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Abstract

We approximate eigenpairs of an eigenproblem whose eigenvalues are in a specified interval by
using a filter. In this study, we assume the filter is a Chebyshev polynomial of a linear combination of
resolvents. The filter is applied to a set of vectors to reduce the proportion of unwanted eigenvectors
contained in the resulted set, so to make it spans a good approximation of the required invariant
subspace. In general situations, a filter is applied to a random set of vectors, but before the original
filter is applied if another filter with lower performance but requires less effort is applied to reduce the
proportion of unwanted eigenvectors, the approximation of the invariant subspace can be improved,
which we confirmed in our experiments.
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FEXSDOMEHABEC S, LA LAY MLOMICH LT IB-IERERBICHNT I 4 )V 2 Z#EHAT 5] &
WO BEZ R0 REE, REREANOELHREEDOAE T ERETE ST LREHIOREN TN S.
SERINT 27 4 V2 ORI TLYILARY S ORYEATE ] % Chebyshev ZHEICHRK LI EDTH 5.
Chebyshev ZIHXDXED n D& &, 3TEM{LUHES T TLVILARY S OREREE ] 27 RV E
T B nicixsd. 1k, T4V 2z T 2007 MVORE LT, TV RALIERLENT |k
WO B-IERERELiIzd DZHWT &M, Slal, Chebyshev ZIHXORED n THEARRKD T «
IVRDEANGE LT BT MIVORHE LT, TR LIENY VO E B-IERIER L% Uz & OICHTLE
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BT [EE S OE G EOIEE X [a, b] DEHEDHO NGl Th 25 a1, ROV EGEOKE
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FERC WIS Y R 7 LSRR A S A 2 > 2 — Oakbridge-CX D 1 /— K (PRIMERGY CX2550
M5 & %\ €X2560 M5) TH 5. /— RHO D CPU D%t 2 DT CPU (& Intel Xeon Platinum
8280 (CascadeLake) (2.7GHz) T 5. A7 #F 28/CPU (56//—F) T, L3FvvaDOF&EIZ 38.5MiB/CPU,
kit FOLA)UE AVX-512, FilinE— 7 HEREOIR 4.84TFLOPS(DP)// — K. Fadf DDR4 A
Y OERIF 192GiB/ /—F, /—FRDXEVY /N Fild 281.6GB/s TdH 5. Fortran i intel ifort, /3—
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YDV T PRI NTEMMCT S L, FHRIFTNTEECHEE L FERZT TEIHTE, R80T
FIM LA FRR AT 1 KRz TITFSM, #HT2 LYY S OBz Clchi Z 7z
BEDT b2 E UTOMRRZERSZ > T AT 5581 RS L,

LYIWARY EDY Tk pj BT NTEET, $EEHt = (A —a)/(b— a) I K D EHHEA D T K H
A € [a,b] ZHNIXRT ¢ € [0, 1] ISHEEES. £ LT R TIHMER L7287 1)L 2 T LI y(\) = y(t) DREf%
Mo, IEHEEEENC X% §(t) DD ER RO DX (5) ICHN AR EMDE coo, 75, ¢jy 1=1,2,..., K
BENFIURT. TAIVZORRTREL 755 LAY N OIS S Y ZERMNITEA BICIE, (135 oo
DD T b p; EREERE Y, 13X (6) ZFTHT BT L TR0 B.



4.3.1 EHEITPOLVYVILRY bE 1 DBEWRET 1 ILZDIERK

KERTHWIEEBS 7 FOL YWY R e 1 DHW T 4 IV ZDZFNFNICDOWT, Chebyshev ZIHZ
DIEn CARERBD 3 DDIIRIRT A&y, g, g, DIEZE 1ITRT. IHICKT 4 IVRERRT 5L
VLR Yk OFIEAE A YV ISHIET B BE y(\) 2 X OIEHLEERE ¢t ZF W TR LA () 5% %
RICHNBEIRTRAZ oo, 71, ¢ DWEEZFZNFIURT.

1 YRV & 1D T 4 VRO ETEIRI ST A R

T4V EH n H 9s 9p
F1-1 27 2.0 1E-12 1E-4
F1-2 28 1.75 1E-15 1E-6
F1-3 33 1.5 1E-15 1E-7
F1-4 25 1.5 1E-16 1E-8
F1-5 109 1.3 1E-15 1E-8
74IVZ F1-1:
Coo = — 0.96358454650751472, 71 = —6.5170892693 114966, ¢; = 16.72402 48704 45035 .
74IV2 F1-2:

Coo = —0.99245324139048424 , 74 = —3.86666 39819616197, ¢; = 11.19094 03566 60613 .
714I1VZ F1-3 .

Coo = —0.98699 30684 1269848, 71 = —4.75998 30140151067, c; = 12.43854 2857229249 .
74102 F1-4:

Coo = —0.91180782525544148, 71 = —2.11584 43350135284, ¢ =
74102 F1-5 .
—0.98752 042609237490, 71 = —49.03287 7479946448, ¢; = 100.0376220953 9847 .

6.91279 94945 84421 8.

Coo —

4.3.2 RETMDOLVYVIULRY b 2 DAWET 1 IV 2 DIER

R THOZIE S T FDOLYNWRY "2 2 DWW T 4 )V EZDZNZFIUTDWT, Chebyshev ZIH
DXEn & 3DDRIRT ARDEEE 2ITRT. EHICLYIIARY OFPIEFEEICHIET 2 HHBIE 3(1)
DRICHNZ BZINT AR D" FENFIURT.

&2 LYIWARY M2 2 DV T 4 )V E DR ETIRIRT A %

EZES n I Js 9p
F2-1 23 1.5 1E-10 1E-3
F2-2 38 1.5 1E-12 1E-3
F2-3 38 1.5 1E-15 1E-5
F2-4 40 1.5 1.1E-15 1E-4
74I1VZ F2-1:
Coo = —0.992304160240466 38, 71 = —0.76, 70 = —1.2,
¢ = —6.9037344873220844, ¢y = 13.627045620157944 .
T4IVR F2-2:

Coo = —0.94058 930386458217, 71 = —1.25, 79 = —2.03,
¢1 = —7.5552041413370896, ¢y = 16.548415013158312.



74IVR F2-3:
Coo = —0.97197 328680629833, 71 = —0.8, 7 = —2.5,
¢1 = —1.37229 04037268180, ¢y = 10.2744851537 06616.
Z1IVRZ F2-4:
Coo = —0.99864 901141762076, 71 = —1.25, 75 = —1.28 ,
c1 = —207.6521264969 0007, co = 215.47366 667406178

4.3.3 EHZTFOLYILRY b%&E 3 DAWET 1 IV DERK

FERTHWIEREY 7 DO LY IWARY R 3 DHWET 4 IV EZDZFNZFUCDWT, Chebyshev ZIEHL
DREn & 3DDFIRIST A X DERE 3IRT. EHICLY VAR N OFIEFEAICHIET 2 A 3(1)
DOHRUCHNZZ/IRT A RZDEEZNFIURT.

#3: LYNMRY 2 3DHWET 4 )V EDOIEETIRI ST X &

VEEES n I Js 9p
F3-I-1 20 1.5 1E-10 1E-3
F3-I-2 30 1.5 1E-10 1E-2
F3-I-3 30 1.5 1E-12 1E-3
F3-I-4 40 1.5 1E-12 5E-3
F3-I-5 20 1.5 1.2E-12 1E-3
F3-I-6 30 1.5 2E-14 1E-3
F3-II-1 30 1.5 1E-10 1E-2
F3-II-2 34 1.5 1E-11 1E-2
F3-II-3 41 1.5 1E-12 1E-2
7Z4IVZ F3-I-1:
Coo = 1.0, 71 = —1.5, o = —=5.0, T3 = —7.5,
cp = —10.543472067071244, co = 230.91814774839765, c3 = —288.10240 37581 0610.
Z4IV2 F3-1-2 :
Coo = —0.65, 71 = —=2.5, 79 = —4.0, 73 = —8.0,
cp = —46.947731223216199, co = 138.44834079012331, c3 = —111.96218152780179.

TZA4IVZ F3-1-3 :

Coo = 0.2, 7y = —2.5, o, = —4.0, 13 = —8.0,

cp = —61.726734970125999, co = 194.11248930012096, c3 = —181.08421 323706878.
Z4IVZ F3-1-4:

Coo = 1.0, 71 = —=3.65, 79 = —5.5, 73 = —10.5,

c; = —130.2732548867 5910, co = 374.74537 922835478, c3 = —338.87131 83307 7839.
741V R F3-1-5 :

Coo = 1.0, 1= — 1.73, 79= — 2.65, 3= — 2.87,

cy = —207.17748653406107, co = 2173.81997 44641517, c3 = —2008.75967 13432417 .
74I1VZ F3-1-6 :

Coo = 1.0, 4 = —-3.3, », =—-3.4, I3 =—-3.6,

cp = —27705.17451 9370320, co = 43785.112858715520, c3 = —16135.512395505596.
74)VZ F3-1I-1 :

Coo = —0.99901747981329442, 71 = —0.60, 75 = —0.69, 753 = —0.81 ,

c1 = 89.321336271875544 , cog = —210.3974096156 3449, c3 = 128.29029527935843.



74I1V% F3-11-2 :

Coo = —0.98131 60097 3886953, 71 = —0.63, 7o = —0.64, 73 = —0.74,

¢4 = 1805.9913175101005, c; = —2052.6571416016740, c5 =  253.75537 272985273
74IV2 F3-11-3 :

Coo = —0.9998850444 2730867 , 71 = —0.722, 75 = —0.820, 73 = —0.837,

c1 = 236.05420176688206, co = —2101.86563 74776586, c3 = 1873.66974 20694 337 .

4.34 FEEHZTRFOLYILRY b&E 4 DABAWRET 11V 2 DERK

FERTHWIEREY 7 DO LY IWARY R 4 DHWET 4 VW EDZFNF IS DWT, Chebyshev ZIEHL
DREn & 3DDFIRIST A X DR E 4IRS, EHICLY VAR N OFIEFEAICHIET 2 GBI 3(1)
DOHRUCHNZZ/IRT A RZDEEZNFIURT.

F 4 VIRV 2 ADHAWET 4 )VEDOIEETIRI ST X &

EZEZ n W s 9p
F4-I-1 23 1.5 1E-12 1E-2
F4-1-2 40 1.5 1E-15 1E-2
F4-1-3 50 1.5 1E-16 1E-2
F4-T1I-1 63 1.5 1E-12 1E-1
74I1VZ F4-I-1 :
Coo = 0.72830 157094489884, 71 = —0.46, T = —1.3, 73 = —1.6, 74 = —2.2,
c] = 11.103609016858801, co = —747.44207 460551708,

c3 = 1358.76323 95652740, ¢4 = —654.01397 054308215 .
74IV2 F4-1I-2 :

Coo = 0.73890 252752857741, 1= — 0.8, To= — 0.85, 5= — 3.4, y= — 4.4,

c1 = 175.1867276796 1545, ¢y = —206.28364 42406 7430,

c3 = 413.29017 809312039, ¢, = —427.58306 042439581 .

T4V F4-1-3 .
Coo = 0.93709121223898141, 7y = —0.5, 7y = —1.4, 73 = —4.9, 74 = —5.9,
c1 = 1.9546378129488793, ¢y = —26.920052689841116,

c3 = 639.14392557923146, ¢y = —677.08425 05864 2284 .
714)bZ F4-1I-1 .

Coo = —0.97891 040152945729, 71 = —0.420, 75 = —0.617, 73 = —0.995, 74 = —1.075,

1 = —8.4224536308009692, co =  49.952918319895732,

c3 = —390.72185 124574242, ¢, = 358.88151 304497295.
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Z, FRNCIETIUEHADO T 0 V2 OTE v 72 0D 25 F T 5 4R T E > TR I BLUEE ™ OFE 0
A DR E T OXEUEZ fbfhic T CUE A S DA 2 & > T ay LT 5 7 7%2/RT.



o EHTFDLVYILRY bE 2DAWVWET 1 ILRICKBH

M 7~10 DZRENUCS, FIISIE T 4 V2 DEEBBOKRE S |gt)| ORElEE 7oy kLTS5
e, AN EHTLERFIOD 7 4 V2 DIE v % 0 25 25 T 5 4B T & > TR T IELIEAG MO AR
DK E X OFPEE R FEIC T EA T OB A RHNC & > T 70y b LY ST &R

o BT FDLVYILRY b 3 DAV T 1 ILRICK B4

®11~10 DZNZIUC, FINCIZT 4 )V R DEEROKE & |g(t)| OREE Ty * LiF57
%, ABNCIEHTAIAD 7 4 L2 DIE v % 0 05 25 T 5 AHAT & - TR 73 UEA B ORI
§3 0D K3 & DRPRUE RN E L EA S O EE R RN & > T T 0y kLY TR

o BETMDLYVILRY b 4 DAV T 1 ILRICK B4

B 20~23 DZNFIUC, FERNCIET 4V ZOIREBBOKRE E |g(t)| ONEhEZ Ty s LTS5 7
%, FHNCIERTLEEHO 7 4 )V ZDIE v 72 0 5 25 £ T 5 LB T & - TRD I LUE A O FI
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