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Exercise A, Question 1

Question:

The steps involved in starting a car and moving forwards in a straight line are given
below.

Check that car is in neutral

Start engine,

Depress clutch

Zelect first gear.

Check that 1t 15 safe to mowe off

Eelease the handbrale.

Eaise the clutch and depress the accelerator.
Draw a precedence table for this process.
{There iz more than one possible solution)

mHEEHg O e

Solution:

Cne possible solution 15

Activity Dependsz on
n _
E A
iZ B
D iZ
E D
F E
G F

Another possible solution is;

Activity Depend: on

Tou can start the engine with the
clutch depreszsed.

Gl =l e

A
B, C
D
E
i
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Exercise A, Question 2

Question:

The development of a commercial computer program 13 divided into activities & to T
Activity & does not depend on any other activity,

Activities B, C and D all require that Activity & iz completed before they can start.
Arctivities E and F depend on activity B

Arctivity 3 cannot be started until activities C and E have been completed.

Activity H requires the completion of activity D, while activity I requires that both
activities F and 3 are completed first

Activity T requires the completion of all activities before it may be started.

a Draw aprecedence table to represent the development of the computer program.

b TIze the precedence table to draw the corresponding activity networl,

Solution:
Activity Depend: on
N _
E A
C A
D A
E E
F E
€ Z,E
H ¥
I F.G
J HI
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Exercise A, Question 3

Question:

The precedence table for a project iz shown below,
Diraw the corresponding activity networle,

Activity Depends on

A =
E —
C A

D A

E E

F E

G Y

H ¥

I C.E
: F

E G, LT
L K

Solution:
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Exercise A, Question 4

Question:

Here 1z an activity network for a project.

Draw a precedence table to represent the project.

Solution:

Activity Depends on
A _
E A
C A
D E
E Z
F E
G Z
H D F
I €,
J H
K I
L J
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Exercise B, Question 1

Question:

Dyraw the precedence table for this activity networle

Explain the purpose of the dummy.

Solution:

Artivity Depends on
N _
BE =
C A
D A
E Z
F E.D
3 E

The dummy shows that activity F depends on activities B and D, whereas activity
G only depends on activity B
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Exercise B, Question 2

Question:

Thiz activity network contains a dummy.

Draw a precedence table for the networle

Solution:
Activity Depends on

N —

E -

C A

D A

E Z

F ECD
3 B, C.D
H E.F
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Exercise B, Question 3

Question:

Draw an activity on arc netwotl to represent the precedence table below., Your
network should contain exactly one dummy.

Activity Must be preceded by

N =

B

IS =

D A

E ©

F A B E

G Z

H D

Solution:
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Exercise B, Question 4

Question:

Dyraw an activity on arc network to reprezent the precedence table below,
Tour network should contain exactly two dummies.

Activity Depends on
n A
E _
iz AR
D B
E B
F iz
G D
H E
Solution:

-
Dummy ™

!
Dummy
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Exercise B, Question 5

Question:

Diraw an activity on arc netwotle for this precedence table using exactly two dummies.
Explain the purpose of each dummy.

Activity Depends on
P =
Q —
E I
e I
T O
Solution:

a 2nd dummy

st dummy Z).

= depends on P only.
T depends on P and Q.

2nd dummy.
=o that S and B don’t share a start and end event.
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Exercise C, Question 1

Question:

The diagram shows part of an activity network.
Calculate the value of x.

Solution:
xisthe largest of 7+ 5=12,5+8=13and ¥+ 5=14
x=14

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics Pagel of 1

Solutionbank D1
Edexcel AS and A Level Modular Mathematics
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Question:

The activity network for a project
15 given opposite,

The time in hours needed to
complete each activity iz shown in
brackets,

Early and late times are shown at
each wertex

Calculate the values of w, x, ¥

and z.

Solution:

Gi 5)

1 Fi4) 16

w and x are found using a forward scan
yand z are found using a backward scan

w=1l,x=16,v=11,z=9
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Exercise C, Question 3

Question:

The activity network for a project
iz given opposite.

The time in days needed to
complete each activity is shown in
brackets,

Calculate the early and late times
at each vertex

Solution:
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Exercise D, Question 1

Question:

Part of an activity networtk iz shown opposite including
the eatly and late event times given in hours.

Activities I and B are critical

Find the walues of x, v and z.

Solution:

x=3,yv=17z=17
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Exercise D, Question 2

Question:

The diagram shows an activity networl with early and late event times, in hours,
shown at the vertices.

a  Identify the critical activities,
b Mame an activity that links two critical events but 15 not critical

MG}

Solution:

a The critical activities are B, E, H, T and I

bl
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Question:

The activity netwotk for a project is shown below. Activity times are given in days
atid are shown in brackets,
a Copy and complete the activity network to show the early and late event times.
b Iz G acritical activity?

Ezxplain your answer.
¢ Describe the critical path.

Solution:

b Mo 7+1214
¢ The critical path 1s B=E-F-1
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Question:

Determine the total float of each activity inthis activity networle

F{5}) wl (&) [27]

Kil}

Solution:

Activity Total float
& ]
B W-3-0=7
C 15-8-6=1
D 0
E 14-4-3=7
F 20-5-14=1
€, 0
H 22-8-7=7
I 28-8-19=1
J 22-2-19=1
E 29-1-27=1
L 0
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Exercise E, Question 2

Question:

activity time s measured in hours.

Diz acritical activity,
2 has atotal float of 3 hours,

a “Work out the values of a. b, x and v,
b “What 15 the minimum possible value of £7

¢ What is the maximum possible value of the total float of B?

Solution:

a a=10 h=1% x=1%-10=19

Total fleat=3=15-y—a
y=15-3-10
y=2

b Minimum value of e =104+ 2 =12

¢ Mlinimum value of total float of B =19-5-12
=2
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Exercise F, Question 1

Question:

The diagram shows an activity netweorl: for a project. Early and late event times are
shown in days at the nedes. Draw a Gantt chart to represent the project.

I F(7)
< [§
cao = =

1(4) [20]

01 2 3 4 5 6 7 8 9 1010121314 1516 17 18 19 20

1Al ] €] F H | ]

| R
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Exercise F, Question 2

Question:

An activity network for a project 15 shown below,
a Calculate the walues of w, x, ¥ and z.

b List the critical activities.

¢ Calculate the total float for activities G and 14,
d Draw a Gantt chart to represent the project.

i3] G5 [w] M(7)

Solution:

a w=26 x=25 y=34 z=726
b Cntical activities: B, E, H, ki, O

¢ TotalfloatforE=26-5-13=8

Total float for N =39-5-29=15

B 9 1001 12 13 14 15 16 17 18 19 20 21 22 23 34 25 26 27 I8 29 30 30 32 33 3 35 36 37 38 30
| ISR Y O S S N Y G N NN S G S NN ke A A N [ N S N AN e SR S o O

[ B I: H | M i |
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Exercise G, Question 1

Question:

Eefer to the Gantt chart shown in Example 12 for this question
a  Which activities pusf be happening at midday on day 87

b Which activities st be happening at midday on day 217

¢ "Which activities sy be happening at midday on day 227

Solution:

a AE
h G H
¢ F.H
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Question:

The Gantt chart below represents an engineering project. An engineer decides to carry
out sotne spot checks on the progress of the project.

a "Which activities paust be happening at 12 noon on day 87

b Which activities say be happening at 12 noon on day 157

01 2 3 4 5 67 8 9101112131415 1617 1819 20 21 22 23 24 25 26

] A I F H

Solution:
a C,D
b E G
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Exercise G, Question 3

Question:

Draw a Gantt chart to represent the activity network below,
Tse your chart to determine:

a which activities say be happening at midday on day 3,
b which activities st be happening at midday on day 7

[26]
H(8) [26]
01 234567 891011121314 15161718 192021 22 2324 2526
| A ( I H
LI
| D BN T

a B, DandE maybe happening at midday on day 3,
b Only & mustbe happening at midday on day 7.
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Exercise H, Question 1

Question:

The cazcade chart below represents a project with a critical time of 22 hours,

a  (iven that the total duration of all of the activities 12 64 hours calculate a lower
kound for the number of workers needed to complete the project in the minimum
time.

b Anunforeseen problem means that Activity B cannot be started until 2 hours into
the project. Dioes this mean that the time for the whole project 15 delayed?

¢ Which activity smensf be happening 17 hours into the project?

d  Complete a scheduling diagram to complete the project in 22 hours State the
number of workers required.

g1 2 3 4 5 6 7 8 9 10111213 14151617 1819 20 21 22

Solution:
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a — =29 5o, lowerbound =73

b Mo 2 hours 15 less than the total float for activity B (3 hours).

¢ Activity H

A 01 232456 7 8 91011121314151617181920 21 22
Walker | | A INEEN F [ J |
Walker 2 | A [ | E I 1] | |
Walker 3 [ C | G | J |
Walker 4 | | H |

4 workers are needed to complete the project in 22 hours.
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Exercise H, Question 2

Question:

The activity network used in Example 14 15 shown again here.
a  Draw a Gantt chatt to represent the project.

b Schedule the project to be completed by the minimum number of workers in the
critical time.

State the number of workers required.

Fe) 3]
<121
. I(3)

a
23 4 56 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
| I N (N Y [N TN (Y (U O I Y Y N (Y (Y [N Y [ O N A O (N (N N |
A | C | Foo I J
111 :
| D
-
[ H | ,
b

23 4 5 6 7 8B 9 10000 1213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
| N Y [N N (Y (U [ [ [ N O Y Y Y [ O [ S A Y (NN N

A | C | Foo I | J |
i T & 1 v T & | «
R | H |
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Exercise H, Question 3

Question:

Construct a scheduling diagram based on the activity network below, given that only
two wotkers are available,

Find the new minimum time for completion of the project

Solution:
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WWhen wotleer 2 completes activity B, only

A activity E may be started.

Page2 of 2

B | I
01 23 4567 3% 910111213 o
When wotker 1 completes activity A, the
next activity to start 15 either © or T
L l ) ] = Activity C 1s chozsen because it has the
B | E | lower walue for its latest finish time.
01 2 3 4 5678 9101112131415
Atthiz stage, worker 1 has a choice
y ] = [ = between activity G and activity I Activity
H may not be started until activity F has

been completed.

There are two possible ways to complete the schedule so that the project 1z
completed in the minimum possible time:

D1 23456 78 9 100101121314 1516 17 15 19 20 21 22 33 24 35 26
v [ c] 0 | G 1 u |
B | E | F | [ | I
D123 45 6 7 8 9010010121314 15 16 17 1§ 19 20 21 22 33 24 25 24
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Exercisel, Question 1

Question:

The precedence table for activities involved in

producing a computer game is shown opposite, Activity Must be

An oactivity on arc network 18 to be drawn to i preceded by

model this production process. ;* _

a Explain why 1t 12 necessary to use at least C B
two dummies when drawing the activity D A, C
networlk. E A

F E
b Draw the activity network using exactly two € E
dumimies. H &)
I L. F
J 3,1
E 3,1
L HE
Solution:

a Activity D depends on activities & and C, whereas activity E depends only on
activity A This shows that a dummy iz required.

Activity T depends on activities G and I, whereas activity H depends only on
activity . Thiz shows that a second dummy 15 required.
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Exercisel, Question 2

Question:

a  Draw the activity netwotk described in this precedence table, uzsing activity on arc
and exactly two dummies,

Activity Tmmediately
preceding activities
N -
T _
C A
D B
E E . C
F E . C

b Ezxplain why each of'the two dummies 15 necessary.

Solution:

I'l
© Dummy 2
; L

G

b Dummyl 1z needed to show dependency
E and F depend on C and B, but D depends on B only.

Dummy2 1z needed so that each activity can be usiguedy
represented in terms of its event.
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Exercisel, Question 3

Question:

F{20)

An engineering project iz modelled by the activity network shown abowve. The
activities are represented by the arcs. The number in brackets on each arc gives the
time, in daye, to complete the activity. Each activity requires one wotker. The project
1z to be completed in the shortest time,

a  Calculate the early time and late titne for each event.

b State the critical activities.

¢ Find the total float on activities D and F. You must show your worlting,
d  Draw acascade (Gantt) chart for this project.

The chief engineer wisits the project on day 15 and day 25 to check the progress of the
wotrk. Given that the project 15 on schedule,

e which activities sust be happening on each of these two days? E

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics '

Page2 of 2

da
10 29 [ 1160 145
10 w| 45
A1) Cil)
G(8)
0 21 Jiy M9}
(1] 21 54
D(5) H(12) 54
B(l14} =
14 E(15) 33 K@
16 i 33 N(12)
Lifh)
F(20)
39
42

b There are fweo critical paths:

A—-C—G-I-M and A-C-H-E

The critical activities are &, O, G, H L K

¢ Total floaton D1z 21 -5-14=2
Total floaton F 1242 - 20— 14 =8

1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

L1 1 1 1 1 1 1.1

11 1 1 1 1 1

C | G

M

e Day15:C
Day 25 G,H.E. F
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Exercisel, Question 4

Question:

A project 12 modelled by the actiwity network shown abowe The activities are

represented by the arcs. The number in brackets on each arc gives the time, in days, to

complete the activity. The numbers in circles are the event numbers. Each activity
recquires one worlker,

a Explain the purpose of the dotted line from event & to event 8.

b Calculate the early titne and late titme for each event.

¢ Calculate the total float on activities I, E and F.

d Determine the critical activities.

e  (Given that the sum of all the times of the activities 15 95 hours, calculate a lower
kound for the number of workers needed to complete the project in the minimum
time. You must show vour working.

f Given that workers may not share an activity, schedule the activities so that the
process 13 completed in the shorte st time using the minimum number of workers. E

Solution:
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a Jdepends onHalone, but L depends enHand T

h
8 Fi(5}) 13
> (3}
13 29
Al D(7) 2
<0 | 32
0 B(Y) 20| HQ) |22 .Y
0 20 | 2 19)
. 3
C) E(l1} ., )
9 .| 20 11
i Kill
9 Gi%) 20 | RED

¢ Total floaton D=20-T7-8=45
Total floaton E=20-11-5%=0
Total floaton F=22-5-58=16

d
H—1
5 .
‘— i h
C— I “REK,H> 1
e E =25 50 3 worlers
38

f TForexample

0 2 4 6 F 10 12 K4 16 I8 20 22 24

Li6)

M(T)

26 3K 30 32 34 36 3B 40

C E H

J M

" -

A D F |

F E B B
AL € D > Sk
<U <Ei l'>“ ::': >h

" n
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Exercisel, Question 5

Question:

The network shows the activities that 10 i e [23]

need to be undertaken to complete a :

project. Each activity iz represented by

an arc. The number in brackets 15 the

duration of the activity in days. The

early and late ewvent times are to be

shown at each wertex and some have

keen completed for you

a Calculate the missing early time and
late times.

b List the two critical paths for this
networle,

¢ Explain what is meant by a critical path.

ATy

The sum of all the actiwity times 15 110 days and each activity requires just one

worker. The project must be completed in the minimum time.

d Calculate a lower bound for the number of workers needed to complete the
project in the minimum time. ¥ ou must show vour working.

e Listthe activities that must be happening on day 20

f Comment on your answer to patt e with regard to the lower bound vou found in

patt d.
g 3Schedule the activities, using the minimum number of workers, so that the project
1z completed in 30 days. E
Solution:
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1 D11}y
1 ]

E4) 14
(o | T
12 F(2) :

4 14| A

1 Gily

b The critical paths are: A-FE—H-FK and A-FE-TL.

¢ A critical path 1s a continuous path from the source node to the sink node such

that a delay in any activity results in a corresponding delay in the whole project,

d
surm of all of the activity imes 110
critical time of the project 30
Lower bound for number of worlers 15 4.
e DHILIL

f The answers to part e show that 5 workers are needed on day 20 1n order
to complete the project in the minimum time.

1]

01 234 5678921010123 HI5I6I7I8I19202122232425262728293D
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