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1∗ A company is planning to spend up to $10,000 on advertising. It costs $3,000
per minute to advertise on television and $1,000 per minute to advertise on
radio. If the firm buys x minutes of television advertising and y minutes of
radio advertising, its revenue in thousands of dollars is given by:

f(x, y) = −2x2 − y2 + xy + 8x+ 3y.

The firm wishes to maximise its revenue.

(a) Formulate the above as a nonlinear programming problem subject to con-
straints.

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

L = 2x2 + y2 − xy − 8x− 3y

+ λ (3000x+ 1000y + s2 − 10000)

where you should define all new terms, and where λ ≥ 0.

(c) Use the Lagrangian function to determine necessary and sufficient con-
ditions for maximum revenue. Hence find the optimal solution to the
problem.

2∗ 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.

3∗A Use the Kuhn-Tucker conditions to find the minimum of the function

f(x, y) = 3x2 − 2xy + 3y2 − 4x− 4y + 8

subject to the conditions x+ y = 8, x ≥ 2, y ≥ 2.

4A Use the Kuhn-Tucker conditions to find the minimum of the function

f(x1, x2) = x21 + x2

subject to the condition x1 + 2x2 ≤ 5 with x1, x2 ≥ 0.

5A Purchasing strategy A company can purchase up to 17.25 kg of a chemical for
$10/kg. At a cost of $3/kg the chemical can be processed into a kilogram
of product 1, and at $5/kg the chemical can be processed into a kilogram of
product 2. If x1 kg of product 1 are produced, product 1 sells for $ (30 − x1)
per kg. If x2 kg of product 2 are produced, product 2 sells for $ (50 − 2x2).

(a) Formulate the problem mathematically.

(b) Use the Kuhn-Tucker conditions to determine how the company can max-
imise profits.

6. An oil company must determine how many barrels of oil to extract over the
next two years. If x1 million barrels are extracted in year 1, each can be sold
for $(30 − x1). If x2 million barrels are extracted in year 2, each can be sold
for $(36 − x2). The cost of extracting x1 million barrels during year 1 is x21
million dollars, and the cost of extracting x2 million barrels during year 2 is
x22 million dollars. A total of 20 million barrels of oil are available and at most
$200 million can be spent on extraction.

(a) Formulate the nonlinear programming problem for maximising profit, in-
cluding all constraints.

(b) Solve the oil-company problem.

7A There are two companies who intend to produce printed T-shirts for an open-air
concert. Company A can produce x shirts for 10x dollars, while company B can
produce y shirts for y2/1000 dollars. If there are z shirts available, customers
will pay 20 − z/2, 000 dollars for each one. (Assume that z < 40, 000.)

(a) The companies want to work together so as maximise their joint profit.
Assuming that company A produces x shirts and together they produce
z shirts, determine an expression for their joint profit. Then write down
the nonlinear programming problem corresponding to this, including the
appropriate non-negativity constraints.

(b) Solve the T-Shirt problem.


