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Wisteria/BDEC-01 A—/S—a Ea1—4L T L FABEESK (202158 14 H)
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¥Wisteria—0 Dh—2 2 HEREIET 1.00 (1 /—KHY) | Wisteria-A Dh—2 B EFR ST 3.00 1GPU HY)TH D,
Wisteria—O IZb—2 2 iHE % $K 1.50 O/—REEEF AR INE2ED 15%F2E%IT5,
XEMO RN ETEN—Yr 8, RITLEDaTO/—FERETEE (& GPU B RIESHERBICIECTR—IUnEE SN S,
FE5LEzb—o2 &, FIRERNICLENMERATELCLERIIT LD TIEAL,
r—o ISR AMRIZRYEDEL, AR TRICEELNHLHETLREBLIARESOREIXITHEN,
r—=02 DD RAT LADIBITIZOVNTIE, Th—oUBITICET5/—FHBBOBRER 1258,
KABHEIZLDHLAA, /—FEEDHLAAIZITIBEEEET 5,
¥/home DTARIBEIFEHDT IL—TIZFHELTLSIZE TLHAE YY 50GB E5E,

¥GPU EAHAD AR
GPU % b—orE | KE-AHEEE 1o
1 25,920 270,000 M 324,000 [
2 51,840 540,000 F 648,000 [
4 103,680 1,080,000 F | 1,296,000 M




Oakbridge-CX A—/X—avE1—4Y T4 FIRAEEK (20205481 8)
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e \ )
oI (720 /—FE5RR) (720 /—FE5RR)
— N 1TB B CHIAT
TAR7EM 6,480 [/ (1TB*4E) work ©3)
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X/—FEEDHLAHZEEREZET S,
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Oakforest-PACS R—/A\—a Ea1—4 X7 L FIAEESK (20204 4 A 1 A)
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(8,640 /—REERE) (8,640 /—FB:RS) /home 50GB
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G (720 /—KESRD) (720 /—FB3R)
. 1TB B CHAR
FAREM 6,480 [~ (1TB*4E) work 03

Mh—UVHERBIE 1.00 THS.
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A 1 yhHy, H5A 1 EybHy Reedbush-H
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A=YFra—=2 75,000 [ FIRE MY Reedbush-L
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TIL—T1ybLy Reedbush—H
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e (8640 J—FESED FIAELY Reedbush-L
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Bi1% Reedbush-H/L Oakforest-PACS Oakbridge-CX Wisteria/BDEC-01
BT AT L SART L SRT L SRT L
Reedbush-H/L L RT L\ - 15 0.75 1.2
Oakforest-PACS & AT Ls 0.6 - 0.5 0.8
Oakbridge-CX ¥ RT L 1.3 2 — 16
Wisteria/BDEC-01 & XT L 0.8 1.2 0.6 —
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Wisteria/BDEC-01 R—/A—aE1—#L X T L (Wisteria-0) PaJ oS5 AHIMR{E (2021 & 5 A 14 A)

il PR B P AE)—
J—R#x2 (#2iBE5ME) BE NS
— 2% —BLERGA
FarE (BARATH) EXEA | pmEs | (G5 ot
#08 i) *3
debug-o 1~ 144 (6,912) 30 % 30 & 28 O o]
short-o 1~ 72 (3,456) 8 BFfHE 4 FEE 28 o] o
(regular-o)
small-o 1~ 144 (6912)| 48 WEfE | 12 B¥fE 28 O ©)
medium-o 145 ~ 576 (27,648) " " " O O
large—o 577 ~ 1,152  (55,296) " " " O ©)
x-large—o 1,153 ~ 2304 (110,592)| 24 B5RS 6 BFME " O o
priority—o 1 ~ 288 (13,824) 48 FERE 12 B5RE 28 O O
challenge—o 1 ~ 7680 (368,640) 24 RS - 28 * *
(interactive—o) 34
interactive—o_n1 1 (48) 30 53 30 53 28 (@) o
interactive-o_n12 2 ~ 12 (576) 10 43 10 & " o ®)
prepost 1 (56) 6 FFHE 3 BfE 340 O @)
prepostl_nl ~
prepostd n 1 (56) | 1~6 B | 1~3 B¥fd 340 (e} ©)
prepost1_n4 1~ 4 (224) | 1~6 B5R | 1~3 BFRS 340 o ®)
prepost1_n8 1 ~ 8 (448) | 1~6 B5RE | 1~3 BfE 340 O @)
* BEICKLIFEEEN L A1EO—FEHEOAHFI AR (REELTARLERFIBDE~ERAE)
1 XFa—DEE( MPIM  -L “rscgrp=Fa1—%" " ) I&, regular-o, debug-o, short-o Z/NXFTHEET S
regular—o Fa1—IL/—FHDIEE( "PIM -L “node=/—F#" " ) T/—F#HAIDF1—IZHZAZI S
X2 b—IUDEBEREIE 1 /—F2Y 1.00, 12120 priority-o [FBEFIA/—FED=HR I BEFRHIE 1.50
X3 1/—FHYDOFAENFIAAIGELAT ) —BE
XA AUV T4TTaTDRBITRDESY (b—U2iEERL)
pisub —interact —g ¥ JL—F & -L “rscarp=interactive—o,node=/—R %"
Wisteria/BDEC-01 R—/8—a Ea1—8L X T L (Wisteria-A) 37 95X HIBR{E (2021 5 5 B 14 H)
il BR B AE—
J—R#-GPU $3%2 (F2iBEF ) a8 AEHE | GPU .
—_ ~ In, ’A A l"ﬂ
TR BAGPUE) | EXER | HmEA| @B | ol | cpaema| mamn | TEE
HAr HAr %3
debug-a 1/—F (8) 30 53 30 43 448 O (@) O (@)
short-a 1~ 2/—F (16) 2 By 1 B5fE 448 @] (@] O (@]
(regular-a)
small-a 1~ 2/—F (16)| 48FsME| 125 448 (©) O O O
medium-a 3~ 4/—F (32) " " " o] (@] O (@]
large—a 5~ 8/—F (64) 24 B 6 R " O @) @] O
share—debug 1,2, 4 GPU 30 9 30 & 56 O (@) (@) (@)
share-short 1,2, 4 GPU 2 B 1 B§FE 56 o ©) ©) O
(share)
share—1 1 GPU 48 BFRE 12 B 56 o] (@] O (@]
share—2 2 GPU " " " @] (@] O (@]
share-4 4 GPU 24 B5RE 6 B8 " o [©) [®) o
challenge-a 1~ 39/—F (312) 24 BRE - 448 * * * *
33 1/—K (8)| & X4 - 448 x x ©) O
interactive—a X5 1/—K ® 10 9 10 9 56 O O O O
share—interactive 1 GPU " " " O O O O

* BECILHFEEEDNL, A1RO—EHMOAHF AR (RRELTARLEBFNBOH~ZHE)

¥1 Fa—0EE( “#PIM
regular—a F1—[L/—RFHDIEE ( “#PIM

X2 b—=UYOHEEBERHIE 1GPU HY 3.00
¥3 1/—FHYDFAELFATEELGAT)—BE
¥4 BRA/—FROEFLUALESE, 21— - HIBRER (RAI 48 BFRELIN) (ZHEHO L, EEICHRERTLE
X5 AVATVT4ToaTDRBIRDEESY (b—YViHERL)

pisub ——interact —g 7 JL—F& -L “rscerp=interactive—anode=/—R %"

A==y ¥a—F 14T Za—A
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Oakbridge-CX A—/X—aVE1—4L AT L PadHS5RHIRIE(20194F 7 A1 H)

AEY— < IN—7
J/—R#ix2 il BR B 5E = a—R
— 2N | \
Fa—sxa (BXTH) aEm | ©B | 27| .m_|m
xe e
debug 1~ 16 (896) 30 4 168 o) O o
short 1~ (448) 8 B 168 O O (@)
(regular)
small 1~ 16 (896)| 48 B5FS 168 o) O o
medium 17 ~ 64 (3584) " " O O (@]
large 65 ~ 128 (7168) " " @] (@] (@]
x—large 129 ~ 256 (14336) | 24 B5RH " O O O
challenge 1~ 1368 (76608) | 24 RS 168 * * *
[E3=3 AR 7FE %4 168 x X [e)
(interactive) X5
interactive_n1 1 (56) 2 BHRE 168 O O (@)
interactive_n8 2 ~ 8 (448) 10 9 " @) O O

* BEICLLIFEEEED L, A1EIO—EHBOHF AT (RAELTARLERRTBDEH~EAER)
X1 F1—DE( HPIM  -L “rscgrp=Fa1—8&" ” ) (&, regular, debug, short Z/INXETHRET S
regular ¥a1—I[F/—F#HDIETE( “#PIM -L “node=/—F%" " ) T/—FHADF21—I/ASHhD
X2 b= 0HEEREKIE 1.00
X3 1/—FHYDOFAELFIATEELAT) —BE
¥4 BIA/—FBOEFLUAGESE, F2—2& - FIRERE (RAI 48 BFELIN) (EHEHO L, EEICEREATEE
X5 AUATOT4IT T DEBITRDESY (b—UVEERL)
pisub ——interact —g %' JL—T & -L “rscerp=interactive,node=/—K %"

Oakforest-PACS R—/A—aVEa1—8LRT L Dad Y5 HIMRE (20184 4 A 1 H)
AE— n ){
. /—R#ix2 il BR B R E = |
FammR (BATH) damm | ©B %1 | 3
%3 1% |
A
debug-cache 1~ 128 (8704) 30 43 82 O (@]
debug—flat 1~ 128 (8704) 30 & 96 O O
(regular-cache)
small-cache 1~ 128 (8704) 48 FERE 82 (@] O
medium—-cache 129 ~ 512 (34816) " " O O
large—cache 513 ~ 1024 (69632) " " O ©)
x-large—cache 1025 ~ 2048  (139264) 24 B5fE " O @]
(regular—flat)
small-flat 1~ 128 (8704) | 48 ¥R 96 O O
medium—flat 129 ~ 512 (34816) " " O O
large—flat 513 ~ 1024 (69632) " " O ©)
x—large—flat 1025 ~ 2048 (139264) 24 B5FE " (@] @]
challenge 1 ~ 8208 (558144) 24 B8 82 / 96 * *
(interactive-cache) 4
interactive_n1-cache 1 (68) 2 BERE 82 (@] O
interactive_n16—cache 2 ~ 16 (1088) 10 " O (@)
(interactive—flat) 34
interactive_n1-flat 1 (68) 2 BERE 96 (@] O
interactive_n16-flat 2 ~ 16 (1088) 10 " @) [®)
prepost 1 (28) 6 BRI 222 O O
* BEICLLIFEEEENDL, A1RIO—EHEOA#F AT (RAIELCARLERRHOBH~EAER)

X1 Fa1—OHEFE( HPIM  -L “rscgrp=Fa1—%" ” ) (&, regular-cache/flat, debug—cache/flat Z/NXFTIEET S
regular—cache/flat 21 —(&/—FHDIEE ( "#PIM  -L “node=/—F#" " ) T/—FHHDF1—IHAZNhD
X2 U DEEZREIZL 1.00
X3 1/—FHYDOFAENFATRELGAT)—BE
X4 412859 T4ToaTDIEENE, pisub —interact —g 4 IL—T & -L “rscgrp=F1—% node=/—K %"
(F21—% 4 interactive-cache/flat, b—2 > JHE L)
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Reedbush R—/3—a E 1 —4%3 XF L (Reedbush-H) a7 95X FIRRE (2018 £ 9 A 27 H)

AEY— 3 JIL—T3—R
J—Rxz HIIREER =& (7| = 2
FarsE (K GPU #D) ) | ©m A7 | & | B
%3 LN -
h—debug 1~ 4 ® 30 9> 244 o @) o
h-short ~ 4 ® 2 B 244 o o O
(h-regular)
h-small 1~ 4 (€) 48 FEfH 244 O O O
h-medium 5 ~ 8 (16) " " @] O O
h-large 9 ~ 16 (32) " " ©) ©) (@]
h—-x-large 17 ~ 32 (64) 24 B8 " @] o o
h—challenge 1 ~ 120 (240) 24 B8 244 * * *
(h=interactive) 34
h-interactive_1 1 (2) 2 B8 244 (@) (@) (@)
h-interactive_2 2 (4) 30 53 " @] O O
(h-regular-low) %5
h-small-low 1~ 4 (8) 12 B§fE 244 A A A
h-medium-low 5 ~ 8 (16) " " X A A
h-large—low 9 ~ 16 (32) " " X A A
h-x-large—low 17 ~ 32 (64) 6 B " X A A

A S—VUFILI—RIF BK1/—F, FIL—Ta—REERA/—FRO 4 7D 1 FTEFTAN(AFHEICKD
HALAADISE XA/ —FEFETRITH)
* BEICILIREETENOL, A1EO—FEHEOHFIATEE(RAELTARLERFIBOE~EAEH)
1 Fa—0DIEE( ¥PBS -q F¥a1—48&" ) (&, h-short, h-regular, h-debug ZF/NXFTHEET S
h-regular Fa1—[F/—FEDIEE ( “#PBS -| select=/—F#" ) T/—FHHDF1—IZTBATNhDB
X2 =Y DHERHIE 2.50
X3 1/—FHYDFAZENFAATRELAT)—BE
X4 ABASOT4TCaTDEREBITRDESY (F—I2BELZL)
gsub -1 —q h-interactive —I select=/—KR%{ - walltime=XX:XX -W group_list=4"JL—F%
%5 FEBEDITISRAURTSAF)T4F¥21—) (&, b—O DEBMEBANFTFOYION, CaTRTITHEGRN IV
BRENTELLEBEDHAHETH

Reedbush R—/A—a E 1 —43 X T L (Reedbush-L) P37 95X HFIBRIE(2020 5 4 A1 H)

A — I JI—Ta—R
J—F#xez HIREER z2 |7 = | & Y,
FamaE (BK GPU 30 qawt) | s | x4 | % | B8]
. L . ~
3 B2 E
I-debug 1~ 4 (16) 30 5 244 o O O O
(I-regular)
I-small 1~ 4 (16) 168 BfHl 244 (@) O O O
I-medium 5 ~ 8 (32) " " O ©) ©) (@)
I-large 9 ~ 16 (64) " " O @) @] @]
7E BA 5 x4 244 % x x [e]
(I-interactive) 5
|-interactive_1 1 (4) 24 BE 244 O (@) (@] (@]
|-interactive_2 2 (8) 6 B " (@) @] (@] (@]
I-interactive 4 3 ~ 4 (16) 1 EFRE " (@) @] @] @]
(I-regular-low) %6
I-small-low 1~ 4 (16) 12 B§fE 244 A A A A
I-medium-low 5 ~ 8 (32) " " x A A A
|-large—low 9 ~ 16 (64) " " X A A A
A S—VYFLI—REF BX1/—F, FL—TIaA—RFHERA/—FED 4 H DO 1 FTETA(AEHE-/—FEEIC

LBHHALRAADISEIFHA/—FHFETEITH)
X1 Fa—0EFE( ¥PBS —q Fa—8K") (&, I-debug, I-regular Z/NXFTHEY S
I-regular Fa—(X/—F#DIETE ( “#PBS -l select=/—F#" ) T/—FHRDF1—IZHZASTI S
X2 b—UUDHEREIT 4.00
¥3 1/—FHYDOFAELFAATEELAT)—BE
¥4 BA/—RROEFLUALGSE, 21— - HIRERH (FRAI 168 FFEILIA) (A0 £, ERICERETEE
¥5 AUV T4TOITDRHMIRDEEY (MY iHEHY)
gsub -1 —q I-interactive - select=/—K#%{ - walltime=XX:XX -W group_list=2/")L—T %
%6 FBESITISRAUETSAAUT4¥21—) [E, F—Ho DEMBAARFHHYSN, SaTRFIBELRR—I
KENTRLI-SEEDAHETH
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2021 4F 11 A PR S DR — EAPEILATO L0 T,

WisteriaBDECO1 23— Ea—F T RAF A

O Wisteria/BDEC-01 A—/S$—a ¥ a—& L AT L P—E2KIEOFE HE

B f+ FIFEY—ER I a—IEE
11H 20 &) 9:00 ~ 22:00 FTH—EAKIL FRI
12A 17TH (&) 9:00 ~ 22:00 ETH—EAKIE HARAE
1A 280 (&) 9:00 ~ 22:00 ETH—EZKIE AR

+ Wisteria/BDEC-01 T A7 AL, JFHI 24 R —E A %AT>TOET,
72720, AR (FRIE UCRARRRIER)

O Wisteria/BDEC-01 A—/S—a E'a—& AT A KL HPC Fv Loy ORHLE &)

F—EREAFIE LET,

KIE HPC F Loy FEfiaie]

11 A28 (K 830 ~ 17:30 T
12 H16H (N 830 ~ 17:30 T
1H2TH R 830 ~ 17:30 T

o FECHARR, Wisteria/BDEC-01 @ debug—o/a, short—o/a, regular-o/a, priority-o, interactive—o/a, prepost, share,
share-debug, share-short, share-interactive, /— REEMOSEFHF2—DY—ERZ(KIELE T,
nrA ) — RiElsE EBVRIHTEET,
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AHIIERICE>TWE, ZO0—HT, A7 270KREBEIETEIEEICR->TEY, HA¥
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LT 2 PRREINTRS, HF L, w273 —EHASINS L, BAz2EET 570 70
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X F e T A VA EGEIE B IRIELE U, DAk, SRS A A U LTV ET,
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httpst//lwww.cc.u-tokyo.ac.jp/guide/hpe/

A==V a—F 42— - 14 - Vol. 23, No6 2021



RERRDEERD HFEL

T RIS AT 283 T — &
FEHEMIY L — A= L B —T ¢ L R

WFICRR DGR, Ko X —DA— /R —a L ¥ a—X— AT NEFE L CTE L= Fge
BERD D B, s, HERER, FH, TEHEBICOWTIHE W o TT, HHRERED
BT, Ko H—A—_—a Ea—T 4 7EMAD Web 94 b ( https://www. cc. u—toky
o.ac. jp/ ) b MWFFEHEAREGR] ITHEATIIZEY, b, THREWZREWENEIL, T
BT — 5 R AU, A H I TORMFERL P Veb ~— B E TR X %
TOT, TTHIIZSN,

WFICR R, BRI BIT A A— S —a L B a—F — 3 2T AOFH « JEFRICHNH
D L7 EFTOT, FIHEOERRIIITEZH I IS WET LD BEWHF L LT ET,

m RAAEWBEB Y H —  Sovercommtiog Divson, ENGUISH] |+ rotach Q.
-~ S— - Information nol ¥y Center,
A=) Q—ZIJEJ—T{J?’EBF? The Universitynf]’u‘;gyn EENESDE « UST » by

w—4 A3 #AERA ARk FAQ HRS-ARZF AEW WEER WESRESnEoVT

/s VFEERE FAZERERDERL

D THRARIEIUYY
@ WMEBRR—COTHERRERIE)YY
HRBRRE

R RO BIRES L LET.,

WERROERH L, Bt 2—0R -1 -0 1 —2—2 27 LWL TIFS VISR D SE,
S, MRS, T2 SEIBEICOL TSSO T, DHSE AT, ERE
F A= ADER, TP —E TORFERD Web ~— U ORI TERASE TS Ed 2 4%
DRGSR RIL, ER A CRITEA = im0 o —A— L AT LOBE LT S04
HO AT FTOT, FIBOSEE RS RADEEL BB 8L EIfET.

HEFENOTAD A BEEFAILTEL AE XD, BRLLOET LRESEIRLT IS,

I RE QFhort& (FIAEES)
A JLTFL R RUA—ILFPRLARZAAL,
. . [ ® OsE-hAg—3k ﬁﬁbf:b‘#ﬁéﬁﬁ
ERUIL R S8R AN —JER
- EE 0 TR
K228 PELIETN @TOT A IEIY9IL. RRBRA—T
JavaSeript EEDICL TH LS, HERROBFE LSRN LET

EEREBIFAECERIE Q8 ERA—ILTHL AN FER L I BEOEEL Sh (L
Email: kenkyu_shien.adm@gs.mail.u-tokyo.ac.jp & Ea, FLE T,

T AR o B — A—v— O a—F T E
Supercomputing Division, Information Technology Center. The University of Tokyo

A=N—T Y Ea—F 4 v T Za—R - 15 - Vol. 23, No6 2021



G TRV —
S P B CEGLGY/ mmmm N N
Ny X BHCILLLE”) o N 2
S =S e, o B8 2 3 6 e ou e o B
hiil Il{ m I i} m o Il m m g an an am il an an hiil hiil hiil i i uii]
T T T T T 0 0 T T T T T 0
oL 000002 0002
0z 000°007 000'%
oe 000'009 000'9
or 000'008 0008
05 000000} 00001
0 000'002'} 000z}
oL 000°00%'| 00011
o 000'009'} 000'91
000008} 00081
06
000000 000'02
001
(%)= 1k .
s (e — /e s g BB
wH¥d—7 W YKEH I [ B

00l X W —/ Y A—H - Bl —r=FE {2

CEAMEG L KOS — L A—F EHI—/-

HHEHOH 4 - ESRHEBCECLANMNPRLILLCL S OH LI =EH{E
‘W d—/ HIk QS GHUNZH NP IER0 WY A —/ | ZRUHEH O CECLANNPRLLILLEL ) BRI —/ -

TjEklsiLe (NdOE) <) 40O-
HEORM )L 4O ElEGE-
SiBAPHCH8H 1202 "RIY A—HET "SI P EHYI B3 1202 " PITEE K-

Vol. 23, No.6 2021

- 16 -

4T Za—A

-5

L91'28L°L Lel CcLL 626°L LY 16 L6L'YS 919 GLE 8/8'61 FEEY =
8¢ 0'68¢ 6L2'702 (074 182 6L V76| £90'9%2 ey 69L°61 1e¥'02 0S1 9L Geg'e 961 8G0°1L H6
67¢C v'6leC zee'ee! 9 GGe 8¥'812'C L£€'8T1 £8¢ 998'6 166y 8¢ 8 Y44 Lyl 6€6 E8
6l 26l G0¥'869 0l YL 01°0L9°) 969112 8EY £eL'vT 0eL'0} 9 99 869t 62¢ €01’ HL
oLl [*¥4 %] ov'eLY 9¢ acl 09'86€°1 810681 19¢ 16¥'€C L9€°C1 981 L6 G¥8'G 0L vL6 EH9
L0l 072¢8 G1L'282 15 (074 €169 121'99 8l £29°¢! 8IL'9 881 14 8ve'e 90¢ 098 He 1202
%) &= o o
- o CEGEMN | b, | deskne GMMWH_V ansn|/ swoy,/ ﬁﬁMW CEGEON |, Sfon | ke | <r gD wawive| gass Y
A1 -G | () (s —] Bk o [80] BRB( L " W B

(8 xnur esudiejul 3eHpayY) MIYKEIMY CEG (ASSAPO) T LY 2K —T A C—\/—¥ 10-03A9/BHIAISIM '|

EWCECOHG8

A—N—a ¥



e A T —
N N N N
S S B CECLA o 8 S
$ % 2 % 3 % % %" ¥ T L om 2 % 3 T D YT T OTOm
R — 0 0 : — : 0
ol 0000z |
0z 0000y | / 000's
0¢ 00009 | 00001
ov 00008 |
05 000'001 00051
09 0000z |
o o00'0vl | 00002
08 000091 | 00052
06 000081 |
oot 000002 000°0€
(%) b ik (E&NdD) 4 E = e H EEW
EHENdD
EYKEH [k B

00} X BENdOY A—f+ H[ENdO=E 4 °EHHLT L KIND
LS MIMBAB CEGLANMPLOILLLLA ) OH 4 =XE
CHENdOH ¥ 0 S G-/ K2 =[N3} E%00 L\ GNdD | REULIB T O LEGLANVNPRLILLLK ) K ENdD-

EHEHOH 41+

(8 xnuI asudiaiug 1eHpPaY)

Y A—H EE¥NDO-

°EL¥ 7 (AessAP0)10-030AG/BHRISIMEI (NDOZE) <) 4T

TEHELCCRMEE CBH AL L0 T REHILE RELE-
GiBANF HCH8H 1202 "R A—AET "Gl (P HY | H G35 1202 " RIZEE KL -

L1¥'982 29L'e L¥2'8Y 169'c NN =
18l 1G9 20L'82 8G¢ 66G°C 08y H6
681 6'L9 881'vC oLy $00'e 99% B8
€08 6081 6€2'601 1€6°L GGGl ove'L HL
8'6¢ gevl £¥9'26 [ 7All ¥68'12 €66 H9
{574 G'L8 Gv9'Ge 8G1 G60'G 2S¢ HS3r 1202
Nndo NdOGFadr | (b EnIb4andD] (5] 445 ! W+ ETY

WYKEIM CEG (SnWenby ) s7 LY 72 6—T 37 E—\/—Y 10-0309/BH9ISIM ¢

Vol. 23, No6 2021

- 17 -



He

He

EE:TAA
Hel

HL

Eol
He
Hs
HL

H9
HS

Hv31e0e

0

ol
0¢
0g
oy
05
09

0L
08

06

FHkS—7

00}
(%)% B ik

(@B LN e r n
Wt CEGLA) / S S
BHCILLLE ) e 5 - - _ B
w N — N —_ o © oo ~ (=23 (&
WHor4uE== § 5 3 0% o % % % 3 O3 o3 &
0 S —— 0
00000} | .
00002
000002 |
00000€ | 000'0%
000'00¢ | 00009
000005 >
000009 | 4 00008
000'00L 00000}
000008 |
. 00002}
000006 |
000'000' 000071
((GIE=REVOIGTE =R Yo+ EETy
WYRE NN B

00l X d—/ Y A—H - HH I —r=FHH#

CERARICHI MBI CHIEENGEIEG LIRS CHYNRVEEZHLIEE NP Y HvE 1202
VLRSI HeFp0z02-

CHEPHMNY LIS — Y A—f EHMEA—/-

HHEHOH 41+ S MR B CEGLANMNPRLILLLL ) OH 4 =EH L TyEEsLE ((NdOE) <V 4O
WA —/ H I OB ENT R YN P EU0 NG A —/ | AT B O CECLMNNPRLILLLEA) FH Ik —/ - HEORH )40 B4WE-
G8L'E0E'L | £¥G'6 Geg'| ove'oL 66226 717'899 9¢L'6) L9 8v1'901 e
829 0758 GLL'L6S 1L9 188 28099 089208t [ GLLL 018'Ge 100'€9 eLE'] L9 €08°L oLl 0801 He
269 71v6 90€'16S €68 86¢ 91982 01L'€96') 6¥0°1 69782 9ee'0y Gle'e L1 9ze'L 191 oLL'L He
L8 GoLL'L YOL'YSL 286 €62 2eeee 61L'168'L 1201 L0€'€S Lv¥'9 1091 6v 8201 ¥4 5011 HiE1202
628 6L21') €vL'89L 098 14 or'vL0'6 689'7L8'L 1611 116y L80°GL SLy'l 95 oGHLL ¥4 v1g'L 264}
6'6L £980'L £9G'91L 086 Ll 1re8s'sL | GaLe'sLe’t | ey 280'29 L0€'LY LOL'Z €l 691l 892 el HiL
vLL 02501 261°2€L 628 615 1LY8E'9 508'00L'L | 091k 291'2L 266'L8 178'L 201 2L6'el 52 052’1 Hol
8'GL L0€0°) 9e¥'0€9 ovL 611 8l'eL0'e E1'6€G°1 oclL'l L10'6€ 9%8'08 2611 14 0811 66¢ Geg'l H 6330202
L LG10°) €10'985 266G 0 LYY1€C 68'26G'| G60' 890'2¢ 168°1€ G8G'| L) 00L°9 8¢ £90°1 H6
1'69 066 €G1'9Y 265 [+ €91 gGe'e6y' L | 090°L 66222 66G'1€ v18°1 65 v6'G 8.2 L K8
599 606 202229 y79 14 0070897 | 69L'0ev'L | L10') 15875 TELT9 098°1 (42 Sz 99¢ T HL
609 B2E8 Yerivs €60T L T5E58C 08y'LGE'L | €66 ovisy 9LE6L 96T ey 98 85E 80T H9
G5 TV0L 8GGCLY 766 0 009668 £58'262'| vL8 6698¢ €€C09 786 0 G6E9 66¢ 96T HS
795 T69L B8OVLY 8¢ 0 kizazal zev'ees’t | €16 TSE1e B6VTC 126 4 oV (x43 00T Hv1202
(%) [EE) ceq ceq
" — CEGERN | )l | Yeskne Gmﬂw_muv som/ swoy/ WMMMW CEGEMNT ) Sbeny | E3NL | A4 wouwe| pees Y
A=/ A=/ Gk (BU4E ) [ —/] BlsnEE o [aD] EHE ) LO i e B0

(L SOW8D “[ Xnur esudiaiul 1eH PoY) M YkEE Ul L E(:

STLY 7 G—T A7 E—\/—Y XO-93pugyeQ ¢

Vol. 23, No.6 2021

- 18 -



. . (BB LN ST B e ~ o
Q Q Wt CEGELA)/ o 1 IS
.m L .ﬂm ﬁthvm.n\mm\\,vl ,ﬂ# L .mq.
$ 5 353885388 % s e R EEEEEEERE:
: - - r T 0 0 T T T T T 0
ol o
oz 000000} 000'0S
0¢ 0000002 |- 000001
ov
05 000000¢ | q/dl/v\m\q\q 000061
09 000'000% - )
oL 000002
08 000000 -
06 000052
0oL 000'000'9
(%)= B 1k (B8 — g E Ye ) Emy
EHkA—7r WOYREH 115
00} X [ —/ Y A—f I —/HIE=2E HFHHEQ LNIII—/rYa—( ‘EBk—/- VLR EZIHES RIE H630202-
(8028) ¥ —/ & X Mk —7/ =1 E {2 NEEsLE (NdOE) <) 4O
WA —/ H IO S EGHNZGZ =N IER0 NG —7/ | ZEHE B O LEGELNNPR LI LLEE ) " WHIEA—/ - HEEORHEAS GO EEHEE -
L9V'G90LY | ¥62°C w19 LEG'8Y 1£¥'808 9L0'S01'} | 8€0'Y vize 028’1zt ITr]
L'16 L'82S'L v6SY8Y'S | Ll 90L L1'62€9 £v0'6299 | 09LC Zv9°201 ov8'tLe | 2og v8¢e 98621 Ly el He
€18 £991'L ler'eeL'y | L6t 9vg SZ16L'G £09'186'9 | 1842 L5Z'8L 18v'6L 282 vie v8e'Ll Ly 98L'1 He
zs8 1'€66'9 Lerzils | eee 8L Z6vLLE 609'216'9 | 1892 1018 88901z | 956 6 9£9'21 Ly 08’ H1#51202
808 9€£9'9 L18'Lesy | el 0£9 £2°6L29 99v'7€9'9 | 8¥9'z 020'99 669'66 GLe 617 Lov'E) Iy 68L') Hzl
08L §00Y'9 890'89vy | gzl 915 8V'L62C GLv'819'9 | gese 06LVL £1v'69 952 152 6vi'cl 19% 728’1 Hil
oYL 61L0°9 vee'Ler'y | olL 86¢ 0099 z1926v'9 | zss'e 96.'28 8£6'2S oy 161 £20°21 [44° 99L'1 Hol
G8L LYo sirszly | oeet 199 81'LeTE vL0'662'9 | 1vv'T 626'95 222'es 6L £62 118'6 0zy zeL't H6
687 6110 09Z'1¥5'Z | 801 (\[32 LLEOVE'L 2L0'60's | 9ve'e 1£9'8€ ziie L 81 168' 61E ELE') H6
¥'59 ¥'99¢' v6v'186C | 091 £25 81'695'S Z916v0s | LL1'T 506'82 91v'ee L£2 681 v66' 80€¢ 9e€e'l H8
968 8668y z98'vL5e | coe 0zy 160507 122'Lv6y | 6612 L80'VL 0vZ'69 Sy €61 8zv's 08¢ 62€'1 HL
[ 0155 c09'6L1'e |26 oLy 0£'880'Z 652088y | 9e2'2 12'99 160'6S 11g iz 8vE'6 8LE 16E'1 H9
867 8'680'% 8ve'LL6'T | 8L Ly ¥2'9€0'2 z8L'6eLy | 912 166'€9 628'€9 882 61 252's Lve zeL') HS
z08 LY eee'leL's | s ole 86'825'C £28'6€2'9 | 8192 056'LY £1£'89 181 8z1 zze's 05 069’ Hy#51202
(%) &= cea cea
S _— CEatiN | L5 | ke GMHMW_“_V som,/ swoy,/ rmhm%rw%ﬁ CEGEN ) ey | TEHNL | 7V 4D wawive| paes .
Rl -Gtk (BT (B8 —/] e e [aD] BEEHE ) LL i Yo E

(L SOLY * Xnurq esudiejul 1eHpeY) YYKE W CELRT LY AE—T ATE—)\/—Y SOVd-1S240pEQD '

Vol. 23, No6 2021

- 19 -



(LN B e
o N B CEGELA) /o 3 S
m M WH I LGLG ) mmmm W W
- = = S ——] B
s s s i3ssasgs ﬁioswamammmmmmmo
T T T T T 0 T T T T
ot 0007
o 00005 o
0¢ 00000} 0009
or 0008
05 00005} 00001
09 ) 0001
o 000002 0001
08 000'052 000’9
06 0008}
001 000008 00002
el (Bgei— b W
EHEA—7 BeYkE 1
00I X Wgd—/ Y A—f+ IS —/ =X “FHHEQ LN —rXaA—f ‘EHMI—/- LR ETHESRIE H 6330202
BHEHOH 4 S BHEB CECLANNPRLILLLLEA)OH Y =XE{E TEEMLE (NDO¥E) <) LD
WA — HIk O S EUNZHZYNYMER0 WG —/ | REHBE B O LEGLMNMNPRLILLLEA ) Bk —/ - HEORMAL L0 BSWEH-
€99'621 LSY'8 L oLl 22L'09 600'66 6LY'L 43 L20'0y S
V58 Vot ThLieL 026 0 0zer BYE9lE 681 €125 SrEL 9L 0 4% 9Lt 950'F He
vaL 598 265'96 v56 0 0091 vSTSe 881 1£8' 008! 608 0 86L°C 881 180°) He
8'lg 229 289ty €Lt 0 se'L 98v'95¢ 181 £25'L ov6'z! 010'L 0 685’y 561 Zil H 1351202
656 119 e9v'LYy 6L6'} 0 99 S19'6vE 08! 6vv'8 6ev'9L Gh5'L 0 252 962 ¥60'1 gl
ove gor 207'82 519 0 8L 2e6'L6e 891 50L'9 205°€1 i 0 £r6'y 881 0L0') gl
809 6L vev'Ly €L6 0 el spi'Lee 891 gel'L 296'9 698 0 LL2's viz 121 Hol
1'9g eey 659'97 LLO'} 0 81zl 860'12€ 661 50'8 £0v'9 oL 0 voE'y 191 986 6371202
Tve oy £59'62 5e9 0 657 561722 981 z208' 205 809 0 298'L L6 019 H6
1oz Tve vLEEL 00z z org 1E'81Z Lg} 8187 88 g6l I 87’1 16 686 s
572 oLz 86561 582 € 561 19012 g 95° sv'y 8ye z 6712 i 186 HiL
ote 968 266'L2 00z 0 097 2ev'002 gel 195 G5€'9 002 0 7207 201 265 Ho
vee 082 59v'02 6LL 0 seel 16v'€02 el 168 668'% 6v1 0 1182 911 b9 He
eve Fip 984T v82 z 18z 528'Z61 oyl ori'e 68v'9 €52 61 €812 Lz 986 Hy451202
(%) [CE3) cen cen
I —_— CEGEMN | ) fbeny | XL Gwobw_uv ansn|/ swoy,/ rmLﬁMMW CEGERN 1y by | YEHNL | AL 4D wewive | maus Y
-1 G | (EE) (s —] B o [80] BH B SLC j B E

AN XnuiT Uw_.,_ﬂ.\_v.tz_m_ HNI_UOW_V m.mK_nHH.&ﬁm

~

>
e

(H-UsNQpaaYy) 57 LY /4 §—T 3/ E—) /—¥YUsngpasy G

Vol. 23, No.6 2021

- 20 -



(BRSO U4 B i
n N N N
N S Bt CEGAG) /o S S
e p» T3 2 23 o » w o o 8 Bhortegrye= ), oo 2 3 0 6 L e W B
m W W W W W W W W W @ I T W T W I W =W W wWw @ I
, , - , , , 0 0 : : , : 0
ol 000G 000'}
0z ) 0002
00001 | y )
0¢ 000
ob 000G} / \ 000
\/
05 000'0¢ \/ 000'G
09 000z | 000'9
oL ) 000'L
000'0¢ )
08 000'8
06 000'G€ 000'6
00! 0000 00001
(%) B ¥ (Bl —7 ) BB s e S0y
gk —r MYKEH &
00 X d—/ Y A—H - WM —/=FEH  EFHHNG LM/ YA—h ‘EHES—/- R ETHES R H60202-
HHEHOH 4 - ESHHEBCECLNMNTROILLLL IV OHA4I =EEB 1 CEIIF2N-YSNapedyE| (NdOZE) <) 4O
B —/ HE O S ENTH YN Y ER0 LGS —/ | ZEHE B O LEGLMNNPRLILLLE ) WS —/ - TEREN L EISIWE R ) L0 T RERLE THREEE-
607’112 yiL 85022 89L fEC)
718 6Ly L26'7E [ LeL 91 He
LyL Iy 2L0'82 11z 1592 96 He
£99 66¢ y0¥'92 14 1L1'e 00! H 1351202
9€g 682 802'12 901 veL's S0l Hezl
L'€9 v've aY're (14 669'1 96 Hil
66k 374 00¥'91 €5 L2'e 951 gol
909 L2 206'02 6% LSL') LS H 6350202
L9l 88 LG9'S 0 vL8 ' Hé
9L L'L 62y L8 1€0'1 ol Hs8
092 gl 18001 144 188} 14 HL
(414 €l 689'8 oL GLO'L ve E9
Geg €82 £€8'02 14 198} 56 S
8¢ vl g1yl € €161 61 Hyir1202
(%) Chel CEG CEG
S Yoy CRCEON |y ipgny | CEGEMN | () iiiorny Hi
-1 A-/GrE | (sE B —/) B4R WeHET

(£ xnur] esudielul 1eHPaY) EYFEENY CEC: (1-YSNAPesY) T LY A&—T A4~ E—\/—¥snqpasy 9

Vol. 23, No6 2021

- 21 -



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, 9) and the viscosity ratio (1, 6,
7), showed in Figs. 5 and 6 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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A new method for monocular depth estimation

Zhaofeng Niu

Nara Institute of Science and Technology

1. Introduction

Depth information is very important for various applications [, such as 3D reconstruction,
autonomous driving and augmented reality. Nowadays, there are several ways to obtain the depth
information: 1) using depth camera, which measures the depth by structure light %, etc.; 2) using stereo
images or video streams, which provides some spatial and temporal information to estimate the depth map
3-41: 3) using monocular images [, for which the input is a single RGB image without temporal information.
Among these three ways, using the depth camera is the simplest way but it is expensive and usually has lots
of limitation, such as short sensing range and low resolution, while using single RGB images is the most
convenient way with lowest cost, but it is very challenging due to the limited information from the input
RGB image.

My research is depth estimation on single RGB images, which is the third way mentioned above.
There are lots of existing methods aiming to achieve the high accurate depth estimation with deep learning
method, which is proved to have better performance than the traditional methods [*). For example, Liu et al.
7] propose a convolutional neural network (CNN) model with a conditional random field (CRF) loss, which
is used to minimize the log-likelihood between neighboring superpixels generated by the model, while Cao
et al. ™ design a fully connected CRF to do the post-processing for refining the output. In addition, since
depth is a kind of geometric information, combining other geometric information such as surface normal
and semantic information 1'%, may help to improve the accuracy of depth estimation. Zhang et al. '] propose
a multi-task network, which can predict the surface normal, semantic segmentation and depth map
simultaneously. However, the performance can be improved by better utilizing the multi-scale information
of the input images, which is proved to be one of the keys for generating high-accuracy depth estimation.

Inspired by BTS method ['?), a new monocular depth estimation method is proposed in this work, i.e.,
HMA-Depth method 3! (which means a Hierarchical Multi-scale Attention method for Depth estimation).
In BTS method, a multi-scale method is proposed for depth estimation. For each scale of the image features,
a local planar guidance (LPG) module is introduced to guide the features back to the original resolution of
the input image. However, it uses a convolutional layer to combine the results from each scale, which does
not fully utilize the advantages of the scaled information. Instead of using LPG module, HMA-Depth
method adopts a hierarchical multi-scale attention method to do the depth estimation. Similar to BTS
method, HMA-Depth also tries to obtain the various advantages among different resolution scales.
Specifically, higher resolution can show more details of the image while lower resolution has relatively
clear object contour information. HMA-Depth extracts the features of multiple scales and adopts an
attention mechanism to generate the important area in the estimated depth maps. Different from BTS method,
HMA-Depth generates the depth map for each scale, as well as the attention map, which can show the area
that is important for estimation. The experiment results prove that HMA-Depth outperforms BTS method

and other state-of-art methods.
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2. Method

To obtain more precise local information from the image while keeping a good understanding of the
global context, HMA-Depth method is proposed, which adopts a multi-scale attention frame to do depth
estimation. The network architecture is shown in Fig.1. Firstly, a backbone network extracts the features
into different scales, i.e., H/8, H/4, H/2 and H (H/s indicates the scales of H/s x W/s for short, where s € {1,
2,4, 8}, and H and W represent the height and weight of the input image, respectively). Specifically, an
atrous spatial pyramid pooling (ASPP) module, skip connections and bilinear interpolation are used in the
up-sampling process. The ASPP module, using convolutional kernels with different dilation rates (» € {3, 6,

12, 18, 24}), is used to improve the feature quality.

1 I
: Decoder Block i
|} 1
: H/8 i |l » Head H :
Input ——>{ Backbone » ASPP |
; » Attention i
I 1
|} 1
: Upsample Decoder Block :
|} )
| M Lo ) |
I OV 1
: » Attention .
1 |
] 1
! Upsample Decoder Block !
] 1
; - >
! H/2 - i | Head ]_ﬂ ;
| onv i
: » Attention :
| |
] |
: Upsample Decoder Block :
1 |
: v » Head !
H g
i Conv (— ] — Output
| HMA-Depth » Attention i
. Network ;

Fig.1 Network architecture
For each scale of resolution, a decoder block, which involves an attention module and a depth module,
is used to generate the estimation results for the corresponding scale. The depth module estimates the depth
map for each scale while the attention module can extract the preferred regions for depth map. To make

each scale focus on independent parts of the input image, the calculation of attention masks can be explained

as follows:
Mg = Anys (M
MH/4 = AH/4(1 _AH/S) 2
MH/Z = AH/2(1 - AH/S)(l - AH/4) (3)
My =(1- AH/S)(1 - AH/4)(1 - AH/z) 4)

Apyg> Apya and Ap ), indicate the attention maps for the scales of H/8, H/4 and H/2, respectively,
then My/g, Myjs,Mys;, and My indicate the corresponding weighted masks for each scale. These
calculations can make each attention module focus on independent parts of the input, and the sum of masks

equals to 1.
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The scaled depth maps and attention maps are illustrated in Fig.2. It can be seen that the global
information such as the object contour is estimated better in the lower resolution while higher resolution
module predicts fine details. And the sum of four masks should be a whole white mask.

The final output can be represented as follows:

Dfinal = Yses M - D" @)
where D™ is the scaled depth map generated from the depth module.

Depth map Attention map

Oufput: the final

Input: an RGB image
depth estimation

Fig.2 Depth and attention maps generated at different scales
As for the loss function, the scale-invariant error proposed by Eigen et al. [¥) is adopted to calculate

the error between the predicted y and the ground truth y*, and the formula is shown as follows:

A
Loss = =% 97 — 5 (%:9:)? (6)

in which g; = logy; — logy; and A € [0,1]; n represents the number of pixels that have valid depth

values. Similar to BTS method ['?, 1 = 0.85 is set in the experiments.

3. Experimental results

In the experiment, PyTorch [ is used to implement the whole network. The number of the epoch is
set as 50 and the batch size is 16. Multiple networks, such as ResNet 50, ResNeXt 50, are used as the
backbone network, extracting the dense feature. A part of the experiments is conducted with Reedbush-H
server. To verify the effectiveness of the proposed method, one commonly-used dataset, i.e., KITTI dataset
U151 is adopted to conduct the experiments.

KITTI dataset is obtained by an autonomous driving platform, which is equipped with a laser scanner,
a GPS localization system and a stereo camera rig. To compare with other methods, the commonly used

Eigen split ! is adopted in the experiments, involving 23488 images from 32 scenes for training and 697
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images from 29 scenes for testing. Tab.I shows the comparison result on KITTI dataset.

Tab.I. Quantitative results on KITTI dataset

Methods 311 | 821 | 831 | AbsRel| | RMSE| | RMSElog)|
Make3D [16] 0.601 | 0.820 | 0926 | 0280 | 8.734 0.361
Eigen et al. ¥ 0.702 | 0.898 | 0.967 | 0203 | 6307 0.282
Liu et al. ') 0.680 | 0.898 | 0.967 | 0.201 6.471 0.273
Kuznietso et al. 'S 0.862 | 0.960 | 0.986 | 0.113 | 4.621 0.189
Yin et al. ') 0.938 | 0.990 | 0.998 | 0.072 | 3258 0.117
DORN! 0932 | 0984 | 0994 | 0.072 | 2.727 0.120
BTS-ResNet 50 (12 0.950 | 0.991 | 0.998 | 0.062 | 2878 0.101
BTS-DenseNet 161 [12 0952 | 0.992 | 0.998 | 0062 | 2.871 0.094
HMA-Depth-ResNet 50 | 0.953 | 0.992 | 0.998 | 0.062 | 2.870 0.096
HMA-Depth-ResNeXt 50 | 0.951 | 0.992 | 0.998 | 0.062 | 2.867 0.094
HMA-Depth-DenseNet 121 | 0.952 | 0.991 | 0.998 | 0.063 | 2.874 0.096
HMA-Depth-DenseNet 161 | 0.955 | 0.993 | 0.998 | 0.060 | 2.850 0.092

* 1 indicates that the performance is better when the value is greater; | indicates the performance is better when the value is

lower. The bold value represents the best value for each metric.

According to the table above, HMA-Depth method outperforms other methods for all the metric,
except the root mean square error (RMSE) metric, which is a little larger than DORN method. In addition,
Fig.3 shows some qualitative results to prove the visualization performance. It compares BTS method and
HMD-Depth method by depth estimation results of two RGB images from KITTI dataset. It can be seen

that HMD-Depth method can generate more accurate boundary of the objects and more smooth surface.

Input

BTS

HMA-
Depth

Fig.3 Visualization results of the KITTI dataset
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4. Conclusion

In this work, a new method, name HMA-Depth method, is proposed for depth estimation of single
RGB images. It utilizes the advantages of different scales of the image and adopts an attention mechanism
to extract the important areas of each scale. Specifically, HMA-Depth makes each scale focus on
independent area of the images, aiming to amplify the advantages of each scale. The quantitative results and
qualitative results both prove that HMA-Depth method outperforms other methods on KITTI dataset. To
obtain more solid comparison, however, another common-used dataset, NYU V2 dataset ?% as an example,
need to be used. Besides, some ablation studies are also necessary to prove the effectiveness of 4-scale
frame. The ablation study may include 3-scale, 5-scale frame or 4-scale frame without attention mechanism.

Therefore, the experiments on another datasets and ablation experiments will be conducted for the
next step. To improve the performance further, combining depth estimation task with semantic segmentation

results, which can help smooth the object surface, may also be considered in the future work.
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Python IR1% (2021 & hR)
e A

FORRFAE MR 7 —

1. [XCHIC

WREREE o Z—CHEHA L TWA A a2 F|H LT, Deep Learning # 1R & L 7= Kbk
FEHA—PFRZTND I D, 2019 47 HIZ TR/R2 2 THE  (Python BREEMEELHR) |
LLTRFELBHLELENL Z<DHCBBILZLTWEEWEL S T, BRICETTENT
R

& AN, MEHLFE TR—RZH - Anaconda [2] 1220 T, 2020 4F 4 A IR ZE R S
L, BEFHORERE L 2o TEY 3, HAERAREE L ¥ —Dv A7 LA THIEEWRE &
[EIBESR OB I DWW T TR L9,

Fio, 5 A, BEKREREEYE X — I8 A Sz Wisteria/BDEC-01 238 A S 31, Odyssey
/— RT% Aquarius / — FT% Python (IR W HETY, Z Z Tld Aquarius / — R TOFH %
#EE L C, miniconda, JupyterHub/JupyterLab, singularity (2 X AR FEEZHL £9,

2. Anaconda O F| AR

HAE, Anaconda OFIHHIANEL 2021 455 H 26 HRE 22> TWET[3], FIABKCIE, BEF
FACIEPGH (commercial activity) [EFFAI &AW\ EH Y, LTI commercial activity TiX72
W, ELTWET,

o HABE X ALSADOEARZ B THERT 254

o HEWBOPAEEIIMEENHEFEDICHEE L THENT L5

o  FEEFIFURDUEESCR T VT 4 7 W, EREFEICEHE L CEHAT 2 %HH

o IEEFINFICHEREAS . JEPEERYIIEENC B L TEEH T 58556 T IERIZOR R WS

o MRTEEEBEN 200 ARG DRI THEN T 2546

LINbBERLE, B F—DANRT AT A(JCAHPC O 0FP & &Te) TIX, KpD=2—
YL commercial activity EARENDZ &2 0D ZFH T,

FZ T 2021 FFE XY, Anaconda IZHUY <98, Anaconda A4 Miniconda 3 XN conda—forge
DOFMICT F 2 E L,

3. Miniconda & conda-forge M FI A

Miniconda I%, Anaconda TH LI TWAEE 2~ R conda DA & EF T/ NMED /Sy r—
T [4], conda—forge &%, *conda THIHAIHE/R/ N> — D VR b YT, Anaconda £ Tl
Ml ala=T 4 —TCEHINTWD LD TY[5], Anaconda f& LT3, Miniconda & conda-
forge DILAEDLETHNIET A B RAZEELR Y, SHZELTWET6],

4. Python RN, RBEE
41 AR M—ILERHREDS 2 —ILDOFA
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My B —DANRa Y AT AT, 2—HFEREOYY 2 D=9 Environment Modules
[7T1% W T E9, Reedbush, Oakforest—PACS, Oakbridge—CX, Wisteria/BDEC-01 & T®D I A
7 LT, python ZHWLT2ODEY 2 — L& ME L TWET, £7, Reedbush, Oakbridge—CX
Wisteria/BDEC-01 Tl¥, miniconda MEY 2 — L& HE L THET, HERL, iz —T g
YOV T MU =T REY 2a—/LE LTFEEL TOUE, T<SIERT 22 N TEET,

o EVa— )LD EEIR, TOHBRMENZNEY 2—LEZ 1 — K (Reedbush D))

$ module avail

-------- /lustre/app/modulefiles/cudal® -------

miniconda3/py39 4.9.2 .. pytorch/1.8.1 ..

$ module load pytorch/1.8.1

All modules were reset, cudal®/10.0.130 miniconda3/py39_4.9.2 pbsutils intel/19.4.243

openmpi/3.1.4/intel gnu/gcc_7.5.0 are loaded

% Tur7h, iz [yl2345@reedbush-hl ~]$ % ¢ L& T, £72, a~> RIA4 U TANTHIT
FNEFHECE T, LLFHEL,

o EVa— /LD —EHK (Oakforest—PACS, Oakbridge—CX, Wisteria/BDEC-01 TTHHE)

$ show module

ApplicationName  ModuleName Node BaseCompiler/MPI
Miniconda miniconda/py38_4.9.2 aquarius
PyTorch+Horovod pytorch-horovod/1.8.1-0.21.3 aquarius cuda/11.1

4.2 Miniconda ®FIA

et 8o 7 — 2 r L < AW BN D Python T2, HIfEIZ L TW5 Python DE Y 2 —
N TATFZVDONR=a PN = T LR Y, KFERPILE LML LR RS0,
—OOREICEL DD I LI, FEARARETY, £2T, HATLY -V T EIREZST D4
ERECTEET,

Python ORAEBRE ZE-> CUI W Bz 5 Y — /L iZiX, AR Y TlX, pyenv, virtualenv,
venv, {Ana, mini}conda, fxii Tl pipenv L E5T- b DONFEMEL TWVWDH L 9 T, ZDOHT,
conda %%, BLAS 72 X DT 1 7 Z URED Intel MKL Z_— A ZHERK &5 (pip 52 Tl OpenBLAS
DT T FLR) EWN DR, Ty aiaE L TRt EY VX 515 (intel X° pytorch 7
Y, conda—forge LIAMZ b ZNZENT ¥ FADRRARD) EWHFIERH Y FF, £/, HHADA
NarTHES BT, B RERAALFT U TRMIEEND Z & (pip TIEY —ANBENL FT 5
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HZ\Y), create L7ZBREEF LITEAMIC T TR A 270 EDRMNDL S, conda RAMHK
NRFTNEBZTNET,

2019 = 7 A 512 Anaconda (2 X A BREEHEEL 204 L & L7275, Miniconda CTHlE U K 9123
T&F7J, {EL, Miniconda 5 7 # /L h F ¥ % /LI anaconda D LRY kU T/ > TWETOD
T, conda—forge IZ[RAHMENH VY 97,

$ conda config --add channels conda-forge

$ conda config --remove channels defaults
ZOEEET A L, FERAICLITO . condare” @ channels: DED X H 1242513 TToT
THERR L T2 &0,

ST, AN, R A RL—UREEZEHOL, MEICEREAEET D 2 2RI, v
A N — LD miniconda BEE % 10— LT clone (AIREZRBAIZIZS AR w2 /?) LT
2L BB CHET, EETRE UL, #HHE/ - FCEITTELT L7 FIICA VA b—
NTDHZE, TF, FlZIE, Wisteria/BDEC-01 Tl /data £ 721%/work LI R, Oakforest-PACS,
Oakbridge-CX TiX /work LT, Reedbush TiX /lustre LLTFOT 1 L2 b U L2EHE / — FiZ
ZTERNDT, FIIWCA VA =N TIHNENDHY £77,

Wisteria/BDEC-01 % $iZ, == — " 7 b —7F ggl2, = —H 4% al2345 & L T,
/work/ggl2/al12345/miniconda |24 VA h—LFTBHZ LI LET,

HE
AT BITA A N —LFHD Miniconda HEY a—LTr— R LET,

$ module load aquarius miniconda/py39 4.9.2

$ conda info

base environment : /work/opt/local/x86_64/cores/miniconda/py39_4.9.2 (read only)

HL, m"—ALFT 4L 7 FUIZ “ conda” , “. condarc” BNHIHHEAIIL, TDT 7 A NVE U X

—ALT, /work fEIKE R v Yy ’E%OT#EL“CL’C%% i'@‘*o

mv_~/.conda ~/.conda.bak (&)

mv_~/.condarc ~/.condarc.bak (&)

touch /work/ggl2/a12345/.condarc

mkdir /work/ggl2/al2345/.conda

R - T - S -2

ln -s /work/ggl2/al2345/.conda* ~/

“.condarc” IZLLTFOLIITHRELET, bLAREANKZISLLITLEDL, 774D
*softlinks ZHIBR LR ICERIEOFBELZ B L S0,
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channels:
- conda-forge
allow_softlinks: true # FEZHIKILEZWEA

always_softlink: true # FEZHIHIL72WIGA

# root_prefix: /work/ggl2/al2345/miniconda # miniconda% A > A h—/LJ %path

sa0—y
EFE® base environment O/XAE, HODT 4 L7 btz ua—rLET,

$ conda create -p /work/ggl2/al12345/miniconda --clone base

$ conda install -p /work/ggl12/al12345/miniconda conda

conda BEOEEY 2a— V%7 v 75 —hMLET,

$ conda update -p /work/ggl2/al12345/miniconda conda

$ conda update -p /work/ggl2/al12345/miniconda --all

Z® T “ condarc” D root_prefix®fid = A 2k # ZHIBRL, AL ET,

ELNA
PLFD X 912 L TeondaBg 5z 2B LET,

$ source /work/ggl2/al2345/miniconda/etc/profile.d/conda.sh

X o Teondaza~>r RbEZ DX D070 £, I BT activate THUIERTE T TI,

$ conda info --envs

# conda environments:

#

base * /work/ggl2/al12345/miniconda
$ conda activate

(base) $

2T, ERRICHER R TR Opytorcha 4 VA M —/L L THET,

(base) $ conda create -n pytorch pytorch=1.10.0=cudall2py39h4el4dd4 O cudatoolkit=11.2

(base) $ conda activate pytorch

(pytorch) $

PIFiZcondazr~> ROFRWHE2F L TREEET,
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a< R =S
conda create -n B [-c Ty R ] Nobr— | BESNEARTOBEREDOERK
conda create -p /XA [-c ¥ F/] -clone Jr | wEREEZ 7 2 — 2 L TC/RADL4EID

BRI e (5

conda info [--envs] BEEROA VA h— LR R B DFR
conda install [-c v x/] Nubr—V[="—V | BEEORRKIZ Ry r—Y% A VA b
a V] —Jb

conda list Ry lr— T —EHRIR

conda search v —v [-c FxRNA] [-- | Ny T —VOME, N z— 3%

info] AT BfR & R
conda remove /Sy /r— Ryl —T ORI
conda remove -n EEHE --all BRELOHIBR
conda update [-c¢ Fr 3] RNuFr— or -- | Ny —UOHH
all

5. JupyterHub @ F|FH
Wisteria/BDEC-013 A7 AT, Web” 7 U ¥ % MV TPythonZ FH Pl 6E72 Jupy terHub BR
L L CTWET 8], LLFOURLICWeb” 7 U CHERi T2 Z & CRIAICE E4, 140D
BEE, R—Z L ERILASAT—REFALCTIIEE N, 28, MacEEEDJ51E, Safari DA
3H— I FATEFBANTERVE AN H Y £, Firefox, Chrome’s &% ZFIAL £ &0,
https://wisteria08. cc. u—tokyo. ac. jp:8000/ jupyterhub/

Wisteria/BDEC-01 > A7 A TlX, Jupyterlub 1@ Jupyter Notebook 725, pysub =~ K%
FIFH LT, Notebook FICEI#E SN TU5 Python 2— ROITHSZETEL T a 7T\ANTE E
D

HOEMNUYD, LFDOT 7L — k% /. notebook/template_job. sh ICHE L T £7,

#!/bin/sh
#PIM -L rscgrp=share-a
#PIM -L gpu=1

F7m, WL T4 L7 MU B /work IZBEIL CTRBE £7,

[1] !pwd
/home/al12345/ .notebook
[2] %cd /work/ggl2/al12345

/work/@1/ggl2/a12345
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BWTLULTDO XL HIZ Python DAV U ha AN/ LizE LET, ~HANERET SETHTEZHN
Roni-Z &R LET,

[3] import os

import numpy as np

A=np.random.rand(5,5)

B=np.random.rand(5,5)
print (A,B)
C=np.dot(A,B)

print (C)

BNTCTZ DI 3 2> Cpysub TV a 72V 7 v hLET, ZORIZ—HE ED save 7R
AL CZ®D notebook ZHEF L TEBEEJ, Z D notebook @ 7 7 A L4 R
“Untitled. ipynb” 72& 32 &, LFOXIICETTHIENTEET,

[4] !pysub -f Untitled.ipynb 3

JupyterHub (21X, #—IJVEREL H D £ DT, “New Launcher” 736 & — I /LA L H)
LTHRZHERTILIZEBERS T, 7L, ZOREHIZFO Python T L T 247
I, EWVomHEEIIELTEL LT TWERA (ERIFEIIBAERS T TT),

B4 1FA D JupyterLab /4%

JupyterLab TI, k& 2o flsRBERES R ATRE T, 7 7 /L b ClE, JLRMERENFIA T 5 X
A XETH, HEFRICHREEZEZIADI L LTLEI LD, > FEFLNEEHA, 22 TR
EEEET 2 FEEZHH L ET,

T3, 4.2 Hi Tk N7= 73T, JupyterLab OEREIAMESE L £, IR KLERETY 2 —L
bHOHNPEDA A=V LTEBEET,

(base) $ conda create -n myjupyter jupyterlab

(base) $ conda activate myjupyter

(myjupyter) $

WIZ, ~/. jupyter/jupyter lab_config.py Z1ERk L, _ECHERE 7= myjupyter BREZICHIT 5
JupyterLab /X2 %t v hLET, 77 A LVONFIZLLTFO 117TT,

c.LabApp.app_dir = '/work/ggl2/al2345/miniconda/envs/myjupyter/share/jupyter/lab’

%12, JupyterLab E T, “File” — “Hub Control Panel” — “Stop My Server’ —
“Start My Server” DNEIZHEENIT D &, BOMBEZE L= JupyterLab BREE24fH L Cltdh L £
T, PEERHEEED UV < D3, Jupyterlab DIREEE N—Ta UREDLTICEIELR WSO B
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T oNETH, BIETFIAWEEZE, ERRENTRSH D £ L TR TEEN,

EREARELTE, 77 0ol L2720 ik, ENESFoOEEERLI LT, o
WCAREZRGAICIE,  “File” — “Log Out” #BA T Z3 W, WICF 21X, PFRMICr 77T 7
N5 E TITRBERZ DO E Ek TE £9, /o, HEOZ—F O Jupyter BEEM[E UY— 3 1
TEMELETOT, HFEVEVIRTFEIT LWL S IZBEWWZ LET,

u-tokya.ac.jp

— File Edit View Run Kernel Tabs Settings Help

- @ || @ Launcher ‘%
P WARNING
o 8
* INSTALLED c @ Notebook
(] '.'-T @jupyter-
= 5= widgetsfjupyterlab-
manager p
» yter
ding Jupyt
Python 3
About (Ipykernel)
p jupyteriab-tour
® A JupyterLab Ul Tour Console
Uninstall Disable

- DISCOVER F

jupyteriab/git -
@ iﬁl DV Vol % Python 3
= - (ipykernel)

Other

@ @jupyterlabftransiation
JupyterLab - Translation

services —
—
= | M| &
o Terminal Text File Markdown File Pythan File

= @jupyterlabjserver-
=~ proxy

=1

Instal
Show
@ @jupyterlablapputils po- Contextual Help
JupyterLab

Applicatior

Utilities

1 JupyterLab oD

6. Singularity OFIMA

213 TensorFlow D&, CUDA 74 77 U HEDKIFRIR OB T, conda, pip % THREGHEE
TLOFHEHICRETT, 20X R, a7 AL > T, BFITZR ENER LA
A=K Ef, BEICHBREEZASDICFCAND Z LN TEET,

a7 HHRAMEBREE & LT, BTILD PC TiE, Docker 27 FZFIHT S Z L 3% 0 & B
F9M, AN Tl Docker TiE72 <, Singularity EWo Y7 b =7 %FHLEJ[9],

Z A LABE X, Docker Hub (2 % &k & 4L C W 5 Tensorflow == > 7, HAKHK 11X
https://hub. docker. com/r/tensorflow/tensorflow @ “latest—-gpu” # 7 TEEINTWNDEH
D%, tf-image.file VD 77 A VA TH U u— T LEEEFICHALET,

$ module load singularity

$ singularity build tf-image.file docker://tensorflow/tensorflow:latest-gpu
() 77 A YA RE3 BIHELITARY ETOTEITOBITIEELS LI,

Fyru—RuE LTEUTOL S RBEFO =7 F VR Y OFENATRETT,
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e docker:// Docker Hub

e shub:// Singularity LA h U

FATT HECIE, LD X 912 LE 3 (Wisteria/BDEC-01 DA T, Singularity O/3—
NS TAH T a BB 2BE5RH0 £9),

$ singularity exec --nv _--bind $PWD tf-image.file python 227 U 7 4

Singularity OFERa~2 ROMBEWGTEZLUTICE LD TEBEET,

o< R

=] %
=S

singularity build [--sandbox]

container.img Y —2A

27 % singularity HIZ build LT container.img (Z
179 %, --sandbox DHE1E, container.img LLF DT ¢ L
7 MR EN S,

singularity shell [--nv]
[--writable] [--fakeroot]

container.img

a7 FEENTH U TEITT S, --nv £ NVIDIA GPU %7
AT 2BAEICHNS, --writable [T T F A A=V hEX
IABFREIC T D354, --fakeroot & A CHEMAT 5,

singularity exec [--nv]
[--writable] [--fakeroot]
[--bind diri[:dir2]]

container.img a2~ K7 A

AT FRENICHLIa v REHWTavy RIA v &2 %
T35, --bind X2 74D dirl 227 FHNO dir2 12
~ v 7T, dir2 BT H L dirl BT FATHEDR
5, TOMDA T 3 0T shell DFE EFL,

Wisteria/BDEC-01 \ZBIF 2V a7 A7 VT MILUTOXL I IR0 EST, LT oL 7 RUD

keras—tf-mnist. py Zff 5 T3, Fric

jobenv DFEEITZN/2NE HIT LTS ZEV,

#!/bin/bash

#PIM -L rg=share-a

#PIM -L gpu=1

#PIM -g ggl2

#PIM -L jobenv=singularity
#PIM -L elapse=00:15:00

#PIM -

>& keras-tf-mnist.log.$PIM_JOBID

module load aquarius cuda singularity

singularity exec --bind $PWD /work/ggl2/al2345/tf-image.file python keras-tf-mnist.py ¥

5. 8hVYIc

AFETlX, Wisteria/BDEC-01 O¥ghEZ H0MZ, Python BREEDHEE FIEIZOWT, HwHOIRI

i LE L,

HLUW UL & UCHE L7- Jupyterlub 1%, A/ 83005t 50— RLZ T, FEMEZ S 5

TRl L CHA BMIFFL TV ET,
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F 72, Singularity IE, REMEDO X NETIF200LE LT, ARarTHIRLfEbiLd
X917, WIDIA IZR D AN VTR F~v—2 Offib a7 A4 A=V %o TiTD
N5 L9127 TOETI0], B ¥ —TiE, BIDPHRT AT LI Singularity 2%l L T
FE L7, DAL MPT BREE~ORNSIZE#EA H W £ L7223, Wisteria/BDEC-01 TIEFRIZAERA 72
<z TWET,

Python Be52lE (Jupyter &), 7 v 75— hDOWV A ZANIFFICEND T, £/ RERLBANH
DELEDLIWELIEVWEBWET, RPELFEOFME, a2 FaBRbLLTEY £7,

2 £ x B
(1] b s, A8z THEMEEE (Python BREEMEELR), A——arta—7 4V =a—
A, Vol. 21, No. 4, 201947 H
https://www. cc. u—tokyo. ac. jp/public/VOL21/No4/11.201907python. pdf

[2] Anaconda Inc., Anaconda Installers & Packages, https://repo.anaconda. com

[3] Anaconda Inc., Terms of Service, https://www. anaconda. com/terms—of-service

[4] Miniconda, https://docs. conda. io/en/latest/miniconda. html

[5] conda—forge, https://conda—forge.org/
[6] Anaconda CEQ d[A[Z,

https://www. reddit. com/r/Python/comments/igsk3y/anaconda_is_not_free for commercial u

se_anymore/g4xuabr/

[7] Environment Modules, http://modules. sourceforge. net/

[8] Jupyter, JupyterHub, https://jupyter.org/hub

[9] Sylabs.io, Singularity, https://sylabs.io/singularity/
[10] NVIDIA Corp., NVIDIA HPC Benchmarks,

https://ngec. nvidia. com/catalog/containers/nvidia:hpc—benchmarks
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HHEAAHRE : TFRARF IERER - T8V AT LA

BB

THBER AT

BEFABIEEIC LY, Oakbridge—CX ¥ AT L& T EFERFOIEHRFER 3 LD TR &
H TN, SHEETAREZRASETWERET T, 8SERER-T-, 2021 DR
& Oakbridge—CX 3 A7 LA &FIH L2 RICHOWTHRET D,

EFTAEEL I TMICLY ZL ORERBEPFEFHETSHICRY, METITITIRho
Too BPEEETF L L, 2R & L TN, BREOREL, 42 74 VBTREEZITV,
BRSNS ET v v 2 & TG Lz, #%EOEEORETE, BRFEIESHHRIA VD
HMbdy, —HALFIMETHRIGEL, BHRT 77T AOFEITOEME S, £724
HFEFEIT OpenMP <° MPI O 7'1r 77 ADOVERK, T 73 v 714 Google Colaboratory 12T C S35 TAT
bEDLLIIC L, TOREBETEHIITRERN 7 7 vV ETHRETE, ZbonElkLiza—FK
HLBRMAREL 70 D720, AL—XIZFHIFDHENTE T, TODAa ORI, T
Ny TRfkbol-bllc, a7z RRALTHAEZT I LI IC3ET,

BENRIL FIHEEY 1 CPU LWFIME, 2 WHIT AT A, 3 HEAED LHFAEY TOT R
7'Z I, 40akbridge-CX TOWE & Lz, 1, 2 BEICIFHI 2T LAOMFERICET2H DT, 3,
4 PAFN AT L ETOT 7T KNIETHEREHE L LTWD, mAERBEIIMERE & Rk
2, A T IECEDENCONWTOLEBBEOZER 2 — AL, £ OpenMP, MPI %
Wizl Bk & Lz,

BAEICOWTIE, WIRKOTm 7T I 72D LAR— MNREE, SE CRE L7 R IC
L VR L7z, A4EEOBE AL 7T ATH Y, EECHL 2B L7201k 65 A2oT-, £/
WEOHRBELMEANEDY A MNIR1 DL IR TND, RHERITWFIHEDOEAL LT
fLESTTERY, X UOICHEMAm AR L, K& 4FOFERIM (K1 O 4-1~4-4) DR
Oakbridge-CX ZFIH L CFu 7T AHE £1T o7z, LICRR7ZL 52 VAR — FREGZLTE
D, RERFIMCLSBICEE SE, SFEORNHIRTHD, TAKRETRENT IV M &7
JASETIHEWE,

TEHBRRETIE, BEMELED, 2RI Oakbridge—CX ZFATE 2 X 9T b—r %
ALTWD AEELRED Z OREEZ T, 283 L B VAR ZHED T DA E
AT FES VD, FH3HEAED D bALAKRIED SR EZ T, A2 OFMHICE L TR
FHEDL Y a THERADFIE, X LICIEFIV AT LOFEREE L G TRERWY 7 v 72
LOEEE TRRIE TR LI &1L, ZORTHENFENELED D LTHAEMR DI
ol EZ TS,
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K1 HELAR, AR

B+ B fE kN
413 H 15:35-17:20 | 1-1 CPU DA, 0S OFERE
papr:T] Tav A, ¥yva, AT ZERH
4H820H 15:35-17:20 | 1-2 WHIMEDSFE
I (g, AL v R, 7r®A} LULifsi
2-1 WHN AT L
HHAEY LS AT Y TOMAEEAH
4R821H 15:35-17:20 XryvraO—BM, HEEEEFEOaAL,
FTosq4y a BETIV
2-2 WA - Sy A ® U RO S LR
SPMD, HA7-ZpHeAE Y, PEREFHA,
T LA =)L DR
5A11H 15:35-17:20 | 3-1 43k A & U B D7 1 ALEHE
Tros4y MPT JEHfE
5H18H 15:35-17:20 SEHEAE B4
rTos4y T 7T LM BAERSy, WA — R
58258 15:35-17:20 | 3-2 Google Colaboratory Z |l L7~ MPI 71 /' Z
Tos4y LT
6H18 15:35-17:20 | 3-3 <~/ F R L v K& PEMilfE
*Tos5qQ4 Y mutex_lock, T v Ko v 7 & ZFDOKH
6A8H 15:35-17:20 | 3-4 OpenMP OEXZ J5 L i
T4 False sharing SE17/5%:
6 A15H 15:35-17:20 | 4-1 WH|7' w77 AOFEE 1
v FIRBREL, FERE, FE1TFIE,
BAEFE 31 & 2 FJEFEDOFHE D oM 1k
6 A22H 156:35-17:20 | 4-2 WA T r T LDEEK2
X, A3 | HERESICEDMEEOFHED WP L
1 > EIrF
6 A29H 15:35-17:20 | 4-3 %7 m 7T LADEE 3
XME, A7 | BROZEMED 7 v 7Z 5o OMP AKIZTelF T
1 2 EEF URIFBIFR D72\ for XOFLHA)
7TH6H 15:35-17:20 |44 % 7' 75 ADFEE: 4
®E, A>T | BROZEMED T v 7 Z 5o WPLAKIZT T T
A 2 EEF (F—42 %27 nt2Tat —LTHLH, HHDHEY
FT—HDOBHFEH L, allgather THEETHETIL)
1TH13H 156:35-17:20 | =N HIRT A b
X

A==y ¥a—F 14T Za—A

- 52 - Vol. 23, No6 2021




RERIFRMAAMERRIFERIELRER
WPl Ik A5 TS50 TAM
TS - fElE

FORKFA MR & —

AFEIE 2021 4 S1 & — AT FEE SN KEE L RFFAER R LEHERELER MPT 2
E2WHNTr 7T I AR | ICOWTRRITT D, ELERITFRFLOE LR (1F) oF
AEN2ANEZITSAN 1 #MERST, 1 —2 W H) OB, FEHANRMT 5E
WCHESEEREZTO>HOT, JFHIE L TEHEEOFEM LITR R 0 OREEZRIRT 52 L &
o TWNB,

BRI 2 b—y 3 VICBW TR > A7 AR IR ER SN D X 91/ o 723,
FOTDITIE, WHHE T2 7T I 7T 5k & RBEANETH D, RERTIE, ik
WA AT DZRBWTIALEH I TS MPI (Message Passing Interface) (ZX A W47 1
7T IV TN THER, FRETH, FETIRFEREME ¥ —D Wisteria/BDEC-01 A —/%
—alta—HZDYIalb— g/ — N (Odyssey) 75, Wisteria/BDEC-01 [3A
EEEAINTZVATATHY, RERCTIISEENOHERTLI L Lo,

AR 2H, 5 BAOZHENDH Y, FHl v F U A N AEISESLRBGIE D72, T XTH
VIATEMLTZ, FRARICOWTER R OB 211272

e Wisteria/BDEC-01 ~Dwm 7' A

e WIWHTur7Ivs

e SPMD (Single Program Multiple Data) /T &1 A>EG
o MPI 701 2T AT X B ¥MERESY

A==y V¥a—F 4T Za—A - 53 - Vol. 23, No6 2021



FA57TREIBHLT7HO Y MIEHHTOTS 2 5ES
[GPU 7045224 AM]

BT

FORARFAIE A v 7 —

AL, 202146 7 9 BICA Y T4 Ry AT L Zoom & AW CHIE Sz T4 157 [ElFak
LTﬁ?/FH%Iﬂ7D73‘/7§”A(?Ufﬂﬁﬁiyflmﬂ@%ﬁ%%f%éo

AHEEZTIE GPU Z VD TZOIZHATH S, GPU OFER T 1 7T I v 7 FIEICET %
ﬁ&%i@ﬁ A%47 9, #4 GPU & L TIZ=EIZ NVIDIA ££0 Tesla GPU %, GPU [f]iF D3]
fb7v 7o I v 7EREEE L TIEFEIZ0penACC & V5, FH TITHERT RO 1 — 37 &
HPC (ZHV VTR S 412 SRR G RE L M & L CIGPU AT D7 v 7T BZARRT 5 )5
B, GPU 70/ 2 v 7 EATH ETRICNE DY — VO ik, CPU-GPU [l 05— & 5k
O b ZEAT 25 F TOFNELFES, AEESIT 2021 £ 5 A 14 HEVEMZBRG LT
Wisteria/BDEC-01 O Aquarius / — N & HWTHEE 21772 572, Aquarius / — R{Z1% 8 D A100
GPU MR STV 223, B E VRN TE 20X 4 LETThH D, ZlEICIT 1 A
BT AT EREZBI, 1/ —F300ETOY a 7 RETARTH D, gNAE O
WZOWTIE, Va7 X=Y ' o240 ra—RTEL0TELLESRN IS0,
F I ESITHWY T 3 — R https:/github.com/hoshino-UTokyo/lecture openacc {Z T2y
fEhTng

Gt R AOERBEEERDHY, 114 (P4 44, TFEHES - 34, ¥ 44) BEEL
Too MEESKTRICTY U r—bEFM L7 (104 Z VA, R VITERSEE LRI (5 BT
i) DB TH D,

F1 Tror— MERRE

G 12| 3 4 5
(a) EESEH Houein 1| 9
(b) HEESHEENE (FLEY) i H & Bt 1 7 2
(c) BATERINEA Tl L i 1| 8 1
(d) o Fnrvr I 2AR fifi B e 1| 7 2
(e) nii & BE AN i 2 1| 2 3 4

! https://www.cc.u-tokyo.ac.jp/events/lectures/

A==V a—F 42— - 54 - Vol. 23, No6 2021



F16IEBSHELTHD Y MIEEHNTOTS IV TEES
Wisteria £ EMEHRE

he
FORRF S 7 —

2021429 H9 B (OK) 12, B 161 EEBRA LTI vy MEEWH T e s T 2 v 7iEs
[Wisteria B MNP S E LTz, Fiflan T oA )L R JEGYERIR O 72812 Zoom % [
WA v I4 VigEal LTHEBSE L,

AEERIE, HRRKFENB LM B T 2 Y ¥ —DA— —a V' a— X DOFH
EEZTCWDH—FITMA, H2EMRO—BE LT, BEIEREF RO HLEE O HiiE 15 %
HIOIZ LRI TE T 20988 . BIRE O RSINAREIC e > T £7,

SRR, PR 84, REFBREAE 44, KT - PFSBEEIRE 04, ¥
Fi14, 240K ITBMN & E L,

Lr AR RDBRA LTI b EZ 6, 5 A 14 BICEAZBBLIENY O
Wisteria/BDEC-01 A —/8— 2 ¥ a—& L 27 L% JAWT, Wisteria/BDEC-01 OFH K
. RFIZ, OpenMP, OpenACC 33 L TN MPI (Message Passing Interface) & M 7= SR 722~
07T Iy EETHIEICONT, #REBENUTO IR TIThILE L,

BHDOTa T Lk, LRI L ET, W7o 2ainld, SEaIcRfasRE LT
WzDT, SRNIFRITFNSFEMLE L,

® 9H9H (K
10:30 — 12:00 Wisteria/BDEC-01 > 2T LH#3AT
13:30 — 15:15 Odyssey / — K : ABAFX 23T % OpenMP (k. MPI+OpenMP /~A 7

U RAEH, VEREHT Gl + )

15:30 — 17:15 Aquarius /— K : A100 GPU ®FfH. OpenACC, MPI Mf%{k., MEEESHT
(G5 + )

17:15 — 17:30 Q&A

1T ZDOBMMEIZHONT, FEHRETHT7 o — e ZRIHBWEEE £ L, E8EARHE
HOHEFHRERA LU PR LET,

Ty T I TRBRIZOW T, SRS 8 4. SAFELLEN 94, 35 FELE VD TN
HolLoWE L, W7 a5 0 ZIconTld, FERERHRIC LTUWE L72AS, KRBk
RLDOTHIA VLo LeWE LT, FHL WA BT T I U EREICOWVWTIEL,
Fortran 23 12 4 & 2\ T4 A3, Python, C & CHMA[EED 8 4 (BERIET) 720,

A==V a—F 4T Za—RA - 55 - Vol. 23, No6 2021



Python D —HF N5 EHES A TETWET,

©

16
8
7 14
6 12
5
4 10
3 8
2 6
1
0 n
O G S S 2
& K K & 0
N Vv Vv
.\)_‘S/ _5_‘5/ Fortran C++ Python %o)ﬂﬂ
& &
% KN
X 17nr53y /Re M 2 EREAT 2 s II T ERE
10 9
Lty ] 3
8 oms ;; !
6 5
7 4
4 3
7 2
i 1
I % :35; 0 .
- N v A ™ ~
TS (f;;& 1}_/)” ng’y
2 N G o
g %
X 3@EERDONE M 4mESMOMEE

HEE S ORI 4 IR T X ) ISR Bl R ENEm oo L ) T, EEIX 3.8 T
L7,
AN Zoom ZFAWTCDFERF U T4 VIETH S TeDT, AT A LEIMBICET 2RI
EWEREEE LR, 2074 VTR T2 IOV TOERMIEL
@ WVWANARTNAATHINTED
® T4 RFEMHLERLEY STz L
® HIKMAREREEOISHENRON DT, FFICHT- > TOEEAENHER LT
VR
® VINTTART LA THEEZTOLND
e HiNDOEINTH YK & B TRE N> CWET
— N2 LIZHOWTI,
® AN ArTAUEotel b, FEREIC Wisteria & /L2 TT,

A=N—avVa—T4 7 Z2—2A - 56 - Vol. 23, No.6 2021



® NENEMIE Tz &
® JLRMICZT —%MI)THRRT HLERH L L (BENEZ T =Rl o 7= TH
o2 T
® [Tl (24)
EDBEREWEEEE Lz, BSOS, N WK CHlREZ T OND Z & T,
WERHRETE 572 X 5 T,
Fo, UTO L) REEE WS E LT,
® FRITOMEFHMNILL 5D LES LTHRVWOTIEHERWES
e JEFIZE<bmnhELL,
® Visteria Dv=a 7 MIEBZXINAWVEEILO Y ZEITTZONEN-72TT,

FEEOFEE SR HIUE, [EZ 720 EHRIEN 134, TELHE LWL
M3HT, BN L ZOMOBME ST HHINTWD I EMNFEZET,

Oakforest-PACS (T4 Tl TKNL J2%) G & TOFP 2k E &2 A8 T 8 B
L, 3P E4FE Lz, Wisteria/BDEC-01 [Z oW T HFEIBEIC, S bINAEZ LB LA
5. MWisteria i) ZEHHICHEL TWELLNEEZTEBY 7,

Fio, REBSER, Sl — 4 LA LTEY £, HHICEL T, SIED
2o T FICHBIZE > TW 2T uEsEn 9,

LIES < EFR an 7 oA NV AEGIER CH U T4 L OH OB X £, A7

A VR SIIA YA NEESICRVREN DD Z Lo TE DT, %A VY
A MBS FREICIR > TH A T A U EBRE LD ONE LG L T FETT,

Uk

A==V a—F 4T Za—RA - 57 - Vol. 23, No6 2021



F 12 AESALTHOMGEHHINTOITSIUIEES
[OpenFOAM %%k ErERE

AB
FURR I L 2 — % BT

2021459 H 28 B (K), PCrFAZary—y T A (ERT TV r— a8 - HPC 4
— T =AY T N =T EREE) AT CAE R L OMET, FH162RBR LT AT
MIEWH T 17T I 73S T0penFOAM Flk) 234 T4 » THEIS N, AHEESIT
t/ﬁ*_a%énkaﬂwz/EnwﬁﬂwwzlNVﬁA@ﬂﬁ%LEXA:/%%%
T BB AR O e 2 B E LTEBEINTZHDOTH D, b, REHSiTtr 4 —0kik
LT Aoy MEIFI7a 7o I v 7iEa s LT Tz 20 [B1H O OpenFOAM O E & TH
B ZHEL, KF - BFSRBIEON | 4, KBRS 5 4, L L4, REDT AL TH
D, FRIHIAE 13 4, THEEGFH T 1L £HThotz, B ¥ —NEET DA
Wisteria/BDEC-01 % V>, Wisteria/BDEC-01 O#fE, FIH 715, OpenFOAM DJEHE N 1 A#H
DHBTITONI., YADOT R 7T A&k LIZHEET S, vE, MESKTEHEN L » AED
BRALT7 I UK (Wisteria-0, fe R/ — N 12, HRFEITHREH 16 20) B E T 5 2 H v,

#1#HEXT 0T T L

[2021 429 H 28 A (k)]
10:00 — 12 : 00 HENHEZESMRHTEE 1

A buXrar ($545500H)

Wisteria/BDEC-01 A%3E (9 55 43 )

FHEES O (5 156 43R)

module |Z X % OpenFOAM OEREEFRE (K9 15 43[H])
13:00 - 18 : 00 HEHELZE /RS 11

fENTET L (] 40 43fH)

A= 2 AR (25 43D

NR—24& O R (K30 43D

¥e1-Apk (60 43

BHAR O (R 10 43

RAKFENT (9 50 438D

fRMTAE RO AL (]9 10 43F)

FEHIE & DELEE (K 10 43[#D)

R M OFA (59 10 43D

T OMOFEE - BRRISE
EESETH®ROT v — MEFHRER (BB 10) 2K 2 1R, S LT REOFEIT 5
SRR, 4.80 EE T, E, BNFENHE 35 ITRT TEREENWL, SROBES
DBEZ LT,

A==V a—F 42— - 58 - Vol. 23, No6 2021



K2 T — MERRER

if HE R DOERNE Yo TNTa T TN
EE 2 O] AT RO A BN L 7l 2
hs (FLEy) AR
1] En 0 | fiiH 0 | fiiH 0 | fijH 1| ARl 0
2 0 0 1 0 0
3| 6 | @b 7| 8 8 | L) 7| s 0
4 4 2 1 2 2
5 B 0| % 1| 0| i 0 | Wi 8
1) 3.40 | EH 3.40 | iy 3.00 | ¥y 3.00 | ¥y 4.80

3 ZoomlZ L DAL TA VHBERTRN-TEZ L (RX=)

o ATV HELEG D B

o RMETEETHILENTEDHZ L.
o BFfE), BT EAND 2L,

e EHNLHLBINTE D

A ZomlZ X DA U TA VHEESTEN ST L (HXv~)

o FRZH D FHA
o NEDMEAD L= T —Reh G EE LU,
e HHEHA

b6 AHERIIHNT D TER (R~ ~)

o SUpSeA L LB HUNE S TXNELT,
o OpenFOAM DFRBAN D LEEL 22~ 7=,

e WABTHST=DT, BoolztBnET, HAEDKEL EFTL, Windows TO 7 4+ T —TF ¢

YUBTETWERA, RVTRGNDELEDL, JEMERBBOELET,

o S[E D, vneserver ZMWTT 4 L2 b DFREZITWVE L2, BXIZT VRN ELSTHSH

MoT=DT, LEiD L I x Imkz AWV T To TWeZ & 72nw T,

A==V ¥a—F4 T =a—2A - 59 -

Vol. 23, No6 2021



F1B3EPHALTHDO Y MMFEHHNTOATSIVIEES
[R—/8\—a 2 Eax—42—BAM]

A SN

FORRFAG WA 7 —

2021 4E 9 A 30 HIT, 163 MBR LT Iy MIXXH T s oI o Fi#Es TA—~—a
Y2 —F—BAM] G ERRRE RS X — PCOTRZa =T A (ERT
TV =g Ve cHPC A =T =AY T N = T RIR)) ERELZOT, ARWICT
ZDFERREEIT I,

BRI o 2 =20 T DA LELEERIE, 2020429 A 18 A (5 138
[B) IZPDTHEM L FIENTE - Z o 241X 0#H%) | 2021 44 A 26 A (5 152 [5]) 1 2[H
HEITO, W BAFFEE L7z, W oRS EBICEE, XK VAR ZTHE 58T
WTZ T ipolc 2 e AFE2RH LR LHRIBE OFEE S EIT o 72, R, BIENIERK
BB DT RFF - RFEBEICB T 2 FHROREL HRNER ST Z L THLIAD R T2
ZNEH DD, L OFEMTIIHFHMOBAATL 722 ARARSZ LT, F5AE - RKERAED
SIPMREESND Z L A BRI Lz, ZOBRKITEUI KBS h, 4 HHEE 84D 2 HLEFAE 1
&, KERAESHTHoTZ,

A, AR E L TIATEE T L [FEE Linux O HEMRE - 0 7 A L2 EOFHM S0 TA
— =TV B a— B — & N BT O E SRR OEE 21T o 12, B2 OREITRD
Wy &L,

13:00 - 14:00 HA XA -G TourT Ay GERE - FE)
14:15 - 16:00 Yo 770 r T ML HUHFHEBAMN G - 29)
16:15 - 17:00 X W #EAZFIHIZHIT T GERR)

T, H3EICOWTE, WHIRRICKLE R h—7 VO REDL Y FIZOWTOMEDITD, #
GRREY —VEa T A v — R BT DA TEORI N e EEIT o T2,

HOAZAIRICWTNOEFEEF AT 2007 v r— M &iTo -0, ERHADH -7 10 4D

e LT
- FORTRAN 4 4,
- C/CH++ 34
» Python 34

Lpo Tz, HIBREEREOMBMCR, MBS & B Eirat Ry B ~ DRk e 2 /3= LR
MRENSEDEMR LT BEZBND,

WROFE LIZIE, ZBENPDLOT 7 — FOfROE 2T, HHSZMEORENE JHE %z
W2 ZEMTET,

A==V a—F 42— - 60 - Vol. 23, No6 2021



x1 77— hEREER

s 123415
(a) F#H ZIFH] HOSEN 8
(b) FfH RN [GERST 3041
() BeAmEEHNEA fli Hi o8 1|7
@) o Fru T ANE (GRS 30141
(e) BN U T /2 2 TR i 1215

T — b O RERRICIIRO L D B RRFE LR,
FETAE— FRREL BOLOL O LRETLE,
NEIZOWNTIE, MV 7ZnEESTWEZ ERFEEE-TEY, ML TLhs72TT,
HONEH TENFE L,
KEEANRT 2ol FEH A RBRTETL o7,
FEBE NIV RDITE U FE LR, AT oW TOENSFE2EN L THEED L
MTEZDIFENST-TT, HED 45 5TOMEKT, ZOBRERICASa vz L L
TED LD R, FHEOTIEZED T VONEREN AR TETHLAERRITKL
F L7,

£/, Zoom (2K DAL TA VBT OWTIIKRD L) REENTFE S,
BIHZAT S MR o D, BETEZM CE I &N otz
AENE, B2 EEH R o 72, EMRH HERCHEOIE S BRI TE 5,
BOWERHTHIUTER LTV, 0570 E ZAFERML 2 ERNTE -,
AT A RRHAIOEE N FITICR RSN TV D7) A0,
HOWRFE> TWDT AY by TRENDBMTTRRR DR R,
NEBLYRBERLDIZR-T25E, XEP/HD S LR EBnE L,

M HOFEE S AIENC S & & ©F7 AUEREIT > TUREZ DO FEEOE THEE YA b YouTube
W, A L7z, BT A EZ R L CTH D ERAEOMREINICELEFEAREZELDHEZAT
HHN, ZOXIRHBEEROFEMAE EE S E LT, Sl HBEEEIROMm LIZBOTEN
VNN

HRERBIOREERE YT X — 0% 163 [EHEE SR —L~— ( https://www.cc.u-
tokyo.ac.jp/events/lectures/163/ ) IZFBWTARB LTS, E2F UL G, EloiEsE - EH O
YouTube B ~D Y > 7 % (k> T %,

A==V a—F 4T Za—RA - 61 - Vol. 23, No6 2021



B164BEHLTHV Y MIEHHNTOT S J#EE
'GPU JRYJ 53T A

2B

FORAR PR 7 —

ARG, 2021 4F 10 A 5 BIZA VT A VRV AT A Zoom & HIWCBHMES L 5 164 A1
RLT AUy MPZWHI T 7T I 784  GPU 7 r s/ 7 I 7 AM'] OFfERETH
5o

AHEE T GPU Z WA T2DIZAETH D, GPU OFERS T v 7T I 7V FIEICET 5
EREBLOFEEEIT O, #5 GPU & L TIEEIC NVIDIA ££0 Tesla GPU %, GPU [&]1F O3if 4]
{b7a 72 I 78 E LTI EIZ OpenACC & V5, 58 CIIIEBT RO I —F L7 &
HPC (2B CHRIH S 2 SR 23R B AZ @M & LC GPU AT D7 1 7T AEAFRT 57
B, GPU 075 3 v 7 %479 L TRICSESY — VR J7iE, CPU-GPU M7 — # 5k
DEFELEHEHT 5 £ TOFRIEEZ 75, RHEE 21T Wisteria/BDEC-01 O Aquarius / — R &
THEEZ21T -7, Aquarius / — FIZIZ 8 £D A100 GPU &l SN TV 5723, B AZiy
BRATE 20134 KFETTHD, ZHEETZ L AFHRT I b3 Gzx 6, 1 /—F
30 3 FETOY a TRETARETH D, MENROEMIZONTIE, Vo7 RX—=YV ' oER %
Zyrn—RTELD0TELLESRNZIEE TV, FEEAICHW T 72— i
https:/github.com/hoshino-UTokyo/lecture_openacc (Z CAB STV 5,

BRF 10 A OFERIEEE NS, 74 (FE 34, PR 14, 3% 34) L.
HEHSRTRIZT = N EER L G4 LVEI, #£1ITEMER &EE (5 BN
DNBGAHTH D,

K1 T — MERRER

A 12| 3 | 4] 5
(a) GEESMFH Hhekun 4
(b) WEZHERNE (FLEY) i B HE 1| 3
(c) FATERINE i HLe 1] 3
d) o Frrus s AHE i e 1| 3
(e) il & BE AN i 4

' https://www.cc.u-tokyo.ac.jp/events/lectures/

A==V a—F 42— - 62 - Vol. 23, No6 2021



FEECIHFIEO K> L OEMEEEL T T, UTOoREEEHE O TERmLTL 7
ELRS

HOE T IH

1 HER AevZ—DRx—r—avta—2—2 27 LOFHFIC L > THEHRAEFHRD
fRefte maEkEe LES,

2 AR IC OV TSR ER AR CRESE TV T £ T,

3 AT L2 RRERRIcN L, IBRRTERfT) 2 &3 b £9,

4 JFREBEOIIRRCHIRIZS 0 F-AD, V) —Xicn#ElFr2LdH Y T,

5 7ur7 LnoEFINKEICERIEE W1 HE#BZ2) 1, AQcld—HoirziddL,
fRE D Web ~—YSFIC2EEBIL, £0 URL #5325 X5 LTlEIwn,

6 IR ZIC LTI,

7 JERRIE, A4 Y4 XT, R=YORAIXLET 20mm, 47 26mm, ~ v X—15mm, 7 v X —
10mm ICEGE LTL 2T, L  3afaaE S22 3w, PDF JEA(7 o+ v MDA
) DL % BT A =TT uketsuke@cc.u-tokyo. ac.jp F CTIEHFEVF T,

8 PHINZERL, Aty X —D Web ~—Vicfgfi 7L £3,
https://www.cc.u-tokyo.ac.jp/public/news.php

A==y V¥a—F 4T Za—A - 63 - Vol. 23, No6 2021



[R—/IR—aVEa1—42 YR T LFAEN]

BH b Web ~—

H—EREN., E&IHRKRGE https://www. cc. u-tokyo. ac. jp/

https://wisteria—www. cc. u—tokyo. ac. jp/ (Wisteria/BDEC-01)
_ ee 4. 1+ | Nttps://obex-www. cc. u—tokyo. ac. jp/ (Oakbr idge-CX)

AFRER. Y2 TURRGE https://ofp-www. jcahpc. jp/ (Oakforest—PACS)

https://reedbush-www. cc. u—tokyo. ac. jp/ (Reedbush)

BEVLWEHERE BEWLWEHESE

A—/I—aAVE1—43 R TLAARAEZRE:

F FH AR R uketsuke@cc. u-tokyo. ac. jp
HRRFEBERD AT LE
IR EMEIEF— L

7055 LHE#K - DXTLRAIC . _ '
gt https://www. cc. u-tokyo. ac. jp/supports/contact/#SOUDAN

SRATLIZEAT AESE - IBE voice@cc. u-tokyo. ac. jp

(IPry b7 —VRREARKORZ ~4]

Y 2 F A A A
Wisteria/BDEC-01 R—/8—a > EFa1—4 |wisteria.cc.u-tokyo. ac. jp .
VAT L LUTORR hOENMICERLETH
(Wisteria-0/A) wisteria0{1-6}. cc. u-tokyo. ac. jp

obcx. cc. u-tokyo. ac. jp _
LTDORR DA ICHERE L FET*
obex0{1-6}. cc. u-tokyo. ac. jp

Oakbridge-CX R—/8—a > Ea1—4%
AT L

ofp. jcahpc. jp .
UTDRR kORI MCERLETH
ofp0{1-6}. jcahpc. jp

Oakforest-PACS X—/8s—a v Fa1—4
O RT L

e it ps o= reedbush. cc. u-tokyo. ac. jp _
e A gy 272 TR | UTORR h oA LE

reedbush—{u{1-4}, h1}. cc. u-tokyo. ac. jp

KEDRR MIEHLTHLRALTY,

[#m%E)
HRAER MR L — R — R —a P a—T ¢ TSR
HRRFE RS AT D REERA— N~ Ea—T 4 VT F— A
Z 15 RIS AR 78 3B T — A
(%17
WK v 7 —
T277-0882 TFHERAMTHMDOHEE-2-3
(FBEE) 04-7133-4663 (&A1 YL A )



WRRKEHREEE L #— « 2= —a VFa—F T =a—2
Vol.23 No.6(2021.11)

oA —m5
v}j-w EX@FJJ:%@J}%%E%'@ ..........................................
AT AEEFEEDIBHN A o et
20224EFE DOFIFH A (FFEL « JEE) 1TOUNT  vvovr e
BRI v L SR fRAR 2021 (42T A VEIME) 10/22-29 e
20214 A B — 2 - I
KGRI & — [T - LWERAH RS SRR
TRIEAEHPCT v Lo | FRREREE OIS EI DT oo
TRZCRR B AREE D FBFEUN  w v v e v e et e
8H « 9HDY g THEEF

A—H—mi
Numerical simulation of deep—water oil blowouts «-«-- - vrvrereenns
D] A 3 = - S

A new method for monocular depth estimation «-«--crorrerrerrernenn.

'H
Pythonf)%i% (2021@5#&) ..............................................

HAEIPHRE

Iiﬁ%kigﬂg&gﬁ% ]’j]'zﬁu . ﬁ:}ﬁf{f/%?‘.hj ........................
KFPE LR R E AR L5 e 95

MPIL:J: %)flﬁﬁ”7ﬂﬂ 7‘3 \: yﬁ\)\ﬁq ..................................
BITEBR LT AT v MW T 07T 3 I8

]'GPU7°D 7‘? \: yﬁ]\FﬂﬂJ ........................................
WIGLEBHA LT B U MW T 0 7T 2 v 7R

TWisteria?%E:%J ..................................................
Ble2mBRH LT vy MEEWH 70 7T I v /e s

FOpenFOAM%}]r’ﬁ&J ..................................................
EIE3EBR LT AT v MEEWI T 07T 3 T#EA

"x,_./\“__.:l \\/]:Q:Lb_ﬂgb__ﬁj\ﬁlﬂj ..................................
W64 B LT DU MW T 0 7T I v r#EE A

"GPU7°Q 7“7 i \/ﬁj\FlﬂJ ........................................



