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By the end of this session you will 
have:
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Discovered the uses of Graph Theory and Algorithms to solve real world 

problems.

Experienced approaches to teaching and learning which support the 

aims of the specification

Experienced Minimum Spanning Trees (MST) and their applications.
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Networks and Graph Theory: Introduction
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Graph Theory is a branch of Mathematics concerned with networks of points connected by lines.

(Applied Maths Specification, p. 17)

Formulating 
Problems

Evaluating 
Solutions

Translate to 
Mathematics

Computing 
Solutions

Mathematical 
Modelling
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Task 4: New Broadband for Mallow!
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What information does Sean require in order to complete 
this plan?

“determine what assumptions are 
necessary to simplify the problem 

situation”
Specification p. 16

Seán works for the County Council who are planning to 
connect a number of buildings in Mallow, Cork with an 
upgraded broadband network. 

They will connect the buildings by laying cables in the ground 
following the current road layout.
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New Broadband for Mallow!
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Map of Mallow

McDonalds Costa Coffee Garda Station Tesco Library

Buildings to be connected:

https://www.google.com/maps/place/Mallow,+Co.+Cork/@52.1374423,-8.6451578,17.5z/data=!4m5!3m4!1s0x4844b955db9242eb:0xa00c7a9973212f0!8m2!3d52.1389762!4d-8.6539164
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Garda Station

Costa

Library

Tesco

McDonald’s

Road distances between each building (to the nearest metre)

Garda  St. Costa McDonald’s Tesco Library

Garda St. - 500 170 900 550

Costa 500 - 400 700 300

McDonald’s 170 400 - 600 400

Tesco 900 700 600 - 700

Library 550 300 400 700 -

“research the background to a 
problem to analyse factors or 
variables that affect the situation      
- determine information relevant to 
the problem  
-determine what assumptions are 
necessary to simplify the problem 

situation”
Specification p. 16
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Task 4: Reflection on your Approach:
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What factors influenced your decisions?

Could your approach be improved? 

Give a reason as why you didn’t  include both 400 
metre options?
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Understanding Terminology
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Vertex/Node

Weight
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“Students should be able to: use and apply the 
following network terminology: vertex / node, 
edge/arc, weight, path, cycle.”
Specification p. 17

Edge/Arc
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Paris

Edinburgh

Dublin
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What defines a Tree?
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“Students should be able to demonstrate an 
understanding of the concepts of tree, 
spanning tree, minimum spanning tree in 
appropriate contexts”
Specification p. 17

Given your understanding of what a tree is, can you explain what a spanning 
tree and a minimum spanning tree are?

Oslo

Monaco

Paris

Edinburgh

Dublin



To format the body text, simply 
highlight the specific line(s) of 
text and click ‘tab’ or press 
‘increase/decrease list level’ 
button. If you continue to click 
the ‘Tab’ button and the text 
turns red you have tabbed too 
far and should use the ‘decrease 
level’ button to return to 
compliant text.

Do not use the bullet point 
button to format your text.

What is a Minimum Spanning Tree?
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A Minimum Spanning Tree (MST) is a  ______    _______ such that the total weight of its _____ is as 
_____ as possible.

Minimum Spanning Tree
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“Students should be able to 
demonstrate an understanding of the 
concepts of tree, spanning tree, 
minimum spanning tree in appropriate 
contexts”.
Specification p. 17
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Task 5: Describe the Best Approach
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Create a step-by-step approach to create a Minimum Spanning 
Tree (MST) for any network using suitable terminology.

What other applications could this approach be used for?
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Kruskal’s Algorithm
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1. To begin, select the edge of least weight.

Note: Kruskal’s algorithm is a greedy algorithm which is where it builds up a 
solution piece by piece, always choosing the next piece that offers the most 
obvious and immediate benefit.

“use algorithms to solve problems ”
Specification p. 17

4.   Repeat step 2 until all vertices are connected.

3.   If there is a choice of equal edges, it has no effect which you choose first.

2.   Find the next edge of least weight. If it would form a cycle with the edges 

     already selected, don’t choose it. If not then add it to the MST.

The purpose of Kruskal’s Algorithm is to find a 

subset of the edges that forms a tree and 

includes every vertex where the total weight of 

all of the edges is a minimum.
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What is an Algorithm?

15

http://www.youtube.com/watch?v=e_WfC8HwVB8
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Applications of Graph Theory 
using Algorithms
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Source: Mathigon

“Students should be able to: represent 
real-world situations in the form of a 
network.”

Reflecting on each of the four images above, is it immediately clear how each one may 
have a link with graph theory?
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By the End of this Session you will have:
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Experienced additional approaches to teaching and learning which support the aims 

of the specification.

Explored the benefits of Professional Learning Communities (PLCs) and the role

they play in professional development.

An understanding of Prim’s algorithm and its distinctions with Kruskal’s Algorithm. 

Further developed your understanding of how to use algorithms and the role of 

mathematical modelling in doing so.
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Task 6: Kruskal’s Algorithm
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For the network below, a student has commenced finding the minimum spanning tree (MST) using Kruskal’s 
algorithm. The student’s work is highlighted in red. 
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1. To begin, select the edge of least weight.

2. Find the next edge of least weight. If it would form a cycle with the 

edges already selected, don’t choose it. If not then add it to the MST.

3. If there is a choice of equal edges, it has no effect which you choose first.

4. Repeat step 2 until all vertices are connected.

Is the student’s work correct so far? If not, please correct it and then complete 
the MST to determine the weight of the tree. 
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Response 1
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Task 6 - Solution
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Task 7: Plan Jennifer’s Day
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“determine what assumptions are necessary to 
simplify the problem situation”

Specification p. 16

Jennifer is a GAA coach and is looking to increase the uptake of camogie amongst primary school 

children in different counties. On Tuesday she will visit Tipperary to deliver equipment and she is 

hoping to get all of her visits done in one day. She must visit one school in each of: Nenagh, 

Thurles, Clonmel, Carrick-on-Suir, Cashel and Roscrea. 

She will start in Carrick-on-Suir school and will not return to Carrick-on-Suir.

What information is required to ensure that her journeys are completed as effectively as possible?
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Task 7: Plan Jennifer’s Day
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(a)

“It is anticipated that digital 
technology will be used as a learning 
tool in some aspects of this course.”
Specification p. 6

Time to Travel between Towns (in minutes)

Nenagh Roscrea Thurles Cashel Clonmel
Carrick-On-

Suir

Nenagh - 25 39 - - -

Roscrea 25 - 39 - - -

Thurles 39 39 - 21 44 57

Cashel - - 21 - 30 -

Clonmel - - 44 30 - ?

Carrick-On-
Suir

- - 57 - ? -

Task: Use digital technology to find any unknown times, all times can be rounded to the nearest minute.

(a) Create the overall network, using the direct connections as shown in the table above. 

  (c)    Determine her total time driving in visiting all of the towns. 

(b)    Identify the most efficient way for her to visit all of the towns if she must start in Carrick-on-Suir.
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Task 7: Plan Jennifer’s Day
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(c) Total time = 25 + 39 + 21 + 30 + 18 = 133 mins18
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Prim’s Algorithm
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1. To begin, pick any vertex/node (unless a predetermined 
one is indicated).

2. Find all the edges that connect the tree to new nodes, 
select the minimum and add it to the tree, ensuring to 
avoid cycles.

3. Keep repeating step 2 until we get a minimum spanning 
tree with all nodes connected and cycles avoided.

It can be helpful to write a visited list to keep track of nodes 
that are already in the minimum spanning tree.

“use appropriate algorithms to find minimum 
spanning trees”
Specification p. 17

Note: Prim’s algorithm is a greedy algorithm which is where it builds up a solution piece by 
piece, always choosing the next piece that offers the most obvious and immediate benefit.



To format the body text, simply 
highlight the specific line(s) of 
text and click ‘tab’ or press 
‘increase/decrease list level’ 
button. If you continue to click 
the ‘Tab’ button and the text 
turns red you have tabbed too 
far and should use the ‘decrease 
level’ button to return to 
compliant text.

Do not use the bullet point 
button to format your text.

Background to Prim’s Algorithm
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Prim’s Algorithm:

Prim’s Algorithm was originally 
discovered in 1930 by Vojtech Jarnik 
and was then independently 
discovered by Robert Clay Prim in 
1957.

Prim’s starts by picking a vertex.

The purpose of Prim’s Algorithm is to 

find a subset of the edges that forms 

a tree which includes every vertex 

where the total weight of all of the 

edges is a minimum.
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Task 8: Connect the Villages
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a) Use Prim’s algorithm to calculate the 
minimum cost energy supply network 
that would connect all 6 villages 
separate to the substation cost and 
show the minimum spanning tree.

An energy supply company wishes to connect six villages in Connemara. The company will need to build 

a substation at one of the villages where this cost of building is the same at each village. The cost of 

connecting each village is outlined in the table below.

Cost of connection between each village

Cleggan Moyard Letterfrack Tullycross Garraun Kylemore

Cleggan - €5,000 €8,000 €19,000 - -

Moyard €5,000 - - €8,000 €10,000 -

Letterfrack €8,000 - - €11,000 - €13,000

Tullycross €19,000 €8,000 €11,000 - €6,000 €25,000

Garraun - €10,000 - €6,000 - €21,000

Kylemore - - €13,000 €25,000 €21,000 -
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Task 8: Connect the Villages. Worked solution (a) 
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The network shows 6 villages and the cost, in thousands of euros, of connecting them with a new 
energy supply

a) Calculate the 
minimum cost energy 
supply network that 
would connect all 6 
villages and show the 
minimum spanning 
tree (MST).

Note: Weights are per €1,000
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Task 8: Connect the Villages

b) Use Kruskal’s algorithm to calculate 
the minimum-cost energy supply 
network that would connect all 6 
villages  separate to the substation cost 
and show the minimum spanning tree.  

The cost of connecting six villages in Connemara with a new energy supply is represented in 
the chart below.

“translate the information given in 
the problem together with the 
assumptions into a mathematical 
model that can be solved”

Specification p. 16

Cost of connection between each village

Cleggan Moyard Letterfrack Tullycross Garraun Kylemore

Cleggan - €5,000 €8,000 €19,000 - -

Moyard €5,000 - - €8,000 €10,000 -

Letterfrack €8,000 - - €11,000 - €13,000

Tullycross €19,000 €8,000 €11,000 - €6,000 €25,000

Garraun - €10,000 - €6,000 - €21,000

Kylemore - - €13,000 €25,000 €21,000 -
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The network shows 6 villages and the cost, in thousands of euros, of connecting them with a new 
energy supply

Calculate the minimum cost 
energy supply network that 
would connect all 6 villages 
and show the minimum 
spanning tree (MST).

Cleggan

Garraun

KylemoreLetterfrack

Moyard

Tullycross

Note: Weights are per €1,000
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(c) Selecting appropriate Algorithm - Group Task
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A new minimum spanning tree is 

required which includes the links 

between Tullycross and Garraun as well 

as Garraun and Kylemore. 

In groups, 

1. Select and justify the most appropriate 

algorithm to solve this problem

2. Determine the new cost.

3. Consider possible extensions to 

    this problem.

“interpret the mathematical solution in 
terms of the original situation”

Specification p. 16

Cost of connection between each village

Cleggan Moyard Letterfrack Tullycross Garraun Kylemore

Cleggan - €5,000 €8,000 €19,000 - -

Moyard €5,000 - - €8,000 €10,000 -

Letterfrack €8,000 - - €11,000 - €13,000

Tullycross €19,000 €8,000 €11,000 - €6,000 €25,000

Garraun - €10,000 - €6,000 - €21,000

Kylemore - - €13,000 €25,000 €21,000 -
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Task 8: Connect the Villages. Worked solution (c)
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c) A new spanning tree is required which includes the links between Tullycross and Garraun as well as 
Garraun and Kylemore, which also has the lowest possible total weight. Explain which algorithm you would 
choose to complete the tree, and how the algorithm should be adapted.

“use appropriate algorithms to find 
minimum spanning trees”

Specification p. 17
Cleggan
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Note: Weights are per €1,000
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Task 8: Connect the Villages
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(a)/(b) Minimum Cost = 
€40,000 
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(c) Start off the tree with links between Tullycross and Garraun as 
well as Garraun and Kylemore and then apply Kruskal’s algorithm.
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Cost = €48,000  
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Note: Weights are per €1,000


