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Wisteria/BDEC-01 R—/S—aVEa1—4 X7 LA FIFGEER (2021 £5 A 14 H)
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(25920 h—%>) (25,920 F—%>) /home 50GB
GPU A A [Wisteria—A) [Wisteria—A) JI—F1yb&Y | 1,2 4GPU DHHAT,
(Wistorh o7, s | FR1EYPEY | A1 ob2y /work 6TB BB TRSE, F
ﬁi]F’l"ctéEﬁ‘AEI"‘:; 270,000 A 324,000 M FIAESY FREARIE 1 » R B TER
== SRR (25,920 k—%2) (25920 F—%2) /home 50GB E
J—REE [‘Wisteriafﬁ‘\]’ [‘Wisteriaﬂ‘t\}’ FTI—T1ybHy | J—F8GPU 1 4. 1 &
o HA 1 EyhHy HA 1 EyhHy /work 48TB X
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IZ#&ELT=.

HWisteria-0 D;— 2 HEFREE 1.00 (1 /—FHY) |, Wisteria-A D;— i HEFZET 3.00 1GPU HY)TH 5,
Wisteria-0 [Zhb—22 SHE R E 1.50 O/—REEEFARIMDELAKD 15%F2EHRT5,
XEEI () RIEHET B —Ir 8, RITLEZD3aDO/—FEMEEIE GPU BREIESEERRICEL TR —IUEESN S,
FE5LIzb—o21E, FRYBRNICEEIMEATEDILERIIT HLDTIELL,
POV EFIRPERICRYEDEL, FAKRTRICEENHIHEE TLRBOANARBLOREZITHAL,
F—=2 DD R T LADFEITIZONTIE, Th—=ooBTITEH5/—FEEEOBRER IZSE,
XAFHECLDIBELIAH, /—FEEDBHLAHICIEIEBEEEXZET S,
¥/home DTARVBEIFEHDOT I —TICHIBELTLSEETHLHAE LY 50GB EXE.

XGPU EHHADHAR
GPU # M—oUvE | RE-NHBEE fE S
1 25,920 270,000 324,000 [
2 51,840 540,000 F 648,000 [
4 103,680 1,080,000 3 | 1,296,000 4
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r—=2 DD RT LADBITIZONTIE, Th—o B TIZBT5/—FERBEORER 1258,
X/—FEENHLAHZEEREZET S,
¥/home DTARIBEIF/A—YFNIA—ROT )L —Ta1—RIZEHFBLTLTEFAE XY 50GB BE.,

Oakforest-PACS R—/A—a Ea—4L X7 L FIAEESK (202044 A 1 )
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a—2 A=A REEE e TARIRE £
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= W, S 1 oy N
R—YFLa—zr “j(s: o-goj ft ;ﬁ‘g‘%‘ ;5 BR/—FH 2048 /—F
(8,640 /—KRHfE) /home 50GB
7 IL— Wkl
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MHEFMRO/—FEREIEN 5T Hh—o 8, RTLESaTO/—FEBBESHBERICSECTR—IUMEESINS,
FELIzb—o21%, MAYRRNICEEIMERTESILERIIT DD TIEAEL,
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- FAHRKL FIARBANSKRT AORBEFY—ERRLEFTETET S, FIABBRNICHERTAAERLELBETHS
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Wisteria/BDEC-01 R—/3\—avEa1—48Y AT L (Wisteria—0) ad oS5 XFIBR{E (2021 £ 5 A 14 H)

il BR 5 P AE)—
§ /—FH#x%e2 (#Z2iBEFR) A= N NEHIE
FamhR (BAITH) Txen | mmEn | (GB) il SN
8 #ir8 *3

debug-o 1~ 144 (6,912) 30 & 30 % 28 @] o
short—-o 1~ 72 (3,456) 8 BFfE 4 B5fE 28 (@) (@]
(regular-o)

small-o 1~ 144 (6,912) 48 BFfE 12 B 28 (@] O
medium-o 145 ~ 576  (27,648) " " " (e} ©)
large—o 577 ~ 1,152 (55,296) " " " ©) ©)
x-large—o 1,153 ~ 2304 (110,592)| 24 B5RS 6 BFAE " ©) ©)
priority—o 1~ 288 (13,824) 48 FFfE 12 B8 28 @) @]
challenge—o 1 ~ 7680 (368,640) 24 B - 28 * *
(interactive-o) 4

interactive—o_n1 1 (48) 30 5 30 5 28 (@] (e}
interactive—o_n12 2 ~ 12 (576) 10 99 105 " @] O
prepost 1 (56) 6 BERE 3 B§fE 340 O O
prepostlnl ~ 1 (56) | 1~6 B | 1~3 RS 340 o o)
prepost4_n1

prepost1_n4 1 ~ 4 (224) | 1~6 B | 1~3 B 340 O @)
prepost1_n8 1~ 8 (448) | 1~6 B | 1~3 B 340 O @)

* BEICLLIFEEEED L, A1RIO—EHEOA#FIAARE (RAIELCARNERFHDEH~EAER)

1 Fa—DIEE( HPIM  -L “rscgrp=F1—R" ” ) I, regular—o, debug-o, short-o Z/INXFTHET S
regular-o Fa1—(X/—FHDIEE( "#PIM -L “node=/—FH” " ) T/—FHAIDF1—(IZIKRAZN D

X2 hb—OUDHERBIE 1 /—F2Y 1.00, 112U priority-o [FBEFIMA/—FEDT-HOF—o2 HE R 1.50

¥3 1/—FHYDOFAENFIATRELAT —BE

¥4 AV TAITOaTDRBITRDESY (b—UViEERL)

pisub ——interact —g Z'JL—TF % -L “rscgrp=interactive—o,node=/—F %"

Wisteria/BDEC-01 R—/8S—aVE 1 —8L X T L (Wisteria—A) 37495 4FIMRE (2021 &£ 5 A 14 H)

il PR F P AE—
/—R#-GPU $%2 (REiBEFE) e BEHE | GPU .
— &% —HEEA —KEE
Bx BAGPUH) | EXEA | HREA | GB) | T2 | cpama| wawa | L
HArE HiR %3

debug-a 1/—F (8) 30 & 30 53 448 (@) O O (@]
short-a 1~ 2/—F (16) 2 FEfE 1 BfE 448 (@] (@] O (0]
(regular-a)
small-a 1~ 2/—K (16)| 48 B—*fﬁaﬁ 12 B 448 O @) (@) ©)
medium-a 3~ 4/—F (32) " " @] O O O
large—a 5~ 8/—F (64) 24 E—*fFaﬁ 6 FfE " O O (@] ©]
share—debug 1,2, 4 GPU 30 30 53 56 (@) O O @]
share-short 1,2,4 GPU 2 B 1 BFRE 56 (@] (@] O (0]
(share)
share—1 1 GPU 48 BEE | 12 B 56 (@) @) (@) ©)
share—2 2 GPU " " " (@] (@] O O
share—4 4 GPU 24 B5RE 6 BFhE " o [®) @) ©)
challenge-a 1~ 39/—F (312) 24 B5RE - 448 * * * *
= 1/—K (8)| & %4 - 448 x X @) [e)
interactive-a 35 1/—F (8 10 4 10 73 56 (e} O O (e}
share—interactive 1 GPU " " " O O O O

* BEICLOIFEEEEDNL, H‘IIEI(D Eﬁﬂl’aﬁd)#?‘]ﬁﬁTﬁE(ﬁﬁutbfﬁEEMIEEI RBEDEH~EBE)

X1 Fa1—0HE( "HPIM  -L “rscgrp= *:L—% ) X, regular—a, debug—a short-a Z/NXFETHRET S
regular-a F¥a1—(F/—FEDIEE( “#PIM -L “node=/—F#" " ) T/—FHEFDF1—IH/ASHhD

X2 b—OU 0O HEERRBIE 1GPU &Y 3.00

X3 1/—FHYDOFABELFATEELAT) —B=E

¥4 BRA/—FHOEFLUAGSE, 21— - FIRERE (RAI 48 BFELIN) (EHEHO L, EEICERERTRE

X5 AUASUT4IT T DRBITRDESY (b—UViEERL)
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Fa—axa (BXITH) (BEHE) | B | AT | m g1
X3 Vidm = |
debug 1~ 16 (896) 30 & 168 O (@] (@]
short 1~ 8 (448)| 8 B 168 (@) ©) ©)
(regular)
small 1~ 16 (896) | 48 B 168 (@) O O
medium 17 ~ 64 (3584) " " (@] O O
large 65 ~ 128 (7168) " " O O O
x—large 129 ~ 256 (14336) 24 R " O @] @]
challenge 1 ~ 1368 (76608) | 24 FFRE 168 * * *
33 HAR 8 %4 168 x x [¢]
(interactive) %5
interactive_n1 1 (56) 2 B 168 O O O
interactive_n8 2 ~ 8 (448) 10 5 " )] O O

* BEICKIFEEENL A1EO—EHEOAHFI AR (RAELTAXRLERTBD~ZAEH)
-L “rscgrp=Fa1—%&" ) (&, regular, debug, short Z/NXFTIEET S

regular Fa1—I[X/—FEDIEE( “#PIM
X2 O OHBEREIT 1.00
%3 1/—FRYDOFAELMATRELAT)—B=

X1 F2—DIEFE( "HPIM

X4 BA/—FHOEFUALLIE, Fa—4% - HIFRERH (RE 48 B LM 3B O L, F&(

X5 AUV T4TVaTDRBIIRDESY (F—IVEELL)

pisub —interact —g 4" JL—F4%& -L “rscarp=interactive,node=/—F %"

Oakforest-PACS XA—/3—aVEa—4L X7 LA 2ad Y5 FIR{E (2018 4

F4A81H)

—=n

~EXE

AE—

e HIRFR 2 ’,JlL
—F#ix2 A 5= |
FaER (BAITH s | B | x 713
%3 X
debug-cache 1 ~ 128 (8704) 30 9 82 O (@]
debug-flat 1~ 128 (8704) 30 53 96 (@) O
(regular-cache)
small-cache 1~ 128 (8704) 48 BFE 82 (@] (@]
medium—cache 129 ~ 512 (34816) " " (@] (@)
large—cache 513 ~ 1024 (69632) " " (@) (@]
x-large-cache 1025 ~ 2048  (139264) | 24 B¥fH " ©) O
(regular—flat)
small-flat 1~ 128 (8704) | 48 BFfHE 96 O O
medium—flat 129 ~ 512 (34816) " " O O
large—flat 513 ~ 1024 (69632) " " @] (@]
x—large—flat 1025 ~ 2048 (139264) 24 B5R8 " O (@]
challenge 1 ~ 8208 (558144) 24 B 82 /96 * *
(interactive-cache) ¥4
interactive_n1-cache 1 (68) 2 B5fE 82 (@] (@]
interactive_n16—cache 2 ~ 16 (1088) 10 %3 " O O
(interactive—flat) 4
interactive_n1-flat 1 (68) 2 B5fE 96 (@] (@]
interactive_n16-flat 2 ~ 16 (1088) 10 % " O (@]
prepost 1 (28) 6 B 222 @) (@)

-L “node=/—F#" " ) T/—FHHDF1—IZHAEND

ARE

* BECILIFEEENL, A1RO—EHMOAHF AR (RAELTARLERNBOH~ZBE)

X1 Fa—0DEE( "#PIM

-L “rscgrp=Fa1—4%"” " ) I&, regular-cache/flat, debug-cache/flat Z/INXFETIEET S

regular—cache/flat ¥1—[&/—R#DIETE ( “#PIM
X2 b—U DHBREIZ 1.00
¥3 1/—FHYDOFAENFIATRELAT) —BE
XA AV T4T 23T DEEIT,
(F2—4% (% interactive—cache/flat, k—%2 > ;H & %EL)

-L “node=/—R#” " ) T/—FHBIDF1—ITHTASHhD
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B LW, 2022 FFOUDICHT--T, HEF L IFE, TKAN, ABOESEO /LD
PHBHOVB L EFET, #flant A AL OBOT—#EIRZEYIKL TR 323,
HRRPEEREREE 4 — (BB —) OIFBILVHIEE 12 AND TL~L Al &L, K
YAERIZHRNBOREEZ Lo, [ FEEFICTWVETOFH L-~VLICRLTEY £9, Yt
Z—, ZNa A E OBELRMIINC R Y, FHEOHE S 0B TR/RIZEE > T
WD EZBZTHBYETR, MPNEZATIRELABNTLTWNWAZ L, WO THBERHRL L
FaEEbIT, BIEHEO M, THHELALIBEOWELET,

ARAEPE VR & e T HPCI' (PN A R T =< v R e av Ba—F 107 « A
V7T ) K DGR T 2w A L A RYSIE IS HPCT A BRI 12 L
THY, 2021 FRBEIET, 24 FEOIDL 3 PJEL UL X —DR R T RT L
(Oakbridge-CX : 2 7, Oakforest-PACS : 1 7#fH) ZfEH L T\ x4,

W o ¥ —TIX 2015 4EE D, TEHE - 7—& - 28] @an, Yo o3—22/ ((A8Z2/H)
LT UHVEER (BUERZEM) ZEEICEE LI AT L&KL, Society 5.0°728 H45 9 AM
FLOMEOEFICRESEHRT 2 b0 EEZ, 3 HOMEEFERTLI T Ty h7r—2nb L
TITHE -7 — % R EGA—/ S —a ¥ a—% 27 &) (ilF BDEC (Big Data & Extreme
Computing)) %4 HfE L C, Hfx 2B A ED TEE LT,

2021 4F 5 H 14 BIZEMZ B L7282 A7 A, [Wisteria/BDEC-01*) % BDEC ¥ A7 A48
WCHASL ARG U VAT LAOFE 1 BHETHY, 2 b— 3 v — FEE (Odyssey) & T —4 -
) — REE (Aquarius) O 2 SOFE ) — REEEH L, BRE— 27 ERRIZZIEH 259 PFLOP
(Odyssey), 7.2 PFLOPS (Aquarius), &7t 33.1 PELOPS T9°, 2021 4F 11 A 1253 S 172 Top500
U A R3CI, Odyssey 23 17 {17, Aquarius 7% 106 {i7. & 72> THE Y £9°, BIEIL, Odyssey & Aquarius
B2 IR S TR £33, MEEEEIET GHHE - 7—% - 38 fla2ERT 572
DOV T M= TR, BN Y 7 N U = 7 A h3-Open-BDEC D —E: & L CHfii S CH 1,
2022 F 4 AUEIEZ < O — P =R 315 « 7 —% « 28] G2 KR 7200 % Wl
LT7,

ST, Lzl z 25— TEYPI KB WET, Reedbush (F—HFfiffr « I = L—
YariiA— N U Ea— VAT L) IEY X — L LTEHIDO GPU 27 7 A4 ThH Y,
%72 BDEC VAT LMEBO 71 v 4 A 7L LT 2016 4F 7 A HEMZHEWZ LE LR
2021 5 11 A 30 HZLLTH T2 L E L7z, Wisteria/ BDEC-01 3 A~[A)} CEE % 725 A5 5

https://www.hpci-office.jp/
https://www.hpci-office.jp/pages/adoptionlist2021 25
https://www8.cao.go.jp/cstp/society5 0/
https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/
https://www.top500.org/
https://h3-open-bdec.cc.u-tokyo.ac.jp/
https://www.cc.u-tokyo.ac.jp/supercomputer/reedbush/service/
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Llbiz, EEEBLIE S I NETEFESTESFO—F - L, Yk x—ltto
TIHHRELR & B ) REBEIC, EEAREEHEZRE- L TIE L

F 7z, FUE KT L L CTEE T 2 JCAHPC (i e 3L R HPC AR isR) (2 & % Oakforest-PACS
(A=—a 7 RRBE AR — =3 B a—F 2 25 X, OFP) 8132016 ££ 10 A \Z3EH Z Bk
T2LELER, 2b 202243 AREZUTHK T LET, OFP IZEWNRIHED L AT L THY,
FFIC 2019 4E 8 AR Tty @R TH#1%, TE 5] ARSI BB 2 BlaA 3 5 £ TOR) 2 4E[H]
National Flagship System DX %2 H7- L, EAEICBIT 2552 I 2 =7 122 KA
Z LT NE L, 2021 4E 11 D Top500 THD T %2 713 39 (LT, BLHEICIIELWE S 2
Db HIVER A, JCAHPC TIE5| & e & HLE K & L[ T OFP D%kt (OFP-I) DOEFT %
Blis L CR 0, 2024 4 4 HOEAMGEZ TELTEY £, FrLWMMMAMb s ETH L2
DETH, LIELIBRLIZEN,

2021 AL TR ALY & W ) HERAWIR S & 0 £ Uiz, A8 v BRI R FCIZ ) 7o kR %
PRAFZEBRE DI MAAZEIRL COET, HEBENWE T2 L b EETY, HHEOMEE
KAEZET D&, OFP-II LAMIEL GPU DMK/ — RE2PLE I 52157, Thi i
oz TR OBREICIE, IEEEH S AT A~OT7 F U r—2a UBATICET 57 7 — b
EBBNLTND EZATT, 2021 4511 A 30 A T—HBiFDElo TOETA, MR
FTEBVETOT, 56 THLRIFIFELI TSN,

A== A a— 2 OWEEEN) DR LR, O T —FBELENO—RET-E>TEHEY
FTN, Yo X —TIERERA FL—VRE VAT LB L TEASH, £V AT LDX b
L—UMNE T L, 7272, 2o X2 ikiid, FIAEICSZ KARELRND Z L2k, 4
TUE—ORANRA VAT ANST VT EAFRERIGEA N L — U OBANR KD BT
F L, O, OFP OEMK T EZNICL D7 7 A VBITOMEEE I, KA ar
AT ENLT 7 BATE S [RKFFIEA hL— v 27 4 (Ipomoea : Y < A EDF4) |
DEFANFRENTZLE LIz, ZOF 1 5 TH2 [Tpomoea-01 (25PB) | 1% 2022 4F 1 H KITi#
HZBML, HSifiX OFP 22607 7 A VBATICHEH S 4L, 2022 4 6 AEN O —fRICFIHTX
HEDTTHPETT, 34FEED 2025 FFITIXFIRRE DR ED 2 k% [Tpomoea-02] %3 AT iE
TT, 2 00HHAA ML —V AT LEWITLCGEAL, 1 VAT AS6FMH, 3T 81—
FrEEHFENI VA 7 VEEESE, HERIZE VRN A ST v 2T 8% TRV
EEEXTEY £9°,

2015 4F 0 T - 7— 4% « FH] @E L WO FEEHBiF T FEH T, 2021 FlEY ¥
—lZE 5Tk M3HE - 7—% - %% (Simulation+Data+Learning, S+D+L) | Ei&TTHELE LS D
NI REEL D F L2, Wisteria/BDEC-01 1% [FHE - 5 — % « %8 | gl 2 EHT 5,
ANTRY=T ARV AT L E L TIRTHHO TOBBIRR A /N3 T, #viRLIZRY
FTN, EHOENELZOT, RETRE IGHE - 7 —F - P8 BaICX0ERLIBHF LY
FERE - R LFORBICEICER L=<, LALIBENWZLET,

Bex REOMBIIC S Z—0 [2Ray+ 2 b L— ) 27 AFE (Oakbridge-CX,
Wisteria/BDEC-01, Ipomoea-01) 2METHNDH LS, FIFAEOES L3 EREIIITHS
BTN ZT T E W ET, RIFRKIRIC TR E S0,

FNTIE, A (BHE - 7—% - 58] Bl 28 bRALIBENWZLET,

8 https://www.cc.u-tokyo.ac.jp/supercomputer/ofp/service/
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P—ERIEEDOIH S

2022 4R 1 H FADL O —EATEILTO LY T,

Wisteria/BDEC01 2—3%—a L Fa—F VAT A

O Wisteria/BDEC-01 A—/S—a ¥ a—& L AT L H—E2KIEOFH HE

47 48 ()

B A FIFZ—E 2 T x—AfEE
1H28H (B 9:00 ~ 22:00 FTH—EAKIL AR
2H 25 H & 9:00 ~ 22:00 F TH—EAKIL AARE
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filllo 6 HOV A+ D 13fin b4 Ty 72y L. SHNZ1THICT v 74 v L E LT,

# 1 @ Rmax/Rpeak IZFEITEIHE LN 25 C©. ERICH S 1z R % BERIEREC
HozbDThY, &Y Frd Tops500 2> HFEEH BN L 71518 ¢ 3 Rmax/Rpeak ®
EFEVERCOTTR, COEEZED ORI THIHEMT 2L AVET. B
F13 763 Tb D a7 RERL A0 0 b 82%DE WETMETH Y, AL L AG4FX %4
#3 % Odyssey / — FH(X 85% T L 7=,

Topl0 T v 7 A v LMo AT L2 28, 6 HDZ v F v 7 abfificib-
72D 1% 10 f71C A - 7z Voyager-EUS2 O & C L 7z, Voyager-EUS2 I3 GPU % ## L /- >
AT LTHY, NVIDIA OHio GPU THh % A100 GPU ##E#H L TwEd, 21 kY
H#%7151 < @i, Voyager-EUS2 23RS TH % Microsoft BXFTE T 2 A2y TH b &
WHZETYT, RERANTVEHET 2 DIFTICHIFEBEATL 22, 6 fiLd Selene b
NVIDIA #2088 A L7z A2y TH b, RERHPABIBI R A N3 v 2 E AT 5 Z L p
FLyYy FehoTwEd, cnboRoay &fEEEIC AI00 GPU % ## 3 2
Wisteria/BDEC-01 @ Aquarius / — FH#fiZ, Hilnlo 93 it 6 106 fir % ClEML % T &
L7z,

ikt v 2 —25EH 3 2 292 v T, Oakforest-PACS 23 Top500 @ 39 iz & 7 b |
Oakbridge-CX 28 110 izt &2V £ L 7=,

HRAKAERER v 4 —Ic X 3BT

BUR KAWL & v 2 — (IWEEFBE, [TTC/JCAHPC, The University of Tokyo | @
PRICE D T —RBREITVE Lic, FEKRFFIERAE £ v & — L HFE TR L %
eIt HPCIAE % % JCAHPC & MEUX, 20164E12H X 0 36 ©Oakforest-PACS 2 —
N—a Y a—2OEMZTRoTET, FUFIZNIEEHZENT 2 FA X — IR,
T2 TDTLE Y TF—vavRAEfE o TEY L=, SHIREAICL S 7—2
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Wisteria/BDEC-01 F|FHZEH (2)
NVIDIA A100 & CUDA 11 D Er#ége

=K T
FORR G A & —

1. [XC®IC

ORISR 2 — (LT, Akvy—) WNdEMT 2 [GHE - 7—4% - 78] e A—
N—a B a—Z2 A7 A (Wisteria/BDEC-01) OF — & « %38 ) — REE (Aquarius F7201%
Wisteria-A) (Zi%, NVIDIA #ED#iH D GPU Td» % NVIDIA A100 Tensor =7 GPU (LLF, A100)
MA360 K (/— R%720 8K, 245 /—F) ST A 1], A100 1F, 2021 45 11 A 30
HIZEH A # T L7z Reedbush-H/L ¥ A7 LZHEH S 4TV /2 NVIDIA Tesla P100 (BAF, P100)

HIERE - HEEE L BICERIL SN2 GPU TH D, Wisteria/BDEC-01 FIFZHHF] O 2 BNl H7=5
AFGTIEL,  ALO0 <> CUDA 11 T A ZFUIZHHERE & 2 DN FIZ OV THAT L, Reedbush-H/L 7
5 Aquarius ~DOBATEIHET D,

2. P100 - V100 - A100 (>t RE LB
ARHEITIE, WED GPU & A100 DIERRA T2 Z & T A100 DFFEA BT 5. KEv 2 —n
EAT S GPU AR NI S0 - 72238, AL00 & P100 OIZiE NVIDIA V100 (BLF,
V100) 235728, Z D VI00 H 432 TFH 112 P100, V100, A100 D /— K7 = THEIL TO Lg%

792, 3, 4], FHARO GPU & BITHE O B 523, P100 36 L TOVAL00 (DWW TIEAE
Z—WEMT DT AT DHER ST D8, V100 ([ZOW TR Z USRI 2 8FED GPU
Rk Z R LT,
# 11 4% GPU DL

P100 (SXM) V100 (SXM) A100 (SXM, HBM2)
CUDA =2 7 ¥k 3584 (=56X64) 5120 (=80X64) 6912 (=108 X64)
GPU Boost Clock 1. 48 GHz 1.53 GHz 1.41 GHz
RS E e — 5.3 TFlop/s 7.8 TFlop/s 9.7 (19.5) TFlop/s !

HRSEHG Y — 10. 6 TFlop/s 15.7 TFlop/s 19.5 TFlop/s
R EHG Y — 21.2 TFlop/s 125 TFlop/s 2 312 TFlop/s *
AEVRE 16 GB (HBM2) 16 GB (HBM2) 40 GB (HBM2)
A H kg 732 GB/s 900 GB/s 1555 GB/s
L2 %Y v vaRKeE 4 MB 6 MB 40 MB
U 1w aNiE Tensor 22 7 &M ]l L 7= FEDBHGm ©°— 7 PERE.
2 Tensor = 7 O — 7 PEfg
3 Tensor =1 7 OHEHE— 7 PEgE
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BEEE I DD TR E 2R E WA 22 <, Streaming Multiprocessor (SM) #%7° 56, 80, 108
EREBVETORZ TE I ENMEREN LOERTH S, £z, Volta RICEWTEASH
7z Tensor A7 13 & b &R DITHIFIAE D 2 FATT DA TH - 7273, A100 [ZFBUT
VIS REEE OATHIRERIRIC b XIS L7272 0 Biim e — 7 e A K& < BIFTWnWd. & 512 Tensor =
TSRS, RSN Z T TensorFloat32! 15 L, £2EPoBE21 2] HL TR
T35 & TR 2 EOEELE FEHT 5 Sparsity ZEAT 57 & EICEEEE 2 ik Lt
MWREINTWD. R UTHIOBIEOEREEK CH L7202 ToOT 7 ) r—ra VR EES
ZFHNDDIT TN ELH Y, AR T Tensor 2 7IZOWTEZNLLESED FiF 7220,

AEUPERBIZOWTIIA R « N2 FigE BTN L TE TV A, AL00 (21T DMK &
V. FRZ L2 F v v a N 40 MBICHESNTZREIFZ 0T T r—va Bzt ond b o
Thb.

3. Volta tHRIZCEWLWTEASh-BEDEE
GPU DHERLI L ONCUDA D71 775 2 2 78514, V100 3 KTV CUDA 9 (2B VTR & A28 8
MZ B, FAO AL00 B ETNCUDA 111X ZDEH R A ZDFEEFIEHKNTUV S, Reedbush-H/L
735 Aquarius ~EEEBITT A2 —VIIZ ) LA EAZRELE LR LTHALIDT, Z 2Tk
TR (VI00 LD GPU ZIGH L7122 & D d D2 —FIZ & o> THHEMODIERTH 5).
RO S 1E “Independent Thread Scheduling” &9 B{EET ADEATH S, P100 (2
RF & B Pascal HARLIRTO GPUICBWTIE, UV —7"%2K 95 32 A L v ROBEEIZFRIRHCHE
(a) Pseudocode (b) Pascal or earlier (c) Volta or later

AO; e o
if ( threadIdx.x < 4 ){ sss . sss sss g sss
FO; diverge diverge
Fil; - - % =
} else { FO; $F0;$
S0; SS v o
o F1; s S0; S
} ; bt .- w . n r
S0; S Fi; s
Al; LN ok - w
#if _ CUDA_ARCH _ >= 700 S1; 531;5
__syncwarp() ; x_x ENEN ek
#endif reconverge $ Al;
AQ, - % sl -
Al; s Al; s
\\ h A 4
A2; synchronize

$99145%3

X 1 Independent Thread Scheduling DHEIZ X BENMEET /L DEWN. (a) FESEKEESA
72a—Fofl. (b) Pascal HARLIATD GPU L COBMWEET V. (c) Volta #HARLAKE®D GPU LT

DEVMEET L.

TRFAE Y b1, FP16 &R UARECES 10 By R & FP32 LRI UHEEI 8 By REFFOAREH 19 By

KB 5T —42BCHY, FP19 LIFESTTN
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TENTWow, RIS KNERLIEZ T — 7 NIZE UiAh 2 X 9 F25 LB, BRI 722
WIS 23T T HMEN o7, Ukt LT, Independent Thread Scheduling 2% A i
72 V100 R A100 [ZBWTIZ Y — 7D 32 A Ly ROBEENFERFCETEIND &0 9 RaEE7e <
o TEY, U—7ND32 ALy RaEfi4 % __syncwarp(), Cooperative Groups D 4 A JL|d]
L Vo TR R AR AT O MR H D (K 1), FHC T —TRNOREERFEIMR 2 o7
WL LT, if XOFETREICL > TU =T RN U, PRI RIS A £
LZETCRYV—TBHHELEEFIMELFHIT D L0 ) RICEENSLETH D, ZHUEK 1b i2kn
TIEIEZTETESNTWZALD, K lc 2BV T2 BEFEITENTWS LW I BIE Y — T
&%, K 1la 2B T __syncwarp ) ZFFAT HALEN AL DRIZR>TLESTND L) EEER
AL Lo CHIERZ SN DMERIE T E2EIET 210, MERa— FORERLEL D, —HT
29 Liza— RoOEEX B2 AR 2 —F O D ORGSR LIRS TV D, 8% A100 iz
CUDA zt— K&z a2 34 LT A FR1Z1% T-gencode arch=compute_80, code=sm_80] #JEET DY,
Z DOFRIZ [-gencode arch=compute_60, code=sm_80| Z#$5E 45 = & T Pascal tHACLLRTOEMEE
—REHEHTL2ZE0NTED (EEL, HLETHBERROTHIZILZ2NWEDZ ETH D).
F72 P100 F TIEEBEEEFAIL CUDA 2 7IZR W TIEITES TN, VI00 7B I3 HEFH O
a7 BME NIz, ZHUCE - TA 7w 7 AR EANRE NEURTEAL & RIRICE TSN 55
Abby, HEE— 7RI EoMREN ERER WS T 7Y r—va v b b5 [5].

4. A100/CUDA 11 TEAShT-FMEEL TDELA

AEITIE, A100 B X T CUDA 11 IZBWTHASHIZHHREEIC DWW TR 2. CUDA 1113,
A100 XHGA 72 ETe/N—T 3 D CUDA Th D [6]. RERZFHERE L L CiX, Asynchronous
copy/barrier, L2 cache residency control, Warp-wide reduction 23&%H1F Hi 5.

CUDA 11128 WT, Z7ua— L RAEUNby =T — RAEY~L (LYRZENSTID) B
T —H &3t —"T& 5 memcpy_async ) DNEAEINT-. Aol IFERIMEI TSNS 720, T —X
Rk LHAZFRFCHEAT T2 2 L T HOFTIHZRM TS 5. £72, A100 ETEIAN—FD
= THZRIEDABH < E WO FIE b H 5. )& LTS, cuda/pipeline X° cuda/barrier %A
Y= RLUT libeut+fR I CHE D 2 & & TE DD, AR CTILFLED B HLZR Cooperative Groups
B TOREFZFN L THL (K2). Svedin HIZE o TvA 7 v Fv—IPTbNTE
Y, pipeline API 7% barrier API KV &@EHTHL Z &, AE U HLHZ R CIErEREA M) 17
52 &, HEMERMETIIEREME T 5 2 EAREESN TS [7].

yshared_mem, &global mem, sizeof(uint) * num);

X 2 memcpy_async() DERIEEH].
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ALOOIZEB W TIE L2 F ¥ v a2 OFEN 40 MB & KIBIZHE R IR, Z7a— UL 2E) EO
i« lfg/p Ty — XA L2 v v o RICESHITL2ZEHTEHL9 ko, ZOE
L2 v v aKED 1/16 THD 2.5 MBHEAL TOFENARETH D28, CDAA MY —AT LI
L OOF —HFIRLMEECTE N WIHIHNRGH L. FEEIM3I DL 122D,

cudaStreamAttrvalue attr;

attr.accessPolicyWindow.base_ptr -
attr.accessPolicyWindow.num_bytes =

attr.accessPolicyWindow.hitRatio =

attr. olicyWindow.hitProp = sting;
attr.ac : icyWindow.missProp = cudaAccessPrope “reaming;

cud ibute(stream, cudaStreamAttributeAccessPolicyWindow, &attr);

¥ 3 L2 cache residency control DFEIEEH].

U—7HNOV Z Y g R EFRICEHE TE S __reduce *_sync O N8 A iz, A
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FRROFRETHD. #WED GPU, Fl 21X VI00 IZBWTIZ SM&H720 96 KB DY =7 — K AE YN
EHTFTRE T o 7oAy, FRERITIZSM S IO 7 vy 7 2RI 4 TH72H, 48 KB DR
IFFEEBICIIFEE LRV E S 2T, A0 IZBWTIESM H72Y 164 KB £ T =7 — RAE Y %
2570, BlIZIEMBIZY 071y 7508 2 THIUTFHNZ2HAITTE S, ZoEaIidE)
W7 RN TL L 72 5.

4. EAHY)—a—F GOTHIC TOHI

A FE TR LT 72 A100 38 L OVCUDA 11 OilsREA F27 7'V r— a2 M L, A100 AL
(ZHEA L LB 2 LTk <. 22T, FlWHEFOMEITAND 72T Sz Vik
Vo lb—v g a— RGOTHIC [5, 8, 9]&xI5 LT 5.

GOTHIC 1Zd8W\NTUE, PRI b D E ) & G 3 D BRI £ SR B 4 F T 5 & 4 Bl
5> ) —1k, WuEEL OB VRLFIZ BT 5 B FHE - fuERE ) & [#5] < PSRRI 205 2 B
LTHEY, 1ZEAEORB/MUSEBIZHEBE CETINTWD. £, EHFHEZT TEzL
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GOTHIC @ AL00 i) Heiiifb & LClE, AR TR LIS 2T 270 8 2 0T 5

P17 vy B0 TIE163 KBETOL =7 — RAEY MEHARETH 5.
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Numerical simulation of deep—water oil blowouts

Daniel Cardoso Cordeiro

KBRS SR TP

1. Introduction

In 2010, the largest offshore blowout of all time happened in the Gulf of Mexico,
USA. The accident became known as the Deep—water Horizon oil spill in which around 4.9
million oil barrels were spilled into the ocean, and chemical dispersants were applied
in a large scale into the subsea as a way to treat the oil blowout plume [1].

Given the possible negative outcomes that subsea injection of chemical dispersants
may cause to the environment, it is necessary to assess clearly, whether this technique
is specifically adequate for a certain accident scenario before its application. However
since real—-scale experiments are unpractical due to their obvious environmental risk
numerical models and laboratory—scale experiments are the only available tools to
investigate the blowout phenomenon. Therefore, the development of an accurate numerical
blowout model would represent a valuable asset in the decision—making process for the
remediation of such accidents with chemical dispersants.

A number of challenges stand in the way of achieving a more exact blowout model.
Among them are the sensitivity of model predictions to complex chemical and biological
phenomena, the need for a coupling of ocean circulation models with the near—field
blowout plume dynamics and the accuracy of the oil/gas droplet size distribution (DSD)
[2]. Particularly, the droplet size distribution (DSD) represents a serious threat to
the preciseness of the spilled oil path inside the sea as a small variation in the
droplet diameter results in a large discrepancy in the distance that the oil could
travel both laterally and vertically inside the ocean. This could induce the response
team to choose unsuitable remediation techniques with further damage to the environment.

In this research, we propose the use of a LES (Large Eddy Simulation) for turbulence
with a hybrid Euler-Euler and volume of fluid (VOF) models to accurately predict the
DSD by calculating the actual breakup and coalescence caused by the atomization of the

turbulent oil jet into a quiescent water media

2. Numerical methods

To simulate the oil blowout phenomena, a hybrid Eulerian multifluid solution framework
with a volume of fluid (VOF) sharp interface capturing algorithm was used. It improves
the accuracy of the traditional Euler—Euler method without the computational burden of
coupling an entire interface—capturing model [3]. The present model was validated
against a series of laboratory—scale oil blowout experiments. The deterministic

approach based on the large—eddy simulation does not rely on the input of any empirical
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data nor calibration parameters, increasing the reliability to the real-scale
prediction of the DSD in deep-water blowouts
The governing equations solved are the Continuity (Eq. 1) and Navier—-Stokes (Eq. 2)

equations:

6ak
S eV =0 W
a(py o
(Pkatk W (Prtettie. Vg = — Vp + V. (aVay) + ?)

Prx8+ Fpx + Fsk + Fomik

where u is the velocity, is the volume fraction, ¢ is time, pis the density, p is the
pressure, g is the gravity acceleration, /5 is the surface tension force, /9 is the
drag force, Fmx is the virtual mass force and the subscript k indicates the fluid
phase. The Euler—Euler method was used to model the multiphase flow coupled with a
Schiller-Naumann drag model. The open—source OpenFOAM v4. 0 was used for the calculations.
Table 1: Configuration of the cases: dispersants to oil ratio, DOR; surface tension, & [mN/m]; inlet diameter,

D [mm], inlet velocity, Ui, [m/s]: the jet Reynolds number, Re; the jet Weber number, We: the oil-water
viscosity ratio, v, /14,; the oil-water density ratio, p,/p. ; simulated time interval, AT

Case | DOR(%) e D Uy | Re We vl pofpw | ATUn/D

1 0% 283 14 0.65)|1076 179 8.46 0.856 428
2 1% 06 14 0.65|1076 8438 8.46 0.856 428
------ 3 0% 283 9 065|691 115 846 0.856 667
1 0% 283 14 0.16 | 264 11 3.46  0.856 114
5 1% 0.6 14 0.16| 264 511 846 0.856 114
6 0% 283 14 0.65)2151 179 4.23 0.856 428

0% 283 14 0654302 179 211 0.856 428
0% 283 14 0651076 125 8.46  0.600 428
0% 283 14 0.65 | 1076 84 8.46  0.400 428

O 0o~

The domain was modeled based on the experimental data [4], as a 1.0 m height cuboid
tank with a 0.3 m per 0.3 m width. 0il flows through a round inlet at the center of
the tank initially filled with water. The DSD was computed a posteroiri by isolating
the droplet in the isosurface alpha = 0. 1.

3. Results and Discussion

The effects of different parameters over the jet atomization in the DSD were showed
using non—dimensional numbers and figures of the jet behavior.

The velocity inlet altered the regime in different cases: 1-2 were atomization and
4-5 were second wind induced breakup. Both the regimes showed very different
characteristics regarding the droplet size distribution and the velocity of the

particles as per Fig. 1.
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Figure 1: Droplet diameter distribution (left) and droplet velocity distribution
(right) for cases 1, 2, 4 and 5.

From the droplets local information, it was possible to conclude that for the case of
surface tension reduction, the droplet diameter was slightly reduced while the droplet
velocity distribution behaved differently for the cases in different breakup regimes
As Fig. 1 also shows, in the atomization regime (Cases 1 and 2), the droplet velocity
was reduced and increased in the second wind induced regime (Cases 4 and 5)

The inlet diameter reduction did not change the flow regime; however, it intensified
Kelvin-Helmholtz instabilities near the inlet and narrowed the droplet size

distribution (Fig. 2).

Figure 2: Effect of the diameter inlet reduction in the snapshots of the

isosurface alpha = 0.1 for cases 1 (left) and 3 (right). The details show the Kelvin—

Helmholtz instabilities.

The cases with variation in the density (1, 8) and the viscosity ratio (1, 6),
showed in Figs. 3 and 4 respectively, illustrates the impact of the near—-field
instabilities in both the droplet size distribution and in the droplet velocity
distribution. The viscosity reduction decreased the Kelvin-Helmholtz effect while
keeping similar DSD, which is caused by the increase in the droplet Re. The density

reduction acted to enhance the instabilities near the inlet, inducing breakup much
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earlier than in the higher density cases

Figure 3: Effect of the viscosity ratio reduction in the snapshots of the
isosurface alpha = 0.1 for cases 1 (left) and 6 (right). The details show the Kelvin-

Helmholtz instabilities near the inlet

Figure 4: Effect of the density ratio reduction in the snapshots of the

isosurface alpha = 0.1 for cases 1 (left) and 8 (right). The details show the Kelvin-

Helmholtz instabilities near the inlet

4. Conclusion

Using the hybrid volume-of-fluid/Euler-Euler model with a large eddy simulation
turbulent model was effective in modeling the laboratory—scale oil blowout in a water
tank. The effects of different physical parameters on the atomization were complex and
it shows the difficulty in understanding how the distribution of droplets are affected
by this phenomenon

Further research is necessary to create and overarching theory that could explain

the jet breakup in a more clear and concise way
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