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D2 Paper A — Marking Guide

1.
B row
I I I minimum
I -3 4 0 -3
A I 2 2 1 1
Il 3 -2 -1 ) M1A1l
column maximum 3 4 1
max (row min) = min (col max) =1 ... saddle point M1
-~ Ashould play Il all thetime, B should play 111 all the time M1A1 (5)
2. (@  X31 —number of cratesfrom Ato D

X12 — number of cratesfrom Ato E
X13 —number of cratesfrom Ato F
Xo1 —number of crates from B to D
X2 — NUMber of crates from B to E
X3 —NumMber of crates from B to F
X31 —number of crates from C to D B1
X3 —number of crates from C to E
X33 —number of cratesfrom Cto F

(b)  minimise
zZ= 19X11 + 22X12 + 13X13 + 18X21 + 14Xy, + 26X23 + 27X31 + 16X32 + 19X33 B2

(© X11 + X2 + X13 =42 number of cratesat A
Xo1 + Xop + X3 =26 number of cratesat B
Xa1 + Xz + X33 =32  number of cratesat C
X11 + %21 + X3 =29  number of crates required by D

X12 + X2 + X3 = 47 number of cratesrequired by E M1A1l

X13 + Xo3 + X33 = 24 number of cratesrequired by F

X;=0foralli, ]

reference to balance Bl (6)
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Stage State | Destination| Cost Total cost
1 Marquee Deluxe 20 20*
Cuisine 24 24
Castle Deluxe 21 21
Castle 15 15*
Cuisine 22 22
Hotel Deluxe 18 18*
Cuisine 23 23
Hotel 19 19
2 Church Marquee 2 2+20=22
Castle 55 5.5+ 15=20.5*
Hotel 3 3+18=21
Castle Marquee 3 3+20=23
Castle 5 5+ 15=20*
Registry | Marquee 35 35+20=235
Office Castle 6 6+15=21
Hotel 2 2+18=20*
3 Home Castle 3 3+205=235
Church 5 5+20=25
Registry 1 1+20=21*

minimum cost with

ceremony — Registry Office
reception — Hotel
catering — Deluxe

cost = £2100

PMT

M1A1l

M1 A2

Al

M1Al

Al 9)
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4 ()

order: 1 4 8 2 3 6 5 7
B|C|D|E|F|G|H

A | - | 8 31 | 47 | 52 | T4 | 4
B |8 | - |104]| 73 68 | 43 | 55

C |59 |104| - | 54| 62| 8 | 61| 45
D 73 | 54| — | 40 | 59 | 65 | 78

E | 47 | 51 | 62 — | 56| 71 | 68

F | 52|68 |8 |5 |5 | - 49
G 74 61 | 65 | 71 | 53 | — | 63

H |41 | 55 | 45 | 78 | 68 | 49 | 63 | -

tour: ADEBGFHCA
upper bound =31 + 40 + 51 + 43 + 53 + 49 + 45 + 59 = 371 km

(i)  e.g.beginning at A

order: 1 4 7 2 3 6 5

B|C|D|E|F | G/|H
A | - | 8 |5 |31 |47 |5 |74 |4
B |8 | - |104]| 73 68 | 43 | 55
C | 59 |104| - 62 | 88 | 61 | 45
D 73 | 54 | — | 40 | 59 | 65 | 78
E | 47 | 51 | 62 -~ | 56| 71 | 68
F 68 | 8 | 59 | 56 | — | 53 | 49
G 74 61 | 65 | 71 | 53 | - | 63
H | 41 |55 | 45 | 78 | 68 | 49 | 63 | -

weight of MST =31+ 40+ 51 +43+52+ 54 =271

lower bound = weight of MST + two edges of least weight from H
=271+41+45=357km

. 357<d<371

M1 A2

Al

M1 A2

Al

M1A1l

Al

(11)
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(@)

(b)

(©

let X play strategies X; and X, with proportions p and (1 — p)
expected payoff to X against each of Y's strategies:

' 10p-4(1-p) =14p-4

Yo 4p-(1-p)=5p-1

Y 3p+9(1-p)=9-6p

giving

V 4

10 - 10
8 1 Y3 Y1 -8
6 -6
4 - 4
2 Y, -2
0 > p
T2 7 2
4 4
p=0 p=1

it is not worth player Y considering strategy Y;
for optimal strategy 5p—1=9-6p

~ 11p=10, p= 2
- X should play X; 1 of timeand X, - of time

let Y play strategies Y, and Y3 with proportions g and (1 — q)
expected lossto Y against each of X's strategies:
X1 49+3(1-09)=q+3
Xo  Tq+9(1-0q)=9-10q
for optimal strategy q+3=9-10q
- 119=6, q= &
. Y should not play Y;, should play Y, & of timeand Y;  of time

— 10 —26
value=(5x 37)—1=37]

PMT

M1Al

B2

Bl

M1Al

M1Al

M1Al

M1A1l (13)
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6. need to maximise so subtract all values from 55 giving M1
row min.

182611 4 | 4

10251214 i 10

232816 5 | 5

12304 0} O

reducing rows gives:

1422 7 0

0152 4

182311 0 M1Al
1230 4 0

coomn. 015 2 0
reducing columns gives:

18 8 9 M1Al
1215 2

2 lines required to cover all zeros, apply algorithm Bl
12 5

16 6 (N.B. adifferent choice of lines will M1A1l
10 13 lead to the same final assignment)

3 lines required to cover all zeros, apply algorithm
7030

*

O—b—5-11

*

1376 M1Al

58600
4 lines required to cover al zeros so allocation is possible B1

R; goesto A,
R, goesto Ay
Rs goesto A4
R, goesto Az M1A1 (13)
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(@)

Wa We We Available
W, 5 5 10
W, 7 1 8
W; 7 7 M1A1l
Required 5 12 8
(b) takingR]_:O, R1+K1:7 e K1:7 R1+K2:8 A K2:8
R2+K2:6 e R2:_2 R2+K3:5.'.K3:7 M1A2
R3+K3:7 e R3:O
K]_:? K2=8 K3=7
R =0 @ @ \10|
R2=-2 Q @ @
Rs=0 Ql, K‘r’, @
improvement indices, 1j; = Cj — R — K|
‘. |13=10—O—7=3
|21=9—(-2)—7=4
133=11-0-7=4 M1Al
|32=5—O—8=-3
()  applying algorithm let 6=7, giving
Wa | We We Wa | Ws | We
W, 5 5 W, 5 5
W, 7-6|1+6 W, 8
W 0 7-60 Ws 7 M1A1l
no. of rows+no. of cols—1=3+3-1=5
in this solution only 4 cells are occupied, lessthan 5 .. degenerate Bl
(d placing0in(2, 2) soitisoccupied
takingR]_:O, R1+K1:7 e K1:7 R1+K2:8.'.K2:8
R2+K2:6 e R2:_2 R2+K3:5.'.K3:7 M1A1l
R3+K2:5 e R3:_3
K1:7 K2:8 K3:7
R,=0 © \10
R2=-2 Q @ @
Rs="3 Q]; @ Q
. 1i3=10-0-7=3
|21:9—(_2)—7:4
l3=11-("3)-7=7 M1Al
|33:7—(_3)—7:3
al improvement indices are non-negative .. patternisoptimal B1
5lorries from W, to W, 5 lorries from W, to W,
8 lorries from W, to W, 7 lorries from W; to W Al
(e) total cost=10x[(5x7)+ (5% 8)+(8x5)+ (7 x5)] =£1500 M1Al (18)
Total (75)
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Performance Record — D2 Paper A

Question no. 1 2 3 4 5 6 7 Total

i game, transport., dynamic TSP, game, alocation, transport.,

TOpI C(S) stable formulate prog., nearest graphical max. n-w corner,
soln. lin. prog. min. neighbour | method stepping-

stone,
degeneracy
Marks 5 6 9 11 13 13 18 75
Student
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