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Establishment of Verified Numerical Computation

We have studied verified numerical computations for partial differential equations and
systems of linear equations using digital computers. Calculating sum of a vector and dot
product of two vectors with guaranteed high accuracy is ubiquitous in scientific computing.
We have developed such algorithms for accurate sum and dot product, which are known to
be the fastest so far. As applications, we have applied the fast and accurate algorithms to
sparse matrix computations, computational geometry and so forth. Moreover, we have
succeeded in proving the existence and uniqueness of a solution of a partial differential
equation, and in calculating an error bound of its approximate solution.

58,200,000 17,460,000 75,660,000
83,098, 755 24,929,626 108,028,381
91,200,000 27,360,000 118,560,000
66,600,000 19,980,000 86,580,000
56,407,211 16,980,000 73,387,211
355,505,966 106,709,626 462,215,592




J. von Neumann

von Neumann

von Neumann ()
PC
1000
50
500 PC
@
100 _ BICGSTAB (Toeplitz matrix, n=10000, gamma=1.5)
10 . -
—— double prec.
von Neumann —— quasi-quad
E
S I
Z 10 hol £
2 i
=
& Loy
o I
é 107 “W'“ELL\
BRRTEEASAI = HBE TR RO E ERITE ] = Jll- J_I
RTEET R (8 — RS | [ESEEDiET. -4 L |
PRI EA{EfE]RE) ¢
Von Neumann O (FEMEHE .

P HEEOEZ (RFE0EE) « 107"
i PR e 0 100 200 300 400 500

, l The Number of Iterations
SHERRM S5 IE R EHR T (R 43 75 12 00 4 R MR AT 9
BT T Ab—02F || #iEst Biz0 B (RERIEFRRO 2.

P B 70 HEAD RO BB, —&
HeD 5 B 1R I MR AT 1 M St E I

SUEE D)

&)
1
IEEE 754
Rump

100 Rump




cond = 10, Pentium IV 2.53GH=
2500
-
& A
- s, 1
woor -/ “xU)} g4
A M,
d ' Y
1 M
1 o
1500 ~ 3
o 1500 - Foh
= ] W
~ I
= = = =DSum I',l
= oop|  —— Priest W
fo— Malcolm W
B Long Accumulator '.I‘
&— AccSum 1\
500 égf.
Y- 6o
b —_ a ~ A 2
P e a
0 §—6—8 858655 tr—S—a—g—p
1w’ 10 ' 10’ 10
dimension (n)

Navier-Stoke

Driven-Cavity

Poiseuille Navier-Stokes

25

20
15
i

4.
*)

Affine
36
T. Ogita, S. Qishi: Fast Verified

Solutions of Linear Systems, Japan Journal
of Industrial and Applied Mathematics,
26:2 (2009), 169-190.

K. Ozaki, T. Ogita, S. M. Rump, S. Oishi:
Adaptive and Efficient Algorithm for 2D
Orientation Problem, Japan Journal of
Industrial and Applied Mathematics, 26:2
(2009), 215-231.

S. Oishi, T. Ogita, S. M. Rump: lterative
Refinement for [Ill-conditioned Linear
Systems, Japan Journal of Industrial and
Applied Mathematics, 26:2 (2009), 465-476.

Y. Nakaya, T. Nishi, S. Oishi, M. Claus:
Numerical Existence Proof of Five
Solutions for Certain Two-Transistor
Circuit Equations, Japan Journal of
Industrial and Applied Mathematics, 26:2
(2009), 327-336.

N. Yamamoto, T. Komori: An Application of



Taylor Models to the Nakao Method on ODEs,
Japan Journal of Industrial and Applied
Mathematics, 26:2 (2009), 365-392.

Y. Watanabe, M. T. Nakao: Numerical
Verification Method of Solutions for
Elliptic Equations and Its Application to

the Rayleigh-Be®"nard Problem , Japan
Journal of Industrial and Applied
Mathematics, 26:2 (2009), 443-463.

Y. Watanabe: A Numerical Verification

Method for Two-Coupled Elliptic Partial
Differential Equations, Japan Journal of
Industrial and Applied Mathematics, 26: 2
(2009), 233-247.

M. T. Nakao, Y. Watanabe, N. Yamamoto, T.
Nishida, M. Kim: Computer assisted proofs
of bifurcating solutions for nonlinear
heat convection problems, Journal of
Scientific Computing, 10 (2009), 1-18.

T. Nishida, Y. Teramoto: Pattern
formations in heat convection problems,

Chinese Annals of Mathematics, Ser. B,
30:6 (2009), 769-784.

T. Nishida, Y. Teramoto: Bifurcation
theorems for the model system of
Benard-Marangoni convection, Journal of
Mathematical Fluid Mechanics, 11:3 (2009),
383-406.

Y. Shibata, S. Shimizu: On a resolvent
estimate of the Stokes system in a
half-space arising from a free boundary
problem for the Navier-Stokes equations,
Math. Nachr., 282:3 (2009), 482--499.

T. Kinoshita, K. Hashimoto, M. T. Nakao:
On the L? a priori error estimates to the
finite element solution of elliptic
problems with singular adjoint operator,
Numerical  Functional Analysis and
Optimization, 30 (2009), 289 - 305.

T. Ogita, S. Oishi: Tight Enclosures of

Solutions of Linear Systenms,
International  Series of Numerical
Mathematics, 157  (2009), 167-178.

(Inequalities and Applications, C. Bandle,

A. Gilanyi, L. Losonczi, Z. Pales, M. Plum
eds., Birkhduser Verlag).

N. Yamanaka, T. Ogita, S. M. Rump, S.
Oishi: A Parallel Algorithm for Accurate
Dot Product, Parallel Computing, 34:6-8
(2008), 392-410.

S. M. Rump, T. Ogita, S. Oishi: Accurate
Floating-Point Summation Part I: Faithful
Rounding, SIAM Journal on Scientific
Computing, 31:1 (2008), 189-224.

S. M. Rump, T. Ogita, S. Oishi: Accurate
Floating-Point Summation Part 1l: Sign,
K-fold Faithful and Rounding to Nearest,
SI1AM Journal on Scientific Computing, 31:2
(2008), 1269-1302.

M. T. Nakao and K. Hashimoto: Guaranteed
error bounds of  finite element
approximations for non-coercive elliptic
problems and its applications, Journal of
Computational and Applied Mathematics
218: 1 (2008), 106-115.

Y. Shibata: On the Oseen semigroup with
rotating effect, Functional Analysis and
Evolution Equations, The Gunter Lumer
Volume, H. Amann, W. Arendt, M. Hieber, F.
Neubrander, S. Nicaise, J. von Below (eds),
2008, 595--611.

M. Kim, M. T. Nakao, Y. Watanabe, T.
Nishida: A numerical verification method
of bifurcating solutions for
3-dimensional Rayleigh-Benard problems,
Numerische Mathematik, 111  (2008),
389-406.

K. Ozaki, T. Ogita, S. Miyajima, S.
Oishi, S. M. Rump: A Method of
Obtaining Verified Solutions for Linear
Systems Suited for Java, Journal of
Computational and Applied Mathematics,
199:2 (2007), 337-344.

S. Oishi, K. Tanabe, T. Ogita, S. M.
Rump: Convergence of Rump®s Method for
Inverting Arbitrarily Ill-conditioned
Matrices, Journal of Computational and
Applied Mathematics, 205:1 (2007),
533-544.

K. Nagatou, K. Hashimoto and M.T.
Nakao: Numerical verification of



stationary solutions for Navier-Stokes
problems, Journal of Computational and
Applied Mathematics 199 (2007),
424-431.

T. Minamoto and M.T. Nakao: Numerical
method for verifying the existence and
local uniqueness of a double turning
point for a radially symmetric solution
of the perturbed Gelfand equation,
Journal of Computational and Applied
Mathematics 202 (2007), 177-185.

Y. Shibata, S. Shimizu: Decay properties
of the Stokes semigroup in exterior
domains with Neumann condition, Journal
of the Mathematical Society of Japan, 59
(2007), 1--35.

T. Yamamoto, S. OQishi: A Mathematical
Theory for Numerical Treatment of
Nonlinear = Two-Point Boundary Value
Problems, Japan Journal of Industrial and
Applied Mathematics, 23:1 (2006), 31-62.

, 16:4 (2006),

535-552.
, , S. M. Rump,
16:4 (2006),
553-562.
, 25:5 (2006), 170-178.
s , 25:5 (2006),
179-184.

, , S. M. Rump,

, 15:3 (2005), 269-287.

T. Ogita, S. M. Rump, S. Qishi:
Accurate Sum and Dot Product, SIAM

Journal on Scientific Computing, 26:6
(2005), 1955-1988.

. , 15:3
(2005), 253-268.

: , 46:SI1G10
(TOM12) (2005), 10-18.

Y. Shibata, T. Kubo: On the Stokes and
Navier-Stokes equation in a perturbed
half-space Advances in Differential
Equations, 10:6 (2005), 695--720.

Y. Shibata, T. Kubo: On the Stokes and
Navier-Stokes flows in a perturbed half
space, Regularity and other aspects of the
Navier-Stokes equations, Banach Center
Publications, 70 (2005), 157-167.

T. Nishida, Y. Teramoto, H. Yoshihara:
Hopf bifurcation in viscous
incompressible flow down an inclined plane,
J. Math. Fluid Mechanics, Vol.7, (2005),
29-71.

17
, , 2010 3 19

, 2009 10 19

S. Qishi: Error free transformations of
floating point numbers and its
applications to constructing error free
algorithms, Symbolic Numeric Computation
(SNC 2009), Kyoto, Japan, (2009/8/3-5).

S. Oishi: Numerical existence theorem for
solutions of fixed point type equations
and its applications, International
Conference on Engineering and
Computational Mathematics (ECM2009), The
Hong-Kong Polytechnic  University,
Hong-Kong (2009/5/27-29).

Y. Watanabe: An eigenvalue excluding



method for the Orr-Sommerfeld problem,
International Conference on Engineering
and Computational Mathematics (ECM2009),
The Hong Kong Polytechnic University, Hong
Kong, China (2009/5/27-29).

Maxwell
, 2009 56

2009 3 30

S. Oishi (Waseda Univ./JST): Accurate and
Fast Sum of Floating Point Numbers and
Applications to Verification Algorithms,
The 13th GAMM - IMACS International
Symposium on Scientific Computing,
Computer  Arithmetic and Verified
Numerical Computations, The University of
Texas at El Paso (2008/9/29-10/3).

T. Nishida, Pattern formations in heat
convection problems, Parabolic and
Navier-Stokes Equations, Banach Center,
Bedlewo, Poland (2008/9/4).

Y. Shibata, On resolvent problems for
generalized Stokes equation arising from
free boundary problem, International
Conference on Parabolic and Navier-Stokes
Equations 2008,

Banach center, porland (2008/9/1-5).

M. T. Nakao: Some remarks on the
Aubin-Nitsche trick of FEM solutions for
elliptic problems with singular adjoint
operator, 6th International Conference on
Scientific Computing and
Applications(SCA2008), Pusan National
University, Busan, Korea (2008/6/3).

(2008/3/22).

S. Oishi: Iterative Refinement for
111-Conditioned Linear Systenms,
International Workshop on Numerical
Validation in Current Hardware
Architectures at Dagstuhl  Seminar,

Germany (2008/1/7-11).

S. Qishi Fast and Accurate Dot Product
Algorithm and its Applications to Verified
Numerical Computation, The 3rd East Asia
S1AM Conference, Xiamen, China

S. Oishi:

S. Qishi:

(2007/11/2-5)

Numerical Uniqueness and
Existence Theorem for Solution of
Lippmann-Schwinger Equation,

21 COE
(2007/10/1-4).

, 2005 11 12

Numerical Verification for
Solutions of Linear Systems, Algebraic and
Numerical Algorithms and
Computer-assisted Proofs, Dagstuhl
Seminar, Dagstuhl, Germany (2005/9/29).

. , 2005 6
22
o
OISHI SHIN"ICHI
20139512
@
®

NAKAO MITSUHIRO

10136418

NISHIDA TAKAAKI

70026110

SHIBATA YOSHIHIRO

50114088

YAMAMOTO NOBITO

30210545

WATANABE YOSHITAKA

90243972



