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Modelization, Simulation.
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many phenomenon can be described by equations,
mainly ordinary or partial differential equations.

c AL OEREYLICH>TKOLNEN?
How to find the solution (zero) of a function?

c PAZL 2 ¥ ) 0o T T 4007 (Fafl. #1R)
How to approximate a function?
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When solving numerically a partial or ordinary
differential equation, if there are a lot of parameters or
equations, and/or if high precision is required, then it is
necessary to manipulate huge matrices.

* Typical size: dimension 100,000 (107 /X T.)
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necessary to have more efficient method.
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Both for Human brain and Computer’s processors:

« L L&, #MTHE Addition, Multiplication
« B h B, ZL/BMNTEIZES (., Basedon+andx.

o 2 D EF I -5\ Based on this arithmetic
c AR D E S R Y IRDELH?
How to find the zeros of functions ?
e sin,cos, ¥, HY DAY KDDL H
How to approximate functions like sin, cos, Vo2
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But there is no problem for polynomial functions.
c A%k ZATY ) ImEET b0, (M LX)

How to approximate functions by polynomials ?
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Square matrices play an important role.
SEFTREFICEFT 5,

Only focus on square matrices.
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B~N7 b, XRK%a)
Solve a linear system.
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Computing the eigenvalues and eigenvectors is also
very important.
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1. Ao K& % KH A  Find (real) zeros of functions.

2. KFCTHI LM —REH (FIA RRT>
iT%)
e #4T%| % #1127 A Invert a matrix

3. BElA1E (B A “EFM) Eigenvalues (and
eigenspace)
o XX H#RAT 7] D 35 A Case of symmetric matrices
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« ZEA % Numerical Integration
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Most usual functions cannot be integrated by using
usual functions— approximate value of the integral

« WA FTREANDIT LW (EulerA ¥ — 4 & ¥)
Discretization of Ordinary Differential Equations (ODE)

« 7— ) ZAEM 2 VT DI (7 — ) ZEHA)
Approximation of functions by Fourier analysis
(approximation through Fourier series)
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Find (real) zeros of functions

« —Z I D NewtoniE, IRRDIR X, #HAME D EIR,
Newton’s method in one variable. Rate of convergence.
Choice of the initial value.

* 2RI 2THENDOH & T F LRI D —fRAL
Generalization to functions in n variables f: Q c R™ —
R™ through examples in 2 variables.

* Newton/Z % Fl W TR EIRIC b 1T 5 2% %
9 5,
Approximate the implicit functions in the implicit
function theorem by the Newton method.
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f(x) =x3+4x% - 10

2.1 The Bisection Method L]
I n
a” b" pn f(pn)
1 1.0 210 1.5 2009
% 1.0 1.5 1.25 —1.79687
3 1.25 1.5 1.375 0.16211
4 125 1.375 1.3125 —0.84839
5 1.3125 1.375 1.34375 —0.35098
6 1.34375 1.375 1.359375 —0.09641
7 1.359375 1.375 1.3671875 0.03236
8 1.359375 1.3671875 1.36328125 —0.03215
9 1.36328125 1.3671875 1.365234375 0.000072
10 1.36328125 1.365234375 1.364257813 —0.01605
11 1.364257813 1.365234375 1.364746094 —0.00799
12 1.364746094 1.365234375 1.364990235 —0.00396
13 1.364990235 1.365234375 1.365112305 —0.00194
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NewtonjZ:Bad choice of initial value x

Here the method repeats infinitely:
Xo = X2 = X4 = = X1 = X3 = X5
This almost never happens ! (IZEAEHEYRISELY)
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NewtonjZ : Bad choice of initial value x (I1)

M fewn = 13,52, 60333, 208417, 153037, 1.57084. 1.570%)

The method finds a solution but not the one expected !
FRIEISEEZ R DT TLSA, BifFSN @A TIEHELY,
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Newtonj% : Bad choice of initial value Xg (I11)

xe )}y = {3.5358. 5.03075, 3.14337, 566.453, 567.144, 567.057)

/

The method falls on a point x; where f'(x;) = 0. That
doesn’t work!

This problem almost never occurs.
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NewtoniEEMNDE

e f(x) =cos(x) —x

T

* Newton #JHAME : x5 = .

cos(x,) — x,,

= X, — -
Fntl = An T T sin(x,) — 1

e Secant £|4%

HAtEx, = 0.5, (52) x4 —%
Xn+1 = Xn —
(Xm — xp—1)(cos(xy) — x)

(cos(xp) — xn) — (cos(xp—1) — Xp_1)
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Table 2.5
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Secant
Pn
0.7853981635
0.7363841388
0.7390581392

0.7390851493
0.7390851332

Newton
Pn

S W -=O

0.7853981635
0.7395361337
0.7390851781
0.7390851332
0.7390851332
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