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EEMRAE: EFHFNEREE. SFMAHEL, EFRSTERERE. M
WAFHE. BN REFHRAE.

HBFAREZEHNESMRAS: ANRFHHEDENSHEEMREE
Rz,
AX = XA.

KR EERENEE:
e B. Parlett, The Symmetric Eigenvalue Problem, 1998, SIAM Pub..

e Z. Bai, et al., Templates for the Solution of Algebraic Eigenvalue Problems-A
Practical Guide, 2000, SIAM Pub..

e G. Stewart, Matrix Algorithms Volume Il: Eigensystems, 2001, SIAM Pub..

e Y. Saad, Numerical Methods for Large Eigenvalue Problems, 2011, SIAM
Pub..
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IRIBOIMAVMEFR A 4 Hermitian $HE{EA]RE; Non-Hermitian $3E{EAIRE;
Hermitizable 4FfE{EC)ER; [~ XAFMEECIR; JELMFEERIR; skEHHEE
B,

RIFESEFREIRAIFR : HEEEFHEERERMNFHERSE; ET&A80 (&)
B) FHEERBNAHERE; & TRRFHEERENOFHERE; RAOXE
(X)) EMFHEERENFERES.

CEMTEER: QRE%.; B/E (Power method) ; REESE (Inverse power
method) ; KrylovFZE753% (BiELanczos method; Arnoldi method &) ;
Jacobi-Davidson/73%; ...

MATLABE It EFHEEMN R E : eig ((TEEIIHIEE); eigs GHEIBAH
fiE{&)
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HNE=. EANMREM. ARENX

ZFMHIEL, FREFEFETEERERIERN S XIFEERENAFERE;
PTTHEF (PageRank) ;

HELE, SMHEMNZEZEIEL (linear-scaling density functional theory) FFES
AZSHEIER (full configuration interaction) fﬁlgﬁqﬂéﬁgi‘fﬁg’k*ﬂﬁﬁﬂﬁﬁ(the
ground state and low-lying excited states)tBRI % FR/MHEERISERE?; (BT

BEEMRHBITMIER K, FHEEEAKRN)

it BERESTEPERN GG RS2 (PCA) EEHEETRARHE
AR AE R B E e 83

P4t ; JEFEA (spectral clustering) ;- --- 5 K B B im R4S EE D) R
lllff\?kii':, LT RAFRMWIBCNIIER, HAMELSE, 2022

2Gao, Li, Lu, Triangularized orthogonalization-free method for solving extreme eigenvalue
problems, JSC, 2022.
3V. Kuleshov, Fast algorithms for sparse PCA based on Rayleigh quotient iteration, JMLR, 2013
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Z. MRABZHER. SENHRER. AREN

EANTRER:
Z AR TEEEEPHEAMBLE ML ERGHIRIERE, 155 2MLIBE
REEE,
Ax = b.

EJEEI%%EJ?' BEKRBEEN ) 2AEMIENNI HESHERBIX

RIS RSE, WMToeplitz-likeZkE RS, DERMEHEERES,;
teoh, BRI ToeplitzBREFE BRI ET exp(A)v BVRIRE L, REEHN S EE
=
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MrATHNE R, EENHREM. fREX

SRR EM:
RTHHEER T ESEET:

e M. Chen, Z. Jia, H. Pang, Computing top eigenpairs of Hermitizable matrix,
Front. Math. China, 2021.

Hermitizable matrix — Hermitian matrix Househogi;;“”““’” Tridiagonal

matrix —> Fast solver.
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MrATHNE R, EENHREM. fREX

SRR EM:
RTHHEER T ESEET:

e M. Chen, Z. Jia, H. Pang, Computing top eigenpairs of Hermitizable matrix,
Front. Math. China, 2021.

Hermitizable matrix — Hermitian matrix Househogikgmns'{mﬂ Tridiagonal

matrix —> Fast solver.
2022 PREE A RIL
M. Chen, R. Chen, Top eigenpairs of large scale matrices, CSIAM, 2022*.

UHHEERMENBE—) BE (P) —TBREZE (IPlL,) —EBEME
k&% UPI)

*RFBABEMEHEAR (ocalized estimation techniques) , ¥EEMUBRBENMSESHE
—RALT —LeBETYMNIEIE TR AFHEHENMEE.
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MrAZHNE R, SENHREM. HREN

CANMREM: RMNNTEL, FEEANBRBENEERED,

BERENVEEIEN: >0, BEFTELFL. EX

DY
25

d =

MRS < e, MAENe =107 xc, BEE LIRIIE, HERIS > cALk. RERE
BARRE.
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MREASTHER. SHENMREMN,. FREX

Table 1: Computing top 6 eigenvalues by the adaptive technique. (R)

n=>5000
A Z-Pl iter-Pl tol-Pl  tol-Pl-final
1st | 5021.9182380 18545/28417 0.5 0.005
2nd | 4999.0399259 49527/24079 0.5 0.00005
3rd | 4998.1382745 25/25 0.5 0.00005

4th | 4997.0779147 25/21771 0.5 0.00005
5th | 4996.1576651 25/20445 0.5 0.00005
6th | 4995.1030324 25/10797 0.5 0.00005
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MRATHE R, SENHAREM. fREX

A Z-1Pl, iter-IPl,  tol-IPI,
1st | 5000.000000000000 10 le-6
2nd | 4999.000002171369 2 le-6
3rd | 4998.000217675986 2 le-6
4th | 4997.000026643257 2 le-6

2
2

5th | 4996.000343122708 le-6
6th | 4995.000076092531 le-6
A Z-1PI¢ iter-IPl¢  tol-IPI¢

1st | 5000.000000000000 1 le-12
2nd | 4999.000000001161 2 le-12
3rd | 4998.000000007544 3 le-12
4th | 4997.000000008056 2 le-12
5th | 4996.000000001573 3 le-12
6th | 4995.000000004986 3 le-12
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Z. MRABZHER. SENHRER. AREN

B2, mTHEEZERRAATE ]2 ), FAOBSRELR, o
T B R R S FUFEE A7 E A RN (4EM 5 B RS 5
WH, GMERENE, STR, RE? 7)
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Z. MRABZHER. SENHRER. AREN

B2, mTHEEZERRAATE ]2 ), FAOBSRELR, o
T B R R S FUFEE A7 E A RN (4EM 5 B RS 5
WH, GMERENE, STR, RE? 7)

B3, WRIESCPRIEERRE MR SRIFIZ BB AVESAAFNIE B, B R BHIHRIEN
FOMEBTAT LUK B3R A% SR S R h A AL BB 2 M RTITHIRERDE,  IARERIT
BE. (XFETREEHE RKIEF
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. MIRASHE R, EANAREM. MHREX

B2, mTHEEZERRAATE ]2 ), FAOBSRELR, o
T B R R S FUFEE A7 E A RN (4EM 5 B RS 5
WH, GMERENE, STR, RE? 7)

B3, WRIESCPRIEERRE MR SRIFIZ BB AVESAAFNIE B, B R BHIHRIEN
FOMEBTAT LUK B3R A% SR S R h A AL BB 2 M RTITHIRERDE,  IARERIT
BE. (XFETREEHE RKIEF

Hoh, BNEHFAENEENRAERGEREES, EEHENEENAT
HEUFOEFEREXERIRTRARRE R, BERRS.
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MrAZHNE R, SENHREM. HREN

e Gao, Li, Lu, Triangularized orthogonalization-free method for solving extreme
eigenvalue problems, JSC, 2022;

e Gao, Li, Lu, Global convergence of triangularized orthogonalization-free
method, CMS, 2023.

KRFEFRAR (&) FEERB AU M T RMAEIRE, LRXEKETH
ETERRH T AREERUAKENEE.

p MRS min [A+ XXT|[F,  HHA= AT, ABqMUHFHEME, p < g
ERNX

pMRAFHEMEE  min tr((2/ — XTX) XTAX),  HAHARNHRAEERE.
e nxp

(REFEEXTX) '~ 2/ - XTX)

B : REEIFRRST S B IAM BB N R T KR LR fi L a) ?
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=\ AR AEFER IR

o FEMEIRIS. FEMEHE A EAVEIR;
o £RTFE. MarkovikZHH X AOME R ANIT
o ETMEFEBMMEXE SR (WMIHENLE, 2FFMUE) ;

o IIZFHEAFNR, EHEIBAINREE AT GEF BRI TR EMERIES
HHEIR .
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M. #REizP Al se S ElImRIE R S

o XTRIEAKFME RFSEXTBPERIRITIL, THEENG
RPBEIRTERXE.

o BRITAEAAER, ERKEIGFHRIO, RELBFHEE;

o BRSO, BIERMEY, REM. BESFHENSTEMRIE
PR RES HIRHIXE R 5
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TS ML JUB AR A

o ARGUH., BEERGIHHFHRAR;
o MAMBHBEXMRALR, MEHRLLE. HEHE, KFEIIF
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7Ny MRS FERIEZRA T AR

o RABTHFIREENMRMKR; SR AT ALFRMMLATE
B iR B A IE;

o MEBREBFHMFEMAR, EBRXFENNLRE.
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R,
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