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1∗ Find the minimum of the one-dimensional function f(x) = x4 − 2x2 + 5 using
Matlab.

(a) Use the editor nedit to construct a function file lab6q1a.m with the
following lines:
function y = lab6q1a(x)
y = x^4 - 2*x^2 + 5;

(b) The Matlab command to find the minimum of the function given by the
function m-file fun.m in the interval x1 ≤ x ≤ x2 is x=fminbnd(’fun’,x1,x2).
Use fminbnd with lab6q1a.m to find the minimum of f(x) in 0 ≤ x ≤ 10.
[There is an older version of fminbnd around called fmin.]

(c) A second way to find the minimum of f(x) is to solve the equation f ′(x) =
4x3 − 4x for the critical points of f . Construct a function file lab6q1c.m

for f ′ and then use the command x=fzero(’lab6q1c’,x0), where x0 is
an initial guess of x.

2∗ Find the eigenvalues of the matrix B, where

B =

 7 2 −4
2 4 −2
−4 −2 7

 ,

using Matlab as follows:

(a) Use the Matlab command eig(B).

(b) Use the Matlab command p=poly(B) to find the characteristic polynomial
of B. [Note that p only contains the coefficients of the polynomial.] Then
use the command roots(p) to find the zeros of the polynomial given by
the coefficient vector p.



3∗A Find the eigenvalues and eigenvectors of the matrix A, where

A =

 7 −2 1
−2 10 −2
1 −2 7

 ,

using the Matlab commands:
>> [P,D]=eig(A) % columns of P are eigenvectors

% diagonal elements of D are eigenvalues

>> Ptran=P’ % transpose P

>> P*Ptran % Check P is orthogonal

>> Ptran*P % Other condition P is orthogonal

>> B=P*D*Ptran % B should equal A

4∗ Consider the function

f(x, y) = 6x2 + 8y3 + 3(2x+ y − 1)2.

(a) Construct a function file lab6q4a.m for f(x) with the following lines:
function y = lab6q4a(x)

y = 6*x(1)^2 + 8*x(2)^3 + 3*(2*x(1)+x(2)-1)^2;

Use the Matlab command x=fminsearch(’lab6q4a’,x0) to find the min-
imum of f near the point x0.

(b) Construct a function file lab6q4b.m for ∇f(x) with the following lines:
function grad_f = lab6q4b(x)

grad_f(1) = 12*x(1) + 12*(2*x(1)+x(2)-1);

grad_f(2) = 24*x(2)^2 + 6*(2*x(1)+x(2)-1);

Use the Matlab command [x,f0]=fsolve(’lab6q4b’,x0) to solve the
equations ∇f(x) = 0 near the point x0. Check that f(x, y) has two
critical points.

(c) Use the Matlab command eig(H) to find the eigenvalues of the Hessian
matrix H of f and hence check that the two critical points of the function
are a local minimum, with f(x, y) = 11/16, and a saddle point.



(d) Use the following Matlab commands to generate a contour plot of the
function f , with 100 contour levels and thus check your analytical work:
>> xx = 0.0 : 0.01 : 0.5;
>> yy = -0.5 : 0.01 : 0.5;

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

>> z = 6*x .*x + 8*y .^3 + 3*(2*x + y - 1) .^2;

>> contour(xx,yy,z,100);

Note that Matlab draws the minimum contour first.

The meshgrid command generates a rectangular grid with x varying from
0 to 0.5 in steps of 0.01 and with y varying from −0.5 to 0.5 in steps of
0.01 .

The dot in a statement like
>> z = x .* y

means that z(i, j) = x(i, j) ∗ y(i, j) for all i, j, i.e. the operation is per-
formed element by element.

5. Check graphically using Matlab that the function

f(x, y) = sinxy − cos(x− y)

attains a global minimum at x = y =
√

3π/2 and whether this minimum is
unique.

6∗A A company can purchase up to 12 units of a raw material at a cost of $0.25/unit.
Four units of the raw material can be processed into one unit of product X at
a processing cost of $3.00 for each unit of X produced, and two units of the
raw material can be processed into one unit of product Y at a processing cost
of $1.50 for each unit of Y produced. If x units of product X are produced,
product X sells for $(10 − x) per unit. If y units of product Y are produced,
product Y sells for $(8 − 2y) per unit. The company wishes to maximise its
profit.

(a) Show that, to produce x units of X and y units of Y, the cost of the raw
material is x + 0.5y and the cost of processing is 3x + 1.5y. Hence show
that the profit in dollars is given by:

f(x, y) = x(10− x) + y(8− 2y)− 4x− 2y.

Formulate the problem as a nonlinear programming problem subject to
constraints.

(b) Convert the problem in part (a) to a minimisation problem and show
that the corresponding Lagrangian function, ignoring the non-negativity
conditions, is

L = x2 + 2y2 − 6x− 6y + λ(4x+ 2y + s2 − 12)

where λ ≥ 0.



(c) Use the Lagrangian function to determine necessary and sufficient condi-
tions for maximum profit. Hence find the optimal solution to the problem
using the Matlab command fsolve.

(d) Solve the problem in Part (a) using the Matlab constrained minimisation
command fmincon. [Use help fmincon.]

(e) Solve the problem Part (a) using the Matlab quadratic programming com-
mand quadprog. [Use help quadprog.]


