D1: LINEAR PROGRAMMING (i) (FURTHER MATHS) 


1)  A cocktail includes three ingredients: amaretto, brandy and cointreau.
The basic cost of a cocktail is 50 pence.  To this is added 12 pence for each ml of amaretto, 20 pence for each ml of brandy and 15 pence for each ml of cointreau.

No cocktail may have more than 20 ml of any one ingredient.  The total of the three ingredients must be at least 20 ml and no more than 40 ml.

The amount of amaretto plus the amount of cointreau must be no more than the amount of brandy.

Identify the variables for this situation and write down a linear programming formulation for finding the cheapest cocktail that can be made subject to all the constraints.  You are NOT required to solve this LP problem.
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2)  A bakery makes two types of pizza, large and medium.  Every day the bakery must make at least 40 of each type.  Every day the bakery must make at least 120 in total but not more than 400 pizzas in total.  Each large pizza takes 4 minutes to make, and each medium pizza takes 2 minutes to make.  There are four workers available, each for five hours a day, to make the pizzas.  The bakery makes a profit of £3 on each large pizza sold and £1 on each medium pizza sold.

Each day, the bakery makes and sells x large pizzas and y medium pizzas.  The bakery wishes to maximise its profit, £P.

a)  Show that one of the constraints leads to the inequality 
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b)  Formulate this situation as a linear programming problem.
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c)  Draw a suitable diagram to enable the problem to be solved graphically, indicating the feasible region and an objective line.











[5]

d)  Use your diagram to find the maximum daily profit.
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e)  The bakery introduces a new pricing structure in which the profit is £2 on each large pizza sold and £2 on each medium pizza sold.

(i) Find the new maximum daily profit for the bakery.
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(ii) Write down the number of different combinations that would give the new maximum daily profit.
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3)  The manufacture of sheets of first class postage stamps involves three processes – printing, perforating and checking.
A sheet of ordinary stamps takes 4 seconds to print, 5 seconds to perforate and 3 seconds to check.  A sheet of special stamps takes 6 second to print, 2 seconds to perforate and 8 seconds to check.

There are 100 minutes of printing time available, there are 100 minutes of perforating time available and there are 100 minutes of checking time available.

Let x be the number of sheets of ordinary stamps and y be the number of sheets of special stamps that are manufactured.

(i) By considering the number of sheets of stamps that can be printed in 100 minutes, show that 
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.  Write down four other inequalities that must be satisfied by the variables x and y.
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(ii) Represent the inequalities graphically, using a scale of 1 cm = 1000 units on each axis.  Shade the regions where the inequalities are NOT satisfied.
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There are 240 stamps on each sheet of ordinary stamps and 100 stamps on each sheet of special stamps.  The objective is to maximise the total number of stamps manufactured.

(iii) Write down the objective function in terms of x and y.

(iv) Draw on your graph, and label clearly, the lines representing the cases in which the objective function takes the values
(a)  48000,
(b) 96000,
(c) 144000.




[2]

(v) Calculate the exact values of x and y that satisfy all the constraints and give the greatest total number of stamps manufactured.  Why is this solution not practical?
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(vi) Suppose that there are Z stamps on each sheet of special stamps, instead of 100.  What is the smallest value of Z for which the values of x and y found in part (v) are still optimal?
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The topics that I need to study further are …
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