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1 Review Exercise
Exercise A, Question 1

Question:

The table opposite shows the points obtained by

each of the teams in a foothall league after they Ashford
had each played & games. The teams are listed in Colnbrook 1
alphabetical order. Carry out a quick sort to Diatchet 18
produce a list of teams in descending order of Feltham 12
points obtained. E Halliford g
Laleham 1]
Povyle ]
mtaines 13
Wrayshury 14

Solution:

For example,

s 1 18 12 (® o 5 13 14
1812@14@61@5
s ®E® [ ¢ O
¢ ® [
T

v €]
18 14 13 12 9% & 5 1 0

Datchet (12), Wraysbury (14), Staines (13) Feltham (12), Halliford (%) Ashford (8),
Poyle (5), Colnbrooke (1), Laleham (0}
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1 Review Exercise
Exercise A, Question 2

Question:

A local council iz responsible for maintaining pavements it a district. The roads for
which it 15 responsible are represented by arcs in the diagram. The road junctions are

labelled &, B, C, ..., 3 The number on each arc represents the length of that road in
kem.

The council has received a number of complaints about the condition of the
pavements. In order to inspect the pavements, a council employee needs to walk along
each road twice (once on each side of the road) starting and ending at the council
offices at . The length ofthe route 15 to be minimal Ighore the widths of the roads.

a Ezplain how this situation differs from the standard route inspection problem.
b Find a route of minimum length and state its length E

Solution:

a  All arcs are to be traversed twice, this 13, in effect, repeating each arc. So all
valencies are evern.

h Eg &A—BD—-GF-GD—-C-E-A-F-C-A-F-FF-BF-A-BD—-C-A
{all correct routes will have 23 letters in their name)
length = 2x6 =12km
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1 Review Exercise
Exercise A, Question 3

Question:

a [Jse the binary search algorithm to try to locate the name SAB/AE in the following
alphabetical list Explain each step of the algorithm.

ABLE
BROWN
COOKE
DANIEL

DOUBLE
FEW
OSEORNE

FAUL

SWIFT
TURNER

W0d =1 On Lh s L B —

o
o)

b Find the maxzimum number of terations of the binary search algorithm needed to
locate a name in a list of 1000 names. E

Solution:
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a st pivotis [%} — 6 FEW, SABINE after FEW

Eejecting: 1—6 list i now

7 OSBOEME
s PATL
8 SWIFT
10 TURMEE
10

ot FJFT} 50 SWIFT, SABINE before SWIFT.

Eejecting 9 and 10 list 15 now

7 OSBORMNE
s PAUL

3rd Pivot 13 [?} —8PATL, SABINE iz after PATL. Eejecting 7 and &

list is now empty
S0 BABINE is not in the list

b Either:
maximum length of list remaining iz
1000, 200, 250, 125, 63,21, 15,7, 3, 1
so 10 terations.
or
we seek the smallest integer value of # such that

2" = 1000
log 2® = 1log 1000
#log2 = log 1000

. log 1000

log 2

= 9966

Loaisll
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1 Review Exercise
Exercise A, Question 4

Question:

The diagram shows a network of roads.
The number on each edge gives the time, in minutes, to travel along that read.
Awinash wishes to travel from 5 to T as quickly az possible.

a TTse Dijkstra's algorithm to find the shortest time to travel from & to T

b Find a route for Avinash to travel from 2 to T in the shortest tume. State, with a
reason, whether this route 1z a unique solution

O a particular day Avinash must include C in his route.

¢ Find a route of minimal time from 2 te T that includes C, and state itz time. Fo
Solution:
a
.'1'I.I 'i :: Iﬁ I.: l-rll.||| ’:"-'"
22
22 SNID[ 6 [25 8
812625 2
sT1lo Vis[BT3ig G[7 [a7]10NT] [ 37
0 18 6,727 (27) 17(39)(45)
INJE 4 |21
7 11
1 6/123 21 7
cl2 17 H[ 8 [28
17 15 12 28

Shortest time: 37 minutes

b ether 3-4A-D-G-T or 5-B-E-G-T
The route i1z not unique; there are two of them (2-A-D-G-T and
2=B-E-G-T)

¢ =—-C-—E—-G-T length 39 minutes.
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1 Review Exercise
Exercise A, Question 5

Question:

State briefly
1 Prim's algorithm,
i Kruskal's algorithm,

Find a minimum spanning tree for the netwotl below using
1 Prim's algorithm, starting with wertex (3,
o Kruskal's algorithm.

In each case write down the order in which vou made vour selection of arcs.

State the weight of a minimum spanning tree.

State, giving a reason for your answer, which algoerithm iz preferable for a large

networl.

Solution:

PhysicsAndMathsTutor.com
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a i Prim
*  elect any vertex to start the tree

*  Zelect the shortest arc that joins a vertex already in the tree to a vertex not
yet in the tree. Add it to the tree,

*  Continue selecting shortest arcs until all vertices are in the tree.

i Eruskal
= ZSortall arcs into ascending order of weight
= Zelect the arc at least weight to start the tree.
*  Take arcs in order of weight.
* Eejectthe arc if it would form a cycle.
«  Add it to the tree if it does not form a cycle.
*  Continue taking each arc in turn until all vertices are connected.

b i GH, GIL HF,FD, DA, AE, AC, DE

i GH, AB, AC, AD, reject BD, DF, G, reject BC, FH, reject DG, DE,
reject EG, reject HI, reject CF.

¢  weight iz 76

d Prim's algorithm
o Ttiz easily conwverted inte matriz form.

o Tt i difficult to use Eruskal’s algorithm because it i difficult to check for
cycles in a large network.
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1 Review Exercise
Exercise A, Question 6

Question:

The diagram shows 7 locations A, B, C, D, E, F and G which are to be connected by
pipelines. The arcs show the posszible routes. The number on each arc gives the cost, in
thouzands of pounds, of laying that particular section,

a Tse Eruskal's algorithm to obtain a minimum spanning tree for the network, giving
the order in which you selected the arcs.

b Draw your minimum spanning tree and find the least cost of ppelines. E

Solution:

a GC, FD, GF, reject CD, ED, reject EF, BC, 4G, reject AB.

b
.r:.' 54 '(.- 30 .I; 25 p 35 J:
205 50
c ;)

cost = (20+25+ 304+ 35+ 50+ 54) <1000 = £214 000
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1 Review Exercise
Exercise A, Question 7

Question:

The network abowe represents the distances, in miles between eleven places &, E, F,
G, L O P, 5 T, Wand Y.

a Tlee Dijlestra's algorithm to find the shortest route from W to 3. State cleatly
1 the order in which you labelled the vertices,
1 how you determined the shortest route from your labelling,
i the places on the shortest route,
iv the shortest distance.

b Ezxplain how patt a could have been completed so that the distance from A to 2
could also have been obtained without further calculation. (You ate not required to

find thiz distance.) K

Solution:
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wll] 0

L
e |

1]2]10s

107

NG HE

i 65 103
Fl4[i70 114

50

0] 7]220 94

plel219

220 62
AN EEEY

219

46

212

87
126

E[%]26

Y [l0[316
3431 316

:"r

S [11]36s

393 368

3be—52 =316 5Y
316-35 =281 G5
28l1-62 =21% PG
219-114=103 TP

105-105 =0 WI

i Shortest route 15 W-I-P-G3-Y-3

iv length 368 miles

h Ifwe started at 3, the algorithm would find the least distance from = to each
vertex, so in finding 5 to W we could have found 3 to A
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1 Review Exercise
Exercise A, Question 8

Question:

The network shows the possible routes betweencities 4 B, C, DL E, F, Gand H

The number on each arc gives the cost, in pounds, of taking that part of the route.
se Dijkestra's algorithm to determine the cheapest route from & to H and its cost.

Your solution must indicate clearly how wou have applied the algerithm.

State clearly

a the order in which the vertices are labelled,

b how you used your labelled diagram to decide on the cheapest route. K
Solution:
a
B[3]46 2 F[5]78
46 /1 46 a3 119 78 4
41
Al1T0 E] 6] 83 74 H| & [120
] 87 SO TRV RT i1 1W I35 1200 1576133
19 54 - 26
cl2]32 03 2N G| 7107
32 28 107(110)
¥4 52

D|4]55

)

b 120-42=78 FH
T8-32=46 BF
d6-46 =10 AB
route iz & —FB—-F-Hreost £120
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1 Review Exercise
Exercise A, Question 9

Question:

The network above models the roads linking tentowns & B, C, DLE F, G, H. Tand T
The nutber on each arc iz the journey time in minutes, along the road.

Alice lives in town A and worles in town T,
a [Jze Dijkestra’s algorithm to find the quickest route for Alice to travel to work each
morning

State clearly
1 the order in which all the wertices were labelled,
1 how you determined the quickest route from your labelling.

b On her return journey from wotlk one day Alice wishes to call in at the supermarket
located in town

Ezxplain briefly how wou would find the quickest route in this case. E

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics '

a 1
clajid 21 G| 7] 32
14 > 17,7135 32
v i El4a]15 " 17
Ali]o HENEDNNT
0 o——0  [p[2T10 )20 al&]33] 10 NJTio0[a3
B[s]19 L7110 33(34)(48) 3943 (54)
1927 |17
9
22 12 12
1 JoT42
\El6]22 = 4742
22 (40) £

n 43-10=33 HI
33-18=15 FH
15-15=0 AF

route g A —F-H-T length 43 minutes

b TIze the algorithm starting at T to find the shottest route from I to C, then add arc

oA

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Decision Mathematics Pagel of 1

Solutionbank D1

Edexcel AS and A Level Modular Mathematics

1 Review Exercise
Exercise A, Question 10

Question:

a Ezxplain why it 1z impossible to draw a network with exactly three odd vertices.

.
B x4+

The reute inspection problem is solved for the networl: abowe and the length of the
route 15 found to be 100.

b Determine the value of x, showing vour working cleatly. E
Solution:
a Eachedge contributes 1 to the order of the vertices at each end. 5o each edge
contributes 2 to the total sum of the orders.
The sum ofthe orders 15 therefore an even number.
If there were an odd number of vertices with odd order the sum would be odd. So

there must always be an even (or zero) number of vertices of odd order.

b The only vertices of odd order are B and C, we have to repeat the shortest path
between B and C.

If x=9 the shortest path 1s BC {direct).

Weight of network +BC = 100
(9%x—26}+x =100 = x=12

If x =9 the shortest path is BAC of length 2x -9
(9%?{— 2+ 2x-9=100=x=1 1% # 9 g0 inconsistent.

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics Pagel of 2

Solutionbank D1

Edexcel AS and A Level Modular Mathematics

1 Review Exercise
Exercise A, Question 11

Question:

A B C D E F
Al — 10 12 13 20 09
Bl - 7 15 11 7
12 7 - 11 18 3
D1z 15 11 — 27 &8
Ej20 11 18 27 — 18
F| 7 3 &8 18 -

The table shows the distances, in metres, between six nodes A, B, O, D, Eand F of a
networlc.

1 Usze Prim's algorithm, starting at &, to solve the minimum connector problem for
this table of distances. Exzplain your method and indicate the order in which you
selected the edges.

1 Draw your minimum spanning tree and find its total length

i State whether your minimutn spanning tree iz unique. Justify yvour answer,

b & connected network I has seven vertices.
1 State the number of edges in a minimum spanning tree for B

A minimum spanning tree for a connected network has # edges.
n  State the number of vertices in the networl, E

Solution:
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a 1 Method:

*  Start at A and use this to start the tree.

¢  Choose the shortest edge that connects a wertex already in the tree to a

vertex not vet in the tree. Add it to the tree.
s Continue adding edges until all vertices are in the tree,

FE
ABEFCy or ¢, FDLEE
EC
i
A 0 F 9 B 11
[ ] = /‘_x L
i \.\h
o ®
L D
A F C B
o2 . 3 o 7 o
b \‘.
D

or

m The tree iz not unique, there are 2 of them (see abowve).

b 1 numberof edges=7-1=46

n number of vertices=xn+1

© Pearson Education Ltd 2C
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1 Review Exercise
Exercise A, Question 12

Question:

a Describe the differences between Prim's algorithm and Eruskal's algorithm for
finding a minimum connector of a networle

C 25 |

15 14

I8 16

I 32 G
b Listing the arcs in the order that you select them, find a minimum connector for the
networl: abowve, using

i Prim's algorithm,
i Kruskal's algorithm. E

Solution:

a For example

s In Prim the tree "grows’ in a connected fashion

s  There 15 no need to check for cycles when using Prim.

*  Prim can be adapted to matriz form.

s  Prim starts with a vertex, Eruskal with an edge.

*  Eruskal must start with the least edge, Prim can start with any verts

b 1 Forexample AC, AE, BD, EE, EF, EG
i EF, AC ED, AR, reject AD, EG, reject FG, BE

© Pearson Education Ltd 2C
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1 Review Exercise
Exercise A, Question 13

Question:

45 %6 7% 46 1w 80 81 51

a TTaing the quick zort algorithm, perform one complete iteration towards sorting

these numbers into ascending order.

b Using the bubble zort algorithm, perform one complete pass towards sorting the

ariginal list into descending order
Another list of numbers, in ascending order, iz

725 31 37 41 44 50 42 71 T3 B4
¢ Tse the binary search algorithm to locate the number 73 in this list.

Solution:

a Forexample, 45 37 18 56 79 %0 8l

b For example, 56 45 79 A& 37 an g1 a1

1+11
c lot pavet {T:| —Gth number (44 T3> 44 2o reject 1st to Ath numbers

11

51

13

2nd pivot {?+T:| — 9th number (710 73> 71s0 reject 7th to 9th numbers

10+11

3rd pivot{ :| —  11th number {94) 73 =94 soreject 11th number

dth pivet 10th number (72) itern found
73 was found as the 10th number in the list.

© Pearson Education Ltd 2C
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1 Review Exercise
Exercise A, Question 14

Question:
The following list gives the names of some students who have represented Britain in

the International Mathematics Olympiad.

Eoper (), Palmer (P), Boase (B), Young {Y), Thomas (T, Eenney (K}, Morriz (1),
Halliwell (H), Wicker (W), Garesalingam ().

a Use the quick sort algorithm to sort the names above into alphabetical order.

b Tlee the binary search algorithin to locate the name Kenney. E

Solution:
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a Forexample,

E

E

E
®

B

NCICER:

g)d « 2 4

JEICICR

list 15 1n order

b {?} — & Palmer Eenney < Palmer reject & to 10

list 1z now

Boaze
Graresalingham
Halliwell
Eenney

Motz

Lh I 1] D —

2nd pivot{%} — 3 Halliwell Eenney = Halliwell reject 1to 2

list 12 now
4 Eenney
5 Meorms

3rd pivot {i;} — 5. Morris Eenney = Morris reject 5

list 15 now
4 Eenney
item found

Eenney was found as the 4th name in the list

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics '

Solutionbank D1

Edexcel AS and A Level Modular Mathematics

1 Review Exercise
Exercise A, Question 15

Question:

Glasgow
MNewrcastle
Idanchester
Tork
Leicester
Birmingham
Cardiff
Exeter
Southampton
Plymouth

W oD -] On Lh s L D —

—
o)

A binary search is to be performed on the names in the list above to locate the name
Mewcastle.

a Ezxplain why a binary search cannot be performed with the list in its present form.

b Using an appropriate algorithim, alter the list so that a binary search can be
performed. State the name of the algorithm you uze,

¢ TTse the binary search algerithm on your new list to locate the name MNewcastle £

Solution:

PhysicsAndMathsTutor.com
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a The list 15 not in alphabetical order.

b For example, gquick sott.

EH:JH:JH:J

EEEEAGIO)
Ehdmmm

z(@)=z2(® 2 2 aa

~H@ -~ @R = -

®
©
}

=
=

1 EBi#mingham
2 Cardiff

3 Exzeter

4 Glasgow

5 Leicester

& IMdanchester
T MNewcastle

2  TPlymouth

9 Southampton
1

1+10
{T:| — 6 Manchester MNewcastle = Manchester so reject 1to 6

list 15 now:

7T MNewcastle

8  Plymouth

9 Southampton
10 Yot

T4+10
{ :| — 9 Sceuthampton  MNewcastle < Southampton soreject 9 to 10

list 12 now
7 Mewcastle
2  Plymouth

T+E
{T:| —8 Plymeuth  MNewcastle < Plymouth so reject 8

lizt iz now
7 Mewcastle
Final term 15 7, Mewcastle . name found at 7.
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1 Review Exercise
Exercise A, Question 16

Question:

The weighted networl: shown above models the area in which Bill lives. Each wertex
represents a town, The edges represent the roads between the towns, The weights are
the lengths, in km, of the roads.

a Use Dijkstra's algorithm to find the shortest route from Bill's home at 3 to T
Complete all the boxes on the answer sheet and exzplain clearly how you
determined the path of least weight from your labelling.

Eill decides that onthe way to T he must visit a shop in town E.

b Ohtain his shortest route now, giving its length and explaining your method clearly.
E

Solution:
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Al4 16 23
16/ 6 ?,!,('2122
1/ == 13
slifoV 12 [8[3]12 23 E[7]30] & \[T[8]37
0 12 35 30(35) 4134037(38)
8 13 &
3 E] 517 .
17(20)
cl2]s 2 35
8
For example
37-20=17 TT
17-9 =8 CF
-8 =0 SC

shortest path 15 53— C—F—T length 37

b IMeed shortest path S to E4+ET
w0 5—C—F-E-Tlength 38

© Pearson Education Ltd 2C
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1 Review Exercise
Exercise A, Question 17

Question:

G

b

] 2 ] 4

The diagram shows a network of roads. Erica wishes to travel from A to L as quickly
as possible. The number on each edge gives the time, in minutes, to travel along the

road.

a Use Dykstra's algonthm to find the quickest route fom A to L. Complete all the
boxes on the answer sheet and explain clearly how vou determined the quickest

route from your labelling.

b Show that there 15 another route which also takes the minimum time.

Solution:
a
Al 1Jol 4 [B]3l4] 6 [c]wsho] 6 [Dl12]6
0 4 10 (8) 16 16
1 2 8 4
E| 2|1 F| 4]5 Gl 87010 HI109]12
I 4 |5 (0 5 |10(18) 2 |12
5 7 3 !
1[s5]6 1 618 Klo/10012 L1113
6 2 12 8 4 12(13) I [1313
For example
13-1=12 HL or 13-1=12 EL
12-2=10 GH 12-4=8 JK
10-5=5 FG g—2=6 II
5-4 =1 EF 6-5=1 EI
=1 =8 .AE 1-1=0 AE

=hortest path 1z {

A-E-F-G-H-L
A-E-I-T-KE-L

b Ztate the other path given above in part a.

© Pearson Education Ltd 2C
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1 Review Exercise
Exercise A, Question 18

Question:

13

An engineer needs to check the state of a number of roads to see whether they need
resurfacing. The roads that need to be checked are represented by the arcs in the
diagram. The number on each arc represents the length of that road in km. To check
all the roads, he needs to travel along each road at least once. He wishes to minimise
the total distance travelled,

The engineet's office iz at G, so he starts and ends his journey at G,

a Use an appropriate algorithm to find a route for the engineer to follow. State your
route and its length.

The engineer lives at D He believes he can reduce the distance travelled by starting
from home and inspecting all the roads onthe way to his office at G.

b State whether the engineer iz correct in his belief If so, calculate how much shorter
his new route 13 If not, explain why not E

Solution:

a BD+FG=13+0%=22 *+—— The odd valencies are at B, D, F, 3.
EF+DG=154+20=315%

EG+DF=07+17=24
Eepeat BD and FGG

Eoute for example G-F-E-D-BE-C-D-BE-F-G-A-FBE-G
{13 letters in route)
length 89422=111km

b It would now only be necessary to repeat BE of length 1.5 = 2.2
length =89 +1.5=104 km, saving 0.7 km.

© Pearson Education Ltd 2C
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1 Review Exercise
Exercise A, Question 19

Question:

West
Gate)

The diagram shows the network of paths in a country parle. The number on each path
gives its length in km. The wertices & and I represent the two gates in the park and the

vertices B, C, I, E, F, G and H represent places of interest.

a Usze Dijkestra's algorithm to find the shortest route from & to I Show all necessary
wotling in the boxes on the answer sheet and state your shortest route and its

length.

The park warden wishes to inspect each of the paths to check for frost damage. She

haz to cycle along each path at least once, starting and finishing at &

b 1 Tze an appropriate algorithm to find which paths will be covered twice and state

these paths,
i Find a route of minimum length.

i Find the total length of thiz shortest route.

Solution:
a
B[3[12] . , Jal7is
12/2(13) ~JEl5[15] 118
5] 6 I3
Al1]o [/ 10]C[2]10 " 9
10
4] 12N\ F|6]17
IS\[D[4]14 2218 17™5~JH[8]20
1514 20

Shortest route is A —-B-E-F-H-Tlength 22 km

b 1 Oddwertices are & and I {only), so we need to repeat the shortest route from A

to I This was found in a.
so repeat AR, BE, EF, FH, HL

(¥

1]9]22

24 23 22

i Forexample 4 -B-C-A-D-C-E-H-I-H-E-F-1-G-

F-E-B-F-E—A (20 letters in route)

m #14+22=112km

© Pearson Education Ltd 2C
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1 Review Exercise
Exercise A, Question 20

Question:

80 50 55 40 20 35 30 25 45

a Use the bubble sort algerithin to sort the list of numbers above into descending
order showing the rearranged order after each pass.

Tessica wants to record a number of telewision programmes onto wideo tapes. Each

tape 1z 2 hours long The lengths, in minutes, of the programmes she wishes to
record are:

55 45 20 300 30 400 200 200 25 30 35 and 35

b Find the total length of programmes to be recorded and hence determine a lower
bound for the number of tapes required.

¢ Tse the first fit decreasing algorithm to fit the programmes onte her 2-hour
tapes.

Teszsica's friend Amy says she can fit all the programmes onto 4 tapes.
d Show how this 15 possible. E

Solution:
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a For example bubbling left to right

a0 S0 55 40 20 35 25 45
a0 35 L0 40 35 30 25 45 20
90 55 50 40 35 30 45 25 20
90 55 50 40 35 45 025 20
90 55 A0 40 45 35 025 20
90 55 A0 45 40 35 a0 25 20

Mo moere changes, list sorted.

b ﬂ= 396 20 lower bound iz 4 tapes

120

¢ Binl: 20430
BinZ: 554350
Bin=: 45+40+435
Bind: 35430425420
Eins: 20

d Forexample
Ein 1. 30+30
EBin2: 35435430
Ein 2 45440435
EBind: 50+25420+20
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Question:

A weighted network 15 shown abowve.

iven that the shortest path from 5 to T 13 17 and that x =0, » =0

a 1 explain why & and C cannot lie on the shortest path,
i find the value of x.

b Given that x=12 and y =0, find the possible range of values for the length of the

shortest path.

¢ (ive an example of a practical problem that could be solved by drawing a network

and finding the shortest path through it

Solution:

a 1 Shortest path through & 13 184y or 26 both of which are greater than 17,
sShortest path through C iz 23, which 18 greater than 17 5o shortest path

catnnet go through & or C

1 Shortest path must go through B.
2=B-D-T=12+=x
124x=17
x=4

b If v=10 shortestpathis S-A-D-T=18
If »=25 shortestpath is 5-C-D-T =23
sorange iz 18 to 23

¢ For example, a person seeking the quickest route from home to wotk through a
city. The atcs are the roads that may be chozen, the number the titme, in minutes,

to journey along that read The nodes represent junctions.

© Pearson Education Ltd 2C
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Exercise A, Question 22

Question:

a Define the terms
1 free,
1 spanning tree,
1l minimum spanning tree.

b State one difference between Eruskal's algorithm and Prim's algorithm, to find a
minimum spanning tree,

¢ Tse Eruskal's algorithm to find the minimum spanning tree for the network shown
abowe. State the order in which you included the arcs. Draw the minimum spanning
tree and state its length

B 50 H

1403

Ll .

This network models a car parle. Currently there are two pay-stations, one at E and one
at I, These two are linked by a cable as shown MNew pay-stations are to be installed at
B, H A F and C. The number on each arc represents the distance between the
pay-stations in metres. All of the pay-stations need to be connected by cables, either
directly or indirectly. The current cable between E and M must be included in the final
network. The minimum amount of new cable 15 to be used.

d Tzing your answer to part ¢, or otherwise, determine the minimum amount of new
cable needed Draw a diagram to show where these cables should be installed. State
the minimum amount of new cable needed E

Solution:
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a 1 A connected graph with no cycles, loops or multiple edges.
i A tree that includes all wertices.
i A spanning tree of minimum total weight

b For example,
*  There 15 no need to check for cycles when using Prim's algorithm.
* Prim's algorithm can start at any wertex, Eruskal's algorithm starts with the
shortest arc.
* In Prim's algorithm the tree “grows’ in a connected fashion, with Kruskal's
algorithm the tree may not be connected until the end.
*  "When using Eruskal's algorithm the shortest are 15 added to the tree (unless it

completes a cycle), with Prim's algorithm the nearest unattached veriex 1z
added.

¢ BH, IMF, HI, AH, BE, AN, EF, AF, HE, CH, CE, BC, EX
TTze BH, NF, HIY, AH, BE, reject WA, reject EF, reject AF, reject HE, CHN

d

o\

130

Mew cable: 390 m
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Question:

Mine pieces of wood are required to build a small cabinet. The lengths, in cm, of the
pieces of wood are histed below.

200 20 20 35 40 A0 &0 70 75
FPlanks, one metre in length, can be purchased at a cost of £3 sach

a The first fit decreasing algorithm iz used to determine how many of these planks
are to be purchased to malke this cabinet. Find the total cost and the amount of
wood wasted.

Planks of wood can alse be bought in 1.5 m lengths, at a cost of £4 each The cabinet
can be built using a mixture of 1 mand 1.5 m planks.

b Find the minimum cost of making thiz cabinet. Tustify your answer. E

Solution:

a 7o 70 &0 a0 40 35 20 20 20

EBin 1. 75420

Bina: 70420

Bin 3 0440

Bind: 50435

Bin5: 20

5 planks needed ata cost of D= E3=£15

wastage 15 5+104+04+154+80=110cm

b Forexample Bin 1 (1.5 m): 753+70 Bin1({1m): 75420
Bin 2 (1.5 m): 60450+40 or Bin2(1.5m): T0+604+20
Bin3(1m): 35420420420 Bin3(1.5m): 304+40435+20

Cost: 2xEd+£3=1£11.

1.5 m lengths are better value than 1 m lengths, therefore the solution using as
many 1.5 m lengths as possible 12 preferred.
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Question:

a Use Dikstra's algerithm to find the shortest route from = to T in thizs network
whow all necessary working by drawing a diagram. State vour shortest route and its
length.

b Ezxzplain how you determined the shortest route from your labelling.

¢ Itiz now necessary to go from 2 to T wia H Obtain the shortest route and its length,

E
Solution:
a
50 JCTE T34
Al 3 [34 | 7154 16
34 /134
HNDT5 [45] 26 NG9 |70
S| {o 46 45 1 /176 71 70 12
0 24 . T [10]82
E[4 43/ 55 84 §2
22 43 ~—~JH][8 [66 18
B[ 2 [22 P21 68 66
22 ~JFL7 [56 710
34 56

Eoute: 5-A-C-G-T length: 32

b  Forexample
g2—-12 =70 GT

=16 =54 CG
54-20=34 AC
34-34=0 3A

¢ shortestroute from S to H + HT
5-B-F-H-T length: 84
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Question:

Analgorithm 1z described by the flow chart below.
Start

Read a, b

-‘I*‘.

- | Llete=a+ hio2dp. \
1

| Let d = largest whole numbser = ¢ |

&l e = gy

-

I I |

]

'+ |
1
=
- ” R " - \:|_'|]1
answer 15" b
+' Mo
Lleta=b

letbh=f

-*-I--

-

a Fven that @ =645 and & =255, draw a table to show the results obtained at each
step when the algorithm 15 applied.

b Explain how wour solution to part a would be different if you had been given that
@ =250 and H =640

¢ State what the algorithim achieves E

Solution:
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a i & £ e | f | F=07
G645 255 2.53 5100 135 Mo
255 135 1.89 125 120 Mo
135 120 1.13 120 15 Mo
1201 15 3 1200 0 Tes
answer iz 15
b The first row would be
255 645 040 255 Mo

but the second row would then be the same as the first row in the table abowe. 5o
in effect thiz new first line would just be an additional row at the start of the

solution.

¢ Finds the Highest Common Factor of @ and &
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Question:

55

sl

25

54

75

2

Pagel of 1

5

a The list of numbers above 15 to be sorted into descending order. Perform a bubble
sort to obtain the sorted list, giving the state of the list after each complete pass.

The numbers in the list represent weights, in grams, of objects which are to be packed

into binz that hold up to 100 g,

b Determine the least number of bins needed.

¢ Jae the first-fit decreasing algorithm to fitthe objections into bing which hold up to

100 g

Solution:

a For example, left to right

35
a0
a0
84
54
w4

a0
55
a4
a0
Bl
]

25
ad
55
55
55
75

ad
25
34
34
75
55

25
24
25
75
34
24

34
25
75
25
250
25

Mo more exchanges, sort complete.

b 403+-100=4103 z0 5 bins are needed.

¢ Binl: 8445+3

Bin 2: B0+17
Bin3: 75425
Bind: 55434

Bin5: 25
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Question:

G

70 + 2x 40 + 5x

70 60 a0 30

{1l ()

Q0 70

130
140) a5

50 R

H

Peter wishes to minimize the time spent driving from hiz home at H, to a campeite at
3. The networlk abowe shows a number of towns and the time, in minutes, taken to
drive along thesze roads is expressed in terms of x, where 220,

a Uee Dijkestra's algorithm to find two routes from H to G (one wia & and one via B)
that minimise the travelling time from H to G State the length of each route in
terms of x.

b Find the range of values of x for which Peter should follow the route wia &4 &

Solution:
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a
Gl |
70 + v 165+5x 265+ 2 40 + 5x

B[S [195 Als 125
200 195 125

70 ol i 30
Fl6[130] 30 N C[7 [135)/ 40 [EJa[9s
130 (140) 140 135 95 (150)

90 95 70

0

[[2]50] \I30 . D] 3 [50

50 80

SoONyH] 1o )

0

Wia A

A — length 16545x
Via B C

H-E- €
H-E-C-E-G length 265+2x

b 16545x=265+2x=>x= 33%

Sorange iz 0= x£331§

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics Pagel of 1

Solutionbank D1

Edexcel AS and A Level Modular Mathematics

1 Review Exercise
Exercise A, Question 28

Question:

A B C D E F
Al =TT 3 — 8 11
E|7 - 4 2 - 7
3 4 — 5 8% —
D 2 5 — 6 3
E - % 68 - —
F |11 - 3 - -

The matriz represents a network of roads between six willages A B, C, D, E and F.
The walue in each cell represents the distance, in km, along these roads.

a Show this information on a diagram.

b Use Eruskal's algorithm to determine the minimum spanning tree. State the order in
which you include the arcs and the length of the minimum spanning tree.

¢ Starting at D, use Prim's algorithm on the matriz given to find the minimum

spanning tree. State the order in which you include the arcs. E

Solution:

¢ DB.DF BC CA DE
length of tree 18 km

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics Pagel of 2

Solutionbank D1
Edexcel AS and A Level Modular Mathematics

1 Review Exercise
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Question:

The diagram shows a network of roads connecting willages. The length of each road,
in km, 15 shown WVillage B has only a small footbridge over the river which runs
through the willage. It can be accessed by two roads, from A and D

The driver of a snewplough, based at F, 15 planning a route to enable her to clear all
the roads of snow. The route should ke of minimum length. Each road can be cleared

by driving along it once. The snowplough cannot cross the footbridge.

chowing all your working and using an appropriate algorithm,

a find the route the driver should follow, starting and ending at F, to clear all the
roads of snow. Give the length of this route.

The local authority decides to build a read bridge ower the river at B. The sthowplough
will be able to cross the road bridge.

b Eeapply the algorithim to find the minitnum distance the snowplough will have to
travel (ignote the length of the new bridge) K

Solution:
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a Oddwertices are BB, E. G
E,E,+EG =65+18=83
E,E+E,G=41+42=83
B, G+B,E =26+30=356
Repeat B\ D, D5, B A AE
Eoute: For ezample,
F-A-E-A-B,-A-C-E-F-G-D-H-G-D-E,-D-F
(A1l correct routes have 17 letters in theyr “word”)
length =129 456 =185 km

b IMNow only the route between E and G needs repeating
so repeat EF+FG =18
length of new route =129418

= 147 km
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Question:

Thiz diagram describes an algorithm in the form of a flow chart, where @ 15 a positive
mteger,

List P, which 1z referred to in the flow chart, comprise the prime numbers
g 2 ook B s 1

a Starting with a =90, implement this algorithm. Show your working in the table
b E=xplain the significance of the output list.

¢ Write down the final value of ¢ for any initial value of a.

Start

b

Input a

T

| Let & = Flrst number in List P |
T
T
List~Z 3 No Increase b to
411,12 - next integer
in List P

T Yes

Output b
T
Mo

v Yes

Solution:
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Cutput

] b c Integer? lit':sF:‘, a=h"
a0 2 45 g 2 I
45 2 22.5 N

45 3 15 ' 3 Iy
15 2 7.5 vl

15 3 5 X 3 Il
5 2 2.5 Nl

2
5 3 1§ H
5 9 1 g 5 T

Chutput list: 2, 3,3, 5

b Ezxpresses a as a product of prime factors

¢ ¢=1 (since we stop when a =4 and c=§)
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Question:

The network opposite represents the journey time, in minutes, between ten Midland

towns,

a Use Dijkstra's algerithm to find

the quickest route between 4 and
I Your solution tmust indicate
clearly how wou applied the

algorithm, including

1 the order in which the vertices

were labelled,

n how you determined vyour
quickest  route

labelling.

from  wour

b Is the route you have found the only quickest route?
Give a reason for your answer.

Solution:

17 16
al1o 22

n Forexzample

63-15= 48
45-14 =34
3-16=138
15-18 =0

Eoute A-—C-E-H-Jor A-D-E-H-T

b IMNo, it is not the only route, there are two shortest routes {see abowve).

© Pearson Education Ltd 2C

0
EH
CE
AC

ar

3

£3-15 = 48
4514 = 34
34-12 =22
22-22=10
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0
EH
DE
AT

?
J\ G| &[40

49 (54)

length 63

Bl2is 21 HEES
37 35 o= [J 10763
10 \"ﬁ 15 68 63 (64
D] a]22 e gy H] 748
~7 f122 (26)(41) 14 48 6l 1l
- 12 25
16 E[ 5 [34 19 1]9]s3
18 34 (34) 53(73)(81)
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