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[1] S. Tanaka, Morse index and symmetry-breaking for positive solutions of one-dimensional
Hénon type equations, Journal of Differential Equations, 255:7 (2013), 1709-1733.

[2] K. Watanabe, S. Tanaka, N. Shioji, Multiple existence of positive even solutions for a two
point boundary value problem on some very narrow possible parameter set, Journal of
Mathematical Analysis and Applications 513.1 (2022): 126182.

[3] P. Deuflhard, G. Heindl, Affine invariant convergence theorems for newton’s method and
extensions to related methods, STAM Journal on Numerical Analysis, 16:1(1979), 1-10.
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A2 —0B* -0 = p<Vo! (1)

B DLDZ e HHHNT WS [2], 7272L. B = 01374 BOIEEMETH 2 e 2 BHEK ST 5, —F
T, — D AWK L T& B; 1Icxt3 3 X[ Cholesky DA ETH D, FIHERFESOBUENIZE M I
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SENW
[1] TR, EHERE. EH TR RN = BUEa -5 & 523, ¥4 = > 24, 2011.
[2] Siegfried M Rump. Verified bounds for singular values, in particular for the spectral norm
of a matrix and its inverse. BIT Numerical Mathematics, Vol. 51, pp. 367-384, 2011.
[3] Siegfried M Rump. Verification of positive definiteness. BIT Numerical Mathematics,
Vol. 46, pp. 433-452, 2006.
[4] Siegfried M. Rump. Validated solution of large linear systems. Springer, 1993.

[5] Nobito Yamamoto. A simple method for error bounds of eigenvalues of symmetric matrices.
Linear Algebra and its Applications, Vol. 324, No. 1-3, pp. 227234, 2001.
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BT I DFERIEICNF 2 7 2 MTFVERIEE BN T 2. AFRIC X VARSI A3 HEZED
RAEAICTH D, EROMEDBIECER L 72 5. FATHIZE TR, M e S L ERiED
BEXNTWS. ZOFRIIER SN BT OLMAHCHIT RS 25, BERNE b D, WE, KK
DI R RITHNCHERN T 2 FEAMER SN2, BEM AR ON ZREN D 3. AHBETIE, HH
MRERbRCTFHEEEET 3.

2 FATHREDMEN
BAERERB O ME I T 2 HOEN b 5 7 A MEEEREZMHNT 5. AFETIE, -
N=TB0— 7YX =7 —=3FRELRNHDE TS, INETICEK 1 IXEF 2 FEMERSI LT
%. RIFETIE [2, 4, 5, 6] DFIRICEHT 5.
£ 1. FEATHE
Linear Least  Sylvester
Authors Year ] SEVD GEVD SVD
systems squares equation
Miyajima et al. [1] 2005 v
Ozaki and Ogita [2] 2017 v

Ozaki [3] 2019 v v
Ozaki and Ogita [4] 2022 v v
Ozaki et al. [5] 2022 v v v v
Ozaki et al. [6] 2023 v v v v v v

HHEED 2 HEFE/NIRBORE T F, BIEGEAERZ 1) e RidT 5. XMk [2] TIE, 2—%
W52 AeF>n e FrPigiLT
Az =fl(Az) =:b, A+AA:=A, |a;|>|Aay (if ai; #0) (1)
BWETTATH] A € Frxn BAERT 2 FEAMER I, 7 & MTFI A IR E/ NI RC RIS Ic R
AEETH B. ZOEMETIE, TEDIEFTEEEIND ﬂ(/ix) WS B il E AR ZZ AT IS HE D W T
ARMT 2. LdoT, ERATHER RO LRI 4 1c Kk = RIE L HIRIp S h
%. SCHR [4, 5] TR ZOFEEFEGEMENE, FRESWR, RN REESOR L L EEICHE L.
ik [6] TUE |Aay| BIREIICHANT 3 2 & THIE BT 2 FRMER I, ZOFETIE,
EEEAD - FASADE— RTZRZN b = A(Az) ZAERL, Zhso—Hic kb mEE2 HE

JRENZBITHNCHT T 2 HlRI ZEMT & 2. FHREMER2 SHEREZHET 2720, &KL |Aa;| &
O A GEEIEFICKRET 5. AT Fu—FiconT b EGMHEBE, HREDRE, &5k

AAIGSHEEER 2024 4E 2 H#HTRE (2024-09-14/16) Copyright (C) 2024 —i&HEHIEA A AIGH RS



TS B IRARR I TV S,
3 REFE

AMETEHEBRMEOD 251787 7o —F 2R T 5. £7, Ac F TN LT [2] DL
(K (1) rFEEk

AWz = A(AWz) = p®,  AD L AAD = A, |al}]| > |Adl)] (if ) #0)
itz AV bW 2IRET 2. S IMEEOHEIERISHT 3 HERNEERITIC X D IuES
7%, BERMEDNDS. K2, AAD »e

1 1 1 ~(2 2 0 ~(2
APz = A(APz) = b, AD £ AA® = AAD 0] > A (falY £0)  (2)

i3 A® b2 2HEBMNDH 2 XS5 CHRETS. choiz AV + A 2k (6] 0FED A D
PIHAME & FIFRREIC 2 2 X D WCET 520y, XCHR [2] DFIETIRET 5. 22T,

(AD + A@)z = A(AD + A@)z = pD) 4 p>

BRI T 5. Ko,

A + @) = p® 4 p@ (3)
BT R TP MG TR TR R B R S B . R (3) Rl S R AR (2)
D Aal) EHNLUTHEITT 2. UEORBICED, RSN BTINHT 2 HIQEENTE 2.
R (3) 1B 2 MIRZEDHIEITIE Dekker ICX B2MDL T — 7V =241 (7] 2T 5. L7ehoT
HAGEDHE O HIEFREE SN 5720, HHMELD 5.
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[1] S. Miyajima, T. Ogita, and S. Oishi, A Method of Generating Linear Systems with an
Arbitrarily I1l-Conditioned Matrix and an Arbitrary Solution, in: Proc. of NOLTA 2005,
pp. T41-744, 2005.

[2] K. Ozaki and T. Ogita, Generation of Linear Systems with Specified Solutions for Nu-
merical Experiments, Reliable Computing, 25 (2017), 148-167.

[3] K. Ozaki, Generation of Floating-point Ill-conditioned Matrices, in: Proc. of JSST 2019,
pp. 89, 2019.

[4] K. Ozaki and T. Ogita, Generation of Test Matrices with Specified Eigenvalues using
Floating-point Arithmetic, Numer. Algorithms, 90:1 (2022), 241-262.

[5] EEIR wi/A, SFRE WL, NEF AL, BUERIEAE ORI T 2 ED@N D25 7 X MTHID
Ak, BAIGHEBOEY: 2 2022 FEER, LBHERY:, 2022.

(6] BlE /A, WEF (65, 7R WL, BUESTERBOREME I T 2 7 X MTAIOAEBIEOWR,
HAICHBR Y2 55 19 BRI #E G AR R, MILFERREE, 2023.

[7] T.J. Dekker, A floating-point technique for extending the available precision, Numer.
Math., 18:3 (1971), 224-242.
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IEEE 754 23E® % 2 #EFE/NIRE e 2 OB IEREEI A TR XK KHWS NS . @ OTFEI/ ML
RBZHWTHAELLHEROBEICHETZRWEE, LVEREREEZHWL IR EZLN
5. FHZ, IRBERD R E DADFEEDORET, FaE 2R L% < TRWEE, Double-word (DW)
. [1], Triple-word (TW) {## [2], Quad-word (QW) & [1] ZEH 3 2 & W5 HFENHI SN
TW3. DW EHAZ 3Rt L7z Pair Arithmetic (PA) [3] # Lange £ Rump 24X L, TW #EHE,
QW A Z i L 72 5¢ L Triple-word (QTW) {#E, % Quad-word (QQW) HE [4] Z I -
SRDBRE L. AFELTIE, PA, QTW HE, QQW R 271y 7 aL X% —3IcEH L7z
REMENT 5. Fi, SOUERLZEERE O DR WETNITHEH U RR e, OpenMP [5] ZfH L
TN BT o 7.

2 REFAOBE
21 7Av7aAL RT3

aL AFx—5fReiE, SFIEEMEITH AT LT A= RTR %2723 & 5 &2 E=A1TH] R 2R
BITHNRETH 5. 1Tl 70y 7L TaLA¥x—0aiT5d0% 70y 7 aLAx =7 v
5. LURIZ, 7ay7al 2x—pRoFExERT.
STEP 1 7uv (b3 20BN HIUZL, 178 A%k 42021270y 7L LT A WL TaL xx—
DRZATV, Ry 2185, BERINUE, ZOFEFEALRAX—0RE2ToTHRT T2
STEP 2 Ay = BRI Rys %80T, Rip #K03
STEP 3 Asy — RL R, THONATHEH 2 AL T3

2.2 ELUERIL

FREEDH L2 < 721, HEDOWYIZARMIRRLUERLZEM S 5. RLUERL L X, 2 oD%
BINERE 0, b 03D 255,

fl(a+b) =a, wula|>[b] (u:BAAEALD) (1)

OREZ R 22 TH5. 2T, f1() ZFHNMHEEOR R L ER T 2 RiLL 5. Lo
FE/ N 0,0 DT OMEZF > TR T, [6] 12K 2 TwoSum LRI 2 713V X L %A
HA3222T, ZOMERHMALTIEPARETHS. 22T, QTW HE, QQW HE Tl TwoSum
T, BRI 2 28, H3LBR (1) 2L TV 2 FELRY. SEOERTIE, STEP1®
PRE & FROFTE DRI, STEP 2 OBREDRIRICELUER{LZ1TS. STEP 3 Tld, §XTOIL
BDHED o RICEHUERLEZIT 5 2%, ThETORVHBAETH ToREE T EL=/A1T4 R 2k
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5ZeMT&%. STEP 1, STEP 2 id7 vy 7 aL AF — B2 U THEERBD D &
WERSTTH B 7=, HERBADEEIV/NZ W, PA R QTW HE, QQW HEIZOWTELIERL
21522 T, HMROBEDM LT 2 efFTE 2.

%7z, STEP 312 OpenMP Z{H L Cifis{t 2175 Z & C, HAERMI EHINS Z LHHIRFT
x5,

3 BEXRERER

FTEAS RO, HMRE [|A — RTR||oo/||Allce ZHVWTHEET 2. K11, 7RrYZaL X
F - RICHRZ PA, QTW R, QQW ERZEHA L0, BEIERLZITob0D, DW
HE, TWHEE, QW EEZEH L7d DML (relative residual norm) % &4 (cnd) 21
RLUBDBLRLEDDTHS. 17594 X1F 1000 x 1000, FLUEFEIZIE TwoSum ZfEH L 7.

esidual norm

relative re
3

i
20 25 30 £ 40
log1O(end)

1. FHERERORE

1 &b, BUIEREZITS S TEBEIRHETE TV 28055, X512 STEP 3 Off
ICEELUERLZIT O HE, (TORVEA LR L TEREIRHETE TV I ehbrd. £,
Hilize PA, QTW EE, QQW HEEZEHAL-dDIERFTEIETERLL->TLE->TWVS. ¥
#Tl¥, OpenMP Z{HH L 7#HER I OWTRT.
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[1] Y. Hida, X.S. Li and D.H. Bailey: Library for double-double and quad-double arithmetic,
NERSC Division, Lawrence Berkeley National Laboratory (2007).

[2] N. Fabiano, J.M. Muller and J. Picot: Algorithms for Triple-Word Arithmetic, [EEE
Transactions on Computers, 68:11 (2019), 1573 — 1583.

[3] M. Lange and S.M. Rump: Faithfully rounded floating-point computations, ACM Trans-
actions on Mathematical Software (TOMS), 46:3 (2020), 1 — 20.

[4] Bl /K, ShF 2% Pair Arithmetic QYRR & Z DEWITIZOWT, FIFEHRE NS ST 4 —
YV RAarv¥a—74 7 (HPC), 2023-HPC-192, 19 (2023), 1 - 8.

[5] OpenMP Web Page, https://www.openmp.org/.

[6] D.E. Knuth: The Art of Computer Programming, Volume 2: Seminumerical Algorithms
(3rd ed.). Addison-Wesley, 1997.
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