Heinemann Solutionbank: Decision Mathematics :

Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise A, Question 1

Question:

Tze dynamic programming to find
a ashortest
b alongest

route from 5to T in the networl: below. State the route and its length

Solution:
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a Shortest
Stage | State Action Destination Value
1 F FT T 23"
G T T o4*
H HT T o1
2 D DF F 24+23=47
DG G 22424 =44
DH H 17+21=38"
E EF F al4+23=43
EG G 2h424 =49
EH H 204+21=471"
3 A AD D 34 4+38=72"
AE E 334+41="74
B EBD D 32438="70"
EE E al+41="72
C CcD D 30+ 38 = 68"
CE E a04+41="71
4 = oA A la+72="50
=B B 17+70=87"
20 C 20+ 68=288
shortest route SBEDHT length 87
b Longest
Stage | State Action Destination Value
1 F FT T 23*
3 T T o4t
H HT T 21
2 D DF F 24 423=47"
DG €} 22424 =44
DH H 17+21=733
E EF F 204+23=43
EG G 25 424 = 45*
EH H 204+21=41
3 A AD L 34447 =81
AE E 33+459=82"
E ED D 32447="79
EBE E 314+49=80"
Z D D A0+47 =77
CE E 30+45 =79"
4 S Sh A 18432 = 1007
=B E 17+80=597
=20 C 20479=159

Longestroute SAEGT length 100
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise A, Question 2

Question:

Tse dynamic programming to find
a ashortest
b alongest
route from 5 to T in the network below. State the route and its length.

Solution:
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a Shortest
Stage | State Action Destination Value
1 G T T 2R
H HT T 23
I IT T 24"
2 C CG G 19+21=40"
_H H 21425=44
D DG G 20421=41
DH H 21+23=44
E EH H 22+23=45
EI I 234+ 24 =47
F FH H 254+23=48
Fl ! 20 + 24 = 44*
3 A AC C 34440 =74"
AD D 37+41=178
AR E 35+45=80
B ED D 38+41=78
BE E 33+45=T8"
EF F 36 +44 =30
4 S SA A 14+74=88"
=B B 12+78=91
Shortest route length 15 88 with route SACGT
b Longest
Stage | State Action Destination Value
1 ) T T 21+
H HT a5 23
I IT T 24*
2 & CG G 19+ 21=40
CH H 21423=44"
D DG € 204+21=41
DH ich 21+23=44"
E EH H 224+23=45
EI I 23424 =47
i3 FH H 25423 =48
FI I 20424 =44
3 A AC C 34 4+44 =78
AD D 37444 =81
AE E 35+47 =82°
B ED D 28444 =82
BE E 33447 =80
BF F 36 +48 =84"
4 = =4 A 14482 =56
=B E 134+84=97"

Longest route length 18 97 with route SBFHT
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Edexcel AS and A Level Modular Mathematics

Exercise A, Question 3

Question:

Tze dynamic programming to find
a ashortest
b alongest
route from 5 to T in the network below. State the route and its length

Solution:
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a Shortest
Stage | State Action Destination Value
1 H HT T 16"
I IC T 18
i 1T, i 17*
2 D DH H 30416 =46
E EH H 27+16=47%
EI I 26 +13=44
F dod] I 264+18=44"
FI 7 28 +17=45
G GI ij DSR4
3 A AD D 2B +46 =74
AE E 20 443=72"
B ED D 26 +46="T72
BE E 23 +43= 66"
EF F 25+44 = 69
C CE E 22443=65"
CF F 24444 =68
CG G 24+42=66
4 3 S A 26+72=98
5B B 77+ 66=593"
aC E 32 +65=97
shortest route length 15 93 with route SBEHT
b Longest
Stage | State Action Destination Value
1 H HT T e
I IT i 19
il TE T e
2 D DH H 30416 =46
E EH H 27+16=43
EI I 26+18=44"
F FI I 26 +12=44
IS} I 28+17=45
& &) I P51 =42
3 A AD D 28446 ="74"
AE E 20+44="73
B ED L 264+46=T2"
BE E 23+44 =67
EF F 25+45="T0
c CE E 22 +44 =66
CF F 24 4+45= 69"
CG G 24+42=66
3 z TL E 26+ 74 =100
3B B 27+72=299
aC @ 32+69=101"

Longest route length 15 101 with route SCEIT
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics
Exercise A, Question 4

Question:

TTze dynamic programming to find
a a shortest

b alongest
route from = to T in the networl below, State the route and its length
A 22 D
A - IE G
2 - T, - g .‘-. B i I
o LAy 7Aoo 20
B_~"27 B o
Q- - L —o, 15 X = |
2T a2 - Lr W
o = o _,_"'“"- £
30 B4 -
L > - 16
C 24 F
Solution:
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a Shortest
Ntage | State Action Doestination Value
1 G T T i
H HT i Pl
2 D DG G 184 20=238"
DH H 174 24 =41
E EG G 15+ 20=35"
EH H 144 24 =38
F FG G 16+20=36"
FH H 16+ 24 =40
3 A AD D 22+38=60"
AE E 254+35=60"
B ED D 27+ 38=65
EE E 28+35=163
EBF F 21436 =57"
C CE E 23+35=58"
CF F 24436 =60
4 3 SA A 28+60 =288
=B B 27457 =847
el C A0+ 55 =88
shortest route length 13 B4 with route SBFGT
b Longest
sStage | State Action Destination Value
i G 5T L 20*
H HT T 24*
2 D DG G 184 20 =738
DH H 17+ 24 =41
E EG € 154 20=735
EH H 144 24 = 38"
F FG G 16+ 20=36
FI:I I_'I 16+24 =40"
3 A AD D 22+41=63"
_ﬂf ._E 25+38=63"
B BD D 27 +41=58"
BE E 28+38=66
EBF F 21440 =461
C CE E 23+ 38=61
CF F 24 +40= 64"
4 3 Sh A 2B+65=51
=B B 274+ 68=95
S0 C 20 +64 =94

© Pearson Education Ltd 2C

Longest route length 1z 99 with route SEDHT
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 5

Question:

V.30
~ — Radio

6
The diagram shows the effect on a company's profits, in £1000's, of taking various

advertising decisions. The company wishes to create a two-vear plan that will
maximise its total profit,

Each wear they must decide if they will not advertize (INo), adwvertize through television
only (TWV), advertize through radio only (Eadie), or advertize in both media (Both).

To determine the effectiveness of the strategy the company will estimate the walue of
itz assetz atthe end of the two-year period.

Tse dynamic programming to determine the advertising decisions that the directors

should take.

Solution:
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MMaximise
Ntage | State Action Destination Value
1 E ET T 5
Azzets F FT 5 0%
G G T 20
H HT T 55
2 A AE (o) E 54+5=10
Year AF TV F -13430=17
twro
AG (Radio) G —3+20=117
AH (Both) H —16+55=3¢
E BE (o) E 25+5=720
BF TV F 34+30=33
EG (Eadio) 3 B+ 20=28
EH (Both) H —-2+55=53"
C CE (Mo} E E4+5=13
CF (TV) F =7430=23
CG (Radio) G S+20=25
CH (Both) H -4 4+55=51"
Il DE M) E 3545 =40
DF (TV) F 40430 =70
DG (Eadic) 3 204+ 20=40
DH (Both) H E+55=1461
K = S4 (Mo) A 5430=44
Year SE TV E 30+53=183
oL
SC (Radio) C 20451="71
=D (Both) D 75470=145"

The maximum profit 15 £145 000

The maximum route 18 SDEFT

In practical terms the company’s strategy 15

Tear 1 — advertise in both TV and Radio
Tear 2 — advertizse on TW only.
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 1

Question:

TTze dynamic programning to find
a A minimax,
b a mazimin,

route from 5 to T in the network below. State the route and its length

A F
. 24 M
18~ D 23
/ B - 4 l-.\r‘. /~_G N I
e . X > ®
S .17 \ 2047 N 24
20™ '_':-.‘1:-."_'_'"":5 N -
S I'. = \\ p . 2E
o 30 20 T
C H
Solution:
a DMinimax
Stage | State Action TDiestination Value
1 F FT T 23"
G GT T 4"
H b iy T 25
2 I DF F Maxi{24, 251 =24
DG G Max(22, 24) = 24
DH H Max(17.21) =21
E EF: E Max(20,23) =23
EG G Max(25,24) = 25
EH H Max(20 21y =21
3 A AT il Maxi(34,211=34
AE E Max(33,21) =33
E ED D Wam(32,21) =32
BE E Max(31,21y=31"
C CcD D Blaz(30,21) = 30°
CE E Max(30,21) =30"
4 3 SA A Max(18,33) =133
=B B MWlam{17,31) =31
S0 C Max (20,305 = 30°

Ifinimax reute SCDHT or SCEHT — both of value 30
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b DMaximin

Stage | State Action Destination Value
1 F FT T 23"
G &7 T 4"
H HT T 21"
2 D LF B Min (24,23) = 23"
DG 3 Min (22, 24y =22
TH H Win{17.21) =17
E EF F Win (20,23 =20
EG G Min(25 24 = 24"
EH H Win (20,21 =20
E A AD D MWin(34,23)=22
AE E Min(33, 2 =24
B ED D Min(32,23) =23
BE E Min(31, 24y = 24"
2 D D Win(30,23)=22
CE E Min(30, 24 = 24"
4 = SA A Min {18, 24) =18
=B E WMin(17,24) =17
= C Min(20, 24y = 20"

© Pearson Education Ltd 2C

Mamimin route SCEGT of walue 20
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise B, Question 2

Question:

Tze dynamic programming to find
a a minimaz,
b a mazximin,
route from 3 to T in the network below. State the route and its length.

B e 2
36 20
Solution:
a DMinimax
Stage | State Action Destination Value
1 G GT T 21"
H HT iR 23
I IT T 24*
2 C CG G blax(19,21) =21
CH H Max(21,23) = 23
D DG G Mazx(20,21) =21
DH H Max(21,23) = 23
E EH H blax(22,23) =27
EI I Max(23,24) = 24
F FH H Max(25,23) = 25
FI I Mazx( 20, 24) = 24*
3 A AC C blax(34,21) = 34"
AD D Max(37,21) =37
AE E Max(35,23) = 35
B ED D Mazx(38,21) =38
BE E Max(33,23) =33"
BF F Max(36, 241 = 36
4 S SA A Mazx(14,34) = 34
2k B Max(13,33) = 37"

Minimaz route SEEHT of value 33
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b DMaximin

Stage | State Action Destination Value
1 G &1 T 21"
H HT T 23"
I IT T i
2 C e € Min{19,21)=1%
CH H Min(21,22) =21
D DG 3 Min (20,217 =20
DH H Min(21,25)=21"
E EH H Win (22,23 =22
EI I Min(23, 2 =27
E it H Min(25,23) =27
FI I Win (20,247 =20
2 A AC C Min (34,217 =34
AD D Min (37,21 =37
AE E Win(35,23)=35
B ED D Min(38,21)=38"
BE E WMin (33, 23 =33
EF F Min (36, 247 = 36
E} = SA A MWin{14,37=37
SB B Min(13, 38y = 38"

Mazimin route SBDHT of walue 38
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 3

Question:

Tze dynamic programming to find
a a minimax,
b a mazimin,
route from 5 to T in the networlk below. State the route and its length

Solution:
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a DMinimax
Stage | State Action Destination Value
1 H HT T 16"
I IT T 18"
T T T 1
2 D LH H Max(30,16) = 30"
E EH H Max(27,16) = 27
EI I Max(26,18) = 26
F FI [ Maz(26,18) = 26°
FI T Max(28,17) = 28
G GJ I NMax{29.17=25"
3 A AD D Max (28,30 = 30
AE E Max(29,26) = 29"
B ED D Max(26,30) = 30
BE E Max(23,26) = 26"
B F Max(25,26) = 26"
C CE E Max(22,26) = 26
CF F Max(24, 26) = 26
£s G Max(24,25) =25
4 S SA A Max(26,29) = 29
SE B Max(27,26)= 27"
5C e Max(32,25) = 32

Ifinimax route SBEIT or SBFIT — both of walue 27
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b DMMaximin

Ntage | State Action Destination Value
1 H HT T 16"
I IT T 18
T IT T e
2 D DH H Min(30,16) =16*
E EH H Min(27,16)=16
EI I Min(26,18) =18"
F 121 I Min(26,18) =18"
FT T Min(28, 171 =17
G Gl I Min(25,17) =17
3 A AT D Min (28,161 =16
AF E Min(29,18) =18"
B ED D Min(26,161=16
EE E Min(23,18) =18*
BE F Min(25,18) =18*
C CE E Min(22,18) =18*
CF Iz Min(24,18) =18"
CG G Min (24,171 =17
A S SA A Min(26,18) =18"
SE B Min(27,18) =18"
SC C Min(32,18) =18"

Mammin routes SAEBIT, SBEIT, SBFIT, SCEIT, SCFIT all of walue 18
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 4

Question:

TTze dynamic programming to find

a a minima,
b amazimin,

route from = to T in the network below, State the route and its length,

A 22 D
A > —— i 18 ,
- L~ ™, e 1
uk‘i’ = |'|,'-‘*‘ _ /. ___-EJ'
B g .
N > -:l-w /’/ e
N B
A > g
{—- :‘i -
Solution:
a DMinimax
Stage | State Action Diestination Value
1 € GT T 20%
H T Ik 24*
2 D DG i3 Max(18,20) = 207
DH H Maxi(17,24) =24
E EG G Max(15,20) = 20*
EH H Maxi(14,24) = 24
F FG G Max(16,20) = 207
FH H Maxi(16,24) =24
3 24 AD D bax(22,20) = 22
AE E Max(25,200 =25
E ED D Max(27,200 =27
BE E Max(28,20) =28
BF F Max(21,20) =21
C CE E Max(23,20) =23
CF F Maxi24, 200 =24
4 s SA A Maxi(28,22) =28
3B E Max(27,21)=27"
e iz Ian (30,233 =30

Idinimax route SBFGT of value 27
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b Dlaximin

Stage | State Action Destination Value

1 G GT T 20%
H HT T 24%

2 D DG G Min (18,201 =18"

DH H Min(17, 24y =17

E EG G MWin (15,201 =15"

EH H Min(14,24) =14

F FG G Min (16,201 =16"

FE H Min(16,24) =16

3 A AD D Min(22,18) =18"

AE E Win(25,15) =15

B BD D Min(27,18) =18"

BE E Min(28,15) =15

BF F Min(21,161=16

¢ CE E Min(23,15) =15

CF F Min(24,16) = 16"

4 3 S A Min(28,18) =18"

SE B Min(27,18) =18"

s @ Min(30,161=16

Maximin routes SADGT and SBDGT both of walue 18
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 1

Question:

A company 15 created to zell holidays on an island. There are three new resorts A, B
and C being created on the island and the company decides to introduce one new
resort to its catalogue each year over the next three wears The costs of introducing
each resort will ke influenced by the number of resorts listed in the catalogue The
motre rezorts the company has listed, the smaller the cost of adding another resort. The
estimates of annual costs are shown in the table below, in hundreds of pounds.

Resorts listed | A B L
Maone &l a0 o5

A - a0 &0

E 40 - 55

L 35 a0 -
Aand B - - a0

A and C - 45 -
Band C 20 - -

For funding reasons the company needs to choose the order in which the resorts are
introduced so that the greatest annual cost is as small az possible,
Dynamic programming will be used to determine the order in which the resorts are

introduced.
a Ezxplain the meaning of Stage, State and Action in this contesxt
b Find the erder in which the resorts should be added and the greate st annual cost

Solution:
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a Stage —time, in years, remaining
State — resorts already created
Action —resort to be opened

b We require the route that gives the minimaz value

Stage | State Action Destination Value
1 AR Z ABRC 50%
AC B ARC 45%
EC A ARC 307
2 A B AB ez (50,500 = 507
iz A Wax (60,457 =60
£ A AB Max(40,50) = 5¢°
Z EC Max (55,300 = 55
C A AL Max(35 45 =45
E EC Ilax (20,300 = 40
3 none A A Wlax (60,500 = &0
B B Wax (60,50 = 60
C C Maxi(55,45) =55"

The minimazx route 15 CAE with a value of £5500
The order in which the results should be built 15 C then A then B

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise C, Question 2

Question:

A house renovation project 15 to be completed in & weeks (30 working days). The
work 15 in four phases: clearance, repairing, modernization and decorating, which must
be undertaken in that order. The cost, in £1000, of each stage depends on the time
taken to do it These are shown in the table.

Time for | Clearance | Repairing | Modernisation | Decorating
stage (days)
5 15 24 22 14
10 13 20 19 12
15 g 15 15 9
20 5 10 11 4
25 2 & 7 2

Dynamic programming will be used to solve this problem.

a Define the terms Stage, State, Action, Destination and Value in this context.

b Determine the number of days that should be allocated to each stage in order to
minimise costs.

Solution:

a Stage —phase being considered
State — number of days remaining
Action — number of days allocated
Destination — number of days remaining
Walue — total costs

h
Stage State Action Destination Value
Decorating ] ] ] 14"
10 10 0 12
Wodernisation | 10 3 3 29414 = 26"
15 10 5 19+14 =33
5 10 224+12=734
Eepairing 15 ] 10 24 136 =807
20 10 10 20436 =547
] 15 24433=107
Clearance 250 10 15 12+60=73
5 20 15456 =71"

The minimum cost iz £71 000, The time should be allocated as follows

Activity

Clearance

Eepairing

Modernization

Decorating

Humber of days

5

10

5

5

© Pearson Education Ltd 2C
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 3

Question:

A company makes awrcraft. The order book over the next four months 15 shown in the

table below.

Month

MMarch

April

Way

June

Number of aircraft ordered

1

2

2

2

The aircraft are delivered to customers at the end of each month.

T to three aircraft can be made in any month, but if more than two are made in any
one month additional equipment will need to be hired at £20 000 per month,

Ifany work 15 done in a month the overhead costs are £50 000

T to two atrcraft can be held in secure hangers at a cost of £10 000 per aircraft per

month.

There are no aircraft in store at the beginning of March and there should be no aircraft

in store after the Tune delivery.

Tse dynamic programming to determine the production schedule that minimises the

costs.

Solution:
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stage — Month

State — number in storage

Action — number to be made

Stage | State Action Destination Value (in £10000)
June 2 0 0 9=
() 1 1 0 S+1=¢6"
0 2 0 S=
Ilay 2 1 0 S+2+5=12
3 2 1 S+2+6=13
3 2 24+5+2+2=1T
1 2 0 Sgl+s=11"
3 1 2+5+1+6=14
3 0 24+5+1+2=10
April 0 0 24+10=12"
(2 1 1 5+2+411=18
2 2 5+2+411=18
1 1 0 S+1+10=18"
2 1 5+1+11=17
3 2 2+5+1+11=15%
0 2 0 STT0=i5"
3 1 2+5+11=18
March 0 1 0 S4+15=20
(1 2 1 S+16=21
3 2 2+5+12=1%"
The muinimum cost 15 £190 000 | the aircraft should be built as follows.
Menth Warch April lay June
Mumber of aircraft 3 0 3 2

built in each month

© Pearson Education Ltd 2C
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 4

Question:

A salesman will vistt four shops in the nest four days to demonstrate a new product.
He will start at home and travel to the first shop and spend the first day there, then
travel directly to the second shop for day 2, onto the third shop for day 3, then to the

fourth shop for day 4 and then travel home.

Table 1 shows the shops he could wisit on each day.

Table 2 shows the anticipated profit, in £100, from sales at each shop.
Table 3 shows the travelling expenses, in £100, that will be incurred.

The company emploving the salesman wishes to maximise the income, after
subtracting the trawvel costs, generated by the salesman's wisitz. Find his optimum

route.
Table 1
MMonday | Tuesday | Wednesday | Thursday
AR C D E F HILJ
Table 2
Shop [ 4 |EB C E €, H I J
Profit | & 9 d 12 14 10 11 14 12 11
Table 3
A|/B|C|D|E|F|G|H|I J
Home | 2 | 2| 3 f 4 ]
A i 4
B 4 &
C 4 4
D 5 3
E 4 7
F 5 4 4
G 5 5 4
Solution:
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=tage — day

state — shop being wisited

Artien — next journey to be undertaken

Stage State Action Destination Value, in £ 100
Thursday H H-home home 14— g=0"
I Thome home 13-4 =0g*
i J —home home 11=3=8"
Wednesday F FH H 10-54+8=13
Fl I 10-4+9=15
FJ J 1N-4+8=14
G GH H 11-52+8=14
Gl ik 11-5+5=15"
&) J 11-4+8=175
Tuezday D DF F 12—5415="22"
Dis G 12-5+15=22
E EF 12 14-4+15=25"
EG G 14-7+15=22
Monday A AD D B—3+22=27
AE E B—d4+25=29"
E ED D -q422=27
BE E 9—6+25="28"
C D D B—d44+22=26
CE E 8—4425=29"
cunday | Home Home — A —2+429=27
Home-B —24+28=26
Home - C —3+29=26"

There are two possible minimum routes,

Home—-EBE-E-F-I-Home
Home—-C—-E-F—-I-Home
Each has a walue of £2600

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 1

Question:

Tse dynamic programming to find the minimax route from 3 to T in the
networl above,

Solution:
Wlinimazx
Stage | State Action Diestination Value
1 F FT T 20"
€ 5T T 15*
H HT i S
2 D DF 13 Max(1%,20) = 20*
D G Max (20,197 = 20%
TH H Wlam(21,22) =23
E EF F lax(16, 200 =20
EG & Max(19,19)=15"
EH H Wlam(18,22) =23
A AD D Max(23,20) = 23"
AE E Wam(29,19) =29
E ED N Wlax(24, 200 = 24
BE E Max(21,19)=2T
Z CD L Wlam(24, 200 = 24
CE E Max (22,197 =22%
2 5 S A Wlax(20,22) =23
SB E Waxw(25, 21y =25
S0 C Max(18,22) = 22"

Minimaz route 18 SCEGT value 22

© Pearson Education Ltd 2C
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Edexcel AS and A Level Modular Mathematics

Exercise D, Question 2

Question:

Tsing the same diagram as in question 1, use dynamic programming to find the
tnaximin route,

Solution:
Iaximin
Stage | State Action Diestination Value
1 F FT ik 20"
G GT T 19"
H HT T o
2 D DF F Lhin (19,200 =12
DG G Win (20,19, =19
DH H Min(21,22) =21
E EF F Lhin(16,20) =16
EG € Min(19, 1% =1%"
EH H Lin(18,23) =18
A AD D Min(23 21 =21
AE E MWin (29,19, =19
B ED D Min(24, 213 =21
EE E Min{21,19=1%
C CcD D Min(24,211=21"
CE E Min(22, 19 =19
3 = mA A Lin (20,217 =20
=B E Min(25 211 =21
30 iz Lin (18,211 =18

The maximin route 13 SBEDHT of value 21

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 3

Question:

A dary manufacturer can make butter, cheese and voghurt. Up to five units of milk
can ke processed and the profits from the various allocations are shown in the table

Number of units 1 2 3 4 5
Butter 14 251 3| 4 47
Cheese 12 30040 45 | 4%
Yoghurt 10 20 30 40 a0

The manufacturer wishes to maximize hiz profit
a Tze dynamic programming to find an eptimal zolution and state the profit.
b Show that there 15 a second optimal solution

Solution:
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Mazimum

Stage | State

Action

Destination

Value

Toghut ]

Uh

o0

507

40*

307

20*

1

I:Iﬁ

Lhl = —| 2| | I

Cheesze

D+50=50

12+40=52

30+430=60"

40+ 20 = 60*

45+10=55

45 +0 =49

0+40=40

12+30 =42

30+420=507

40+10= 50"

45+0 =45

04+30=230

12+20=32

30410 =407

4040 =40

04+20=20

12+10=22

30+0=307

0+10=10

12+0=12"

04+0=0"

Eutter

D+60=40

14450 = &4

25+40 =65

34 +30=64

41+12=153

Lh|da ] B2 — | S =) — | =] B2 = ] ] 2] = D] B ] o = ] oh| | | o = 2] S| o~ o] | e

= 2| | s Lh ) o] S| =) D = B D = B ] 2] ] | B S| =] | | B LR S S| 2] S| O

47+ 0=47

There are two possible courses of action each of value £63

Product Butter Cheese Toghurt
Tnits to be used 2 2 1

Product Butter Cheese Toghurt
Tnits to be used 2 3 1]

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 4

Question:

Jenny wishes to travel from = to T. There are several routes available. She wishes to
choose the route on which the mazimum altitude, above sea lewel, 15 as small as
possible. This iz called the minimazx route,

40 D
-~ -
gt T
Pl . 30
e -~ By
e =
ol _. s
P — 40 e
= = - ——e 1
A il
30 —20
30 F

The diagratn gives the possible routes and the weights on the edges give the maximum
altitude on the road (in unitz of 100 feet),

Tse dynamic programming, carefully defining the stages and states, to determine the
route or routes Jenny should take. You should show your calculations in tabular form,
using atable with columns labelled as shown below.

| Stage | Initial state | Action | Final state | Value |

[£]

Solution:
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A 40 D
/‘._""-- 2 ] _..-;',':?‘x“--m_h
e e
G2 Ui W ~30
50, — T _ s
30 B _—" 60 2 T B 40 S
S = » S = - —» 1
o, ~ - o -
b -1,} e .
40 i 50 o
N e e s
Y - G
C 30 i
The states are the vertices.
stage Initial state Action Final state Walue
1 D DT T 30
E ET T 40
F FT T 20
2 A A D mazx (40, 307 = 40*
AR E max (23, 400 =55
E ED D mazx (50, 307 = 50*
BE E mazx (60, 400 = &0
[ D D max (45, 30 =45
CE E mazx (20, 400 =50
CF F mazx (30, 200 = 30*
3 = A A mazx (40, 200 =40*
=B E maz (20, 300 =30
= C mazx (40, 307 =40%

Tracing back there are two routes

=2C, CF, FT, = SCFT

oA AD DT, = SADT

MWamimum altitude on these routes 15 40 (> 100 ft) = 4000 ft.

© Pearson Education Ltd 2C
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise D, Question 5

Question:

Atthe beginning of each month an advertizing manager must choose one of 3 adverts:
the previous adwvert,
the current adwvert;
anew advert.

=he therefore has 3 options:
& use the previous adwert,
B: use the current advert;
C:run a new advert.

The possible choices are shown in the netwotk below together with (stage, state)
variables at the vertices and the expected profits, in thousands of pounds, on the arcs.

(1,0 A 2 (2, mA ) (3,0
- — —e
ra ~.C e / C MH 3 o
A - "'E 7
i e ql/ - e o
e oo led) . T 1S 1 e ~ (& 1)
©.0) {/ B 3 < B 3 - / B 3 ““::=
'\-\.NH‘ H"""‘-\-\
BT
'\“\ --.,_ L ~
h“x._.-—*""f’ld; \.,_/ B B
(1.2) 2 2.2) 2 (3.2)
september Dctober Hovember

The manager wants to maximise her profits for the three-month period.
a Complete the table on the worksheet.
h Hence obtain the sequence of decisions she should make to obtain the maximum
profit. State the masmimum profit.
[£]

Solution:
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mtage

State

Arction

Cost

Total Cost

2
3*

2
£
g*

eI P I P g

03— O k) D L)

1
2*

2+3=5
3+6=9*

1+3=4
3+6=9*
6+2=38

Wb | ) b e |0 e

LA Lh| S el ] L [

5+6=11"
542=7

el

Lh oy Is

4+9=13
3+9=12
5+11=16

b Hence maximum profit iz 16

Tracing back through calculations the optimal strategy 1z CAC
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