
Recap Quiz (3 min)
Consider the following LP .

maximise 22p-3162 + 3163

subject to x + 1 = 3

x + 32k6

x
, 20, 150 ,

K unrestricted.

) Label the (a) goal
(b) objective function

(constraints

(d) sign restrictions

2) If we transform this LP into standard

inequality form

(a) how many variables
will it have ?

16) how many constraints will
it have ?

3) Write down (in terms of matrices) what a

general linear program in standard inequality
fam locks like.







1.1. Introduction MTH5114 (Spring 2019)

Example 1.1. A university student is planning her daily food budget. Based
on the British Nutrition Foundation’s guidelines for an average female of her
age she should consume the following daily amounts of vitamins:

Vitamin mg/day
Thiamin 0.8

Riboflavin 1.1
Niacin 13

Vitamin C 35

After doing some research, she finds the following cost, calories, and vitamins
(in mg) per serving of several basic foods:

Food Cost Thiamin Riboflavin Niacin Vitamin C
Bread £0.25 0.1 0.1 1.3 0.0
Beans £0.60 0.2 0.1 1.1 0.0
Cheese £0.85 0.0 0.5 0.1 0.0
Eggs £1.00 0.2 1.2 0.2 0.0

Oranges £0.80 0.2 0.1 0.5 95.8
Potatoes £0.50 0.2 0.1 4.2 28.7

How can the student meet her daily requirements as cheaply as possible?

In the interest of simplicity, our example does not consider the requirements for
several Vitamins like B6, B12, Folate, A, and D, as well as limits on calories,
protein, fats, and sugars. However, this approach could easily be extended to the
full case; one early application of linear programming did exactly this.

To model this problem, we can introduce use six variables x1, x2, x3, x4, x5, and
x5 to express, respectively, the number of servings of bread, beans, cheese, eggs,
oranges, and potatoes the student purchases daily. Then, the total daily cost can
be written as:

0.25x1 + 0.60x2 + 0.85x3 + 1.00x4 + 0.80x5 + 0.50x6 . (1.1)

Now, we need to make sure that we eat enough of each of the 4 vitamins in our
example. If we look at the nutritional table, the number of milligrams of Thiamin
in the student’s daily diet can be expressed as:

0.1x1 + 0.2x2 + 0.0x3 + 0.2x4 + 0.2x5 + 0.2x6

Continuing in this way for each constraint (we will describe this process in more
detail next week), we arrive at the following mathematical model of our prob-
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Mathematical Program
Goal Objective Function

D

Constraints Variables Restrictions

1.1. Introduction MTH5114 (Spring 2020)

We can do the same thing for each of the other three vitamins, to get the following
3 inequalities:

0.1x1 + 0.1x2 + 0.53 + 1.2x4 + 0.1x5 + 0.1x6 � 1.1 (1.3)

1.3x1 + 1.1x2 + 0.1x3 + 0.2x4 + 0.5x5 + 4.2x6 � 13 (1.4)

0.0x1 + 0.0x2 + 0.0x3 + 0.0x4 + 95.8x5 + 28.7x6 � 35 . (1.5)

So, we want to select some non-negative values x1, x2, x3, x4, x5, and x6so that (1.1)
is minimised, under the constraint that our values must satisfy inequalities (1.2),
(1.3), (1.4), and (1.5). We write this formally as follows:

minimise 0.25x1 + 0.60x2 + 0.85x3 + 1.00x4 + 0.80x5 + 0.50x6

subject to 0.1x1 + 0.2x2 + 0.0x3 + 0.2x4 + 0.2x5 + 0.2x6 � 0.8

0.1x1 + 0.1x2 + 0.5x3 + 1.2x4 + 0.1x5 + 0.1x6 � 1.1

1.3x1 + 1.1x2 + 0.1x3 + 0.2x4 + 0.5x5 + 4.2x6 � 13

0.0x1 + 0.0x2 + 0.0x3 + 0.0x4 + 95.8x5 + 28.7x6 � 35

x1, x2, x3, x4, x5, x6 � 0

(1.6)

This is an example of what we call a mathematical program. Let’s look at the parts
in more detail:

Definition 1.1 (Mathematical Program). A mathematical program represents
an optimisation problem. It consists of 4 components:

1. A set of decision variables which may have sign restrictions. We give
these as a list at the bottom of the program, and say which variables
are non-negative (� 0), which variables are non-positive ( 0), and
which variables can be either positive or negative (we say these last are
unrestricted).

2. An objective function, that represents some function of the decision vari-
ables that we are trying to optimise. This appears in the first line of the
program, together with the next component...

3. A goal, which specifies whether we are trying to maximise or minimise
the objective function—that is, do we want to set the variables to make
this function as large as possible or do we want to set them to make it
as small as possible?

4. A set of constraints, given by equations and inequalities relating the
decision variables. We are only allowed to choose values for our variables
that make all of these inequalities and equations are true. These appear
after the phrase “subject to.”.
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