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Abstract: The generalized minimum residual method (GMRES) is widely applied in the scientific and engi-
neering computations due to its general merit of fast convergence. This paper presents a summary introduc-
tion of the GMRES method for its historical development and practical applications, with an emphasis on its
recent status. We start with a summary on the origin of the method, followed by some notable variants, to-
gether with some recent developments. Then, we introduce some recent applications of the GMRES method
in various research fields, pointing out its connection to and impact on these fields. Finally, we provide an
outlook on the further development and applications of the GMRES method.
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Figure 1. Flow chart of GMRES
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S EAT BRSO, (HE N T iR R, A X% SGMRES HikM WGMRES SEHHT T M4s, =T
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Je 7 AT LA e BRI — PR HE . BIZE3AT m ik GMRES 34X, 8 i bt A IR AU A IR (E LLIT A6 R — A m AR,
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Table 1. The advantage and disadvantage comparison of GMRES and modified GMRES
& 1. GMRES REBUE B R R AL

s » .
i it [ =Y
GMRES? WS, RasPET AT, S ILE  EH
> WEE A 25 f P
SGMRES"! SRR, TR, R PR I, St f,
e R ZE.
SIS, CPU BT B, e
[61 S ) PR o
GMRESR o Ve M2 B BRI RA R IR
WGMRES! HESILL R, ISP Rk, SRR,
o BRI R, SEAR A, P . "
¥4 15 GMRES?! CPU 247D T — VOB T 2 4 BRI A fg = 1a]
Heid GMRES!” PR, TR A, SRR . SRS R B A L
#7 GMRES! e s A e Rk
TS K063 GMRES! ™ TR, dSERT M BHIE, 55

4. GMRES BRI B4

GMRES #ik NI E, S AW, sERkEs. B8, (FHIZERAGER, HE kK fE
BN —TIHR, FEENAMSE] T Z R ) VEN R RICRE, a8 CRA B8N N, [
WHAE TR AR 1T 2 5Lk .

7t GMRES #1544l b, Campagna 54 T U 3R Laplace 284 fir 43 B & 7 BRI & HY T — b
WIS, IR OVERT LABhASAUR GMRES SEAQSEISAE T 5 v 5 T BT Bk 2 ) e ROk BP0, i i
TR B/NFHEES T VRS, FUETH R AR Rt B R R . ISR N T AR E
T BRI AME SRR, AT A SR o] DA BT . SURIRIRS, 598 GMRES S s e S50 17] R A W g
WA BN, TEMI B RBOTREAIGAE M IR, BTk id aE AL IEH ARAE N — MU Picard #1532 T
AEERZEAT,  H b AR B TRACEE HE 2R 1 AR 4 n) s T AR Newton-Krylov #8152 f# ¥k, 41 Newton-GMRES £
P, TR ) Newton-GMRES 5342 b T KBRS iR AR 2k 14 5 FE A (0 ROR R . AAT T8 I AT ) 253K,
F—F B 1& N2 AR B %A, [§75 Newton IEUER— P RESHEe W HE, H Ham i H0E SLISUuE 3 1%
AR RE 7S Newton-GMRES 503 8 47 2022, R 4% 1) Newton [A] 3130 (INB) /2 5K il K s i AR £ v 7 R 4L i —
MEITHE, Fal™% GMRES B T Newton 77 FRZHHIKAERS, Newton-GMRES [l ] IS 2] fE UL AR
fi b, MEZEREY T2 RIS Newton-GMRES 5%, FOAHEILYERS . Newton-GMRES [k, X512
T KB B AR Lo v 7 AR SRR E 58 K . GMRES By 4k A Tl vl g 7K 3l A (43 ) 7 2 1) &, 3 A
F Newton-GMRES 523K g 62 P (s A% 4 05 FE AN T S4B 22 7 1) Buler J7 251220,

GMRES $5Liki6 ] TR i n e izl pEslifhiit. 2588, PRSI B e f4) Riccati HFER. 78
KAFAEAE 1) AN AE )8 2 IR 2 e 26 PE R 40, 2R vhdsiil ., JE e RBIE RS A S 73 41 Lyapunov
KEFETTFE Sylvester FiBE 7 FEFN Stein FEFE 7 FE, XUy REFAEZ ML 2 ok R 08, 4 )% GMRES Hik
TE G Ry 33 6 1] R0 P M R BRI T — AMRUF I TR, AN A (0 55018 5256 T8 5o HE 2 7 VR UGS T SR T A A 342820
GMRES $y2:348 F T 3K fit Toeplitz J5#2. Helmholtz J5 F£F1 Navier-Stokes J7F24%, FikbH# GMRES H47 5k thg
B 7RG FERPI R Fe R, FRERFERPEAET 1995 41 KT K PHE alpha JE 7737130
FRUrFoR, DT ICITESEIL T BUE R MDY Li 5N 2007 XU AR R S5 84T 7 otk #4151 X GMRES
SRR ST R ik, %) 10,000 B PAERIFERE, A GMRES SLEMEATHHACEE & 1 1000~9000 1

[35]
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2011 4E, MIA AR NS SR KRG 26 P 7 FE 41 GMRES-GPU PR SR AR SHEPY, 1280V E 3 TR
GMRES B Sl BE bk . o MEIF S5, FIH CUDA 1€ GPU bSeBl AT &uE, F B0 T MmisE o B T
HRIEH . 1ZEIETE GMRES 592 CUDA RALSEILE AR, Jbfedd Mg b 5 R m e flic . REN G
B, MERESRERPEHE. KREMRMAERRE. /b ZfRMEDRE, Sl T BERAKI R, s
NG RR, X T RS EdE, 78 GPU L2 1745 R L Intel Core 2 Quad CPU Q9400@2.66 GHz 1 1 ~F1
40 4xf%, kL Intel Core i7 CPU 920@2.67 GHz R T 20 1% . iX— R ARSI AT LLEE R A AN TS 11
SN S ORI, e R TREN A PRIEERMIEM . % 2 41 7 GMRES HkAE TR A i B AR N H
R

Table 2. The engineering application of GMRES
% 2. GMRES BmTZNA

L s )
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I IEB I IEFARPY T AREOT R HI R UE L 150
Et NI AR RV KRR G AR . TSR )% Buler J7fE
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RALEF S o) ) XA IR AE SRR R T 1
PNCE7E L KFHZAETE 13730 SR TT 1S

5 BRENMRE

GMRES SUEMAMI7eE, CARREON— ML TN TR, OSSP AE S 5575 T A B 75 R 4 1] )
— M TV, AR TR PR AR SR A R ) — N IR TR . FESEPRAIN T ERATA I, GMRES $ik K HAH
RELFALTLE [ B RO LA —E HRIRYE, Wil o 218 Ja s K. A Ald s, X LB
TAFEGE DI R HXAF R TS, GMRES FIARAAH KRR RAIAEE. 54, GMRES
FRHWIEREARGUL, MR ML, X NI — AR R A AGHT LA .
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