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ACSC191: Discrete Mathematics 
 
 
 

Introduction 
 
 
Discrete mathematics is the part of mathematics devoted to the study of discrete 
objects; here discrete means consisting of distinct or unconnected elements. Discrete 
mathematics is used whenever objects are counted, when relationships between finite 
(or countable) sets are studied, and when processes involving a finite number of steps 
are analysed. 
 
Some students may ask why a computer science degree should include mathematics 
components. For many students, mathematics is interesting and/or enjoyable and this 
is reason enough. But why is mathematic compulsory for all students? 
 
Mathematics is intimately involved with computer science in two basic ways: 
 

• Ultimately, computers perform mathematical calculations. This is historically 
why computing was developed (by mathematicians such as Alan Turing). 

 
• Many of the major uses of computers are essentially solving mathematical 

problems. Physicists have used computers for a long time to predict results of 
experiments using mathematical models, and to analyse data taken during 
experiments. 

 
However, the most important reason for which all computer scientists should know 
some mathematics, is that it is the fundamental tool for describing and reasoning 
about computing issues. 
 
In order to be a competent historian it is necessary to read, write and comprehend 
English (or any other language). It is necessary to be able to write critical essays, and 
to use the power of the language to convey the points being made. Mathematics plays 
a similar role in computer science to that played by English in history. Just as 
historians do not need to be able to write novels or poetry, computer scientists do not 
need to be able to prove new mathematical theorems. However, one of the best ways 
to acquire skill in expression is to study novels and poetry, and one of the best ways to 
acquire mathematical literacy is to study mathematical results and applications. A 
historian does not need to be a poet, but he does need to be literate; and a computer 
scientist does not need to be a mathematician, but he does need to be mathematically 
literate. 
 
It is possible to view any task we wish to perform in terms of tools, techniques, and 
methodologies. The tools are the equipment available, the techniques are the 
(standard) ways in which the tools are operated, and the methodologies are the ways 
in which the techniques are combined to successfully perform the task.  
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Tools Techniques Methodologies 

Tennis shoes 
Tennis racket 
Tennis balls 
Tennis court 

Forehand 
Backhand 
Serve 
Volley 

Singles strategy 
Doubles strategy 
Specific opponents 

Terminal 
Keyboard 
Computer 
C++ / Pascal 
Compiler 

Typing skills 
Using the program constructs 
Using the compiler 
Using the operating system 

Produce an algorithm 

Mathematics 

Use of notation 
Proof by contradiction 
Generalisation 
Proof by induction 
: 

Mathematical modelling 
Axiomatic deduction 
: 

 
In general, the tools are provided (created) by someone else. The techniques for using 
the tools are taught by an instructor. The skill of finding a methodology for 
performing a given task can only be developed with practice and experience. 
 
The process of deciding how to (correctly) perform a task is referred to as problem 
solving. The task may be anything from beating a particular person at tennis to writing 
a program to calculate a specific result. 
 
Many mathematical methodologies for problem solving are types of mathematical 
modelling. Mathematical modelling consists of taking a ‘real’ situation and 
reformulating it in mathematical terms, so that we can use mathematical techniques to 
find a solution. The reformulation involves selecting some properties, ignoring others, 
and using more concise notation. This is called generalisation, and models which 
involve generalisation are called abstract models because we have abstracted away 
some unnecessary details to make the model simpler. 
 
For example, suppose we have the following problem: 
 

Mary has 35 pencils, which she bought for 12 cents each. How many pencils must 
she sell at 14 cents before she makes a profit? 

 
We break the problem down into small steps. The expenses are the amount Mary had 
to spend, the income is what she receives from her sales, and her profit is the income 
minus the expenses. 
 
  profit = income – expenses 
 
We can calculate the values of income and expenses: 
 
  expenses = (cost) × (number bought) = 12 ⋅ 35 = 420 
  income = (price) × (number sold) = 14 ⋅ (number sold) 
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Mary makes a profit when (income – expenses) > 0, i.e. when 
 
  14 ⋅ (number sold) > 420 
 
Using simple algebra we have that 
 
  (number sold) > 30 
 
so, Mary must sell more than 30 pencils before she makes a profit. 
 
We have done more than solving the pencils problem. We have produced an 
algorithm that can be used to write a general purpose computer program. Suppose that 
we are given the following task: 
 

Write a computer program that accepts the cost, the selling price, and the number 
of items bought, and outputs the number of items that must be sold before a profit 
is made. 

 
All we have to do is substitute variable names for the prices and quantities. Then the 
mathematical model above will provide us with an algorithm for solving the problem: 
 
 write(‘Enter number of items bought’) 
 read(number_bought) 
 write(‘Enter cost per item’) 
 read(cost) 
 write(‘Enter selling price’) 
 read(price) 
 
 need_to_sell = (cost * number_bought) / price 
 
 write(‘For a profit sell more than ’, need_to_sell) 
 
This can then be translated into the chosen programming language. 
 
Now lets look at another example of mathematical modelling, a road system. Suppose 
that there are six villages A, B, C, D, E, and F scattered over a given region. Also 
suppose that there are direct roads between some of the villages, as given in the 
following table: 
 
 
 Distance apart in km 

B 5     
C - 5    
D 10 10 20   
E - 20 - 20  
F - - 30 - 10 

Towns 

 A B C D E 
 Towns 
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Now suppose that, in the interests of conservation, it is decided to close some of the 
roads, leaving only the shortest amount of road needed to connect all the villages. 
Thus we have the following task: 
 

Find the smallest length of (existing) road needed to ensure that all the villages 
are connected. 

 
We begin by formulating the problem in mathematical terms, using graphs. A graph 
consists of a set of nodes, and a set of lines connecting selected nodes together. We 
can use a graph to represent our problems road system, the villages are nodes and the 
roads between them are edges. 
 
 
 

 
 
 
Later in the course we will see, using mathematical techniques, that if all the villages 
are to be connected there must be at least 5 roads. We will also see that if there are 6 
or more roads between the villages then some of the roads will be redundant, and can 
be removed without disconnecting the villages. Thus we deduce, by case analysis, that 
the shortest road system will have exactly 5 roads. The methodology that we will use 
to solve the problem is to check combinations of 5 roads, starting with the shortest, 
until we find a solution. 
 
The shortest possible length of road is 40 km, obtained by using the 5 shortest roads, 
A-B, B-C, A-D, B-D, E-F. 
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This is not a solution, as E and F are not connected to the other villages. 
 
The next shortest length is 50 km, using one of the roads of length 20 instead of one 
of length 10. Using B-E instead of B-D we get a solution, which our reasoning has 
shown is of the shortest possible length. 
 
 
 

 


