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function F = myfun(x)
F(1) = x(1)™2 + x(2)"N2-1;
F(2) = x(1)™2 - x(2)"2;
return

fi1(xp, %) = x12 + x22 — 1

.
Fr(xp,x) = x{ — x5
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symbols

s1="x1"2+x2"2-1";
s2=x1"2-x2"2";
X1=sym('x1’)
X2=sym('x2’)



Inline Function

f=inline([str2sym(s1);str2sym(s2)]);
f(0,0)



fsolve

x=fsolve(@(x) [x(1)*2+x(2)"2-1 x(1)"2-x(2)"2],[1 1])

0.7071 0.7071




s1="x1"2+x2"2-1";
s2=x1"2-x2"2";

x1=sym('x1")
X2=sym('x2")
f=inline([str2sym(s1);str2sym(s2)
f(x(1),x(2)) <

ans =

1Zeros

1.0e-11 *

0.2282
0




Jacobian
A=jacobian([str2sym(s1);str2sym(s2)],[x1 x2]);
J=inline(A); o
J(1;1) fl('xl’x2)='xl +.X2—1

2 2
Jo(xy, X)) = x{ — X3

) EACIASN

A = ox, 0x,
of,(x)  9f,(%)

- 2*x1, 2*%x2] o, ox,

- 2*%x1, -2*x2]



Nonlinear system

A system of nonlinear equations

(X, X0 X,)

XigXgogeaes X
F(x 3y, = | 200 )

S (XX 500X,)

115 f55e-e» f, are coordinate functions of F
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1
3x, —cos(x,x;) — 5= 0

x> —81(x, +0.1)% +sin(x,) +1.06 = 0

e +20x, + %(1 O —3) =0
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function F = myfun(x)
F(1) = 3*x(1)-cos(x(2)*x(3))-1/2;
F(2) = x(1).~2 -81*(x(2)+0.1).~2+sin(x(3))+1.06;

F(3) = exp(-x(1)*x(2))+20*x(3)+1/3*(10*pi-3);
return
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Example
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Newton’'s method -Tangent line
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Updating rule

ACH.
ACH

X : scalar

X : vector

X, =X, -[J(x)]'F(x,)




Taylor series

» Second order expansion at x= x,

F(x+ Ax) = F(x) + J(X)AX + %AXTH(X)AX

Jacobi matrix Hessian matrix

AX <X -X ,

n?o

F(x) —-—F<xn>+J<x,,,)<x—xn>+§<x—xn>TH<xn><x—xn>
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Hessian Matrix

ERACRERAOR

x; ox, 0x,

82f2(x) 82f2(x) |

ox, 0x, dx3

RACIERAOY

ox ox, ox ox,
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Jacobi matrix

(X)) ()
ox, ox,
AOIAC

ox, 0x,

TAOEACE

ox, 0x,
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2 2 2

I x; +x; +x; =4
|

2%, —Xx, +x, =1

X, +3x,—x,=3

Y A S

ox, ox, ox,
of,(x) (X)) - Ih(X)
J(x)=| ox ox, ox,

X)X X

ox, ox, ox,




2 2 2
X, +x5 +x; =4

X1=sym('x1)
X2=sym('x2’)
x3=sym('x3’)

j=inline(A);

s1="x1"2+x2"2+x3"2-4";
§2=‘2*x1-x2+x3-1";
s3=‘x1+3*x2-x3+3";

A=

[ 2*x1, 2*x2, 2"x3]
2, -1, 1]
1, 3, -1]

A=jacobian([str2sym(s1);str2sym(s2);str2sym(s3)],[x1 x2 x3]);

J(X) = :

2%, —x, +x;, =1

X, +3x,—x,=3




First order expansion

o
Set zero to

F(x)=~F(x,)+J(x,)(X-X,)
F(x,)+J(x,)(x-x,)=0 = x=x, -J"(x,)F(x,)
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Newton’s method

|
Xn+1 = Xn _[J(Xn)] F(Xn)
X X X))

ox, ox, ox,
df,(x)  9f,(x) | df,(X)
0X, ox, ox,

M

of,(x) ¥ (%)

ox, ox, ox,
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Flow Chart

function x=Newton2(x0,s1,s2,s3)

o symbols
Initialization
1 Inline function

ep=10%(-6); x=x0;
y=f(x(1).x(2),x(3)); it=0;

Jacobian

~ halting
condition

Xn+1 = Xn - [J(Xn)]lF(Xn)
n=n+l

| 2
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s1="3*x1-cos(x2*x3)-1/2’;
s2=x1"2 -81*(x2+0.1)"2+sin(x3)+1.06’;
s3="exp(-Xx1 x2)+20*x3+1/3*(10*p1 3)
X1=sym('x1) symbols

X2=sym('x2") —
X3=sym('x3’)




inline Function

f=inline([str2sym(s1);str2sym(s2) ;str2sym(s3)]);
f(0,0,0)

Inline function




Jaconian

A=jacobian([str2sym(s1);str2sym(s2) ;str2sym(s3)],[x1 x2 x3]);

j=inline(A); v

1(1,1,1)

Jacobian




Symbols, inline and Jacobian

symbols =

s1="3*x1-cos(x2*x3)-1/2"; —— —
s2="x1°2 -81*(x2+0.1)"2+sin(x3)+1.06" Inline function
s3="exp(-x1*x2)+20*x3+1/3*(10*pi-3)’;
x1=sym('x1');x2=sym('x2');x3=sym('x3’); _
f=inline([str2sym(s1);str2sym(s2) ;str2sym(s3)]);
A=jacobian([str2sym(s1);str2sym(s2) ;str2sym(s3)],[x1 x2 x3])
j=inline(A);

Jacobian J




ep=10"(-6); x=x0;
y=t(x(1),x(2),x(3)); it=0;




while sum(a
X=X-inv(j(x(1
y=t(x(1),x(2)

bs(y)) >ep & it <100
),

(?) X(3)))"Y;

X(3))

It=1t+1

end

X conditing
L,

X, =X, -[J(x,)]'F(x,)

n=n+1
|




« Implement the Newton’s method for
solving a three-variable nonlinear system

 Test your matlab codes with the following
nonlinear system

1
3x —COS()C)C)——=O 2 2 2
! 237 g X, +x,+x; =4

X =810, +0.)° +5in(x,) +1.06=0 oy 4 o]

—X|X 1
e 12+2Ox3+§(10:rc—3)=0 X +3x, —x; =3
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