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Networks can be used to show the connections between objects. They have been used to
solve problems of:

e mail delivery o traffic flow on roads e scheduling of trains
e bed occupancy in hospitals e the management of projects

OPENING PROBLEM

If you can only move from left to right, how many
' | ' different paths are possible starting at A and
finishing at B? How many paths would there be if: A B
e the path must pass through point X
e the path must not pass through point X?

 NETWORK DIAGRAMS

A network diagram or finite graph is a structure where things of interest are linked by
physical connections or relationships.

TERMINOLOGY

e A graph or network is a set of points, some or all of
which are connected by a set of lines.

vertex
e The points are known as vertices (singular vertex). J

e In a graph, we can move from vertex to vertex along .
the lines. If we are allowed to move in either adla?ent
direction along the lines, the lines are called edges vertices

and the graph is undirected. Pairs of vertices that are
directly connected by edges are said to be adjacent.
arc «—edge
e [fwe are only allowed to move

in one direction along the lines,
the lines are called arcs.

The graph is then known as
a digraph or directed graph.

e An edge or arc may sometimes be assigned a number called its weight. This may
represent the cost, time, or distance required to travel along that line.

The lengths of the arcs and edges are not drawn to scale. They are not in proportion to
their weight.

E D
e A path is a connected sequence of edges or arcs
showing a route that starts at one vertex and ends A
at another.
For example: A-B-E-D B C
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EXERCISE 24A

1 a For the network shown:

i state the number of vertices y B
il list the edges
iii state the number of edges.
b Is the network directed or undirected? D A
¢ What vertices are adjacent to:
i A ii F?
E

d Name all paths which go from:
i A to F without passing through C or D
il D to A without passing through E.

2 a For the given network:
i state the vertices
ii state the number of arcs.

b Is the network directed or undirected?

¢ What vertices are adjacent to:

AN

i B ii E?
d Name the paths which could be taken to get from:
i BtoC ii AtoC.

3 Consider the network showing which people are friends in a table tennis club.

Mark
Alan Sarah
N |
Paula Michael
Sally Gerry

What do the vertices of this graph represent?

What do the edges represent?

Who is Michael friendly with?

Who has the most friends?

How could we indicate that while Alan really likes Paula, Paula does not like Alan?

® O n O o

& The best four tennis players at school played a round-robin set of matches. The graph is

shown alongside.
John Rupesh

a What are the vertices of the graph?
What do the edges represent?

b Klaus Frederik
¢ How many matches must be played?
d

How could you indicate who beat whom on the network diagram?
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5 Jon constructed a network model of his morning activities from waking up to leaving for

school.

shower

dre

eat cereal

SS

make toast

eat toast

clean teeth

wake up
—_—

listen to the radio

Write a brief account of Jon’s morning activities indicating the order in which events

occur.

6 The network alongside represents the
possible ways for travelling to school from
home. The weights on the arcs represent
time in minutes. Y3 ' o
Which route is the quickest to get from
home to school?

home 6 A

s'chool

Il CONSTRUCTING NETWORKS

Often we are given data in the form of a table, a list of jobs, or a verbal description. We
need to use this information to construct a network that accurately displays the situation.

Draw a network diagram to SRS il
model a Local Area Network one

(LAN) of three computers cor?vsgter

connected through a server to a server

printer and scanner. Co?ﬁfelger scanner

Model the access to rooms on the first floor of this two-storey house as a network.

lounge )

\ dining ( kitchen
stairs hall
O~ [ >~ ~
verandah

bedroom bath ( bedroom
1 2

o) Self Tutor
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lounge dining kitchen

‘ verandah

bed 1 bath bed 2

Note: The rooms are the vertices, the doorways are the edges.

EXERCISE 24B.1

1 Draw a network diagram to represent the roads between towns P, Q, R, S and T if:
Town P is 23 km from town Q and 17 km from town T
Town Q is 20 km from town R and 38 km from town S
Town R is 31 km from town S.

2 Draw a network diagram of friendships if: A has friends B, D and F;
B has friends A, C and E;
C has friends D, E and F.

3 a Model the room access on the first floor of the house plan below as a network

diagram.
kitchen dining bedroom 3 —~
ensuite!
— hall
family bedroom 1 bedroom 2 | bathroom

plan: first floor

b Model access to rooms and the outside for the ground floor of the house plan below
as a network diagram. Consider outside as an external room represented by a single
vertex.

entry garage roller
door
living

laundry
study bathroom rumpus

plan: ground floor
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TOPOLOGICALLY EQUIVALENT NETWORKS

Networks that look different but represent the same information are said to be topologically

equivalent or isomorphic.

For example, the following networks
are topogically equivalent:

The number of vertices is the same

in each network. B

N

Check each vertex in turn to make sure it has the correct connections to the other vertices.

EXERCISE 24B.2

1 Which of the networks in the diagrams following are topologically equivalent?

> N
e <
00

2 Label corresponding vertices of the following networks to show their topological equivalence:

A <P

3 Draw a network diagram with the following specifications:

e there are five vertices
e two of the vertices each have two edges
e one vertex has three edges and one vertex has four.

Remember when comparing your solution with others that networks may appear different

but be topologically equivalent.
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"of| " PRECEDENCE NETWORKS

Networks may be used to represent the steps involved in a project.

Building a house, constructing a newsletter, and cooking an evening meal, all require many
separate tasks to be completed.

Some of the tasks may happen concurrently (at the same time) while others are dependent
upon the completion of another task.

If task B cannot begin until task A is completed, then task A is a prerequisite for task B.
For example, putting water in the kettle is a prerequisite to boiling it.

If we are given a list of tasks necessary to complete a project, we need to

e write the tasks in the order in which they must be performed
e determine any prerequisite tasks
e construct a network to accurately represent the project.
Consider the tasks involved in making a cup of tea. They are listed below, along with their

respective times (in seconds) for completion. A table like this is called a precedence table
or an activity table.

A | Retrieve the cups. 15
B | Place tea bags into cups. 10
C | Fill the kettle with water. 20
D | Boil the water in the kettle. 100
E | Pour the boiling water into the cups. | 10
F | Add the milk and sugar. 15
G | Stir the tea. 10

| Example 3 | ) Self Tutor

The steps involved in preparing a home-made pizza are listed below.

A | Defrost the pizza base.

Prepare the toppings.

Place the sauce and toppings on the pizza.

Heat the oven.

Mg Q| W

Cook the pizza.

Which tasks can be performed concurrently?
Which tasks are prerequisite tasks?

Draw a precedence table for the project.

QO n C o

Draw a network diagram for the project.
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a Tasks A, B and D may be performed concurrently, i.e., the pizza base could be
defrosting and the oven could be heating up while the toppings are prepared.

b The toppings cannot be placed on the pizza until after the toppings have been
prepared.
task B is a prerequisite for task C.
The pizza cannot be cooked until everything else is done.
tasks A, B, C and D are all prerequisites for task E.

¢ A precedence table shows the tasks and any —
.. Task | Prerequisite Tasks
prerequisite tasks.
A
B
C B
D
E A,B,C,D
d The network diagram may now be drawn.
start £ >Q
finish

EXERCISE 24C

1 The tasks for the following projects are not in the correct order. For each project write
the correct order in which the tasks should be completed.

a Preparing an evening meal:

1 find a recipe 2 clean up 3 prepare ingredients
4 cook casserole 5 set table 6 serve meals
b Planting a garden:
1 dig the holes 2 purchase the trees 3 water the trees
4 plant the trees 5 decide on the trees required

2 Which tasks in question 1 could be performed concurrently?

3 The activities involved in Task Prerequisite
preparing, barbecuing and
serving a meal of hamburgers
are given in the table alongside.

Gather ingredients -

Pre-heat barbecue -

Draw a network diagram to Mix and shape hamburgers A
represent this project. Cook hamburgers B, C
Prepare salad and rolls A

llesl Rl @l fieel i =

Assemble hamburgers and serve D, E
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& Your friend’s birthday is approaching and you
decide to bake a cake. The individual tasks are
listed below:

A | Mix the ingredients.

Heat the oven.
Place the cake mixture into the cake tin.
Bake the cake.
Cool the cake.
Mix the icing.

Qo gl

Ice the cake.

a Draw a precedence table for the project.
b  Which tasks may be performed concurrently?
¢ Draw a network diagram for the project.

5 The construction of a back yard shed includes the following steps:

Prepare the area for the shed.

Prepare the formwork for the concrete.

/ANE/A\
| S/
—— i

Lay the concrete.

Let concrete dry.

’f

Purchase the timber and iron sheeting.

Build the timber frame.
Fix iron sheeting to frame.

T(QH| ™| g Q@ >

Add window, door and flashing.

a Draw a precedence table for the project.
b Which tasks may be performed concurrently?
¢ Draw a network diagram for the project.

6 The separate steps involved in hosting a party are listed below:

Decide on a date to hold the party.

Prepare invitations.

Post the invitations.
Wait for RSVPs.
Clean and tidy the house.

Organise food and drinks.

Q= OO = >

Organise entertainment.

Draw a network diagram to model the project, indicating which tasks may be performed
concurrently and any prerequisites that exist.
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][ COUNTING PATHWAYS

One of the simplest examples of a network problem is in counting the number of pathways to
get from one place to another. In these problems we assume that no backtracking is allowed.

p In the network alongside we want to get from A to
B. Only movement to the right is allowed.

3 We could take any one of these three paths:

AQSB:

APRB: P AQRB:
R
R A \/\ A
B

A B Q

B Q

S

However, drawing and counting possibilities is not
desirable for more complicated networks.
Consider the diagram alongside:

There are 70 different pathways from A to B.

How can we find this number without listing them?

" Example 4 | ) Self Tutor

How many pathways are there from A to
B if the motion is only allowed from left
to right?

We label the other vertices as shown.

There is only 1 way to get from A to C and
from A to F, so 1s are written at these vertices.

To get to J there is only 1 way as you must
come from F.

To get to G you may come from F or from C,
so there are 2 ways.

To get to D you must come from C, so there is
1 way.

To get to K you may come from J or Gin 1+ 2 =3 ways.

We continue this process until the diagram is completed.

So, there are 10 different pathways.




INTRODUCTION TO NETWORKS (Chapter 24) 481

In practice, we do not write out the wordy
explanation. We simply write the numbers
shown in red at appropriate vertices and
add numbers from the preceding vertices:

EXERCISE 24D
1 Find the number of different pathways from A to B in:

m ) Self Tutor

s How many pathways go from A to B if:
a we must pass through X
A b we must not pass through X?

Movement is restricted to the edges As we cannot go through X we put
for the shaded portion. a 0 at this vertex.
there are 9 different pathways. We procede to count in the usual
way.

there are 11 different pathways.
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2 For the following networks, find the number of different pathways from A to B which
pass through X:

a b
B
A A

3 For the following networks, find the number of different pathways from A to B which
do not pass through X:

%B
e

REVIEW SET 24A

1 a For the given network state the number of:

B

i vertices ii edges.
b TIs the network directed or undirected?
¢ What vertices are adjacent to:

i A ii D? %
d Name all paths which go from:

i A to D without passing through C A D

ii BtoE. 5

E
B
D

2 Is the network in 1 topologically equivalent
to the network given? Give reasons for your
answer.

3 Draw a network diagram to represent this situation:
Angelina sends text messages to Malia and Sam. Sam texts Xi and Roman. Roman
texts Malia three times and she replies twice. Xi texts Malia and Roman.
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4 In a small business the Production Manager, the Sales Manager and the Accounts
Manager report to the General Manager. The General Manager and the Sales Manager
are organised by the same secretary. The Sales Manager has a team of three, one
of whom also does work for the Accounts Manager. The Production Manager has a
team of 5. Use a network to represent the lines of communication in this business.

5 Construct a network diagram for the Task Prerequisite Tasks

project of renovating a room. Use [ A | Remove carpet -
the following tasks: B | Sand timber floor A
C | Plaster walls -
D | Electrical work -
E | Paint room A, B, C, D
F | Seal floor A,B,C D, E
6 Movement to the right only is possible.
B
a How many paths lead from A to B? / / / / /
b How many of these paths: / /[ Y/ / /

i pass through Y X // // // // //

ii do not pass through Y?

REVIEW SET 24B

1 A D a State the number of vertices in the given network.

b Is the network directed?
¢ Name all paths which could be taken to get from:
i DtoB ii BtoE
C E
2 Consider the network showing roads connecting

three towns A, B, and C. The weights on the edges
represent distance in km.

A 24

a What do the vertices of this graph represent? C
How are the roads represented on this diagram? 8

What is the shortest distance from A to C?

What is the shortest distance from A to C through B?

If the road from B to C was partly blocked by a fallen tree, how could we
indicate that traffic could only travel in the direction B to C?

"

B

o Q

3 Construct a network that T

models the access to the hallway
rooms and outside for a
house with the given floor e ew— family room )
plan — and outside

’ dining room

bedroom 2 _l
aun- .
ensuite 1 kitchen
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& The results of a darts tournament were:
Anya beat Brod,
Brod beat Anya, Con and Dave
Dave beat Brod, Con and Eva
Eva beat Anya and Con.

Draw a network diagram which shows the results of the darts matches.

5 Uri wishes to make a cake from a packet. He makes a list of his tasks:

a Draw a precedence table for the project.

b Which tasks may be performed
concurrently?

¢ Draw a network diagram for the project.

A | Read the instructions

B | Preheat the oven

C | Tip the contents of the packet
into a bowl

D | Add milk and eggs

E | Beat the mixture

F | Place in a cooking dish

G | Cook the cake

H | Ice the cake when cold

6 How many paths exist from A to B which pass through X?

A

-
~
.

-l

YY Y VY YY
YY Y VY YY

YYY Y Y Y

7 How many paths exist from P to R without passing through Q?






