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YL, KRB TR, FonBx7 Ve HWT, 7)) Y7 U7X 2 b s s
BN PV RBEHT 5 2T, PORANBVIRER T ZFIEL, b zEEE 3 2877240 % A
F L7z Subspace Correction BILEEDEINC LD, 2FHLEE (F > 2) OREEREL &EGE(LS 5.
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V=0 v VEZRHLUTER SN, FBITHO/NS WRFEREICHIG S 2 6R R Y ML, EREN
7 bV DB ZEFINRT Sy LTHiR7ZETHTH 5.
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ILU #ifLEE(T & BiCGSTAB 7Ei1cxt LT, ES-SC LB E N L 72856 & L W& & Lk
352 T ES-SCHIEHOMRZHES 5. BITHDORHT — X X=X TH 5 SuiteSparse Matrix
Collection 22 53 L 727 R MTAIRREITH . U, SBERHWTERLZER 2607 P Ve
D 11 ADE—RGERZMECHEL . 225 11 FHD 10 A S ERORBERICOWT, K%
TIRE L RIBRE E GHRRR O 2 s 5.

BN NOWHHIESREE, HMFERE 7 L L2 1076 IR L. ES-SCIEicBWT, 7
VY 7T BHERT FLVOAB mIE20 & Lz, Uy YRT MLEERT 3 BOBEORE,
P =10"% (o = 2.0,2.5,3.0,3.5,4.0) & L, fERZ =BT DFEZ m TKT. BEFERI,
ALiE KRFIERFE L > X —D A —,8—a > ¥ 2 —& Grand Chariot ® 1 / — FZHWTITo 7.
a7 753 CFEEHVCTIERL, OpenMP &b AL v RiFbEIT - 7.
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JBIEZRT. WTFhOTFT—=XIZBWTH, ES-SCHILHEZ MY 2 Z T, RIEEKZSHEL TW
5Zenbhb. Transport IZOWTIXFEKR R D EEE L TV A, t2em 1IZDWTIE ES-SC FijLE
DIERICHEN 1 KIEY 72 D ORI X /2729, 2RO ERFMFMET ZRh - /2.
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[2] Tamori, H., Fukaya, T. and Iwashita, T., Subspace Correction Preconditioning for Solving

a Sequence of Asymmetric Linear Systems Using the Bi-CGSTAB Method, Journal of
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tioned conjugate gradient solver based on error vector sampling for a sequence of linear
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Transport t2em
precondition « | m  #ites time | m  #ites time
BJ-ILU 390.7  3.36 5324 1.66
ES-SC-ILU 2.0 | 15 199.6 3.31 | 20 337.7 2.76
ES-SC-ILU 2.5 | 13 186.2 2.79 | 19 330.9 2.76
ES-SC-ILU 3.0 | 11 211.3 298 | 17 338.8 2.66
ES-SC-ILU 3.5 185.6  2.64 | 13 387.1 2.57
ES-SC-ILU 4.0 207.8 2.43 | 7 408.7 2.19
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[1] Iwashita, T., Ikehara, K. Fukaya, T. Mifune, T., Convergence acceleration of precondi-

systems, Numerical Linear Algebra with Applications, Vol. 30 (2023), pp. €2512.

Information Processing, Vol. 31, (2023), pp. 875-884.
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ICCG & (RE2a L A ¥ —fREicT 2 B AEE) 13, ICHTTEOBATRS KAWL
LRSS = (Z Vv 7H52EM) KIEEO—2TH 5. KIFHEIC X 2 KEREIE, FoHEDAEN
e 7 v KZEOWHHE BAE 2 il 72 3 F TSR E R BRSBTS $ 2 72, RIEDH =D ¥ O
JERRAZRFRAE D /) NV LMK % 022 ER T 2 WORFHEI RIBEO EE R ERISETH 5. FITHFR
IEEMERARBATIN R0, — XA e R & §5 CGIETIE, REBATHIOSRMEIC & O NERFHE
ZEMCE 2 ZepHoNTED, FREFESMLIRREICEGZ 2HEDREVEEZLATY
2 (1. LoLisis, ERMIHCRANZEEDY A 5Kk EN Lhb, HHIZ O
R EVEFEBETIC X D ICREHEZ 58 Lefliddied, Ficomy 7y ar IC gl ol FAL
MA@ IC 7 ERTILEIC O WT, AR O RBATHI O ERE i ZHE L 2l hETicd %
h RNV, 22T, KFETIX, 7817 —&X~X—Z2TH % SuiteSparse Matrix Collection %> 5 HL
BLEATA R FHWT, 2o 2fBIT5 e 3 28 —XAER%Z ICCG IETHRE, ZoRIERK%E
AT 5 eI, FILHERORBITIIOEAEDMICOWTHETS 5.

2 WERER

AbiEE KR EHREAE 2 > 2 —® Grand Chariot A7 A4, 1 J— FEHWTEEERZIT- 7=,
In s Iy EiEICE Fortran Z A L, EHEHEEHEICIE LAPACK @ DSYEV L—F > ZffiH
L7z. a>o%4 7%, Intel Fortran Compiler version 19.1.3.304 Zf#H L, a> {14 7> a >
121X, -qopenmp, -02, -ip Z6E L7z, INHHERSEIIMNERZE Lo (2-70v2) 231077 LIR
BBEME L, RIBHEDSEAERY LD 2- 7 VL ADARER-T S ToORBEKEZHAET L.
FIART VI TRTOEZEEZ 1 2 LT brEHWz IC 2L clX, LIELIEDHD
WeEZ B < 721z, REUTHIZ > 7 b L7ATFNCH LT IC DEZ1TW, 156 01750 %2 Ji L1 75
ELUTHWS ZeMThi s, ARIEEBRTIE, 7 —X+t v b besstk34 120 LT, AEdfiZ A7z,
7 P DOTFERDOWTIBIE A WL 202D 5208, ARUEFEERTRIARBATIIOR K57 % 1.03 %L
7RI IC R %47 5 HEZRA L 7.
3 BEERER

AR TIE, RMEBDOA—XY ¥ 7 ORELHIUHTY 2 BFEEA L 58I oW THiHfER
fToTWaH, AfETiE, MEOHAL, 7oy rvyarIC (BJ-IC) #UHIZHENT, W% (7
vy 780 B2 L7256 O KIERE  jiEEZ OREITH O BB ED I OWT, 2 FERNT 5.
BJ-1C BiLE T, WA D 7 DIREBATIE AL v R 7 et 2 ETcf7 - Al adiL, 7/
IR 7Ty 2120 LT IC DRZTOWEILETS 52, HIb, xffiomy 7SO nE
RiFITEHICETERT 5. ZoRFICKk D, RETORILEEE T 51 - RMRAGTRIEZ, 7

AAISHEEER 2024 4E 2 H#IHTRE (2024-09-14/16) Copyright (C) 2024 —i&HEHIEA A AR



# 1. IBFEE, Remainder matrix @ /L A

(a) besstk34 (b) msc00726
WiFE IR Rp WFE RAREE Rp
1 25 6.47x10° 1 37 1.32x10°
2 47 3.45% 107 2 63 5.23x10°
4 60 5.87x107 4 87 8.82x10°
8 88 8.80x107 8 103 1.02x101°
16 104 9.75%x107 16 111 1.09x10'°
32 118 1.01x108 32 122 1.18x101°
40 123 1.02x108 40 119 1.19x10'°
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(a) besstk34 (b) msc00726
1. ATALIRER D REBATH D EHEIAR (ny,: WAL

0y 7B CIiFb T 2. BJ-IC AL T, WHECEEML 28548, ofc@Eiish s EEE
FHENINT 2720, —MICHTLEEME RS 5. ABIEER T, ZOEBIIOWTHHE{T- 7.
£ 1 ITRBUTHI T — & £ LT, besstk34 & msc00726 % W= 5E O FE D2k 3 % BJ-IC
AL & CG IR KERIBE RS, T/, ICCG IEDOICREHE O FHlifEfZED—2TH % Remainder
matrix ® 7 AR=Y R VA (RFETIE Rp E R 2] OWTHHETHE T 2. 1 LD, W
ThOF =&ty MBWTD, WHIBEENXE 220, KEREKYE Ry EA8NT 2 @R R
THNZ. X, K1 CHIUEZORBITHOEEHEDI M ERT. WIFDOT—Xty McBWVT
b, MHIBHEEIT 2106, DNEVEFFEIZ X DNXL, KEVEA#IGE D KESEL, &
BOBELThDE e nnd. £, ZLOEFMEIZEILTED, HlZIXBXRIEC X o TIORME
DAL T 2 Z LW L 2R LTV 5.
4 Fd

78y 7YX av IC giUEft & CG EoMFE (Tay 78) oFEcowT, KIEEE, AL
HOBBATAOEE D FOREZITY, WA L. ftho IC BiLEICE 3 2R 2 &, X Dt
BIRBEMRICOVWTIE, FRRZGTRET L2 TETHS.
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[1] Y. Saad, Iterative Methods for Sparse Linear Systems, Second ed., STAM, 2003.
[2] I. S. Duff and G. A. Meurant, BIT, 29 (1989), pp. 635-657.
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1 M=

KW EMEZFERT 256, / — MO X > TEEDO A — N—~y NI
MT2EHmICH S, WHHBEICBWTEEIINAEAD T EATHLN, BELXZTELRVZ
RAVIZEME L, BT 2 Z EIXEFLOPS k> AT AMZBWCEHETH D, BIEOHIEA T LI
VDALIAREEE bIOT ARG H 5. AIREFRE, ENEFENOE LN DL KRHEEITS
DOfFE L U i3 &AEE (Conjugate Gradient, CG) ITAFEIN D7 VU o 7 ESZEMEN
IR FERENTWS. BENMELLIRENR 7oA L LTE, OB MLUFE (151
WE), ONME (EFEE) »e 5. EFEZIIMFIC OV TRMNAFEmRL T [1,2], K
FE CIIFFICOICET 2t 2 FOICET 5.

2 BIE-HEOA—N—FvT

WHIAIRESRRE, ARERER SI2BT % Halo 28057 — 2 &I\ T, NA%,
Halo EHEL TWA A (BEFRE) L2 95 TRWE (MNA) IThiF Tz, #EDHEL
TuvAMEA—NR=T v T EEDLFENREZLND [1,2]. ZOFEE, KkxToon
HE (BfFE) ODIZEBRZRINT-H0THS. (2] TIE, Halo i@{E1Z OpenMP OEFL— 7
AV a—) B EEAL TS, ZOFRETH, BEEZ~YAXY—A Ly RBZITEDL,
@W5®ﬁﬁkﬁ~ﬂ~7/7éﬁé TN R DOE S DFEITIX, OpenMP OEYFL— T R

2a— VU REEEAL, BYRT vy VA XEREL, BEKTREVAZY—AL Y

%#ﬁﬁ_imbfwé.:%% X, TEk, BBfRIE, BRITHIXZ MARRICHEA S TE T,
B FEA— =T v 7% 1CCG Ik, ZEETIEDAL—T U I8 2 RERIBRA~D
WE - HEA—N—T v TOBMAICET L EK L TE7- [3,4]. AT, =R R
YE S FUE AR TR O T KN &2 B TRIEFE R (FW) (2 &> THEL 71 77 A TpGW3D-FVM (3, 4] |
D MGCG {E Y V/N— (ZEE TIERTAERT & R ARE) Z2x5% L LT, 8L —7 27V
— 7o, ~AX—AL v R% Halo @EIZRE L7 IZOAERH T 5 Manual Loop
Scheduling [ 5] & 2 W T & L,
Visterela/BEC-0L (dyssey) (R I8 zz:::;:.fng “D":::::.'t::“;‘:::;g
Yo x—) [6] DEK 4,096 /— REFH L=

u‘l’%%{ﬂ uOI/\T'fDJ[ T 5.
3 Manual Loop Scheduling
L —T A2 — U T EAIC L S

(& BHBA— =T v AU LT, PR 28 —— ————
_ . M Pure Internal Nodes

BoNDZ I OFEFTRINTNDLN W Boundary Nodes
[2,3], Halo BIEDETAEF = v 7+ 2L — %I)emmunications

T A 7 V¥ (Chunk Size) DEEMEA, [HE

A X, "= R =T7REICL>TEHT . Fig.1: Manual Loop Scheduling [5]
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Manual Loop Scheduling (Manual Scheduling) [5] (%X, ¥ AX—A L v K% Halo #{E~D
FIRICRET D Z L& » T, A==~y FZHIBT 2 FETHS. Fig. 1 IZEHIL—T R
4y 2—Y %7 (Dynamic Scheduling) & Manual Scheduling D E#EZ % 7R .

4 HERR - FED 20— —
Fig.2 1%, 1/— R4y offEss 1 ° IS i
128X 64X64 A v ¥ = |ZEEL, /— K& 1Z§7 e
& 128 05 4,096 F TEALSEHED o | S
Weak Scaling DA RT. Hr—AD © 075: -----------------------
SO Tu) MM (ultra-ting OB, o |
J— RS0 MBEREAR NSV o |
&), org: AV U INVEEE sta: FRAIL 000 ¢

128 256 512 1024 2048 4096

— T AV a—Y 7, dyn: BRpL—T _ _ _

% —y v M 1 Fig.2: Computation Time for MGCG Solver,
o 7 e TAET T 128x64x64 meshes/node, 128-4,096 nodes of

Scheduling, AMERBRA~DEE -F5H  Odyssey, normalized by computation time of

F—N"—=F o TOFME (L :a, HY : u-org at 128 nodes

b) L7225 TW5. Fig. 3 13K —RIZBIT

% MGCG {EDFHER R Z, u-org @ 128 /— NIZEIF DEM CIEHL L2 TH 5. Manual
Scheduling 12XV, BHIL—F AP a— 1 o 7 & el LT B%FREE, BICHMER B A~D
BE - HEA— =T v 7THAICLY 10%RBEOHERM ENROND. 4V UFFEEL L
B L CHRK 40%REOEER ENB LN TS Z ERNbNnD. J— R4 ORERENR K
TWIEANE, ATERZBRA~DEE - HHEA— =T v THEAIC L W HEENKR T T 5854

H5 [4]. 7 — K470 ORIBERBEN K E WIEE OREFEOMERERN EIC OV T, 5% 0
METHD.
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