(F#>Z4>) ISSN  2436—4940

A=N—=Jd=E1—-FT4=>"1
—_1=K

Vol.24 No.3, 2022.5

& RRAZIBHRER Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



A—N\—avEa1—4L T L FIRGEER

Wisteria/BDEC-01 A—/A—a E1—4L 7L FIRABEER (2021 £5 8 14 H)

BIBSE(BA) -
X5 FeypreTym=r e TARIRE 5
A { Ayl
A A1k uy E'E";WL:;T*:' /
€SS 60,000 F £\ 8y
Wisteria—O/A (8,640 h—2) /home 50GB
“)\ Y e £ ZE .
pn | B 1EURBY B3 1 k%Y R 1EvbaY ) RN 12 2 AORE b
NEFIEICLDHRA 60,000 3 72.000 A /work 2TB —yvE
Wisteria—O @ 64(’) b—52) @ 646 b—5o) FIREZY (FIFAHARA (X1~ B B L TF%
’ ' - /home 50GB E )
N hsts N s BA 1 Eyhsy
ABSIE LR | T2l YRy ik 1 £vhH4Y /work 6TB
Wisteria—A 180,000 4 216,000 A FIREZY
(25,920 b—52) (25,920 F—%2) Jisdidyvies
FIREAR 12 MADELEE-+
SA Wk Y1
GPUBABA | BAIGPULubEY | B 1GPUykay | T ISURSESY TR
(A BEHIEE D B ATD) 270,000 324,000 e Nl *
Wisteria-A (25,920 k—%4>) (25,920 k—%2) FR&EAY s2Ee)
' ' /home 50GB 1,2, 4AGPU D& AT,
HABGIITRSE
FALE 12 hEDOEEE-+
J—RE®E /work 48TB —JVE
1 ;
ammEosam | L0000 | 2R FAESY CRIFISARAI 1 4 B BT
Wisteria—A ' ! /home 50GB BEW)
1 EybDAHEHIAT
— AR EA 5000 F /work 2 TB
(/M zvbk) (720' b)) FIAESHY FAEMIEHREERET
Wisteria-0/A - /home 50 GB
o 5,000 [ 6,000 A
b= AEm (720 k—52) (720 k—%52)
yr——
FAROBEREM 6,480 [~ (1TB*4F) 18 B THRIAT

(/work DH)

¥Wisteria/BDEC-01 [2BWTIZ/ A=Y FILIA—RETIL—TIA—AOREHEEILL, ChETD/A—YFIILa—R[E—REHIA

IZ#ELT=.

K Wisteria—O Db— 2 HEZR BT 1.00 1 /—FHY) | Wisteria-A Db—Y 2 EEF$(T 3.00 1GPU HY)TH B,
Wisteria-0 [Ch—2 2 S E%R %L 1.50 O /—REBEFARDEREKD 15%2EHT5,

¥Wisteria—0 M 1 37 THATREARK/—FHE 2,304 /—FK, Wisteria-A 0 1 37 THI AT B4 &K GPU 313 64GPU

XEMO)RNEHET BN~V E, RITLEDaTO/—FERETEE (& GPU B RIESHERBICECTR—IUnEESNS,
FE5LEzb—=o2 &, FIRERNICLEINMERATELCLERIIT LD TIEAL,
ORI ABBRICRYEDEL, MR TRICEELNHDIGE THEB LI AEIEEOREIXITHEN,

=02 DD AT LADBITIZOVNTIE, Th—ooBITICE T B0 BRER 2SR,

KOFHIEICESALAH, /—FEEDHLAAZLBEEZET %,
¥/home DTARVBEIFEHDTIL—TICHBLTWSIHETELRAE LY 50GB EE,

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




Oakbridge-CX A—/X—avE1—4L T4 FIRAEESK (2025481 8)

£18E%8 (Fid) —
PAN <E="
=) KA REEE e FARIBE &%

BHiA 1 EybHlY BHIA 1 ybHY
—Hmi 100,000 F3 120,000 F3 S—F 1 yhBY | RIS 12 A B OSE

(8,640 k—%4>) (8,640 k—2>) .=

/work 4TB %
FIAESY (FIFAHARI X1~ B BRI TR

BHA 1 ybdy A 1 wybHy /home 50GB E£ )
J/—RE®E 150,000 M 180,000

(8,640 hb—%>) (8,640 hb—%>)

/work 4 TB
p— 'I'L ’A _
i 8:400 P FIRE %Y FRMR AR EERET
(FwR/Mzubk) (720 b—29>)
/home 50 GB
= 8,400 [ 10,000 9
=72 BB (720 k—52) (720 F—52)
= P 1TB BA{I THIAT
TARYBEEM 6,480 .~ (1TB*4F) (/work D)
% Oakbridge-CX 2B TH/A—YFILA—RETL—TAa—ZADRSEEIL. CRETH/S—YFIILa—RIE—HEEAIH
&L=,

Mh—OUHBFRMIT 1.00, FELMYVEBFEE 150 O/—RFEEEFRARINESED 15%F2E%T5,
¥1 Ca) CHIATREGR K/ — R8I 256 /—F,
XEFMORIEAFETEN—IVE, RTLESaTO/—FEBREESEERMICHLTR—IUNEESN S,
fFELIzb—o2 &, FIAPERNICE2EINMERTESILEZRIETHLDOTIEAEL,
O ISR RHBRICRYESIEL, MAKRTRICEELNHIIGAETHEREBLHAEREOREIXITHEN,
=02 DD RT LADBITICOVNTIE, Th—IoBTICE TV 2D BRER IZSE,
X/—FEENHLAHZEEEEET S,
¥/home DTARIBEIERDT IL—TICHIBLTVSEE THLRIEEHY 50GB BEE.

F—=OUBITICBITRN Y EDBER

BITHE Oakbridge-CX Wisteria/BDEC-01
BT AT L AT L
Oakbridge-CX AT L - 1.6
Wisteria/BDEC-01 L XT L\ 0.6 —

BATEITEMEND I B=BITF—I B X RE

SEEZFEIE (Wisteria/BDEC-01, Oakbridge-CX R—/8—aVE1—4L T L #58)

- TRE-AHBEAE IR, BEEMERRVRZLRFAKE XHBERZEAMEOMITBIEA, ZHHERVEMIRE
ZEMETIERITHA R HARLIIET HHE, T VIR ZAREAREHNLS O AR T TERRARETSHIC
BRAT 5.

- TREIOBLAAICIE, CEFIAFRAERERORESIVEREZET S,

- FIARKIE, MAMBANSKRT ADRBFEIEY—ERKLRIETET S, FAYMAICHERANAZETLLZBETH
rﬁfﬂ;lﬁﬁﬂé%%@ﬁ?%@iﬁbm\c FEEOZRFTHRARMBEERTIIHEEOEESBEEAKANFAREER (Web R
—_—v Z iR —Co

- ABOFABEERIIERALIFORNBETHY, J/INMEYMIDNTIE Web R—DUSHBTHIL,

- MASEEE, RAELTHARBAIZEL, UTFORIC—ELTERT S,
- FEARBAMNABLILI AETIX 128, 100 ANS 12 AETIX3A, 1 ANS3 AETIEI AR,
- BIEERNICERERAZLEZAICDOVTE, FIARBAICEHLLT, 11 ADERELS,

- MABESENBELGLIERITELL,

C TARYER, TIL—TEERDLRETHD.

A==y V¥a—F 4T Za—A Vol. 24, No.3 2022



R—R—aVEa1—8VRT L P3TYSRHFIRIE

Wisteria/BDEC-01 R—/X—aVE 1 —42L X T L (Wisteria-0) P37 95X HIBRE (2021 &£ 5 A 14 B)

* BEICKLIFEHETEDL A1EID—
X1 Fa1—DIEE( “#PIM
regular-o Fa—I(X/—FH#DIEE ( “#PIM

-L “rscgrp=¥a1—%

-L “node=/—K#1" "

§ J—FR#xe il PR B il ARY—RE . DNEHIE

Fa—dxa (BATTE) GEBERE) | (GiB)x3 L
debug-o 1~ 144 (6,912) 30 7 28 O (@]
short-o 1~ 72 (3,456) 8 B 28 (@] O
(regular-o)
small-o 1~ 144 (6,912) | 48 B 28 (@) O
medium-o 145 ~ 576 (27,648) " " O (@)
large—o 577 ~ 1,152 (55,296) " " O O
x—large—o 1,153 ~ 2304 (110,592) 24 B8 " O (@)
priority—o 1 ~ 288 (13,824) 48 B8 28 O @]
challenge—o 1 ~ 7680 (368640)| 24 B5MI 28 * *
(interactive—o) ¥4
interactive—o_n1 1 (48) 30 4 28 O (@]
interactive—o_n12 2 ~ 12 (576) 10 5 " O O
prepost 1 (56) 6 FERS 340 O (@]
prepostl.nt ~ 1 (56) | 1~6 BRI 340 o o
prepost4 ni
prepostl_n4 1~ 4 (224) | 1~6 BFRE 340 O @]
prepost1_n8 1~ 8 (448) | 1~6 BFRE 340 O e

EHROAFIAAEE (RAIELTARLERRTADE~FRE)
7" ) I&, regular-o, debug—o, short-o Z/NXFTIEET S
) T/—FHRDF21—ITHASND

X2 b—OUOHBERBIE 1 /—F2Y 1.00, 112U priority—o [XBERA/—FEDTOM U2 HERHIL 1.50
X3 1/—FHYDORAZENFARIRELAE —BE
X4 AUATVT4ToaTDRBIRDEESY (b—YViHEEL)

pisub ——interact —g 7 JL—F % -L “rscgrp=interactive—o,node=/—F%k”

Wisteria/BDEC-01 R—/S—avEa1—42L X T L (Wisteria-A) 375X HIBR{E (2021 & 5 A 14 B)

o 5 AE—
/—F#-GPU #ix%2 il BR B R NETHIEE GPU N
— ¥ p<2—3 H —ALERIA | --
Bx1 mxorum | cmen | Te o0 | TR ciaen ) g | OTREE

debug-a 1/—F (8) 30 & 448 o] (@] (@] (e}
short-a 1~ 2/—F (16) 2 F¥fE 448 o] (@] O (6]
(regular-a)
small-a 1~ 2/—F (16) 48 BFRE 448 @] (@] O O
medium-a 3~ 4/—F (32 " " O O O O
large—a 5~ 8/—F (64)| 24 BERE " (@) (@) O @]
share—debug 1,2, 4 GPU 30 & 56 (@) O O o]
share-short 1,2, 4 GPU 2 B5fE 56 o] (@] O o
(share)
share-1 1 GPU 48 E—*fFEE] 56 o] (@] O O
share-2 2 GPU " O O O O
share—4 4 GPU 24 E—*fﬁae] " o] O O o
challenge-a 1~ 39/—F (312) 24 B5fE 448 * * * *
7TE 1/—F @) | &8 x4 448 X X (@] @]
interactive—a %5 1/—F ® 10 9 56 O O (@) (@)
share—interactive 1 GPU " " O O O O

* FEICIOFBMEENDL, ATEO—EMEOAHF AR (RAIELTAKRLERREOH~ZHH)

X1 Fa—0DIEFE( "#PIM
regular-a ¥ a1—(F/—F# D5

X2 b= DHERBIE 1GPU K1Y 3.00

X3 1/—FHYOFAELNFIARIREGAE—
¥4 BHA/—FHOE

L rscgrp= =Fa1—%"
E( “#PIM

B2
UMD, 21— - HIIRBEAN (RA 48 BERILIRY) (BB L, ERICHE AR

-L “node=/—KF%{” ”

X5 AUATIVT4ITOaTDRBITRDESY (b—HViEERL)
pjsub —interact —g 4 JL—T%& -L “rscgrp=interactive—a,node=/—K %"

A==y ¥a—F 14T Za—A

) &, regular-a, debug~a short-a Z/NXFTEET S
) C/—FEBIDF1—ITBASND

Vol. 24, No.3 2022



Oakbridge-CX A—/3—aVE1—4Y R T L Pad Y5 FIRE(2019 4 751 H)

FE)—
a2 /—FH#i%2 il BR B P 5= —fg | /—F
: (RRXIAT7H) (#2:@EFRE) (GB) BA | EE
%3

debug 1~ 16 (896) 30 & 168 (@) (@]
short 1~ (448) 8 BfH 168 (@] O
(regular)
small 1~ 16 (896)| 48 B 168 (@) ©)
medium 17 ~ 64 (3584) " " O O
large 65 ~ 128 (7168) " " ©) ©)
x—large 129 ~ 256 (14336) | 24 BfE " @] O
challenge 1~ 1368 (76608) 24 B5FE 168 * *
zFE HIAK FE X4 168 X @)
(interactive) %6
interactive n1 1 (56) 2 BERE 168 (@) (@)
interactive_n8 2 ~ 8 (448) 10 & " O O

* BEICLLIEEEEDL, A1RO—EHEOA#F AT (RAELTARLERFHOEH~EAER)
X1 Fa1—0DIEE( “#PIM  -L “rscarp=F1—R&"” " ) I, regular, debug, short Z/INXFTEET S
regular ¥a1—IE/—FHEDIEFE( “#PIM -L “node=/—F#" " ) T/—F#HHDF1—IZTBAShS
X2 MO OEERRUIZE 1.00
%3 1/—FEYDOFAELFIAREEL AT —FE
X4 BRA/—FHEOEFURNLSE, Fa—2&- IR (FE 48 BFRELIA) (THERO L, EEICHRETHE
X5 AUATVT4TOIaTDEBIIRDESY (F—HVEERL)
pisub ——interact —g 4" JL—TF 4 -L “rscerp=interactive,node=/—K %"

KFEHERAN—CORTL FAGEEER

KFEHBERAL =DV XTLE 1H# 4K, Ipomoea-01) FIFAEIBEFR (202256 B 1 H)

X5 B HR)
[RZ- 2 HHEI% 7,200 [, £©% 8,640 M](1TB DFHE, F48)
(TARVBECLOAHESBEITRSE, FIAMME 1 7 ABELTHRET)
MAZESZHRE  HIRAGL
WHIFAIRTL TARIBE KE-NEBEE E
1TB 7,200 A /4 8,640 F/4
[10 TBET 1 TBEBME-Y] [4,200 /4] [5,040 /4]
10 TB 45,000 /4 54,000 F/4
— oA [100 TB T 1 TBBMEF=Y] [3.000 A/%] [3,600 F/4E]
e 100 TB 315,000 F/4 378,000 A/ 4
[1,000 TB £ T 1 TB BN %7=Y] [2,400 /4] [2,880 F/4E]
1,000 TB 2,475,000 /4 2,970,000 M/
[LARE 1 TB BN 1=Y] [2,100 A/ 4] [2,520 /4]
¥ RRAPEREBR L A—DRA—/A—aVE1—2 AT LOVWT IR BEES (KFE
FA #FESEROZETSEE, ARABESLIIT(RAVERE 5 TB 2#EETHEL. FIL—TF
CUITEBINTVWSEVRT LMo BITEDVRATLERO TRHESATVWSTARIBE
D 15%EBETHET S, WThEBATRE,
BIABADTAAYBEITGLT, 1 TBBML-YNAIEBLEITRSR
(BETHESNT(RIVBEETHABFRDTIRIBRICEFLLY)
HABADT(RAVEE RFZ-NHEBEE e
TAROBREBM 1 TB ki 7,200 A/%& 8,640 /4
1TBLLE  10TBXkE 4,200 /4% 5,040 /4
10 TB LLE 100 TB kil 3,000 H/4 3,600 /4
100 TB BLE 1,000 TB k& 2,400 /% 2,880 /4
1,000 TB Bl E 2,100 M/ 2,520 F/4

XA AYEICOVWTEFIARB AN LERFENDT —ERRT AETEL, EEEZBRAAVLDET S, FIRLBOIEELH

PERITFIRRTAETET S,
KTARVBERFAHRARNISRYEREL, AR TRICEFELTCWST—2BHIBRTEL0ET 5.

KTARVBREMOBEEHTBMEMBIEMT Z2ERERSVHAYHERLEZLDET .
XKI7AI, TALION) DBBFIRICOVTETARIBREICLBILIBELZRREDHDLDET D,

A==y V¥a—F 4T Za—A Vol. 24, No.3 2022



T Z—5

P—ERIKRIEZEDISH HH
2022 4 5 A FAINSOHFHEL A S L—3 AT AOP—EAFEILUTOLEBY T,

Wisterias/BDEC-01 A—¥%—a LV Fa—F T XT A

O Wisteria/BDEC-01 A—$—a ¥ a—& L AT L Y—E 2 KIEOFE HE

A £ FIFZE—E 2 X
5H2TH 9:00 ~ 22:00 FTH—EAIKIE AR
6H 248 (& 9:00 ~ 22:00 ETH—EA{KIE ES G
TH2H0 & 9:00 ~ 22:00 £ TH—EA{KIE AR

+ Wisteria/BDEC-01 T A7 A, JFHI 24 RfEP—E A 24T COVET,
7272l ARERR  (FHIE L CEARICSIER) 13— A& IR LET,

O Wisteria/BDEC-01 A—$—a B a—& L AT L KEHEL HPC Fv Loy OFBHLE (%)

KIFHE HPC T Loy SEhaHH]

5H 26H (K 9:00 ~ 27H (&) 9:00ET
6 23H (R 9:00 ~ 24H (&) 9:00 =T
7 H28H (K 9:00 ~ 29H (&) 9:00 T

o FECHARIR, Wisteria/BDEC-01 @D debug—o/a, short-o/a, regular-o/a, priority-o, interactive—o/a, prepost, share,
share-debug, share-short, share-interactive, /— REEM OSEFHHF2—D—ER&(KIELET,
aJA Yy — R EBFIRATEET,

Oakbridge-CX A—/S—= L o YT A

O 0OakbridgeCX A—/3—a ' a—HF L 2T A P—EZKIEDOIHHE

A FFEY—E=R o a—EE
5H25H 0K 9:00 ~ 20:00 FCTH—EAKIE HARAE
67 22H 0K 9:00 ~ 20:00 FTH—EAKIL AR
THZ2TH (K 9:00 ~ 20:00 FTH—EAKIE AR

+ Oakbridge—CX T A7 A%, JFHI 24 B —ERX%21T>CWET,
7220, ARUER  (FRIE UCEARROKER) 13— A EEIELET,

O Oakbridge=CX A— %—a B a—F L AT 5 KEHL HPC Fv Loy OBHMLE (%)

KA HPC T Lo Sttt

5 H 240 (k) 9:00 ~ 25 H (k) 9:00 £T
6 H2lH (K 9:00 ~ 22H K 9:00FT
7H2H (K 9:00 ~ 27TH (K 9:00FT

BRI, Oakbridge—CX @ debug, short, regular, interactive, prepost, /— REE KO ##HAFx 22—V — 2%
WKRIELET, vl o v/ — N3@E EBVRIAcEET,

A== Ea—F4 T Za—R -1 - Vol. 24, No.3 2022



FHRBHEEAR FL—Y V2T A (Ipomoea-01)

O KEBHEARA NL— 3 27 A0 1R Ipomoea—01 H—E ABHAIZHUNT
6 H1H (K 10:00 v H—EREREBELET,
FHMIONTIE, ASEIEDSH TRRELERA b L—30 257 WG 1R IR 2 m bt 22280,

O Ipomoea—01 P—E Z{KRIEDFENSHH
H ft I —E R A —EE

6H 2410 (&) 9:00 ~ 20:00 FTH—ERIKIE HAARPE

+ Ipomoea—01 1%, JFHI 24 Wi —ER2%1TF>TVET,
72170, ARSI DY — 25451 280 H 0 £,

[ ]

« P RIRIEEOREIITR RO TETT, RO —EREEE 20, (RIELZDT235E03H 0 $30T, SHOMEHR
1% login FFDO A v —Y RV ARA—N—a B a—TF 4V TEHMD Web R_X—TDOEM AT 2 —/b  (https://www. cc. u—
tokyo. ac. jp/supercomputer/schedule. php) % ZHERL IZEVY,

© FHO9:00~17:00 SN, AKH (d2- H - 9LES) 18, AT AREEFECH—EAPMEL LIS, WiRai CEXRWEARH Y E
T, FOBAE, FOEREZ > TH—ERZHIELETDOTI TR IZEN,

% Wisteria/BDEC-01 KU} Oakbridge—CX (Z351F 2 KL HPC T Lo IATDUNT, P 17 A )L R BRI CoENam - 52
TSRO0, Wk & 2R B FIREMED D Y £97, BT Web ~2—3 (https://www. cc. u—tokyo. ac. jp/guide/hpe/) & ZE< 72&W,

A==V a—F 4T Za—RA -2 - Vol. 24, No.3 2022



VAT DEFEORBHMHE
(2022.3.1 — 2022.4.30 Z°5)

1. —FRuxT
1.1 Wisteria/BDEC-01 A—/3%—a L t'2—& AT A 2oL
1.2 Oakbridge-CX A—/X—arta—F AT A e 2L
2. V7 =T

2.1 Red Hat Enterprise Linux 8 (Wisteria/BDEC-01)

»  Odyssey
LAMMPS v29Sep2021 (2022.3.31)
SingularityCE v3.9.5 (2022.3.31)
» Aquarius
CUDA Toolkit v11.4.4 (2022.3.31)
OpenMPI(CUDA-aware) v4.1.1(UCX v1.11.2) (2022.3.31)
NCCL v2.9.6, v2.9.8, v2.99  (2022.3.31)
v2.10.3, v2.11.4
cuDNN v8.2.0, v8.2.1 (2022.3.31)
v8.2.2, v8.2.4
gdrcopy v2.3 (2022.3.31)
SingularityCE v3.9.5 (2022.3.31)
Arm DDT/MAP v21.1.3 (2022.3.31)
oneAPI HPC Toolkit v2022.1.2 (2022.3.31)
NetCDF C++ v4.3.1 (2022.4.22)

» Messenger
SingularityCE v3.9.5 (2022.3.31) |
A A MBI LE L, FIRFECOWTE, FIFSdRR—2 v ofmbt, 72
R = A MR W FHFS [EE ZR 720y,

2.2 Red Hat Enterprise Linux 7, CentOS 7 (Oakbridge-CX)

Arm DDT 21.1.3 (2022.3.31)
oneAPI HPC Toolkit v2022.1.2 (2022.3.31)
A VA M=NEFELE Lz, FIAFECOWN TR, FIHAER—2 roBmet, £720%
R 22 M X O RIRFS A ZR7E2E0y,

3. Zofh
3.1 Oakforest-PACS —E R TIZDW\T

Oakforest PACS A—/X—a Vo —H AT AT 2022 4E 3 HRZ2H > TERTOY—EREK T
LE L7,

® 2021 4EFED Oakforest-PACS OFIFAFE RIS E £ LTI, 2022 4 6 HIFBEIIET 5 KIS

A==y ¥a—F 14T Za—A -3 - Vol. 24, No.3 2022



AR 7 — [RHRELE R b L— 3 25 A(pomoea-01)] ~D T 7 A WA TH—E ZIZHONT
DIR=NE, FdeiiitE HPC F%Esk(JCAHPC) LV AR A — /L TELETWEENWTEY 7,

(71 Ipomoea-01 ~DBATY 7 A FZANIREICK T LTEBY £,

() TRHEIEEA N L—v 27 A(pomoea-01) | ~EITY 7 = A M &4T-> TNV 4 L7 b
VOT—2 BTN ER A,

() AT AMUCIIRIEE T =2 SOy 7T v AT LT Y $¥A, —EAK THRICT—
K DEEEIIENZ LR ETOT, TTALIEEN,

() 7 7 ANBAT—EAFHEEOF NI EA N L— 2 2T L(Ipomoea-ODIZEN =~
7 A NVEFRIFTFREL 722 D1 2022 4= 6 HLZO TETT,

A==y V¥a—F 4T Za—A -4 - Vol. 24, No.3 2022



KEFIGE R N L—U 27 A 1Y) SERICEET 2 8mb8 ()

A=A a2 —T 4 T F— L

HORKFEEWIE 2 —CUF e —) NCBEE LT, Yoo ¥ —TEMATAHEA——a L EPa—F AT A
LT VB ARRERA R L—U Y AT I KEEHEE A L— U3 AT L0 1Y) (Ipomoea-01)% 2022 4F 6 AnbH—t
AEAWZLET, 22T SHAICEE L ORER TS ROEIEE B - LET, 7ok, EHAE T, T
e GEFRMIARDOERZAT I EANH D ETOTTFOITAL ZE,

1. FFHHGAZHNCONT

ZHIRIZ 72 D 7= O ORI HALFEOFEIT Y 7 o 2% — Web ~2—T% TSR 72&0, Ipomoea-01 % ZHIFIZZ2 D86
WZiE, Yo —DA— R —a B a—% AT A Oakbridge-CX, Wisteria/BDEC-01 %23 TIZZRIANE I 2Nz k v,
Ipomoea-01 OFIFHHALTREE BEE e r— AN H Y £, 728, Ipomoea-01 (TR BT 1 A7 REBIMFRX I LATRET
TN, A—/3—2 L Ea—H VAT A=W ID ZHT 50U 6T, FEBEMNOTOOFHEE BRI/ ) 77,

1.1 2021 4EFERIC Oakforest- PACS (22— ID 24 L TV 7=FIE . £7213, 2021 RERIZ Oakforest-PACS 12
2—HID &/ LTV 7228, Oakforest-PACS D7 7 A WV TH—E A &L Ligh > T-FIHHE

® 2022 4 Oakbridge-CX, Wisteria/BDEC-01 (22— ID &4 554
FIRH LIAAFREE IINETY, ZAIHO=—ID T Ipomoea-01 A TE T EHERNH. iFE2%R<),
> FHEZEoEEIc 5 TB OEESDOT 4 A7 FEEMNS LET,
> BRI TCQND A=V Ea—F VAT ATHEENTNDL I NN—T DT f A7 FED 15 %ud 71
Vx ) ha—ROIA—7ZE O E L TRE TG LET, (b= Y BITHRDVAT 5%ERL)
® 2022 4EJEF Oakbridge-CX, Wisteria/BDEC-01 (22— ID ZH#/=720 M4
FIFER LIAGFRE BISETT, BESOT ¢ A7 FEITRE S ERE A,

1.2 2021 FERIC OakforestPACS (22— ID 2/ L THY ., 77 A VB TH—E A LML LIFIE

® 2022 ‘FE Oakbridge-CX, Wisteria/BDEC-01 |[Z>—% ID #5548
FIRH LIAAFREE IIRETY, ZAIHO=—ID T Ipomoea-01 A T& T EHERH. iFE2%R<),
> FIfE L OfEEC 5TB OBES DT ¢ A7 EEANELET,
> BATERL LI N—T 2L ORI 5 TB OMESOT AV &L LET, 72720, h—7 V84T
124 Y Oakbridge-CX, Wisteria/BDEC-01 D EH SR 0 Y7 b a— RO 27— HEST D561,
I N—T T L DFETA~OMNGT 4 27 KEIT B ESN TNV AH A== vV Ea—F VAT AT ST
LIN—T DT A ATEKEED 15% & LET,
> BRI TNDA—R—ar Ea—Z VAT LA THEENTNDL I N—T DT f AV FED 15 %uk7m
Vxl ha— RO N—T T L OfEERE LTEECHELET, (F—2 U BITROY AT L% HRL)
® 2022 4EJF Oakbridge-CX, Wisteria/BDEC-01 (22— ID ZH#=720 M4
FIF R LiABFREE IIRE T, Oakforest PACS D=—¥ ID T 2022 4 11 A 30 B TiIEETITRIAWE
FETL 2022 4 12 A 1 BUBBLBIT LT 7 A VERIRT B2 DICi3BHEOFIHER LiALFRE B3NETT,
> FIEZE, BITERLE LT N—TZ L O 5 TB OEESOT « A7 KEE NG LET,
> 2022 4 11 H E TSI O LIABAWEE, 2022 4 12 ALKRC 7 7 A MTHBRESET,

A== Ea—F4 T Za—R -5 - Vol. 24, No.3 2022



2. FIMAHEITONT
IpOmoea'Ol %:?lJﬂqﬂlfi é%@%”ﬂq/gﬂ:ﬂzﬁﬂlﬁb \T\*Uﬂq/g“}a%/\@@ﬂq%gﬁﬁéj‘é 2022 f'g 6 );J U\ﬁ&%’éﬂﬂfﬁ‘éf'ﬁifﬁ‘o

2.1 2021 FFERIZ Oakforest-PACS 12— ID %45 L TR 7-FHE . £7213, 2021 FERIC Oakforest-PACS (2
2—W1ID 24 L C2AY, Oakforest PACS D7 7 A VAT —E 2R EMLE LI > TR

® 2022 4EfF Oakbridge-CX, Wisteria/BDEC-01 (22— ID 249 5545
MBS DT 4 A7 KEOHIHTTRAOEE, AT ELEEA, BE& Ipomoea-01 TOT 4 ALY KED
BIEFERE 21T 7351, B ORIRAEESRBELET,

® 20224 Oakbridge-CX. Wisteria/BDEC-01 {Z— ID Z =72V 454
FIHE LIABT ¢ 27 BRI 2EBENEELET,

2.2 2021 R Oakforest-PACS 22—V ID #H L TEY ., 77 A VB TH—E A %wmLE LI-FIHE

® 2022 “FJF Oakbridge-CX. Wisteria/BDEC-01 \Z+— ID 2G5 9 245
FIFE Z & OFFERICOWTIE, B OT 4 AV FEOHPHTIHHAOEA, AR ELETA, BITEHE
L7/ N—7 T L OFERIZONTIZ 2022 4F 11 H £ TRIEAITHA LA, 2022 4F 12 AUBLBITEZAE
L7 N—2L OESEFIET 5 DI i3BEOFIER LiIAGFE X SN TY, Al Ipomoea-01 TDT «
A Y REDBINTFHRE HAT o155, B ORIAAEENRELET,

® 2022 4FHE Oakbridge-CX, Wisteria/BDEC-01 (& o—+ ID 2457272\ M4
2022 4 11 A £ TAIEAITRAELEEA, 2022 4 12 ALKERIRR LIART 4 2 7 FEIZHT 2 2HENHK
ELET,

A==y V¥a—F 4T Za—A -6 - Vol. 24, No.3 2022



3. EHBbAE DY —E RO T

31 nJAr/)—F¥—ER

T —HEEERE DD DY —VEFIFTH72008REE LT, v/ Ay /) — NeEEHETH TETT, n/f4v/—FK
13, B =T —ERAE T TVBMDA—/S—=a L B a—F VAT L ERERIC, ARG R L 28 L 720 £,
SBERD TR, PEGR A R 7R EOFEHNZOWTIL, Yk #— Web ~—%° Ipomoea-01 FlFH3HER— 2 /U TR S
B LET,

3.2 VAT LOFIHA A=Y
Ipomoea-01 O ZFIHA A—I1F, BREZK 2 0@y T (720, UTFORIE, A—S—arta—7 v/ =a—2X
JFRAERREFD B DOTT, SROBFHRIIZE > Tk, BETHHELH Y FT),

Wisteria/BDEC—Ol —_
094>/ —ka# ~ IPOMOEa-01 =
oJ-1>/—R 1 TFAITIER §1‘5IJ774) L2/
4 (F) O > — REDSOH T RERE P S
L Y
\
Oakbridge-CX 7 W7o
s [OOSR ) ~Ipomoea-01
T—FEREIRE O994>) =R \ 5517502
oo->/)—R N N
SSH #2585 0o1>/—R
€ 1l A
\ J // I : J
o ~ FIFSIBR—)L
F—SARERE -
SSH 1265 " SSHLPRBIEER
(SEEZET) ) J—%ﬁ%@fdc‘:
Web () Ipomoea-01 (FX NL— 2 RFADIzh,
IS0y HEROS 3 5T BRAESDE A,

2. SATLDTHBAA—

33 77 ANTAT A
T ANTVAT AL, VAT AMERE (K 1, /2, £ D ZHHEY ., WHT 7 A VAT AOITRRESINET,
W7 7 A L AT 2% DDN #40 Lustre ~—A¢? DDN EXAScaler CiflishEd, ELAFD 2205 417 b
VIZT 7 A NWEARAFTH Z N TE, Ipomoea-01 D1 7o L) — REENSTZTTIEZ2< . Oakbridge-CX.
Wisteria/ BDEC-01 a2’ A v ) — REEND ST 7 A NT 7B A(T 7 A NVOGERAI, EEIAL) HARE/R & S IFRET D
FETYT, TOM, FEHMIOWTITYS L 2 — Web ~—X° Ipomoea-01 FIIFAAER—4 /U TRV LET,

®  /home/=—H4(=—ID) : FIFHHE Z L OfFlk
® |workl/N—T74(T ey =y ha—R): FA—T7 T L OfFER

4. A

BHORERIL, Yt Z— Web ~— (httpsi/www.cc.utokyo.acjp) (2 THER 2R LET, A—UTL BRWED
HAZOWTIL, FHANZ Web A= TIERO 2V THERD b, S50 uketsuke@ce.u-tokyo.acjp & THFAV W= LET,

A== Ea—F4 T Za—R -7 - Vol. 24, No.3 2022



2022 FERRERFFRER L F—R—R—aPa—T 4 VIHMREES
EHTE

A—=X—ava—T 4V TF—A

A—R—ay Ea—F 4 VI F—ATHE, REOA—/S—a v a— 2 FH
. BROFIHEZRE L T oHila— (REOHNE - EEE2E5T) &
MRL LIz, A—N"—arbta—2EHWEEBNEOWIT 07T I 0 75
B (BRLT AU Y MEEHEES) 2EMICFER L TWET,

AigEEIT, Y ¥ —EMHT 5 Oakbridge-CX, Wisteria/BDEC-01 (Z T3
iS5 TETT,

A FIALER 2 BE 3 2 FERE ek &2 LB & L2 W HIRMmIC A £ 0 . BUEEH A Ot
LoULDNFIMEE T, i OB L~V U@ SIS M ATRE T,
AFFIEIZ X MPI (Message Passing Interface), OpenMP & 72 1% OpenACC i)!ﬁﬁb =
NETOT, ZnbEHNWWIULTEDEGEN TE ET,

EESITELTY, 2B, 1y HERHTEL A —R—arta—4% GEH
ETHHATH A= R—a L Ba—%) OT7 T MPERAENET, #BEa)
TN CGREE K TH D, sEEARICET 2B ST v o RAFIHIT
TET,

2022 FEEOFEHRZRAE T E AL TICER L E T, 52> TIZMO THht%
BEWLET, RERARTZVa2a—/VITETHYH, HEBLXONEOEER A
CHZERBYETOTTOHITHELSLEIN, il HEEB LONEOFEM Gi
EOHE 2O PDF EE2 L) 13, LT O HP & TR < 7280,

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

M2022 FEOBRLT V7 Mix#ELBEE [FE]

c6H6H AFEE X VIEHZBBT D
Wisteria 325 -9 Hg Wisteria/BDEC-01 % FI| &
2 A

e MPLIZ L AWH 7 75 2 7o
MPI HLptE .10 At FEREICEE T 25, 5E,
- Wisteria/BDEC-01 % FI| &

A== Ea—F4 VT Za—R -8 - Vol. 24, No.3 2022



K0 A L~ULZp MPLIZ L AHEF]
TursI I oI BT s, E

MPI L5tk - 10 AtH .
=]
Wisteria/BDEC-01 ZF|H T &
A—N—a L B a—H~Dua s A
A= — 4 7 22H VIESR T 0 7T ADEITIER
v EUN -9 Aty e AR R = BN
Oakbridge-CX % F| ]
5 H 31 A I —F ) — 2D CFD Y —/L % v
kT& % OpenFOAM % 7= 3#
OpenFOAM 9 H27H B e
B =
PR Wisteria/BDEC-01 % F|H T &
BUEHE T A4 77 VR L 558
BLEHA R E O .10 At FHAMR R ORI T 5k
YN B ., EY
Wisteria/BDEC-01 % | T &
o GPU 7'm 7 7 I 7\ T 55l
GPU 7nu /737 || -5 18H e
B R
. =]
A 10 AR Wisteria/BDEC-01 % F| T &
ZINE N a2 — REEEHiAZ, GPU
N IZFEL WA U Z— DI E 25T e
GPU R =F v~ | - TH 2R e Gpu Mo #=(s B
HPC i~ ~19 A
KR
Wisteria/BDEC-01 ZF|H T &
SIMENa— FeRbHiAR, T4
GPU I =%y 7/~ — T ==V TICFEL WA S —
PNy '1;); 2 N omzrzirns, a—roy)

o~

lxE BT,
Wisteria/BDEC-01 % Fl|H &

A==y ¥a—F 14T Za—A

Vol. 24, No.3

2022



~)VF GPU 7 v /7 I v 7ICB$
OpenACC & MPI (2 LikE, £H

kA~/LFGPU 7u || - 11 AtE Wisteria/BDEC-01 % | T &
777 AM

TR T2 5 2 & TR

OpenMP |Z L 5~ /L 5t 2% OpenMP % V7= T4 TR

Fay . xmqar | 00BN i o s s i1 4%
W 7erZ 07 1286 R & L7Z ICCG ik Z#EMIZ L5
NG| .oy

Wisteria/BDEC-01 % F| F 77

HAIRERIEIZL D —t « =koc
A B BREEFRVE T C4A 14 B0 /7 hE, MPI &
B 22 A=A AN fEM L CIAbd 2 720 O FIEIC
SN TR ovcma, s

Wisteria/BDEC-01 Z FI| [ ¥ &

Wisteria/BDEC-01 Aquarius C
MATLAB % %479 % —1H O #E%
MATLAB D347 J57k || <4 A 27 H HEEATEE LET,

Wisteria/BDEC-01 @ Aquarius / —
Rt & Odyssey / — REE% 5]
WaitlO OFH )71k * 9 HEH AT 22007 by TThD
WaitlO (2 2\ CHENE T,

Uk

A==V a—F 4T Za—RA - 10 - Vol. 24, No.3 2022



A=)\ E1—F2XF A [KFIEHPC Fv L > SRESEDOHHNSE

Wisteria/BDEC-01. Oakbridge-CX X—/\—1>E1 -5 XFATIE [KMIEHPC FvL > ZRELTUE
T [KREHPC FrL > (& A=/ E1—F3RFLNWEDRAFIED. ) — R, A 24 b5 - 1 13%
DI —T CHEEROEENBN TEINERTOST U NTY, FRFEICDVTIE UTZEIEIEE., Bk
NOOREE LS ZHFE L THNET,

X FEL O )L AREGMEDIRUREE CRARIOEM S OZE,. PIEDr]EeEEHNET,

1. }IE{/ \EIE
HFDR—/)\—O>E1 -2 RF LD/ — R R 24 BEEEFIAT N TEET,

e Wisteria/BDEC-01 X—/\—O>E1—9>XAF LD ZaL—>3> /) —REf (Odyssey) 6,144 J—R
(294912 O7). 7—4 - 8./ — R (Aquarius) 36 /—R (GPU 288 &)
e Oakbridge-CX 2—/\—>E1—53AFLADETE/—R 1,280 /—R (A SSD#EH 112 /—R)

2. FAZEA
o 1 #A(C10a, FREIEUTEFRVUEFIHD 9:00~2 9:00 £ TOERAX 24 I35, IHEFRESESEFHEITZICEN
HEETT,

KR HPC Fr L > ZDHB(C, Fv L2 ZRDREICERVWEUEY, COZE(d 1 REEE OISR
AFENBIzsD. KERIEHPC F+ L > O FIFIEE 10 BtARia, 2H 9B T LD EFE )

o BREEASHIEL. BI—Y-(RERT LEREESELEFT. BA RUIIL—TCLDESHEEETT
W BRC1IIL—TDIRA () 2FAELFETD,

o FBIECEKDB/SNIEBRRICOVWTIIARUTIREX T, FMERAHIC(IERERAFIBREE T 5 —DX—/—
> Ba—93XFLZFIRAL, KRR HPC Fv LT I#lE(C L > TEMUIZEZRE L CLlZEET.
Fe [R—) 02 Ea1—F+ >0 -0 — R OLREFE \DRSRIRESEOPER £ 21T T VlEEET,

o ELH-OFE HEITDIEZF— DU 3vTECTHERVIZLBENDDFET,

o FIFREREEEERTY,

*Wisteria/BDEC-01 (CBU\TIFZH Odyssey T 1. Aquarius T 145 A2 4R TRATRE. 22U 10)L—
T Odyssey. Aquarius M5FIAT S EERIRE

3. EhEHE

2022 FEDSED [AFHEHPC FvL> 2| FMEEEIR 1~2 DESDTT,
X FEO0OF0-) LABSYEDINUREE T, SIS DZEE, IEEIRBRIREEEHDET,

7= 1. 2022 FFE Wisteria/BDEC-01 XAF#E HPC F+ L > ZEhiHE

ESijE=l5; SER =B FRRERN

. | 20224 8818 H(K) 10:00 ~ 19 H(£)9:00
S 2022 £

2022 % 9 H 15 H(#) 10:00 ~ 16 H(&) 9:00
él 2022 4 10 A 27 H(#) 10:00 ~ 28 H(&) 9:00 1673.)(?02;5:”(])%) TALE 7R

2022 5 11 A 24 H() 10:00 ~ 25 H(&) 9:00 -
. | 2022 4F 12 B 22 H(A) 10:00 ~ 23 H(&) 9:00
f 20234 1526 EI((7K))10:OO ~ 27 EI((%))QOO fgzéi a6 | 1aLe | 1am
| 2084 2A21 81000 ~ 22B(K) 900 | - [,ﬁ,tﬂg )

20234 3 A 30 H(K)10:00 ~ 31 H(£) 9:00 o

A==V a—F 42— - 11 - Vol. 24, No.3 2022



2 2. 2022 £E Oakbridge-CX A8 HPC F+ L > SEHEHFE

=l SR Ba SRR

%| Jomsse o821 B0k 1000 ~ 20 k000 | D25
él 2022 £ 10 A 25 H(N) 10:00 ~ 26 H(7K) 9:00 13_);)2%%(]%) 7R 7 A

2022 € 11 B 21 H(B) 10:00 ~ 22 H(A) 9:00 Y
v | 2022 4F 12 820 H(X) 10:00 ~ 21 H(ZK) 9:00
f 20234 1824 El((X))10:OO ~ 25 EI((7J<))900 fgzéi 5@ | nAre | 1AM
| 084 2A16 BN 1000 ~ 17 BE) 900 | 1200 e

20234 3830 H(AK) 10:00 ~ 31 H(&)9:00 -

AT FUREDEECLDEERT 1 — ) KB LD T ENHBDET ., RHIEHRE Web Page'2 &<
ZE0N,

FEHOERVADZEEFRETIN BHMRRICKIDTHREICRAIN BEEHDEFIDTHSNUHTT
ELSTZE, Feo —EIDH LA CHIFRIRERADIF—EIDH TY,
RIBERSINTV\DLUNDBEIETESEZITOCENHDDEY, BHlEIRIE Web Page' ZZE /20N,

4. FAFTER

[AHUE HPC Fv 22| TR I DRA — REERT ARSI B =TI SFTIRELET. A

EBRUIARI)L—T DA ) \—(&. EPRIDIFIET BRI U AR IS T HOEBN ©D C S ZFiRE L. LD
K573 THigh-Performance Computing] (ZRSHE U@L O EFORAT 218k E L TULE T,

KA =1L -3 3>

KIS — 2

KIUENSF T~ S - BIES AT L
ZOM, AAUEAHIBIFS BV T NI TR

5. FIFEEHE

FIFFEIEE, BAEZEC, RARERERTS 54— —/ 0> Ea—F+ > OEErInsia. KO\ 4t

RS (CIDIER SN SERRERICHVTEREINE Y, RI—T—THILEEFHDFEA.

GRS, FARERCEIDIRFEDEE L. TS DRNRONCAREITOFECT,
1338, AL [ERNORE, NHMEICFIE I 2iTE. RNUORBGRRCEIDE] LUFET. F. Y

IW—T DA —RFEAEN DS DAL, LUTFOBEEDVTNAVERE L CUWVEE< BN S DET,

[HEIAZFENEDE |

(ERAEDPTEHEED & HEIAFTEEH R fE A CUL\ ISR CFE 2 5)
NENCEEEZITS C L& UEENERVBEEZNSDOEL |
(EBAEDPTEIEE S SRR RIEA TUL\DIEEDEES)
[FIFMEICHDFIABRNZETI D & ERUIEENS)
(EEIPEECFE L TL\DE)

T TRFME HPC Fv L2
https://www.cc.u-tokyo.ac.jp/guide/hpc/

A==V a—F 4T Za—RA - 12 - Vol. 24, No.3 2022



6. TRINEAE, EEIE
IESERRA(E LT OESE(C K D BB > 5 — X —/\— O E a1 —F 2 IEE I DSBS . SO
HEEES X DIBRNSBEERERICIDEIRERETEE L, TEBLHERDONCARETOTFECT.

TR

A)
B)
C)
D)
E)

T8 - EROF R EESHTARCSDI L,

STERERMRIFICTER. VIR 2D MBS EEZSND T L,

I DA/ — MIOFRZERELTVWS T &,

STEICEIRMENSD., B TR E "I CENtliECHd & (—RIDERREEEAR 23 BITY) .
A AT LOER. 1—Y—(CEo TRRARIEREIRIIT DT &,

IHHA) ~ D)l& wALRDFEY ., IAH E)IWETIEHDFEEAN, BAEICE I DN H25S. N
rEHficNBIBEENHDET,

7. FIFEERA
SEZIA, X—/)\—O2Ea1—5 S XFLFIRES e L <BRmD L. FIRRASICHESRZ AL IES
Lo ZECAJRLVERIREHAS I TOREEE T EBFA—JUTMIUTEED <&,

ERIASHACHEIIAER U TOED TS,

1.
. FIFFREERA

. ERAEIRIR (K&, PR, W&, EBf85EEP. E-mail. EB5E)

TR (I, 350). HiE

. IFEREONE. BiR

. BRAE, HBTIIL—T A \—DEFZDTHCHITDAFREEED S S, RS TEMFIRDEEE U &2

o b WN

ERIAFRH

S 1 HRODBIRI D

7. TOUSAIER MR 1—-)LE

4]

. BEEIR, 15cEIA
RII—T A ) —DIER

8. L YEDOEE
FFEAFECAIZRE. BFA-ILTEEVEDE TZE0),
BFE TOBBVEDRITIER 22\ 108, A TZ> 5 —Web Page' TECEAL THENEIDT,
HNETITELIZEY,

[ EBAEIRHSE )
E-Mail : koubo@cc.u-tokyo.ac.jp
BT BRI ATLR IEREEER SR A

[ BULEDES ]

E-Mail : uketsuke@cc.u-tokyo.ac.jp
BRATE BRSO ATAR (EREEER BUHET—A

A==V a—F 42— - 13 - Vol. 24, No.3 2022



A—R—=a VB2 —H AT A TREHE HPC Fv Loy SIREREORB 58

1. 1ZUHIC

Wisteria/BDEC-01, Oakbridge-CX Tl [KEFHPC Fv L) #FEEL COEY, TR HPC v L
UV IR AR a s B a—F VAT ARG ORIHIED ) — N Bk 24 R - 1R L— T ORI
WOFEAHANCE AN T/ N T,

AR RN L DBIE R FEEORER, LITOMEE R LE Lo TR LN LET,

2. PRGNS

A7 I Oakbridge-CX
FHEI - 2022 FRE BB 1REE 20224:2 A2 A~2 A 28 H

LHFDIEEDH Y . LUFOMEEZ R L E LT,

PG &

AR AR & IR IS T 2(E RO — " —F v 7

REEL FTE) | P FE GO 2 —)

7V a7 ERGYZERNAIC & B ARG & SAETRIIRR RS 7 7 r— 3 AT S 0B, il
FIEREE FCIE, RS 2@, 17517 MUREEICRIT 5 —X—@G5Ic X D4 — S~y NS L
725, TEEAL, FRI—RBEICER L, SOoiERTE (Mg )5 2 ATRESRLE TR AL
1B LN DRFIEE 2 KB 7512 4 E0E  (CG 1) TR BRI OWT, E LA A — " —F
v 7 EH, HIZ OpenMP OBYAY Vo —Y U IHEEIC LY, @EA4— S—~y FEHIET 2 A
JHIEE EM L CE -, ARMERETIE, ICCG EET— 2 KA /T DA\ T, @ L R1HH
BRI A— =T o T EE BT OTIEERE L, Oakbridge-CX 1,024 /— R&EMH L CRER
AFY 5, ARFICHECHET 5 GeoFEM/ICCG 13, #& 1Akl 5 —RTHi R 2 %5 & LTz,
AIREHECIESL e /T L TH Y, Sl — R A BB & )k ICCG 15 12k
- TR,

1 XK HPC T L)
https!//www.cc.u-tokyo.ac jp/guide/hpc/

A==y V¥a—F 4T Za—A - 14 - Vol. 24, No.3 2022



20224F JE Rij i
WRORANE W2 v ¥ — THTF - LA EHER , RIGHE

A—N—av¥a—F4 Vv ITF—2LA

B REERER Ly — (DT, vy —) Tk, HFH%EE 2022F4A1HRRICE
TA0MELA T, 2 EZEGT) ROLWEMAER CEREfbavw) k3, A—"—avEa—%,
T—=8 759 b 74— LR EORBMIAEERZFERAL ZHREEZNRELAAER] 70y =7 b
EEBLTOET, kY —DHBICX2BED L, EMTHTHOEN AR TEE
RI2PETT, RSN LHECRIFF L HAEERZ2ER AT ENTEET,

AGIEE ©iE, B & BN —F F 23 BERN (B PEDOAR) TEMBT 2 4T ) BF
REEEELET,

RIRSNZHED S b, FICENZHE T TABR OB E WL i L FAH - 2 [ B 78
(JHPCN) ; QiR ARIFEREO LM 2T DI 0 TIE, Ak vy — & O LS HELE
R FEEREE L CHEET 2 FPETT, AWAHAMERERERZEA CHAD L. JHPCN
DOWIFRILEMIEHE L L CHORIRI NG G, BETHIEEI N2 IJHPCND Y VR P T A
KCHBEOBEDEZ NG H N £T, AHIEICHRIRI N FEIKTE, Bo )
Ha b Lo, TEBASBEBOL BRI FEAA - LFRPFZEA (JHPCN) ;) O AR EEGIE (—
MeERE, ERRE, BEHE) FALERTIIENRVICHFINE T,

OO, UTORMBICLZHMIERFEED D 2, 2022 FERTHIZ 120 0 FREZ BRIV L F
L7,

o ARHEI RMT ZFEMEI AT LE2HMEAT 2 LT, AL 87 F23H 5 R
ZANNCE 2 LI N2 IRELEMVICEIRL £7,

e A—NR—avta—YONHREOYEICHFS T2 LMMFEINDEY 7 by = 7HIFEICHE
THREZHML £7,

o FRDBBICLE EE ST, MROEHNAA— 1 N—arEPa—YBREZHELZRER
Rrlc@om L £,

o Iz, mdxic oW TIE, LR - AXRICE N34T — % OINE - %iF., Wi a
22274 RBIBRT—FOEERLT Iy F 7 — 2D, £ L CHEWYEE SO
N T = A Vv AFE2zH T =8Btk & Sk T — 5B 7 — 5 MEH
WEE2@EML £ 7,

A FEDFEMIZ, DFOHPZ JH 72 & v,
https://www.cc.u-tokyo.ac.jp/guide/young/

A==V a—F 42— - 15 - Vol. 24, No.3 2022



W 20224F B A BRELE

A TR 7o BHEDZEN - BRI D B
REHE4H (E) I 28 CRBOR 7 i LA irgesh)
MY AT L4 Oakbridge-CX

eS| —4F

B & 9 R ERNRY A4 ZORTFOEAERTH 20 IE, RFOBEIEE L D Ev e, H
MeA LHEENICIR 289 —77, 2 OBl & W IROSA N2 RS FHEANICIR2 58S, 20
TPENRHEDOZIEY v 2 v ZER &N, EERACHIEI N TV 5, R, R B
12 & BRI T DB TR OB RGEHFOIR B EVIZ OV TR, DI ER
Ho»oTw5, L2520, BEOREKIENEZEILADE L, 20 L9 2R TRV
HOBENZOFE FBHINZIEAHTH 5, EE, BEREDBRDOKEMZ 27200 T, WWHO
THHME EDL AP =R RESCEMT 2 2 LRSS TS, JHUIRTFHICADRAA
PR RIEINC & > TREEZR L. ETWERSINMHEEREZ52 2 2 LICERT 5, L
L. fERDEBENHMEOTIZE Tl B OB A L 72098 13T h T 208, B 72 PRE
PIBNDOFEZ ZMINFARLFRIZIZ EA TS, +oBHEICE>Toukvy, 2 2 TAMA
Tk, BN RORELMEMREICEH U, BEEREZAVLY 2= a3 V&0,
LB REDEVEHSPIZT S,

A t6A Bffiz &LV A Y — LWREBRESERICE T 25Ba P RREEO
TFEIERIRIC K B T

REEL (FT)R) B & GraffiRe: Eamfhai)

FHY 2T L4 mdx

FE St —4E

HEEHIE, BEREYOY XY — AFRBEGERICB 5, BIRGa Pz L D 20T
BEEDOMHZIT>TWw 5, IHETIC, BYLREEREG 2 PV HBAD I X2y Fa Fre, B
APV REENRELTCE, AHETIE, ZN6D I X<y Fa FroiEfia Py oG
PHIAIT 2 EEZ 6N TS, 7Ty FaFroBciiEd 28532 t6A B#ioA - 72 tRNA %
G4, VRV — AT HBEAGHROBEIRBICER T 5, t6A 1ZEKRNTORLE LR & OB EATEE
HEEFARSN TR 50D, YV ARY —2NTOEEBCHAEAZ &L, FFREGHIEER~DR
NG A A = X LIZAHTH 2, RFEHETT ) a7 8RB E2 AWML LD, 2
DIFFHA A=A L %2EET 5 L Eblc, BERNADEBEMALFERIETH{IEEZHET,

A==y V¥a—F 4T Za—A - 16 - Vol. 24, No.3 2022



A A7 F )V MHD 2 — F ¢ ) BEABHSELIIC 3 1) 2 BRI o g

R&&EL (R) JIH 7 (ALK AEREE 7 v v 7 4 7 WF9ERT)

MY 2T L4 Oakbridge-CX, Wisteria/BDEC-01 Odyssey

eS| —4F

75y 7 F—VIFESEMBR LTINS 75 X2 OFLFICI Y Bl EnTw 3, 2 DOFIRIZFEAINIE
ARLEME (MRI) IC &> THEIEN T3, MRIEROEEHRIES 2 2L — a VIR ED
IO TELPRMERGEDIA T2 TH D, HRMOREEZIEZ 2 ICE > Twkv», 2 2 TAI%
TlE, BRADHLKBHFE LA R P vika— P2 TSRO EICEZ, Zoa—F
FINnFEFcHVONTERLa— Ficlk, MREMIC MRI BLROMRRIEZ iP5 2 L3 CTE 3,
AHECIFEMANIC, CRETRRT 2 2 LR TE ko LIEMHEBIOES . EEEEOE
WaERs Z L3 cEHUL, Event Horizon Telescope (&% 77 v 7 h—iLy ¥ F—#EHlOYH
AR LB L 7 2 BIERE F L 2 @R T 2 2 L1005,

%

A BEEEET =T D7 7y e 7AMEL Y ZDOESE - TBERICE T
2 A SET

R#&EL (w) UK BORER (RRURAE TAERIIZER

RS AT L4 Wisteria/BDEC-01 Odyssey

S - HAp

AR RN DB REER 12 B\ T, SREFHC M2 WIS E R 85 & 2 — b & v o 72 iodiss
EEHV R, BESECT I AT v 7EKE VST, 7T v v TR —F AME
Z AR O — I UERRO Z 2L X — 2 IRINT 2B EH SN Tw 5, RIFOM/NE
TR EERE 2 L CRAIBIRCER LI L O E A, I v v a VITH B RN O iR
FrD 7z oITiE, BUEMNTE TV EREE L ST X — 9 DEBEEIC S 2 2885 STl § 2 24038
Vb5, KPEIZ, EHEEBLENS I 2 VF—2TINT 2R —7 AMEtE LY R (RkiEk)
L DS - THIC X 2HEEH% DEM (Discrete Element Method) 2 & » #fii€ 7 A4k L.
R=F ZMB OB T A—IDBEERX D AL EZ 2 EZHET 2HDTH S,

A==y ¥a—F 14T Za—A - 17 - Vol. 24, No.3 2022



A W5/ AV AF A Z BT BRI TN & = 3L X — ik O B RbT

R&&EL (R) LA —J (RN RY: BLTA2)

MY 2T L4 Oakbridge-CX, Wisteria/BDEC-01 Odyssey

eS| —4F

FHBOFHMEL L THHINS 2 BRI NIWR ) ANVA T A ZIFHENR E L particle-
in cell / Monte Carlo collisions / direct simulation Monte Carlo (PIC-MCC-DSMC) a2—F
ZHWT, A7 AZNHOHERFRNE T2V FX -k 2o 0T 2 L2 BANET 5,
PIC-MCC-DSMC 22— Fiz Boltzmann AT THR I N 3 7°7 X & b7 % #ERI I fiF <
FHETHD ., WK ANVAFTRAY B EDEIR T 7 A2 Dt 2iT) LemhaTFiEe LTHMmon
Tw3, PIC-MCC-DSMC a— F&fv2 2 & TSR AVA T A NED 77 X< - ik
T zHHR L, EBRTRIET 2 2 & BEERTER T L 2RV XF —ORRRBIR % FHT 5
IR I NG, o, PR TF LRV F —DEIHEZHEST 2 2 LT WK/ ANVAT R
& OYEREIA e HIEd L TR EH2E2 2 L3 TE S,

kS RALAER BN 1 72 7 4 — b B L ~OURHT DR
R&&E4 (Fls) KHE i@ CRECRY: EREY AT S20T)

MY AT L4 Wisteria/BDEC-01 Aquarius

EimlL] AR

FHHYEZIC BT A RENEETH 25— <y — - =7 T2V X —DIERK, Z LT
ROVIBE 2B 2 4R 5 72 &, KRB RSRMCBIIE IS PE I T %, 205 OFHETIE,
RO =RITCMEEZWE L ERICHI2WESMEMESHT I EXE 28BN TH S, kD
fEbTcix, BN SNBSS, 2 0EHREENT MG RE WY =7 vy —DFfER
IREEN BTN T A=y ZHEET B, L Lads, HERIZENSHE DR RO —H
LD ANsind, MR TRHTERVERDERIFEDbNTCLE) ., £ I T, AT
B S WA DS REOBMOETEERBT 27 4 — L FLUVEHFICER L, BT
FAM e SRR B 2 55 2, SEAEBHT S N YR SIS o L€ 7L GridSPT %
HEEZ GPU IS L 2 H8 b2 HET LI LT, =098 — - F—J IRV XF—DETILREI
RAIE2 Z L 2HEET 3,

A==y V¥a—F 4T Za—A - 18 - Vol. 24, No.3 2022



s BEEVEDSNIET BT AD T3V X —HIB 12 B 1) 2 S B BURE O RERI T
SRED I

REHL (FT)E) FAET (REURYE KRB & SULIIERD

MM 2T L% Oakbridge-CX

FE S —4f

WhREZWTHEAEL DN T RAE, HHlERZI R VX B2 R, R TRY A 2 —L0»)
) ZFio koL &, WEHIEAKIT alpha $8R1 & Johari-Goldstein beta $EH1 & V> 2 fE%H
DRENRBE 2R D, ZOBABEBOTEEIX, TR LF—WBLSIERA AV EXIRL 2 L
IBERESEDBNE LTRINTE 2, XA A VICB T 2GR EREBAREN IS5 & 138 2 W 2R
L. IREF I BB OFAENE L HET 2, 54 v —RTORREN T 2L X —HE L v ) FLfE
ZHE A S L. B EREBOMBEIGIEAWTH D, ZDRIFEHIISHTE A\, AFETIE, 5
42 —%D KBS FEHES S 2L —2a itk b, IREPREEDRMEN V) & BT S HE 0 i
DIFAZLTH . L 7)) A ki % Bl TR 2 I FEAHIR o PR AR B IE 2 AR AR L | SIREDRHE: o T
ERAAEZFAINRD, ZL T, ERXAA VBT 2E—F - E— FHBE I FiRlaEZEAL.
My EaZ AN T TRV X —HIBNZEIFRZH S 20T 5,

A Constructing deep learning models of biological fitness landscapes from

sequencing data

REEL (E) Adam Beattie (HERY: BERUIZLRD

MMy 27 L4 Wisteria/BDEC-01 Aquarius

FEfa I A

Deep learning has made breakthroughs in biology but requires substantial training data.
With a novel high throughput system, over 10”12 peptides can be screened for activity with
post translational modification enzymes. We will use the sequencing data output to train
substrate fitness landscape models. We will test our method on a biosynthetic enzyme, then
build a general platform for modelling fitness landscapes for the study of uncharacterised

enzymes and the design of selective therapeutics.
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A Inversion modeling of aquifer deformation for permeability estimation
using Automatic Differential and adjoint methods
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Recently, distributed fiber-optic strain sensing tool has been successfully deployed for the

acquisition of aquifer strain along the optical fiber-installed well. To estimate aquifer perme-
ability using the strain array data, inversely solving the coupled fluid flow and mechanical
(poroelastic) equations is required. In this study, we aim to develop an Automatic Differential
(AD) and adjoint state combination method to accelerate the Jacobian matrix calculation

and the inverse modeling
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Wisteria/BDEC-01 #|FZEH| (4)
T—A2%2(TELS4 73 ') h3-Open-SYS/WaitlO (2/2)

EREF R RAF R 7 —)
AL (8 bEkkiatth)
AL (H ZRUERT)

*2021 4% BBURIF O PR

hEATE CRRREHRE R 2 —)

1. [FL®IC

A lElE, milE] (2022 453 A 5) & k(a1 (2022 457 A 5) & o 3 [al2 572 % 2 [81H T, Wisteria/BDEC-
01 [123] XS ~T =T AREET FHE - 7—% - FH) ez ERT L7200y —
JL & h3-Open-SYS/WaitlO [4] 125U T, #FIZ Wisteria/BDEC-01 2 2 7 T O MR 2 4878
LR EBNZ DWW THRN T 5,

2. WaitlO Hostname Server

ATl FAT T Waitl0 D71 7T L3y FFEITTHIZIEL PBID 25 0 DARA My & R— b &
HENy FERITHGHIC e 77 7 A VDB LTPBID 1 DNy F2a 727 Y 7 &k
H L2 ECERITT D2 MER D o7z, Ay FAUBITIRITRICARA NPIREL0LTHDH, ORI
BWET D720, FATRATIRE 578 A M4 & FATRAZ k35 WaitlO Hostname Server % BA%E L
T2, BUE, ¥ AT LB COBEKT T D720 SRR ENEE S5 ATRetED)
DO THEE SV, S ENTBLUROEFEEARIZ OV TR 2,

WaitlO Hostname Server (37t 5H / — R BEEER >~ b T — 7V @S2 AlHB72 AR A b CHITAMGE R
P — N THIULFATAIEE TS 5, Wisteria/BDEC-01 ~ A7 ATER S A /) — R CTEITARETH
5. FIT/3AF U & LTI, intel CPU(waitio-serv, waitio-serv-intel : 7 2 >/ — K & Aquarius)H
& Arm CPU(waitio-serv-a64fx : Odyssey) 23 0 324795 / — R TV T 2 MR H 5,

[z30xxx@wisteria0l waitio]$ ./waitio-serv -h | export WAITIO_MASTER_HOST="hostname’
waitio-server host wisteria01:6500 started export WAITIO_MASTER_PORT=7100
wailtio_serv -|smrh] [hostname] -5 Server mode [not deamonized] export WAITIO_PEID=0
-m Master mode : set hostname for broadcasting export WAITIO_NPB=2
=c Client mode : get the hostname and autputto stdout export WAITIO_SERVER_HOST=wisteria01
waiting for master to set the hostname export WAITIO_SERVER_PORT=8801
-r Master mode : reset the hostname and cutput to stdout itio-serv-a64fx -m " h
also -m without the hostname works as - mpiexec -np 4 a.out-a64fx
-p [portno| set port number of the server S ———
“R elp mode  this mode <d: debug output 3) Master JOB PBID= M%ﬁ&@tiﬁﬁﬂ(astﬁx)

[z30cx@wisteria0l waitic|$ . /waitic-serv -s —d -p 8801
waitio-server host wisteria01:8801 started
export WAITIO_SERVER HOST =wisteria01

sin - — export WAITIO_SERVER_PORT=8801
1) waitio-servJOJSARITH (IEF) export WAITIO MASTER HOST="_/waitio-serv-intel -c’
export WAITIO MRSTER_PDR‘I’E? 00
[Z30xxx@wisteria0l waitio|$ ./waitio-sarv s ~d -p 8801 export WAITIO PBID=1
waitio-server host wisteria01:8801 started export WAITIO_NPB=2
socket bind port 8801 failed -1, ermo=98 waltio-serv-intel -r # reset
wisteria01:-1:0 ** waitio_sock_create failed pid=3868358 mplnxt: -np 4 a,out-intel

[z30xxx@wisteriall waitio]$

4) Worker JOB PBID> OQIRIHIATELE 7 (intel)
2) waitio-servJD7 3 AETH (K- MBS ER)

1. WaitIO Hostname Server D Eg % i

1 {Z Waitl0O Hostname Server O Bg 85 5% & Bl 2 /r 3, wil\l 2 /x L 72 47 412
WAITIO_SERVER_HOST & WAITIO_SERVEWR_PORT OB AREL T v oA /) — i

A==V a—F 4T Za—RA - 36 - Vol. 24, No.3 2022



E T waitio_serv 2~ R&2H—_"E— RCEB) (s A7z, K1, 1) L, Xy FRATY
7R THEIT (K1, 3) ,4) TDHIETRyF U a 7TIEITHIC waitio_serv V— &N LT~ A X
—RA MEROTHENFEETH 5, 7235, waitio-serv T~ K& — F— R TIyH RS 50,
BEIZAR— FEEMEDIL TV D & Socket DEFIZKINT 52 b5, (K1, 2) ZoXH7k
SaXEME LT L R AR — MEFEHRE L TEITT S,

3. WaitlO-Socket D7 T &r—> 3 L AEH
WaitlO-Socket DF A & L TiE, h3-Open-UTIL/MP [5] & BT — & [RMkIC & 5 8%
U T ZA LT [11] THEAPEA TS,

h3-Open-UTIL/MP % WaitlO-Socket &4 PB THEITZ#125 MPI 7 A 7 Z U ZH\\ T Hybrid 72
MPI EITEREEAFER L, BHO MPL 7 7V r—va v a@ET 20y 77— LT 7 ) r—
VarHOT =R arN—U g VEGDEITREZRIEL TV, I ab—va LT — 4
LIZ L5 FE DG ZEET 5, L UTRED (202247 A5) OftFELSRINT-,

BT — 2 FEULIC L 2 BEMES ) 7o 2 A4 A8 [11] 12380 T Waitlo 13 H RSP i%E
ENTWBHBERIS NS DT —Z % U TV H A 5 Thizik L Wisteria/BDEC-01 2 AT A THT
HNCIERT 27202 HED T 5,

. -}
I R-RW i
Aquarius BTRMAET AT AARAD ==
o ~ ANF—913a2 70
3 riall
3
,—»'Lk_

P

amr-san IRT-San ams-sga
(waitI0-socket) (Wa1tI0- socket)

X 2. BT — X RIC X 2 REAMMES Y 7L 2 A4 A TRNZEBT 2 WaitlO 15 61

2 IZBLINT — Z Al X A RJHHAHES) U 7L 2 A ARSI T 5 Waitlo & I 2 71,
BUE T — 2 2 O THIEBZ T 5256, MEEBEESNT =2 %7 7 A VML T
DT ANET TV — g SAIEEAAE TR A FE T 5,

L L, EFRSHERY 7 ALZ A AFHAICBOTIE kSN MET— 22V T2 A
DI 2 HE R H D, WaitlO-Socket 1XZ D7 7 A VFi A L2 BEICEEHRZ 5,
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program dmy_filter

<hb: DEERS>

call mpi_init (ierr)

call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr)

call mpi_comm_rank (MPI_COMM_WORLD, myrank, ierr)

call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr)

if (myrank==8) then
open(18@,file=", /obsfile_list.txt’, form=‘formatted’, status=‘old”, iostat=ierr)
do i=1,300
<8 obsT—HitaAkd MIE>
print *,“Send obs data ...... =

call WAITIO_MPI_ISEND (NTMAX1 o, 1, WAITIO MPI_INTEGER, 2,1, WAITIO_COMM_UNIVERSE,req(1,1), ierr)
call WAITIO MPI_ISEND (DT o, 1. WAITIO MPI_FLOAT, 2,2, WAITIO COMM_UNIVERSE,req(1,2), ierr)
call WAITIO_MPI_ISEND (NST_o, 1, WAITIO_MPI_INTEGER, 2,3, WAITIO_COMM_UNIVERSE,req(1,3), ierr)
call WAITIO_MPI_ISEND (AT o, 1 WAITIO_MPI_FLOAT, 2,4, WAITIO COMM_UNIVERSE,req(1,4), ierr)
call WAITIO MPI_ISEND (T@_o, 15 WAITIO MPI_FLOAT, 2,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)
call WAITIO MPI_ISEND (ISD X o, NSMAX, WAITIO_MPI_INTEGER, 2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)
call WAITIO MPI_ISEND (ISO Y o, NSMAX, WAITIO MPI_INTEGER, 2,7, WAITIO COMM_UNIVERSE,req(1,7), ierr)
call WAITIO_MPI_ISEND (ISO_Z_o, NSMAX, WAITIO_MPI_INTEGER, 2,8, WAITIO_COMM_UNIVERSE,req(1,8), ierr)
call WAITIO MPI_ISEND (ISTX o, NST, WAITIO MPI_INTEGER, 2,9, WAITIO_COMM_UNIVERSE,req(1,9), ierr)
call WAITIO MPI_ISEND (ISTY o, NST, WAITIO MPI_INTEGER, 2,18,WAITIO_COMM_UNIVERSE,req(1,18),ierr)
call WAITIO MPI_ISEND (ISTZ o, NST, WAITIO MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11),ierr)
call WAITIO MPI_ISEND (STC o,  6*NST, WAITIO MPI_CHAR, 2,12,WAITIO_COMM_UNIVERSE,req(1,12),ierr)
call WAITIO MPI_ISEND (VxAll obs,NST*NOBS_LEN,WAITIO MPI_FLOAT,  2,13,WAITIO_COMM_UNIVERSE,req(1,13),ierr)
call WAITIO_MPI_ISEND (VyAll_obs,NST*NOBS_LEN,WAITIO MPI_FLOAT,  2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr)
call WAITIO MPI_ISEND (VzAll obs,NST*NOBS_LEN,WAITIO MPI_FLOAT,  2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr)

call WAITIO MPI_WAITALL (15,req, status, ierr)
call sleep(1)
enddo
close (108)
endif
call WAITIO FINALIZE (ierr)
call mpi_finalize (ierr)
end

X 3. BT — Rkl X 2 REMHES Y 712 A4 AT 2% WaitlO 15 4]« 7 — & fHAa

B 3, X 4 12 WaitlO-Socket % J\ o R JAMIHIERE) U 7 v 2 A D FHITHW S 7 — Zfmis o
T s hERT, Wi VAT AEOBEE TCPIP 7 1 k2L 10 Socket 25 Z LT/ D
23, Socket DYERL, HHFH— 3L OIBE(GHENL72 £ Socket 15 HIKD 7 11 77 DFFENLEETH
575\ WaitlO-Socket & FHV 2% Z & C Socket DHIEEZ 2 < TH MPI 72 /T LaES Z LN TE
U, = MOBRET 07T AEMHSHICEL ZENTE S,

B 3 IIHET =2 2T 20— N8BT 277 ATH =N EDT 7 A L EFHGEAT
WaitlO MPI Conversion 74 77 U ZHWTY 7 VZ A AT EFLITTH AT AZERET 5,

OPEN(48, FILE=trim(IN_OBS),FORM="UNFORMATTED",
STATUS="0OLD", IOSTAT=IER)
<Bf>

READ (48) NTMAX1_o, DT_o, NST_o
5'4’./-\;{7_"77; READ (48) AT o, T8_o
READ (4@) ISO_X_0,ISO_Y_0,150_Z.0,

15TX_0,1STY_o,15TZ_0,5TC_o

READ (28) VxAll_obs

NO READ (48) VyAll_obs

= READ (48) VzAll_obs

EE B ?
YES .
l WaitlO-socket(ZZ &
—
obsF—%

A= call WAITIO MPI_IRECV (NTMAX1 o, 1, WAITIO_MPI_INTEGER, @,1, WAITIO_COMM_UNIVERSE,...)
HR{;_F call WAITIO_MPI_IRECV (DT o, x; WAITIO_MPI_FLOAT, @,2, WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (NST o, ;9 \MITID MPI INTEGER @,3, WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (AT o, 1, WAITIO_MPI_FLOAT, 8,4, WAITIO_COMM_UNIVERSE;...)
call WAITIO_MPI_IRECV (T@_o, 1, WAITIO_MPI_FLOAT, @,5, WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (ISO_X_o, NSMAX, WAITIO MPI_INTEGER, 8,6, WAITIO_COMM_UNIVERSE,...)
call WAITTO_MPT_IRECV (ISO_Y_o, NSMAX, WATTIO_MPI_INTEGER, 8,7, WAITIO_COMM_UNTVERSE,...)
call WAITIO_MPI_IRECV (ISO_Z o, NSMAX, WAITIO_MPI_INTEGER, @,8, WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (ISTX o, NST, WAITIO_MPI_INTEGER, 8,9, WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (ISTY o, NST, WAITIO_MPI_INTEGER, @,1@,WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (ISTZ_ o, NST, WAITIO MPI_INTEGER, @,11, WAITID CON! UNIVERSE,...)
call WAITIO_MPI_IRECY (STC_o, 6*NST, WAITIO_MPI_CHAR, @,12,WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (VxAll_obs,NST*NOBS_LEN, NAITIO MPI FlﬁAT @,13,WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (VyAll obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT, 9,14, WAITIO_COMM_UNIVERSE,...)
call WAITIO_MPI_IRECV (VzAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT, @,15,WAITIO_COMM_UNIVERSE,...)

4. BURT — 2 [AMEIC X 2 REMIHEES U 70 2 A L PRI T 2 Waitlo G F] « 77— 2 T

X 4 1 35ex 7 7 A VN HET — X E2SATUEET 57 0 77 A Tho72H D% Waitl0 MPI
Conversion 74 7 7 U ZHWTHIDOH—R"nE Ry NU—7 B LT — X 2851 T\ 5,
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Z DX HIT Socket WIE DT v 7T AFAA 72 < TH WaitlO Socket 2 HWTFIIZ R v U —
TENLCT =X BIRETEDLZ ENbnd,

4.Toy FAYT S LICKBET T r—a>a— REST

ARETIREOT F ) r—ar7nr 7 L&zt Lz Toy 707 T M LY EEO
WaitlO-Socket (IZ K27 7'V 7 —2a VEITER L TADL, 77U r—va VIATIZON TR, 6
H X 0 BIbh T @ Wisteria/BDEC-01 ¥ A7 A CTO WaitlO 31T — B ABREE T COFATRIAZ L
T 5,

TR R K 2 BARFHEMEREZ M T 27 07T A(Code-)D 7 7 A M2, AR
FEHRIEIZ &L D Z W TIEE F BMREMANT 5 7' 1 77 A(Code-2), AFNZ Code-2 & Code-1 7205 D
7 7 A NI F U REFRVEIC K D ZIROGHEE W BMAEMAT 21TV Z=Zmax H DB SAF~
JEBHT % 71 75 L(Code-3)D 3 D7 1 75 Ak WaitlO-Socket Z AV THEE#HZ TH L, V
— A a— F—RAJT Wisteria/BDEC-01 A7 A L@ /work/share/waitio/src/examples/SY Stest-waitio-
socket.tgz IZEDINTNDDTENZENDT I T hD work 7 4 L7 M UIZE L CEREN
720,

s2.out®

7 /
4. ATIRBEFRIEIC £ D ZUTTHEH BB ERAT Toy 70 7 7 AOHERK

4K Toy 7a 77 2O EGE, R 1ICKTa T T LOBELE AHFT7 7 4 MO OR
7, Code-1 D157 7 A /v slout IX Code-2 & Code-3 2 HinAirEnsd, £72, Code-2 D
H779 % s2.out 1% Code-3 M HREAIAEIND, TIDHD T 7 A W2 X D AHITI% WaitlO-Socket ™
F— AR EEHBZ D,
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1. AIRERIEC

£ D ZRITHETE T MG Toy 7'0 7T LD

Code-1 Code-2 Code-3
(Dir:SY Stest-waitio- (Dir:SY Stest-waitio- (Dir:SY Stest-waitio-
socket/src1) socket/src2) socket/src3)
HRE(RREHE (FEMIZEDETEE |FEMIZKDIEER
W ERTMEEAE | ZRETEHAE
=, MPIEFI{E =, MPIii %4t
ﬁ?;vs t-waiti s1.dat 5= dat sada
(sogl'(emut:f ~waitio- : s1.out s1.out, s2.out
HA
(Dir:SYStest-waitio- s1.out, t1.Ist s2.out, t2.Ist s3.out, t3.Ist
socket/run)
41 Y—Ra—F®OEIE
DOEFE L, T—=HILFELTNWDE 7 7 A 1~DAHT

7 7 AN S Waitlo TOT — i E~D
oy Y —2a— R4 WaitlO | ;5é§1®:~% TEHkx
L THEBFMETH 5,
WaitlO (2831 % YV — 22— ROBETPIEE LT IR,
1. &7 7V r—varraAMoEk s AP OE
WaitlO MPI Conversion 7 A 77 V T3 2 T O 5 WL BIS A Yl L g,
1) &7 7V —a>dMPl 7 atAOFXTEHV % waitio_create_universe() B4
2y X7 7V r—2ar®OMPl 7 at RO T 08 AMPI 7 > 7 F S 0)721F %149

EOY—Aa—RIEFTTHZ

waitio_create_universe_pbhead() %k

1), 2L D55 1T waitio_create_group() B4z AW THEBNC/ER T 5 Z &£ 23 ATRE T,

T, BEEOBEFOT — X EARLEE N — 12 U T Waitlo B 4% (waitio_isend,

% L < 1% WaitlO MPI Conversion 7 4 7 7 U (waitio_mpi_xxx() BI%%) & SN 7] 52
TY, 2T 77—y a YRAOERTRE LT £T7 7V r—va Y ORET et
A D F % BN 2 waitio_create_universe_pbhead()BI%Er A e L, FIIFHBIE & L CTRFLIEN
MPI &AL LTV % WaitlO MPI Conversion 74 7 7 U TRtk 35 Z LIC LET,

2. KT FVr—ardPBID ~O~ v ELT
TR~ AL PBID ICL Y Waitl0 THWD T mt X7 0 7 BSNRR D720, 7
TV = a Y OREIEF ZRD D& T 7V r—va v OPBID #RELET, 22
Tl. Code-1 % PBID=0, Code-2 % PBID=1, Code-3 % PBID=2 & &3 L £7°,

3. TV r—varfor—sia—NoTn s3I0
ST, EROTF =2 a— FOTn 77 I 7 Th LN,
T — B Mk Waitl0 TEXMZ 5L
DU TWLONEEITLNENDH D,

waitio_irecv),

AENE. 77 ANVAHIICE D

W Bteh, EEOT7 7w A VAN ED L ST

BT ORI CIRFEBEO 2 — FEEE TEICRE L s

42 7V =L a VT4 EEa—FrFOT0g S
AKEI Tl Toy 701 75 L DF — &

U DERE
#£ 21— K% WaitlO MPI Conversion 71 7 F U OE% & A
- 40 -
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TEXMZ 5, Toy 717 7 L5 Th D SYStest-waitio-socket 7 4 L' 7 MU FIZIZEK 7077 A%
¥4 9 % srcl(Code-1), sre2(Code-2), sre3(Code-3)D%&T 4 L7 b U EFE(TEATH run 7 4 L7 b
UMbk Ihb,

001  implicit REAL"8(A-H,0-Z) 017 do
002  real(kind=8) : Interval 018 S1time= mpi_wtime ()
003 include 'mpif.n'

019 do
004  call MPI_Init(ierr) 020 do iter= 1, ITERmax
005 open (11,file='s1.dat status="unknown') 021 a=1.d0

006 read(11,*)ITERmax, Period, Interval, Val 022 enddo

007  write (*(a.i8)) '##ITERmax ', ITERmax 023 EOtime= mpi_wtime (ierr)

008 write (*,(a,1pe16.6)) ##Period ', Period 024 if ((EOtime-STtime).gt Interval) exit
009  write (*'(a,1pe16.6)') ‘#tinterval’, Interval 025 enddo

010  write (*(a,1pe16.6//)) ‘##val ' Val

011  close (11) 026 ttt= EOtime - SOtime
027  Source= Val * dsin(ttt"coef)
012  open (12 file='s1.out' status="unknown') 028! rewind (12)
029 write (12,'(2(1pe16.6))') tit, Source
013  pi = 4.d0"datan(1.d0) 030 enddo
014  coef=pi/180.d0
015  time= 0.d0 031  call MPI_Finalize()
016  SOtime= mpi_wtime () 032 stop
033  end

5.Toy 7' 71 7' IO Original 7' &2 7' X @ Code-1 2K — A =1— R(FORTRAN)

File:SY Stest-waitio-socket/src1/test1.f

512, Toy 7’11 77 LD Code-1(FORTRAN)®D Original DALY — A a— RZ&Z7Rd, K5,
001-016 17 B £ Tk = — R TH D . 004 17T MPL DYWL, 005 T TNRT A =27 7 A
L% Open L. 006 1T C/8T A —H EFHIANTND, Z LT, 01217 THIIHD 7 7 1 /L sl.out
% Open L72%%. 017175 DIL—TRIKD 720 DEFHIIUL 24T > T B,

017-030 1728 Code-1 DAL —T"TdH 5, 017-030 1TON—TRIKTILFHEAERZ 029 70
write SCCAHL ttt & Source & /L — TV HICEIH LTS,

Alal, X5 @ Code-1 = — K% WaitlO ¥/ D 22— RIZT 57012, £, BIICE 7 7 A LD
7u 7T AEORGBEFREET 20 ERH D, K4, £ 1 LD, Code-1 IZTHI) S5 sl.out
IX. Code-2, Code-3 T2 I TW5D, Z D7, Code-1 M sl.out /1% Code-2, Code-3 (Z1%
BI28ER’HDH, £1 L0, Code2 IZBWTIE Code-1 235 DT — 4 % FiArirdr, Code-2 ~i%
5. Code-3 12V TCiE, Code-1 & Code-2 M5 DT —H & irte b BN H 5,
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001  implicit REAL™8(A-H.0-Z) 037 write (*.(2(1pe16.6))) ., Source
do dest=1, 2

002  real(kind=8) - Interval 038

003 inleger . desl 038 call WAITIO_MPI_lsend {tH, 1,

004  integer(kind=4 ) 2}, save.aliocalable - stal 040 & WAITIO_MPI_DOUBLE_PRECISION,

005 ger(ki ), di ). save allocatable : reql 041 & dest, 0, WAITIO_SOLVER_COMM, req1{1,2*(dest-1)+1), ierr)
042 if{ierr.ne.0) goto 100

006  include 'mpifh' 043 call WAITIO_MPI_Isend (Source, 1,

007  include ‘waitio_mpifh' 044 & WAITIC_MPI_DOUBLE_PRECISION,
045 & dest, 0, WAITIO_SOLVER_COMM, req1{1,2"(desl-1)+2), ierr)

008  call MPI_Initierr) 046 iffierr.ne.0) goto 100

008 open (17,fle="s1 dal status="unknown’) 047  enddo

010 read (11,") ITERmax, Period, Interval, Val 048 call WAITIO_MP1_Waitall (4, req1, sta1, ierr)

011 writs (*/(ai8)) WHITERmax ', ITERmax 049 H{lerr.ne.0) goto 100

012 write (*(a.1pe16.6)) ‘##Period ', Period 050 enddo

013 write (*'(a,1pe16.6)) #einterval, Interval 051100 continue

014 write (*(a,1pe16.6/1)) #aval  * Val
015 close (1)

016 allocate (stal(WAITIO_STATUS_SIZE 2°2))
7 aliocats (req1{(WAITIO_REQUEST SIZE 2°2))
018 cal WAITIO_CREATE_UNIVERSE_PBHEAD (WAITIO_SOLVER_COMM, lerr)

019 open (12.fle='s1.0uf status="unknown’)

6. Toy 7' 11 77 50 WaitlO 7’1 27 I @ Code-1 EIEHS

File:SY Stest-waitio-socket/src1/test] _waitio.f

612, Toy 7’127 7 LD WaitlO 7’12 7 A Code-1 DIEIEH & FORTRAN 22— R&7R9, X6
. BFOTABBMLIZa—RThoH, K6I2T038-0481TDON—FTT 7 AN END
2Lttt & Source & WaitlO MPI Conversion 7 A 77 U % U T Code-2(WatilO 7 > 7 &F=1)&
Code-3(Watil0O 7 > 7 H 5=)ICEFE LTS, 2D 2 2OEKOEFICE 2 o0
WAITIO_MPI_Isend()B3%t & FVN, 2 23T E T 57201 Waitlo 7 > 7 &5 1,2 12— 7%
WTWN D, FALEILD WAITIO_MPI Isend()BIHUIZ W E 72 Request &R 1E 005,017 177C 2 ROk
Bl LTEID L TTND, 038-048 {TO/L—TTENLEND Waitl0 727 %5 12 1T LT
WAITIO_MPI_Isend()B%c % 2 [AI51T L 7=, 048 170> WATIO_MPI_Waitall) B3 THFNZE L
L EEFELEDE D,

72 % . 018 4T @ WAITIO_CREATE_UNIVERSE_PBHEAD() BH ¥t » 5| #% T & 2
WAITIO_SOLVER_COMM Z¥i% 8 /34 b DR A X =DM E I D725 8 51 b DOEFERN
METH D, RAa— R T implicit TFIZL Y 8 /31 FD REAL A%k LTEZSNTWD

007  integer :: dest 100 write (22,'(6(1pe16.6))) TIME, tit, Source, X(ii1),
008 integer(kind=kint ), dimension(::), save allocatable :: sta1 101 & A(ii2). VAL
009 integer(kind=kint ), dimension(.,:), save, allocatable :: req1 102 dest=2

103 call WAITIO_MPI_Isend (TIME, 1,

010  alocate (sta1(WAITIO_STATUS_SIZE.1'6)) 104 WAITIO_MPI_DOUBLE_PRECISION,

011 alocate (req1(WAITIO_REQUEST_SIZE,1%6)) 106 dest, 0, WAITIO_SOLVER_COMM, req1(1,1), ierr)
106 call WAITIO_MPI_Isend (tt, 1,

e g

l=== SNIP SNIP === 107 &  WAITIO_MP|_DOUBLE_PRECISION,

108 &  dest 0, WAITIO_SOLVER_COMM, reqi(1,2), ierr)
053lc read (12,*,end=100) tit, Source 109 cal WAITIO_MPI_lsend (Source, 1,
054 dest=0 110 &  WAITIO_MPI_DOUBLE_PRECISION,
055 call WAITIO_MPI_lrecv (ttt, 1, 111 &  dest, 0, WAITIO_SOLVER_COMM, req1(1,3), ierr)
056 & WAITIO_MPI_DOUBLE_PRECISION, 112 call WAITIO_MPI_Isend (X(ii1), 1,
057 & dest, 0, WAITIO_SOLVER_COMM, reqi(1,1),ierr) 113 &  WAITIO_MPI_DOUBLE_PRECISION,
058 call WAITIO_MPL_Irecy (Source, 1, 114 &  dest 0, WAITIO_SOLVER_COMM, reqi(1,4), ierr)
059 & WAITIO_MPI_DOUBLE_PRECISION, 115 cal WAITIO_MPI_lsend (X(ii2), 1,
060 & dest, 0, WAITIO_SOLVER_COMM, reqi(1,2),ierr) | 116 &  WAITIO_MPI_DOUBLE_PRECISION,

117 &  dest 0, WAITIO_SOLVER_COMM, req1(1,5), ierr)

061 call WAITIO_MPI_Waitall (2, req1, sta, ierr) 118 call WAITIO_MPI_lsend (VAL, 1,
119 WAITIO_MP|_DOUBLE_PRECISION,
120 dest, 0, WAITIO_SOLVER_COMM, req1(1,6), ierr)

o g

121 call WAITIO_MPI_Waitall (6, req1, sta1, ierr)

X 7.Toy 7’127 7 LD WaitlO 7' 1 7' A : Code-2 EIEH

File:SY Stest-waitio-socket/src2/test] _waitio.f
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712, Toy 7’0177 LD Waitl0 711 7' F LDOW Code-2 DIETEH 7 FORTRAN =1 — R %R
T ZOEEOHAEH=— FE Code-1 & FERIZENEAL TS, Code-1 & [FER WaitlO MPI
Conversion 74 7 7 VIZEEHHZ T\ D,

7 H1, 054-061 171% Code-1(WatilO 7 > 7 FH5=0)0H DT — X ZEThDH, 2 AL MT T L
S 7z 053 /7% WaitlO MPI Conversion 7 A 77 VIZEE M2 - b D TH D, F7z, 102-121 171
R < 1004707 7 A /L H J) % WaitlO MPI Conversion 7 A 77 U IZE & i %, Code-3(WatilO 7
VI BEF=)~OMEICEB LI D TH D,

007  integer :: dest [rgiled read (13,".end=100) tit, #t1, s0, 51, 52, TBOU
008 integer(kind=kint ), di ion(:,:), save allocatable :: stal o072 dest=1
009 int kind=kint ), di ion(:,;), save allocatable :: req1 073 call WAITIO_MPI_lrecv (tit, 1,
074 & WAITIO_MPI_DOUBLE_PRECISION,
010 aliocate (sta1(WAITIO_STATUS_SIZE,1"6)) 075 & dest. 0, WAITIO_SOLVER_COMM, req1(1.1). ierr)
011 allocate (req1(WAITIO_REQUEST_SIZE,1°6)) 076 call WAITIO_MPI _Irecv (tt1, 1,
77 & WAITIO_MPI_DOUBLE_PRECISION,
1=== SNIP SNIP === 078 & dest, 0, WAITIO_SOLVER_COMM, req1(1,2), ierr)

079 call WAITIO_MPI_lrecy (s0, 1,

0541C read (12,",end=200] itx, Source 080 & WAITIO_MPI_DOUBLE_PRECISION,

055 dest=0 081 & dest, 0, WAITIO_SOLVER_COMM, req1(1,3), ierr)

056 call WAITIO_MPI_lrecv {ttx, 1, 082 call WAITIO_MPI_lrecv {s1,1,

057 & WAITIO_MPI_DOUBLE_PRECISION, 083 & WAITIO_MPI_DOUBLE_PRECISION,

058 & dest, 0, WAITIO_SOLVER_COMM, reg1(1,1), ierr) 084 & dest, 0, WAITIO_SOLVER_COMM, req1(1,4), ierr)

059 call WAITIO_MPI_lrecv (Source, 1, 085 call WAITIO_MPI_lrecv (s2. 1,

060 & WAITIO_MPI_DOUBLE_PRECISION, 086 & WAITIO_MPI_DOUBLE_PRECISION,

061 & dest, 0, WAITIO_SOLVER_COMM, req1(1.2), ierr) 087 & dest, 0, WAITIO_SOLVER_COMM, req1(1,5), ierr)
088 call WAITIO_MPI_lrecv (TBOU, 1,

062 call WAITIO_MPI_Waitall (2, req1, stat, ierr) 089 & WAITIO_MPI_DOUBLE_PRECISION,

063 if (tx.ge. TIME) goto 200 090 & dest, 0, WAITIO_SOLVER_COMM, req1(1.6). ierr)
091 call WAITIO_MPI_Waitall (6, req1, stal, ierr)
092 if (ttt.ge. TIME) goto 100

X 8.Toy 711 "7 LD Waitl0 712 77 I 1 Code-3 {EIEHS

File:SY Stest-waitio-socket/src3/test] _waitio.f

812, Toy 711 "5 LD Waitl0 711 75 LA DP Code-3 DIETEH A FORTRAN =1— KA 7R
T, ZOELEOMIIEIL2— FH Code-1, Code-2 & FERIZBIMEN TS, Code-1, Code-2 & [A]
£k WaitlO MPI Conversion 7 1 77 VIZE & Lz T\ 5D,

8 1. Code-2 & [AERIZ 055-062 171 Code-1(WatilO T > 7 F/5=0)"5H DT — A Z(ETh 5,
a A b7 hETZ 054 17 % Waitlo MPI Conversion 7 A 77 VIZEEH|Z L0 THD, £
7=. 072-091 171X 071 17D 7 7 A /L AN 71 % WaitlO MPI Conversion 71 7 7 V IZE X % . Code-
2(Watilo 7 > 7 FB=2)n 6 DT — X ZEICEBRLIZLDTH D,

ko X oz, 774V A% WaitlO MPI Conversion 7 4 77 VI & H#i 2 5 O I3 HERRIT
WZATH ZENFARETH B,

4.3 Wisteria/BDEC-01 (25 1 % WaitlO EITERIEDHE
AREITIE6 ALV —ERBAtEE TE L T D Waitlo OFRITEREIZ DWW T T 2,
®  WaitlO BH# D 7 7 A /1L Wistria/BDEC-01 @ /work/share/waitio FIZHLE X415,
Toy 7’0 7T L%, FATHOT A M 7N FICEE S D /work/share/waitio/sre/examples/
® module EITEEE & L C waitio 22 X1 PATH, LD_LIBRARY_PATH %50 FEATIZ B /238 E A
fefltansd, BlZE Ny F A2 U7 FNT module load waitio &35 & a 7 IATICH R
BERRENFITIND,

A==V a—F 42— - 43 - Vol. 24, No.3 2022



® T~ Offfi, Wisteria/BDEC-01 @ Odyssey & Aquarius [l T3 FALHG R FEAT O 72D OALFL A 1
fih<Th 5,

ZNBED Toy 70T LD a3 AL ETOFBPTIELL EORE FIck 1 23171220 T

T2,

44Toy 7SS LD JLEELT

AHiTlE 6 HIT Wistria/BDEC-01 T? WaitlO ¥ — EABIARFOBREE A BT LTz r /T AD
AURNANEFTOMELBIT L, AIEHCTHFWZEY Waitlo ([ZBHET 5 7 7 A LV EEE
Wistria/BDEC-01 @ /work/share/waitio 7« L' 7 k VIZ{EL TV 5, Toy 70 7 7 LD Y — AN
|2 SEATER BE [ 3/work/share/waitio/src/examples/SY Stest-waitio-socket.tgz (Z—F 7T — 7 A 7 STV
LD TCHL—YD/work FOT 4 L7 M VICEMLTHAT L, M9 IC—HOLEE T,

Toy 7077 LDT —HA T a%2—H0D work 74 L7 FUICEMT L a— F—= i
SYStest-waitio-socket 7 1 L7 b U FIZEHINDHDT, ZOF 4 L2 U FCmake =¥ K%
F479 5 & SYStest-waitio-socket il FDrunT ¢ L2 b UIZ Odyssey Hl/3A F U (-a64fx) & Aquarius
H ATV (intel) D 3 FlfF x 2 CPU & A 7'=5F 6 FliD WaitlO HDFIT/3AF VY LAV oo
FAT ATV 3P ERS LD, (K9)

9. WaitlO it Toy 7' 02 7'F 5D 7 7 A JVIEB & 22231 )1

10. 11. {Z Wisteria/BDEC-01 3 A7 A (Odyssey+Aquarius) CIAT A[E/R N v F 27 U 7k &oR
T, IOy F A7 U T T wisteria0l / — F_EC 2 EFHBH O waitio-serv 2~ > RIZ XL 5
—ANOFABFHETH D, ZHICLY, VaTFTRO RNy F A7 V7 NOBEEFAETH D,
F 72, waitio module OFHIZ & ¥ B85 PATH & LD_LIBRARY_PATH D% ENREIT /- T
W5,

A==V a—F 4T Za—RA - 44 - Vol. 24, No.3 2022



wlibinsh wbin/sh #hbin'sh
¥ = a1-aG4tx sh=== # = 520l thees # = a)-ak4f sha==
RPJM -N "BYStesl-waitio-socket-ria 17 EEUM -N "BYSlesl-wailio-sockel-20. 7

#PUM -L rsegrpsdebug-o #PUM -L rsegrp=debug-o EPUM L
#PJIM -L node=1 #PIM -L node=1 #PJM L node=1
BEIM i proee1 RN —mpl proes32 HPIM g proce3d
#PUM -L elapse=00:30:00 #PJM -L elapse=00-30:00 EPUM L elapse=00:
#PUM -g 2100000 2PIM g D200 IPJM -qimmxo
#PUM | UM
#PIM e ear EPIM e orr #PJM -¢ o
modue losd waitio mcule load walio madule lcad waitio
module unload ges medule urioad gee madule unload gec
module load | mdule load fi maduke lcad §
module load fmgi module load fmal madule lcad fmpi
madule load metis
hastname hosiname:
export WAITIO_SERVER_HOST swisterial? euport WAITIO_SERVER_HOST swisteria0

hostname

export WAITIO_SERVER_HOST=wisierind

export WAITIO_SERVER_PORT=8801

export WAITIOMASTER_HOST= waltio-senv-abafx -2

expor WAITIO_SERVER_PORT=8801 eaport WAITIO_BERVER_PORT=8801
export WAITIO_MASTER_HOST= hestname’ export WAITIO_MASTER_HOST=" mwm—ddh <
expon WAITIO_MASTER_PORT=T100 export WAITIO_MASTER_PORT=7100

export WAITIO_PBID=0 export WAITIO_PBID=1 export WAITIO_MASTER_PORT=T100

expon WAITIO_NFB=3 epot WAITIO_NPB=3 export WAITIC_PBID=2
waltio-san-a64fy - -m SWAITIO_MASTER_HOST axport WAITIO_NI'-‘B:]
mpsexec i S{PIM_MPI_PROC) Jsoll-aBatx mpexet -0 S{PIM_MPI_PROC) lsol-ab4i wailio-sary-a6d)
mplenss - S{P.lu MPI_PROC] fsol-abdtc
ek
Code-1 for ab4fx Code-2 for ab4fx Code-3 for ab4fx

X 10. Toy 70 77 50 WaitlO /Ny FFEITHAZ U7 b abdfx

=binsh

# = 31-intel sh===

ERUM -N "SYSIestwaitio-sockatr1a”
#PUM -L rscorp=debug-a

£PUM -L node=1

SRIM -mpl proc=1

#PIM -L elapye=00-30:00

EIM -g jh2 Toooa

2PIM -

#PUM - e

module load waitio

export WAITIO_SERVER_HOST=wisieniad]
#part WAITIO_SERVER_PORT=8801

export WAITIO_MASTER_HOST="hostname’-ib
export WAITIO_MASTER_PORT=7100

expornt WAITIO_PBID=0

enport WAITIO_NFB=3

hostname
waitio-serv -d -m S{WAITIO_MASTER_HOST}
mpieaec -n $HPIM_MPI_PROC) fsali-intel

#Ubinish
= 52l sh===
TPIM -N SY Stestwaitio-socket2a:2"

module kad waitio
export WAITIO_SERVER_HOST=wislerial1
expert WAITIO_SERVER_PORT=8801

export WAITIO_MASTER_HOBT='waitio-serv ¢

export WAITIO_MASTER_PORT=T100
export WAITIO_FBID=1

export WAITIO_NPB=3

hostname

mipiexee -n S{PIM_MPI_PROC] isolZ-intsl

Code-2 for intel

=iibin'sh

@ = 33-nlel sh===

PN -N "SYStestwaltio-socket-rdail®
#PUM -L rscgrp=debug-a

EPJM -L node=1

BRIM ~mpi p.msz

module kead waitic

export WAITIO_SERVER_HOST=wisteriall
xport WAITIO_SERVER_PORT=8801

export WAITIO_MASTER_HOET='wailio-serv £
export WAITIO_MASTER_PORT=T100

export WAITIO_PBID=2

export WAITIO_NPE=3

Mﬂm
mpime -n t[P.IM MPI|_PROC} fsold-intel

Code-3 for intel

Gods—1 for intel

11. Toy 712 277 A0 WaitlO /N> FEITHAZ U 7 K intel

10, X 11 ®»/3yF 27 U7 & Code-1+Code-2+Code-3 DFLAG O ThHaLIE abdfx .
intel i & OMAEGOETHENERRETH 5, EITIFICIER T 5 Z L 13 Code-1,Code-2 DYV a 7%
Submit U721, Code-2 MIFATHAAG L7212 Code-3 % Submit 56 Z & Th b, ZiE, Code-3
DY a7 A7 YT hO mpiexec TTORNIFAT SIS waitio-serv —+ I~ 2 ROEER S L7z —
REZVEY FT2720THD, ZDd, Uty FMRIZ Code2 DY a TRETHIGS TS
Y=Y EGTETIITRBITR D,

12, B 13 I[Z5EBED WaitlO it Toy 7'v1 775 LD F4THI %4, X 12 WEED D g 7TETO
R A2R L TR KI3B-#O Y a 7 EITICUE R waitio-serv 7' 1 7T LOFEITHTITH 5,

X 12 TiX. Code-1(Intel)+Code-2(a64fx)+Code-3(ab4fx) DFHA A O TOEITHEFR TH D 23,
Code-1, Code-2, Code-3 D Z ILEIUTLE D abdfx WM intel HDO A2 V7 N & RIRA[ETH 5,

13 @ waitio-serv 7' 12 77 LD ) TdH S, Code-1 12 £ % Master Host DEERIZIAE D |
Code-3 |2 X % Master Host 4D Ut~ b T—DOY g 7EITHK T T 5,
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1) Submit Code-1 and Code-2 Jobs and wait until both jobs running

[z30xxx@wisteria0 run]$ pisub s1-intel.sh

[INFO] PJM 0000 pjsub Job 335684 submitted.

[z30xxx@wisteria01 run]$ pjsub s2-ab4fx.sh

[INFO] PJM 0000 pjsub Job 335685 submitted.

[230xxx@wisteria01 run]$ pjstat

Wisterial BDEC-01 scheduled stop time: 2022/04/22(Fri) 09:00:00 (Remain: 1days 18:55:30)

JOB_ID JOB_NAME STATUS PROJECT RSCGROUP START_DATE ELAPSE
335884  SYStest-wa RUNNING jroooxa debug-a 04/20 14:04:22< 00:00:09 0.1
335685  SYStest-wa RUNNING jhxxxxxxo debug-o 04/20 14:04:23< 00:00:08 0.0

2) Then Submit Code-3 Job and wait until Code-2 and Code-3 finish

[z300oo@wisteria01 run]$ pjsub s3-aB4fx.sh

[INFO] PJM 0000 pjsub Job 335686 submitted.

[z30xxx@wisteria01 run]$ pjstat

Wisteria/BDEC-01 scheduled stop time: 2022/04/22(Fri) 09:00.00 (Remain: 1days 18:55:15)

JOB_ID JOB_NAME STATUS PROJECT RSCGROUP START_DATE ELAPSE
335684 SYStest-wa RUNNING jhiooxxa debug-a 04/20 14.04:22< 00:00:24 0.2
335685  SYStest-wa RUNNING jhooooooe debug-o 04/20 14:04:23< 00:00:23 0.0
335686 SYStest-wa RUNNING jhiooixxxo  debug-o 04/20 14:04:44< 00:00:02 0.0
[z300xc@wisteria0 1 run]$

3) After Code-2 and Code-3 has finished, then kill Code-1 Job
[230xxx@wisteria01 run]$ pjstat
Wisteria/BDEC-01 scheduled stop time: 2022/04/22(Fri) 09:00:00 (Remain: 1days 18:51:31)

JOB_ID JOB_NAME STATUS PROJECT RSCGROUP START_DATE ELAPSE
335684  SYStest-wa RUNNING jhxxxxxxa debug-a 04/20 14:04:22< 00:04:08 1.7
[230xx@wisteria01 run]$ pidel 335684

[INFO] PJM 0100 pjdel Accepted job 335684,

[230xxx@wisteria01 run]$

TOKEN
18
3 =

TOKEN
18
1 =
3 =

TOKEN
1: 8

NODE GPU

NODE GPU

NODE GPU

12. WaitlO hit Toy 7' 71 7" Z A D FEALT: Code-1(Intel)+Code-2(a64fx)+Code-3(a64fx)

13. WaitlO it Toy 7' 22 7" 7 A DELTHI] waitio-serv {1 /J: Code-1(Intel)+Code-2(a64fx)+Code-3(a64fx)

14. WaitlO ik Toy 7' 2 7" 7 A D EATHI: s3.out 7 7 A /Lt /): Code-1(Intel)+Code-2(a64fx)+Code-3(a64fx)

A==y V¥a—F4 T Z2—A - 46 -

Vol. 24, No.3 2022



X 14 \[ZE3&H 1 TH B s3.out 7 7 A VO IFEROYEE TS, K075 ATIEEHKD 2D
DOFERN T D2 E THENE LS EITEN TV DENEHERTDHZENTE D,

5. FLEHESEHEDTE

AfETlE Wisteria/BDEC-01 FI| =4 & L T h3-Open-BDEC & h3-Open-BDEC O— 2D E ¥ = —
DT 5 h3-Open-SYS/Waitl0 DRI S>WT, #HFEGI 2 Gz a s T 37 L ET
B 252 2 TR LTz, AREORIFEETIE h3-Open-UTIL/MP OREZE, %+ Tid h3-Open-UTIL/MP
ZIGH L7= GP-GPU #fli 2 & 7= ZHHED v 7T — L LT I3 - 7—4% - 228 | a0 Fp
W20 TELETEEIZENTZ,

WaitlO-Socket 1% 6 H £V Wisteria TOY—E ZA%ZBIET D TET, HRExICT TV r—a v
2= PFADBEHEFZHL L TN AR =P EELENTTH L, [N 22— P> TniziZ< 72
W, AEETF 2— M TV - mESORELFIE L TWD, THKOH 55V EThid
FENTH D,

ASBITFFEHITIT 2 2 X< EFHROLBITINZ BEROUH A LTS 5 LT &2 —NTE
FTR<Er—MTOT =2 BEICHIEMARERTIA 77 ) 2R L T FETH D,

SE 3
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Wisteria/BDEC-01 #|FAZE45] (5)
RIVLFTATSLERTA TS h3-Open-UTIL/MP (1/2)

eIl (CliMTech)
JURHE (ESLERBEAFFERT)
PEAFE CRE KRG REE 2 —)

1 [FL®HIC

AREIERE 2022 47 A%) O 2 BT TERDY I 2L —Y a7 ur T Al FET
L HE - F—% - 28 aziET 572005475 Y h3-Open-UTIL/MP (Z-5WTHREAMAT
5o AENFI—RERE—7 =% 7 7 F Y RECTER T 0 7T L@l d 27— RO THHL,
R[ECIE h3-Open-UTIL/MP O FHBEI 7 86E T 5 7 > 7 /LK, Python APP ; m B RE
FEREREZR EICOW TR T 2, ZRBxRHE & LT MPL 2 W= WFEHRICIT—@ Y H
L TWERERHEIC OV TIRRBRO L~V EEEL, %Tiﬁﬁ%wkbﬁﬁmﬁ%@
BRI RS FEAT HIE L EO TR L T <, 2B, T XD estEiEL NHEpfEyr) [E
R DGR 72 EEBOMHEN A DAL D 3R TIEEEARNIC DEE R OFZ A,
—HEa I 2 =7 4 OEBIWE- TEE B RRUBERES) 2AVn2 2L L35,

2 EpHEOCEARHGR

ARE CIIERGE A O AR IS DUV TR L, IREC MPLBRERIC 3517 2 MR D F24T
FiEEHRAT 5, B MPL &2 F W E G B OB & 5 i 3R E B L OWEIIRIEL T
ZLX R,

WAL EHE O EAM A2 AT R0, O & ODBREEEL B LIV, FIEERIRO [HE 20
<1 O=RNNS, &2HMEEBEMATIOENE THERFOWIIE] ORER (FEFIIRGEE) 2 HEm
EOHMFRALEHFETH L THAMEA] PEHREEL LTRBE SN TS Z L TRILONE

DIFCE LD, LW IRBRE LIEZ ENELN TS, 2O, SAKMAHWENR
interpenetration T, FEEMIIFHAERZH D2 WIIHAEBEALBAIN TS, Thbbittiod
NTTHEICEELAED, (T2 LTMY. L THEETILOERVENIBETHE, ThE
Vial—vaVIlEERAL L, BH-OBEREFRBT LT TIIRERTH Y BET ik~
RERLOMAERLED TEXDINERD D, LI EIIRAS, ERFHELITEIIZZD
HROMEE (DD TRERR T —H) ZitREENTERT 2O OHAEFIETH 5.

BDTERD &, BEEFE L ITEROY I 2L —ar s T A EA SEHEER L
WERNLFEL TP FETH D, HRTIEE L TEEDOSZ 0L SO XA Cfif < shiE
i & KRR A RN TR A T » 7RISR 2 2518 U723 O 3HE 28 6 5 553 I KB
INDd, AFFTH~5 h3-Open-UTIL/MP [IRFFED T I =2 L— a3 U ET VARG E L THE
A EBRBICER]T L2007 v =T ThHhDH, ZOLIRY T NI =T 2—RICHTZ
LRES, BURCIIERGHEIIEIE TR, BT 72 Shk 2 e B CEBLE L TR W S O
VI T xT %L VY —AENTWER, I 2 TIHEEHEDO BN REFHOOES>THD
RE - RZUFEV I 2L —va ARG E U CHERHEOEARBESICOWTHHT 5, 2021 4F/ —
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AUV E A BB R ANRIEN 2 2 L 1E, AROFHEICE > THLBERmOZ L Th
59, BEMOREBHREBNKKUBEBATT VORER LOZNEAWZEKEEES TR
2L =3 ThDH2,3] ZOFETIIRZET NV EWHEETT /LA AWK E RS0 R /e
EONER (T—4) #RM LN LRHESZED D L5 I TWnD, BIROREROK
G REY I 2 L=y g VETVTHOEMPRE LIEERNR T L— A3 D> TE LT, fi
ZIZTHBRORENRET VDO E DT H MIROC(Model for Interdisciplinary Research on Climate)
EREET I EMEET LD 2ODFFT VAL R—F 2 hEPLILTY AT ARER SN T
WDH[4], RKETIVEMEET VTR RD AL F T ELTar (- U s S, MPTBREE
FTCRIBHCEIT SN D (BRI ETFHIEICOWTIHRR) , KEREFLarR—xr M
KR EWED 25T 2 MU b FEECW) 78 EOEN 2 R —x v MeEhTiY, Zh
HIIRZETND—YTN—F L L LTRRETNDT BT T AMBIAEN TN D, FEED
RTINS OBERET VPHAEICLERERE I L2 GRS 2D T Z LI
25, ZOB, x0T T A arR—3r MIZARER L TWDHEBIE U e iisis s
Fo7e®, BHOKZHICHEE L CIIEE 0O EEEZ RIS 5 70D O U 2 WA 1T 5 WERH D,
MIROC DRKHFLEET NV EBNCT D &, KRKET VTEERE IR - 2R BRI 22 RS 1 & FF
DO LT, WHET T VIR & EICBE) S S BRI ERE T 2R/, I, KET
TNNEERE  ER L BoTWDDIZH LT, MEETT VIR Z RO T ORBERD &
HEERF > TWD, - T, HROTHIEE L TLZ DX ) RRFOEELHIET S MM
DLEL 0%, REMICHRKRET NV EEEET AV TIIRENR T I 2 L—r 3 ORI A
i@ (AT) 2o TEY, KRKUUMO AT BRI L TEWZD, KA DIE~OFRITK
ROFBBMAT v 7OFHERESND L HITh> TS, ISR EERIICE LD
MH1TH5D, XF, Atm. Step ITRKET /VDEE, Land Step 1X[EMRTET /L, River Step
VX))V, Ocean Step (IMFHETET LV DOEHEZFE T, KRIET I/ EHEETET VITER] O S A
TV ELTHWINCETIN, &T —FRBAT v T TRIAT v 7 TCOREBREDHEIZES
BEINd, —7, KK &EERLW) TR AT » 7N CIEEICT — Z 23 S FURKRIC
FENRFEITIND, 22T, Ty Tw, TwlIKRKET NV EWETT NANT — X T 5 KE 7
BRAAEEZER LTS, —F, KKET/V (Atn. Step) DF THEVKM TR END DBRKRKE
FILOMNOEERIA ZETH 5, KKET AN SHBEET L~E LN DT — & PR EEED
LA, MOORERIZ ZEfE O TEEAE S D,

TITHEHREY R 2 L—va CENTEGHR O RARRBESRIC OV TR L2, BRo
WHIFHEIRE TSR @A EOEAN R ERIL DEROET Va v R—x v MBRE#R (7
—4) LR OEEEED D, 2) HRAHICER LTI ZERIE O Z2E 2 i 4 2 5HA
MWEITEIND, LWV 2HRICENIND LB OND, —FF, HHRHCRZERIEE OMED
BARB e RIS DWW TIS B IRIC L » TR DN ER SN D, RFERE1 L L TR
WSO WEFHE) 2825, RKRET NV EMHEET VEER L TRIED X 5 2RI 722
B a2 HET 2568120F, BORGEDEEICRIZND Z ENEREND (£ TRV EHENT
ERo7=092) . 2O, MEFREIOEEE T RAMET 2 EEIOE U CTEE LElE sy
THEBEAEPANVSENDD[5], £ OBRICEICHEEZBEHEC LT D OIXERES A OFET
b5, WHETTNVNEEZRVE T CTEROS HHEFFOZ LIIATROEY THHA, KK
ET MDA DBEET WAE Ol L BOER 2 72 SHEITTEROFIG L EE L LT
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it 2 N B B BN B, *ﬁfﬁ&ﬁ%%*én&wioﬁ CEME TR S D F
BlLd 0155, BlxE, HEB) OEEY ORI Z3ET 2 L5 s, HiEmn o OHES)

DREITHBL 5 5720 %ﬁ@h%ﬁﬁi*ﬁﬁk??&<,%ﬂ%®ﬁ%ﬁ%ﬁi%ké
N, ZD72, Z ORI TIEE SR CHERL S L2 #IZEE 7 /L OR 17 b B8R N T
EWET VO RELZRD TN D[6],

AFa TR D 77 h3-0pen-UTIL/MP |34 € D4y EFICH LT 5 = & e < Bk x Al I AW
BNDZEHBEELTRY, EREO XD RHEFIEOZEESCE I TEEDZEEITH LT
FHIHIEEND Z ENRD BN, DOEBRLTNWD, ZTDEODHEMATHONTITE 4 HiLd
M TR 2,

RRET NV WHEET IV

T <

AeemeStep Ocean Step

Land Step
v

River Step ‘

TN+1 ><

A +. Ce
AtraSeep Ocean Step

v

Land Step
v

River Step ‘

Tyiz ><

X1 MIROCIZEIT D KKET IV« BFEE T /AL ORI 1k

3 MPIREBIZCEIT5EKEE

AHITIE MPL BREEIC T DERGIRE O FIEIZOWTHAT 5, mifge LT, EltgLd
i x DET V3 R—xr MIBEZ MPL 5k En T2 b0 & L, HEOET LA R—x
¥ N EERT D56 OER LA TR IS OWTHHLT D,

MPI THEEDO T 1 7T AEETTHHEIIT 28 OFENRD D, O L it Master/Worker J57
XThHY, 0BG, YRE LRI T ARF T A2 ERTSH MPL a~v 2 R
(mpi_comm_spawn)% 2 —/LF 5, FIZIEH T I HRMILL7=7rALE LCRIIZES S, £2
MBI RERDET N T OB RAEERT 2HETHD, b OO DTERMNR LR LT r T
T LE—EICEET LN TH D, BEMIZIE T ORI O X 512 mpiexee (b L ITHER) =~

WXt L TEEO T v 7T 5 EGIHEELTEXD L DITT 5,

mpiexec -np 8 appl.exe : -np 4 app2.exe

b 2@V O TR ENAS T2 ST LD MPI BN RL S, f{ELTA NSRS T A
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TEMEFIZRT, F9 Master/Worker FDOT A b 7' 7 Z A%&[K 2 IZ/”RT, Master fil T MPI %
7 /L—F > mpi_comm_spawn % I—/L L worker 7’1 7 T A&EZEI L TV 5, 3FEHDSIEIE
XS 7av 2T, FITIES 7at XD woker NEEBIEINS, RWTH T L—F
mpi_comm _rank Z 2—/L L C MPI 7 7 4/ b2 2=~ —% TH% MPI COMM_WORLD %
S E L TR e EAD T B EERSE LTI LTS,

program master
use mpi
implicit none
integer :: my_rank
integer :: inter_comm
integer :: ierror

call mpi_init(ierror)
call mpi_comm_spawn("./worker", MPI ARGV NULL, 5, &
MPI_INFO NULL, 0, MPI COMM_WORLD, &
inter comm, MPI ERRCODES IGNORE, ierror)
call mpi_comm_rank(MPI COMM_WORLD, my rank, ierror)
write(*,*) "my_rank =", my_rank
call mpi_finalize(ierror)

end program maste

program worker
use mpi
implicit none
integer :: my_rank
integer :: ierror
call mpi_init(ierror)
call mpi_comm_rank(MPI_COMM_WORLD, my_rank, ierror)
write(*,*) "my_rank =", my_rank

call mpi_finalize(ierror)

end program worker

X2 HEAL

=10

+ET A N7 r /T A (EX : Master, X : Worker)

Z o7 7T A% mpiexec-n2 ./master 2 RTHEIT LG AEORBENPK I ERTH D, —7,
worker 7’11 7'Z A% workerl & worker2 & L C mpiexec -n 2 ./workerl : -n 5 ./worker2 =~ KT
FAT LB A ORBREPE 3 AR TH S, fEERHDODD K HIT Master/Worker 7 R.0D FAT Tl
X570 7T AEICMAL L MPL COMM_WORLD AEIW Y4 THN, TOFTT L IEKE
PRFERTWDOIEK L, #EOT v 77 A RICESHTLHEE3T~ToTrEAT
MPI_COMM_WORLD M3#H ST 5,
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master_rank = worker rank =
master_rank = worker rank =
worker_rank = worker_rank =

worker rank =
worker rank =
worker rank =
worker_rank =

worker rank =
worker rank =
worker rank =
worker_rank =

PN = —O
— W O NN

3 ERLEHE T A MER (£ : Master/Worker 53, A R E) )

L OFITR LT & 512 Master/Worker OG- EIL T v 77 A Cala=r—2nEF I
RN, EORST v T AROMEEE1T O BEIZIE mpi_comm_spawn @ 7 & H DOF|ET MPI 25
REND7m 7T A2 2=/ —% inter comm ZHWDHZ L2745, —JF, FREEIHFXT
IZ MPI_COMM_WORLD 233t &2 77 1 77 AMi#E(E X MPL COMM_WORLD % H\ iU
TRWA, —FTHETr 77 2 NOBRELZRILRSETTL22DICE MPL ¥ 7 L —F
mpi_comm_split # i\ TaIa=br—F%25EL, 7n s I asgIlnElsN/cala=r—4%
AW LT 20ERDHD, ZNEORREZHEIRLIZONK 4 TH D, @HOFIECIE—
E—ENH DD, Master/Worker JTROBE, EE D Worker 2LHE) &1 5 R Tl Worker [ D
BEFENPEGND (WD TIERVWRHIGO FRE 2 ERIND) EWOMERH D, o
C Mater/Worker 5 CHEEDET Vv AR—x v MEERT 256 101E, BUICR T X 9 IZ Master
ERALTEREZITO ORI TH D, ZOBBICH T T 0T Ak Master &35 & THfi
MEHRESCT — X BEOEHREEZET L EENOT o A TR TE 5 X512k D, 2O LT
ERCEE U C ot REMERRm b (EATREIEN ERERVEL0, £7 7 ek R LA
BRBEND T TICHERA 7o A2E 0 Y THZ LiL, &L LCIESHROE FICEN 5%
BRd D, —J7, RCEET 258130 7 7 ICEO T a2 280 4 THZ L, ET/L
T AR L CEET — A RMBT D ENAETH D, ZOHEITT1ET7A4 77V L LTET
NTaERIZ) T SNETIND Z L2725, h3-0pen-UTIL/MP (X ET V7 Bk R % FFIZE
BT DXL TONTTTHD, LT TIHE, ZORKXTOETIZBIT ST —#i(E & ffgEIC-
W T %, M 4 TIEFROFRE LTEFTADOE T o ATHFEETNAOE T 0¥ A L EE
F— B W4T 9 Local To Local B{E %179 & L THi-NTW5S, MAEICERDO o0& A THEIT
ENDETNAMCTT —HE2EZETLHIEL LT, IEMALOE DEEMORET 2R RIC
EEME T RAOT =2 2 HEK, 2)EEMORET v ANLZEMORET rEA~EHL
T —#EE%E, DEZEMORET o EANGZEMNE T 2 A~NT =X 200, £\ ) Hik
Thbd, 2O, #FEAMORET o2 LFZERORET 22 A TREROT —F x4
ELTHIBEREZIT ), ZOFEIIEENRGIENT -4 @R, 7ot Ablz OEEREL D
IZ Local To Local DIFAICHL L TREL 20, HRBEOR bRy 7 BNEULARENERDH D, N
2T, KEWIESIFHE CII AT Y BRROBANLEEKOT — 2 20 L 2O 7 v A THRET S
CEAEPARFRAREG LS VELD, BliARATFETCITEATEASRMAROND, —7F,
Local To Local i#{& J7iEIZMRER CIXEN. TH DA, WY 8T — ¥ 2@t 7t AM T
EEETDOOT VT Y XAPEMETERENE L WGED(D D AAEES TR O T O
ROKEBIRIIKET 20D, DT TOHEERROOLDIIZIORIZHY, KETHRNTS
h3-Open-UTIL/MP |23\ T b HififiZ2 API OFFOMHY L 721F C Local To Local %2 B TE 5 L H
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| I — [ R ——
|
|
. TFLA MPI_COMM_WORLD
1=
. 7V B I_ | mpi_comm_spawn 2> 538 & #1% inter communicator
1=
|:| Hh 7T | | mpi_comm_split THARK X 713 intra communicator

4 Tu 7 hOEEBFEEaI 2 =r—2O% (EK : Master/Worker 52, AKX : [FIREE )70

WATHE T MAEREIC DV TR T 5, B 2T IRIR O T 7 AV CRE# A 23 #3211 A5 1)
DA BB Z EE U OEE O ROMEN LN T 2 BLENH D, Z OWNFRFHRICITATE TR~
7o £ 90T, ERTHBIEL ST 2 ORI NIET 2 FiER EEBOFERH D, L LeR6 D
O OFIEDENDEET 5 OIINFEREOR T ROBR EARK L TTHY, HET LY X
LELTHEHRAZETHD, THROLZEMOD DT RHE R ITEHEMOEHN )01 A 4E SG)
ERELCONDBRDOKD X S ICEHHEEN D,

R= ) S{)*=C()
2

FTRTOZEME T RIx L CTREEMORK T RES L TINS5 AFE LTz b0x 2
T T — TV EMER, T2 THET AOEF IR E D LW 35 &, #ilfT
— 7B IFMZEL LW O FRNCHE L TB 2 LR TH D, ZOfMT —7 B L OE
TNADOXET B AREYT LT ORFRESOEFERPEZ LN, EF VO T aE AT 1)
HEPNMEET 8K FEEEZHFET LD LD at RCEETNTRVD, DMFET LD L
DT A SAEOKR T BB ZZETIUIR W), PPE TE b7 Local To Local D5 — ¥
R L 7 v A TOMEESEOHMEE A FTREIZ 72 5, h3-Open-UTIL/MP IZH W\ Ti, 2 b0
FEWMEATETHZLIZ Lo THEET VOB RE Db OIZIFRTE L\ CERGHE 2 FEIT
THZERAREE LTV D,
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4  h3-Open-UTIL/MP
4.1h3-Open-UTIL
h3-Open-UTIL |3 A— /83— Ea—TF 4 v = a2 — ARIERE[T| TR SN EH Y 7 Y
= 7 HHME Th3-Open-BDEC | [8,9] %k T 25 Y 7 by =7 2= hOVE&>TH S, h3-Open-UTIL
=y h® HMIT Wisteria/BDEC-01 DL ) 2~T RV =T AR AT A LT, [HE - T—4 -
FE(SHDHL)]) A ERSICEBR T 2720 OREA RS 5 Z & THH[10,11,12], h3-Open-UTIL
7213 T72< h3-Open-BDEC D& == v M FHEAICHASERATHZLICL-T, v Iab—
vary /) —RFETHAERZ VI 2 L—varya—REETL, T4 - 28 ) — FEETIHNE
SEVAATEBIT — &2 <0, B EIC KD HmEICERSE NI A2 B RE L, FICHEE
EWT D END A I NEREFCERT D ENTE, £7287 A —F Fifbic X - THERE
ARk LTHEMTE L Z LI D,
4.2h3-Open-UTIL/MP D#&it

h3-Open-UTIL/MP (T# G E 2 BHICEBR]T 27200 7 ho =T (I 7 F)Thd, xtgLi
DX MPL Z# AW CHEIEAENC XL v iFb s iz 7 b = TEETHY, 5D L Z A Fortran &
Python @ API 32L& TV 5, h3-Open-UTIL/MP O 7 1 7' Ltk % X 5 12777, Kid Fortran
7vu /' Lk Python 70 /T AEHEKTHE]TH D, h3-Open-UITL/MP |35k FREISERK T A 7
7V Jeup ZHAVTWB[13], Teup IHEK S NDET /LT Vi R—F 2 FOEBHL MPI V—F > =2
— V7 E DA RIERE RIS 5, F 0 EIZ h3-Open-UTIL/MP O 7’1 ' AR S5,
h3-Open-UTIL/MP @ 7' @ 7' 2% Python ¢ API % [\ C Fortran @ module B THERL S TE Y,
Fortran 7’10 77 A B AWV AGEIT APL DT Y 2 —/L % use LT APl T —F & 32—/
%, Python (CEE L7271 7T AZOWTIIKRBEDOFRETHHT L FETH 5,

Fortran APP

Python APP

h3opp.py
h3-Open-UTIL/MP

modules

$

h3-Open-UTIL/MP

Jeup lib

MPI

5 h3-Open-UTIL/MP O 7' 11 7' Ltk

4.3h3-Open-UTIL/MP D #&E

AT T~ L ICERFRIZET v ary R—x > N THERGT — )2 Kl LN bt
EFHEDDHZETHY, BFROZMBIIEE L UIFEMMEEOZEEL M IET 2 MLENH 5, h3-Open-
UTIL/MP 1% MPI TF —Z WSk ENT-ETF L a R —F3 o Mo L CEREELREE 5 Y
T hU=TThHDH, HFIGEE LT )T —# ZHoORRBRITXT —Z EIc—ERRTRiTh
e 6720, 2T /LI AR —% 2 MO TIE—EBIZE SO b AVHE B 22 AL E AR 2L L7
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W, D2OTHDH, HICEZIE, ZOEREMH-TETASLHAESFMETCOHNEEDL S ET IV
THLHEMAFETH D, BT — X ZHMORKHMRITI —ETHILERH D, £ DM OFE5RFH
ATy TIIEM L THHEDLR, ZORTFEEXNICR LIZORK 6 ThbH, RIOFITIL3 DD
ETNAVHR—RY IR T—FERBLTEY, 7/ A OTFT—ZRBEROIZ 3 A7 v 7
L ART T ORMAT v TEFHE LTS, REH#EEOHIE S LT h3-Open-UTIL/MP (2137
— X ORHEE A G R T DEDN & 2, FIIMEFHEO T VT Y X LI THMICE R 2T >~ 7D
AT CTHBIET 2 5ETHY, RTERTERO LI D, Z 2T Dmean (ZRFHIEHIE, D(t)
I AT v 7t O, ATOIZFER AT v 7t TOAT, Tex 137 —Z ZHBEIR CTH 5, ko
DT — X TR Tex X3 —EMETRITIUTZ DT, ETETVOREMRAT v 7 D% #H L —E
LTW5, 77205 Tex=32 ATH) TRIFTAUZR B2V, 728 B % 25T 2 D Wi & 2 3
DMIRETHNEZ D2 LN TE D, REFECONTUIHRIERT D,

N
Dmean = Z D(t) x AT (t)/Tex

t=1

ETNVA E7 LB £ C
— —
——
B H#FEIE]quﬂ I
——
= 7
Z ! |
e e ——
[S] L I
e | BT c s
— ——

6 BiffiAT v 7 &5 — X WO BIR

KRy L — 7 R COT — 2 WD 5 T —F v a— L Ok 2K 71077, ’THED
PO IR sy L — T DBIR & T, 7L —OWNAITET AR - FE2RT, ALY olf
25 h3-Open-UTIL/MP @ API /b—F > a—)LCh 5, BEERES LV — 7 CHEREEICBE DS L —
F 23— L1 h3ou set time, h3ou put data, h3ou get data ® 3 FEFHD A TH 5, h3ou set time I
TGN E N T T DT DN—F T, BifilfE SV — 7 O G THEIEN D Z & 23
FEEN TS, h3ou put data [ FHFETNVCHEET DT —F 2N T TILEZXHIPTNV—F 0,
h3ou_get data 1M FETANOLZE LT —FEBBT 520DV —F T, ZhLbOH T
—F 1% h3ou_set_time BFEINHTHNITT 1Y T LOEBOFEH T2 —LTEDH, T—X
EZEOMMFTE N ERRIAT O D DXV 7 4—F 2 h3ou_set time PNETH D, TT /L A »n
HETI B AT —HBEZFEINIBEOT — X OFRNER 8 1Zmnd, K, Hio A iXF A
BN VT EL—F L EET, LT LRI T TNB TCOMETH D, e ALY
D 2 FFDOPEDMIEIZ SV IR G TR T 5. FEIEIN 7 TN TRE SN T — 2 2R T,
h3ou put data TH 7 JIZHEZ N T =X I I T INHOT —F Ny 7 7 IZHRFFEN D,
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h3ou_set time 32—/ /L XNTZBEE T, YT —F DT ORLOEZERNRT —Z i E D v
EIh, BZET X THII Ny 77 M HED H L(get from buffer)fH FET L7 1k R
WG U TCT—X 2O 2 5 (rearrange send data) , 58 & %ZA{E(Z1% MPI Isend, MPI _Irecv 7
WHD, BTV B TREINTT — X IXHEW O % b (rearrange recv data), IRV~
Jb—F interpolate_data IZJE SN 5, MR CHRONTZT —XIZA T T OT =% /Ny 7 7 1R
FF S (put_to_buffer), API 7 /L—F > h3ou_get data 22— /L INT-EER TNy 7 7 LY
HENFFOH LANCE S,

dot=1, Nt

call h3ou_set_time(current_time, deltaT)

call h3ou_get_data(“data_B2A”, gdata, is_recv_ok)

if (is_recv_ok) then
model calculation using data_ B2A

end if

model calculation

call h3ou_put_data(“data_A2B”, pdata, is_recv_ok)

X7 BeAfES L — 7 TOH 75 AP = — L DOFERIK
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ET VA ET /LB
h3ou_put_data(data_name, dA)
|—) buffered-dA —
time loop end time loop end

h3ou_set_time(timeA, deltaTA) h3ou_set_time(timeB, deltaTB)

\ 2

get_from_buffer(dA)

1
|
1
1
1
|
1
|
]
1
time loop start 1 time loop start
|
|
1
1
1
1 doi=1, npe_r
1 MPI_irecv(rA)
! rearrange_recv_data(rA, dA)
: end do
doi=1,npe_s
rearrange_send_data(dA, rA)
MPI_isend(rA)
end do

call interpolate_data(dA, iA)

put_to_buffer(iA) ——————
buffered-iA

A4

h3ou_get_data(data_name, data, is_recv_ok)

8 W7 TWNH TOEZIFET — X Dl
(HFRITFIREFE T —NAL—F o, AL ORI H 7T ONEEIEL £T)

Z ZFE Tl R7= DL h3-Open-UTIL/MP DIEARHRIERETH VY, B 7T & L TRICH MO S
LZHO TR, LA LA S h3-Open-UTIL/MP 13D H 7 Z (21X 72 Vil B OFSRE & ff 2 T
5, TNHIL,

1) TP T VR R

2) Python 77— aL #aERE

3)  HLPEFER E A RE

Thod, ZHHIMEBIEIC OW TR G ORHE Tt 234 2 TECTH 5, LLTF O T h3-
Open-UTIL/MP D FEAR 22 T iEIC W C BRI IS 20N Bt L T <,

5 h3-Open-UTIL/MP O {ERKA %

Z ORI B 22 A Y h3-0pen—UTIL/MP @ HAKERE D F HIEICOW TR 5, 3t
B L LTWDH~ 0T Wisteria/BDEC-01 @ Odyssey T 5, o7 la— RBLOWETFY =L
2 7 U 7 ;3 /work/share/h3-0pen—UTIL-MP/src/sample/h3ou/testl (54 L7 b U ZITEFE|C
ROAREMERH D 3, HERITKRFLETBHLENEZLET) LTFO sre BEDrun 7 1
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7 MUICHDHIOTHESZRRINIZ, ZOY 7V TiXappl, app2, appd @ 3 DDT S ir—
Yary (FBF) PNHEILT —Z 255 L) SRS 2 #D DHERIC > TW5, RLEHE
WIlZT 2720, ETVOKTIER— Tﬁ\ﬁ%%%%x7/7&%ﬁ ELTWD,
51 BET 71 ILDEH

h3-0pen-UTIL/MP |35 77 OEHE & 2T — & OFEHER Z R ET D12 DICRET 7 A V&
Wb, TAMHE BT LATHOWONTOVWAREZ 7AVEK 9 IZRT, B v a v
h3ou_coupling 1347 7' 7 £EDOEELHET 287 v a v C, 5D L ZAREFMRERDIIR V7
7 ANDHI LT 5, log_level (X7 SILENT” ,” WISPER” ,” LOUD” o 3@V 233R7EAIHE
T& Y SILENT (dm 7% /77" LOUD I d3sM 72 v 7 A 7135, LOD E— RiZREDOR 7
EHDNT 1207 A NLT Ny JERZERT H5E— RThD, debug mode [T 7/ ZiEHET T —
BN DT ENE I D7 T 7 ThHD, B2 2 a2 h3ou_var 1Z 2@ Y OFEREANETD S
TW5, ODEDRT—EARMTDHET VA LK TLADEY NTHY, comp_put, comp_get,
grid_put, grid_get DENZLIITEFET VA, ZEET VAL, EEKT4A, ZEBTLESZ
b, ZOMBAEDLEICH L TCLATIZR SN A RBAEKOREN#EH S5, hdou_var 7 &~
arOb ) —OORBERIIKRMRT — ¥ OEREICHET 5 LD TH 5, var_put [TEEHT —Z 4,
var_get [EZ[EMT — %4 Th 5, grid_intpl_tag I[TMEFIHEKFT — X Z#FAT 57200 % 7
T, FRIRELRWEARIE1 2525, B, ZOZ0X 7 E2BT 5HFIZ OV TITR S TE
THFTETH D, intvl 137 —FZHRBR CTHEAIIHD TH S, lag ITEMFERWINATDLILD
DPBIRANAT LN DD ERET D7 T 7T, —KIRWHIETOBREIL-1 252 5, layer (TH
BT — A OMEERTH D, BT AR TESEHET 7L —F U THHEREKE 52 5M, Zh
ATV S RROMER I THY, 7 —FHIIZIZNEB X R\WMEROEHUE X EFRE T
%, flagld7 —F R T 2008 5 hORRE TS T 28568137 AR %, BREE%
T BB AL SNP” ZRET 5,
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# log_level : "SILENT" or "WHISPER" or "LOUD", default = "SILENT"
# debug_mode : .true. or .false., default = .false.
&h3ou_coupling
log_level = "SILENT"
debug_mode = .false.
&end

&h3ou_var comp_put = "app2", comp_get ="app1",

grid_put = "app2_grid", grid_get = "app1_grid", /
&h3ou_var var_put ="app2_to_app1", var_get ="app2_to_app1", grid_intpl_tag =1, intvl=720, lag=-1,
layer=40, flag='"AVR'/

&h3ou_var comp_put = "app1" , comp_get = "app2",

grid_put = "app1_grid", grid_get = "app2_grid", /
&h3ou_var var_put ="app1_to_app2", var_get ="app1_to_app2", grid_intpl_tag = 1, intvl=720, lag=-1,
layer = 40, flag="AVR' /

&h3ou_var comp_put = "app3" , comp_get ="app1",
grid_put = "app3_grid", grid_get = "app1_grid", /
&h3ou_var var_put ="app3_to_app1" , var_get ="app3_to_app1" , grid_intpl_tag = 1, intvl=720,

lag=-1, layer=40, flag="AVR'/

&h3ou_var comp_put = "app1" , comp_get = "app3",
grid_put = "app1_grid", grid_get = "app3_grid", /
&h3ou_var var_put ="app1_to_app3" , var_get ="app1_to_app3" , grid_intpl_tag = 1, intvl=720,

lag=-1, layer =40, flag="AVR'/

&h3ou_var comp_put = "app3" , comp_get = "app2",
grid_put = "app3_grid", grid_get = "app2_grid", /
&h3ou_var var_put ="app3_to_app2" , var_get ="app3_to_app2" , grid_intpl_tag = 1, intvI=720,

lag=-1, layer=40, flag="AVR' /

&h3ou_var comp_put = "app2" , comp_get = "app3",
grid_put = "app2_grid", grid_get = "app3_grid", /
&h3ou_var var_put ="app2_to_app3" , var_get ="app2_to_app3" , grid_intpl_tag = 1, intvI=720,

lag=-1, layer =40, flag="AVR'/

9 h3-Open-UTIL/MP DFRE 7 7 A /LA

5.2 APl L—F 22— ILDOBE

h3-0pen-UTIL/MP @ APT Z kI GE 7 WAL BEO TR XX, )77 08k, 2)#
FORE, MM T —7 VOBRGE, 4) WL ORE, 5 HEO AT v 77 —Z D put, 6)BIERE
& AT DFRE, VT —X D get, 8) T —H D put, NEROKT, DIAT v 7T,
IO DG ) ETHRUMEGE, 6)7)8) BRERESL—TNOFiE Thd, ZnbOFIA
X 10 127, K TIHEEEMEOH LFTEES 2 WITEREICEWEEEI 2 — LT 2 B0 H 5 L
—F U EKAET, —ERTa—LENIL—F 27 TRLTWS, 2B/ L — 7
DN—F A= UZDNWTERM AT v THIC 1 BT 22— 2 0 EEE 2 — L R[EEN TR
FFENTND, HA—F L O5$R LI oW TIREI TR &S 5, IS Ta—A LT
V% h3ou_get_mpi_parameter |XX 4 HEOFORR TR IN TWABRETIVHEDIAI 2= —H
BIORZIOaia=r—F0I =RV A X, 7o ADT v 7 HEEBGT T L—F
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TH D, BEAET 077 AN WL EIHLENTWDHIEES, EFANINETHNWTIWS I 2
S —RIZON—F o nb BN as a o — R ICEEWMZ DVLEND D,

YL [ h3ou_init(comp_name, config_file) ] i
E h3ou_get_mpi_marapeter(comp_name, i
! local_comm, local group, local_size, local_rank) H
§ &% E [ h3ou_def grid(grid_index,comp_name, grid_name, nz) J i
! i
E [ h3ou_end_grid_def() ] i
E *iﬁFEﬁ R h3ou_set_interpolation_table(my_com_name, E
! ;:7 n send_comp, send_grid, recv_comp, recv_grid, i
1 mapping_tag, send_index, recv_index, coef) !
'_:::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
i g%}jﬁﬁﬂ [ h3ou_init_time(itime) ] E
E T—RAD [ h3ou_put_data(data_name, data) ] :
i Put '
' ORTEREZ . » |

'S 8 [ h3ou_set_time(comp_name, itime, delta_t) J |

(= I ;

;E.ij :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::I

H | T—XD ] .
D0 Get [ h3ou_get_data(data_name, data, is_recv_ok) ] |

V% i :

] ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::i

7 ; E‘#ﬂ@ [ h3ou_put_data(data_name, data) } i

] ut \
o ) :
%}ZT [ h3ou_coupling_end(itime) ] !

10 177 API —F v a— )L O3

Yo TINTa T T LD AR ER 11 R T, 9 ATHDY 7 —F > init_common HIC
h3ou_init & h3ou_get_mpi_parameter 32—/ L I 77 OYIHHL & MPT HFROBH 217> T
W%, IRWT 11 4TH @ cal_and_def_grid T m 2O %5 % #HH L hdou_def_grid T
BT LT- LT, h3ou_end_grid def Z=a—/L L T\W5, 134TEND 24 TH £ TR T
— T IVDOREICEDANV—F o a—)LThbH, ZZ Tl app2—appl, appl—app2, app3—appl,
appl > app3 D IMEF CHM 7T — 7 L 28 A LHEM T — 7 v OoREN—F &~
h3ou_set_interpolation_table Z ==—/L LT\ 5, 26 {TH T h3ou_init_time & =2 —/L L7214,
28 1T, 29 1T THE 0 AT v T DT —F &N T TIZELTWD, KEBIEYIOAT v 70
h3ou_set_time TERE 7 7 A /MG SN TR TOT— R EIND -0, FEO AT v 7D
h3ou_put_data [T HET ANIEETRETRCOT —F|ZONWTa— /LT L30END D, B
43— ® h3ou_get_data, h3ou_put_data [XFE & O T SN TWBED, EBRITITMLEIZ N
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CTCTul 70 80@EHM»L THLIERRIZ—ILAHETH D,

h3ou_coupling end Z 2 — /L LEEZHET LTV 5,

%2 43 {TH T

44

program appl

use mpi

use common

implicit none

integer :: int_array(1)
integer :: ierror
integer :: i

call init_common (APP1_NAME, 1)

call cal_and_def_grid()

call cal_and_set_map (APP1_NANE
APP2_NAME
APP1_NAME
call cal_and_set_map (APP1_NAME
APP1_NAME
APP2_NAME
call cal_and_set_map (APP1_NAME
APP3_NAME
APP1_NAME
call cal_and_set_map (APP1_NAME
APP1_NAME
APP3_NAME

call init_time(time_array)

call put_data_2d("appl_to_app2”
call put_data_2d("appl1_to_app3”

do i =1, APP1_STEP

&

APP2_GRID, APP2_SIZE, &
APP1_GRID, APP1_SIZE)

&
APP1_GRID, APP1_SIZE, &

APP2_GRID, APP2_SIZE)

&

APP3_GRID, APP3_SIZE, &
APP1_GRID, APP1_SIZE)

&
APP1_GRID, APP1_SIZE, &

APP3_GRID, APP3_SIZE)

call set_time (APP1_NAME, time_array, APP1_DELTA_T)
call get_data_2d("app2_to_appl”)
call get_data_2d(“app3_to_app1”)

call sleep(1)

call put_data_2d(“appl1_to_app2”, 1, i)
call put_data_2d(“appl1_to_app3”, 1, i)

end do
call finalize_common ()

end program appl

K11 o FATa s 5 DAL Y

6 h3-Open-UTIL/MP @ API
Z OHITIL h3-0pen-UTIL/MP @ API {Z DWW T — B 7B WS D E -T2 b DO ZAT
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6. 1 F]HAERE API
F 1 W EICE D h3-0pen-UTIL/MP @ API %7¢, FEAMZRERICHN OGNS DT
h3ou_init & h3ou_get_mpi_parameter M 2 D> T 5,
1. HIHEEM API

W—F% m=
h3ou_init h750 MMk
h3ou_get mpi_parameter O—h)LE MPLERZEIMFT IS

INHEDONL—F D5 EBEWRIITOL IR,
(1) B7Z 0L APT

subroutine h3ou_init (comp_name, config file_name, num_of_ensemble)

character (len=%), intent (IN) :! comp_name | =F L aviR—xr N
character (len=*), intent(IN) :: config file name ! EE7 7 A /L4
integer, intent(IN), optional :: num_of_ensemble ! 7 7%k

> ATTOHHT R 2 FETT D, TARTOT v ANUTRINIESLENH D,
AT THNHMTET VAR =R FEIEST WL aIa=br—¥24EHRT5,
num_of_ensemble % optional B3 TH Y, RETHHTIT vV TAFEEDOEE
DHEREFFO,

(2) MPI fH#INE API

subroutine h3ou_get_mpi_parameter (comp_name, comm, group, size, rank)

character (len=%), intent(IN) :: comp_name | £F /LI HR—FR 4%

integer, intent (OUT) :t local_comm ! Local X ==/~ —#

integer, intent (OUT) 11 group ! Local 72 MPI Z' L —7

integer, intent (OUT) 1 osize ! local_comm |ZFT/BT 5 7' & 2%
integer, intent (OUT) 1! rank I local_coom ND T > 7 &5

> BT TR TAER I NI Local foa MPT %4 & B34 5, local_comm 23E T /LT
FHREINS I a2=2r—ZThb, group, size, rank [(XET /L a—h L7 L—7
D, m—h a2 ¥, a—hLhET o ADT L IHESTHD,
6. 248 FE&TE API
F 21T TFREM APT %779, h3ou_def_grid |3l # DT DI F S FE =S %R ET 5, h3-0pen—
UTIL/MP IO E DDET V2 AR — 2 Mt L CHEE O T 238 EFRE T b, h3ou_def_grid
BT DOEIZ kG L CEEBIFEOH L ARETH 5, h3ou_end_grid_def 1T FRREDK T 207
BT 5,
# 2. HAFREM APL

W—F% M=
h3ou_def grid BFRESORE
h3ou_end grid def BTRESHRELT

INHDON—F OB EFIIZITRROEY TH D,
(1) ¥&T%7E API

subroutine h3ou_def_grid(grid_index, comp_name, grid_name, num_of_layer)

integer, intent (IN) 0 grid_index(:) | £ 0¥ ADKFRES
character (len=%), intent(IN) :: comp_name ' =FraviR—xr M
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character (len=%), intent(IN) :: grid_name | ¥+
integer, intent (IN) i1 num_of_ensemble | $REFRS T2
> BTOKTRESERET D, 2OV T N—F 37 — ¥ ZHICB b AT 08721
a2 —L LA uE22 5720, grid_index 13& 72 A0S T 51702 1
— BRI RE T TH D, FEHILBRETRITIUIZR L 20, B RES sk L
TWAREEFRLS FFICEZENDH DT EIFFHFEND, L LEFOEEITFTF SN,
DT ITFEEFOEE > TF v 7 LARAVWEDEEN™LETH D, comp_name &
grid_name (I F NIRRT 2T N4 EREF4 TH D, nz ITRIBIFHE DK 2 RITT
TOhbBEIC, 3 kLT — 5®f\§%?@§ﬁ%ﬁ—zé ZO%E, KTFRES
grid_index IFI/KFERFDOHZT 2 HE 2 TRV, W2 3 RoTZEM CRIIEHE N M EE
RBAIL 3 RITDRKE XD grid_index & 5 % nz=1 &‘é"é’b EP QAN
(2) H&FRRER T APT
subroutine h3ou_end_grid_def ()
> HFHERREDOK T 207 TI2BHT D, 5180372 < hlou_def_grid @ a— /DI
—ERIMOHT, 2OV T A—F L ONITRIRT — % OB E 28 S B OB E
MDIEITSND,

6. 34@M T — JILEXTE API
F TR T — 7 VBUE APT 27§, 2 OFIC OV TIRRICHMT 5, EEROF, Z0
FITN—=F U NET N AL R—R 2 M TERBERDOBEE LT TNDLEWVWI ZETHD, D
72, BEMETVEZEMET A TL—F L a—APELL G L TWDLERD L, HEUH
L DNEF 25320 S SBRBRAL D CBERT v Ru vy VT2 EOREEREL H7-HOEEL
IR B A,
# 3. il T — 7 LEE M API
V—F% m=
h3ou_set_interpolation_table wWET—T L OE

ZON—F O EBIITIROBEY TH D,
(1) #if7 — 7 /VE%iE APT
subroutine h3ou_set_interpolation_table (my_name,
send_comp, send_grid,
recv_comp, recv_grid,
mapping_tag,
send_index, recv_index, coef)

integer, optional, intent (IN) 1t recv_index (1) | ZEMIRETF ST
real (kind=8), optional, intent(IN) :: coef(') TR T
> WET—TNAVEHRET D, BIRO X I ZOY T A—F TR EM L ZEFMTIELL

character (len=%), intent (IN) Il my_name | HET L4
character (len=*), intent (IN) :: send_comp I #EET VA
character (len=%), intent (IN) 1t send_grid | EERTF4
character (len=*), intent (IN) 11 recv_comp | ZEET V4
character (len=%), intent (IN) 1 recv_grid | Z{EHT14
integer, intent (IN) :: mapping_tag | #fT— 7 EREI 2 7
integer, optional, intent (IN) i1 send_index (:) | BEHIKE T SE S

|

|
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SHELTWOMERH D, 6 FH D5 mapping_tag [E[F UET /L L& FOMEHED
B CEEOMHMT — T N EEN DT DEEOHBIT T D, IO T — 7 V&R E
LBRWEEIT 12525, ETOBTRESEZRET D, send_index, recv_index,
coef WM T —7 NV Th 5 BINDOKE X3 2DF 3 TRI— Tl iUl H72gu,
I b 35T optional &725 TRV, EEMPZERONTNTEZNITE,
FBIENE®REFEODIIL—F 0F) et 20K THL-OAEY ZHKHT D
AT 0BFLIMIRE S 1 OEINEEZ DL 212T5 L LW,

6. 4 BFZIEETE API
F 4 R E APT 27”3, h3ou_init_time |[FFED OVIMIBL 2R ET 5, ZOF T L—F
AR S BRAARTIC — S 2 — L S5, h3ou_set_time IZFEIFES LV — T H THAT v
a—LEnb (LARTFIIERB220), 84 G CTilR<7- X 912 h3ou_set_time O TTF— ¥ 53
O 72 CHERRIZRE D 5 2 < QBRI E D,
# 4. WEREE API

N—F% m=
h3ou_init_time DR R DB’ E
h3ou_set_time RERAEAT ORGE

INHDON—F D58 EHHIXTROEY TH D,
(1) WIEIREZRRE APL
subroutine h3ou_init_time (time_array)
integer, intent(IN) :: time_array(6) | 4EH HEFSR DAL
» h3ou_init_time [IFENVIHIREZN ZRIET D, 513K time_array ITFHA AR EZERT
KEE 6 DBERIITHD, ZOH 7 —F IR S BERIC 1 B2 =2 —1 &
ns,
(2) BITERFZ] & AT BRIE APT

subroutine h3ou_set_time (comp_name, time_array, delta_t)

character (1‘3“:*) 5 intent (IN) I comp_nhame l :Eﬁf/l/%
integer, intent (IN) "¢ time array(6) | BI/EREZ|DELS
integer, intent (IN) 1 delta_t I AT

> h3ou_set_time IZBFIFES NV — 7 O CTHIERZ L AT 2% ET 5, comp_name (L34
F%ET VA4, time_array (XBERIG 2R IHEA BB OBLS, delta_t XD AT
Y TDAT ThHDH, B 7 TNETIL delta_t OFREEIER (B)) TF — X ATHHER L
BT TWDL, o TIOY TN —F TERNIC (T —F RB|EITDRNWAT v
T ThoTh) BIFHAT v 7a— L Lz b e,

6.5 T—% RIELEF API
FhloT — ZREEEAPL 2”1, 2N DOV T L—F I IEERIfE S /L — 7 H Th3ou_set_time

V7N T ORRIE L delta_t OFERME (BPEAD) BAVWLRTEYE 251804 A B
WEFNIe TH AR ETORABZRBRIND LR TVWD, ZHE Y ORBEETZ7LIY 7 RABED
BEWRED LU X EICET 2 EERMEE BT 5720 TH S,
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Na— NV EINBREROEN Ca— VR TH DL, FLFE—AT v S KM HT — X% H
TINCE 2 BT, RS LV — TR EN D5 2T — #1220\ T h3ou_put_data & 2—/L L
TEBLMENRD D, BRI T —Z I OWTIIFEM AT » 780 AT THHELS L5 7
® h3ou_put_data IZOWTIHBAT v 7 a—/L Ltz 6720,

£ 5. 7 — Z RS APL

N—F2% =
h3ou_init_time RRZD OB E
h3ou_set _time RERZDEAT ORE

INHDON—F OB EFHILTELDOEY ThH D,
(1) 77— #7fk APT
subroutine h3ou_put_data(data_name, data)
character (len=%), intent(IN) :: data_name | ZETFT—F4
real (kind=8), intent (IN) it data(:) or data(:,:) | #¥ET—%
> h3ou_put_data lIH T FZIZH L TEET —F %525, 5% data_name |32E[FT — &
HThHD, RET —XIET — 2 DERERE & R 72 WS — RS, ShiEE &R
BEld 2 Wakd e 52 %, 2B —RIH ORFIORE SiF h3ou_def_grid D5k
grid_index ®RKZ X L[E U TR L2200,
(2) 7— 245 APT

subroutine h3ou_get_data(data_name, data, is_recv_ok)

character (len=%), intent(IN) :: data_name | ZET—H4
real (kind=8), intent(INOUT) :: data(:) or data(:,:) | Z{ET—X
logical, intent (OUT) 11 is_recv_ok | F—2ZET T

> h3ou_get data (I h T I NORAET — X BT 2, BERAY 7 —F - LA, data
OBFNISREROERT 1 Wb LIF 2 Kt 7D, is_recv_ok [T YL AT
T WT =B LGOI I TNE I RS, T— I B I A I T TROVGE
I% is_recv_ok IF. false. 28RV data DEIIRE L 72D, M- TRET —X &5
BIIT is_recv ok #BML, HE DX A I/ TDH data DIEEXZHRT 2 L5
W LRI 5720,

6. 62 T LI API
KOIHER TR ZTRT, ZOY 7 —F 3ROV — TR TR, 7077 AETHIC—E
LT a—nNEnH0ERH D,
# 6. & T ALEE API
N—Fo% m=
h3ou_coupling_end ERHEDORT

ZDON—F U OFEHRFITTROBmY TH D,
(3) #&T AP API
subroutine h3ou_coupling end(itime, is_call_finalize)
integer, intent(IN), optional :: itime(:) | KT
logical, intent(IN), optional :: is_call_finalize ! MPIRTZZ 7
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> h3ou_coupling_end T4 7 FIZx L CHEROK T @I 5, 518 itime 1XBEHKT
R CHEH B AR T RKE & 6 OBEES|TH D, is_call finalize (FZ DY
TL—F N TMPI DT Y7 N —F o WPI_finalize ZFFOHTNE I D752
Th b,

1 F£&O
AFETIL Wisteria/BDEC-01 FIAFMHI & U-CIAMARL Y 7 N7 = 7 h3-0pen-UTIL/MP O FEAH
RRAIZ DU TR U 7o, ANFE DR IZHE > T h3-0pen—UTIL/MP 0 APT % fHAA T 055 T EAHY 7258 fk,
% IZEBRFRETH D, AL TR~ X 51T h3-0pen-UTIL/MP (Zi%7 > ¥ 7 /LERERe Python
T 7Y r— g CER[14], h3-0pen—SYS/WaitIO[7]& Wil U7 RASTERDERL, 72 EMESRD B 75
IR WBSREN EE I N TV D, ZTNBICOWTUIRE TN T 5,

SE 3k

[1] FIEEKER, #hEz P < 24 DETHECR, RE#ECR) , #1H S, 249-260

[2] Manabe, S. and Bryan, K., 1969, Climate Calculations with a Combined Ocean-Atmosphere Model,
Journal of the Atmospheric Sciences 26, 786-789, https://doi.org/10.1175/1520-
0469(1969)026%3C0786:CCWACO%3E2.0.CO;2

[3] Stouffer, R. J., Manabe, S. and Bryan, K., 1989. Interhemispheric asymmetry in climate response to a
gradual increase of atmospheric CO2. Nature 342, 660—662.

[4] Tatebe, H., Ogura, T., Nitta, T., Komuro, Y., Ogochi, K., Takemura, T., Sudo, K., Sekiguchi, M., Abe,
M., Saito, F., Chikira, M., Watanabe, S., Mori, M., Hirota, N., Kawatani, Y., Mochizuki, T.,
Yoshimura, K., Takata, K., O'ishi, R., Yamazaki, D., Suzuki, T., Kurogi, M., Kataoka, T., Watanabe,
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(7] {ECEH], WAEE, MEEH, T EIE, Wisteria/BDEC-01 FIFHI3) 7—#ZITEL 7
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Wisteria/BDEC-01 (Odyssey) 12815
OpenMP [2&k 570552V AM (£D 2)
BB, SR, H0E A0
(@RI > & —, (b)E LBkt

ARETIE, mim (FD 1) 25| &k &, Wisteria/BDEC-01 (Odyssey) _ETOK@EIIZOWT, i
4%, 71 77 LHHIE Wisteria/BDEC-01 @ /work/share/ompw/ompw. tar /> LRETE %
DT, HEHDZFITHAL THALND LR,

1. Odyssey TOET

(1) AB4AFX 7ot w4

Odyssey DFHHE / — RiL, A64AFX 7mtEy ¥ THY, LIZRT L DI 48 [l =7 > HAERL
INTWD, 12 2772 CMG (Core Memory Group) &KL TH Y, % CMG IZ HBM2 2L %
A E Y (8GIB) MHEH I N TS [1], VWD D NUMA 7—F 7 7 F % Th 572, OpenMP
(2 X B AFEIEE CMG BALTERE L, OpenMP/MPL A 7Y v RIF T 075 07 Clx, /
—K%729 4 5O MPI 7t 2% H BIF 5, ZEMHERINTHE, ARTIHEHAZT, 1/
— I, 48 27Zxt LT OpenMP W5t A AT 5, K 1ITR-T LI, AEY, aryoFEHiT
% CMG 12BN T, CMGHO (AE Y :#4, 7 :#12-#23), CMG#1 (X E Y :#5, 37T : #24-#35),
CMG#2 (AEY 1 #6, 37 : #36-#47), CMGH#3 (XE VU 1 #7, 7 : #48-#59)

3 (_cmew \|M|(_cmerz ) = |Jouvvs ABAFX

> |(12]13]1a[15 s6]arsss9) | |3

o “

€ —|(16]17]18[19 <+ ) [+r{40]41[42]43] — 2 7’|:|-t_zﬁj-§ﬂz 1 (48+F7 L RALOT2 0r 4)
S| ([20]21]22 s 44|a5]|46[a7|) | & @7 %)

il 7| =" 0 [EEER 2.2 GHz

] ] I EA:""‘ 1446 .

2| ((2a]25]26]27]) | | “¥| || (28]ao]50]51) | |5 = m'i%i{ﬁb 3.3792 TFLOPS

> 2 3 rEUR=E 32GiB

gl 28[29]30[31 |4+ 7 |++{52[ 53 54] 55 ik FEF =T 1024 GBJS

3| | B BLITIB)] f&|  [L1 Cache 64 KiB/core (Inst/Data)
Sl _emei JINS\ eme#3 /[T 12 Cache 8 MiB/CMG

B 1 A64FX 7wt v YRRk L FET [1]

(2) Cavi43

Odyssey TIL C 231 7 & LT ltrad E— N, lclang E— R O 2 FEIH D (R 1B,
774N M trad B— R TH D, HHT DHMEELIEREIC L > THEWDIT 2 XERH L5725, Kfad
r—2DGE, MERENLEN/NSWEAIE Tcang £— ] OFREETH--720, Eit
DY TFNT a5 AT :,tﬁémé’] ha Fclang E— K] ZEHALTWS, k325 L9512, HKiElb
L, MEHEEZRKE S LEBEIE, A%, b L<IE Itad €— ) OFPEETH L5
b D,
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F£1 Carv A7 2BEOE—FK

trad ©— K o 51| B XU PRIMEHPC FX100 LLETD Y 2T AT E i@ =
(-Nnoclang &7+ =3 V) VA TG HRN—RETD,
(F7H1 k) e trad E— NiE, /EROEL@a L AT LOREBREERT Y

Al LTWA,
o HAR— I LTV D HEERIT, C89/C99/C11, OpenMP 3.1/0OpenMP 4.5

(—#0)
o A7 a VEMKE (77 4V k) 1%, Nnoclang 47> = L
clang €— K o A =T V=AYV T N =T ThD Clang/LLVM 2 /31 T %
(-Nclang A7+ 3 V) N—R LT3,

o clang B— NI, EHEEAFELERA LT 0 T 60, A—7
VIRV T MU =T EFRT DBEIE L TWD,

o AR— h LTV AIEAEIE, C89/C99/C11, OpenMP 4.5/0penMP
5.0 (—#)

(3) av/qJL - EfT
9, 1D CMGHO DA 12 aT &S —AEETLTAL D, FEMiE 2] 2% Wi
72K L LT, I CIRERIMEICOWTRMNT S,

>$ cp /work/share/ompw/ompw.tar .
>$ tar xvf ompw.tar

>$ cd ompw ! (ZDT 4 V7 b Y ZLEUTF<$0-ompw> & FESY)
>$ module load fj '\ (A LT INEZ A TT5)

>$ make -f makec ! (Fortan THNiXmake -f makef)

>$ cd run

“INPUT.DAT”, “cl2.sh”, “£f12.sh”Z{EET 3

>$ pjsub cl2.sh ! (Fortran ThHiifpsub £12.sh)

2 TrANDOa—, a3, FT [2]

SEDYA, make -f makc-org 5L (2) TR/ ltrad] £— RiZZR2 5, a2 /3A
NAT v aE, FTROLIITR>TND, :

* makec: -Kfast,openmp -Nclang -msve-vector-bits=512

* makec-org : -Kfast, openmp

-msve-vector-bits=512 (¥, SIMD £#% 512 IZEETHA4 7> a3 Thb, Fortran Ti
SIMD EiZ 512 IZEE SN TWDA, clang TIXRZER SIMD 37 7 4 /L k& 72> T b, SIMD
RZ S12 [CHEET D2 LICX - T, PCG IEDFHREDOKE S % 5D HITHI~T b ARERH mdE b
INTel=d, KATvarEBRHATLZLELTND,

31X ELTHIE 7 7 A L<$0-ompw>/run/INPUT .DAT O TH 5, ZZTIEET, Avi=
$=2,097,152 (=128%) OHEEFERT D,

4 Xv a7 A7 U7 k<$0-ompw>/run/cl2.sh OB TH %, Fortran F O <$0-
ompw>/run/£12.sh 4 solcO 7% solf0 L 72> TWAHLSMIFERRTH D, NUMA 7—F7 7
FrIZBNWT, TELRETe—nRAE) 2L THREERELFETT L0 [3],
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numactl -1 292, FFEMATD CMG 2HEET 27-01C-c T2TEHS, -mCTAEYE

5 (W) ZEETLZLHTELHD, MBREOICHERFA~OEEITTE A LR [2], RIEE

#{ X0S_MMM L PAGING POLICY |Z- DWW\ TIIfEE CMG xt L T OpenMP %M 2%H& 121X
[demand| ZEET 5 Z EMHERIN TS, EMlIE [2] 2RI,

128 128 128 NX NY Nz 'X,Y,2 FHIDRA 2%
1.00e-0 1.00e-00 1.00e-00 DX/DY/DZ IBAyTaDIPOES
1.0e-08 EPSICCG !'INF¥|EME (108 )

3 A vy a =128 DA OEITHIE T 7 A 1 <$0-ompw>/run/INPUT . DAT DO [2]

#!/bin/sh

#PIM -N “c12” 'O TEF (M)
#PJM -L rscgrp=debug-o 1 EfTH 2—4 (Resource Group)
#PJM -L node=1 ' — F# (FHI=1)
#PJM --omp thread=12 12Uy F# (1-48)
#PJM -L elapse=00:15:00 !V EITIRFR

#PIM -g gxYZ VI N—T% (BFAR)
#PIM -j

#PIM -e err \=F—MAhT7 7LV
#PJM -o cl2.1st VEEHAT 7 A

module load fj
export OMP_NUM THREADS=12 '2Vy F# (--omp thread=xx & [ L%)
export XOS MMM L PAGING POLICY=demand:demand:demand

numactl -1 ./solcO
numactl -C 12-23 -m 4 ./solcO

K4 1227 -1-CMG %2+ 286503 7227 Y 7 F<$0-ompw>/run/cl2.sh DOfF[2]

F7z, solver PCG.c DA V¥ 7 = —AR, [4] Da— REWRTEFERLZ2-TND, K5

DEE A L= BEE T, BH W ~OT 7 & ARFEm LoDz, BF WISk L CliEiEk s

Eﬁ%?"é LHICER LT, FAREAITINIEE LA A o ZIT restrict BUEMiTZ2@EHT 52 &
TEoT, HE{bOREEZRK > TWVWD

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <errno.h>
#include <math.h>
#include <omp.h>
#include "solver PCG.h"

extern int
solve PCG(int N, int *restrict indexLU, int *restrict itemlU,
double *restrict D, double *restrict B, double *restrict X,
double *restrict AMAT, double EPS, int *restrict ITR, int *restrict IER)

double VAL, BNRM2, WVAL, SW, RHO, BETA, RHOl, Cl, DNRM2, ALPHA, ERR;
double Stime, Etime;
int i, j, ic, ip, L, ipl, N3;

double (*restrict W) [N] = (double (*) [N])malloc(4*sizeof (double[N])) ;
if (W == NULL) {
fprintf (stderr, "Error: %$s¥n", strerror(errno)) ;
return -1;
}

5 solver_PCG.c ATy, REUATHICEIE L= ARA o T restrict BUERT D@ &
B % Wzt U C B e sk o fe (-
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(4) =174l

F21%, K3 ITRT NX=NY=NZ=128 DIFAICaT7H (AL vy M) %1005 12 FTELE
H725E D PCG 1B Y VA — DR, WL ROMEE RS, #HEAE S EIFETLT, HllF
FEEAL TS CATRERICHIELTWD), a7 (AL y ) 2S5 &, R
FE (Granularity) OfKTF, AE Y OFEFTHRENAFIT 5720, RIFKTT 25, 12 2 7HEHR
(2 75 %R EE DWW FUL B R B FERL STV D,

#2 PCGEY N AN—OF R (NX=NY=NZ=128) (1~12 =27") (Fortran)
Thread # sec Speed-up Parallel Efficiency (%)

1 50.27 1.00 100.00
2 25.24 1.99 99.60
4 12.98 3.87 96.86
6 9.24 5.44 90.73
8 7.27 6.92 86.50
12 5.27 9.54 79.49

#£3 PCG kY N —DOFHEFEH (NX=NY=NZ=128) (12~48 =17") (Fortran)
Thread # sec Speed-up Parallel Efficiency (%)

12 5.27 12.00 100.00
24 2.78 22.72 94.68
36 1.95 32.49 90.24
48 1.60 39.54 82.38

F3ILCMG DAL LT, HRK48 a7 EFTHALEHETHD, 1227 (1-CMG) O
BOFEMREL 120 L LThH D, 48 a7 HARKOWIILZIEIL, 12 a7 052 EELT DL
SONFEE L 72> TN D, ALy REEZLESED-DITIX, K40 a7 27 )7 hoF o Ngpau
--omp thread=xy] @ [xy| OEZZELSHEIUIETR VDY, <$0-ompw>/run/ill, &AL v R
IZ% LT, cXY.sh, £XY.sh (Xy=01,02,04,06,08,12,24,36,48) PHAEIN T2,

2. #E# CMG TO$EER L : First Touch Data Placement

KIWART LI, 4827, T72bb 4-CMG A LI-HAEOWFEZI=IL 12 =27, 1-CMG
DHEEIELTDHE QONRBETHD, ZHIFRLTENMTLIEIE ARV, Bl
ERARE D,

NUMA 7—F%7 7 F v TlE, 7077 AMIBWTEECESZES LIRRTIE, PENA
Y RICRREERIIREINT, HOIEREARYICT 7 A LaT (DBT5 CMG) Or—
HNAEY BIZ, ZOEFOTIEEE (RX—) RIS 3],

Z 1% First Touch Data Placement (First Touch) [3] X FEOY, EEFIOWHLFIEIZ X0 &
DIAHENKIBIZE(LT 2HERH D720, HENRMLETH D, FlxiXd AR5 %2 PS5
Be, FFICHEE L2TIUE 0 FD CMG THIHI LM MThiL D 728, FAEMHENIT 0 % CMG O r—
TNV AEY BICHEREESND, LEB->T, o CMG TZOEFOT —5 %7 7 & 2T HFEIT
LT OBECMGDOAEVIZT V7 ERATALERND L0, @VVEREES Z LIIRETH 5,

BLFl O %, EBEOFHEOFNEIZ L7223 > T OpenMP % fif » CTIFFN Efigi 940, FEBRIZ
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IR ZHY T2 CMG O A U IZZ OBRHI O S E 5 OFEIEMHEBA MR S, K0 RRAICEHE
EEMT DI LNTED, 1-CMG LMER L2WEEIE IO &5 REEIFIARETHY, Flid
OpenMP/MPI /~A 7'V » KT 1-CMG ¥4 V(21 5D MPI 7t A Z2HHT52BA LEETH D,

LCHEHLETr 77 58I [<$0-ompw>/sre-c0 (ETE XL solco) |, [<$0-
ompw>/src-£0 ([f] sol£0)| THh B2, Z I Til-7z [First Touch] %A L7=7 1/ 7 L3H
%, T<$0-ompw>/src-cl ([Fl solecl)], [<$0-ompw>/src-£1 ([f]l solfl)| IZH D, v
7 LOEHEFNE, REATHI A AR TS poi_gen.c, poi_gen.f ThHD, EHIIESIDOHIH
LDOESFDHTH D,

6, 71Z sre-c0, src-£0 & DHEMN %2 /KT, sre-cl, src-£1 CIXECHIFIHILERS A3
FHESEATRE & [FEIZ OpenMP 12 L - THFE S TWSEIT DI NEIL - TN D, K 4 1T First
Touch #H DR Z 77T, 48 =7 TH 10% DYERBLEERH LN TN D, FATICH T - T, <§0-
ompw>/run/|Z, cl_XY.sh, £1_XY.sh (xy=12,24,36,48) NHESNTVHDT, £ hH
EEREL THEHAT 2 LBV,

F 4 PCGIE YV IV AN—HERERE (NX=NY=NZ=128) (12~48 ==7) (Fortran), First Touch ®%NE

Thread # sec Speed-up Parallel Efficiency (%)

12 5.27 12.00 100.00

24 2.78 22.72 94.68
src-£0

36 1.95 32.49 90.24

48 1.60 39.54 82.38

12 5.26 12.00 100.00

24 2.70 23.39 97.45
src-f1l

36 1.86 33.83 93.96

48 1.44 43.77 91.18
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[XYZQRwisteriaOl run]$ cd ../src-c0
[XYZ@wisterial0l src-£f0]$ diff poi_gen.c ../src-cl/poi_gen.c
25,29¢25, 31

for (i = 0; i <ICELTOT ; i++) {
BFORCE[i]=0.0;
D[i] =0.0;
PHI[i]=0.0;
INLU[i] =

#pragma omp parallel for private (i)
for (i = 0; i <ICELTOT ; i++) {
BFORCE[i]=0.0;
D[i] =0.0;
PHI[i]=0.0;
INLU[i] =

(i = 0; i <=ICELTOT ; i++) {

indexLU[i] = O0; src-c0

#fipragma omp parallel for private (i)
for (i = 0; i <=ICELTOT ; i++) {
indexLU[i] = 0; src-c1
}

for (i=0; i<ICELTOT; i++)
for (j=indexLU[i]; j<indexLU[i+1]; j++)
itemLU[j]=0;
AMAT[j]=0.0;

#pragma omp parallel for private (i,]J)
for(i=0; i<ICELTOT; i++) {
for (j=indexLU[i]; j<indexLU[i+1]; j++) {
itemLU[j]=0;
AMAT[j]=0.0;

6 First Touch @ T 572D 7w /7 LEHE (<$0-ompw>/src-c0/poi_gen.c, <$0-
ompw>/src-cl/poi_gen.c)
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[XYZQRwisteriaOl run]$ cd ../src-£f0
[XYZQwisteriaOl src-£0]$ diff poi gen.f ../src-fl/poi _gen.f
25,29c25,31

PHI = 0.d0 src-f0
BFORCE= 0.dO0
D = 0.d0

INLU= O

'Somp parallel do private (icel)
do icel= 1, ICELTOT
PHI (icel)= 0.dO
BFORCE (icel)= 0.d0
D (icel)= 0.d0
INLU (icel)= 0

71,72¢73,75
indexLU= 0 src-f0

do icel= 1, ICELTOT
indexLU (icel)= INLU (icel)
enddo

indexLU(0)= 0

parallel do private (icel)
do icel= 1, ICELTOT

indexLU (icel)= INLU (icel)
enddo

85,86c88,94

itemLU=
AMAT=

'Somp parallel do private (icel, k)
do icel= 1, ICELTOT
do k= indexLU(icel-1)+1, indexLU (icel)
itemLU (k)= 0 src-f1
AMAT (k)= 0.dO

7 First Touch ZEH 3 570D 71 75 LEHE (<$0-ompw>/src-£0/poi_gen.f, <$0-
ompw>/src-f1/poi_gen. f)
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3. BITHREMEXORER

X 8 1%, CGIETHEATHINY MFE A p= q ODHEZFEITL TV AT, <$0-ompw>/src-
c0,src-cl K& (<$0-ompw>/src-£0,src-£f1 Tif, AIFRETHR/ZI I DL
CRS (Compressed Row Storage) JE= [5] &MEIN2BATIISHERZHHA L T D

(a) CRS (Compressed Row Storage) ]
for (i=0; i<N; i++)
A

¥or('-indexLU?fP][ 1| exLULi+1]; j++) |
AL e AMAT][ ]J* W T temLu 11

[QI[i] = VAL;}
CRS (Compressed Row Storage)

do i=1
W(i Q)= D(l)*W(l P)
do k= indexLU(i-1)+1 Ui
W@, Q= W3, + AMAT(k)*W(ltemLU(k) P)
enddo
enddo

H

[X] 8 CRS 3 (Compressed Row Storage) [5] 1T &L 2 BRITHIGIN IR, BRITHIX T hIVFESEEE,
(a) C 57% (<$0-ompw>/src-c0,src-cl) (b) Fortran (<$0-ompw>/src-£0,src-£1)

BRITHIR 7 RIVREORH L, FHi0I2HN S5 WIP] [itemLU[j]1], W(itemLU (k) ,P) 3HiES
& &Te7-%, memory-bound 72 7 BEA LRS- TNDZETHD, CRSERITATY, HEE
DOHIBIZIIHRTH D0, AEY T 7 RAFEMLT LR 2V, Ellpack-Itpack (ELL) ¥
X [5] 1EBATICIRIT 2 IEFIE AR o BT R RIEF I A B BB E S 5 HiET (’9), 3£
BRICIEFRIER AR DAFIE LW 3R =0 & LCEHRT 5, 3HER, MNERLEERL LIC
CRS FER & Ll L TR 228, B ATY 77 B AN GO N0, stERFE L LT
IRIBICEMECE 2580305 (6], FEE IR BFEIE LR2WFNIK LTI, # I —0F
EBEEBRL, RETINT0 L LTHS (K9,

13000
12500
41 3 0 0| el
037 40
100 0 5

(a) CRS (b) ELL
X9 BITH DM (a) CRS (Compressed Row Storage), (b) ELL (Ellpack-Itpack) [5]

AR THH 77V r—3 a3 0x, BITHIOIEY v IEd A D OB RK 6 TH D=, ELLE
KEBRDIHEMAT 52 &N TE D, B rIEFARSEPITICE > TRIBICEET 2 561%, &
D7 Lx 77 Sliced-ELL X [7] MEHSn256bH 5 (6],

X 10 (%, X 8 IRTEITFINY hMUE%E ELL B TR L O THD, C FSEOELAEIT,
X 11 IR T LD RFEENREZLNDH, AGAFX TIHIEFICHEHE SR 2D, K10 () &
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FOREIEETRM L T 5, Intel Xeon 7'mt v B CiE, [M10 (a) LK 11 OFLELE CLhHED
Bond, FI—FESOREHEFOFEOFEMRMZONTIE, T'vnr T ARE (<$0-
ompw>/src-c2 (EITH XL sole2) , <$0-ompw>/src-c2 ([l solf£2)) K UG#ESE R [2]
R INT0,

ELL (ELLPACKI/ITPACK

(a)
for (i=0; i<N; j++) E
= D[i] * W[PI[i]
for(6=0; j<6; *++ RE . .
AL += AMAT[6*i+j] * W[P][itemLUL6*i+jl];
[Q1[i] = VAL;}
® ELL (ELLPACK/ITPACK)
do i=1

N
Wi, Q)= D(i)=W(i,P)

do j=1, 6

WG, Q= W(i, Q) + AMAT(j, i)*W(itemLU(j, i),P)

enddo
enddo

10 ELL 3 (Ellpack-Ttpack) [5] 12 & 2 BfATHIMEMIITIE, BRATHIS 7 hAFESEE, (a) C
% (<$0-ompw>/src-c2) (b) Fortran (<$0-ompw>/src-£2)

ELL (ELLPACK/ITPACK

for (i=0; i<N; i++) E )
VAL = D[i] * W[PI[il;
for(6'=0; j<6; f’ﬂ% { . R
AL += AMATLil[j] * WIP][itemLULi1[j11;
[QI[i] = VAL;}

11 ELL JE& (Ellpack-Itpack) [5] & & 2 BRATHIKN 1L, BRATHIN 7 hLREEZE, K8 (a)
OILREE LTEERRFELETH D03, AR TIEIOFIETHEMA L Tnien

il

4. W—TH—nN—~vy FEHIBO®HE

OpenMP DEITET /LI, fork-join BT /L [8] EFEEND H DT, BHEIZTTAZ—AL v FIZ
X BTV TNFETTH DN, OpenMP F5/R L (directive) (2L D~/ F ALy ROALERKL, WHIE
TEERTHHEDTH D,

Master
thread

thread

Master

thread

thread

thread

thread
thread

thread

thread

A==y ¥a—F 14T Za—A

Jaota
(T

thread
thread

thread

thread

PARALLEL END PARALLEL [l PARALLEL @ END PARALLEL
fork join fork join

12 OpenMP OFEITET /L : fork-join ET /L [8]
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ERABIEDEAT — M AL FOIELALIZERT MUSHT 5L —7TH Y, ZHE TR
L7 a5 ATIE, &/—7IZ OpenMP fE/RSLAFFA L TWA, K 13 1% CG IEDH 0

FEEH (CRSER) TH Y, %/I/“* | T#pragma omp parallel for], [!$omp parallel
do) BHAIN TS, l#pragma omp parallel], [!Somp parallel] 2LV, K122
RT LD 72 fork-join BWHEAT— R AL "N EIZEL DT, ZNBRA—"—~y R &7 5 FEEMH
Db, RETRNT DH 72705 (<$0-ompw>/sre-c3 (ETERIT sole3) , <$o-
ompw>/src-c3 ([f] sole3)) % ELL {52 L 2 %% (<$0-ompw>/src-c2, <$0-ompw>/src-
c2) IZxtLC, l#pragma omp parallel], [!$omp parallel] DFEOMH L & & NiE CT—IHl
L, £V —7Zk LTid M#pragma omp for], ['$omp do| ZWHT 2L DO TH D (X 14),

(b)
1$omp parallol do private (i, VAL, k) Compute r(®= b-[A]x(®
for dxfut W genturion: 1o ( ‘é“;""bf"ém 1)+1,_indexl (i) s
or (j=indexLU[1]; j<indexLU[i+ ) o k= indexLU(i-1)+1, indexLU(i (i-1)= p(i-1)
6 Wkt S W DT e A S AT 0 im0, ;Olfer o Zz(l o
WIQIEi] = VAL: i 0= if i1
pl= z(©
C1 =0.0: . . C1= 0.d0
r a om| i araIIeI for private : 1$omp parallel do private(i) reduction(:C1) S
for (i doi=1, N Bioi= pi1/Pip
cl = l[P][I] * WO [il; c1 C1 + WG, P)# (i, 0) plil= zG-1 4 B pli-1)
ALPHA = RHO / C1: enddo endif :
rama_on ﬁrallel for private (i (R D 4 ] q®= [A]p®
or i i = (i) g (1)
[ 5 TN_VIPA + wipIEi: 1$omp dn:rﬂl:l ﬂo private (i) OL?) p‘(_f{)P q -
NIKITi] == ALPHA + WLl 1] X(D = X(D)  + ALPHA * W(i,P) xO=xTOvop s
w( R)= W(i,R) - ALPHA * W(i; Q) r= rG) - g,q®
_ i check convergence |r|
e DNRI2= 0. dO o
or (1=0; 1<N; i++) I$omp parallel do private(i) reduction (+:DNRM2)
DNRM2 += WIRITiT+NIRILi1; SEL - qames
enddo

ERR = sqrt (DNRM2/BNRM2) :

ERR = dsqrt (DNRM2/BNRM2) . . .

13 CGIEDHI 7 DFEE (CRSER) (a) C Fi% (<$0-ompw>/src-c0,src-cl), (b)
Fortran (<$0-ompw>/src-£0,src-£1)

5. BtE#ER (First-Touch, 1THl#&MAK, IL—TH—n\—~v FEIBDOZHER)

3., 4ITR L7 FEFIZ DV CIE, c2_48.sh, c3_48.sh, £2_48.sh, £3_48.sh &l
LCETTDHIENTED, INblE, 2T48 a7 2EHLEBAETHLIN, vaTd7xr s
FNTa7HAEE L CETTHILHAETH D, RS IR 2T A LA D PCG LD
FHEIER 4 7”7, First-Touch DZHIL C FFET LV K&\, —T = —~y FHIRO B RIX
Frotran TIL 5%, C E7& (clang) TlXLr LAEL RS> TV HH, C FiE (trad) TlIRkER
RPFBD LN, sol-c3 DLl Tl clang & trad DZETIFE A EELS o TN D,

#5 PCGIEY N N—DFEREE (sec.) (NX=NY=NZ=128) (48 =27)

Fortran C (clang) C (trad)
W E  (sol-c0, sol-f0) 1.671 1.564 2.354
+First-Touch (sol-c1, sol-f1) 1.480 1.122 1.720
+ELL (sol-c2, sol-f2) 0.747 0.809 1.127
+omp-parallel HIJ8 (sol-c3, sol-3) 0.707 0.834 0.854
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(a)

ITR= N
Stime= omp_get_wtime ()
do L= 1, ITR
1$omp parallel private(i.k, Vi
1$om go
W(l z$ W(l R)+H (i, DD)
enddo
RHO= 0. d0

1$omp do reduction (+:RHO)
do i=1, N

o i=
RHO= RHO + W(i, R)*W (i, 2)
enddo

if (L eg.1) then
!omd

1(. PS W(. )
enddo

else
BETA= RHO / RHO1
o

W(. PS m. 2 + BETAMI(i,P)
enddo
endif

1$omp do
do i=1,
VAL= D(|)*W(| P) . i
do k= indexLU(i-1)+1, indexLU(i)
VAL— VAL + AMAT (k)i (i temLU (k), P)

W(I 0) VAL
enddo

C1= 0.d0
1$omp go reductlon§+ (4))

1, N
c1= C1 + W(i,P)*N(i,0)
enddo

ALPHA= RHO / C1

= X(i) + ALPHA * W(i,P)
W(i,R)= W(i,R) — ALPHA * W(i, Q)

DNRM2= 0. d0
1$omp do reduct'ilon (+:DNRM2)

do i=
DNRM2= DNRM2 + W (i, R) %2
enddo

1$omp end paralle
ERR = dsqrt(DNRM2/BNRM2)

(b)
*ITR = N;
Stime = omp_get_wtime(:

for (L=0; L<GITR); L++) {
#pragma omp parallel private (i, j, VAL) {

#pragma 028 for ey
| W[Z][l] = W[R][l]*W[DD][l]

RHO = 0.0;

#pragma =8 for reductlon(+ RHO)
or (i
| RHO += W[R][l] * WIZ][il:

Ho=0 (
Profor (iS0: TaN: i) |
WIPILi1 = WCZILi]:

{

else
BETA RHO / RHO1;
#pragma omp for

for (i=0; iN: i+) |
W[P][l] = W[Z][l] + BETA * W[PI[il;
1

#pragma omp for
for (i=0; i<N; i++) {
VAL = D[i] * W[P][I
for (j=0; j<6: j
VAL +=

ANAT [6%i+1]
WLP] [i temLU[6*i+j1]1;
NIQIL[i]l = VAL;
C1 = 0.0;

#pragma omp for reductlon (+:01)
for(|—0 +) |
+= W[P][l] * WLQILil:
ALPHA = RHO / C1;

#pragma omp for
pfor()l(—l:o]pKN i++)

DNRM2 = 0.0:
#pragma omp for reductlon (+:DNRM2)
for (i=0: i<
DNRM2 += W[R][l AIRILi1:

}
ERR = sart (DNRM2/BNRM2) ;

14 N—"TF— 3=~y REHIE L7=322EH] (a) C 575 (<$0-ompw>/src-c3), (b) Fortran

(<$0-ompw>/src-£3)

A A, Odyssey b To3E4TJ7%, First Touch Data Placement (First Touch) « BRf TR - L
— I ==~y FHIBORRIZOW TR~ 72, REl G < fféED) 13372 5 Fliifk, 3~

17 4 I K DMERERIEEIC OV TR 5,

(GFE3mE (7HF) ~me<)
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o fEZUEEL (Fortran) : http:/nkl.cc.u-tokyo.ac.jp/seminars/multicore2021/omp-f-01.pdf
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ZOX ), TEOFEBRFINNOWERIZL Y T I A ROZRMEENRHRESND L) IckhoTz,
FOETIEPD EEDO RS DL END a-T X7 LAY (aSyn) OF 1A ROWEENK % IZH
HEENTWD, aSynld/ =%V dF, L E—/MRUGEIE, £RMEREORMKE 2oL E
—/IMED FEEIERL S R T D, aSyn IXIEF TITHE NI W THREE O 2 F 72
RUREE S a ~ U v 7 AREE R & TR CHEEL TWD EZEZ b TWH L, iz,
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I eA FOBKMEERIZE B L, OF{ENR (2 ;Dﬁ ENTz aSyn 7 uA RiEEE W25y
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VAL Z R TBEORMGT InA ROETAEFERL M ¥ 2 b—ra v &fTolz, BUKMERE
HEOERZFN L T2 BRSO T H R 21T
W, BUKPERE/ER ST 2 u A RO etk
YAER-7 Tt Ea

2. iEFE

2. 1. aSynoOMD L zaL—S3Y

aSyn 7 2 B A ROFHEOYIHIEE I ILER
NMR (T L 0 1§ B av7oiE (PDB: 2NOA) [4] & H W

. =y - : oA (AN N —
P HEESRLE 1-35, 100-140 FEE AT Y B PDB : 2NOA D 36-99 7R A4y D&, A-J @ 10
ROEPFEE LT D,

l:a-Syn7IvaA K

VR 2 BAtE L= DX 7 T A4 B HMEIC L 2\ENRRESND L Vaith D, #wiESh
T E AR THER L7 E T VT 2 v A ROBITITMMNWOERD TEWVIZR SN D P, T /L
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x, NRIE CRMEZN TR T BEF UL, NAF LTI NMEt 528 THr v 7Lz, K1
WZEHRICH W2 aSyn 7 2 A ROEEEZ RT,

BRI DET /LT SOWNRLALSIIZ K W AERL L7z, JAPAICAKS T, Na A A2, Cl A A4 v &FdE
L, 150 mM @ NaCl 7K¥EHE A A5 L 7= R A AR L7z,

MD FHELIE GROMACS[6] & AV T Reedbush-U/H =TI 72, J130E, & > 7827 &% AMBER
£f99SB-ILDNL7], ZK43T-2iX TIP3PL8] & H /=, IREIT Velocity-rescaling ¥[9]112 L D 310
K (ZHI4 L, /1% Berendsen # 101125 W 1 bar ([ZHIEI L7z, MD FHEOIEZ AL 2 fs & L
7o /MERHEB K OEHH LA EOD D, 400 ns D7 a X7 va VR AT, FZERAC
DOWTHSZ LMD S 2 b— g v & 3| (BARILSE) F o771,

2. 2. FYFCOEFLTIASAFOM P ZaL—23Y

TYFL DT I RS BB B R RS (45 107-143 F8HE) #HO H L, B
KM AR 2 SIS Bkt T) EFAT7 I FE2ER L, £, oSyn OfEEH»
LN SICE-S X Swiss PDB Viewer[11]ZHWC—@Hnar 74 A—a Y E{E
B L7=, Zh% UCSF Chimeral[12]% AV T 10 B8 L7=#%, Modeller[13]Z MW T7 I uA
FHEED refinement 4T 72, ZHIMEFLIE SORLABIC XV ER LTz, BoNIZETFAT
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WD EHELE, HMEEES KOV EO®% 50 ns O R X7 va ViR EITo T, KAR
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2. 3. @&
ZNZENOMFHRTI0 ps TEICAF vy T v ay hEIFHL, oSynid 100400 ns, 7V A
YOETLT I8 A RiE40-50 ns D b TP R BT 21T o 70, ZREESEMITIZ I
DSSP[14, 15] Z VT, B ¥ — MU ZF-06 L7z, BRI BAERAMHTIZIE PyInteraph[16] %
W=, BOKMET X BEFRELOMISH O FHOHIEEEED 5 & LINTE - 7o 358 I BUKMAH B % 0 ¥
RLITL M EHRO V=7 PUHICEDDEIGE AT & L TH LT, 43 F DRI UCSF

A B G84M Aas
G841 Ga4av G84L G84M o . /
04
03
Hoz
Mo
0
G84L «
gar P
¥ ABCOEFGHI ) ABCOEFGHI) ABCORFGHIJ  ABCDEFGHI)  ABDEFGH!J A P

Chain chan Chain cran Chain

B 2: aSynZBF D M FHHEOMETR
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chan @ @@ o e PO H@C
3 aSyn ([ZE T B BUKMAEEEH

Fai (V= F) BT A ER L, BUKMRALERND & 25 25 TR A TV D, BRAVKVE SR IE
FAAVEFIAS5R,

Chimera[12], B/KMAHEAER DX A T 75 AlX Cytoscape [ 18] & FIWNCTHERL L 72,

3. #R
3. 1. aSyn

ARFIETIL aSyn 7 I 1A RO UFL—7 Rl (5 84-87 4%2E) ICIEH L, 2O L5 R UF
HOEEIL aSyn USADOT I a4 RIZH < AL D720, AFERICE V&S Ao 7
RuA NCHLEHATEAAREMERSH D, T2 C, 684 KED Gly ZBikMEEE (Ile, Met, Leu
RE) ICEELIEET VAR LM HE AT 72,

QA WZEFAETL (WT), G841, G84V, G84L, G84M AR DFHE ML LT B — Muf#E A %
R, B 84 RELIN & R D & GBAM AR D B — MUEIMAFFZ R E <, HENZEML T
HZENGDD, —JTG684L X B v— MUEmS/ NS S UFIN—THENARLEL L TS Z
LMD, MD FHBERE TS 5 G84M, G84L BRI D UF /L — Ty DAF v T va v b
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3. 2. FUYFCOETILFIAAFR
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A113-VI21 AT15-V121 A11T-AN123 AT17-1139

N a
200 a
a - a

WT G127V M128V 1138M M120V A133V WT G127V M129V [138M M129V A133V WT G127V M1Z9V 1138M M128V A133V WT G127V MI129V 11366 M129V A133V
& 11380 &1138M &1138M & 11380

A118-ANM133 A118-P137 A120-MV129 V122-v122

|ap 55

400 | 1 }‘“’ | — an

200 ] a

TTWT GIZTV M129V 1138 M120V A133V WT G127V M129V [138M MIZ9V AT33Y W7 G127V M1Z0v 1138M M120V A133V WT  GI27V MI29V 113EM MI29V AT33V
& 11380 &113am &1138M & 11380

V122-L125 Vi22-Mvi29 L125-L126 MV129-MV129

HKMEHEERAO R Q7 (arb. unit)

400 b a a . ¢ I hal
a I . a | be

2000 | ab
a

O T GTET W28V 17388 W33V ATEV WT  GIZTV MIZOV [138M MIZ9V AT33Y W7 G127V M1Z0V 1138M M1Z5Y A133V
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ABSTRACT

Preconditioned parallel solvers based on the Krylov iterative method
are widely used in scientific and engineering applications. Commu-
nication overhead is a critical issue when executing these solvers
on large-scale massively parallel supercomputers. In this work, we
investigate communication-computation overlapping by asynchro-
nous progress control to various types of preconditioned conjugate
gradient methods for parallel finite-element applications. Perfor-
mance of the developed method is evaluated using up to 4,096 nodes
of the Oakforest-PACS system at JCAHPC, equipped with Intel®
Xeon Phi"' Manycore Processors. We show that the performance of
the iterative solver can be improved by up to 38% on 4,096 nodes. We
apply the IHK/McKernel lightweight multi-kernel operating system
and find that it can provide 20% and 6% improvements on 2,048 and
4,096 node respectively. Furthermore, we investigate the effects of
asynchronous communication progression on the IHK/McKernel
and find that it can provide an 2-3% improvement from 128 node to
1,024 node.

CCS CONCEPTS

« Networks — Network performance analysis; Network mea-
surement; « Applied computing — Earth and atmospheric
sciences; Engineering.

KEYWORDS

iterative solver, MPI, non-blocking communication, asynchronous
progress threads, lightweight kernel
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1 INTRODUCTION

Preconditioned parallel solvers based on the Krylov iterative method
are widely used in scientific and engineering applications. Commu-
nication overhead is a critical issue when executing these solvers on
large-scale massively parallel supercomputers. In the present work,
we introduced communication-computation overlapping by asyn-
chronous progress control [1], which is supported by Intel® MPI Li-
brary from version 2019, to various types of preconditioned Krylov
iterative methods, such as pipelined conjugate gradient method
[2]. We focus on optimization of global collective communications
for dot products in parallel Krylov iterative solvers. Target linear
equations are derived from GeoFEM/Cube [3], which is a parallel
finite-element application on massively parallel supercomputers.
Performance of the developed method was evaluated using up to
4,096 nodes of the Oakforest-PACS (OFP) system at JCAHPC with
Intel Xeon Phi Manycore Processors[4], and the performance of
the iterative solver was evaluated.

In the previous works [5][6], we examined the impact of the
IHK/McKernel [10], lightweight multi-kernel OS developed at RIKEN
R-CCS, which provides efficient and scalable execution environ-
ment on large-scale systems by reducing OS noise and commu-
nication overhead. Improvement of the performance of parallel
multigrid solvers was 10-20% at 2,048 nodes of OFP. In the present
work, effects of IHK/McKernal were also evaluated for Asynchro-
nous Progress Control.

The rest of this paper is organized as follows. Section refsect:appl
provides an overview of the target application and algorithms. Sec-
tion 3 provides a brief summary of the target hardware system.
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Figure 1: Simple cube geometry for 3D linear elasticity prob-
lems in GeoFEM/Cube [3]

Section 4 overviews Intel’s Asynchronous Progress Control. Sec-
tion 5 presents overview of IHK/McKernel, and special configura-
tion of threads for Intel’s Asynchronous Progress Control. Section
6 describes numerical experiments and results. Finally, Section 8
concludes the paper and offers future perspective.

2 TARGET APPLICATION AND ALGORITHMS

2.1 GeoFEM/Cube

GeoFEM/Cube [3] is the target application, and it solves 3D linear
elasticity problems in simple cube geometries using a parallel FEM.
Tri-linear hexahedral elements are used for the discretization. Mate-
rial properties are defined as homogeneous, where Poisson’s ratio is
set to 0.30 for all elements and Young’s modulus is 1.00. The bound-
ary conditions are described in Fig 1. Large-scale linear equations
with sparse matrices derived from the application are solved by pre-
conditioned Krylov iterative methods . The original GeoFEM/Cube
adopts the incomplete Cholesky conjugate gradient (ICCG) method
[11] with preconditioning by incomplete Cholesky factorization
without fill-ins (IC(0)) [11]. The additive Schwarz domain decom-
position (ASDD) for overlapped regions [12] is introduced for sta-
bilization of parallel IC(0) with block-Jacobi-type localization. The
GeoFEM/Cube application is parallelized by domain decomposition
using the Message-Passing Interface (MPI) [3]. In the OpenMP/MPI
hybrid parallel programming model, multithreading by OpenMP
is applied to each partitioned domain. GeoFEM/Cube is written in
Fortran with MPI and OpenMP.

In GeoFEM/Cube, the entire model is divided into domains, and
each domain is assigned to an MPI process, as shown in Fig.2. The
local data structure in GeoFEM/Cube is node-based with overlap-
ping elements, and as such is appropriate for the preconditioned
iterative solvers used in GeoFEM/Cube (Fig.3).

GeoFEM/Cube generates distributed local meshes and coefficient
matrices in a parallel manner using MPI. In GeoFEM/Cube, each
MPI process has (Nx/Px) x (Ny/Py) x (Nz/Pz) vertices, while the
total number of vertices in each direction is (Nx, Ny, Nz) and the
number of partitions in each direction is (Px, Py, Pz).
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Figure 2: Node-based partitioning in GeoFEM/Cube [3]

15

SEND RECEIVE PE#0
\TEE) a3

LTt

8|9 11 12 11 10 12 9 11 12

10 9 11 12 10| 9 112
o0t T e
e Pm .

1 7 — T2 s

Figure 3: Communications among MPI processes [3]

I

s

BIEE

™

PE#3 ey
1 10 12
N

-

2.2 Pipelined CG

Algorithm 1 shows the preconditioned conjugate gradient method
(PCG) [11], which includes SpMV, dot products, the DAXPY com-
putations, and preconditioning.

Algorithm 1 Preconditioned Conjugate Gradient Method (PCG)
(11]
1 7O = b — Ax(©; 4O = p=1p0); 5O = 40, 5y = (r(0) 4,(0))

2: for k = 0,1,..., until convergence do:

3 gk = A4p®)

. = pic/ (™, ¢%));

x K+ = 5 (K) 4 gy p(R)

Pk ) = () _ g %) = check convergence : [rk+1)|
u(k+1) — M—lr(k+1)

pies = (1), ulkeD)

Bie+1 = Pi+1/Pr

10: p(kﬂ) = y(k+1) +,Bk+1p(k)

11: end for

In computations on parallel computers with distributed memory,
SpMV (Sparse Matrix-Vector Multiplication), dot products, and
preconditioning may require communication. Although there are
various types of communication patterns in preconditioning, SpMV
relies upon point-to-point communication with neighbors and dot
products rely upon global collective communication [3][11].

If the code is implemented by MPI, MPI_Isend and MPI_Irecv
with MPI_Wait/Waitall are used in SpMV, and MPI_Allreduce is
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used in dot products. The overhead for such communications is a
critical issue on massively parallel supercomputers with more than
10% MPI processes.

In recent years, many algorithms and methods for avoiding and
reducing communication overhead have been proposed. Methods
based on the matrix powers kernel [13] reduce the number of global
communications at each iteration by extending the halo region in
Figs. 2 and 3. They generally require complicated data structures
and are not suitable for general preconditioning methods, such as
incomplete LU (ILU).

In [2], several methods for conjugate gradient methods, which
reduce overhead of global collective communications for dot prod-
ucts, are introduced. The sequence of Krylov iterations is changed
using recurrence relations without changing the original algorithm.
Because the order of computation is changed, rounding errors are
propagated differently. Therefore, convergence may be affected in
ill-conditioned problems. Authors applied computing with single
precision to such algorithms, and results show that original CG
is the most robust [14]. This does not happen for the cases with
double precision for ill-conditioned problems in the present work.

Algorithm 2 shows PCG using Chronopouos/Gear CG method
[15], where 2 dot products are combined into a single reduction.
Thus, overhead for calling MPI_Allreduce may be reduced.

Algorithm 2 Preconditioned Chronopoulos/Gear Conjugate Gra-
dient Method [15]

1O = p = AxO), O = a0, 0 = 4O, g0 — ap0),
yo = (r©®
2. for k =0,1,..., until convergence do:
(k+1) Z 409 4 k)
(k1) 2 38 4 g (k)
k+1) = () 4 g pkt1)
rk+D) = p(B) _ g g+ = check convergence : |rk+1)|
S (kD) = pp-1p(kt1)
Wkt = ay(k+1)
Vi1 = (r(k+1)’u(k+l))
10 Spay = (wlkeD) (k1))
1 Prar = Yer1/vk

122 g1 = Vea1/ Ok = Prs1Vesr/ok)
13: end for

The pipelined method [2] reduces communications overhead by
overlapping global collective communications and computations.

Algorithm 3 shows Preconditioned Pipeined CG method [2]. This
method is derived from Algorithm 2.

In pipelined CG [2], collective communication for dot products
can be overlapped with heavier computations, such as SpMV and
preconditioning. In the original CG algorithm (Algorithm1), dot
products (a; = pr/(p%), ¢®)) in line-4, and py,q = (rk+D), uk+1))
in line-8) are used in the next lines (line-5 and line-9), while they are

used after in SpMV and preconditioning in the pipelined algorithm.

O = (p(k), q(k)) is defined in line-3, and it it used in line-5, therefore

computing of d; can be overlapped with 20 = M‘lq(k) in line-4.

Yier1r = (5D 4 (k+1)y is defined in line-9, and it is used in line-11
after wk*) = Au(k+1) i line-10.
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Asynchronous collective communication (e.g., MPI_Iallreduce)
supported in MPI-3 is effective for such procedures.

In [16], the authors implemented pipelined CG to the original
GeoFEM/Cube with ICCG and ASDD using up to 12,288 cores
(384 nodes) of the Reedbush-U system [17] with Intel® Xeon® E5-
2695v4 (code name: Broadwell-EP) CPUs using Intel® MPI 2017. Fig.
4 compares the original and pipelined CG method for strong scaling.
Pipelined CG provides much better scalability than the original CG.
Pipelined CG is effective in the very limited case of strong scaling,
where the problem size per MPI process is very small.

Algorithm 3 Preconditioned Pipelined Conjugate Gradient
Method [2]
10 HO = p—Ax®); 3@ = p=170); pO) = 4 (0); oK) = Ap(K). 1y(0) =
AuO; ap = (K0, @)/ (WO, 4O By = 0; yp = (r©), u®)

for k =0,1,..., until convergence do:
5 = (p™*),q)

20 = p1g(0)

) Z 20 4 g (R
rk+D) = 1K) _ g g0 = check convergence : |r(k+D)|
264D = 0 _ g )
. Yies1 = (r(k+1)’u(k+l))

10wkt = gy (k+1)

1 Pl = Vi1 / Ve

12: p(k+1) = yk+1) +ﬁk+1p(k)

13: q(k+1) = yk+1) +ﬂk+1q(k)

2:
3
4;
50 g =Yk /Ok
6
7
8
9

14: end for
10000
O Original CG
8000 @ Pipelined CG
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[
S 6000
°
]
o}
& 4000
2000

0
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Figure 4: Effects of pipelined CG [16] for GeoFEM/Cube
with ICCG and ASDD using up to 12,288 cores (384 nodes)
of Reedbush-U [16] and strong scaling; total problem size:
28,311,552 DOF

Finally, Algorithm 4 shows Preconditioned Gropp’s CG method
[2][18]. While this method is similar to Algorithm 3, computations
are smaller than those of Algorithm 3. Dot products in line-3 and
line-4 (yg, d) are overlapped with preconditioning in line-5 and
SpMV in line-6.

In the present work, following four algorithms for the conjugate
gradient method are evaluated. Each method includes one SpMV
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(Sparse Matrix Vector Multiply), one preconditioning and three dot
products for each iteration. Number of DAXPY’s ( constant times a
vector plus a vector (axpy) in double-precision) in each method as
follows. 8 DAXPY’s in a iteration of Pipelined CG (Alg.3), while it
is 3 in the original CG (Alg.1):

o Algorithm 1: Original CG (3 DAXPY’s in one iteration) [11]

e Algorithm 2: Chronopoulos/Gear CG (4 DAXPY’s) [15]

o Algorithm 3: Pipelined CG (8 DAXPY’s) [2]

o Algorithm 4: Gropp’s CG (5 DAXPY’s) [2][18]

Algorithm 4 Preconditioned Gropp’s Conjugate Gradient Method
[2](18]
1O = b — Ax(©; 4@ = p1H0); (0 = 4y@); 0 = 4O =
s =pO® =9

2. for k =0,1,..., until convergence do:
S = (wk), (k)
m©) = p1yk)
nk) = am©)
if k > 0 then
Bre = Yi/vk-v:ak = vi/(6k = Bvi/ok-1)
else
10: Po = 0; o =i/
11:  endif
12 Zk+D) = g0 4 g A (F)

13 sk = ) 4 g g(R)
1 g 2w 4 g
5 R Z ) 4 p(l)
16 xK+D = 5 (0) gy p(0)

W e Ny o w

17 D) = (k) akq(k) = check convergence : |r(e+D))
18wkt = () _ g 56)

19wkt =y (0) g 200

20: end for

3 TARGET HARDWARE (OAKFOREST-PACS,
OFP)

The Oakforest-PACS system (OFP) [4] is the premiere supercom-
puter system at the Joint Center for Advanced High-Performance
Computing (JCAHPC) [4] , which was established by the University
of Tokyo and University of Tsukuba. The system consists of 8,208
nodes of Intel Xeon Phi 7250 (code name: Knights Landing, or KNL),
and Intel® Omni-Path Architecture (Intel® OPA) provides a 100 Gbps
interconnection in a fat-tree topology with full bisection bandwidth.
Each Xeon Phi 7250 node is built using 68 modified Atom® (code
name: Silvermont) cores running at 1.4 GHz, and the memory unit
consists of 96 GB of DDR4 RAM and 16 GB of stacked 3D MCDRAM,
which can be utilized as an L3 cache or high-bandwidth memory.
Each core has two 512-bit vector units and supports AVX-512 SIMD
instructions. Each core can host four threads (i.e., 272 overall logical
CPUs on the entire chip) and is equipped with 2 512-bit floating-
point vector ALU. The total theoretical computational performance
is 25 PFLOPS, and the system achieved 13.55 PFLOPS on the HPL
benchmark. In the present work, only MCDRAM was used for mem-
ory in the flat/quadrant mode on the OFP. Intel’s compiler and MPI
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library (2018) were used. Table 1 summarizes the specifications of
each node of OFP.

Table 1: Summary of the performance of single node of the
Oakforest-PACS(OFP)

Architecture Intel Xeon Phi 7250
(Knights Landing)

Frequency(GHz) 1.40

Core # /CPU (socket) (Maximum 68 (272)

Effective Thread #)

Peak Performance (GFLOPS) 3,046.4

Memory Size (GB) MCDRAM:16,DDR4:96

Memory Bandwidth (GB/sec) MCDRAM:490 [20],
DDR4:84

Intel® Parallel Studio 2019
XE, Intel MPI 2019

Compiler & MPI Library

4 ASYNCHRONOUS PROGRESS CONTROL

4.1 Overview

MPI Non-blocking communication in application thread (e.g. for
MPI_Isend)is expected to run asynchronously. To do that, progress
thread is required if MPI communication is not completely offloaded.
But turning on the progress thread (e.g. for MPI_test) requires
MPI_THREAD_MULTIPLE. But in most case, MPI progress thread is
not practically used due to poor MPI performance due to serializa-
tion around one queue for all threads, thread switching overhead,
and process-wide MPI objects management overhead. Because those
restrictions are closely related with MPI 3.1 standard (defined as
"threads are not separately addressable: a rank in a send or receive
call identifies a process, not a thread”). Those history and practices
are well summarized in [21]. To overcome such restrictions, Intel
MPI 2019 developed new asynchronous progress design, which is
based on MPICH asynchronous design. From Intel MPI version
2019, it supports the new asynchronous progress threads that users
to manage communication in parallel with application’s computa-
tion to achieve better communication and computation overlapping.
Asynchronous progress control on the Intel MPI has a full support
for MPI point-to-point operations, blocking collectives, and a partial
support for non-blocking collectives (MPI_Ibcast, MPI_Ireduce,
and MPI_Iallreduce).

Setting the I_MPI_ASYNC_PROGRESS_PIN environment variable
on the Intel MPI allows to control a pinning of the asynchronous
progress threads to logical processor cores. By using this feature !,
we can provide separate dedicated cores for asynchronous progress
threads.

4.2 Core Configuration

By default, Intel MPI allocates cpu core resource to the asynchro-
nous progress threads from last logical core. For the 68 cores Intel

To enable asynchronous progress control on the Intel MPL, environment variable
I_MPI_ASYNC_PROGRESS=on, after loading release_mt environment, is required.
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Xeon Phi processor, it has 272 logical cores so the default pinning
values are from 271 to 264 in the case of 8 MPI processes and 8 asyn-
chronous progress threads, for example. It depends on application
but there are several ways to allocate logical cores for asynchro-
nous progress threads on the many core processor. For simplicity
on the GeoFEM application, we fixed the number of MPI process
as 8 and used 8 OpenMP threads per MPI process. Total 64 logical
core by using same number of physical core for better GeoFEM
performance (1 hardware thread per physical core used).

We exclude first two physical and last two physical cores of the
Xeon Phi from GeoFEM computation by using environment variable

I_MPI_PIN_PROCESSOR_EXCLUDE_LIST=0,1,68,69,136,137,204,205

in order to avoid first core (logical cores 0,68,136, and 204) which
is affected by OS noise and jitters. Logical cores from 2 to 65 are
used for GeoFEM computation. Fig. 5 illustrates such situation
as experimental setup. We have tested 5 different mapping of 8
asynchronous progress threads (1 progress thread per MPI process)
in addition to the case with asynchronous progress control. First
method (Fig. 6) is using default setup of Intel MPI which uses from
logical core 268 to 271. Second method (Fig. 7) is using first two
physical cores (logical core 0,1,68,69,136,137,204 and 205). Since
first two cores are not used by computation, we can allocate 8 log-
ical cores by 2 free physical cores.Third method (Fig. 8) is using
last two physical cores (66,67,134,135,202,203,270 and 271). This
method is basically same as second method but it is not affected
by OS noise and jitters. Forth method (Fig. 9) is using first two
and last two cores (0,1,68,69,66,67,134 and 135). This method is
using all 4 free physical core to provide 8 asynchronous progress
threads. Last method (Fig. 10) is using same physical core as MPI
process (138,146,154,162,170,178,186 and 192). This method does
not use any additional physical core for asynchronous progress
threads and use other hardware thread (e.g. hardware thread #2) on
the same physical core of MPI process. For example, logical core 2
(hardware thread #0 on the physical core 2) is used for MPI process
0, and logical core 138 (hardware thread #2 on the physical core 2)
is used one asynchronous progress thread. Since using same phys-
ical core for MPI communication and computation, this method
is expected to have better cache hit and to reduce internal data
transfer during overlapping. Table 2 is the list of core numbers for
I_MPI_ASYNC_PROGRESS_PIN.

Table 2: Summary of mapping method of asynchronous
progress thread

Mapping method I_MPI_ASYNC_PROGRESS_PIN=

#0. Without asynchronous thread  N/A (I_MPI_ASYNC_PROGRESS=0ff)

#1. Intel MPI default (271,270,269,268,267,266,265,264)

#2. First 2 physical cores 0,1,68,69,136,137,204,205

#3. Last 2 physical cores 66,67,134,135,202,203,270,271
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Figure 5: Figure of core mapping method #0 on Xeon Phi
processor
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Figure 6: Figure of core mapping method #1 on Xeon Phi
processor
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Figure 7: Figure of core mapping method #2 on Xeon Phi
processor
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Figure 8: Figure of core mapping method #3 on Xeon Phi
processor
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Figure 9: Figure of core mapping method #4 on Xeon Phi
processor
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Figure 10: Figure of core mapping method #5 on Xeon Phi
processor

4.3 Experiments of various mapping methods
on 512 node

We evaluated which mapping method is best for GeoFEM by using
smaller test case on smaller cluster size. We set a problem size of
GeoFEM as (256, 128, 128) for 512 node test as smaller proxy of
full (512, 256, 256) size, which is equivalent to 100,663,296 DOFs.
We investigate all method from #0 to #5 on the 512 node by using
best performing number during 5 executions for each algorithm.
Figure 11 shows relative performance of algorithm 4:Gropp’s CG
which is using MPI_Iallreduce. Except mapping method #2, all
methods of asynchronous progress control enabled shows better
performance than method #0. Method #4 is best performing core
configuration with 37% improvement. While method #1 and #5
need only free logical cores, method #3 and #4 need more hardware
resource as free physical cores. Method #4 needs 2 more physical
cores than Method #3. It is reasonable results that more hard ware
resource gives more performance improvement. We are not sure
why method #2 showed poor performance. One possible reason is
OS noise and jitters. Message size of GeoFEM’s MPI_Iallreduce
is 16 byte. It is well known such small size global synchronized
collective communications are affected by OS noise and jitters [22].

2.50 2.40

2.00

1.50

1.00
1.00
0.73 0.68 0.63 0.75
0.00
Method Method Method Method Method Method
#0 #1 #2 #3 #4 #5

Normalized time by Method #0
o

Figure 11: Result of 512 node experiment. Method #0 to
#5 shows relative performance. Normalized by Method #0
(without asynchronous progress control).
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5 IHK/MCKERNEL

This section gives a general overview of IHK/McKernel and de-
scribes developments targeted for asynchronous communication
threads on Oakforest-PACS.

5.1 Overview

The IHK/McKernel multi-kernel operating system is comprised of
two main components. Interface for Heterogeneous Kernels (IHK)
[7], a low-level software infrastructure, provides capabilities for
partitioning resources in a many-core environment (e.g., CPU cores
and physical memory) and it enables management of lightweight
kernels. McKernel is a lightweight co-kernel developed on top of
IHK. An overview of the multi-kernel architecture is depicted in
Fig. 12.

IHK is capable of allocating and releasing host resources dynam-
ically and no reboot of the host machine is required when altering
configuration. It is implemented as a collection of Linux kernel mod-
ules without any modifications to the Linux kernel itself, which
enables straightforward deployment of the multi-kernel stack on
a wide range of Linux distributions. Besides resource and LWK
management, IHK also facilitates an Inter-kernel Communication
(IKC) layer, which is used for implementing system call delegation
(discussed below).

McKernel has been developed from scratch and while it is de-
signed explicitly for high-performance computing workloads it
retains a Linux compatible application binary interface (ABI) so
that it can execute unmodified Linux binaries. There is no need
for recompiling applications or for any McKernel specific libraries.
McKernel implements only a small set of performance sensitive
system calls and the rest of the OS services are delegated to Linux.
Specifically, McKernel implements memory management, it sup-
ports processes and multi-threading, it has a simple round-robin
co-operative (tick-less) scheduler, and it supports standard POSIX
signaling. It also implements inter-process memory mappings and
it offers interfaces for accessing hardware performance counters.

For each OS process executed on McKernel there is a process run-
ning on Linux, which we call the proxy-process. The proxy process’
main role is to assist system call offloading. Essentially, it provides
the execution context on behalf of the application so that offloaded
system calls can be invoked in Linux. For more information on
system call offloading, refer to [8]. The proxy process also provides
means for Linux to maintain various state information that would
have to be otherwise kept track of in the co-kernel. McKernel for
instance has no notion of file descriptors, but it simply returns
the number it receives from the proxy process during the execu-
tion of an open() system call. The actual set of open files (i.e., file
descriptor table, file positions, etc.) are managed by the Linux ker-
nel. Relying on the proxy process, McKernel provides transparent
access to Linux device drivers not only in the form of offloaded
system calls (e.g., through write() or ioct1()), but also via direct
device mappings. Details of the device mapping mechanism has
been described elsewhere [9].

5.2 Support for Asynchronous Progress

As shown in Fig. 12, IHK partitions CPU cores into Linux and light-
weight kernel (LWK) domains. Only the LWK CPUs are exposed to
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Figure 12: Architectural overview of IHK/McKernel

application running on McKernel, e.g., on the Xeon Phi processor
used in this study only 256 logical CPU cores from the overall 272
are visible in McKernel. In addition, McKernel renumbers CPUs
and provides an automatic process pinning mechanism that inte-
grates with MPI to ease the burden on users for dealing with CPU
numbering related issues.

With respect to asynchronous progress threads, the main chal-
lenge that had to be addressed in McKernel was the enablement of
additional CPU cores in LWK without directly exposing them to
computation threads of the application. For this purpose McKer-
nel’s internal CPU management code as well as the process pinning
mechanism has been enhanced for asynchronous progress aware-
ness. Specifically, CPU cores dedicated to auxiliary threads are kept
transparent from application code and MPI progress threads are
pinned automatically to those CPUs. We use the second tile of the
Xeon Phi and pin one progress thread per logical CPU on each core.

6 NUMERICAL EXPERIMENTS

6.1 Performance results on Linux (measured in
2019)

Since method #4 is the best core mapping so we measured real
large problem size up to 4096 node by using asynchronous progress
thread with method #4 in addition to method #0 as a baseline. First
measurement was done on May 2019 by using Intel tools version
2019 Update 1. We fixed the problem size as (512, 256, 256), which
has 100,663,296 DOFs, and performed strong scaling measurements.
Fig. 13a-14b show bar graphs as best performing numbers during
5 executions on each run, which have also error bars as worst
performing numbers of 5 runs. Detailed performance numbers are
also listed on the Table 7 in the appendix as a reference.

Since Alg. 1-4 do not have global asynchronous MPI calls
(MPI_Iallreduce), but using MPI_Allreduce, it is not related with
asynchronous progress setups, essentially. Fig. 13a-14b have mea-
surement results for those algorithms marked as "Linux non async
in 2019". We can see performance improvement (or decreasing CG
Loop time) with growing the number of node from 128 to 2,048
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node. From 2,048 to 4,096 node, we are seeing saturation of perfor-
mance or worse performance by poor scaling. These performance
saturations are derived by time increase of MPI_Allreduce on the
large number of node executions. For example, by profiling on 2048
node, total time of MPI_Allreduce calls for Alg. 1 is 59% of total
CG Loop time while it is 15% on 128 node. It is what we would
like to hide or overlap into computation by using asynchronous
progress threads.

Performance of the original CG (Alg.1) saturates, as number of
nodes is more than 2,048. On the contrast, Chronopoulos/Gear algo-
rithm (Alg.2) keeps scalability up to 4,096 nodes, and much better
than Alg.1, because communication overhead by MPI_Allreduce is
reduced. Pipelined CG (Alg.3) and Gropp’s CG (Alg.4) are generally
slower than Alg.1, because the amount of computations per each it-
eration is larger than Alg.1. Alg.3i and Alg.4i withMPI_Iallreduce
are also slower, but both of them are much faster than Alg.1, and
competitive with Alg.2. The reason of this improvement is not clear,
while MPI_Iallreduce may reduce the communication overhead
at 4,096 nodes.

Effects of asynchronous progress threads are significant with
more than 512 nodes, although performance of Alg.3i is not scaled
at 4,096 nodes. Generally, the results show Alg.3i and Alg.4i provide
much better scalability than Alg.1 by combination of MPI_Iallreduce
and asynchronous progress threads. Fig. 14a-14b have the result of
asynchronous progress threads for the Alg. 3i and 4i, which have
asynchronous global MPI calls as MPI_Iallreduce. We can com-
pare performance "Linux no async in 2019" and "Linux async in
2019" on Fig. 14a and 14b, respectively. We are seeing significant
performance improvement on Alg. 4i while Alg. 3i was expected to
have similar performance improvement by overlapping, but result
of Alg. 3i showed smaller performance improvement than Alg. 4i. It
is not clear why it shows such behavior. Table 3 show summarized
performance improvement results which have comparison of origi-
nal non asynchronous algorithm (Alg. 3 and 4) and asynchronous
versions with asynchronous progress control (Alg. 3i and 4i). We
successfully got up to 19% and 38% improvements for Alg. 3 to 3i
and Alg. 4 to 4i, respectively, by overlapping effect of asynchronous
progress control.
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Figure 14: Results comparing synchronous and asynchronous progress for algorithms 4 and 5 on Linux and McKernel

We can see growing size of error bars for all algorithms on top of
"Linux no async in 2019" and "Linux async in 2019" in Fig. 13a-14b
with increasing the number of node. In [5][6], we examined the
impact of the IHK/McKernel [10], and seeing stable measurement
results (small error bars) on large-scale systems by reducing OS
noise and communication overhead. In the next section, we will dis-
cuss the efforts which we try applying IHK/McKernel for GeoFEM
with asynchronous progress control.

6.2 Performance results on Linux (measured in
2021)

Since McKernel was required some modifications as described in
Section 5, we needed revisited Linux measurements with newer ver-
sion of environments including newer versions of BIOS, Firmware,
OS, Interconnect driver (IFS), Parallel file system (Lustre) driver,

Table 3: Performance improvement of introducing overlaps
by MPI_Iallreduce and asynchronous progress control on
Linux (measured in 2019)

Node | Alg. 3 non asyc to 3i | Alg. 4 non async to 4i
with async with async
128 1.03 1.06
256 1.04 1.11
512 1.05 1.20
1024 | 1.06 1.25
2048 | 1.08 1.34
4096 | 1.19 1.38

macro task software (e.g. scheduler) and MPI library to get new
baseline after 2 years. We used same method #4 as the best core
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mapping with same large problem size up to 4096 node by using
asynchronous progress control in addition to method #0 as a base-
line similarly in 2019. This second measurement was done on Nov.
2021 by using Intel tools version 2019 Update 9. All performance
numbers are listed on the Table 8 in the appendix as a reference.

Results marked as "Linux non async in 2021" on Fig. 13a-14b
and "Linux async in 2021" on Fig. 14a-14b show the performance
of result of re-measurements by using newer software and driver
versions. We can see similar performance behaviors in Fig. 13a-14b
without asynchronous progress control while seeing smaller run
to run variances (smaller error bars). On Fig. 14a-14b, we can see
worse performance results of "Linux non async in 2021" case than
"Linux non async in 2019". We are not sure why MPI_Iallreduce
version’s GeoFEM (Alg. 3i and 4i) show poor performance than 2019.
Since almost of all software environments are changing from 2019,
it is very difficult to identify the root cause. Also due to security
fixes and patches in two years, we can not revert entire system
same as 2019.

We can compare the effect of asynchronous thread control, simi-
larly, "Linux async in 2019" case and "Linux async in 2021" case on
Fig. 14a-14b. Alg. 3i and 4i show better performance by using asyn-
chronous progress threads up to 512 and 1024 node, respectively.
But on the larger node counts, we are seeing worse performance
results by using synchronous progress threads. It is unexpected
results that effective on smaller node count while negative impact
on larger node count. In 2019, asynchronous progress threads were
effective with growing node count up to 4,096. As same reasons
as non async 2021 results, we are not sure and have difficulties to
identify the root causes.

Table 4 show summarized performance improvement and degra-
dation results which have comparison of original non asynchronous
algorithm (Alg. 3 and 4) and asynchronous versions with asynchro-
nous progress control (Alg. 3i and 4i). As described in section 6.1,
We got up to 19% and 38% improvements for Alg. 3 to 3i and Alg.
4 to 4i, respectively in 2019 but we can see the positive effect of
asynchronous progress control on fewer node count only.

Table 4: Performance improvement and degradation of in-
troducing overlaps by MPI_Iallreduce and asynchronous
progress control on Linux (measured in 2021). Note: Below
1.00 means negative effect.

Node | Alg. 3 non asyc to 3i | Alg. 4 non async to 4i
with async with async
128 1.01 1.40
256 0.98 1.26
512 0.95 0.96
1024 | 0.87 0.82
2048 | 0.70 0.61
4096 | 0.53 0.43

6.3 Performance results on McKernel
(measured in 2021)

For simplicity and little implementation cost, the modification for
asynchronous progress control on McKernel is intended to use first
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two physical cores only while it is expected more improvement by
allocating 4 unused physical cores to McKernel. 8 logical threads
provided by first two physical cores handle asynchronous progress
control in addition to IHK Linux for this time. It is almost equivalent
to Fig. 7 or the method #2. All other measurements conditions are
same as Linux in 2021.

Through Fig. 13a to 14b, which have case of non asynchronous
progress control, we can see a little performance improvement on
larger node count while almost same on lower node count. But we
can clearly see error bars on McKernel are significantly smaller
than that of Linux. This stable and less variant results are one of
the benefits by McKernel. Similarly on Fig. 14a-14b, we can see
much smaller error bars on McKernel, which are marked on top of
"McKernel non async in 2021" and "McKernel async in 2021" bars.

Table 5 shows summarized performance improvement on McK-
ernel without asynchronous progress control, compared with best
Linux result without asynchronous progress control of 2019 and
2021. All other measurement results show better performance than
Linux due to less noisy and low overhead nature of McKernel. For
example, We can see up to 20% performance improvement on 2,048
node and 6% on 4,096 node for the Alg. 4. All performance numbers
are listed on the Table 9 in the appendix as a reference.

Next, discussing asynchronous progress control on McKernel. Ta-
ble 6 show summarized performance improvement and degradation
results which have comparison of original non asynchronous algo-
rithm (Alg. 3 and 4) and asynchronous versions with asynchronous
progress control (Alg. 3i and 4i). We cannot see beneficial improve-
ment on Alg.3i. With Alg. 4i, asynchronous progress threads give
2-3% performance improvement from 128 node to 1,024 node.

Table 5: Performance improvement on McKernel vs. best of
Linux in 2019 and 2021. Note: Below 1.00 means negative ef-
fect.

Speedup | Alg.1 | Alg.2 | Alg.3 | Alg. 4
128 1.01 1.01 1.01 1.01
256 1.02 1.02 1.03 1.02
512 1.07 1.06 1.05 1.07
1024 1.10 1.09 1.07 1.08
2048 1.15 113 1.15 1.20
4096 1.01 1.06 1.07 1.06

7 RELATED WORK

Non-blocking collective operations were introduced in MPI sev-
eral years ago [23]. However, only a few recent studies have ex-
plored thread placement strategies for asynchronous communica-
tion progress thread placement for non-blocking collective opera-
tions. Ohlmann et. al. presented Intel MPI's asynchronous progress
control with an application case study demonstrating the benefits
of progress thread placement [25].

Denis et. al. studied progress thread placement on many-core
CPUs with a special focus on symmetric multithreading. Similarly to
our findings, they also reported that running asynchronous progress
on SMT threads of an application core can degrade performance
due to cache effects in intranode communication [24].
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Table 6: Performance improvement and degradation of in-
troducing overlaps by MPI_Iallreduce and asynchronous
progress control on McKernel (measured in 2021). Note: Be-
low 1.00 means negative effect.

Node | Alg. 3 non asyc to 3i | Alg. 4 non async to 4i
with async with async
128 1.00 1.02
256 0.98 1.03
512 0.95 1.02
1024 | 0.93 1.02
2048 | 0.91 0.92
4096 | 0.79 0.84

8 CONCLUSION AND FUTURE WORK

We have demonstrated that the asynchronous progress control is
very effective with appropriate algorithm changes for CG solvers
to overlap global synchronization and computation. We achieved
38% performance improvement on 4,096 node.

Although re-measurements on Linux in 2021 are not stable and
worse than what measured in 2019 on larger node count more
than 1,024, we are also able to confirm McKernel realized noise less
and stable measurement in addition to performance improvement
on GeoFEM. In most case, McKernel provided better performance
especially on large node count even if compared with 2019 Linux
results. Especially for 2,048 and 4,096 nodes, we got 20% and 6%
improvements, respectively.

Furthermore, we have modified McKernel for asynchronous
progress control and applied to real GeoFEM applications. From 128
node to 512 nodes, at least, we are able to see performance improve-
ment by the combination of McKernel and asynchronous progress
control. Though the effect is limited up to 1,024 node counts, we
got at most 2-3% performance improvement from 128 node.

Work is ongoing and it is expected that we will run these per-
formance experiments again after whole system tuning on Linux
and McKernel to address the 2021 year’s performance degradation
than that of 2019. In the case of physical 4 cores allocation to IHK
kernel for asynchronous progress control on McKernel will also be
a future work. Furthermore, to investigate an effect on SMT threads
more could lead to efficient use of asynchronous progress control
for more MPI ranks per node or pure MPI parallelism situation
without OpenMP threading.
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A APPENDIX
A.1 Table of measurement data in 2019

Table 7: Results on Linux (measured in 2019). Alg. 3i and
4i used asynchronous progress threads while others did not
use. From 128 to 4,096 nodes.

Alg.1 [sec] | Alg.2 [sec] | Alg.3 [sec] | Alg.3i[sec] | Alg.4 [sec] | Alg.4i [sec]
128 1.39E+01 1.37E+01 1.42E+01 1.38E+01 1.42E+01 1.34E+01
256 9.21E+00 9.01E+00 9.34E+00 9.01E+00 9.39E+00 8.47E+00
512 6.37E+00 6.10E+00 6.24E+00 5.95E+00 6.40E+00 5.33E+00
1024 | 5.00E+00 4.69E+00 4.75E+00 4.49E+00 4.91E+00 3.93E+00
2048 | 4.51E+00 4.16E+00 4.22E+00 3.89E+0 4.58E+00 3.41E+00
4096 | 4.50E+00 4.03E+00 4.91E+00 4.14E+00 4.55E+00 3.29E+00

A.2 Tables of measurement data in 2021

Table 8: Results on Linux (measured in 2021). Alg. 3i and
4i used asynchronous progress threads while others did not
use. From 128 to 4,096 nodes.

Alg.1 [sec] | Alg.2 [sec] | Alg.3 [sec] | Alg.3i [sec] | Alg.4 [sec] | Alg.4i [sec]
128 1.39E+01 1.38E+01 1.43E+01 1.42E+01 1.43E+01 1.35E+01
256 9.15E+00 9.06E+00 9.35E+00 9.58E+00 9.47E+00 8.92E+00
512 6.49E+00 6.24E+00 6.43E+00 6.78E+00 6.56E+00 6.08E+00
1024 | 4.91E+00 4.68E+00 4.80E+00 5.50E+00 4.88E+00 4.79E+00
2048 | 5.09E+00 4.74E+00 4.82E+00 6.88E+00 5.05E+00 6.27E+00
4096 | 3.60E+00 3.34E+00 3.36E+00 6.33E+00 3.54E+00 5.89E+00

Table 9: Results on McKernel (measured in 2021). Alg. 3i and
4i used asynchronous progress threads while others did not
use. From 128 to 4,096 nodes.

Alg.1 [sec] | Alg.2 [sec] | Alg.3 [sec] | Alg.3i [sec] | Alg.4 [sec] | Alg.4i [sec]
128 1.38E+01 1.36E+01 1.40E+01 1.40E+01 1.40E+01 1.37E+01
256 9.01E+00 8.81E+00 9.10E+00 9.32E+00 9.20E+00 8.95E+00
512 5.96E+00 5.77E+00 5.96E+00 6.24E+00 5.99E+00 5.85E+00
1024 | 4.45E+00 4.29E+00 4.44E+00 4.78E+00 4.52E+00 4.43E+00
2048 | 3.91E+00 3.68E+00 3.66E+00 4.00E+00 3.82E+00 4.13E+00
4096 | 3.56E+00 3.16E+00 3.14E+00 3.99E+00 3.36E+00 3.99E+00

A==V a—F (v T ma—2R - 105 - Vol. 24, No3 2022



MERMHETI QVE2—42RBERNBEI NATU
FRBdEFSIa v Ea—T4 00  THFIBREREAMNI (v
4 2)

S

FORR PG 7 —

AR TIE, 2021 FREEAFHNCFEM L7z, BHPEEIREHE T OCFREE S Lo R e R RS
WEHE) S arCa—2BET T4 T o ARHEERT (A 20 Ea—2BEER) A7
Uy RG8BIEF 2 a—T 1 7 (RER LERPRRERR LY HY) NEFIEREREA
fI) NZDWTRRNT 2, [FRlan T U VAEYE] O, FIFEEIC EHix, £ ToOH
Fxh Zoom (2L DAV TA v THEM LI,

2014 FEEEE T, EEH, AFEENG, BREBINEIR LI 2 B e — 2R RS 1 - 11
(BFEEANGR T 0 77 v 7 (FIRERLR) ) 22 EE L&, WMoy a0 Rdifis &
LT, #xBZHNSEOYIab—ya VIZERSN T D AREFYE (Finite-Element
Method, FEM) (Z2W\WTC, HF &R DEMWRERN S, ERAMRT 07T AOERIEE T,
B, — R GRRAMER EOFRNER b ED GRREFEML, v s I I 7 0FEFEEER LT
o, M E LTI R R O =R 2 a2 ®y, Y u s3I0 755 LTI CSib
AR LT, B () L& D) 1200 T, BRI AREREOHGRE S n s T
LU T OREE, AFEINTEOWFULITONTOERE - FEEZITV, LRI E RS
H—=DA—/N—2 U Ea—H e fofc FEZFEM L TE7, 2011 4 E Tt T2K HAZ A
LT3, 2012 AR5 1 Fujitsu PRIMEHPC FX10 (Oakleaf-FX, 2012 4F 4 &M BIAA),
2016 FENSE [F—2MiF - VI ab—val@MAA——arEa—F T AT A
(Reedbush) 3] @55, LA CPU (Intel Broadwell/EP) D> S5 &% Reedbush-U (2016
7 AEMBLE) ZERAL TR 7T 7R EER L CE T, HIZ, 2019 LMD
1%, TRBEEBY S| R — R—a 2 B2 —& 2 25 A (Oakbridge-CX, OBCX) 4] A LT\
%, OBCX 1% 2019 4 7 AIEM ZBME L, 4 %2 Ko Intel Xeon Platinum 8280 7> S AL S5
FHE— K% 1,368 / — F#E# LT\ 5,

2014 FEFETOMETIE, AFH (1) OBETIETH (1) OBELHRE LTnieh
WA ORZEDEBIZE, 10 BICAET 2BFAAEREML TRY, £0 X85 &ML
RWBIEENEZ CE T, ZZTISFEENDIE, HHtE2EE L, W Ed DM L7-F
BELT@ETEs L)

o HH (1) FHE — FHNO~/LVF XLy RIEFHRIZE T 5 RES
o AEH (D SBAESIEREEIC BT 2 WSMEIZBIT 2 N

http://nkl.cc.u-tokyo.ac.jp/21w/

http://nkl.cc.u-tokyo.ac.jp/14s/, http://nkl.cc.u-tokyo.ac.jp/14w/
https://www.cc.u-tokyo.ac.jp/supercomputer/reedbush/service/
https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/
http://nkl.cc.u-tokyo.ac.jp/21s/

A==V a—F 4 v T ma—2A - 106 - Vol. 24, No3 2022



DEDITFEMT D L & Uiz, ByEoszdm, EBMUICEE L CREERER Oh 2Rt 5 &
Ebic, 2017 FEH B (SHEEE t;ﬁﬁ’&%mﬁ LTWL%,

RUIGERIBRLNEZTT, LRROLII, HrnB A< FHASn TV L HERESRE
BEMEL, —KIT . Ei/ﬁ(fﬂﬁﬁﬁfﬁ%ﬁ&fﬁ%?&o Too —IRJE + ZIRICHERREFHRE, MPI

(Message Passing Interface) 12X 27w 75 I 7, WHIEBLEOIAE CTHisk - Y % E
WLz, Fiz, "7V v RWFTer 7 I 72T VOEENEEEE L T, MPI+OpenMP
NAT VY FXHNT 0 7T I I ET DR - B 2 E i Lz, MPLIC K D8I A RRERE
DT v s T LD T ak A2 OpenMP % H L Tl 5L % Fhi L 7=,

BEREFIIIJDBOBITANEEE) A 057400501 HY ERHEET 25 RIEEE,
BEFMELEDE 19 & (B4 11 /) THot-, 2020 FESEFE 36 &, HEMEE
12A8THODICLERD E, HURBEQESIEML TS,

K1 HELARE, AR

-IEE_

Oct.06(W) 0830-1015 Introduction, Introduction to FEM (1/2)
2  Oct.13(W) 0830-1015 Introduction to FEM (2/2), 1D/3D FEM (1/4)
3  Oct.20(W) 0830-1015 1D/3D FEM (2/4)
4  Oct.27(W) 0830-1015 1D/3D FEM (3/4)
5 Nov.03 (W) 0900-1015 1D/3D FEM (4/4)
6 Nov.10 (W) 0830-1015 Introduction to Parallel FEM, Login to OBCX, MPI (1/5)
7 Nov.17 (W)  0830-1015 MPI (2/5)
8 Nov.24 (W)  0830-1015 MPI (3/5)
9 Dec.01 (W) 0830-1015 Report S1, MPI (4/5)
10 Dec.08 (W)  0830-1015 MPI (5/5)
11 Dec.15 (W)  0830-1015 Report S2, Parallel FEM (1/4)
12 Dec.22 (W) 0830-1015 Parallel FEM (2/4)
13 Jan.05 (W) 0830-1015 Parallel FEM (3/4)
Jan.12 (W) (No Class)
14 Jan.17 (M) 0830-1015 Parallel FEM (4/4), Hybrid OpenMP/MPI (2/3)
15 Jan.19 (W) 0830-1015 Hybrid OpenMP/MPI (2/3)
16 Jan.26 (W) 0830-1015 Hybrid OpenMP/MPI (3/3)

A==y ¥a—F 14T Za—A

- 107 -

Vol. 24, No.3 2022



A BB : Computational Earthquake Engineering/&t & ih
=LFE

Ay 58 - R A

HEURY: HURIFZERT

AFETIX, 2021 - A2 B A A X —|Z3FEi L7-. Computational Earthquake Engineering/Z}
BHFRE T B (LERIFSER - #h R B P RO A . T3 - #h S IR PR 0 3 AR R
H « K 3[ROA > T A i#F, HFBETEM) IOV THENTT 2, RERTIE, HELZESFICE
VT D HAEF R HE R 2 Y T ST O ZERRE ) 7 Fnask D B A A BRI, BUEBIEUR CATRZES
5 - BIREERE) . WAy, BiEfy. M TRRORMEFE, KO, SiEsestH (SIMD) 2B
T LT - HE AT o7 (K1), REFIIHIE, TSI LFE 1 588, EEIEE
WA 2 —ORFEEEICBWTENEXTE TITV, BRI D EHEREE S L CHEM
FHRME S A7 L (ECCS) Z# VT E 23, REFEICH W CIIMEEICS S X By - R L bt
v A > (Zoom) TV, FHHIZE T DiHRMERE & L CIEFHIME Y v ¥ — 0 Oakbridge—CX &%
BAASETHEW, FHMEEBEERY LR — FOFFRTITo 72, SR OEE 23 TEA DM
& RODEMNOFERP IR ThH TR EBRTEDL LD, AT A4 U EFITBWTIT Zoom @
TULAITU My araEHL, o, mRR A OB MZ AR (Zoom) Z IR E T 5 72
EL 2 OFEOIMIIE U8B O H T & D66l 2 Blo 7=, BEFE - mrkaest AR HIg
HDIRNZERAE TS B ISV D HIEFHR - mMEREEI IS L TH BB AR > Th b 2 DS
BREELIZEEBZX LN, RO ZDOSE DO NMERRKIZ 72 5 EHIfF &N D,

* 1aER AR

[\ %% SRS/ 7 FS

1 11/29 | M1 BA

2 12/6 | 2 | FRRAESE  BUARAE ORI

3 12/9 | FE%3 LRTEA IREESR L, BIRY - SO

4 12/13 | £E 1 FEE BRI

5 12/16 | JEZ:4 | WElEFSSY - 7 — T v 5efk

6 12/20 | FE%:5 WSS - 2 OTH IRESRVE » M e —4H]
7 12/23 | JE5: 6 BAifsy, AR, ATt

8 12/27 | &E 2 LAR— 1 (1 RoeH BREEFRE)

9 1/6 | %£H3 UAN— b 2 (2 IRouH BREEFEE)

10 1/13 | 8 4 UAR— b 3 (2 OTA RIS - Frx—45%E)
11 1/17 | FEHE 5 LAR— N4 (SIMD i)

12 1/20 | H 6 VAR— b5 (1 OcBIHIA BREFRIE - WINEEFRRME) 5 b, 1 RocBIR R RIS

13 1/24 | RET LaR— b5 (1 IRTTEIRA TRESR L - WIRBESSAE) 5 B WISt

A==V a—F 4 v T ma—2A - 108 - Vol. 24, No3 2022



FA3EBALT7 AV MIZFHHNTOIT SO TEER
OpenMP [2& BT ILFaAT7 - A= aF7HHTATSIUTAM
(Wisteria/BDEC-01 (Odyssey, AG4FX #&&)) (X234 V)

FOAR PG 7 —

ARGTIEL, 20223 A9 H OK) ICA T4 UBME LS 173 BB LT I 7 v M &5

Tn s I TH#BEE [OpenMP Ik B~ Fay - A= a7 Fars s I 7 AM
(Wisteria/BDEC-01 (Odyssey, A64FX #5#0)) ') GE : K FERIEE L 2 — PC Y 7
AF Ay =7 h (FERATT) 5= a e -HPC A—7 0V —RA Y7 hU =T ERE
£)) IZOVWTRANT 5,

HRKZPEREEE 2 — (LT, KB X —) TIE2007 F0bA—/—ar Ba—H &
AL TBRLT v MEEWH T 7T I v 78 E) 2L VDR, Filanty
ANV A BYHERI R DT80, 2020 4F 4 A HIZETOMRES%E Zoom EHICED T4 T4 )
MEAL LTHEBEL TN, [OpenMP IZL D~ NVTFaT - A= aT7israrsZ 7 AM)
%, AT EoTing, H131E (202044 H 27 H), %143 [F (2020411 H 2 A),
% 151 =] (2021 4£4 H 21 A) & 3[al, Oakbridge-CX (OBCX) 2%&ffiJfl L CHEfi L T 7=, 2019
FEE T2 AIZhIFTERLTWzbD%E, 2020 FENHE 1T AICE LD TEBL TN D,

HFE~A 7Tty O vFaTeltls, xR vr I I TETABREINT
W5, HTH OpenMP IZHERTT (T A V27T 4 ) AT L2 CRRIC TR BT
L7, IRKBHINTEY, HFx2EREb BRI TS, AEY ~OEXIAL LSRN
RIREIZAE = 2 K 9 722 [ 57— Z {171 (data dependency) | 23E U 2 5/ 12 5L 2 FhE 3 5 121,
WO T — 2 OW~NEZ 2T BEND DN, Z0 &) 258 iE OpenMP [[1) OEFETHRE
LY EFHid 2 &idsn v, 5 151 [ELATOME &I, TERREED 58 0N 55
THZ x5 & LIz ICCG k) ##Mr L LT, BRI RO~ rFaT7Tu s 7107
B W CHEEZR T — X BLE, reordering 72 E DT /LT Y X NIZHONWTOFR, A2 AL
T A o LT, NRITER DR RFRE LR ER - B L RMEROME L LT
EhiL T THERET 747 o ARRER 1), [REPPEIHE T, TALy Riglao v
a—T 4T ONFIZHERL TV A3, AETHIE 105 73 X 10 BIFREOH#FZONEE 1 A
(IEBR 7.5 BE[ (450 47) FREE) IJEM L CONKE MR- TWAHTW, 77— hTh 11 HIZ
FEOIADANARL LTUIEANLTE D) A s, # 151 07T 47— FCldiad B 3.73
(i 5.5.00) & HEEHIIRV M & 72 o 72,

2021 RN HIE, 2021 45 A 14 HIZHEA % B4k L 72 Wisteria/BDEC-01 (Odyssey) “E Al
BAOETAREZ—HL, 7T X RFEICBEE L ZNEEZERICHIBR L2 U %27 A& KEL
7oo RIK105 3 DOERIC L T4 EREONFTHY, 1 A, 450 HFEE CEMET 2 ICIEFEL =

! https://www.cc.u-tokyo.ac.jp/events/lectures/173/

2 https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/

3 http://nkl.cc.u-tokyo.ac.jp/20s/

4 https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/

A==V a—F 42— - 109 - Vol. 24, No.3 2022



ThoTz, £7z, Wisteria/BDEC-01 (Odyssey) (ZHH STV D A64FX [Z-DWT b EEMM 72 iR
A M LT, NAEDOROMIC R ofclo®, MRELRD LR b, SR 20K
AR L7,

EARG D 1ELEL 3B L, 5 HORR CIIMEREICRCMER H - 72 C 223 T ok
HESbLWEI N, EMEREHME OO OM T 07 7 4 T O AR CHi-REE 2B
5708, ARE LTEHRIEIE IR L TRELZL D LR 5T,

AR AL OBIMPARR S Y, Z#lE 1L 104 (K - IFFEEBEEIRE @ 2, K¥pi4 2,
T 4, BFE D) Tholo, TUr— MR (BUIL9A) IZOWTRK2ITRT, FH R
L 444 RO TH T,

x1 XBEEROME
09 : 00-11 : 00 A RARE
11 :00-12 : 30 OpenMP A
13 : 30-16 : 00 F—=HY 7
16 : 00-17 : 30 OpenMP i 51l1t.
17 : 30-18 : 00 B EE

x2 TUT—bEFHER

A 1[2|3]|4]5
(a) FHE=NFMH HOeRWN 21413
(b) HHEZH/EAR (TLEY) fifi o #E 702
(¢) BATERINE flj L 5 8|1
(@ HrFnrvrs s rsNE fii HL. & H 712
(e) WM (FHJ4.44) ANt i S 5|4

REABOFHFMICOVTIE, 2z TR—IUH L EHRUBREETAEF YV A—FTE50
TELLEESBNEE /-0y (hitps://www.cc.u-tokyo.ac.jp/events/lectures/173/) , E1=
PEEEBL TNV ET—2ERERZETY—RIZTOVTE, 3 BIZhTTFAT S LZEHEBEL,
10 AURICKRET 5 FETH S,

A==V a—F 4 v T ma—2A - 110 - Vol. 24, No3 2022



BA7T4ARBHALTHV Y MIEHH TR TSI TEBER
—BEE  AREREZTOTSIVIMEAM (o354 2)
SR

FRRFAE R 7 —

ARETIE, 20224 A 148 OK) KA TA VBB LEE 174 EBR LT D v M & A5
Tur I I WEE 1R ARERET 2T I 7 HIEAMY (G R
B 4 — PCOUIARZaryy—v 7 A (FRHT TV r—va s - HPCA—T Y —R
VT R =T EREER)) IZOWTRITT 5,

HFRZEFE (Finite Element Method, FEM) (R0 RO HUEME & LT, Hx eBb 8l
HEICHEA STV D, ERRFZERTEOM, NASTRAN (AR SN 5 ATRERIEIC L 5768
a— R BRI A < FEERIA b & etk 4 720 B CRREE - Bl LI STV D, B
RERBIIERENO 7 — D VRER P DB SN TND & 2 A0, WIS HERE S CTh
DT ERMBNTND,

R H =Tk, K F—DA——ar o —Z ORIk L W7 a7 T v 7o
R HEIE LT, e oS HREREOHE R 2FE ML TE7,

BIREREOMH G, FIEIIRFEBREOKY:, MEOARMNROEIRFICEMTELH0OT
b, WHIHLZEEMT 5 720121%, BIclx 0OFEOBEMRICE £ 59, i, HET7 v
Y ANL T T T I T EEROT THEL TWDREND S, AIREREZO L O LFIL
1 HCTETHRT L0, A7V a—VICHLREET, e ZAFEIBE S22/
W, ZHEIZE S THHERR &R DM H o7,

Kl Z—"TiE, 2020 F 6 H 12 HIZH 134 [FEE T, M1 TORAR L LT, WHHLIZIESL
LALT, RIRAVEBALENY XA VGRBEY, AREREL M 2 0GR, &
E7NTY XL LZORECEREENHEREL 1 HTHEMLIZE 25, HEBRGFFHFTHY &
EREWT LR TE 2, FO%, 2020411 A 10 H, 2021 4F 12 H 21 BIZFEEEOWNET
145 A - T EEESEERL, SEIXENLDT 4 — Ry 7 oG o o mE b E
Z, BICWR LI-F MR8 2 30 L7,

ARHEHZONE (1) 132021 FEAFHICHER L UTEM L7z, BEERNEE T OKERRE#
HTFERMEREERFERLR) 2o Ca—4BET 747 U ARK#E T (A 22—
ARFEHEIL) A T ) RHAES a2 B a—T ¢ 7 (RER TR R ER R THEHK)
NEFIAREREAM) ¢ OBEAMEFRUNEEZ AR CTERLZLOTHY, BP0 THRE
FEAMT] IZONWTIE, FEOEELH Y, ZEEICEMZTELTH LW, Y HIE@HE AR5

DT,

https://www.cc.u-tokyo.ac.jp/events/lectures/174/
https://www.cc.u-tokyo.ac.jp/events/lectures/116
https://www.cc.u-tokyo.ac.jp/events/lectures/134/
https://www.cc.u-tokyo.ac.jp/events/lectures/145/
https://www.cc.u-tokyo.ac.jp/events/lectures/171/
http://nkl.cc.u-tokyo.ac.jp/21w
http://nkl.cc.u-tokyo.ac.jp/FEM/01-FEMintro.pdf

N o LB W -

A==V a—F (v T ma—2R - 111 - Vol. 24, No3 2022



SEE, FBDLSISR/AaVEFAET, FEDOPCIC—RE - =RTHBEXREZINITS
L (Fortran-C) 249> 0—FLTH b1, HFMN-BRNOLERI S, REE GEEREN)
FT, EFLXR, AREET—RFEAOREBRE FIREMEXBAOREE) LEHTRBL
T Bl (3 7R — LA R— (hitps://www.cc.u-tokyo.ac.jp/events/lectures/174/) ZBRB s h =L\,
LAFALEEN Yondnds5LoMm GELEETHERSCELTES,

x1 XBESOHME
09 : 0009 : 45 | HIRZEHRIEAM
09:45-12:30 | —RILAMRERE
13 :30-16 : 00 | =RILHMREFREL
16 : 00-17 : 00 | WHIFREFRIE~DIE
17 : 00-17 : 15 | Flim - BH%

FATREE L 11 4, HEET 74 (FE 24, KY-050H8E .34, &% :24) &7o
oo WESKRTRICT VI — NeFEE L (BEUUARE : 4), &N EEOFHMHIL S AR
T 475 Elpole, AU TAVHBESLROEELTETEY, [URICBIMTELL VWS LT
BMLUTHFETH D, BHIT, FHFRY FT—2D T 7L T 10 DFEDOTIERERL END
BEEIH N o 7oy, BEA~Y— 74 LI LD TV U 70 B X T, ZiEBE OB S ATk
REeBNT L2 L, ZOHREED) TEBHECHLLITORETH L.

T — hNOBEREERHO 2 A M EUTICRT

o TEIHBAWEEEZHV N L) ZTZVET, FREREOWHFHEOGESICHL BROWE
BOFIEHTHI N EBNET,

e ABLAUTALTHEL TCWEETS EBMLLT VT,

o VUTNTuTTAOFAEZEMIL TN EEWT, FEM OB E 70 ST AOKIGINE
it Lo o7z,

A==V a—F 4 v T ma—2A - 112 - Vol. 24, No3 2022



F1HBEREBSHLTHDY MIEHEHNTOTS IV TEES
[R—/A\—a v E1—42BAM]

A PN
FURK A R 5 —

202244 A 22 A2, TS RIBR LT B 7 MEXXH T 0 2S5 I VEEs [2—_—a
/t1~&%EAWJ(mzﬁak%ME%Mt/&~1@&7x&://ay7A(%%7
TV =g VS cHPC A —T 0 =AY T N = TWRERE)) BB L0 T, ARBIC
T OEEHREEIT

FORRFIE R 2 =i\ T TEAM) CEUEESIE, 2020429 A 18 B (55 138
B PR 3ENCHOIz > THIEPFFEBEXICEBL TEHY ., WINLbHFELE LT, BETLY
Linux OffEREE - v 7 A Ve EOFRN LD TA— =3 U Ea—Z Z 572 DFER
EESHEBRMOER 2(To TE N, SEIEARIZOW T LRE LT, #FE %2 A —/—=2
VE 2= TATOEODF a— U T AEBMLE, 7Y 2 ZIROEY TH LR BN L

DHEATZRIRIZAT T) X, SEIIFFFEORE THRRE LTBROR S 2B TE otz

13:00 - 14:00 HA XA b TORT A (% - £H)

14:15 - 15:45 Yo 770 r T ML HUWHFIEBAM (G - £H)

16:00 - 17:00 A/X=z /AT DB E FATHAM GizE - £2H)
AR ET T G

HIASZ AR WO SFEEERT 5007 7 — 21T > TW AR, SRIBMHEADH - 7=

22 B TCONFUTRDEY &7 -7,

- FORTRAN 8 4

- C/CH++ 44

* Python 10 4
WHIEY | HIEREREROBIR . BT & BEREANG IR B~ OIERIY 72 A3 VR 4y
FNSOBMNED >k 9 ThHhD, —HOSIMEIX, IO 0 COMIIEE 1T 5 H CTHEM
?E@Em@ﬁ%%%ifbékﬁ%h\:@_&m\mmmmﬁﬁ%@gémﬁhfwékﬁ
ZTbhs,

AlENE, FHICHABRIBGFE TRV, EWIHIBME 240 BN WA DEEZWZE W,
AENIBEC B ARGE COMBEOMBE T T 7 AL TV, #RICHOWTITHAETITH =
EEBATE BT, R=UBER A T EERORINAEOERZHE LBE L5 Z & TG L,
FEICEE L X AARGETORY &0 OlF), IR U CHEEIC L 22 e L,

ROFK LI, ZHEEPOLOT o — FORROE 27T, YHOWKEHIT 194 TH-
TR, MABMED I B ITANLREEZWEEL LR TER,

A==V a—F (v T ma—2R - 113 - Vol. 24, No3 2022



x1 TUir— hERHER

A 112|345
(a) FH P HOWeRWN 1 15] 1
((OF s-ES5 = ok [GERSS 6|56
(c) BTGB i L HE 81217
(d) 7 re s AR [GERSE 8 2|7
(e) BN L 7 i /2 AN i 2 1 30211

MUV —RADOLIE 3 ENCHIT D7 v — MERERZRDMmE LT, (b) (o) (d)DEAIZD
WTHAEDR MR THS ] LWV IANCEERR-> TW5, 2 OEIEOBIEL, KiFEEED
I, AT U TOBFEEFATIZONTOF 2— MU TARBINENEZ L E & o0t L
RAATEY, BRE LTI BRBBOBMENH 125 5 Th b, SEIO L 5 BN
DR THAUL, Linux 2812 2~ FOFER, AR EOHEBIZOWTIARETH -
72mvh LIV,

7 o — O A BEERNIZIIIRO K5 B RN FE LI,

W EOFT 2a— NI T AVETHoTeDIXFHEN- T,

ETHHMVRT L. BHOHEBEHZHHICLHE S TT,

Lt ARERERLHIZHE OWFULIZ OV T OBE AR S hUEB Lz,
Oakbridge-CX |24 A h—/L I TV % Quantum Espresso D H Z 15 L T\ 5 DT,
T a TRADET OHBPFAZER -2 NMTH D EH Y Ty,

ARAPILE DFDENY ToVNE T, g & THEE LT o 72T, wEH7e
J T ERICHEMIEM 2z W2 & BRICOWTH B ORRZ 5F 2 THEIC
Hx T ellEE L,

BEOT 07T LFiHEE> TOTEMEC > T,

F72, Zoom IZL AL T A VEMBIZOWTIZIRD L 9 REGEN FE B LTz,

UTNEALTHEZRZZRNBD, ANl TLHMEEZT HHENTEELE,
FUTALBRDOTEMLRLT N,

UTNEA L THEERZZARN D, AN AT MR eZ T 0N TEELE
BRI A ARE, JRENRETRED O oy MEFHE0HIMTT), KT 4 271
A THEERTETRDRT U,

Lecturer kindly took the time to answer questions and helped in English as well. Also, the slides
translated into English were very helpful.

Z—=IFNLEDTT —% zoom DEMEIA T ITHER L TIRR L TWe7Z< 2 &N T
XTRMoT,

A==V a—F 4 v T ma—2A - 114 - Vol. 24, No3 2022



SENIBME I L HBL B BHER T - 2 & | £ 8EEOHMA A AT L TIT S kkFﬁﬁ)
ST ERETRY ORI LT L E o7z, HME B Y OHRAEIT, RBROERIC
FIEE TR EINCLELIZ S DD, HEDIT I NOVRIT R LR>TLEST, %‘E%Zﬁb?}‘

DICK LK 2D L EBICRIEMRSWVEILBS AN ORERE 2D HYHF L LT LKEEZE TV
%

Y HOMESIE, AiENCE ZHiE B 7 AR ZITV, YouTube ECORAREITo 7, ilFE R
BILOEEERET, BB ¥ —0F 175 E#EESF— 22— ( https://www.cc.u-
tokyo.ac jp/events/lectures/175/ ) 7>HT 78 AFT5HZ ENFRETH D, FrIZH 3 HOHERKIZA N2
v ETOMBEE ORBEMEB L OFETICOVTORHL V) K TMEH D LDIZR-T- %5
2 TCW5, SRICIAITTEERSEE R 2 BEFEWIZZITUEENTH D,

KIEIOFFEDFHEE 2L, 9~10 HICHEMT 2 FETH D, SHOKENE 2R E 2 TRERE &
WEZHREFT L2V, AFEE T 4 BEIZHz-> T, PuTTY »Z — I F AR, WTnai@ER L
THHoTWER, JiEOFRAZENBDOEMICH D L) Th D, Zi, Windows 10 AFET=
~ v R7a 7 NnbE ST OpenSSH I HTFTRE & ZRHEREN RSN/ Z LR LT D &
Bbisd, ZoOBEMANG, WELKE PUTTY OV R— MIFEETLZ &L E/S, Fi-,
T —FAFICOWTHBHAENLHTICROND F A2 EHEREHFL L TND Z &2 E
2T, REIDYFEEBR S IIFFECRITTHTETH D, WAL, RiBlIE TEBEx b &
TOFPETHY, bHAAHRBEBEHELILDL S 2 DZH BB LIV,

A==V a—F (v T ma—2R - 115 - Vol. 24, No3 2022



JR

ARECTHAHEOEK» DR EZFEEL T E T, UTORETHICESWTEML T
{7EE W,

BOE ®IH

1 NER. ALY Z—DR—N—avbta2—K—Y X7 LOMHEICL o THEXERIER

Dt walifEE LET,

BEATRIC OV TRYRERER CREI LT AL EET,

BT e L3RRI LTy MBRETIEZ TS 223 D 5

FREBC IZFRICIEE D 0 T AN, ) —XinHlFTr2LdbdH 9,

7u 77 LORFIBKRICRZESE MR 1BEEZBZ2) 13, ACi3z—Fo s %z5dh

L. #&F&ED Web ~— VS Ic k%2 EH L, 20 URL 2532 X 51c LTl

W,

6 JFRFIEEERZICL LI,
JFfEiE. A4 ¥ A X T, =Y ORAE LT 20mm, /47 26mm, ~ v X —15mm, 7 v
£ —10mm ICFE L TL X0, R L IEFEkZ 25723 v, PDEER (7 #
v M E®IAL) DELFREET A — NI T uketsuke@cc.u-tokyo.ac.jp F T Z fEHIFH
Wi,

8 PRAINEFEMIZ. Kt X —D Web 2= icfgdiv7zL 9,
https://www.cc.u-tokyo.ac.jp/public/news.php

192 B CC I \S )

A==V a—F 4 v T ma—2A - 116 - Vol. 24, No3 2022



[R—/IR—a Y Ea1—42 L RTLFAEN]

Bt

Web R—

H—EXERN., EERKRLGE

https://www. cc. u-tokyo. ac. jp/

NRREEE. v T7IILEELRE

https://wisteria-www. cc. u-tokyo. ac. jp/ (Wisteria/BDEC-01)
https://obcx-www. cc. u-tokyo. ac. jp/ (Oakbr idge-CX)

BEVEHLERE

BEWLWEHEE

FI R ERARR

A—N\—aVE1—42 RTLFARAZRE:
uketsukel@cc. u-tokyo. ac. jp
HRALIEH S 2T L
BRI R R ZEF— L

SO5S LY - S RT LRI
B89 % P

https://www. cc. u-tokyo. ac. jp/supports/contact/#SOUDAN

VATLICEHYTSEE - RE

voice@cc. u-tokyo. ac. jp

(IPRy FT—VEHFEODRR F4]

Y R T LA

w R k&

Wisteria/BDEC-01 R—/8—a > Ea1—% |wisteria.cc.u-tokyo. ac. jp

SRT L
(0dyssey/Aquar ius)

LUTDORR bOfInmcEiiLEFT™
wisteria0{1-6}. cc. u-tokyo. ac. jp

Oakbridge-CX R—/8s—a v EFa1—%

VAT LA

obcx. cc. u—tokyo. ac. jp
UTOHRR ORI MICIER L ETH
obex0{1-6}. cc. u-tokyo. ac. jp

CTED!

KEDKRR MEHELTHRAL TS,

HRAER MR L — R — R —a P a—T ¢ TSR
HRRFEER S AT DEERIAERA— R —a B a—TFT 4 VT F— 14

I

(%17

TR SRR T2 SR T — A

WA KPR AESE Y 7 —
T277-0882 TIERMATIMI DIEEE-2-3
(FBEE) 04-7133-4663 (A LA )




WRRKEHREEE L #— « 2= —a VFa—F T =a—2
Vol.24 No.3(2022.5)

oA —Mi5
'H‘#EX{?FJJ:%@%%D‘B% .......................................... 1
‘:/X?‘A%E%@%%ﬂ%'@: .......................................... 3

KEMEIEEA b L— v 27 A GBI ERICET 2 8mb8 ) -+ 5
20224EFF B K FIEMEMEE L 2 — ZA—X—a V' a—F ¢ 7

HEIIA IR I 8
[RBUBEHPCT ¥ Lo V) FREBEDBE D oo 11
[k%ﬁ*ﬁ]{pcﬁ:k V‘/f)] T%*R%%O)%%D 6—1:]_— .......................... 14
2022FHE (RIH) HURUKAAGHMIA L & — D& T - PRI HEN )

%Tgﬁg%% ........................................................ 15
TRFA—IR—a LV a—F - FIHBEEAETE 29
;{._,{'_-_—1\/1:4’3_._5*”}5@(::]: 5&%?&%(2021@5) .................... 29
WFFE R BN ER D ISFEUN o v v v e 31
2)2]3)2]0):‘/37%§+ .............................................. 32

MRBE
Wisteria/BDEC-01 R (4) 7 —F#ZFELTA T TV

h3—0pen—SYS/WaitIO(2/2) .......................................... 36
Wisteria/BDEC-01 FIAHHE] (5) v~V F7Fu /T hlfT7 477 Y

h3*0pen7UTIL/MP(1/2) ............................................ 49
Wisteria/BDEC-01 (Odyssey) (2351} %O0penMPIZ &%

7°X2 y-}i\/yj\Fq (%@2) ...................................... 69

1—H—b
SFBIFHEICL DT I m A NEERREOBRAMAT 81
FDPS % FN T2 RBUR B BT 7 L ORI B¢ /%8 oo 88

Exploring Communication—Computation Overlap in Parallel Iterative
Solvers on Manycore CPUs using Asynchronous Progress Control ---- 94

BEEERE
BHEHAN I 2 B o — 2 BRI
INA TV RGBS 2 Ea—T o7 TNESIGRERIEAM] -+ 106
Computational Earthquake Engineering/EtBEME THE - v vvvvrvrees 108
BIBEBR LT AV MEEWST 07T I TEEE
lOpenMPIZ KD~/ FaT « A= a7 Wi 7Tu 7737 AM

(Wisteria/BDEC-01 (Odyssey, AGAFXFAHL)) | ~-ovvvvvrreren 109
BITEBR LT 5 7 M WHT 77T e

=R FREFET 07T I TRURAFT] e 111
EITBRIBH LT AU v MEEWHN T r 7T I v 7iEs

I e = I & - N . R 113



