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@)

e.g.
"It is easy to overestimate the effect that your contribution will
make."

(b) e.q.
A
B
Wmachine
C
(c) e.q.
(@|a]b)|v](ajalc) v (bl
1 /1|11 0 |0] 1 |1] 0 |0]1
1 /1|11 0 |0] 0 |1|] 0 |0O]O
1/0/0|j0] OO 1 |1 1 /1)1
1/0/0|/0]|0|0]0O0|O|] 1 |0]O
O[0j1|1]1 21 ]|41]0]0]1
0/0/1|0] 1 |0]0O0]|0O] O ]|O]O
0O[0j]O|2| 1 (21|11 1 1)1
0/0/0|0O0] 1 ]|]0]0O0]|0O] 1 ]0]O
~|((a|A|~C)|v]|(b]|A]|~0C)
gl 0O |0OJO O] OO O
il 0O |01 ]|]0] O |O] 1
il 0O |0OjJO O] 1 |0 O
0 0O |01 1|11 1
il 1 |0 0|0 O ]|0O] O
0 1 ]2 1|10 0] 1
il 1 |0 0|01 0] O
0 1 ]J1]1J1]1 1] 1
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Question 2.
(i) revised 60marks score M1
D D 48+20 = 68 Al
D S 32+30=62 Al
S D 36+28 =64 Al
S S 24+42 = 66 Al
(i)
D worth 60 68
. 65 ] OO
revise D 0.5 M1 chance node
S worth 60 <82 Al
65 Al
_ D worth 60 64
revise S M1 decision node
0.5
65 Al
0.5
S worth 60°X56
D worth 60 68
66.2] O
revise D D.3
65 S worth 60 62
do not ask M = 66.2
M predicts D worth 60 64
D worth 60 revise S g
65.8 64.6 0.7 M1 chances
0.5 0.3 Al
ask M S worth 60 <66
65.8
D worth 60_«gg M1decisions
0.5 54 Al revise
63.8 " Al ask/don't
M predicts revise D D.7
S worth 60 S worth 60 62
65.4
oviceS D worth 6%
Vi
65.4 0.3
0.7
S worth 60 66
Worth of Michael's help = 0.8 marks Bl
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Question 3.

(i) aisthe number of acres of land put to crop A, etc B1
a+b<20isequivalenttoa+b<c+d Bl
Giventhata + b + ¢ + d < 40, the maximisation will ensure thata + b | B1
+ ¢ +d =40 (and it's easier to solve using simplex).

(ii)

P a b c d sl s2 RHS M1
1| 50| —40| —-40| -30 0 0 0 Al
0 1 1 0 0 1 0] 20 Al
0 1 1 1 1 0 1] 40 Al
1 0 10| -40| -30 50 0| 1000
0 1 1 0 0 1 0] 20 M1 Al
0 0 0 1 1 -1 1 20
1 0 10 0 10 10 40 | 1800
0 1 1 0 0 1 0 20 M1 AL
0 0 0 1 1 -1 1 20
20 acres to A and 20 acres to C, giving profit of £1800 Bl B1
(iii) Max 50a+ 40b + 40c + 30d
s a+b<20
a+b+c+d=<40
at+b+c+d=40 B1
Al P a b c d| s1| s2|sur| art R .
1] 0 1 1 1 1] o] ol -1] o] 40 B1  new obj
0] 1] 50 -40] —40[ =30] o] o] o] o 0 B1  surplus
0 0 1 1 0 0 1 0 0 0 20 B1 artificial
0] O 1 1 1 1] 0 1] O 0 40 _
0 0 1 1 1 1 0 ol -1 1 40 B1 3 constraints
Minimise A (to zero) then drop A row and art column and continue gi
normally
OR OR
P a b c d sl |[s2 |sur|art |R M1
1| -50| 40| -40| -30| O| O| M| 0| —40M Al
—M —M M| M
0 1 1 0 0| 1 0 0 0 20
ol 1 1| 1 a0l 1 ol o il
0 1 1 1 1] 0 0| 1 1 40
Proceed as per simplex, regarding M as a large fixed number. Bl B1
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Question 4.
(@ (i),(ii) and (iii)
1] 23] 4] 5 12345 _
1w |22 = |15 15| |1|1]2|3]|4 5 M1 distance
21 22| » | 20| 5 | 23 2112345 Al ltoSeic
3] o | 20 | = | 40 | o 312345 Al rest
4115 | 5 |40 | » | 16 4al1(23]4]5
5115 | 23 | o | 16 | o 5(1|2 3|45 B1 route
1] 23] 4] 5 12345
1| « | 22| o | 15 | 15 11121345
22244 20| 5 | 23 211345 _
3] o | 20| « | 40 | o 311213215 Not part of the question
4 15| 5 | 40 | 30 | 16 al1l23]1]5
5|15 | 23 | « | 16 | 30 512|341
1 23] 4]s5 1/2[3]4]5
1| 44 |22 42| 15 | 15 11222145
2| 224420 5 | 23 211|345 _
3|42 20|40 25 | 43 3222202 Not part of the question
4 15| 5 |25 | 10 | 16 al122]2]5
5|15 [ 23 | 43 | 16 | 30 512241
1] 23] 4]s5 12345
1|44 | 22| 4215 15 122245
2224420 5 | 23 211|345
3422040 | 25 | 43 3222212
4 | 15 5 25 | 10 | 16 411|122 |2]|5 Not part of the question
5|15 | 23 | 43 | 16 | 30 512|241
1] 23] 4] 5 12345
130 |20 | 40 | 15 | 15 1l4]alal4a]s
212010 20| 5 | 21 244|344
340 | 20 | 40 | 25 | 41 3(2(2]2]2]2 M1
4 15| 5 | 25 | 10 | 16 al1l22]2]5 ,
Al 10ch i
515 | 21 | 41 | 16 | 30 5|1]4]a]a]1 0 changed dists
TETITATE T IS
130 |20 40 | 15 | 15 1l4]a]al4]5
21201020 5 | 21 244344
3|40 | 20| 40 | 25 | 41 3222212
4 15| 5 | 25 | 10 | 16 al1l22]2]5
5|15 | 21 | 41 | 16 | 30 514441
Shortest distance from 3to 1is40
(1% row and 3 column of distance matrix)
Bl
Bl
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Shortest routeis 3241

3 followed by route matrix (3,1) = 2
followed by route matrix (2,1) =4
followed by route matrix (4,1) =1

(iv)

(v) 2(5)4(15)1(15)5(41)3(20)2 Total length = 96

24154232

Finds a (hopefully short) route visiting every vertex and
returning to the start, or, upper bound to the TSP

Bl

M1
Al

M1
Al

B1B1

M1A1l

Bl
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