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A  system of nonlinear equations

Newton’s method 
Levenberg-Marquardt method  
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Outline

• A system of nonlinear equations 
• Matlab toolbox: fsolve 
• fsolve by the Levenberg-Marquardt method  
• Newton’s method for nonlinear system solving 

• Updating rule 
• Matlab implementation 

•
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 function F = myfun(x) 

    F(1) =  x(1)^2 + x(2)^2-1; 

    F(2) =  x(1)^2 - x(2)^2; 

return

f1(x1, x2) = x2
1 + x2

2 − 1
f2(x1, x2) = x2

1 − x2
2



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]) 

f1(x1, x2) = x2
1 + x2

2 − 1 = 0
f2(x1, x2) = x2

1 − x2
2 = 0



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)) 

zeros



function demo_fsolve_0()
fun = @root2d;
x0 = [0,0];
x = fsolve(fun,x0)
root2d(x)

function F = root2d(x)

F(1) = exp(-exp(-(x(1)+x(2)))) - x(2)*(1+x(1)^2);
F(2) = x(1)*cos(x(2)) + x(2)*sin(x(1)) - 0.5;

e−e−(x1+x2) − x2(1 + x2
1) = 0

x1cos(x2) + x2sin(x1) −
1
2

= 0
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options = optimoptions('fsolve')
options = optimoptions('fsolve','Algorithm', 'levenberg-marquardt')



function demo_fsolve_1()
% problem setting
problem.x0 = [0,0];

display('fsolve by levenberg-marquardt');
options = optimoptions('fsolve','Algorithm', 'levenberg-marquardt')
 

FUN=@(x)root2d(x);
tic
x = fsolve(FUN,problem.x0,options);
toc
root2d(x)

end
 
function F = root2d(x)
F(1) = exp(-exp(-(x(1)+x(2)))) - x(2)*(1+x(1)^2);
F(2) = x(1)*cos(x(2)) + x(2)*sin(x(1)) - 0.5;
end



function demo_fsolve_2()
% problem setting
problem.x0=[0,0];
options = optimoptions('fsolve')
 

FUN=@(x)root2d(x);
tic
x = fsolve(FUN,problem.x0,options);
toc
root2d(x)

end
 
function F = root2d(x)
F(1) = exp(-exp(-(x(1)+x(2)))) - x(2)*(1+x(1)^2);
F(2) = x(1)*cos(x(2)) + x(2)*sin(x(1)) - 0.5;
end

e−e−(x1+x2) − x2(1 + x2
1) = 0

x1cos(x2) + x2sin(x1) −
1
2

= 0



function demo_fsolve3()
% problem setting
x0 = [0,0,0];
options = optimoptions('fsolve','Algorithm', 'levenberg-marquardt')
 
display('fsolve by levenberg-marquardt');
c=[1 1 1 2 -1 1 1 3 -1];
f = @(x)root3d(x,c);
tic
x = fsolve(f,x0,options);
toc
root3d(x,c)
 
end
 
function F = root3d(x,c)
F(1) =c(1)*x(1)^2+ c(2)*x(2)^2+c(3)*x(3)^2-4;
F(2) =c(4)*x(1)+ c(5)*x(2)+c(6)*x(3)-1;
F(3) =c(7)*x(1)+ c(8)*x(2)+c(9)*x(3)-3;
 
end

c1x2
1 + c2x2

2 + c3x2
3 = 4

c4x1 + c5x2 + c6x3 = 1

c7x1 + c8x2 + c9x3 = 1


