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. for (i=0; i<N, i++){
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. for (i=0; i<N, i++){
HRERERERE s+=ali]*b[i]: )

e OOOODO w—u —--—u, O stop!
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100 = 300 28
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[ Mathematicall O O 00 O [
In[1l]:= a=0

In[2]:= Do[a=a+i/], {i, 100}, {j, 100}]
In[3]:= a
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[1 Mathematicall 00 O O O [

In[1]:= a=0

In[2]:= Do[a=a+i/], {i, 100}, {j, 100}]

In[3]:= a
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operation x € {+, —, -, /},
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| nterval Arithmetic 2

For intervals X = |a,b], Y = [¢c,d] C Randa
operation x € {+, —, -, /},

XxY={zxy|lzeX,yeY}.

a+c, b+ d

a—d,b— |

min{ac, ad, be, bd}, max{ac, ad, bc, bd }]
a,b] - [1/d,1/c] 0¢Y)
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| nterval Arithmetic 2

For intervals X = |a,b], Y = [¢c,d] C Randa
operation x € {+, —, -, /},

3

XxY={zxy|lzeX,yeY}.

= la+c,b+d

a—d,b— |

min{ac, ad, be, bd}, max{ac, ad, bc, bd }]
a,b] - [1/d,1/c] 0¢Y)

e [0.6666,0.6667] - [1.414, 1.415]
C [0.9425,0.9434]
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fl&) = & —36+4£+5,
= f(z) = [-3,10]

1 1 1 0
= . B = L C =
0 1 ~1 1

r =0, 1]

[_17 1]
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(€)= € —36+46+5, z=[0,1
— f(x) = [~3,10]

(1 1) ( 1 O) [—1,1] O)
A= B= =
0 1 11 0 [—1,1]

0 [—1,1]

(AB)C B < [_171] [_171] )
—2,2] [-1,1]

A(BC) - ( [_171] [_171] >



| nterval Arithmetic Software

INTLAB
PROFIL
INTLIB

Sun WorkShop

Mathematica

M atlab toolbox

http://wwv. ti 3.tu-harburg.de/ " runp/intlab/

C++ class library

http://ww. ti3.tu-harburg. de/ knueppel / profil/

Fortran 90 module

ftp://interval .l ouisiana.edu/ pub/intervalimat h/ Fortran9Q0softwar e/

Interval operation on Fortran 95

http://ww. sun.com forte/fortran/interval/

| nt er val

http://ww. wol fram co. | p/
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| nterval Arithmetic Software

INTLAB Matlab toolbox
http://wwv. ti 3.tu-harburg.de/ " runp/intlab/
PROFIL C++ class library
http://ww. ti 3.tu-harburg. de/ knueppel /profil/
INTLIB Fortran 90 module

ftp://interval .l ouisiana.edu/ pub/intervalimat h/ Fortran9Q0softwar e/

Sun WorkShop interval operation on Fortran 95

http://ww. sun.com forte/fortran/interval/

Mathematica | nt er val

http://ww. wol fram co. | p/
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| nterval Arithmetic Software
INTLAB M atlab toolbox

http://wwv. ti 3.tu-harburg.de/ " runp/intlab/

PROFIL C++ class library
http://ww. ti 3.tu-harburg. de/ knueppel /profil/
INTLIB Fortran 90 module

ftp://interval .l ouisiana.edu/ pub/intervalimat h/ Fortran9Q0softwar e/

Sun WorkShop interval operation on Fortran 95

http://ww. sun.com forte/fortran/interval/

Mathematica | nt er val

http://ww. wol fram co. | p/

Juoogtddoogtddoootddoootddooodd
Jooooddoootddooodtdnoon

| NTERVAL X(1,2), Y(3.14, 3.15);
cout << X*Y;
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» Banach
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Ar=b Ac R”"bc R"
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Linear Equations 1

Ar=b Ac R”"bc R"
Brouwer 0 00 000000

L emma
Re R n0O0O0O0O0OO0d X

Rb+{I—-RA} - X CX
(X000 XxXO00000)
0 RAODODDODDOD 'z eXst. Az =0
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Linear Equations 1

Ar=b Ac R”"bc R"
Brouwer 0 00 000000

L emma
Re R n0O0O0O0O0OO0d X

Rb+{I—-RA} - X CX
(X000 XxXO00000)
0 RAODODDODDOD 'z eXst. Az =0
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Linear Equations 2

Example
33 16 72 359

A= —24 —10 —-57 |, b= | —281
8 4 17 —85
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Linear Equations 2

Example
33 16 72 359
A=| —-24 —-10 =57 |, b=| —281
-8 —4 —17 —85

R ~ A~! obtained by Gaussian elimination

[—1.001, —0.9999
= A"'b e [1.999, 2.001
4.999,5.002
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Nonliner Equations f(x) = 0

20010110300 — p.24/3:



Nonliner Equations f(x) = 0

Krawczyk O O [0 :
K(X)=y-Yf(y) +{I -YF(X)}(X - y)

e X:nO0ODOOODOO

e f(X): f0 XOOOO JacobiDD OO

 F/(X): f(X)0D000000000000O
e y:00000 XODOO

e YOOODOOODODOODOODO
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K(X)=y-Yf(y) +{I -YF(X)}(X - y)

e X:nO0ODOOODOO

e f(X): f0 XOOOO JacobiDD OO

 F/(X): f(X)0D000000000000O
e y:00000 XODOO

e YOOODOOODODOODOODO
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Theldeas

e HUHOODDODOUODOOODOOOOO
7 € (3.14, 3.15]
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Take Account of Discretization Error 1
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Take Account of Discretization Error 1
000000000 w=F(v)00OO00OO

e FUUOOOwODOOUOOOO«wOODODDOO

000 SO000;u= ) wé
1=1

0 0000000000000 20010110300 — p.26/3:



Take Account of Discretization Error 1
000000000 w=F(v)00OO00OO
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Take Account of Discretization Error 1
000000000 w=F(v)00OO00OO

e FUUOOOwODOOUOOOO«wOODODDOO

000 SO000;u= ) wé
1=1
- $,:SO0000D00000

N
o P: S — Sp: DDDD;PW:ZU@@
i=1
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Take Account of Discretization Error 1
000000000 w=F(v)00OO00OO

e FUUOOOwODOOUOOOO«wOODODDOO

000 SO000;u= ) wé
1=1

e Sy Suduouooug

N

* Py S — 5, 0000; Pu= )Y ug
1=1

e v =P+, PhUESh, V. €5 — 5,
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Take Account of Discretization Error 1
000000000 w=F(v)00OO00OO

- FOOODO wO0D0ODODOO «000000
000 SO000;u= ) ud;

i=1
e Sy Suduouooug

* Py S — 5, 0000; Pu= )Y ug
1=1
-v:th+v* PhUESh,U*ES St
Zum Zuzw Z u;
1=N+1

000000000000 00 20010110307 —p.26/3¢



Take Account of Discretization Error 2
D000 oooooong?

00 N 00
> uigi =) wigi+ Y wid
1=1 1=1

1=N+41
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Take Account of Discretization Error 2
D000 oooooong?

Zui¢z Zuz¢z+ Z u’&¢@

1=N-+1

e DOODDODODOODO: Zu u]o; C S

1=1
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Take Account of Discretization Error 2
D000 oooooong?

Z ui¢z Z uz¢z - Z uz¢z
1=1

1=N-+1
N
« 00000000000: ) [u;,Wl¢: C Sk
1=1
« 00000000 O0O00: {veS—=5S||v <K}
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Take Account of Discretization Error 2
D000 oooooong?

Z ui¢z Z uz¢z - Z uz¢z
1=1

1=N-+1
N
« 00000000000: ) [u;,Wl¢: C Sk
1=1
« 00000000 O0O00: {veS—=5S||v <K}

e KOOUOOUOODUOOOOooooooooood
N

©.@)
= Z a; sin(imx), up = Z a; sin(¢mx) on(0, 1)
1=1

1=1

1
— <
fu = wnlls < 7
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Take Account of Discretization Error 3
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Take Account of Discretization Error 3
e U=U;, + U,
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e U =U,+ U,
N —_
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Take Account of Discretization Error 3

« U =U,+ U,
N

o Up = Z[A@‘;Zi]¢i C Sh

1=1

cUi={peS-5| |9 £ K}

e [0 00O
{ PhF(U) C Uy

(I — P)F(U) c U.
= F(U)cU
= Ju € F(U) suchthat u = F(u)
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A: Allen-Cahn equation

—Au
U

Mu(u—a)(l—u), x &l
0, r € 0f)

0000000000 (y=1/2) 0000000000 (y=1/2)
A = 150, a = 0.01
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B: MHD equilibrium

—Av

Amax {v,0}, x €,

, xr € 0

v=0(0000)000
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C: Heat Convection Problem 1
20 0 (z-z O O ) Oberbeck-Boussinesg LI [ [ :

U + uu, +wu, = p, + PAu,
Wy + Uw, + ww, p, — PRO+ PAw,
Uy + W, 0,
0, +w + ub, + wo, AG

e (u,w):000,p000,0:000,
P: Prandtl J , R: Rayleigh [

e UUOHOOUoono

e JO0OD0OO{0<z<2/a, 0<z< 7}

* z=0,z=hUOUOUOUOOOooouoooong
* r=0,x=2r/a 0000000000
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Problem 2

40, D00 ooodooodd

10N

Heat Convectl

C

R:

P = 10

vy
v
'
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'
v
v
:
!
!
!
i
}
A

e e A A\ ) s e e

VT AN AT

- - - - - - - - - -— e

01000000000

- e e - w1 -

A
v,
'y
\
v

HRERE

2000000000
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g
ou V)u = —Vp+ vA
EJr(u- Ju =—Vp+ rvAu
g
Flx)=0 xec R"
g

zy = (1.223,2.342, .. .)

— oo

«— 0o

— oo

«— oo
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Conclusion

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa
HOooooooooooobooooooooon

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

i
00

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

i
00

O00000000D00O (Cioran), 00 OO O

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

i
00

Jbobooodddgoboboddidd

O00000000D00O (Cioran), 00 OO O

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

O00000000D00O (Cioran), 00 OO O

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

i
00

Joooooddodnot
oot obttddin

]
[]
]

O00000000D00O (Cioran), 00 OO O

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

i
00

Jobobooodoobbodi
Jdooobobodtdbobdtdodin
Jobotuoddgbobobdddi

O00000000D00O (Cioran), 00 OO O

00000000000 0O0n0 20010110307 —p.35/3¢



Conclusion

OO000oooboooooo,0obooooooon (oa

HOooooooooooobooooooooon
Y

‘DDDDDDDDDDDDDDDDDDDI

i
00

HRERERERNRNEN
OO0 Onboooono

Lo

00000000000 0O0n0 20010110307 —p.35/3¢



	Numerical Computation
	large Numerical Computation (example)
	`Error'
	Discretization Error
	Truncation Error
	Rounding Error
	Numerical Computation
	Self-validating Numerics 1
	Self-validating Numerics 2
	Guide-books
	scalebox {0.95}{Take Account of Rounding Error 1}
	scalebox {0.95}{Take Account of Rounding Error 2}
	scalebox {0.95}{Rational Number Arithmetic}
	IEEE754 Standard
	Interval Arithmetic 1
	Interval Arithmetic 2
	Interval Arithmetic 3
	Interval Arithmetic Software
	The Idea
	scalebox {0.95}{Take Account of Truncation Error}
	Linear Equations 1
	Linear Equations 2
	Nonliner Equations $V {f}(V {x})=V
{0}$
	The Ideas
	scalebox {0.9}{Take Account of Discretization Error 1}
	scalebox {0.9}{Take Account of Discretization Error 2}
	scalebox {0.9}{Take Account of Discretization Error 3}
	The Ideas
	A: Allen-Cahn equation
	B: MHD equilibrium
	C: Heat Convection Problem 1
	C: Heat Convection Problem 2
	`Error'
	Conclusion

