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Gradient descent method 
 Introduction 
The class before this week, we discussed about the Golden section search, the 

Newton’s method and the Secant method. They are ways to find the minimizer but 

they are limited in two dimensions. The Gradient decent solved this problem. It used 

‘Gradient’ to derivative a function into several dimensions. 

𝑿𝑘+1 = 𝑿𝑘 - αk * ▽f(𝑿𝑘), which αk is step size and ▽f(𝑿𝑘) is search direction. 

 Question1 
Discuss how the step size in gradient descent methods affects the algorithm 

performance. 

I use f = x*e(-x2-y2) as my example to discuss question 1. 

x = -2:0.01:0;      %plot the function 

y = -2:0.01:2; 

[xx,yy] = meshgrid(x,y); 

ff = xx.*exp(-xx.^2-yy.^2); 

subplot(1,2,1); mesh(xx,yy,ff) 

 

xk = [-1 1];             %initial point 

c = 0.1;                %step size 

times = 40;              %iteration rate 

 

syms x; syms y;     %set x and y as my variable 

f = x.*exp(-x.^2-y.^2);     

fxy = gradient(f);     %gradient to my function 

 

for i = 1:times; 

    x = xk(1);     %substitute x 

    y = xk(2);     %substitute y 

    gra(i,1) = xk(1);    %save value x 

    gra(i,2) = xk(2);    %save value y 

    dir = subs(fxy); 

    xk(1) = xk(1) - c*dir(1);   %use gradient descent method 

    xk(2) = xk(2) - c*dir(2); 
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    hold on; 

    plot(xk(1),xk(2))    %plot the point we calculated 

end 

gra 

 

subplot(1,2,2); 

for  j = 1:times-1;     %calculate the difference 

    p1 = gra(j,:); 

    p2 = gra(j+1,:); 

    diff(j) = norm(p1 -p2); 

    m(j) = j; 

end 

plot(m,diff) 

diff 

 

We can see Table 1 as following. White points present our point we found and only 

plot in x-y axis. If the step size is smaller, and then the efficiency for finding 

minimizer is more accurate but slowly finish. 

Table 1ouput for question1 

Initial point = [-1 1], step size = 0.1 and iteration number = 40. 

Final point as minimizer is [-0.7085 0.0697] 

 

Initial point = [-1 1], step size = 1 and iteration number = 40. 

Final point as minimizer is [-0.7071 0.0000] 



1010602 YiWen Chen 2015.4.3 

 

Initial point = [-1 1], step size = 0.1 and iteration number = 10. 

Final point as minimizer is [-0.8702 0.7201] 

 

Initial point = [-1 1], step size = 1 and iteration number = 10. 

Final point as minimizer is [-0.7059 0.0000] 
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 Question 2 
Let “*” denote multiplication operation. Implement the steepest descent 

algorithm to solve following function.  

Now I used second problem as sample code. 

x = -3:0.01:3;         %set the bound of my function 

y = -3:0.01:3; 

[xx,yy] = meshgrid(x,y);  

ff = 3.*(xx.^2+yy.^2)+4.*xx.*yy+5.*xx+6.*yy+7; 

%subplot(1,2,1); 

hold on; 

%mesh(xx,yy,ff)        %plot it in third dimension 

 

xk = [1 1];                %initial point 

c = 0.1;                   %step size 

times = 2;                 %operation times start from 2 

precision = 1;         %precision as my stop criteria  

gra = [0 0];         %save point 

j = 1; 

 

syms x; 

syms y; 

f =( 3.*(x.^2+y.^2)+4.*x.*y+5.*x+6.*y+7 );   %set my function 

fxy = gradient(f)        %gradient my function 

f =@(x,y)( 3.*(x.^2+y.^2)+4.*x.*y+5.*x+6.*y+7 ); 

for c = 0.1:0.05:2        %try different step sizes 

    while precision > 0.001 && times <200   %stop criterion 

        x = xk(1); 

        y = xk(2); 

        gra(times,1) = xk(1);     %save point x 

        gra(times,2) = xk(2);      %save point y 

        value = subs(f); 

        gra(times,3) = value; 

        dir = subs(fxy); 

        xk(1) = xk(1) - c*dir(1);     %use gradient descent 
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        xk(2) = xk(2) - c*dir(2); 

        %plot(xk(1),xk(2)) 

 

       %calculate difference between last and currently point 

       diff(times)=abs(f(gra(times,1),gra(times,2))-f(gra(times-1,1),gra(times-1,2))); 

        precision = diff(times); 

        times = times + 1;      %iteration times 

    end 

    lin(j,1) = c;        %save step size 

    lin(j,2) = times        %save iteration times 

    xk = [1 1]; 

    times = 2; 

    precision = 1; 

    j = j + 1; 

end 

drawX = lin(:,1)'; 

drawY = lin(:,2)'; 

plot(drawX,drawY); 

 f(x, y, z)=(x-4)^4+(y-3)^2+4*(z+5)^4 
I set initial point = [5 4 -5], step size = 0.05:0.05:1, and then I can get 0.5 as the best 
step size in this function, shown in Figure 1. It only takes 5 times to get x*, y* and z*. 

 

Figure 1 problem1 relationship between iteration times and step size 

As a result, Figure 2 is the figure and difference for every step of problem2 by the 

steepest descent algorithm. x* = 5 , y* = 3, z* = -5 and f(x*,y*,z*) = 1. This is a 

special condition that its gradient cannot decide direciotns. 
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Figure 2 problom1 by the steepest descent algorithm 

 f(x, y)=3*(x^2+y^2)+4*x*y+5*x+6*y+7 
I set initial point = [-1 -1], step size = 0.1:0.05:2, and then I can get 0.2 as the best 
step size in this function, shown in Figure 3. It only takes 9 times to get x* and y*. 

 
Figure 3 problem2 relationship between iteration times and step size 

As a result, Figure 4 is the figure and difference for every step of problem2 by the 

steepest descent algorithm. x* = -0.7542 , y* = -1.2458 and f(x*,y*) = 5.8750. 

 
Figure 4 problom2 by the steepest descent algorithm 
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 f(x, y)=z^ T[3/2 2;0 3/2]z+ z^ T[3;1]-22 where z=[x; y] 
I set initial point = [1 -1], step size = 0.1:0.1:1, and then I can get 0.4 as the best step 

size in this function, shown in Figure 5. It only takes 12 times to get x* and y*. 

 
Figure 5 problem3 relationship between iteration times and step size 

As a result, Figure 6 is the figure and difference for every step of problem 3 by the 

steepest descent algorithm. x* = -1.7927 , y* = 0.1927 and f(x*,y*) = -22.9999. 

 
Figure 6 problom3 by the steepest descent algorithm 
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