G, GPU ZKIBICHEET 2 HEREFF>Z L 2R LTz,

[12] OpenCL i FPGA R {S#EEIC & % GPU - FPGA & EEEME (/ME, BEE, 4b)
GPU X° FPGA & W o 7o B ZFEFDFIR T S A AW ) — RIZIRIET 5 L 9 el 77
Yy F 7+ —L BT, BT A ATEITENIEALZ LD ST I I 7L, &FA
A A% BHREESE L0 DNEERPEL 70D, ZNETICHKLIL, GPUT AL AD 7 m—N
JVAEY & FPGA 7 /34 ZADHNRAE Y [T CPU 24 ST 127 — X ik & FEBL4 HH%HE
PCle DMA #£3% H @ 1P (Intellectual Property) = 7 % F\V T FPGA RIZHH: L, = DEERE %S FPGA
Ry B —DiMET 5 OpenCL Y —/vF = A > DOEFI & Verilog HDL & #iEHT 25 Z Lic X
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S THIEIT 2 FHEEIRE L T D, £ O GPU-FPGA [#] DMA BT 2N %, Fx 4 X OpenCL
N HHIE A REZ: FPGA BIBEHIN LR L TEB Y, Al boiiiz@se L, %
J— F 2B+ %5 GPU-FPGA [HHiHs 2 £ L7,

ON

GPU-FPGA comm. |- CPU

Pingpong benchmark
between two GPUs over different node

19 OpenCL x}it> GPU-FPGA [Hil15 £efff & FPGA-FPGA [ {5 Hiffr & ot &

#¥/ — K EIZF T 5 GPU-FPGA [HE#HEIE L < EHTE TV DO N ERIET 7291,
19 127”9 & 9 72 pingpong N> F~—7 #{T->7-, Z® pingpong N F~v—7 TiX, #IHT
— XX/ — K 0D GPU A%E U |Z cudaMemcpy |Z L > TEXIAEN, ZIULFPGA #1952
LIZE-T, /= F1IDGPUILKESND. £2D%, /—F1DGPU TXIE LT —4#IT,
FPGA ZifHH LT/ — N0 D GPU ICIR[EEND, ZhEEETH7HIC, /— K0 D FPGA
TIX, W7 — 2 28555 —F/V Kemelping &/ — R 1 DO EESINT— X 52%ET
% Kernel pong NEEEI L TEY, /— K1 DFPGA Tix, /—RK0OMWHLDT—X %55 LTk
VI 71 —3 L Kernel reply 28 EHE) L TW 5, 7235, EEIT 50 —F/L1E, MPI O rank [Z)&
CTERL TS,

20124 A MBERHIZET D/ — R&EBEWTE GPU [FAl 1O pingpong > F~— 7 IZ81F
LWBEVAT v ERY, VAT ORAEL 5.04 psec TH Y, HGEHEIL 3.02 1 sec TH
D, 2%, BERMEIIETHROMEE =R L LTnD, Zoizd, Baathie s kT 2.02
wsec BITITD-TND T ENmd, Ll I, BIEOFEENREEL STV enD
LIZRE HKFL TV D,
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FPGA — GPU
m FPGA-to-FPGA

®GPU — FPGA

Latency [us]
w

Ideal Measured

20 / — R%&EBW/Z GPU [A L ® pingpong N> F~v— 27 BT HEEVA T

CIZTHEERI L, BAPRELEFIEICLY, GPU & FPGA %725 7 — R ETHHL
TENET 2 Z ENAREIC R 5722 & TH D, ZHUL, FPGA IOV TORWVEIFRSC S Kn 5k
5 S % B L PN, GPU FPGA D7 7V r— g va— RERETE S 2 L2EK
T 5, AROFMERE S LIC, Bed /— RN ETHEED GPU & FPGA ETE{ET 5 HPC
TV r—varkEFEEL, TOMREEZTMT LI ENSHOBETHD.

[13] OpenCL IZ& % FPGA LDEH L BIEZME LI-MANE D X T L OGRS (B, /ML,
)

ITH, Field Programmable Gate Array (FPGA)2S @ PEREFHRE O3B CHEH STV 53, #ixt
70 SRR R VR D S RN & He R TH8 <, W TE DEEND RV E WD ER & 5,
T4 1L FPGA D3RO0 ) 7l EHICIER LTl 0, Mo BEINHEEE X Z OR it A L2
WFPGA [ZHA DS D TH %, HEKD FPGA BIFIZHB W TE, /~— U =7 ik 57 (HDL)
ZHNWTER L VLR 2 L2 de 67, AR X EAmWw e WS RS-z, 2D
MEL, Y7 hy=7 THWHNAFEE (C, C+, OpenCL %) ZHWT/N— RT =7 ZFlik
TEDmEMaR (HLS) HEIFDORRICL VRS >20H 5. BPHEINGIRZTE T 5 2 &%
HLS # W CHEBTE 20, BEMEZ S 2 L3RS Tidkvy, 22T, kL, OpenCL
MO IBEE#EEZ N X5 7 L— 2 Y —27 Communication Integrated Reconfigurable CompUting
System (CIRCUS)DHFFERHFE 21T > T D,

Ko Z—Tid 1 /J—FbHY 2FPGA R — FEHHTHA—"—aa—%
Cygnus Z3EH L CTHE Y, AMFFETIE CIRCUS i@ 7 L — AU —7 % Cygnus 233 UIERE
M 24T o T2, FEHlAE R A FEUZ R T, 2 OFMElilE Cygnus IZHE# S LTV % FPGA A" — R &
R 8BHWTZHDTH Y, 1-hop 73BT 2 FPGA Hi@(E, 2-hops 3B O BEHE FPGA fiid
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EZBWRL, H&KT 7-hops £ TORMEi & 72D, FKAL—T v R 90.2Gbps, /LA T
1% 500ns AR L7z, £72, CIRCUS [3/—# —Z Wi L TE Y BHE L T2 FPGA [H
TEEMTA D, TDOEED 1-hop H72 0 OBV A T > 2138 250ns &V ) FER N LT,

/:I\?( ziy

CIRCUS 1815 % FEER DS MEREFHHE 7 7V ~BI L, #E5D FPGA Z AW/l AEF A

ZEBELTWEZNEEZ TS,
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80 -

g

Better
Throughput (Gops)
8

—8— 1-hop
—8— 2-hops 2.00
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—8— 4-hops
—8— S-hops
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#— 7-hops
latency+ /hop

max. throughput ~250 ns

90.2Gbps
min. latency
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13115
Latency [us]
g

4. HE

" T T T
10 10’ 10* 1 10° Number of Hops
Message Length [Byte]

21 CIRCUSHEDANL—T"> k () , BEVA Ty (f) ORMERE.

FAOHRERN (FAERA, ALOMHE, w4)

1.

HRam B (T, #ilA% 22— F City-LES @ GPU 7 7 A X2 L % @il
PR TFRFPEY AT MMER L ERHME L3550, B 2 43 A (558 M a4h)
MR, L (%) , GPU - FPGA Wil 7' m 77 I v JEREEICBT D%, Bk
KRB AT LMER T FEZERME L5, Sf24E3 A (FRE : FM384h)
HHEZAR, &+ (L5) , GPU - FPGA G HFEMEIZ L 5 FHWE 2 — FOEH
b, FERFRFFE S AT LERLAIRRME L3S, S 2443 3 (FFE 4
FHh)

BRARAR, &1 (%) , AVX-S12 & W 2 RESREO &El, HUEK
FRFBE S AT AERLFCRHE L3RS, SfM243 A (g SR
HHER, Bt (I%) , A=—a7 Fat 2B 2175IEE o I8 L 3, 5
WRFREFES AT MMER TP RRHE L3RS, B2 43 A (58 &ERT)
WITIEAE, B (T%) , DHAETIERMt ZHNWE N7 Y7 v a VAo 3
LR, B RTFRFRL S AT LMEFR L AFERME L3RS, A2 E3 A (S
B s R)
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FRRANEE, Bt (%), REBHEMEE O @B LI B4 20198, SRR
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TR, B (T5) , KEFPRBEBEELRERT U — 27 7 0 —IZF4 24015,

FUERFRFFES AT MMERLAIZERME LIRS S 243 A EEHE « &5
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W, ot (T%) , - B rMeHE T 7V 7r—ra O GPUIL L DM

ik, FURKRAEHEREE A PR, 243 ] (FBE - AMEsth)

EERFLSE, Pk (%), HEIMEEEEIC X 5 AR 2T o8 ) Fik o &k,
BUE R FIEHF RS B PR Ew S, B2 43 A (FRE « FhER*h)

EFFER, b (I5) , KBUREPEREFHR D72 D FPGA [Hd(E HAR I B3 2

78, FURR PSR IHE AL P AR, M2 4E3 0 (BB « /IEE)

NAM WOON, %+ (1.%) , Smoothing filter % fJ\ 7= Screen Space Ambient

Occulusion ~D ], FUEKFIERTFEE RE A LR, TM243 H (8

B EERIT)

I T, -+ (1.%) , Fast Computation of the Exact Number of Magic Series with

=
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HH N HOHAZ R AT D100 T — 4~ A =2 7 « el R, 4 % —% > bR
BICBW T A a7 — X 28— 729 @ RDF -« Mgk-~<— A - LOD BH# % O#F7E
kR L TIT> TV D, F7e, ERRMERERSHROEE 11S) % & ou#iziE T, FHHEF
FOESIICBT DI AN A HEE L TV D,

FriZ, SFEITEBLREE Y 0T =7 N Th 2D RIBEM e CEk 28 FE~aFoc
ERE) TN & DI LAY v 77— & OFIE AR 2755 23 6 AIT#
T L, BERETROFAMNZE BIC K 2 S f&atili 2 5217 72203, F-MFE R IImO TRV O Th o 7.
INETOE Yy F 7 =2 RORREEAZHENT L2 FRET IR =2 TS
DI BEHDH LN TEOX, BV LRIEHRE oo RE kM E S
2%, F£iz, HEMIRER SO (0S) % & L 7mIRSATICE L T, SGHIRFE -
il ) R— g s 2a AT AR T B ST A (CEAL 28 FEE~SRILERE) 1T XD KiE
MAEETHKRT L, FHEEANRBEEAE - R SAEFE (BROCHE 11 H~5F 2 F5) %
DF T I2IRIEE 4% b IR 2R ST 5. B, b FExg e LSRN0
R EZ R L CAT v 72 FRICEDTNWD. 2O TIE, MEEETFM TS EOH-72Mm
WHEDIER O FREME & B DI Et 21T > T 5.

1

(1] 1R E E B
(1) Z4NL2)TRBICKBDITINE—UI v F T DMEL
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ICT OHERICL Y, WERFIT—4, R 7T —H2EOREDY— 7 T AT —ZBNERI
TWb., V=2 AT —=E GBI L EABEL LT, T4 =0~y TF I 0ibb.
TRE =~y T T Ty — 7 U ANE 2 6k, BETH X2 —Z~vy T35
T 7y —r xR (RE—=VF IV R) BHATLEETCHD. Vb—vatrr—4
R—=R BT DT —~ v F T %479 728 MATCH_RECOGNIZE 4] (SQL/RPR) 73
2016 FZ SQLIZEA I, A H T, KBTS —F 2o AT LT L—va T
T — & _X—ZPFMZ, MapReduce X° Spark FEHk 2 2 DN D L. FILH DT AT LTI, Hive
K> Spark SQL # 5 Z &C, SQL AT — X E{EZFLRTHZ ENRARETH D, Fh bl
BOWTHRRIT Y =~y FUIREAINDL ZERFGICBBTESL. L,
IR =~y F o IO a R FREWVESETHY, T3 A MYIEIXEE R
BThs.

AWFENZIBNTIE, ITF =~y F 7O aX N EHIRT 57200 2 DO iEx 7
L. Wb, T2 =~y FUTERITIRNCT AV E Y o TR EZETL, N5 —
YRy F U TRERICEBR L RWEBRR T AR T 528 T, TN =y FU DA b
ZHIET 520 THD. 1 DHDIEIL, MATCH RECOGNIZE f)DOF&MFICHES &, (2 —
FHV A% 1 OHBER LNV — I U AEHET D FIET, VI Z AT 4 E T
7 EMES. b9 1 OOHEE, [FERIZ MATCH RECOGNIZE A]JDO&MFIZE S, v—Fr v
A THRERICEB L 2WVTZHIBRT 2 FIET, 77 4V 52 U > 7 LIRS, ARWFSETlE, Spark
SQL {Z MATCH_RECOGNIZE f]Z#EA LK ZBE L, Lo 1207 4 v&2 U v 7 Fik
ZALIRIA A TERLIR S 27 L% Spark ECHEIEL, EBRICEI VD 2002 ER L.

R, SFEIXINE TOMRMREZRIERLEZOITMZ, VL— 37 /L DBMS ~b
KI5 YLaz L, PostgreSQL (ZH1) 5 FAE L 21T >72. ¥£7z, UL —3 37/ DBMS X
Spark DWF ALK L THEHrIaER 2 A FET VAR L, W a 2 MIES KRR 7 1
NWNRY T REORRAZ RS Lz,

General Process Flow E | Proposed Method |
of SQL/RPR E
Pattern E Pattern
Occurrence Occurrence
SQL/RPR | i I SQL/RPR
1 Filtering Quer
Query ¢ ' gQ VJ Query
i @
Sequence i Sequence
Data ' Data Filtered Sequence Data
1

1 74 NWE ) U TENZ LT/ F =~ v T o T ORhEHEL
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(2) V=YV IR OLAP DI=bDITNE—UI v F Y

v —/r > A OLAP(Online Analytical Processing)l%, +—7 =2 A7 —X|Z%}9 5 OLAP Tk
D—DOThHD. =7 AOLAP I —7 VAT — AN 2R = DF L A (XK
— AV A) R L, #E O OLAP & [FEED OLAP #:/F (drill-down, roll-up %) <3
% —> OLAP #1E (pattern-drill-down, pattern-roll-up ) %175 . /X% —> OLAP E{EIZ> —
7 A OLAP EHD & DT, HE NS - OREEELZ - E28EL D, =72 2T
— AW L= a PN T —FR=R T — T AL LTSN DG, MGy —
X T HNNE = FH VR RDITY T — I D RAERAT DT — <y F IR
WEEERD.

/K —2 OLAP #EZ# AlRE L T~ 272 0121E, MEEBIRICH 2D/ — kb4 5 /3%
—UF IV RAERRT D LI, ENLDONRT = h L A O BT BR O M
Ehrb. BE, V—ra T —HRXR—XETONE =~y T 72, V—vs
VEREDAR V) EIA ORI TH D, EEO/F — A% LTEBNT
WFR A FATT 2 DI TH Y, BEERIZH DEED N F — KT 2732 — =
Y F U T EERICHRLSFETTHZENEEND.

EFo@EY, SQL T T\ F—r~ v F 7 %5k 35728 D MATCH_RECOGNIZE A]73
BASINTER, 21 DONRE =0 DR ERGET S, AW TiX, MATCH_RECOGNIZE
MR L CRERRICD 2EHE O /N F — 2 % ik 7 #E Z2 MULTL. MATCH_
RECOGNIZE "] &8 A L, & ORI EB L2 25 Lz, BRI, > —27 = X OLAP
Y R— T B0 —REE A ER[L L, SP-NFA (Shared Prefix Nondeterministic Finite
Automaton)z W2 E X — v~ v F U T ORILEL & X2 — A L AR O BB
O ZEH T HT LT ZALERR LT,
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FRIZ, SFEEITIRE TIE% PostgreSQL L THIEL, XR—R T A UL L OERFHHIZ LY
ZOAEIMEE T LT, EFM EEBESERCE LTI E COMEMREZR IR E W
STERBH ST,

SELECT *
Cust — FROM Customer travel
~usiomer trave: MULTI.MATCH_RECOGNIZE ( (XY)
PARTITION BY Customer
CustA | Store A 2018/2/15 8:00 ORDER BY datetime
CuslA | Store B 2018/2/159:00 MEASURES X.store AS X_store, ... (XY2Z)
AT PATTERN SET (P1: XY (P2 XY Z)) _

i Rl Wi DEFINE Y AS (Y.store != X.store), ... Pattern hierarchy
CuslA | Slere D 2018/2/1511:00 WINDOW IROWS 5]

o

Multiple row pattern occurrence table

CusthA | Stora A | Store 8 P1 . ¢ B
Cust A Store B Store C P1 @ \ XY)
CustA | SlareC | Swre D | P 3 |
CustA | Store A | StoreB | StoreC | P2 1 1 TRE,
(XY2Z)
CuslA | SloreB Store C Stlore D F2 2 2 |

X 2 MULTI_ MATCH_RECOGNIZE | X 58874 —v~vF 7

(2] T—42 <4 =T - MEFEREM
(1) KRBT 5 72 OERIE

KEEXT T 77 FAZ ) T FEORFENRT VT Y XL TH D Modularity 7 7 A%
YT OEEICFEERRE L. V777 FRZ VU TIET T TT =00 BV R &
Fiolz ) —FES (VT 2F) 2RATIHEDOEANRT S~ = FFETHD. §F
2, ITEBAFE A7 CorMod TEIZRWEE T T A X R TE DL Z LA BTV DA,
KB 77 77— 2 1oxt L TR et AR R 2 25 5.

Z ORI E fRRT D 72012, ABFZEIEL CorMod DM L 2 EBLT 5872727 3 XA
gScarf IBERE LT, HxZH D 2 2OWH 7 7 7R TH L2 H1E, TNHDI T AHK
U TRERIIN RO TR IR D E WO MEER R L. ZOMWEICHESE, gScarf 1£TIE
EHY T T IEKT DI TAR ) L IREREFB L CRERB L D857 7 7 i ZE
BT HBRICRE LGRS R 2 AT %5 (LR, LRM-gain caching {£&FES) . ZALZ K
Y, gScarf IEIXFBIRER Y 7T 7IxtT B0 T ALY TR EE &, WERERO @E LA
5.

A FROBEERARITIRE T VT Y XL O @t & @R EEICS 5. JWCEMRD T 7T
— 2T D7 T ALY T FATREI O R A on . IRETFIE gScarf IBITITFERRE S
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17770 7AZ) 7RI L TEETHL ZENHRTEDH. £, AFREOFEHRTIT
14 =y PHID 7 Z 757 — 22k LT CorMod 75 & D HHK 1,100 (5REEEHTH D = &
EHER LT, MAT, |EFEOREMFEEITT v DI U CTRBRIE & 725 2 & 28R
IR LT, [FIRRIS, BB FIEO 7 72X Y U 7REEILEITTIE CorMod 15 & RIRREEIZ /R 5
ZEEFEBRICEIVR LI, ZORERIE, $EE AL LRM-gain Caching & X - T KE 7§ F HI
AT D, FHEEIC X DRERTIERELRNZ EE2RB LTS, AFZE TR LK
FEEIEGFDO 7 T 77 FAZ ) o TRELTRRY, 2—VFRFRHEET D7 A =X &0
HLE LR, 77205, (EREINL VRS 7 A% ) 7B 2 — I 25 2 &2
ARETH D.

AHFFEDRLFIT 2019 4F 8 AIZBIE S N THEESEF O b v 72 Td 5 1ICAI 2019 T
RERETST.

B gScarf [ CorMod  EZZA IncMod  EEER Lowvain  HHH pSCAN CEIL EXXA MaxPerm [J TECTONIC

‘Wall Clock Time [sec]

X 3 FATHFM O H#g

(2) FERMLEHFZEERE L-FEEITINE

FEBAMEITH /7 f# (non-negative matric factorization; NMF) [XfT 50175 % L0 Z > 7 DKW
ZOTHIOREE LTIEBT AT VT ZALATHY, XELT I 7T TAZY 7
72 EMEIRVIEA THOW STV S . NMF TIEERIN R ERE2 W O ISR D722 7, il 2
LETF—Z 2Bl D L, FHENCEICHB T 2ME2THE LTRIL, £AUIX LT
NMF ZiEMf4 25 2 & T, s by 7 LHEE, HOWIEhE Yy 7 & CEOBRZ R
PICELIR T2 Z M TE S, L 2AN, BEfFO NMF FEDZ < TlE, MERMZRHIK GEAT
R 1.0, BFFT0L 1.0728) BNEFSNTELY, BAEOHRETIE, HFLHLATIIC
KLTAT—V o 7EOHNZ AT 5 2 & T, REBIICHER 7RG 229 & 5 i
AT D T &R inoiz.

ARWFIE T, RN REINEBE L AT oM aIT72 5 TR IEAETTH o fig

(probabilistic NMF) | 7 /L3 Y A AZRE L. FTREFECHOWNWT, ZOFHEa A b
2N (MR HE BB L) k0TI XALR%ETHD Z L 2HERMITR L.
SOICREFEL —RILL 4 FEHOE— T 2HBRAITII RO T NV TY XL ERE L
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72. PMF OFWEZRTT-OIC7 7 7B 5ala=T —HmHBIOR Iy 70O
ROE (X 4) (@A L, 1EkFiEE ERAREZERTEHZ 2R L.

database query xﬂ‘ll searcn opnmlze learn rr!oclei probabilistic

‘“‘x} y
VLDB SIGMOD ot eoer oML NIPS ECML
database search " mining " machine

query _ frequent . learn

e

VIDE  gpar

K4 757603 2=74—BLRNE Y 7B

(B) FFGA ZAW=J 3 7ICxdd 2 ERNAEEEDERIE

EBSARIGHE (regular-path query; RPQ) 1%, -2 6N T ~NATE 7T 7128\, 22—
PREE LI IEH AR~ v FTHREEE - 8D 2 & CRIEFRERIAEE L OREDORT %
ETHFETLIMEETHY, KB 7 7h 607 —2MHICHWSND. K7 T 7
IZXF9 % RPQ DALELIEE 2 A R THY, TOEmBEANEENTND. KRIFJETIX, FPGA %
FW 72 RPQ O bIcHL Y #HATE.

FPGA IR OMBERIEE T v 77 IV T Lo TERETE LT M ATHY, [LEDOL
BUIZHHL LTeERANA 7T A v BT 3 A BRI CTE 5720, A 7T A4 AL h R i) 7e
SLERCIE CPU X° GPU ([ZHERTEVMEREZ 155 Z E N A[RETH H. AWFFETIL, RPQ L%
BEOAT—VIZBEL, TROEDODAT—VEWINCETTLRODEBE A T T %
FPGA hLIz5E3E L7 (K5) . 7o, FEBrE L CHEREZITV, MERE L OUNIERT —4
v b CTHBTFEICHE NIRRT 23.6 ffosEll, KEERT7T—2 %y P T—HOMEGEIC
BUWNTHI 3.14~4.61 5o Endfb 2 EHL L 7.
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HOST FPGA
.................... : Edge Data :“““"“"“"“"“ “"E
] : a_dst : p E
RPQ : acbobecebea: ! b_src : _Cj :
. ; Graph Data : i : = |, e E{] :
-— : s E Jﬂj_' e F 3:‘! a_src E

[ s |

H HE olu b.sre mj
H ' :

[ . cdst bosrc
- '

' Ll

X 5 RPGA % A\ 7= IEHL S A R4 AL

[3] RDF - #13~—X - LOD
(1) FEBA—R (T HHEMBEBLE

T4, DBpedia ([Zf8F S5 K51, WHOmM#RAE Mik~—A L L CTERBL, SHEIGHICH
M2 BZER SN TS, HERAS— AT RICHER 7 T 7 LIRS 7 T 7HEiE CREL
INDHeD, Wi T 7O BEREREMET 272012037 7 7+ slaE B nE s
2%, LrLent, —RICHERZ 7 71253 5 A % FELZELFIRETHY,
ERRB A HFENRRD NS,

FROTEFIZESE, ARMFZE TITEFE— Rk 25 BAME IS (simple question
answering) TIEZMIE L7, 2—VIXHARLTHEREZITR2 9 &, ZTORIFICS S DLW
AR —APO Y FANRIND . BEFEDFETIIEM LR ORE FE 7 VAW
TR Y — s U ROFENREL, BT AVFEO A BRRKE W EIZ, HEESHTAEE LW
EWVWHENR S - 7=,

AT LTARIFETIE, 1) =T 47 48, 2) =747 4 V&7, 3) BfRT
B3 RAT v TFMHRABFELRE L. BAT v FICOWTRERDO Y PV Fika il
HEDY, TOMRELZMEBENICRE L. TOME, HRNEMRFEEZE2EDED 2 L
THIRFOFELBRORVIBELERTELI 2R (1) .
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F 1 MBREEORE: : O EHIZ= T 47 4V X FBIXOBEBTPHICR D FEE
WHEETFHEAORE, TEIRTORBTFEOKELZRLTEBY, MNHHE LSTM B L O
M GRU Z/lEH 25 Z & CHEGFEFIELRSORBELZER L TV D

Entity Relation Accuracy
BiLSTM BiGRU 74.64
BiLSTM CNN 74.63
BiLSTM |BiLSTM 74.59
BiGRU 'BiGRU 74.54
BiGRU 'CNN 73.92
CRF |CNN 73.42
CRF BiGRU 73.39
CRF BiILSTM 73.34
Model Description Accuracy
Yin et al. 2016 Max-pooling 76.4

Dai et al. 2016 'Probablllstlc 75.7
Lukovinikov 2017 Neural embeddmg 71.2
Golub and He 2016 Character-based 70.9 .
Bodﬁ et al. 2015 rMemory network 62.7

(4] T—3_R—REA-T—E2H9M4T VR
(1) EIXEESMBITICEDICERR T -0

—MIT, ~ U AOMERITEEE - /L ABER - VAREIRD 3 27— VIO TE D v U
ADEMRE G ZITIZ, TOMERAT =V 2RET D MERA T —HE ] 1%, RO AT

FIZBWTHHADOFA L 72> Tn D, LA LR S Z ORI ARG 5% B TR
THHDT, FEFITE L DR & FREERA LIRS .

ZOMBEEZERT N, THVE TIT bR A RIER 27— 0 BEPHE FENRES N TH
. L, 2o OFEIIMERMZE CHIH T 213 L OHERE ZZE TE T, Ff
ICEBROMETII LS A OND, /A4 XDEENTARE G 2N T2 Z LA TER
Mmooz,

AWFFE T, SR K FE R A IR E RS e (WPL-IIS) & d#E L, MO&wma&
PN D H LW BEPHE FEZBR L. KATFER, BAAHR=a2—F /LR FCNN)IZ
FrSEfh 5 & Long short-terms memory(LSTM) % F W72 HIEF > DAL S LTV 5. HEI
(ZHIECH AR EE R - i TE 2 CNN OBHIC LY, /A ROEEEZIFIZ O
MEOEFITHI LIz, £72, LSTM #EHAT L2 & THRLETHEZORIEREZZE LA
TUVHIEEFEB L. A XDRELHERKNER T —AThHh->Th, HiEOAT—IKE
MBI AT — VR M T2 EBTE L. WY, REFEET VOFHEITIZ oY
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NEEE T DHH, RIFFETIL WPLIIS & OEEEIZ LD, =7 2 4000 VC5 DT — & Z 2k
7e12 T & TR L TV AD.

S 3285k Tld, MC-SleepNet 1 LEzHl & DY E— B 96.7% & FEF I @WK TO AT — 4|
E xR, MEIRMPZTIZNE L SND 95% %27 VT Lz, F£70, /A4 XADEENDL ARG ZIT
DT B HIEREL 95% %M L TR Y, EEOMERIFEICIS W TR FIEE S 2D

KAFFEDRRITEERE Y v —F A TR T H L, TRV V=R Z 7072,

REM

Non-

REM

WAKE

REM

Non- l I

e Ul 11
WAKE

1 101 201 301 401 501 601 701 801 901
epoch

REM
Non
REM
WAKE
REM
Non-
REM
WAKE

Sleep Stage

Sleep Stage

1001 1101 1201 1301 1401 1501 1601 1701 1801 1901
epoch
— Experts = MC-SleepNet

6 MC-SleepNet (2 & 5 27— ] EDH

(2) EREBD/ 141 XKRE

MC-SleepNet 23\ /A RMMitEZ S L& W) FHENS, EEFEE2HNL LT, /A
R EAREFT DN, OWTE ) A AREZFEBRTELLEERT. ThETICHLEHE S
FD A4 XREET VTR ESNATVDHDOD, ZAHLDOFETIIEESE /A4 AANVIES
DT HZEJ]P TN E L THREE LTS, BFE L /A XER 2 ICHAITE L2 EFES
IITEATEZ DD, ARESTITHEARERFEL 7. —RICEIFZE 2175 €7
L, AHSIORDGBRARGE T E 7203, RIFETIE, /A XTEE B L THa/h S
WEWIREEZRE LTz, RO nDEFEMF LIEEEZ VT REFICERT L LI
FREITO LT, /A AREICE LR EE T V285 Lz, % L72E 7 /L NR-GAN
1%, /A ROFEFIEAERE —OHWD Z &<, A Xk LB T 4 v 2 L RI%ED
PERE 2 R L7z,
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B)IOT Vv a v EBRFBICL DI OBEERDHTE

BRSBTS L O NI T O ETEMTIEB I LTS8, BRI/ 7O L TREY)
IREBE D T L K D REERESMERICER SN TWD. AT, EEoE Tt
P—FZWN LT vy arairicdEEL, Eherbh—0Ez ) 7V E A4 LA TE=ZY &
T HZ LI Ko THIABHEDOEREREHE L, A~v— 7+ Z@ELTHEYR7 ¢+ — KA
v I EEZ25Z LT, 2a—TORBEEELLBET D FECHONTHZEELEZ (K7) .

ZDDIT, VITNVEA Lo —2 M) =M LT, FEFELEATLZ &
T, 98.93% DOFEE CTOBELEBOHEE 2 A[HEIC LTZ. £, KIBORAR D 2 —W % L O
JE D EE & FTREIC T A 72 0121F, =—H D BMIEZ FF 3 EICHAAND Z L BRAEDTH
5T LEHILMMNTLIE. SHIT, BRIEBEIIMAT, BEEREZEI X MLy FAR—
ZOHETFIZ BB A, BVKEE COHEENAIRETH D Z L 2R LT,

AIFFEDRINT, AL IO Ny 7S Th S IICAR09 T LR EZITo T2

Input ¢ Output
{s = SHZ Posture / Vibration O
@ m_ Stretch | Enabled/ Locations | | ———— J)
Pose : Disabled [ABCD]
(n=13) 3
PressureSensor | N ... g App Visual || Vibration Motor:
Voltage [Vi] Pt Display Vibration
Bluetooth Bluetooth
: Machine Learning r 2
T Classifier : '
II b e p— II I
Sensing Recognition Feadback

X7 AT OB

4. HE

FAOFERI (FAERA, PO, w3X4)
<t (T >
1. Ohi FErE

A Study on Non-negative Matrix Factorization under Probability Constraints
2. Pk RS

KRG T — 2T o\ =~y F o7 e PRICET 20%E

<&t (T.%) >
1. /N R

FTV 2 bD T ALY KBRS R TFEOE#L
2. R oo
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On-the-Fly Plan Switching with an Unfixed Set of Expensive Data Operators
3. (ES HER
W8 & o~ 7 2 BEG O/ A ZHI
HH
Incentive Design for the Development of Selective Al for Human and Machine Data Processing
5. I ER
777 RV —AZ T HIC IS < Learn-to-Enumerate T-7% O /3 3 FAff
6. EA
A va v OMBINLEIZFE B L Salient Entity Linking %

»
3

7. il HERER
KIFNET Z 7R T DRI T I RXR—=RA T TG AE Y T
8. KN mH

WKL a— VT T 7 DGR RIBOIAIIE S A Y > RAHEEFIE
9. Carina Miwa Yoshimura
Topic-aware Scheme for Collecting Local Tweets
10. Katia Bourahmoune
Application of Machine Learning for Active Human Sitting Posture Recognition using an [oT

Cushion

< (WA, BRI >
1 7K%F 2t
Semantic Image Synthesis (2337 2 R Z 7= EHE 22 W IR O G- 32y i A= i 38 %
I85> SNS (2 361) 2 FiliniflE Tk
2. HIE K
GPUIZ LBV 77T 78 x Bif oEd b B4 54
3. i CREAE
T XA B UG T — 218 S Mk — A & V72 OLAP 434

4. HIE £
1 %4/ — FICkd 5 st (1M & FEAEE
5. il EHi

2T IR R A R — 4 AT RS b L— B Y T DR

ErpiERe L
ML
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5. RE. SBER. MHOMEES

2E
(Boawm, 28EH, 24 v, F£AH)

1. Proceedings of 4th International Conference on Biomedical Imaging, Signal Processing
(ICBSP2019) Best Presentation Award : Yuki Sumiya, Kazumasa Horie, Hiroaki Shiokawa,
Hiroyuki Kitagawa, "NR-GAN: Noise Reduction GAN for Mice Electroencephalogram Signals",
Nagoya, Japan, October 17 -19 2019.

2. WEHBS A o v B a— 2 YA =0 R - AL 2 2019 4E 10 A

3. TEHALERE R 82 MIEE RS FASE - UE  HEd, HI T, TR s 2 A

W L XA — BISKS 5 st (RRRPEHEE O madfk”, 2020/3/5-3/7.

VAT MERLFATFERHR R « JHE WA, 20204E3 H 25 H

VAT DERTFHTERHR R IR BEARES, 2020 4E3 A 25 H

A=A Z O ARKRRE, (B4 HEH, 202043 H 25 A

a2 — XA = AHK KRR, Katia Bourahmoune, 2020 4F 3 H 25 H

A

NEBEE (B K4, G pHEOM BRIERE, 5. BUEA)

SRERFSE ¢ I WOBIE T IeERE  (FRR 28 4R ~ D FIoTiR )

WFFERRRE « BRIN & DEEIC X 5 A ey 77— & OFIE R B3 2 F2eE %
WHIEo R Al 1 (PR EE  NTT A A)

AR E R ¢ 25,694 TH (R AEFEEELBEREY © 2,954,546 )

ZELARZE « SRR - Hlsi A ) R— g v s ma U AT AR T 0 T L (B 28 AEE
~S T )
WFERRE S EA /"= a v s ma v AT LAOBE (E§F « el — X% -8
A — M DRI FZE)
georE Aol 2 (WFRARERE TGD
FERE B ¢ 48,653 T-M (R AEFEEBERRE £ 9,300 T-1)

e %
7

H[RIAFZE - E%F‘%%it 72 CER%304E4 A 1 H~SFocE3 431 H)
W . T —F = y:?)yawﬁﬁwmﬁ:iém&&@%@%ﬁ@ﬂﬁ@%ﬁm-

Bl - |k
AR AU
EEERE - 3,000 T-H

— 219 —



FURKZ HAEREMRE S — SHREFE FRBEE

BITE - B i saseni e (Fak 27 4R EE~m FCAR )

WA - A b L RBREE « T & LR A 7 TR R T 8 T oD BA
WEHE A0 e (WFRRESE - Rl )

BEFEPERRE - 7,350 TH Rl FEEEERE : 500 TH)

Bt E « JARFE B (D FOCAE B~ 4 42E)

WFIERRRE « B K MEAE LA BE 2 £F> Augmented V 7 /L By 75 — & Rk H Al OfE 5L
S A | LI i

AR EERE 0 13,200 T-M (R EEFEERE : 3,800 T-M)

Bt E - BRERAOATIE (B52F)  (BRIoCEE 6 J 28 B ~4 i 2 4R L)
TFSERRRE « RIE IS K D AR & SO U 7 B R T — & 0 B Ak
FFeREHE - A0

SAFEE R 0 4,900 TM (R1AFEEERE : 3,500 TM)

SZREAFTE - BHS BN IR LA - AR S ARG (BFIOTE 11 A 1 B ~AF0 2 )
TFFERRRE « REARANMIY 2 FEAZ & 9 2 MEAR & SEB) o0 B CEBRIC K 5 (R 75 i
e Al 12 (PRS- BR IE5R)

B EPERE 3,500 TH (Rl FEEEERE : 1,000 TH)

SLEAFSE © REMEELL RS (BFCH 10 H 1 H~3F 2 45)

WFFERRE - MEIRREE O B B2 I o A 7 L K OMEIRFEE O TR - e - 18R~ 27 L ORFFER
s

fFzefhEs Aol 2

AARFEE AR ¢ 12,000 T-F (R A EERE 8,000 TH)

SREIEST  BHF IR IR IS RS ARERF R HEE 3 ACT-T [ & ARk (Do E
~Fn 2 )

WFICARRE : Data Skewness & HE 2 72 8 EH « 4 A E U 7o KEIET — & JLEl

FIEREE - )1 1SS

AR E AR 20,000 T (R1AFEEEHERE 10,000 T)

FHfsy - A FP7E PRl 30 FEE~5Fn 2 4R1)
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TFZERRRE - ESIGHREREE I 2 KRR S Z 7 0 FZHEH A H L E
fFFeEE I TS
AAEREE R 0 3,200 TH (RIAEEERE : 900 T-M)

Bty - P09 (SFROCHEE A~ 3 A

WFoe

AR  BORVAERCR v BT — 7 W ) A ABREFIEORFE L AERE S ~DISH
JEAERE L ik

PAEEERERE 3,300 TH (RIAFEEERERE 1,700 T-H)

Bt ErE

6.

(FERI, K4, #E4. FHR)
B

BrREE

(1) BAEWX

A) EBMERX

< %Tﬁ%mu nFFHjC >

1.

Hiroyoshi Ito, Takahiro Komamizu, Toshiyuki Amagasa, Hiroyuki Kitagawa, "Detecting
Communities and Correlated Attribute Clusters on Multi-Attributed Graphs", IEICE Transactions
on Information and Systems, VOL.E102-D, NO.4, pp.810-820, APRIL 2019.

Hiroaki Shiokawa, Tomohiro Matsushita, Hiroyuki Kitagawa, "Fast Affinity Propagation by Cell-
based Indexing", Journal of Data Intelligence, Vol.1, No.1, pp.55-74, April 2019.

Kazuha Ashino, Kenta Sugano, Toshiyuki Amagasa, and Bei-Wen Ying, "Predicting the Decision
Making Chemicals Used for Bacterial Growth", Scientific Reports, Vol. 9, No. 7251, May 2019.
Masato Yamabe, Kazumasa Horie, Hiroaki Shiokawa, Hiromasa Funato, Masashi Yanagisawa
and Hiroyuki Kitagawa, "MC-SleepNet: Large-scale Sleep Stage Scoring in Mice by Deep Neural
Networks", Scientific Reports, Vol. 9, No. 15793, Oct. 2019. (Impact Factor 4.011)

Hiroaki Shiokawa, Yasunori Futamura, "Efficient Vector Partitioning Algorithm for Modularity-
based Graph Clustering", Journal of Data Intelligence, Vol.1, No.2, pp.101-123, June 2019.
Kotaro Yamazaki, Tomoki Sato, Hiroaki Shiokawa, Hiroyuki Kitagawa, "Fast and Parallel
Ranking-based Clustering for Heterogeneous Graphs", Journal of Data Intelligence, Vol.1, No.2,
pp-137-158, June 2019.
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Savong Bou, Hiroyuki Kitagawa, and Toshiyuki Amagasa, "L-BiX: Incremental Sliding-Window
Aggregation over Data Streams Using Linear Bidirectional Aggregating Indexes",

Knowledge and Information Systems, Springer. (Impact Factor 2.397) (to appear)

B) EHMLMAX
ML

) ERs#AR

1.

A) BEFRE

Hiroyuki Kitagawa, "Big Data Analytics and Management: Perspectives from Big Sequence Data
Analysis and Research Projects in Japan", The 36th CCF National Database Conference
(NDBC2019) (Keynote Talk) Jinan, China, October 13, 2019.

B) —&ER

<HEF & FEER S SC>

1.

Yuyang Dong, Hanxiong Chen, Hiroyuki Kitagawa, "Continuous Search on Dynamic Spatial
Keyword Objects", Proceedings of. 35th IEEE International Conference on Data Engineering
(ICDE 2019) (Short Paper), pp. 1578-1581, Macau SAR, China, April 2019.

Hiroaki Shiokawa, Toshiyuki Amagasa, Hiroyuki Kitagawa, "Scaling Fine-grained Modularity
Clustering for Massive Graphs", Proceedings of the 28th International Joint Conference on
Artificial Intelligence (IICAI2019), Macao, China, August 2019 (Acceptance rate 13.67 %).
Katia Bourahmoune, Toshiyuki Amagasa, "Al-powered Posture Training: Application of Machine
Learning in Sitting Posture Recognition Using the LifeChair Smart Cushion",

Proceedings ofeedings of the 28th International Joint Conference on Artificial Intelligence
(IICAI2019), Macao, China, August 2019 (Acceptance rate 13.67 %).

Kento Miura, Toshiyuki Amagasa, Hiroyuki Kitagawa, "Accelerating Regular Path Queries using
FPGA", Tenth International Workshop on Accelerating Analytics and Data Management Systems
Using Modern Proceedings ofessor and Storage Architectures, in conjunction with VLDB
(ADMS2019), Los Angeles, United States, August 26, 2019.

Yuya Nasu, Hiroyuki Kitagawa, Kosuke Nakabasami, "Efficient Row Pattern Matching using
Pattern Hierarchies for Sequence OLAP", Proceedings of. 21st International Conference on Big
Data Analytics and Knowledge Discovery (DaWak2019), pp. 89-104, Linz, Austria, August 26 -
29 2019 (Acceptance rate 20 %).
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Kosuke Nakabasami, Hiroyuki Kitagawa, and Yuya Nasu, "Optimization of Row Pattern Matching
over Sequence Data in Spark SQL", Proceedings of 30th International Conference on Database and
Expert Systems Applications (DEXA2019), pp. 3-17, Linz, Austria, August 26th - 29th 2019.
Happy Buzaaba, Toshiyuki Amagasa, "A modular approach for efficient simple question answering
over knowledge base", Proceedings of 30th International Conference on Database and Expert
Systems Applications (DEXA2019), pp. 237-246, Linz, Austria, August 26 -29 2019.

Yuki Sumiya, Kazumasa Horie, Hiroaki Shiokawa, Hiroyuki Kitagawa, "NR-GAN: Noise
Reduction GAN for Mice Electroencephalogram Signals", Proceedings of 4th International
Conference on Biomedical Imaging, Signal Processing (ICBSP 2019), pp. 94-101, Nagoya, Japan,
October 17 -19 2019.

Shohei Matsugu, Hiroaki Shiokawa, Hiroyuki Kitagawa, "Flexible Community Search Algorithm
on Attributed Graphs", Proceedings of the 21st International Conference on Information Integration
and Web-based Applications and Services (iiWAS2019), pp. 103-109, Munich, Germany,
December 2019 (Acceptance rate 48 %).

Kotaro Yamazaki, Shohei Matsugu, Hiroaki Shiokawa, Hiroyuki Kitagawa, "Fast RankClus
Algorithm via Dynamic Rank Score Tracking on Bi-type Information Networks", Proceedings of
the 21st International Conference on Information Integration and Web-based Applications and
Services (i1WAS2019), pp. 110-117, Munich, Germany, December 2019 (Acceptance rate 48 %).
Shintaro Kurimoto, Yasuhiro Hayase, Hiroshi Yonai, Hiroyoshi Ito, Hiroyuki Kitagawa,

"Class Name Recommendation based on Graph Embedding of Program Elements", Proceedings of
the 26th Asia-Pacific Software Engineering Conference (APSEC2019), pp. 498-505, Putrajaya,
Malaysia, December 2-5 2019 (Acceptance rate 34.7 %).

Hiroshi Yonai, Yasuhiro Hayase, Hiroyuki Kitagawa, "Mercem: Method Name Recommendation
Based on Call Graph Embedding", Proceedings of the 26th Asia-Pacific Software Engineering
Conference (APSEC2019), pp. 134-141, Putrajaya, Malaysia, December 2-5 2019 (Acceptance rate
34.7 %).

Natsuki Ogino, Kazumasa Horie, and Hiroyuki Kitagawa, "Semantic Image Synthesis of
Complicated Objects using Line-drawing", Proceedings of. 2020 RISP International Workshop on
Nonlinear Circuits, Communications and Signal Processing (NCSP'20), No. 1PM1-1-3, pp. 373 -
376, Honolulu, Hawaii, February 28 - March 2, 2020.

Masafumi Hayashi, Masaki Kobayashi, Masaki Matsubara, Toshiyuki Amagasa, Atsuyuki
Morishima, "Incentive Design for Crowdsourced Development of Selective Al for Human and

Machine Data Processing: A Case Study," The 3rd IEEE Workshop on Human-in-the-loop
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Methods and Human Machine Collaboration in BigData (IEEE HMData 2019) co-located with
IEEE Bigdata 2019, pp. 4596-4601, Los Angeles, USA. Dec. 9, 2019.

vl & EREEwR L (RAZ—) >

Mirai Niki, Yoshiki Yamaguchi and Toshiyuki Amagasa, "FPGA-based SPARQL query
acceleration," Asia Pacific Conference on Robot [oT System Development and Platform (APRIS

2019), 2 pages, Thailand, Nov. 1-4, 2019.

() ERER - IRSER

<

<

1.

A) BiEREE
ML

B) TDDHERE

ARl & FRIEER>

ARfa s, RALRELE Y-, MR, FPFEs, KRB, "FHEEERET X M7 —
D DM RORAL", & 12 8] Web & T —F _X—R|ZHT 57 +—TF L (WebDB
T —T7252019) , THFERF (HED) , 201949 H8H~9H (H) .

TR >

RIGRBLIEA, BARA, HRfdsl, BOFRIG, MHERL, AVEsl, RE#e, "5
T XA NT =X DSBERRET VO FIEDOHT", & 15 BT7XANTF VT 47
R R Y UL, T a—Fr—HRA&t G , 201949 H 27 H~28 H.
BRI, HNER, L2, "B a2 =F7 A RBICB T8 —2 9 —FOH
Ak, 12 MT — X T EER~ R A MIBET % 7 +—7 4 (DEIM 2020) , D1-4,
202043 H2 H~3 A 4 H.

W, HEVENE, " kb4, — Rk 2 st FHEMEO @l e e, & 1287 — & 1%L
i~ 2 Y A MCET 5 7 +—F 4 (DEIM 2020), D2-2,2020 43 4 2 H~3 H 4 H.
Bk, REmz, WINEZ,"GPUILL D 5 /— K775 78z BT oE#Eb,,
B 1R2ETF—Z T ER~ 2P A M5 74— & (DEIM 2020) , H3-2, 2020 4F
3H2H~3H4H.

A RERS, YEILAIE, d)iiEz, "~ 7 ARER 2 7 — PHIERBEIC B T 2 RE 7 E &2 0
e/ A XD, & 12 [BF —F LF LR~ A MIET 57 +—7 4 (DEIM
2020), A4-4,2020 -3 H2 H~3 H 4 H.
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Carina Miwa Yoshimura (University of Tsukuba), Hiroyuki Kitagawa (University of Tsukuba),
"Topic-aware Scheme for Collecting Local Tweets", % 12 []7— & L2 L fF#f~r T A b
WZB89 % 7 4+ —F & (DEIM 2020) , C5-2,2020 453 A 2 H~3 H 4 H.

BR[EEORRR, KAz, dE)IEZ, "HERN— AT 2 7 a7 fRmO 7 7 & > MK
VAT NIBET A%, 12 BT — X TREEERY R VA MCETE 74— T A
(DEIM 2020), D5-3,2020 4£3 4 2 H~3 A 4 H.

Kotaro Yamazaki, Shohei Matsugu, Hiroaki Shiokawa, Hiroyuki Kitagawa, "Fast and Parallel
RankClus Algorithm based on Dynamic Rank Score Tracking", & 12 [0]7— & T.5 L fF#H~ =%
TA L MIET 57 +—F 5 (DEIM 2020), D5-4,2020 4£3 1 2 H~3 1 4 A,

HEPR A, KRR, B2, "7F 2 &Sk T — 2 I3 5/ N — A %
72 OLAP 434", 35 12 |7 — & TR~ 3r P A v M5 7 +—7 A (DEIM
2020), E5-1,2020 -3 H 2 H~3 H 4 H.

AR, SRTCRE, AR, RIS A D Te @B IEE N K 5 BN T o KRR,

B 1R2ETF—Z Tl fH~1r Y Ay MCBT 57 +—7 A (DEIM 2020), J6-5, 2020 4 3
H2H~3H4H.

TLAFAER, YRITANIE, db)I{HE 2, "Flow-base &7 /L% V= 0D A X A JLIEHaA",

B 1R2ETF—Z Tl R~ Ay M 5 74— A (DEIM 2020) , F7-1, 2020 4
3H2H~3 H4H.

WIS, Rz, du)iEe, " s 2 F ] L7 /o 77 9 22 U v 7 oEmEfk",
B 12EF—Z Lyl R~y Ay MY 5 74— A (DEIM 2020) , H7-5, 2020 4
3H2H~3 H4H.

B, R, L2, "GPU 2 W= 5 7 — Y7 72 78z B om#k G
HWALER 5 82 [l 42[E K% (IPST &EKE 2020),2020 43 H 5 H~3 H 7 H.
HEPSRBRE, BT ORES, RAEke, du)ifEe, "7 ¥ 2 MG ieiE(bT — 2 12507 5 ik
N— 2 % T2 OLAP 734", LB 55 82 I [E K2 (IPST &FEK< 2020) , 2020
F3IH5S5H~3H7H.

PR, SR, B ki EZ Wz 148 — RICRT 5 st EEMHEE O miglk
"E ARG 82 Al e[E kS (IPST 2E K% 2020),20204-3 HS H~3 A 7 H.
I, Rz, UIEZ, "2 7 OV T 2 3 T R T — 2 T Btic s+ 2 b
L—H U T ", [FERQH 5 82 MIeERe (IPST &£EKRE 2020),2020 43 H 5 H
~3 H7H.

AR AR, HENEERE, R, 25 iE 2 e 7 T 7 s O RBUFEIEORE",
55 39 [l elam A -8 Blam & B ET 784 (IBISML) , 2020 423 10 H.
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<V AY Y —A>

1.

RAEBZ, "W ORI EN 285 RE T ME L vy 77 — 2 f@fr i,
201945 A 23 H.

BNz, JEITFNIE, "HEIR 2 7 — U & HEIIHIE T 2 FIEL BT ~~ U X 4,200 LD
MEAREGAE NG 5 2528 - T ~", 7L AU U —Z 2019411 A 5 H.

(@) EBE. BHREEF

1.

N

N

Salman Ahmed Shaikh, Kousuke Nakabasami, Toshiyuki Amagasa, Hiroyuki Kitagawa,
"Multidimensional Analysis of Big Data", in "Emerging Perspectives in Big Data Warehousing"
(David Taniar and Wenny Rahayu (Eds.)), IGI Global, pp. 198-224, 2019.
Jb)111#Z, "VLDB2020 ~DjE (& ® 4)", DBSJ Newsletter, 2019 4% 10 H .

EHHREEE - BREE - BREDE
HIERBR BIAFFEELFT & Dl : KBTRRT#MT —F =2 [GPV/IMA 7 —1 A 7|

(http://gpvima.ccs.hpce.jp) DB, EEL, EH.

ORI - BRIFZE Y & oOsdHE : Japan Lattice Data Grid  (JLDG) , International Lattice Data
Grid (ILDG) DiEH.
[EIFRHE G IR =R 2 JerRE (0S) & ol . v v X & b OB BT — & 27
LR A7 — Y OBEBHET VT X b - V7 b Y =T OFFER%.
FHEENIIEER T 6 & O RZEF UM IEAT & O « TRIE S 2 W T i 5 ST )
(EJRREE UEEIV:l
B « A HOBE AT TEAE (AR 28 R~y fERE)  TOFZERE « BRI & DI
KDy 77— 2 ORTE R FARIC BT 2R
[E[BEE# - Prof. John Wang (Griffith University, Australia) % #3114 UL [REIAF%E (2019 4F 11 A
~12 A)

DURTI L, BRE. RV —IVFEORESEE

KA 2 Bif%
LS

»  Workshop co-chair: 2nd International workshop on big data, cloud, and IoT technologies
for smart cities (IWBigDataCity 2020) in conjunction with IEEE BigComp 2020, Busan,
Korea, February 19, 2020.
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» Tutorial co-chair: The 7th IEEE International Conference on Big Data and Smart
Computing (IEEE BigComp 2020), Busan, South Korea, February 19-22, 2020.

) ot

o 4
> HART —FRXR—RRLREE
o N
> RHERMENIE Y X — o BRSPS
> ANTHfEREE v #— @ N THRERARHIIEER M &
> THWAEEE KR AEEEARE
> aArvta—ZHA o AHY  FERESIRERBRZER
> ba—~=JRRENT0TT A EREESA TN
RGN Hif%
o 4
> JAXA WIFFEHER ST R/3A H—
o I
> BERFERT NS AR R
> BN KFEMBKEA—T T 7 AFMER
> EERSEIE Y X — By ST — 2 - ALEER SRR

i

> WA 2 Va2 YA m o AHL FRRREREREE
NS AR HE %

Eas

/

o 4
> Nl
o FN
> FEREEE Y — kX2 T o RASEER
> WA U X2 T A FEBRER, ERILREAEREZR, 7 7 AL
» ArbCa—FY AT REL  INRERRER, FREERZER
YRITFNIE B2
o 4
> L.
o N
> HEHREEE V) X2 7 LA EBAEE
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> bta—~v=7RENTRTT A HEEREAERER, KREARRAIEER, EE

ZESEB
10. 1 &£ HHE - EREER

BTz B
o [EREA%
>  [EEEY v —FUiEfEZE B : IEEE Transactions on Big Data, World Wide Web Journal
> [ERESHEEEZE - VLDB2020 fif%Z B &, Chair of KIDB Working Group,
DASFAA Steering Committee Member Emeritus
o [ENEE%
> AR SEEE SR
> () BRI - BRIKROBLEMEHEESZE T2y 77 — 2 e RliE
DI DRI ORI - FR1) FHET RSA H—
KA & %
o [EREA%
> v/ 7 AZEE : IEEEICDE 2020, DaWaK2019, iiWAS2019, IDEAS2019,
EDBT2020 (7 %)
o [ENEEH
> EHAESRAT — 4 X— 2 AT LMF%E2 (DBS) i
) S IR B 2
o [EREA%S
>  [EEEY v —FUiRSEZE S : IEICE Transactions on Information and Systems
> EESE T e 77 AFE  1JCAI2019, AAAI2019, PAKDD2019, BigComp2019,
ICSC2019, IWBigDataCity2019, xSIG2019
o [FENEE%
B FIEREBEYS 7 — 2 L¥W%Es (DE), @daits, SEted G

l

o]

1

> EAEWREEYS 20019 RERE T T ARKER
> 11 Web &7 —#%X—2|ZFF % (WebDB Forum 2018), Web [N#ZEE R
> B 1 T TR ER~Y RV A > M S 7 4+ — 7 A(DEIM2019), 5
ZER
> BAART—HR—R¥D BIIIREESWELE
YT RN IE Bh K

o [EREEE%

> L.
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11. £ Dtk

WAEMWE, 74—V RU—2 7Y

AL
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1. An—

A% BH RERK

iz R B

B REF WZ

e KFBeAE 254, FHE 44, WEAE 34
2. BE

WM N—TRNET DR AE IR, [ EHOELS D SRR RO & AN
(ZH R S LW 72 FIEORII 24T 25 & LT, AMitta & 2 0RELY 1xtg L
T8 LR ERRORMAZ AL L, ZTORMBEMNIT 52 &% BFE L U CHIZERE 2
H#ELTWND.

fliFR7e T — 2 AR O RPEE N RO LD EH DA —/ = B a— X 538 L XE D,
ANENZHED D IEH 2 BRI S & 25 AR R TIE, BB O A2 Aficabhbes 2 &
MUWETHD. DT, 7a—rJUHEN D ARIfES & 2N a2 B0 & B (TR
SEHEREE 72 &) ZRGE LM EZED TS, ZRUICK > TELNDEBRT — & L
Lalb—vaUfBREEMAE SEIERE, AMIZHD0 B WETRR LRSS ~T 1 —
R 7T B0, HAEAT 4 T2 bLETHarBaTr—Ta O LA E iR
FELTCWD., £, TNETOFHEAT 4 7T OB MAERESELET, LEBEREIA
B —DHBEAT AN A T ZAREICEHD D Z Lol b, HEAT 4 Y
AU AEELE T LT DGR ONTITZ 2T B,

FHt#e (AERFE B - UK - ) TiX, SRS WE T B/ —v a V&2 E Lo TR
HOBENEHEE L L, FRENWEOSRE FORMICAE DR 12OV THFEARK
Rezg T, £io, B (353 - 3 BH) T, VR ZMORHMEE KRG L7155
FIRRSRIGBY O FHA & fEAT OBFZEIC IR Y A bhd 7. FHFE: (GEBERFSE B - 1435 : L) T,
WEFEEZEATHZ LIk, SRR AEERD D& E e B BSR4 R TE %%
% L7-. JST CREST Social Imaging (ft3 : 2 27 AEHFR SARMEHR) T, EEFERD 3%
TR EREHET D NIRRT e Y va vy BN EFEB L. IST
CREST Cyborg Crowd ({3 : XFEAEIHHM A 7 1 7% RIBEAT) TIE, BAOAE L —4 (SAR)
G & AT G ] D kIS R R O RS EEALIZ B9 2 A JRIC B D FHLAUTE.
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TR, A TEIC L MR OMEBIC SV TSR, “Rbnbb, SHEATF 7
W OFEEEAZ R T CTHIT L 9.

o BFE - FEB) MBEIREICESIIMTE - =V I LEL VT TS —va i
RO R - BERek WFESHEE @ AuE)
> BITEHEEICHOWT, 2 FEDORKFFIMNZ AT AICEBLT D Z &L THREM
FERDZENTER. o, = A Z = LW BLRBEDWE O4 X F R
WZHEbEERERH I 27 A L, FHEFEERE TIro 7.
o BLFE - PRERAIIFZE (B53F) 7Ly vy —ar b — /L FTORAR—Y XX VERGO
hRARA ) RF . B RERR
> BURMOERIEECIROERE ST, Ty I —TT Ly X =N R TH
RHRRIEE) &V I — BN DL O RHEEZ AT 502 ENTT 52 &N
T&lz. RO—IL 3.0 120087 7Y r—3a VBB IT HHER
PRGTEEY OFHI & fftiT) 2 S
o Bt - BRI B) [HAMY =7 — RAX—ZADTDDOT WA v AT MMEF ) R
7% IUARRE (Mrgesrfss - l)
> Va7 — RAX—R BT LSHITERED Y A7 FED, VRZERBEGNE H
TTEHILERL, TOENAZEDT.
o FLut#y - FURIFIEB) [BTHhORRIEER O INT & B Enk ) AR E2h— (F
ZeorfE )
> HEENAWFEOFED-DDOEL a—v A U F T2 —RITHONT, VAT LEHE
Ea—HPRMEDM F 2R L THRRZEML TH b 22 HIEIZHOW TR 1%
1To7-.
o FBlufE - FEHIZEB) Ml = 7 X—=Y 00 5 & - R SOHBRIE %
HAWTe_—=DHEE L 27 o) R FHE R (WFZEnHE - &)
> ASSOHBEEEICET S, EEAE L EGRRERE OB A BRSOV THFZE#
mAEAT o T
o Flff# - BRB) M EAMRAMGE Wz a o= —v g VRBURME A T ¢
7 REF - AvER (BFRSHEE  Al)
> MR OFEMIL 3.0 T 3 RITEHGALEE & Hot IR R v N U — 7 Wi
MR R BT SR
® JST CREST #fFgtnisk AR & FFn L7 AIER 18 4 BT 5 BTG LB S 2T LD
HESL) BFZERAHE © ATR #KEACE, TV —Y b« f A= 0 7 AREIRENELE &
SVETR AR ) AR gkt (F7E5r 8% - dbR)
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> WFERCROFEMNT 3.0 TRBUEZERIC BT 2 BEANLRHEO v 0T Y s
Zx v )T L—a ik 2BR.

JST CREST #f7tfes [ A & FRFn L 7z BE i s 2 52809 5 A IE LR > 2 7 LD

EEL ) WFICKAHE © ATR #HACHE, [Cyborg Crowd : ek TR — T 7 v 7g N & H D

AR RFE - RIBIEAT WHELHEE AL

> BFERROFEIL 3.0 THoBIARR v b U — 2 % H - SAR 2 G & OG5
B OxH R ERRIE] 2B H.

FHoF gy - BT SE(A) [THREE L IR OB IEN 22T 274 774 3y FU—2

DHEHEE > AT ADORFE ) (2016-2019 FFEH)RFKE « FEFY (W5t @ L)

> O ED L IRRMEOBEAER 2= F 1794 774 0%y U —27 D AR &
IRYAT AEAE LT, Fue— 2 Tugg LB iRm0 3 oekk~ v 74
R AT DEMEEL, 3 ot~y 7 & GIS H— A "THETHIHERES T v b7
F—LEFEH LT

B - BARBFZEB) (7 v a— VBHEHC BT 5 THIRFICE T 541k - £ - 88

BB AT ZOMESE] (2016-2019 FEEDRFEHE - JIFTEY (WF5Em0EE - L)

> T U a— ) VEBEICRT D PHRRGEE BIIZ, 2RO —FnLEHE b
BIEMAERA L, e RRnb0BllZ L 3 28R FXEEBL LT

FHfF g - FARITIEB) [ kiR O T ARHEE & AT 7 L~ O KRN E S b 21T

PR 45— 9 UBAFE) (2018-2021 4EED)REHR « KIk=EkE (WFHFEa#H%E - bR

> NFEFRONR—F vy L FeFr— a0 P AT LOER LRI L, MERESEMGE S
WL 3 IRTIEIRIE ST I BT D AFSEIC B A AU TE.

Bty - BRIT7EA) T AL BEMADNRIET 22238 1T 2801 HMI BA%E - GFAm A

MEEAN ]  (2019-2022 FFEE)RFKFE - REFHE] (WFFE0#H%E - dLR)

> BEBEEEMICBOWTHTECBEIRDN B OB REFBET 24 MEE 22—~
~ YA BT 2 — A% VR/AR Hiffi & W THEEE T H 0FSRICHLD FLATZ.
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va URFRILSGILDY) 7T RF v LY T v F B —F VBN IS < AR — 3
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> EEFEICRE SN D N TAREHM 2 AV, B - 55 - (i o E oy
VTR I L o TBUI S DI TR & AEIR - IR B 7p &K 02 & iz &
S TR SN D2 NIIERORRERZFE L, ZOFEERICESHNT Ry T
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[ZHLY AT,
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LFEIFSE - HARESHEASH TEMNREICB T2 A TX v V7 L—a ) REH
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> BATEMTEROEMREICBITA2EB I A T OMFENFTY ) T L — 3 0 DFE
BA2BHWE LTEMRICED 1A, NMOBENIEFHRE TRN0 & LIl AT /3T A
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Finding correspondence between multimodal images,
such as SAR and optical images, is a challenging task.
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Optical
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\translation Pt
ptical image

Generated opticalimage

Optc\ m age
Finding corresponding points
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Research on 3D reconstruction of cultural heritage buildings

Matching images between 50 to 100 years ago
and current heritage buildings
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Proposal of image matching method using Autoencoder

Image matching method using Autoencoder (experimental result)
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