
Why do we need this?

is in general a set of  

nonlinear equations.  Usually no

analytical solution!

Smooth unconstrained minimization

The unconstrained problem: 

Assumptions:

Unconstrained minimization methods: 



Initial point and sublevel set

The unconstrained methods we consider require a starting point         such that:



Descent methods

(t was assumed 1 here)

Produce a sequence of  points with decreasing cost value



Line search types

Exact or backtracking?

Usually undesirable to devote

substantial resources to finding the

optimal value of t.

The resources to find a more precise

minimum for one particular direction

could be used to identify a better

search direction.



Gradient descent method

always satisfied!



Example

• Quadratic problem in two dimensions

• Let do solve few steps of  the gradient method on paper.

• Let implement the method in Matlab.
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Example – Matlab code

clear all;close all;

alpha=0.4;beta=0.9;

eps=1e-6;

syms x1 x2

f=0.5*(x1^2+20*x2^2);

Jac=jacobian(f)';

x=[20;1];

xtot=x;

fxtot=[];

tchosen=[];

flag1=0;

while flag1==0

x1=x(1);

x2=x(2);

fx=eval(f);

fxtot=[fxtot fx];

Jac_x=eval(Jac);

if norm(Jac_x,2)<=eps

flag1=1;

end

if flag1==1

break;

end

Dx=-eval(Jac);

t=1;

flag=0;

while flag==0

xtest=x+t*Dx;

x1=xtest(1);

x2=xtest(2);

fxtDx=eval(f);

if fxtDx<=fx+alpha*t*Jac_x'*Dx

flag=1;

else

t=beta*t;

end

end

tchosen=[tchosen t];

x=x+t*Dx;

xtot=[xtot x];

fxtot=[fxtot fx];

end

figure

subplot(1,4,1)

plot(xtot(1,:),'ro')

hold on

plot(xtot(1,:),'b')

xlabel('iterations')

ylabel('x_1');grid on;box on;

subplot(1,4,2)

plot(xtot(2,:),'ro')

hold on

plot(xtot(2,:),'b')

xlabel('iterations')

ylabel('x_2')

grid on;box on;

subplot(1,4,3)

plot(fxtot)

xlabel('iterations')

ylabel('f(x)')

grid on;box on

subplot(1,4,4)

plot(tchosen)

xlabel('iterations')

grid on;box on



Example – Results



Other methods

Other descent methods exist:

• steepest descent method

• the Newton’s method

• …

What do we do in the presence of  constraints? 

We will discuss methods for solving constrained LP programs.

Not part of  this course!


