2012 Basic Numerical Analysis

Course
Guidance




Intended Audience

. Grad. students who do not major In
computational physics

. Those who are not familiar with

scientific computing/programming

. Those who'd like to be able to do

numerical integration, matrix inversion
etc.

. Those who do not dislike programing




Course plan

Part 1 (Oct. 2 - Nov. 13, taught by Yoshida)

Overview, programming basics,
ODEs, PDEs, multi-dimension

Part 2 (Nov. 20 - Jan. 15, by Prof. Shimizu)

matrix operation. eigen-value
problems. Monte-Carlo method,
parallel computing




Important!

Unit and grade:

A problem set is given Iin each part,
.e., 2 reports, 50 points each.

Grade given out of 50 + 50 = 100 points.




L ecture 1

Large-scale computer simulations
Programming basics
Example programs

Root finding




Useful textbooks
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Numerical simulations

. Complex phenomena in 2D/3D
fluid, material, guantum mechanics, bio

. Compare theoretical models with
experiments/observations

. Visualize what cannot be easily seen
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Large-scale
simulations




Weather forecast

2011 Fukushima-Niigata storm
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Astrophysics

Star formaion in a

turbulen gas cloud




Fluid mechanics

Blood flow

Xy—view Time = 0.05 ms
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Engineering

Viscous fluid flow Into

a mold. A particle simulation.




Medical sciences
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In this class, “simulation” refers to,
mostly, finding numerical solution(s)
for a system that is described by well-
established governing equations (such
as Navier-Stokes, Newton’s eq.)

There are other types of
“simulations” used in TV news, media
etc which are not necessarlily the
outcomes of scientific computing.




Programming in C




Suppose you'd like to

Find a root of 3x3 + 4x® -6x + 1 = 0,
Intgerate 12 [og r over [0.1, 1.3],

or advance d, f +d, f =o in time.




“Solutions’

Forget about Iit. Find another prom.

Read a textbook

Use a software (e.g. mathematica)

Write your own program

The last one 1s what this course Is
meant for.




Basic structure

#include <stdio.h>
#include <math.h>
void factorial();
int main()
{
double a, b, c, d;
a = 3.24; b=1.59;
c =sqrt(b *b -4.0 * a);

return O;
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#include <stdio.h>

Library headers

#include <math.h>

void factorial(); function declaration

int main() main part
{

double a, b, c, d; variable declaration
a = 3.24; b=1.59;

c =sqrt(b *b - 4.0 * a); operations

return O;




Variables

In C, one can write
a, X, c14, volume, electron _mass, TEMP
as variables.
Their types are
B int,
EMCFH/NBRE) float, double
X ZF%5 char




Data type

integer constants 0 2 3245 /76892
floating point numbers
0.01 3.2 4.6/8e8

characters (strings)

“‘world” “Tokyo 113" "080-3921"




Variable declaration
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int main()

{
int i, J, k; _
—
double a, b, c, d;
i = 3;
a=2.3; b=1.59; c=0.05;
c=sqrt(lb*b-4.0*a-i*c);

return O:
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int main()

{
double a, b, c, d;
a=2.3; b=1.59; c=0.05;
c =sqrt(b *b -4.0 * a);
d = integrate_fx();

double factor = 3.4; Z_ Z_
a = factor * d;




It t Sz (expression, statement)

expressions
a+b
X=Y
a=b+cC
X <=Y

AN

statements
a = 0;
a=Db+c;
++;
{
pl = 3.14;
area=pl rr;
}
7R E
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increment & decrement
b =a++; &
b=a a=a+1; &@LU,
b =++a; &
a=a+l;b=a; &MRUo,
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#include <math.h>
ZXHBEICE < & UTOREZHEZD

acos(d), asin(d), atan(d)

cbrt(d), sgrt(d)

cos(d), sin(d),

cosh(d),sinh(d),tanh(d),

exp(d), log(d), log10(d), pow(d1,d2)
xlce. WKODDEHDOERNTWS:

M_PI, M_SQRT2, M E 72 &
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double factorial(int n);
int main()
{
int i; double fac;
for(i=0; i <10; i++)
fac = factorial(j);

cout<<fac<<endl;
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FEZESICE. EEEERDDE
double factorial(int n);
int main()
{
int i; double fac;
for(i=0; i <10; i++)
fac = factorial(j);

cout<<fac<<endl;
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