


Chapter 14 Flow, matching and scheduling problems
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a Write down the capacity of cut A, cut B, cut C and cut D.
b Explain why cut £ is not a valid cut when trying to find the minimum cut between
Alie and Bowen.

© Find the maximum number of available seats for a train journey from Arlie to
Bowen,

Networks with more than one source.

& In each of the following, water pipes of different capacities are connected 1o two water
sources and two sinks. Networks of water pipes are shown in the diagrams below. The
‘numbers on the edges represent the capacities, in kilolitres per minute, of the pipes.
For each of the following, find the maximum flow, in kilolitres per minute, to each of
the sinks in this network.

Sink 2
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sink 1

Analysis of maximum-flow problems

7 The flow of water through a series of pipes, in ltres per minute, is shown in the
directed network below.

a How many different routes from the source to the sink are possible?
b Determine the maximum flow from the source to the sink.
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8 The corridors people can walk through to visit
different exhibits in a museum are given as a
directed network opposite. To avoid congestion
around every exhibit, the museum imposes a
‘maximum capacity policy throughout each corridor
between exhibits. The numbers on the edges
represent the maximum number of people that can
walk through each corridor of the museum every
30 minutes.

a On the network opposite, identify a cut that has

a capacity of 80.

18

Entrance
30
25

B 31
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b Determine the maximum flow of people from the enirance (o the exit of the
museum.

© One group of primary school students would like to walk through the museurn.
The teacher explains that this can happen unsupervised if all students in the group
remain together, not separating to explore different routes. Given that a group of
students must stay together from the entrance to the exit, what is the largest group of
students possible that can pass through the museum every 30 minutes?
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Exam 1 style questions

Questions 9 and 10 refer to the
diagram opposite

Source
‘The flow of liquid through a series of

‘pipes, in litres per minute, is shown in
the directed network opposite. Five
cuts labelled A to E are shown on the
network

9 The capacity of Cut E is
A0 B 170 © 290 D 390 E 460

10 The number of these cuts with a capacity equal to the maximum flow of liquid from the
source to the sink, in litres per minute, is
A0 B 1 c2 D3 E4
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11 The flow of water through a series of pipes,
in litres per minute, is shown in the network

opposite. The weightings of two edges are
Iabelled x. Five cuts labelled A to £ are shown
on the network. The maximum flow of water
from the source to the sink, in ltres per minute,
is given by the capacity of
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Exercise 14B

Bipartite graphs
1 a OnMonday, three workers are each to be allocated one task at work. The bipartite
‘raph below shows which task(s) each person is able to complete.

Worker 1 Task 1
Worker 2 Task2
Worker 3 Task3

If each person completes a different task, write down the task each worker must be
allocated to on Monday.
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b On Tuesday, the same three workers will be allocated 10 a new set of tasks. The
bipartite graph below shows which task(s) each person is able to complete.

Worker 1 Tasks
Worker 2 Tasks
Worker 3 Task6

Given that Worker 2 must complete Task 6, write down the new task each worker
must be allocated to on Tuesday.

Itis Miko’s birthday and his sister Aria has asked some of his friends to assist with the
celebrations by purchasing some items for a party. The bipartite graph below shows
‘which item(s) each person is able to purchase on their way to the party.

Niranjan Cake
Nishara Serietes
Dhinesh Balloons
Dhishani Candles

Each friend must purchase an item. Write down which item cach friend must purchase.
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3 The sport of ice hockey has six player positions: goalie, left defence, right defence,
right wing, left wing and centre. A group of six have decided to play. Only one person
is happy to play goalie. The other five people must be allocated to the other five
positions.
The biparite graph below shows which positions each of the five players can play.

Player 1 Centre
Player 2 Right wing
Player 3 Right defence
Player Left wing
Player 5 Left defence

Each player plays a different position. Write down two possible allocations, descril
which position each player must play.
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4 Gloria, Minh, Carlos and Trevor are buying ice-cream. They have a choice of five
flavours: chocolate, vanilla, peppermint, butterscotch and strawberry. Gloria likes

vanilla and butterscotch, but not the others. Minh only likes strawberry. Carlos likes

chocolate, peppermint and butterscotch. Trevor likes all flavours.

a Explain why a bipartite graph can be used to display this information.
b Draw a bipartite graph with the people on the left and flavours on the right.
© What i the degree of the vertex representing Trevor?

‘The Hungarian algorithm
5 a A costmatrix is shown. Find the

allocation(s) by the Hungarian algorithm
that will give the minimum cost.

b Find the minimum cost for the given cost matrix
and give a possible allocation.

A4 B _Cc D
w0 95 140 so
X | 105 82 145 80
vy |15 78 40 75
Z | 115 90 135 8
A B C D
wl2 4 3 5
X [3 5 3 4
r[2 3 a4 2
z[2 4 2 3
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& Aschool is to enter four students Student _100m 400m 800m 1500m)

in four track events: 100 m, 400 m,
800 mand 1500 m. The four students
times (in seconds) are given in the
table. The rules permit each student
10 enter only one event. The aimis to

Dimiri 11 62 144 379
John 1360 146 359
Carol 126 149 369
Elizabeth 13 63 142 349

obtain the minimum total time.

Use the Hungarian algorithm to select the *best’ student for each event

7 Three volunteer workers, Joe, Meg and Al are ¥
available to help with thrce jobs. The time (in et | A B €
‘minutes) in which each worker is able to complete
each task s given in the table opposite. Which Joe 2 20 36
allocation of workers to jobs will enable the jobs Meg 6 20 44
10 be completed in the minimum time? Ali % 2% 4
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8 A company has four machine operators
and four different machines that they can
operate. The table shows the hourly cost
in dollars of running each machine for
each operator. How should the machinists
be allocated to the machines to minimise
the hourly cost from each of the machines
with the staff available?

Operator | W X ¥z
A 3% 35 26 54
B 2 9 2 2%
c “ 2% B3
D 20 2 32 29
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9 A football association is scheduling football games to be played by three teams (the
Champs, the Stars and the Wests) on a public holiday. On this day, one team must play
at their Home ground, one will play Away and one will play at a Neutral ground.

The costs (in $°000s) for each team to play at each of the grounds are given in the table:

below.

Determine a schedule that will minimise the
total cost of playing the three games and
determine this cost.

Note: There are two different ways of scheduling the

‘games to achiev the same minimum cost. dentify both
of these.

Team  Home Away Neutral

Champs 10 9 8
Stars. 7 4 s

Wests. 87 6
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10 A roadside vehicle assistance
organisation has four service vehicles
located in four different places. The
table below shows the distance (in
Kilometres) of each of these service
vehicles from four motorists in need of
roadside assistance.

Motorist
Service vehicle | Jess Mark Raj Karla
8 15 15 16
717 13
25 19 18 21
9 2 19 B

CRES

Determine a service vehicle assignment that will ensure that the total distance travelled
by the service vehicles is minimised. Determine this distance.

Exam 1 style questions

11 The sport of futsal has five player positions: Aaliyah Forward
‘goalkeeper, forward, defender, right wing and
left wing. In a group of five friends, Ezekiel will Brock Defender
always play goalkeeper, but the other four friends
Aaliyah, Brock, Corazon and Daniel will rotate Corazon Right wing
their responsibilities and are able to play a number
of positions each. Daniel Left wing

The biparite graph below shows which positions
each of the four friends can play.
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Based on the bipartite graph, which one of the following allocations is not possible?

A © [pE—
Aaliyah | Right wing Adliyah | Right wing
Brock | Forward Brock | Defender
Corazon | Defender Corazon | _Forward
Daniel | Left wing Daniel | Left wing
© I s | o
Aaliyah | Forward Adliyah | Forward
Brock | Right wing Brock | Defender
Corazon | _Left wing Corazon | _Left wing
Daniel | Defender Daniel | Right wing
E [ Friend | Position
Aaliyah | Forward
Brock | Right wing
Corazon | _Defender
Daniel | Left wing
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Use the following information to answer questions 12 and 13
Five people work at a bank. Each person will perform one task. The time taken for each
person to complete tasks 1, 2, 3, 4 and 5, in hours, is shown in the table below.

Anita | Brad  Carmen | Dexter | Electra
Task 1 1 2 2 s 4
Task2 | 4 9 7 1 6
Task3 | 5 3 3 9 4
Taskd | 8 5 6 6 7
TaskS | s 8 4 6 9

12 The manager of the bank wants to allocate the tasks o as to minimise the total time
taken to complete the five tasks. If each person starts their allocated task at the same
time, then the first person o finish could be either
A Anita or Brad. B Anita or Elekira © Brad or Carmen
D Brad or Dexter E Brad or Elektra
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13 Before the tasks are performed. it is found that Elektra will only require 4 hours to
complete Task 5 rather than 9 hours. If the tasks are allocated based on this new
information, the minimum total time for all tasks will
A increase by 4 days. B decreasebyddays.  C decrease by 3 days.
D decreaseby2days.  E decrease by 1 day.
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14 Four people, Xena, Wilson, Yasmine, Zachary, are cach assigned a different job by
their manager. The table below shows the time, in hours, that each person would take
to complete each of the four jobs.

Job1 | Job2 | Job3 | Job4
Xena s 3 1 »
Wilson 1 2 s 6
Yasmine | 1 7 1 s
Zachary | 4 7 6 »

‘Wilson takes 6 minutes to complete Job 4, while Yasmine only takes 5 minutes to
complete Job 4. Both Xena and Zachary take p minutes to complete Job 4.
The manager will allocate the jobs as follows:

= Job 1o Wilson = Job210 Xena
= Job 3 to Yasmine = Job 410 Zachary

“This allocation will achieve the minimum total completion time if the value of p is not
greater than

A6 B7 cs DY E 10
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Constructing activity networks from precedence tables
1 Draw an activity network for each of the precedence tables below.

- Immediate N Immediate
Activty _predecessors Activity _ predecessors
A - B -
B A 0 -
c A r »
D B s 0
£ c T RS
°© Immediate d Immediate
Activty _predecessors Activity _ predecessors
T - ¥ -
v - G -
v T " -
w v 1 r
x vow J G.1
¥ x I3 i
z ¥ L I3
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Constructing activity networks requiring dummy activities from precedence tables.
2 Draw an activity network for the following precedence tables. Dummy activities
will need to be used.

- Immediate N Immediate

predecessors predecessors.

i

<:ﬂhao~u§ -=o1§
|
::awnunra»g R
i
H
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Constructing precedence tables from activity networks
3 Write down a precedence table for the activity networks shown below.
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start

finish
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4 The following activity network shows the
activities in a project to repair a dent in a car
panel. The activities are listed in the table on the
right. ¢ b

s M.
q

a Which activity or activities are the immediate
predecessors of the event ‘remove broken
component’?

b Which activities are the immediate
predecessors of the activity “install new.
component’?

Analysis of activity networks and precedence tables

5 Consider the following activity network for a project.

Activity  Description

A Remove panel

B Order component

€ Remove broken
component

D Pound out dent

E Repaint

F o Install new
component

G Replace panel
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a Write down a precedence table for the network above.
b Write down the two paths from start to finish that begin with activity A.

© Write down the four paths from start to finish that begin with activity B.
d Write down the four paths from start to fiish that begin with activity C.

Consider the following activity network.

b Which activities must be completed before activity / can commence?
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7 The information in the table opposite can be used

to complete a directed network. This network will

require a dummy activity.

a Which activity will the dummy activity be drawn
from the end of?

b Which activity will the dummy activity be drawn
0 the start of?

© Why is it necessary to include a dummy activity in

Immediate

predecessors

FRL~TZammOOR s

m e

[

am=

G.H.J
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Exam 1 style questions
& The activity network below shows the sequence of activities required to complete a
project.

start





image32.png
Use the following information to answer Questions 9 and 10

A project involves eight activities, A to H.

Immediae

“The immediate predecessor(s) of each activity is shownin _ Activty _ predecessors
the table opposite. A directed network for this project will A -
require a dummy actvity. B -
c -
9 The dummy activity will be drawn from the end of D 4
A activity B to the start of activity F. £ <
activity B to the start of activity E. (F; ”:
activity G to the start of activity F. " o

B

c

D activity G to the start of activity E.

E activity E to the start of activity .

10 The number of paths from start to finish is
A4 BS c6 D7 ES
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Exercise 1

Calculations from elements of an activity network
1 Write down the value of each pronumeral in the sections of activity networks below.

* I T © [ Em|

© [ () < [6]d]

(15

7]
B0 . [ ! [BE]

45
cf]
X
5
Y dumny rp : ; e

5]
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2 Consider the section of an activity network shown in the diagram opposite.

a What i the duration of
activity A?

b What i the critical path
through this section of the
activity network?

© What s the float time of
activity B?

d What i the latest time that O
activity D can start?

e What is the duration of activity D?
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3 Consider the section of an activity network shown in the diagram below.

a What i the duration of
activity B?

b What i the latest start time
for activity E?

© What s the earliest time
that activity E can start?

d What i the float time for
activity E7

© What i the duration of acti

f What is the duration of activity D?
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4 An activity network is
shown in the diagram
opposi
a Write down the critical
path for this project

b Calculate the float
times for non-critical
activities.
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5 Anactivity network s shown in the diagram below.
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a Write down the critical path.
b Write down the float times for all non-critical activities.
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6 A precedence table and activity network for a project are shown below. The precedence
table is incomplete.

' Activity (weeks) predecessors

A 3 -
B 6 -
c 6
D B
E 7
F 1 D
G E
H 3
1 2 B

a Complete the table above.
b Wite down the critical path for this project.
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Critical path analysis from a given activity network
7 Consider the following activity network for a project. The duration of each activity is
given in the network, in days.

a Determine the earliest start time for activity E.
b Find the minimum completion time for this project.
© Write down the critical path for this project.
d Which activity has a float time of two days?
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Consider the following activity network for a project.
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o=

‘Write down the three activities that are immediate predecessors of activity H.
Determine the earliest sart time of activity H.

For activity H the earliest start time and the latest start time are the same. What does
this tell us about activity H?

Determine the minimum completion time, in hours, for this project.

Which activity could be delayed for the longest time without affecting the minimum
completion time of the project?
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9 Consider the following activity network for a project.

G Jp

a Determine the earliest start time for the following activities:

J

b Determine the value of p, in weeks, that would ereate more than one critical path.
© If the value of p s 3 weeks, what will be the float time, in weeks, of activity G.
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Consider the following activity network for a project.
c1 £

Finish

‘Write down the eritical path of for this project.
Determine the float time of activity E.

ies could have their completion times increased by two days
without altering the minimum completion time?

e a0 ws
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11 Consider the following activity network for a project.

a Complete a precedence table for this network, using two columns, one column for
the activities and a second column for the Immediate predecessors.

b How many activities have an earliest start time of 16 hours?

© Find the latest start time of activity F.

d There are two critical paths. Write down both critical paths.

@ How many activities can be delayed by 1 hour without increasing the minimum
completion time of the project?
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Critical path analysis from precedence table only

12 The precedence table for a project is
shown opposite.

a Draw an activity network for this
project.

b Complete the eritical path analysis
o calculate the EST and LST for
each activity.

© Write down the critical path of this
project.

d What is the minimun time required
to complete the project?

Duration  Immediate
Activity (weeks)  predecessors
P 4 -
) s -
R 2 -
s 3 3
T 6 ]
v 3 s
v 4 ®
w 8 RT.U
X 3 v
Y 6 W, X
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13 The precedence table for a project is
shown opposite.

2 Draw an activity network for this
project.

b Complete the critical path analysis
1o caleulate the EST and LST for
each activiy.

& Write down the eritical path of this
project

d Whatis the minimum time required
to complete the project?

Duration  Immediate
Activity (weeks) _predecessors

1 2 -

7 3 -

K 5 -

L 4 1

M 8 LN

N 1 K

o 6

3 6

o 7

R 5

s 1

T 9
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Exam 1 style questions

Use the following information to answer questions 14, 15 and 16
The directed network opposite shows
the sequence of eleven activities that
are needed to complete a project. The
time, in days, that it takes to complete
each activity is also shown.

14 The earliest starting time, in days, for activity J is
A2 B 13 cu D1 E 16

15 The number of activities that have exactly two immediate predecessors is
Al B2 c3 D4 ES

16 How many of these activities could be delayed without affecting the minimum
completion time of the project?
a3 B4 cs D6 E7
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17 The directed graph opposite
shows the sequence of
activities required to complete
a project. The time taken to
complete each activity, in
weeks, is also shown.

009110419
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“The minimurm completion time for this project is 28 weeks. The time taken to complete.
activity J is labelled x. The maximum value of xis
A2 B 10 cs D4 E2

A project consists of ten activities, A to J. The table below shows the immediate
predecessor(s) and earliest start time, in days, of each activity.

- Immediare Earliest
Ay | predecessors | starting time

A - 0

B - 0

c - 0

D a 6

E B s

F B s

G c 4

H D.E 13

1 F.G 14

J H 2

Itis known that activity H has a completion time of ten days. The project can still be
completed in minimum time if activity D is delayed. The maximum length of the delay
for activity Dis

Aoncday B twodays  C scvendays D cightdays  E ninedays
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The activity network for a project is shown in the diagram below. The duration for each
activity is in hours.

47
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a Listall four paths from the Start to the Finish of the project, with their respective:
completion times.

b Identify the critical path and the minimum completion time for the project.

© If Activity E is reduced by 3 hours, identify the new minimum completion time for
this project.
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2 The directed network below shows the sequence of 8 activities that are needed to
complete a project. The time, in days, that s takes to complete each activity s also
shown.
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Start

a Write down the critical path for ths project.

b What is the minimum completion time for the project?

Activity B can be reduced by a maximun of 3 days at a cost of $100 per day.

© What is the new minimum completion time for the project?

d What is the minimunm cost that will achieve the greatest reduction in time taken to
complete the project?

3 The activity network
for a project is shown
in the diagram on the
right. The duration
for each activity is in
hours.

a Identify the critical path for this project.

b What is the maximum number of hours that the completion time for activity £ can
be reduced by without changing the minimum completion time of the project?

© What is the maximum number of hours that the completion time for activity H can
be reduced without changing the minimum completion time of the project?

finish
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Directed graphs.
1 Find the number of vertices that can be reached from vertex A in each of the directed

‘eraphs below.
a b, B .
% ‘ ) / )
F e ¢ a !
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d Every activity can be reduced in duration by a maximum of 2 hours. If every
activity was reduced by the maximum amount possible, what i the new minimum
completion time for the project?
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4 The activity network for a project is shown in the diagram below. The duration for each
hours.

Start Finish

a How many activities could be delayed by 4 hours without altering the minimum
completion time for the project?

b If the project s to be crashed by reducing the completion time of one activity only,
‘what s the minimum time, in hours, that the project can be completed in?

© Activity G can be reduced in time at a cost of $200 per hour. Activity J can
be reduced in time at a cost of $150 per hour. What is the cost of reducing the
completion time of this project as much as possible?
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5 The directed network below shows the sequence of 8 activities that are needed o
complete a project. The time, in days, that it takes to complete each activty is also

shown.

The minimum completion time for the project is 24 days. Itis possible to reduce the

completion time for activi
activities can be reduced by a maximum of two days.

a What is the new minimum completion time, in days, of the project?

‘The reduction in completion time for each of these
three activities will incur an additional cost. The table
opposite shows the three activities that can have their
completion times reduced and the associated daily
cost, in dollars.

D, E and H. The completion time for each of these three

Activity | Daily cost($)
D 170
E 350
H 200

b What is the minimun cost that will achieve the greatest reduction in time taken to

complete the project?
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The directed network below shows the sequence of 11 activities that are needed to
complete a project. The time, in days, that it takes to complete each activity is also
shown.

Start

b Which activities, if crashed, would create more than one critical path?
© The project could finish carlier if some activities were crashed. Five activities,
B.E.G.Hand I, can all be reduced by one hour. The cost of this crashing is $150
per hour.
i What is the minimum number of hours in which the project could now be
completed?
‘What is the minimun cost of completing the project in this time?
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7 The directed network below shows the sequence of 12 activities that are needed to
complete a project. The time, in weeks, that it takes to complete each activity is also
shown.

a Determine the shortest time in which this project can be completed.
b Determine the earliest start time for activity D.

© Determine the latest start time for activity H.

d Which activity has a float time of more than two weeks?
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© The completion times for activities D, £, G, H
and J can each be reduced by a maximum of two > 2000
weeks. The table opposite shows the five activities = 000
than can have their completion time reduced and - S0
the associated weekly cost, in dollars. W 1500
‘What i the minimun cost to complete the project N 2000

in the shortest time possible?

8 The directed network below shows the sequence of 15 activities that are needed
1o complete a maintenance project at the MCG. The time, in days, that it takes to
complete each activity is also shown.

a What is the minimum completion time?
b How many activities are on the critical path?
 How many paths have a completion time of 28 days?




image61.png
d The completion times for activities H. J. K. L and M can each be reduced by a
‘maximum of two days. The cost of reducing the time of each activity is $500 per
day. The MCG requires the overall completion time for the maintenance project to
be reduced by three days at minimum cost. Complete the table below, showing the
reductions in individual activity completion times that would achieve this.

‘Reduction in
completion ime
(0. 10r2 days)

=l x|~ =
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Exam 1 style questions

Questions 9 and 10 refer to the diagram E10

The directed graph oppositc shows the sequence  syare Finish
of activities required to complete a project. All 4
S 56 8

times are in hours.

D2 Hs
9 There is one critical path for this project.

‘The critical path is

AA-E-I BA-C-G

€ B-D-F-G D B-D-H-J

EA-C-F-H-J

10 Four critical paths would exist if the duration of activities
A Aand Bwere reduced by one hour. B C and G were reduced by one hour.

© Aand C were reduced by two hours. D Band G were reduced by two hours.
E D and H were reduced by three hours.
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11 The directed graph below shows the sequence of activities required to complete a

project. All times are in weeks. There is one critical path for this project.
[ H1

a4
start

E
‘The total completion time of the project can be reduced by four weeks by reducing
A activity B by four weeks

activity F by four weeks

activity J by four weeks.

activity 1 by three weeks and activity J by one week.

activity D by three weeks and activity E by one week

B

B
c
o
E
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Multiple-choice questions

1 The shortest path from A to Z in the
network on the right has length:

A0 B 15
cn 026
E2
2 For the network shown on the right, the capacity of 7

the cut ‘ 3 cut
D10 E 14 3
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Cuts
2 Determine the capacity of each of the

cuts in the digraph opposite. The source
is vertex § and the sink is vertex 7.

3 Determine the capacity of each of
the cuts in the digraph opposite. The
source is vertex S and the sink is
vertex T.
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3 In the communications network shown, the
‘numbers represent transmission capacities for
information (data) in scaled units. Whatis the
‘maximum flow of information from station P

to station Q7
A 20 B2
cn D24

E 30
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4 The maximum flow in the network
opposite, from source to sink, is:
A0 R
cn ERE)

E 4

5 A group of five students represent their school  Travis basketball

in five different sports. The information is

displayed in a bipartite graph. From this Fulvia. swimming

‘graph we can conclude that:

A Travis and Miriam played all the sports
between therm. Kieren volleyball

& In total, Miriam and Fulvia played fewer 5,40y,
sports than Andrew and Travis.

© Kieren and Miriam each played the same number of sports.

© In total, Kieren and Travis played fewer different sports than Miriam and Fulvia

E Andrew played fewer sports than any of the others.

Miriam athletics
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& This activity network is for a project
‘where the component times in days
are shown. The critical path for the
network of this project is given by:
A A-B-E-IK
& A-D-H-I-K
© A-C-G-H-I-K
D A-C-F-J-K
£ A-D-G-F-J-K

start
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7 The activity network shown represents a
project development with activities and their
durations (in days) listed on the edges of the
‘raph. Note that the dummy activity takes
zero time.

The earliest time (in days) that activity F can begi
A0 B 12 c

E 24
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& The table opposite lists the seven activities in a
project and the earliest start time, in hours, and
the predecessor(s) of each task. The time taken
for activity F is five hours. Without affecting
the time taken for the entire project, the time
taken for activity D could be increased by:

A 0hours B 2hours
© 3hours D 4 hours
£ 12hours

Immediate

Task  predecessor  EST

>

ammo Ao

S aw >

EF

2
£
a1
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9 The edges in this activity network
correspond to the tasks involved in
the preparation of an examination.
‘The numbers indicate the time, in
weeks, needed for each task. The
total number of weeks needed for the F3
preparation of the examination is:
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network represents a manufactur-
ing process with activities and their duration
(in hours) listed on the edges of the graph.
‘The earliest time (in hours) after the start that
activity G can begin is:
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Written-response questions

1 An English class recently performed poorly in their essay writing assessment. To help
them improve, the teacher separated the class into groups of five and assigned one of
the following tasks to each person: Introduction, Body paragraph 1, Body paragraph
2, Body paragraph 3 and Conclusion. Each task will be completed by one person. The
table below shows the time, in minutes, that each person would take to complete each

of the five tasks.
Intro | Parl | Par2 | Par3 | Con
Alvin 16 14 19 9 9
Billy 17 18 10 9 9
Chioe 9 s 6 15 8
Danielle | 11 12 1 16 6
Elena 10 10 s 15 8

‘The tasks will be allocated so that the total time of completing the five tasks is a

‘minimum

& Complete the sentences below by clearly stating which task each student should
write in order for the essay to be completed in the minimum time possible.
= Alvin should write the...
Billy should write the.
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5 What is the minimum total time the group will dedicate to completing the essay?
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2 WestAir Company flies routes in
western Victoria. The network
shows the layout of connecting

ight paths for WestAir, which
originate in Mildura and terminate
ther Melbourne or on the way to

Melbourne. On this network,

the available spaces for passengers flying out of various locations on one morning

are shown.

‘The network has one cut shown.

& What i the capacity of this cut?
& What is the maximum number of passengers who could travel from Mildura to
Melbourne for the morning?
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Maximum-flow

4 Find the maximum flow for each of the foll
the sink is vertex 7.
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3 Aschool swimming team wants to select a 4 x 200 metre relay team. The fastest times.
of its four best swimmers in each of the strokes are shown in the table below. Which
swimmer should swim which stroke to give the team the best chance of winning, and

‘what would be their time to swim the relay?
Swimmer  Backstroke _ Breaststroke _ Butterfly  Freestyle
Rob 76 3 70 62
Joel 7 80 66 62
Henk 7 76 68 58
Sav 78 80 66 60

4 In the network opposite, the values
on the edges give the maximum
flow possible between each pair
of vertices. The arrows show the
direction of flow in the network.
Also shown is a cut that separates the
source from the sink.
& Determine the capacity of the cut shown.
b Determine the maximum flow through this network.
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5 A project requires cight activities (A — H) R
1o be completed. The duration, i hours, nctviy @ N
and the immediate predecessor(s) of cach Z 2 !
activity are shown in the table below. A 4 -

B s -
c 6 A
b 7 AB
E 10 cp
Foos D
G 4 r
H s EG

& The directed network that shows these activities is shown below. Add the three
missing features to the network.

6

Start
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Determine the earliest start time for activity E.

‘What s the float time of activity G?

How many of these activiies have a non-zero float time?

‘Write down the critical path for this project.

‘What is the minimum completion time for this project?

The project could finish earlier if some activities were crashed.

i Activity E can be erashed by two hours. If this occurs, what will be the new

critical path for the project?
In addition to activity E crashing by two hours, activities, A, B and D can also be
crashed by one hour each. What s the minimum number of days in which the
project can now be completed?

After careful deliberation, it is decided that crashing the original directed network is

not possible. Alternatively, an upgrade will be made to this project, where one extra

activity will be added. This activity has a duration of five hours, an earliest starting

time of twelve hours and a latest starting time of seventeen hours. Complete the

following sentence by filling in the boxes provided.

The extra activity could be represented on the network above by a directed edge

from the end of activity | | tothe start of activity | |
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Minimum-cut maximum-flow
5 Atrain joumney consists of a

connected sequence of stages
formed by edges on the directed
network opposite from Alie to
Bowen. The number of available
seats for each stage is indicated
beside the corresponding edge,
as shown on the diagram on the
right.
The five cuts, A, B, C, D and E, shown on the network are attempts to find the
‘maximum number of available seats that can be booked for a journey from Alie to
Bowen.





