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Solutions
1. €))
(b)
2. (39
(b)

| AQ) Al
B(1) 3 -4
B(I) -2 1
B(l1I) -5 4

e.g. matrix becomes

A(l) A(Il)
B(I) 9 2
B(I) 4 7
B(II) 1 10

Defines variables (—including non-zero constants)
e.g. maximise P =V
subjectto v-90:-40,-Q03+r=20
Vv—20;-70,—-10g3+s=0
QL tQe+Qs+t=1
OR

N a;
e.g. minimise P = X1 + Xo + X3 Where x; = 7‘

subjectto  9x;+4x, —xz3+r=1
2X1 — X = 10x3+s=1
OR

e.g. maximise P =V
v-8q;-3q;+R=0
v—-80;-30,+S=0

In the practical TSP each vertex must be visited at least once
In the classical TSP each vertex must be visited exactly once

DC

FG
AB, DF, DE, (reject EF), {AC}EH or
BE

B2,1,0

M1

Bl

A2 ft, 11,0

Bl
Bl

M1 Al

June 2003
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Bl 3

(c) Initial upper bound =2 x 85 =170 km M1 Al 2
(d e.g. whenCD is part of the tree
use GH (saving 26) and BD (saving 19) giving new u. b.
of 125 km M1
TourABDEHGFDCA Al 3
(or e.g. when BE is part of the tree
use CG (saving 40) giving new upper bound of 130 km;
TourABEHEDFGCA)
[10]
(@ (i) Either rows then columns giving
I 1 "1 | 1 1 "1
c| 0 22 16 4 c| O 4 0 4
J 1 20 24 0 then J | 1 2 8 0 M1, A1, A1l 3
N| 1 18 18 0 N| 1 0 2 0
S| 1 23 26 O S| 1 5 10 O
3 lines only needed ——{ (or | |) least element 1 so
I 1 "1 | | 1 i1\
c| O 4 0 5 c| O 5 0 5
J| 0 1 7 0 or J| O 2 7 0 M1, AL, A1 3
N | 1 0 2 1 N| O 0 1 0
S| 0 4 9 0 S| O 5 9 0
Alternative
(@ (1) orcolumns then rows giving
I 1 "
c| 1 2 0 6 (then no change)
J| 2 0 8 2 M1, Al
N| 4 0 4 4
S| 0 1 8 0

3 lines only needed | and either row 1 or column 3



if row 1: least uncovered 2

I 1 "1\
c| 1 4 0 6
J| 0 0 6 0
N | 2 0 2 2
S| 0 3 8 0
if column 3: least uncovered 1
I 1 "1\
c| O 2 0 5
J 1 0 8 1
N | 3 0 4 3
S| 0 2 9 0
Then least uncovered 1 M1 Al M1 Al
I 1 "
c| O 3 0 5
J| 0 0 7 0
N | 2 0 3 2
S| 0 3 9 0
@i C-HLJI-lorIV,N-II,S=1IVorl M1 Al
83 minutes .. 11.23 a.m. M1 Al
(b)  Subtracting all entries from some n > 36 (stated) M1
e.g. subtractions from 36
I 1 "1\
Cl|l24 2 8 20
J |23 4 0 24 M1, A2,1,0
N| 21 4 4 22
S| 25 3 0 26
(@) Player A: row minimums are —1, 0, —3 so maximin choice is play I M1 Al
Player B: column maximums are 2, 3, 3 so minimax choice isplay | M1 Al
(b)  Since A’s maximin (0) = B’s minimax (2) there is no stable solution Bl
(c) For player A row Il dominates row I11, so A will now play I11 B2,1,0
(d) Let A play I with probability p and 11 with probability (1 — p)

If B plays I, A’s expected winningsare 2p+ (L—-p)=1+p
If B plays 1, A’s expected winningsare -p+3(1-p)=3-4p M1, A2, 1,0
If B plays I1l, A’s expected winnings are 3p

3
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(a)

(b)

A
3 3p
21 1+p
1
0 TP
1+ 3-4p M1
3-4p=3p=>p=3 Al
A should play | with probability
A should play Il with probability Al
and never play 11l
The value of the game is 2 to A Al ft
e.g.
| D E F D E F
A 6 A 6 0 M1 Al
B 0 5 or B 5
C 4 4 C 4 4
cost £470 Al

SA:O,SB:O,SC=—10
DD=201 DE:30: D|::40
IAE:4O_30:10

Iae =10 — 40 = 30
|B|::40—40:0
ICD=10_10=0

Choose AF as entering route

AF(+) > CF(-) - CE(+) — BE(-)
— BD(+) > AD(-)
Exiting route CF =4

|D E F
A |2 4
B |4 1
C 8

SA:O, SB:O, SC=_10
DD = 20, DE = 30, D|: =10
IAE =10, IBF = 30,

ICD =0, ICF =30

.. optimal, cost £350

SA:O, SB:—].O, SC:—ZO
Dp=20,Dg=40,Dc=50 M1ALl
|A|::10—50:—40

lgp = 20 — 10 = 10

|B|::40—40:0

lep=10-0=10 M1 Al

AF(+) = CF(=) - CE(+) - AE(-)

Exiting route AE =0 M1 Al ft

| D E F
Al 6 0
B 5 Al
C 4 4

S, =0, Sg = 30, S = 20

DD=201 DE:O, D|::10

IAE =40, IBD =-30,

lge = 20, lcp = —30 M1 Al Al
CD(+) - AD(-) - AF(+) - CF(-)

0=14
/D E F
Al 2 4
B 5
C|4 4
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Sy=0,S5=0,Sc=-10

Dp = 20, Dg = 30, Dg = 10
IAE =10, IBD =0, IBF = 30, ICF =30
.. optimal, cost £350

(@) Total cost =2 x 40 + 350 + 200 = £630
(b)
Stage | Demand | State | Action | Destination | Value
(2 (5) (1) 4) 0) (590 + 200 = 790)
Oct
2 3) 0) 280 + 200 = 480
(4) (1) 630 + 240 = 870
3) (2) 0 320 + 200 = 520
3 1 320 + 240 =560
4 2 670 + 80 =750
3 3 0 4 1 550 + 790 = 1340
Sept
1 3 1 240 + 790 = 1030
4 2 590 + 480 = 1070
4 3 0 3 0 200 + 1340 = 1540
Aug 4 1 550 + 1030 = 1580
Month August September | October | November
Make 3 4 4 2
cost = £1540

(c)  Profit per cycle = 13 x 1400

=18 200

.. Total profit = 18 200 — 3540

= £14 660

(@ AddsSandT and arcs
SS;>45, SS, > 35, T, T > 24, T,T > 58

Cost of Kim’s time = £2000
Cost of production = £1540

(b)  Using conservation of flow through verticesx=16andy =7

(c) C;=86,C,=81

Al

M1 Al

M1 Al

M1 Al

M1 Al

M1 A1 ft

M1 Al ft

M1 Al

Al ft

Bl

M1
Al ft

M1
Al

B1B1
B1 B2

[14]

(18]



(d)

M1 Al
dM1
eg. SSADEHT, T -2 Al
SS;ACFEHT, T -3 Al
SS;BGDT,T -2 Al
(e) eg.

S.e >

' 43

S.e P

? 32
M1 Al
Flow 75 Al
()  Max flow — min cut theorem cut through dMm1
CF, CE, AD, BD, BG (value 75) Al

(18]



(a)

(b)

(©)

2Xx+3y+4z<8
3x+3y+z2<10
P=8x+9y+5z
J
b.v X y z r S Value
r 2 @ 4 1 0 8
3 1 0 1 10
P -8 -9 -5 0 0 0
J
b.v X y z r S Value
A R L
s @ 0 | 3| 1 2
P -2 0 7 3 0 24
b.v X y z r S Value
v ot s3] 8
1 0 -3 -1 1 2
P 0 0 1 1 2 28
P=28
X=2,y= %
z=0,r=0,5s=0

Ri— 2R,

Rs + 2R,

Bl
Bl
Bl

M1
Al

M1
Al

M1
Al
Al

3
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Solutions

2.

(a)

(b)

Subtract all terms from some n > 35, e.g.35

A game in which the gain to one player is equal
to the loss of the other

If there is a stable solution(s) a;; in a game, the location
of this stable solution is called the saddle point.
It is the point(s) where row maximum = column maximum.

4 | 11| 3 0
19 | 25 | 16 | 13
16 | 21 | 15 | 14
17 | 20 | 14 | 12

Reducing rows then columns

Minimum uncovered 1

Minimum uncovered 1

2 4 |21 0
4 5120
0 0 |0] O
3 1 11]0
113 |1]0
31410
00|01
21000
0 2 {0} 0
2 3 10] 0
0 0 |0 2
2 0 |0 1

B2,1,0

B2,1,0

M1
Al

Bl

M1
Al ft

M1
Al ft

June 2004
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e.g. matching

or or or

S w>
r>n
r>»zw

Total 88 points

(@)

(b)

()

()

(b)

(i)  Minimum connector using Prim: AC, CB, CD, CE
Length =98 + 74 + 82 + 103 = 357
So upper bound =2 x 357 = 714

(i) A (98) C(74) B (131) D (134) E (115) A
Length = 98 + 74 + 131 + 134 + 115 = 552

Residual minimum connector is AC, CB, CD
Length 254
Lower bound = 254 + 103 + 115 = 472

472 < solution < 552

row min
-4 -1 3 -4
[2 1 —ZJ -2 < max
Col.max 2 1 3
T
min

-2 # 1 . not stable

Let Emma play R, with probability p

Al ft

Al

M1 Al
{1,3,2,4,5}
M1 Al

M1 Al
Al

M1
Al
M1 Al

B1 ft

Al

If Freddie plays C;, Emma’s winnings are —4p + 2(1 —p) =2 —6p
C,, Emmas winningsare—-p+1(1-p)=1-2p M1 Al

Cs, Emma’s winnings are 3p — 2(1 —p) = -2 + 5p Al
4 —
-2+ 3p
2 2
1] T-2p ]

-4 = 4
Need intersection of 2 —6pand —2 + 5p
2—-6p=-2+5p,
4 =11p,
4
p

"1

M1 Al ft

M1

Al

M1 Al

(9]
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()

(a)

(b)

(©)

(d)

(€)

(a)

4
So Emma should play R, with probability T
R, with probability 11 Al ft

2
The value of the game is—11 to Emma

4 -2

2
Value to Freddie E’ matrix | 1 -1 Bl ft B1, B1
-3 2
Idea of many supply and demand points and many B2,1,0

units to be moved. Costs are variable and dependent upon
the supply and demand points, need to minimise costs. Practical
costs proportional to number of units

Supply =120 Demand = 110 so not balanced Bl
Adds 0, 0, 0, 10 to column f M1 Al
d e f M1 Al
45
B| 5 30
30 10 Cost 545 B1 ft

R1=O R2:—1 R3=—3

k1:5 k2=7 k3:3 M1 Al
Ae=3-0-7=-4

Af=0-0-3=-3 M1 A1 ft
Bf=0+1-3=-2 Alft

Cd=2+3-5=0

Ae" - Be” — Bd" — Ad” send 30 M1 AL ft
d e f

15 30 depM1

B | 35 Alft

C 30 10 Cost 425 Al

Stage — Number of weeks to finish Bl

State — Show being attended Bl

Action — Next journey to undertake Bl

[14]
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(b)

(©)

(@)
(b)

(©)

eq
Stage State Action Value
F F —Home | 500 — 80 =420 *
1 G G-Home | 700-90=610*
H H-Home | 600 - 70 =530 *
D DF 1500 — 200 + 420 = 1720
DG 1500 — 160 + 610 = 1950 *
DH 1500 — 120 + 530 = 1910
2
E EF 1300 — 170 + 420 = 1550
EG 1300 — 100 + 610 = 1810 *
EH 1300 — 110 + 530 = 1720
A AD 900 — 180 + 1950 = 2670 *
AE 900 — 150 + 1810 = 2560
3 B BD 800 — 140 + 1950 = 2610 *
BE 800 — 120 + 1810 = 2490
C CD 1000 — 200 + 1950 = 2750 *
CE 1000 — 210 + 1810 = 2600
Home-A | —70 + 2670 =2600*
4 Home | Home-B | —80 +2610=2530
Home -C | _150 + 2750 = 2600 *
Home -

Total profit £2 600

X=9,y=

e i

16

Initial flow = 53 — Either finds a flow-augmenting route
or demonstrates not enough saturated arcs for a minimum cut

M1 Al

M1 Alft
Al ft

Al

M1 Al ft
Al ft

Al

M1 Al

B2ft1ft0

B1 ft

B1B1

Bl1B1

12

2
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(€)

(a)

(b)

()

(b)

()

IFDA -2 Al
max flow — 64 B1
M1 Al
Max flow — min cut M1
Finds a cut GC, AF, DF, DJ, El, EH value 64 Al
Note: must not use supersource or supersink arcs.
Yes, there are no negative values in the profit row Bl
9 2
p=63,x=0,y=7,z:0,r:?,s:g,tzo M1, Al, Al,
63
—=9 M1, Al
7
Ci=7+14+0+14=35 B1
C,=7+14+5=26 B1
C;=8+9+6+8=31 B1
Either Min cut = Max flow and we have a flow of 26 and a cut of 26
or C2 is through saturated arcs Bl
Using EJ (capacity 5) e. g — will increase flow by 1- ie increase it to M1
27 since only one more unit can leave E. Al
-BEJL-1
Using FH (capacity 3) e. g.— will increase flow by 2 — ie increase it
to 28 since only two more units can
leave F.
-BFHJL -2
Thus choose option 2 add FH capacity 3. Al

3

2

2

3

2

3

[13]
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10.

(a)

(b)

(©)

(d)

Maximise P =50x + 80y + 60z B1
subject to X+y+2z2<30
X+2y+2z<40
3x+2y+2z<50 B3,2,1,0 4
where X,y,220
Initialising tableau B1ft M1
bv X y z r S t value
r 1 1 2 1 0 0 30
S 1 @ 1 0 1 0 40
t 3 2 1 0 0 1 50
p -50 -80 -60 0 0 0 0
chooses correct pivot, divides R, by 2 Alft
states correct row operation R; — Ry, R3 — 2R, R4 + 80R,, Ry + 2 Al 4
The solution found after one iteration has a stack of 10
units of black per day B2,1,0 2
(i)
bv X y z r S t value
r A 0 @ 1 -y 0 10
y % 1 % 0 Y 0 20 (given)
t 2 0 0 0 -1 1 10
p -10 0 -20 0 40 0 1600
bv X z r S t value
z u 0 1 % u 0 6%
y | % 1 0 %% 0| %
t 2 0 0 0 -1 1 10
p _3% 0 0 13% 33% 0 1733
b
Ri+ % M1 Al
Ra— % Ry
Rz — no change M1 Al 4
R4 + 20R
(i) not optimal, a negative value in profit row B1ft
(iii) x=0 y=16% z2=6% M1 Alft
p=£173333 r=0,5s=0,t=10 Alft 4

(18]



Solutions

1. @)

(b)

()

2. @)

(b)

(©)

D E F
20
B 26 | 6
14

SA:O SB:—l SC:7
Dp=21 Dg=24 Dg=18
|13=|A|::16—0—18:—2
lry=lgp=18+1-21=-2
|31=|CD:15—7—21:—13(*)
|32=ICE:19_7_24:_12

eg CD(+) > AD(-) —» AE(+) — BE(-) —» BF(+) —> CF(-)

D E F
6 | 18
B 12 | 20
C| 14

Deleting F leaves r.s.t

B 14
18

A C
15 1

D
r.s.t. length = 86

So lower bound =86 + 16 + 19 = 121

cost £1384

~.best L.B is 129 by deleting C(ft from choice)

Add 33 to BF and FB
Add 31 to DE and ED

M1
Al

M1
Al

M1
Alft
Alft

6=14 M1 Alft

Alft Al

M1
Al
M1 al

B1 ft

Bl
Bl

Tour, visits each vertex, order correct using table of least distances. M1 Al

egF C D A B E G F(actualrouteF C D C A B E G F)A1l
upper bound of 138 km

Al

June 2005
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Let x;; be number of units transported from i to
wherei e {W, X, Y}andj e {J, K, L}
warehouse supermarket

objective minimise “C” = 3Xy; + 6Xwk + 3XwL +
5XXJ + 8XXK + 4Xx|_ +
2XYJ + 5XYK + 7XYL

subjectto Xy + Xwk + XuL = 34
Xxy + Xxk + XxL = 57
Xyy + XyK *+ XyL =25
Xwy + Xxy + Xyy = 20
Xwk + Xxk + Xyk = 56
XwL + XxL + Xy =40
Xj=0 V ie{W, X Y}randj e {J, K, L}

(@  The route from start to finish in which the arc of minimum
length is as large as possible.
e.g. must be pratical, involve choice of route, have are ‘cuts’.

(b)
Stage | State | Action Value
1 H HK 18(*)
I IK 19(*)
J JK 21(%)
2 F FH min (16,18) = 16

FI min (23,19) = 19(*)
FJ min (17,21) = 17
G GH min (20,18) = 18
Gl min (15,19) = 15
GJ min (28,21) = 21(*)

3 B BG | min (18,21) = 18(*)
C CF | min (25,19) = 19(%)

CG | min(16,21) =16
D DF | min (22,19) = 19(%)

DG min (19,21) = 19(*)
E EF min(14,19) = 14(*)
4 A AB min (24,18) = 18
AC min (25,19) = 19(*)
AD min (27,19) = 19(*)
AE min (23,14) = 14

Bl

Bl
Bl

M1 Al

Al

Bl

B2,1,0

Bl

M1 Al

M1 Al Al

M1 Alft

Alft

(c) RoutesA C F I K, ADF 1 K AD G J K Alft Alft Alft

(7]
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(a)

(b)
(©)

(a)

(b)

(©)

To maximise, subtract all entries from n > 30 M1
4000
0741
€d. {0536 A2,1,0
0359
5000
0630
minimum uncovered elementis1:s0 [0 4 2 5 M1 A2ft1ft0
0248
\ or M1
min. el. = min, el =
7002 7000
0410 2630
0205 0203 A2ft1ft0
0028 0026
A-2 B-4 C-3 D-1 M1 Alft
A-3 B-4 C-1 D-2
£1160 000 B2,1,0
Gives other solution M1 Alft
SS, —47,SS, - 87, T{T =S4, T,T — T3 added to diagram 1 M1 Al
If all 4 nos. zero then MO
M1 4 arcs added correctly + 4 numbers given
(diagram 1 only) condone lack of arrows
Al c.a.o. (diagram 1 only) penalise arrow errors here
S§S; —0, SS; —»38 TiT —8 T,T —20 M1 Al
«— 47 <« 49 « 43 <53
M1 4 arcs, 2 numbers and 2 arrows : per arc
Al c.a.o.
e.g. SS ADT T—2
SS CET, T—1 M1
SS CED T, T—10 A4,3,2,1,0
SSS CEBDT T—4
Maximum flow — 113 Bl

M1 2 correct routes + flows found (flow > 10 gets MO) (condone initial f.a.

routes only if clearly repeated from

new ones)

A4 all flows + routes to 15 more or flow increased above

17 more

A2 >3 flows + routes to 11 more or
Al at least 2 flows + routes found to 5 more

B1 113 c.a.o.

[15]



(d)

(€)

()

(a)

(b)

(©)

M1 Al

M1 consistent flow of 101(*), complete clear (doesn’t
need to ft from (c))

Al correct flow of 113 including arrows

Max flow — min cut theorem; cut AT,, AD, S$;B, S,B, BC, CE

M1 flow of 113 + cut attempted + max flow — min cut
theorem referred to (3 out of 4)
Al c.a.o.
Idea of a directed flow along arcs; from Sto T;
through a system/network; practical
B2 all 4 bits there
B1 2 out of 4 there

A zero-sum game is one in which the sum of the gains for all players

is zero. (0.e.)
| I Il
I 5 2 3 min 2
I 3 5 4 min 3 <~ max
max 5 5 4
T
min

Since 3 # 4 not stable

Let A play | with probability p
Let A play Il with probability (1 - p)

If Bplays | A’sgainsare5p+3(1-p)=2p+3
If B plays Il A’sgainsare 2p +5(1-p)=5-3p
If Bplays Il A’sgainsare3p+4(1-p)=4-p

M1 Al

B2,1,0

Bl

M1 Al

Al

M1 Al

[16]



-6

6_
n 4 -4
| 3 -34-p 1l
2+ -25-3p |l A2.10
» P
0 1
. 1
Intersectionof 2p+3and4-p=p= 3 M1 Alft

1 2 2
-.A should play | 3 of time and Il 3 of time; value (to A) = 35 Alft Alft

(d) Let B play I with probability q;,
I with probability g, and
[11 with probability g3 B1
0 ; d;
e.g. Letx; = — Xo= — X3 = — M1
g 1= 7 27 7, 3= 7
Maximise P =xX; + X, = X3 Al
subjectto 5x; +2x, + 3x3<1
3X1 + 5%, +4x3< 1 A2,1,0
X1, X2, X3 =0
Alt 1
-5 -3 13
eg.|—-2 -5|—>4 1
-3 -4 3 2
maximise P =V
subjectto v—q;-40,-303<0
V=301 - 02— 203<0 Qg+ +gs<1l
V, 01, 02,0320 or=1
(@ r,sandtare unused amounts of bird seed (in kg), suet blocks B2,1,0
and peanuts (in kg) that Polly has at the end of each week after
shehas made up and sold her packs
B2 Ref to “unused” “*bird seed, suet blocks & peanuts”
B1 Ref to ““unused™ or bird seed etc or muddled
explanation.
“bad” gets B1 must engage with context
(b)
b.v. X y z r s t | value
z 2 1 1 L 0 O 14 Ry +10 M1 Al
5 2 10
S

® -1 0 -z 1 0| 4 R-4R M1

[17]



t - 1 0 -2 0 1 18 R3-3R; A2ft, 1ft,0 5

[GIE

p 90 25 0 65 0 0 ‘ 9100 Ry + 650R;

M1 correct pivot
Al pivot row correct c.a.o. incl.bv

MZ1ft correct row operations used (all 3) — at least 1
non zero or 1 term correct in each row.

Where row not ft = MO0

A2ft non-pivoted rows correct; —1 each error ft

on error in pivot choice only.

Penalise b.v once only

() x=0 y=0 z=14 r=0 s=4 t=18 p=£91 M1 A2ft, 1ft, 0 3
M1 3 variables stated — must have completed

b.v. + value columns on tableau.
Any negatives MO

Alftall 7 c.a.o. Need £91 ft but accept 9100
Alft at least 4 c.a.0. (condone P = 9100ft)

(d) p-90x-2./y +65r=9100 (0.c.) MLALft 2

M1ft P, (-)90x, (-)25y, 65r and 9100 (or 91) all
present and one = sign

Alftc.a.o. (0.e)

() p=9100 + 90x + 25y — 65r
So increasing x or y would increase the profit B1ft 3

B1ft stating that increasing x or y would increase profit, probably
re-arranging profit equation. Generous.

2
(f) The T in the x column and 2" (s) row. B2ft, 1ft, 0 2

2
B2ft - identified, x column and 2" (s) row.

Accept ringed in last tableau
B1ft “bad™ gets B1, if ft their “optional” tableau B1.

[15]

(b) Notes
1. Wrong pivot chosen in col 2 (—usually 4) MO then for M1A2ft
(a)

b.v. X y z r S t value

r -1 25 0 1 -2 0 -10 R;-10R,

z 3 z 1 0 z 0 15 Ry+4

t | -1 @ 0 0 -3 1 15 Ry-3R

p | 25 -187L 0 0 1?2 0 9750 R4+ 650R,

2




(b)

b.v. X y zZ r s t value

r Z -12 0 1 o P -60 R;-10R;

S Z -12 0 0 1 3 20  R,-4R;

7 3 2 1 0 0o ¢ 20 Rs+3

p | -1331 81 0 0 0 2162 13000 R+ 650R;
2. MISREADS — use col x or col y (-2 A marks if earned)

(a)
bv. | x y z r S t  value

rlo 3 2 1 2 0 2 R-4R

x |1 & 2 0 1+ 0 3 Ry=:2

t |0 11 1 0 - 1 3 R;-R,

p |0 -175 50 0 175 0 10500 R4+ 350R;

(b)
b.v. X y z r S t  value

y | & 1 2 & o 0 28 Ry-5

s 1@ o 2 - 1 0 32 R-R

t | -3 0 -1 -% 0 1 4 Rs—2R;

p |-70 0 50 70 0 0 9800 R,+350R,
(@ SADT-8 SCET-11  SBFT-9 B2,1,0
(b)

A 8 D
8 8
s S E o> 7 B1
C\ 11 11
9 9




© @

N — 8
N
17 TH N
A% N\\14 20 W 87
id 3
S — 9 —> 4 E—0
«— 11 C\ <11 / «—11
9 4
—> 1
B —9 F
M1
Al
e.g.
SACDT-2 SCFT-6 Al
SACEFT-3 SACFT-1 Al
max flow 40
(i)  eq.
A D
11
AN o) 10
s 20 ! 14 E T
11
®
©) Q @ 19
B 9 F M1 Al
(iii)  Max flow — min cut theorem M1
cut AD, CD, DE, ET,CF,BC,SBie{SACE}{BDFT} A2,0
(d) Idea of a directed flow through a system of arcs fromSto T Bl

practical

[14]



Solutions
1. To maximise, subtract all entries fromn> 278 M1
e.g.
11 6 2 17
14 7 0 15 AL
11 5 3 15
17 9 4 21
Reduce rows then columns
9 4 0 15 1 2 0 3
14 7 0 15 6 5 0 3
M1 Alft Alft
8 2 0 12 0 00O
13 5 0 17 5 3 0 5
Min element =1
01 0 2
> 4.0 2 M1 Alft Al
0 010
4 2 0 4
i } I
Min element =1 Min element = 2
0 0 0 1 01 2 2
5 3 01 3200
M1 Alft Alft
1 020 0 0 30
4 1 0 3 2 0 0 2
then —T— min element 1
0 011 So A-H M1
H Al
4 2 00
B-P or
1 0 30 S
3 00 2 C-S
optimal '
P D-1
P
(both £1077)

January 2006

3
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2.

e.g.
Stage | State |Action| Dest Value
1 (2 2 0 200+2oo=4oo*)
(Sept)| \1 3 0 200 + 100 = 300 *
0 4 0 200 =200 *
2 2 5 2 200 + 200 + 500 + 400 = 1300
(Aug) 4 1 200 + 200 +300= 700
3 0 200 + 200 +200= 600 *
\1 5 1 200 + 100 + 500 + 300 = 1100 /
4 0 200 + 100 +200= 500 *
0 5 0 200 + 500 +200 = 900 *
3 -
(ul) 2 5 0 200 + 200 + 500 + 900 = 1800 *
4 2 3 2 200 + 200 +1800 = 2200 *
(Jun) 1 2 200 + 100 +1800 = 2100 *
0 2 200 +500 + 1800 = 2500 *
5 0 5 2 200 +500 + 2200 = 2900
(May)| 1 2 200 +2100 = 2300 *
0 5 2 200 + 2500 = 2700 *
Month May June July August September | M1 Alft
production schedule 4 4 5 5 4
Cost £2300 Alft

Let x;; be the number of units transported fromi to j, in 1000 litres

where i€ {F, G H}andje {S, T, U} B2,1,0
Minimise C =23 X¢s + 31X + 46X5, + Bl
41 Xps + 50Xt + 63Xy
Unbalanced
Subject to Xgs + Xt + Xgy < 540
Xhs + Xpt + Xpy £ 673 Al
Xt + Xgt + Xne < 348 } accept = here Al
Xfu + Xgu + Xpy < 412 }
Xij >0 Bl

Accepted introduction of a dummy demand methods.

[12]
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(a)

(b)

(©)

(d)

(a)

(b)

(©)

Adds zero for costs in third column
Adds 14 as the demand value

The total supply is greater than the total demand

The solution would otherwise be degenerate

10 15 O
| J K L
0o A 8 1 Iaj=12-0-10=2
0 B 13 lg;=8-0-10=-2
-6 C | 9 3 lgk=17-0-15=2
lcr=0+6-0=6
| ) K L
A 8-60 1+46
B 0 13-0 0=8
C|9-60 3+0 Entering square BJ
Exiting square AK
8 13 0
|J K L
0o A 9 lng =12-0- 8=4
0 B |8 5 Iak=15-0-13=2
-4 C |1 1 lgk=17-0-13=4
lcr= 0+4- 0=4
No negatives, so optimal
Row minimums {-2,-1,-4,-2} row maximum =-1

Column maximums {1, 3, 3, 3} column minimum =1

Since 1 # -1 not stable

Row 2 dominates Row 3
Column 1 dominates column 4

Let A play row R, with probability P;, R, with probability P,

and “R3” with probability Ps.
-2 1 3) eg (1 4 6
-1 3 2| - |2 6 5
1 -2 -1) +3 |4 1 2
e.g. maximise P =V
subjecttoV —p;—2p,—4ps < 0
V—-4p;-6p;-ps < 0
V-6p1-5p,-2p3 < 0

Bl
Bl

B2,1,0

B2

M1 Al
Al
Al

M1
Alft

M1 Alft
Alft
Alft

Al

M1
Al

Al

Bl
Bl

Bl

M1

M1 Al

A4ft, 3ft, 2ft, 1ft, 0

[16]



(a)

(b)

(©)

IN
-

P1t P2—P3
V,p1, P2 ps = 0

OR

e.g. Let xi=% %=x1+x2+x3

minimise P =Xy + X + X3

subjectto X;+2Xx +4x3>1
AX+6X+ X3>1
6X1+5X+2x3>1
Xy +Xo+X3>0

+ other equivalent methods.

C
?
|
|
|
|
1
|
83:
|
|
1

RM.S.T

e.g. AH, AB, BD, DE
HG, EF using prim

lengthof RM S T =459
.. lower bound = 459 + 53 + 83 = 595 km (deleting c)
.. Best lower bound is 595 km, by deleting ¢

Adds 167 to AF and FA
137 to CH and HC
136 to DF and FD
145 to DG and GD

C D E F H A B G C
53 49 120 115 52 84 222 92
.. Best upper bound is 707 starting at F

M1

Al

A4ft 3ft 2ft 1ft 0

M1
Al

Al
M1 Alft

B1,3,2,1,0

M1 Al

B1ft

[13]
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(a)

(b)

()

(d)

(€)

(i)  Acutisadivision of the vertices of a flow network into 2 sets,
one containing the source(s) and the other containing the sink(s). B1

(i) A cut whose capacity is least Bl
C,=1038,C, =673 B1,B2,0
e.g.

second
minimum cut  pM1A1AL

O = saturated

— = compulsory
AC, CD, GF, FT Bl
DE would not allow any further flow into EF B1,1,0

DG would cross both minimum cuts — D can take extra flow, G can
acceptit. Flow increased by 8.6 to 759  (accept either number)

[11]



Solutions ]une 2006
1. (@ Any part of an optimal path is itself optimal Bl

(b)  The route chosen such that the maximum arc length is
as small as possible Bl

(c) e.g. Maximising freight by minimising fuel needed
when planning multiple stage light aircraft journey B2,1,0
B1 cao (“port”, “section”, OK; ““arc”, ““stage”, activity”’, “event’, not)
B1 cao (not min of max rate, not minimize largest arc)
B2 cao
B1 cloze “Bod” gets B1

(4]

2. Letx;=1 if worker does task, 0 otherwise Bl
where Xij indicates the arc fromnodeitonodejieP,Q,RjE1, 2,3 Bl
Xq1 + Xg2 + X3 =1 and Xp2 + Xg2 + X2 = 1 Al

Minimise, C = 8Xp1 + 7Xp2 + 3Xp3 + 9Xq1 + 5Xq2 + 6Xq3 + 10%y1 + 4%y + 4X3
where C is in hundreds of pounds B1, B1 2
Bl cao
B1 defining variable — attempt
M1 at least 3 equations — coefficients of one
Al cao 3 correct
Al cao 6 correct
B1 Minimise
B1 cao (condone a slip) (- accept cost in pounds)
(7]

3. (@) Each activity must be visited once and then we return
to the starting activity, this must be done in a minimum time B2,1,0 2
B2 cao — all 3 bits in the context
B1 cloze ‘Bod’ is B1 (e.g. not in contect; just ‘each activity once’ — but not
all 3; ...)

(b) 108 + 54 + 150 + 68 + 100 = 480 minutes (= 8 hours) M1 Al 2
M1 (maybe implicit) attempting to add 5 values
Al cao



(c) Use nearest neighbourBFTCDB M1 Al

64 + 68 + 60 + 54 + 150 = 396 minutes (67 hours) Al 3
M1 each vertex visited once — either NN or 2 x mst-shortcut (BD)
Al caoincl return to B (BFTCDB)

Al cao (396)
d . 63 _ € 54
I 53 Fa 13
CT, TF, CD (Prim or Kruskal) M1 Al
182 +64 + 100 = 346 minutes M1 Alft 4
M1 Finding correct minimum spanning tree (maybe implicit) 182
sufficient

Al cao tree or 182
M1 adding 2 least arcs to B i.e. 100 and 64 only
Alft cao ft from their m.s.t. value i.e. 164 and their tree length

(@ Addingn =20 to table to give Bl
H P R W
A |3 5 11 9
B |3 7 8 N
c|2 5 10 7
D |8 3 7 6
028 6 D243
_ . |10 4 5 n-3 0 41n-6
Reducing rows first 038 5 thencolumns g 3 4 2 M1 A13
1 5-0--0-0---p-
5 04 3 |
Either 0132 o [0 132 M1 Alft
-+-0--3--0--n—7--- 0 30 n-7
0231 0231
16--0-0-0----- 16--0-9-0-----
\ \
002 1 003 1
130 n-7 0 2 0 n-8 MLALft 4
012 0 013 0
700 O 701 0
A - H P
B - R or R cost £21 000

C - W H Al

[11]



D - P w
(b)  Not unique — gives the other solution
Stage | State | Action Value
H HT 4*
1 I IT 3*
J JT 12*
K KT 20*
D DH 2+4=6
DI 4+3=T7*
E EH 3+4=T7*
2 El 4+3=7*
F FJ 10 + 12 = 22*
FK -8+20=12
G GJ 10+12=22
GK 17 + 20 = 37*
AD 3+7=10
A AE 2+7=9
AF 5+22=17*
3 BD 3+7=10
B BE 2+7=9
BF -6 +22=16*
C CF 8 +22 =30*
CG -15+37=22
SA 2+17=19
4 S SB 3+16=19
SC -10 + 30 = 20*

Route SCFJ T £20 000

(a)

Either e.g.

In an n x m problem, a degenerate solution occurs when the
number of cells used is less than (n + m - 1)

or e.g. when all the demand for one destination is satisfied by
all the supply from a source, before the final demand and
supplies are allocated

B2 cao

B1 cloze ““bod™ is B1

Al

M1 Alft

M1 Al

M1 Al

Al

M1 Alft

Al ft

M1 Alft

M1 Al

B2,1,0

[11]

[12]



(b) If the total supply > total demand a dummy is used to
absorb the excess Bl
B1 cao must (cannot decipher copy properly)

15
(c) 1 11 0 Bl
17
B1 cao total of five numbers
(d) Shadow costs SA=0 Sg=-1 Sc=-1

D;=62 D,=49 D3=1
Improvement indices  lp, =47 —0—49 =-2*
lp3=0-0-1=-1
lc;=68+1-62=7
lc, =58 +1—49 =10

I1 2 3@)
@Al 15-0 o

@B| 140 11-6 0
@C 17

M1A1A1ft
Entering A2, exiting B2, =0

Shadow costs Sp=0 Sg=-1 Sc=-1
D;=62 D,=47 Ds3=1
Improvement indices lp3=0-0-1=-1*%
lgy =48 +1—-47=2
lc;=68+1-62=7
lcp=58+1-47=12
2 P
@Al 46 11 0

@B| 12+0 0-9
@C 17

M1A1A1ft
Entering A3, exiting B3, 6 =0
@ 2 P
©@A| 4 11 0
@B| 12
@cC 17

Shadow costs Sa=0 Sg=-1 Sc=0
D;,=62 D,=47 D3=0 M1 Al



(@)

(b)

(©)

Improvement indices g, =48 +1-47=2
lg3=0+1-0=1
lc;=68-0-62=6 B1
lc; =58-0-47=11

.. Optimal
Cost 1497 units Bl 4
[14]
e.g. Maximise P =V Bl
Subject to: V -5p;—-3p,—6p3+r=0 M1
V—-7p;—8p,—4ps+s=0 A2,10
V—-2p;-4p,-9p3 +t=0
pr+p2+p3(+u)=1
where V = value of game to A, P; = probability of A playing row i
P;>0andr, s, t, u are stack variables all > 0 B1 5
B1 Maximise/minimise and consistent function
M1 constraints (condone non-negativity)
— at least one correct must be equations
A2 all correct
Al at least two correct
B1 defining variables
Not reducible and a three variable problem Bl 1
B1 cao - both
e.g.
bv VvV P, P, P3 r s 't u/| value
r 1 -5 -3 -6 1 0 0 O 0 M1
S 1 -7 -8 -4 0 1 0 O 0 Al
t 1 -2 -4 -9 0 0 1 O 0 2
u 0 1 1 1 0 0 o0 1 1
P -1 0 0 0 0 0O 0 O 0
bv |V Py Py P3 r S t u | value | Rowops
vi|ii -5 3 6 1 0 0 0 0 Ri/1 M1AL1L
s |0 -2 -5 2 -1 1 0 0 0 Ry -Rq Al
t 0 3 -1 -3 -1 0 1 0 0 Rz - Ry B1ft
u | 0 1 1 1 0 0 o0 1 1 Ry stet 4
P|lO -5 -3 -6 1 0 0 0 0 Rs + Rg
bv |V Pp ) z r S t u | value | Row ops
vV |1 -1 -18 0 =2 3 0 0 ‘ 0 ‘ R1+6R; M1 Alft




(a)

(b)

(©)

P3 |0 -1 —g 1 % Y 0 0 0 Rp/2 Al
t |0 0 7 0 S>3 1 0 0 R3 +3R2 B1ft
2 2 2
u |0 2 ’ 0 - 0 1 1 Rg-R2 4
2 2 2
P|lO -11 -18 0 -2 3 0 0 0 Rs +6R;
(16]
7x+10y+10z+r =3600
6x+9y+12z +s = 3600 B2,1,0
2X+3y+4z+t=2400
P—-35x-55y—-60z=0 B2,0 4
(i)
b.v. X y z r S t | value | Row ops
r 2 > 0 1| —— | 0| 600 | Ri—10R, Al
2 6
z 1 3 1 0 1 0| 300 | Ry+12 M1
2 4 12
1
t 0 0 0 0| —— | 1 ]1200 | R3—-4R; | Alft
P -5 | -10 0 0 5 0 | 1800 | R4+ 60R, B1 5
(if)
b.v. X y |z r S value Row ops M1
4 2 1 5
— 1(0( — - 240 Ri+ — M1
Y15 5 3 173
1 3 1 3
-—— |10 |1| = = 120 - Alft
1710 10 Re=5 R
1
t 0 010 0 3 1200 R stet M1
P 3 010 4 % 20400 | R4+ 10R; Al 4
P =20400 x=0 y = 240 z=120 M1
r=0 =0 t=1200 A2ft, Alft, O 2

[16]



(@ C,=103, C,=177, flow = 76

(b)
¥]
B By D
3 -
fs
\ -t 711
& d_ = £ |8
E
(c) e SBCDT-6
SBCDET-1
SBACDET-15
Max flow is 98
(d)
A (& D
7
EFI\ c 28
_S ‘EFJL o~ 7
Ty
. 15 GE,J
e

() Maximum flow = minimum cut
Cut through AD, AC, BC and BE

B1, B1, B1
M1AL
W
é‘_f
! 7
M1
A32.1,0
B1
M1A1L
5y
-
L3
M1
Al

[14]



Solutions

1. (@)
(b)
(©)

2. @
(b)

Adds 32 to AB + BA (ACB)
47 to AE + EA (ACDE)
32 to CE + EC (CDE)
53 to DG + GD (DCQG)

A CBDETFGA
15+17+38+11+ 31+ 30+ 23 =165 miles

e.g. BC, CD, DE, EF, FG E ? =D E cF ?
17 21 11 31 30

weight of RSMT = 110 miles

Lower bound =110 + 15 + 23

= 148 miles
Row min
2 -1 3| -1 <«
{—3 4 —4} -4
co 2 4 3 2 #-1.. not stable
max T

Let Denis play 1 with probability p

So he’ll play 2 with probability 1 — p

If Hilary plays 1 Denis wins: 2p-3(1-p) =5p-3
If Hilary plays 2 Denis wins: —-p + 4(1 - p) =4 -5p
If Hilary plays 3 Denis wins: 3p—-4(1-p)=7p-4

7

Denis should play 1 with probability 0
3

2 with ility —

with probability 10

1
the value of the game is 5

Bl
Bl
Bl
Bl

M1Al
Al

M1

Al
M1
Alft

M1Al

Al

M1
A2,1,0

M1A2,1,0

M1ALft

B1ftB1

10

June 2007

[11]
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@ rep

66
63

101 85 36
98 74 38
97 71 34

(b)

(©)

(@)

(b)

(c)(d)

reducing

raws first
30 65

28 60
29 63
32 67

I
oONO B~
I

N O O O
O N O W woor
|_\

oo o R

A — cutting
B - stitching
C —filling

D — dressing

66 + 98 + 71 + 35 =270 seconds

OI—‘[\)O

67 102 78 35

49

0
36 0
37 0

0

43

-
N

» T o
-O-O-—-O -
I

then columns

20 x 98 + 66 +71 + 35 = 2132 seconds
= 35 minutes 32 seconds

Seats

o o o |0

94
65
80

18

200 21

total supply > total demand

1 18

S(1)=0

D(A) =5

-O-O-O-O -

M1A1l

M1ALftAlft

M1ALftAlft

Al

Bl

M1A1ft
Al

B2,1,0

Bl

Bl
M1ALft

[13]



(€)

(@)

(b)

(©)

(d)

S(2) =-0.7 D(S) =45
S(3) =-0.5 D(D)=05
lip=0- 0-05=-05%*
l,a=42+07-5=-0.1
l,p=0+0.7-05=0.2

SBEHIJGDFKT-4
SBEGDFILT-9

e.g.

I3n=46+05-5=0.1 Al
A S D A S D
1,18 76-6 0 EnteringlD 1 |18 5, 21 M1A1ft
2 65 Exiting3D 2 65 Al
3 50+60 21-90 6=21 3 80
S(1)=0 D(A)=4.9 M1
S(2)=-0.7 D(B) = 4.5 Al
S(3)=-0.5 D(B)=0
lia= 5-0-49=0.1
lp=0+07-0=0.7
I3n=4.6+05-49=02
l;p=0+05-0=05 Al
Optimal since all 1I’s >0 Al
cost £902.70 M1A1
1%~ B
~7 i X
i
S ~0,
=~ C
2 M1A1
Al
103 Bl
eg. SBEGILT-3 M1
SBEDFKT-5 A4,3,2,1,0

[16]



M1A1

Al 3
Flow value 124 (given)
(e) Max flow =min cut
cut through AB, BD, DE, EG, HJ M1A1 2
[14]
Alt1
Game from R’s point of view.
Al A2 A3 Al A2 A3
Ry | -6 3 -5 Add 7 Ry |1 10 2 B1, B1
Ry, |2 -1 -4 R, |9 6 3
R |3 -2 1 Rs | 10 5 8
Let R play 1 with probability P,
2 with probability P,
3 with probability P Bl
V = value of the game
Maximise P =V B1
Subjectto V -P;-9P,-10P3<0 M1ALft
V —10P; - 6P, —5P3 <0 Alft
V -2P;-3P,-8P3<0 Alft
P, + Py + P3 <1 accept= Al 8
V, Py, Py, P320
Alt 2
Add 4 to all entries Bl
Ry R, Rs3
Al | 10 2 1
A2 |1 5 6
A3 |9 8 3
Let R play 1 with probability P,
2 with probability P,
3 with probability P3 let V = value of game. B1
P P P
Let X, =—=,X, =—% X3 = — B1
\Y \Y Vv
Maximise P = x; + Xy + X3 B1

Subjectto  10x; +2X, + X3 <1 M1A1ft



(@)

(b)

(@)

(b)

(©)

Xy + 5% +6x3<1
Ox; + 8%, +3x3< 1
X1, X2, X3 > 0 accept P; >0

Stage State  Action  Destination Value
J JY Y 98*
1 K KY Y 94*
L LY Y 86*
G GJ J max(79, 98) = 98*
GK K max(98, 94) = 98*
2 H HK K max(95, 94) = 95
HL L max(72, 86) = 86*
I IL L max(56, 86) = 86*
C CG G max(50, 98) = 98*
D DG G max(92, 98) = 98
3 DH H max((81, 86) = 86*
E EH H max(89, 86) = 89*
F FH H max(84, 86) = 86*
Fl I max(72, 86) = 86*
A AC C max(95, 98) = 98
AD D max(86, 86) = 86*
4 AE E max(63, 89) = 89
B BE E max(88, 89) = 89
BF F max(87, 86) = 87*
5 X XA A max(55, 86) = 86*
XB B max(85, 87) = 87

XADHLY (minimax = 86)

H
Ve N - —_
minimax = 87
X B F\\I//L Y ( )

P-2x-4y-3z=0(o.e.)

12x + 4y + 52 < 246
Ox + 6y + 32 <153
5x+2y-22<171

basic variable  x y z
r 12 4 5
s 9 (B 3
t 5 2 2

P 2 -4 -3

-_

o O O

one

Value

t
0 0 246
0

1 153
0 1 171
0 0 0

Alft
Al

Bl

M1

AlAl

M1
AlALft

M1
Alft

Alft

M1ALft

M1A1

B2,0

Bl
Bl
Bl

12

(8]

[14]



(d)

(€)

(@)

(b)

(©)

(d)

y % 1 Y 0 % 0
t 2 o 3 0 -} 1
P 4 0 -1 0 % 0
bv. x y z r S t
z 2 0 1 B % 0
y % 1 0 -% % 0
t 8 0 0 1 -1 1
P 6 0 0 % % 0
P =150 x=0 y=15 z=48
r=0 s=0 t=264
(The third constraint) t = 0
85
¢y = 140, ¢, = 104
e.g.
S B D F HJ T -4
S B D F G T -1
S B DF CH I T -2
S B DF CHJ T -2
S B D E G T -10

Max flow — min cut theorem, flow is 104, min cut is ¢,

Value

144
25.5
120
102

Value

48

1.5
264
150

Row

operations

Ri-4R,  MIAL

R,+6  MILALft
Rs- 2R, Bift
Ry + 4R,

Row
operations

Ri+3  MIAL
R,-%R;  MI1A1

R3; + 3R,
R4+ Ry
9
M1A1ft
Alft 3
B1ft 1
(18]
Bl 1
B1, Bl 2
M1Al
Al
Al
Al 5
M1A1 2

[10]



Solutions
1. @ x=9y=11 B1, B1 2
1B1: cao (permit B1 if 2 correct answers, but transposed)
2B1: cao
(b) ACDCDTET B2,1,0 2
1B1: correct (condone one error — omission or extra)
2B1: all correct (no omissions or extras)
(c) 36 BL 1
1B1: cao
(d C;=49,C,=48,C3=39 B1, B1, Bl 3
1B1: cao
2B1: cao
3B1: cao
(e) e.g.SAECT B1 1

1B1: A correct route (flow value of 1 given)

() maximum flow = minimum cut
cut through DT, DC, AC and AE M1A1 2
1M1: Must have attempted (e) and made an attempt at a cut.
1A1: cut correct — may be drawn. Refer to max flow-min cut
theorem
three words out of fours.

(@) A walkis a finite sequence of arcs such that the end vertex
of one arc is the start vertex of the next. B2,1,0 2
1B1: Probably one of the two below but accept correct relevant
statement— bod gets B1, generous.
2B1: A good clear complete answer: End vertex =
start vertex + finite.

(b)  Atour is a walk that visits every vertex, returning to its
stating vertex. B2,1,0 2
1B1: Probably one of the two below but accept correct relevant
statement— bod gets B1, generous.
2B1: A good clear complete answer: Every vertex + return to start.

From the D1 and D2 glossaries

D1

A path is a finite sequence of edges, such that the end vertex of one
edge in the sequence is the start vertex of the next, and in which

no vertex appears more than once.

A cycle (circuit) is a closed path, ie the end vertex of the last edge
is the start vertex of the first edge.

D2

A walk in a network is a finite sequence of edges such that the end
vertex of one edge is the start vertex of the next.

A walk which visits every vertex, returning to its starting vertex, is called a tour.

(@) Total supply > total demand B2,1,0 2

June 2008

[11]
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(b)
(©)

(d)

(€)
(@)

(b)

Adds 0, 0 and 5 to the dummy column

L|{E|D
A [35]20
B 40| 5
80 70 20
L E D
0 A3 20
-20 | B 40 5
lap=0-0-20=-20
lg.=60+20-80=0
L E D
A3 20-60 @6
B 40+0 5-0
0 = 5; entering square is AD; exiting square is BD
80 70 O
L E D
0 A3 15 5
201 B 45
lg.=60+20-80=0
lgp=0+20-0=20
Cost is (£) 6100
Maximin : we seek a route where the shortest arc used is a great as
possible.
Minimax : we seek a route where the longest arc used is a small as
possible.
Stage | State | Action | Dest. Value
G GR R 132*
1 H HR R 175*
I IR R 139*
D DG G |min (175,132) =132
DH H ]min (160,175) = 160*
2 E EG G |min (162,132) = 132
EH H |min (144,175) = 144*
El | min (102,139) = 102
F FH H Imin (145,175) = 145*
Fl | min (210,139) = 139
A AD D Imin (185,160) = 160*
AE E |min (279,144) = 144
3 B BD D Imin (119,160) = 119
BE E  |min (250,144) = 144*
BF F  Imin (123,145) = 123
C CE E ]|min (240,144) = 144
CF F  Imin (170,145) = 145*
L LA A |min (155,160) = 155*
4 LB B |min (190,144) = 144
LC C Imin (148,145) = 145

B2,1,0

Bl

M1A1

Al
M1

Alft
B1ft

B1ft

Bl

B2,1,0

M1A1

M1A1

Al

M1A1ft

Alft

Alft

[13]



(@)

(b)

(©)

(d)

Maximin route; LADHR

For each row the element in column x must be less than the
element in column y.

Row minimum {2,4,3} row maximin = 4
Column maximum {6,5,6} column minimax =5
4 # 5 so not stable

Row 3 dominates row 1, so matrix reduces to
M1 | M2 | M3
L2 4 5 6
L3 6 4 3

Let Liz play 2 with probability p and 3 with probability (1- p)
If Mark plays 1: Liz’sgainis4p +6 (1-p) =6 -2p
If Mark plays 2: Liz’sgainisbp+4 (1-p)=4+p
If Mark plays 3: Liz’sgainis6p +3 (1-p) =3+ 3p
6 6
5 5
4 4
3 3
2 2
1 1
0 fal

0
4+p=6-2p

_ 2
P= 3

. 2 .
Liz should play row 1 — never, row 2 — § of the time,

1
row 3 — 5 of the time

2
and the value of the game is 4§ to her.

Row 3 no longer dominates row 1 and so row 1 can not be deleted.
Use Simplex (linear programming).

Alft

B2,1,01

M1
Al
Al
Bl

M1
Al

B2,1,0
M1A1

AlftAl

Bl

Bl

[12]

[16]



(@)

(b)

Since maximising, subtract all elements from some n > 53

5 4 11 11
0 4 2 3
2 0 5 5
6 3 7 10
1 07 7 1 05 4
0 4 2 3 0 400
Reduce rows 0 5 5 then columns 2 0 3 2
30 47 302 14
Minimum element 1
[0 0 4 3
0500
10 21
2 013
01 4 3 0 0 3 2
0 6 00 1 6 00
0 010 1 010
1 00 2 2 0 0 2
Joe AlA
Min-Seong C|D
Olivia D|B
Robert B|C
Value £197 000

M1Al

M1ALft

M1

Alft

Alft

M1

ALftAlft

M1ALft

M1Al

[14]



7. (a) GH(38) GF(56) CA(57) EC(59) FE(61) CD(64) CB(68) M1ALft 2

(b) 2 x403 =806 (km) Bl 1
(c) e.g. DH saves 167 M1Al

AB saves 23

806 — 190 = 616 (km) Al

(d egABCEFGHDCA M1A1
B C A E F G H D B
68 + 57 + 98 + 61 + 56 + 38 + 111 + 108 = 597 (km) Al 3
(e) Delete C
G E

M1A1M1A1ft 4

() RMST weight = 444
Lower bound = 444 + 59 + 57 = 560 (km)
560 < length < 597 B2,1,0 2
[16]



(@)

(b)

b.v.| x y z R S t Value
r 4 ’ > 1 0 0 64
3 2
S 1 3 0 0 1 0 16
t 4 2 2 0 0 1 60
P | -5 —% -4 1 0 0 0 0
bv. | Xx y z R S t Value | Row ops
r 0 % % 1 0| -1 4 R1-4R3
slo 52 o || 1 | Rera
1 1 1
X 1 - - 0 0 — 15 Ry +4
2 2 4
P 0 -1 —E 0 0 % 75 R4 + 5R3
b.wv.| X y z R S t Value | Row ops
2 1
z 0 — 1 2 0 | -2 8 R+ —
3 T2
1
17 =
s ool —% 5 | et 5
R1
1
x | 1 % 0|-1]0 % 11 | Ry
R1
7 Ry + E
P 0 0 0 3 0 2 87 2
R1

There is still negative numbers in the profit row.

M1A1l

M1A1ftAl

M1ALft

M1A1 9

Bl 1
[10]
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Question
Q1
@ | There are more tasks than people. BL (1)
(b)
Adds a row of zeros BL (D
(©
15 11 14 12 4 0 31 3020 B1;M1A1
1381713_)5095__)4084
14 9 13 15 5046 40365
0O 0 0 O 00O0O 0100
3320
. 1 051
Either 100 2
0400 M1 AL
1000 1100
Oor 2 0 6 4 N 1 05 3
2 015 100 4
0 302 0 40 2
J-4, M-2 R-3, (D-1) Al (6)
(d)
Minimum cost is (£)33. BL (1)
[9]
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%terzggp Scheme Marks
Q2
@ | In the classical problem each vertex must be visited only once.
In the practical problem each vertex must be visited at least once. B2,1,0 -
®IA F D B E C A {146352} M1 Al
21 +38 +58 + 36 + 70 + 34 = 257 Al 3
(©) | 257 is the better upper bound, it is lower. BIft (1)
(d)
RM.S.T. M1 Al
C 3¢ A 21 F 38 D
67
E
M1AL (4)
Lower bound is 160 + 36 + 58 = 254
(e) | Better lower bound is 254, it is higher B1ft
M| 254 < optimal < 257 Bl (2
[12]

Notes:
(a) 1B1: Generous, on the right lines bod gets B1
2B1: cao, clear answer.
(b) 1M1:Nearest Neighbour each vertex visited once (condone lack of
return to start)
1AL1: Correct route cao — must return to start.
2A1: 257 cao
(c) 1BL1ft: ft their lowest.
(d) 1M1: Finding correct RMST (maybe implicit) 160 sufficient
1A1: cao tree or 160.
2M1:Adding 2 least arcs to B, 36 and 58 only
2A1: 254
(e) 1B1ft: ft their highest
(f) 1B1: cao

6690/01 GCE Mathematics January 2009 3
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%Tjerzggp Scheme Marks
Q3
@ | Row minima  {-5, -4, -2} row maximin = -2
Column maxima {1, 6, 13} col minimax=1 M1 Al
-2 #1 therefore not stable. Al (3)
®) | Column 1 dominates column 3, so column 3 can be deleted. B1 (1)
(© Aplays 1| Aplays 2 | A plays 3
B plays 1 5 -1 2 B1 Bl
B plays 2 -6 4 -3 @
d
@ Let B play row 1 with probability p and row 2 with probability (1-p)
If A plays 1, B’s expected winnings are 11p -6 M1 A1
If A plays 2, B’s expected winnings are 4 —5p
If A plays 3, B’s expected winnings are 5p -3
6 11p-6
4
) 5p-3 M1 Al
15 =P
-2 4-5p
-4
-6
5p—-3=4-5p M1
10p=7
_
T,
B should play 1 with a probability of 0.7
2 with a probability of 0.3 Al
and never play 3
The value of the game is 0.5 to B Al (7)
[13]
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Question

Number Scheme Marks
Q4
@ | value of cut C, = 34:  Value of cut C, = 45 B1; B1 o
®)|SBFGT orSBFET -value 2 M1 Al
Maximum flow = 28 Al=B1 -
[5]
Notes:
(@) 1B1: cao
2B1: cao
(b) 1M1.: feasible flow-augmenting route and a value stated
1A1: a correct flow-augmenting route and value
1A1=B1: cao
Q5
(@) X=0, y=0, 7=2 B2,1,0
2
(b) 5
P-2x-4y+=r=10 M1 Al
X—4y+7 @
[4]

Notes:
(@) 1B1: Any 2 out of 3 values correct
2B1: All 3 values correct.
(b) 1M1: One equal sign, modulus of coefficients correct. All the right
ingredients.
1A1: cao — condone terms of zero coefficient

6690/01 GCE Mathematics January 2009 5
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%Tjerzggp Scheme Marks
Q6
@1 The supply is equal to the demand B1 1)
() ATETC BL (1)
X|16|6
Y 918
Z 15
@ Ta B [C
X|16-0]6+6 M1 AL
Y 9-0 |8+6
Z |0 15- 0
Value of 6 = 9, exiting cell is YB Al ©)
(d 17 8 20
A|B |C
0 X|7 |15
S Y 17 M1 AL
11 Z2 |9 6
XC=7-0-20 =-13
YA=16+5-17=4
YB=12+5-8 =9 Al (3)
ZB=10+11-8 =13
A |B |C
X|7-0 15| 6
Y 17
Z|9+6 6- 0
Value of 6 = 6, entering cell XC, exiting cell ZC M1 Al
A|B |C
X|1 |15]6
Y 17
Z |15 Al )
Cost (£) 524 B1 (1)

[12]

6690/01 GCE Mathematics January 2009




edexcel

Question Scheme Marks
Number
Q7
@) Stage State Action Dest. Value
(in £1000s) | (in £1000s) | (in £1000s) (in £1000s)
250 250 0 300*
1 200 200 0 240*
150 150 0 180*
100 100 0 120*
50 50 0 60*
0 0 0 0*
250 280 0 200+0 =280
200 50 235+60 =295
150 100 190 + 120 = 310*
100 150 125 + 180 = 305 1M1 AL
50 200 65 + 240 =305
0 250 0 +300=300
2 200 200 0 235+0 =235
150 50 190 + 60 = 250*
100 100 125 + 120 = 245 Al
50 150 65 + 180 =245
0 200 0 +240=240
150 150 0 190+0 =190* 2M1
100 50 125 +60 =185
50 100 65 +120=185 Al
0 150 0 +180=180
100 100 0 125+0 =125* Al
50 50 65 +60 =125*
0 100 0 +120=120
50 50 0 65 +0 =65*
0 50 0 +60 =60
0 0 0 0 +0 =0~ e
3 250 250 0 300+ 0 =300
200 50 230+ 65 =295
150 100 170 + 125 =295
100 150 110 + 190 = 300
50 200 55 + 250 =305
0 250 0 +310=310*
Maximum income £310 000 o1 10)
Scheme 1 2 3
Invest (in £1000s) | 100 | 150 | O
(b) Stage: Scheme being considered B1
State: Money available to invest B1
Action: Amount chosen to invest Bl [(g)]
1

6690/01 GCE Mathematics January 2009 7
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Question

Number Scheme Marks
Q8
4 14 5
E.g. Add 6 to make all elements positive |13 10 3 B1
7 1 10
Let Laura play 1, 2 and 3 with probabilities p;, p2 and ps respectively
Let V = value of game + 6 Bl
e.g.
Maximise P =V
Subject to: Bl
V-4p -13p,-7p,<0 ML
V-14p,-10p, - p,<0 A3, 2ft,1ft
V -5p,~3p,~10p, <0 0
P+ P+ py=1 @
Py P,y P3 20
Notes: [7]

1B1: Making all elements positive

2B1: Defining variables

3B1: Objective, cao word and function

1M1: At least one constraint in terms of their variables, must be going down columns.
Accept = here.

1A1Lft: ft their table. One constraint in V correct.

2A1ft: ft their table. Two constraints in V correct.

3A1: CAO all correct .

Alt using X; method

Now additionally need: let X; = P for 2B1
\Y

minimise (P)=x +X, + x3:1
v

subject to:
4x +13x, + 7%, 21
14x, +10x, + X, =1
5x +3X, +10x; =1
X, =20

6690/01 GCE Mathematics January 2009 8
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Question Scheme Marks
Number
Q1 (@
M1 Al
(2)
(b) | Minimum Spanning tree length 93, so upper bound is £186 B1ft (1)
©|A CF E BDA M1
18 24 13 20 22 28 Length 125 Al
A CF E DBA
18 24 13 20 22 36 Length 133 Al 3)
(d) | Best upper bound is £125 Bift (1)
(e) | Delete A
M1 Al
RMST weight =77 MLAL  (4)

Lower bound =77 + 18 + 22 = £117

[11]
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Question Scheme Marks
Number
Q2  (a) | Since maximising, subtract all elements from some n > 27
12 6 8 13
10 5 11 60 IML 2M1
5 6 3 8
11 4 7 16
6 0 2 7 4 0 2 2
5 0 6 55 3 0 6 50
Reduce rows then columns 3M1
2 30 0 30 O Al
7 0 3 12 5 0 3 7
(2 0 0 0] AM1 Alft
1 0 4 48
0500
301 5
2100 5M1A1
0 0 3 47 ®)
0 6 0 O
2 0 0 4|
(b) Three optimal allocations:
Harry |3 (4|4
Jess [1]1]2 M1
Louis |4 3|1
Saul |[2|2]3
Total amount earned by team: £90 Al 2
[10]
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Question
Number Marks
QB (@
D
X B1 1)
Y 29
(b)
28 20 19 22
D
0 X 6 n
S5 Y X
D
X118-6
Y 18029 2ML
Entering cell: AY 6=18
Either Or
Exiting cell: XA Exiting cell: YC
c|D AlB[C]D 2ALTt
31|22 X|0[31]|22
0129 Y |18 29
20 20 19 22 28 20 19 30
B|C|D A|B|C|D 3M1
X | X | -6 0 X|Ix | x | x |-14 3A1
-3 X | X -13 Y|x |5 |8 |X
Entering cell: XD Entering cell: XD
C D A B|C D
22-0 0 X|0-6 31|22 0 M1
0+60 |29-0 Y |18+6 29-0
Exiting cell: XC Exiting cell: XA
0=22 0=0
B|C|D A|B|C|D
31 22 X 311220 4ALft
22 | 7 Y |18 29
20 13 16 14 20 19 16
B|C|D A|B |C |D
0 X X |16 ]| X 0 XJ]14|x |[x |X 5A1
1Y 9| x| x 1 Y|x |[-9]-6]|X
9)
(c) Negative improvement index so not optimal B1ft (1)
[11]
Q4 (a)

Minimax route
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%ﬁggp Scheme Marks
Stage | State | Action | Dest. | Value
G GT T 17* 1M1
1 H HT T 21* Al
I IT T 29*
2 D DG G max(22, 17) = 22*
DH |H | max(3L 21) =31 2M1 AL
E |EH [H | max(34,21)=34* AL
El | max(39, 29) = 39
F Fl | max(52, 29) = 52*
3 A AD D max(41, 22) =41
AE E max(38, 34) = 38*
B |BE | E | max(44, 34) = 44* M1 Alft
C CE E max(36, 34) = 36* ALft
CF F max(35, 52) = 52
4 S SA A max(37, 38) = 38*
SB_|B | max(39,44) =44 Alft
SC C max(41, 36) = 41
9)
(b) | Route: SAEHT Greatest annual cost: £38 000 M1 Alft (2)
(©) Average expenditure 37+38+34+21 = 130 M1A1  (2)

= £32 500
4

[13]
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Question Scheme Marks
Number
Q5 (&) | Initial flow = 41 B1 )
(b) | Capacity of C; = 69 Bl
Capacity of C, = 64 B1 @)
(c)
M1
Al
(2)
(d) | e.g. SBADHT -2 M1 Al
SCGEDHT -2 Al (3)
(&) | maximum flow = minimum cut DM1
e.g. cut through SA, SB, CE, GE, Gl or HT, FI, Gl Al (2)
[10]

Notes:
(a) 1B1: cao
(b) 1B1: cao (permit B1 if 2 correct answers, but transposed)
2B1: cao
(c) IM1: Two numbers on each arc
1A1l: cao
(d) 1M1: One valid flow augmenting route, S to T, found and value (< 4) stated.
1AL: Flow increased by at least 2
2A1: Flow increased by 4
(e) 1DM1: Must have attempted (d) and made an attempt at a cut.
1AL: cut correct — may be drawn. Refer to max flow-min cut theorem
three words out of four.
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Question Scheme Marks
Number
Q6 (@) | P-x-2y-6z=0 B1 €))
(b)
bv|x |y |z |r]|s |t |Value
r |0 |1 1]2[1]0(0|24
s |2 ]1]4/0]1]028
t |-1]1 /3 (0]0]1]|22
P |-1|-2]-6[{0]0|0]0
bv.| x |y |z|r| s |t]|Value| Row Ops.
ro|-1]1]0[1/-2/0] 10 |Ri-2R; M1 Al
z 11111100 1210] 7 |R+4 M1 A1ft
t |-2[-2]0(0|-2|1] 1 |Rs-3R; Al -
P 2 1-110]{0] 2 |0] 42 |R4+6R;
bv.| x |y|z| r |s|t]Value | Row Ops. M1 Alft
-2|1]0(2 |-1]0| 20 <1
Y Ri*a M1 AL
z |1]0]1|-14110 2 R,—%R1 (4)
t (3|00 L |-1|1| 6 Rs +1iR;
P |1(0]0] 1 |1]0] 52 | Rg+iRy
© P=52 x=0 y=20 z=2 r=0 s=0 t=6 M1 A1ft
Al (3)
[13]
Notes:
(a) 1B1: cao

(b) 1M1: correct pivot located, attempt to divide row
1AL1: pivot row correct including change of b.v.
2M1: (ft) Correct row operations used at least once or stated correctly.
1A1ft: Looking at non zero-and-one columns, one column ft correct
2A1: cao.
3M1: (ft)Correct pivot identified — negative pivot gets MO MO
1AL: ft pivot row correct including change of bv — but don’t penalise
b.v. twice.
4M1: (ft) Correct row operations used at least once or stated correctly.
1A1: cao

(c) 1M1: At least 4 values stated. No negative. Reading off bottom row gets MO.

1A1ft: At least 4 values correct.
2A1: cao
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Question Scheme Marks
Number
Q7
-4 5 1 1 10 6 M1
3 -1 -2|—>add5toallentries|8 4 3
-3 0 2 2 5 7
Either Or
Define variables Define variables
e.g. let py, p2 and p; be the probability | e.g. let p1, p2 and ps be the probability
that A plays rows 1, 2 and 3 respectively. | that A plays rows 1, 2 and 3 respectively. | B1
Let x; e
\Y
o _ Minimise
Maximise P =V P = X +X+X B1
Subject to: Subject to
V—-p,—-8p,-2p,<0 X, +8X, +2X%,>1 M1
V -10p,-4p,-5p, <0 10x, +4x, +5x,>1 Al
V-6p—-3p,—7p, <0 6X, +3X, +7X; =1 Al
P+ P, + Py sl Xp, X5, X3 20 Al
Py Py P20
[7]
Notes:

1IM1: Adding n (> 4) to all entries

1B1: Defining variables

1B1: Objective correct

2M1: At least 3 constraints, using columns, one of correct form
1ALft: one correct constraint — excluding non-negativity constraint
2A1ft: two correct constraints — excluding non-negativity constraint
3A1: cao including non-negativity constraint




CY

(b)
(©)

(d)
(e)

edexcel
Notes for Question 1

1M1: Spanning tree found. Allow 1x2x43 across top of table or 93

1A1: CAO must see tree or list of arcs

1B1ft: 186 their ft93 x 2

1M1: One Nearest Neighbour each vertex visited at least once (condone lack of return to
start)

1A1: One correct route and length CAO — must return to start.

2A1: Second correct route and length CAO — must return to start.

1B1ft: ft but only on three different values.

1M1: Finding correct RMST (maybe implicit) 77 sufficient, or correct numbers. 4 arcs.

1A1: CAO treeor 77.

2M1: Adding 2 least arcs to A, 18 and 22 or 40 only

2Al1: CAO 117
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Notes for Question 2

(@  1M1: Subtracting from some n > 27, condone up to two errors
2M1: Dealing with (Jess, 4) entry.
3M1: Reducing rows then columns
1A1: cao (pick up (J,4) value here)
4M1: Double covered +e; one uncovered — e; and one single covered unchanged.
2 lines needed to 3 lines needed.
2AL1ft: ft correct - no errors
5M1: Double covered +e; one uncovered — e; and one single covered unchanged.
3 line to 4 line solution.
3A1: correct - no errors
(b)  1M1: A complete, correct solution.
1A1: cao

Q2 Special case (Minimises)

MO
M1
(18 24 22 17 (1 7 5 0]
20 25 19 60 rowreduction 1 6 0 41
25 24 27 22 3 2 5 0
119 26 23 14 512 9 0]
M1
0* 5 5 0]
columnreductions 0 4 0* 41
2 0* 5 O
4 10 9 0% "
MO
MO
Solution:
Harry -1 M1
Jess -3
Louis -2
Saul -4
Total £75 Al

Maximum 5 marks



@
(b)

(©)

edexcel

Notes for Question 3

1B1: Cao

1M1: 6 shadow costs and precisely 3 improvement indices stated. (no extra zeros)
1Al: cao.

2M1: A valid route, negative 11 chosen, only one empty square used, 6’s balance.
2A1ft: improved solution (no extra zeros)

3ML1ft: 6 shadow costs and precisely 3 improvement indices stated (no extra zeros)
3Al: cao.

AML1ft:A valid route, negative Il chosen, only one empty square used, 6°s balance.
4ALft: improved solution (no extra zeros)

5A1=5M1: 6 shadow costs and precisely 3 improvement indices, (or 1 negative
improvement index), stated (no extra zeros).

1B1ft=1AL1ft: cao for conclusion, but must follow from at least one negative in a third
‘set’ of lls.



Misreads for Q3b Not choosing most negative.

A|/B|C|D
X 11831 4
Y 18 | 29
28 20 19 22
A|/B|C|D
0 X| x| x| x|-6
S5 Y]-8]-3]x|X
Either Or
Entering cell: XD Entering cell: YB
A|B C D A| B C |D
X |18 31| 4-0 0 X |18 31-0|4+6
Y 18+ 60 | 29-6 Y 0 |18-0]29
Exiting cell: XC Exiting cell: YC
0=4 0=18
A|B|C|D A|B|C
X118 |31 4 X [18|13]|22
Y 22 | 25 Y 18 29
28 20 13 16 28 20 19 25
A|B|C|D A|B |C|D
0 X|] x| x|6]|X 0 X|x |x |x |-9
1 Y|-14]-9] x| X -8 Y]-5|x |3 |[x

Candidates can get

2M1 2A1 for first route and the improved solution

3M1 3A0 - 6 shadow costs and 3 s

edexcel

4M1 for finding a valid route and 4ALl if their route leads to an improved solution

[AO — 6 shadow costs and 3 I1s but it is CAQ]
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Notes for Question 4

Throughout section (a):

@

(b)

(©)

Condone lack of destination column and/or reversed stage numbers throughout.
Only penalise incorrect result in Value - ie ignore working values.

Penalise absence of state or action column with first two A marks earned only
Penalise empty/errors in stage column with first A mark earned only.

1M1: First, T, stage complete and working backwards.

1A1l: CAO (condone lack of *)

2M1: Second stage completed. Penalise reversed states here and in (b). Bod if
something in each column.

2A1: Any 2 states correct. Penalise * errors, with an A mark, only once in the question).

3A1: All 3 states correct. (Penalise * errors only once in the question).

3M1: 3" and 4™ stages completed. Bod if something in each column.

4ALft: Any 2 states correct. (Penalise * errors only once in the question). A, B or C

5A1ft: All 3 states correct. (Penalise * errors only once in the question). A, B and C.

6A1ft: Final, S, state correct. (Penalise * errors only once in the question).

1M1: Route (Sto T or vv.) and cost stated

1A1ft: CAO (Penalise reversed states here)

1M1: Sum of four arcs /4 (do not isw here if they ‘add’ to this method)

1A1: CAO (32500 gets both marks)

Special cases (and misreads)

SC1 Maximin: treat as misread. MAX 11/13

SC2 Maximum: 1M1,1A1; 2M0; 3M1,4A1ft,5A0,6Alft, M1ALlft M1ALft MAX 9/13
SC3 Minimum: Marks awarded as above SC2

SC4 Maximax: 1M1,1A1; 2MO; 3M1,4A0,5A0,6A0,M1ALft M1ALft MAX 7/13
SC5 Minimin:  Marks awarded as above SC4

SC6 Working forwards:

1M1,1A0; 2MO0; 3M1,4A0,5A0,6A0,M1A1Lft M1ALft MAX6/13

Anything else annotate and send to review.



SC 1 Maximin

SC 2 Maximum route

Q4 Misreads
Stage | State | Action | Dest Value
1 G GT T 17*
H HT T 21*
I IT T 29*
2 D DG G | min(22,17) =17
DH H | min(31, 21) =21*
E EH H | min(34,21)=21
El I | min(39, 29) = 29*
F Fl I | min(52, 29) = 29*
3 A AD D | min(41,21)=21
AE E | min(38, 29) = 29*
B BE E | min(44, 29) = 29*
C CE E | min(36, 29) = 29*
CF F | min(35, 29) = 29*
4 S SA A | min(37, 29) = 29*
SB B | min(39, 29) = 29*
SC C | min(41, 29) = 29*
Stage | State | Action | Dest Value
1 G GT T 17*
H HT T 21*
I IT T 29*
2 D DG G 22 +17=139
DH H 31 + 21 =52*
E EH H 34+21=55
El I 39 + 29 = 68*
F FI I 52 + 29 =81*
3 A AD D 41 +52 =93
AE E | 38+68=106*
B BE E | 44+68=112*
C CE E 36 + 68 =104
CF F | 35+81=116*
4 S SA A | 37 +106 =143
SB B | 39+112=151
SC C |41+ 116=157*

Route: SCFIT

edexcel



SC3 Minimum route

SC 4 Maximax route

edexcel

Stage | State Action | Dest | Value
1 G GT T 17*
H HT T 21*
I IT T 29*
2 D DG G 22 + 17 = 39*
DH H 31+21=52
E EH H 34 + 21 = 55*
El I 39 +29 =68
F FI I 52 + 29 = 81*
3 A AD D 41 + 39 = 80*
AE E 38 +55=093
B BE E 44 + 55 = 99*
C CE E 36 + 55 =91*
CF F 35+81=116
4 S SA A 37 +80=117*
SB B 39 +99 =138
SC C 41 +91 =132
Route: SADGT
Stage | State | Action | Dest. | Value
G GT T 17*
1 H HT T 21*
| IT T 29*
2 D DG G max(22, 17) = 22
DH H max(31, 21) = 31*
E EH H max (34, 21) = 34
El I max(39, 29) = 39*
F FI I max(52, 29) = 52*
3 A AD D max(41, 31) =41
AE E max(38, 39) = 39*
B BE E max(44, 39) = 44*
C CE E max(36, 39) = 39
CF F max(35, 52) = 52*
4 S SA A max(37, 39) = 39
SB B max(39, 44) = 44
SC C max(41, 52) = 52*

Route SCFIT



SC 5 Minimin
Stage | State | Action | Dest Value
1 G GT T 17*
H HT T 21*
I IT T 29*
2 D DG G |min(22,17)=17*
DH H | min(31,21)=21
E EH H | min(34, 21) = 21*
El I min(39, 29) = 29
F Fl I | min(52, 29) = 29*
3 A AD D |min(41,17)=17*
AE E | min(38,21) =21
B BE E | min(44, 21) = 21*
C CE E | min(36, 21) = 21*
CF F | min(35, 29) = 29
4 S SA A | min(37,17) = 17*
SB B | min(39,21)=21
SC C | min(41,21)=21
Route SADGT
SC 6 Working forwardsSto T
Stage | State | Action | Dest Value
1 A AS S 37*
B BS S 39*
C CS S 41*
D DA A | max(41, 37) = 41*
E EA A | max(38, 37) = 38*
EB B | max(44,39) =44
EC C | max(36,41) =41
F FC C | max(35, 41) =41*
3 G GD D | max(22,41) =41*
H HD D | max(31,41) =41
HE E | max(34, 38) = 38*
I IE E | max(39, 38) = 39*
IF F | max(52,41) =52
4 T TG G | max(17,41)=41
TH H | max(21, 38) = 38*
Tl I max(29, 39) = 39

Route SAEHT

edexcel



Q6b Misreads Alternative 1

Increasing x first,

edexcel

bv.|x|y |z |r]|s |t |value]|row ops
r |0 1|2 ]1/0]|0| 24 | R, nochange
x |11 312|031 /0 14 |R+2
t 0| 1 0] 31| 36 |R;+R,
P |0/-3]|-4(0/1/0 14 R +R
then y next
bwv.|[x|ylz |[r |s |t |value|row ops
y (0]1] 2] 1|00 24 |R=+1
x (1001 -411/0] 2 |R—3R
t 0|0 -1|3(1] 12 |R;-R
P |0|0)-1|3 |$[1] 50 |R,+3R,
then z.
bv.[x |y|z|r s |t | value | row ops
y |-2(1]/0]2 |[-1]0(20 R - 2R,
4 11011313102 R, +2
t -3/010]1 |-1]1]6 R,-3R,
P |0]0[01 |1 1|52 R, +R,
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Q6b Misreads Alternative 2

Increasing x first

bv.|x|y |z |r]|s |t ]|value]|row ops
r |0 1|2 ]1/0]/0| 24 | R, nochange
x |1 5] 2]0]5|0] 14 |R,+2
t 0 1 |5 |0/3|1] 36 |R;+R,
P |0/-3]/-4/0/1/0 14 |R+R,
Increasing z next
bv.|[x |y |z|r|s |t |value]|rowops
r -1 310/1{-3/0 10 |R-2R,
4 204+ |1j0] L |0 7 |[R=+2
t -31-1/0/0| 2 |1| 1 |R;-5R,
P 2 |-310/0] 3 |0 42 |R,+4R,
then increasing y
bwv.|x [y|z|r |s |t |value]|row ops
y |-2{1/0} 2 |-1|0] 20 | R +%
4 110{1|-3/310) 2 |R—%R
t 31010 3 |-1|1] 6 |R;+zR
P 1/0/0| 1 |1|0| 52 |R,+3R,




Q6b Misreads Alternative 3

Increasing y first

bv.|[x |y|z |[r |s |t |value|row ops
y 0/1/2|1/0/0| 24 | R=1
S 2/0/2|-1/1/0, 4 |R,—-R
t -11012]-1/0/1| 10 | R;—3
P |-1/0]-2| 2 |0|0| 48 | R,+2R
Increasing x next
b.v.|[x|yl|z |r |s |t |value]|row ops
y |0/1]/2|1|0|0| 24 | Rnochangw
x |10/1]-3]4/0 2 |R+2
t 0/0/3]-13]1] 12 | R,-3R,
P |0|0f-1]31|0] 50 |R,+R,
then increasing z
biwv.|x |[y|z|r |s |t |value|row ops
y |[-2/1(0] 2 |-1|0] 20 | R —-2R,
z 110/1}-3/5|0 2 |R,+1
t 31003 |-1]1] 6 |R;+R,
P 1/0/0/11/0] 52 |R,+R,

edexcel



Q6b Misreads Alternative 4

Increasing y first

Increasing z next

bv.|[x |y|z |[r |s |t |value|row ops
y 0(1/2]1|0/0| 24 |R=1

S 2/0/2|-1/1/0, 4 |R,—-R
t -11012]-1/0/1| 10 | R;—3

P |-1/0|-2| 2 |0|0]| 48 |R,+2R
bwv.|x |y|z|r |s |t |value]|row ops
y |[-2/1(0] 2 [-1/0] 20 | R —-2R,
z 110{1]-3 /3|0 2 |R,+2

t 310100 3 |-111] 6 |R;-2R,
P 1/0/0|1]1|0] 52 |R,+2R,

edexcel
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EDEXCEL GCE MATHEMATICS

General Instructions for Marking

. The total number of marks for the paper is 75.

. The Edexcel Mathematics mark schemes use the following types of marks:

e Mmarks: method marks are awarded for ‘knowing a method and attempting to apply it', unless otherwise
indicated.

e A marks: Accuracy marks can only be awarded if the relevant method (M) marks have been earned.

e B marks are unconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark schemes and can be used if
you are using the annotation facility on ePEN.

e bod - benefit of doubt

o ft—follow through

e the symbol vwﬁ be used for correct ft
e Cao - correct answer only

e SO - correct solution only. There must be no errors in this part of the question to obtain this mark
e isw - ignore subsequent working

e awrt — answers which round to

e SC: special case

e 0e - orequivalent (and appropriate)

e dep - dependent

e indep - independent

e dp decimal places

e sf significant figures

e % The answer is printed on the paper

o [ The second markis dependent on gaining the first mark
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Decision Mathematics D2 6690
Mark Scheme

Question Scheme Marks
Number
1.
(@) A/ B|C|D]J|E]|F
Al - [ 19| 11| 23|20 ]| 37
B|19 | - 8 |42 | 17 | 32
C|11]| 8 - 34| 9 | 26
D| 2342 34| - | 27| 31
E| 2017 | 9 |27 - | 17
F|37 |32 |26 |31 17| - B3,2,1,0
3)
(b) A C B E F D A M1 Al
11 8 17 17 31 23 = 107 Al
3)
(©) Delete A
M1
B
RMST weight =61 Al
Lower bound =61+ 11 +19=91km M1 Al
4)
10
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Question

Number Scheme Marks
Notes:
(a)1B1 One double entry correct
2B1 Two double entries correct
3B1 Three double entries correct
(b)M1 | NN route, each letter appearing once, condone lack of return vertex
1A1 CAO
2A1 CAO
(c)IM1 | Finding my RMST - accept 61 for both marks
1A1 Either 8 + 9 + 17 + 27 or 61 seen
2M1 Adding on two least arcs, accept 11 and 19 or AC and AB
2A1 91 CAO
2.
(@) Adds a column of four zeros and 10. Bl
1)
Shadow 31 | 42| 47 | 9
costs
A B C D
0 1 X -13 | -15 -9 M1
-9 2 X X -11 0 Al
-15 3 9 X X 6 M1
-9 4 1 -7 X X Al
(4)
(b)
A B C D
1]120-6 0
2|1 15+0 | 7-6
3 18+0 | 2-0
4 28 10 M1
Entering cell: 1C Exiting cell: 3C Alft
(©)
A B C D
1 18 2
2 17 5
3 20
4 28 10 DM1 Al
(4)
9
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Question Scheme Marks
Number
Notes:
(@) 1B1: cao
(b) 1M1: Finding all 8 shadow costs
1A1l: cao
2M1: Finding missing four improvement indices — no extra zeros
2Al: cao
(©) 1M1: A valid route, their most negative Il chosen, only one empty
square used, 0’s balance.
1ALft: consistent; their entering and exiting cells stated clearly
2DM1: An improved solution 7 entries only, (so must now be using
one of my negative indices as the entering cell). Must ft from their valid
route.
2A1: cao
3.
(@) P-7x+2+4s=320 M1 Al
)
(b) bv | X y z r S t Value
r -3/ 02 ] 1|-5]0 10
y | 1] 2o % o0 5
t | (o] 10|11 4
P -7 0 1 0 4 0 320
bwv. | X y A r S t Value | Row ops.
r|l o]0 |31 |-3]1 14 | Ri+1Rs 2M1 2A1ft
y [ 0| 1 |- 0] 3 |-1 1 | R—3Rs
x | 1] 0] 2|0 |-%1|2 8 Rs+ 1 1M1 2A1
P| O | 0 |15]| 0 | 5 | 14| 376 | Ry+7Rs 3A1
()
(©) P=376 x=8 y=1 z=0 r=14 s=0 t=0 M1 Alft Al
3)
10
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Question

Number Scheme Marks

Notes:
(@) 1M1: One equal sign, P and 320 present
1A1l: cao

(b) 1M1: correct pivot located, attempt to divide row. If choosing negative
pivot MOMO in (b)

1A1: pivot row correct including change of b.v.

2M1: (ft) Correct row operations used at least once or stated correctly.
2A1ft: Looking at non zero-and-one columns, one column ft correct
3A1: cao.

(©) 1M1: At least 4 values stated. Reading off bottom row, or negative
values get MO.

1ALft: Their four basic variables correct ft from their table.

2A1: cao

GCE Decision Mathematics D2 (6690) June 2011
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Question

Number Scheme Marks
4.
(@) Splaysl | Splays2 S plays 3
L plays 1 -4 -1 1
L plays 2 3 -1 -2
L plays 3 -3 0 2

Row 3 dominates row 1 so row 1 may be deleted.

Splaysl | Splays2 | Splays3

L plays 2 3 -1 -2 M1
L plays 3 -3 0 2
Let Laura play 2 with probability p and 3 with probability (1- p) M1
If Sam plays 1: Laura’sgainis 3p-3(1-p)=-3+6p
If Sam plays 2: Laura’sgainis —-p+0(1-p)=-p Al
If Sam plays 3: Laura’sgainis -2p+2(1-p)= 2-4p
®3)
(b) 4t 44
6p-3
2 p)
B2,1ft,0
)
0 0
- -p
2 2 24p
41 -4
(©) -3+6p=-p M1
p=3 Al
0l
7
Laura should play row 1: never,
row 2: 3 of the time and
7 Alft
row 3: ; of the time
and the value of the game is —% to her. Al
(4)
9
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Question Scheme Marks
Number
Notes:
(@) 1M1: Matrix reduced correctly. Could be implicit from equations.
2M1: Setting up three probability equations, implicit definition of p.

1A1: CAO

(b) 1B1ft: At least two lines correct, accept p>1 or p<0 here. Must both be

function of p.

2B1: 3linescao, 0 <p<1,scale clear (or 1 line = 1), condone lack
of labels. Rulers used.

(©) 3M1: Finding their correct optimal point, must have three lines, and
setting up an equation to find 0 <p < 1.
1A1: CAO
2A1ft: All three options listed must ft from their p, check page 1, no
negatives.
3Al: CAO

GCE Decision Mathematics D2 (6690) June 2011
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Question Scheme Marks
Number
5.
(@) a=1 b=5c=13 Flow=49 Bl1, Bl
B1, Bl
(4)
(b) H G
H
U1 Il N
0[5 21 N\
13
T
G F M1 Al
(@)
(©) e.g. SBEHT - 7 together with M1 Al
either SBEHDAFGT - 2 or SBCEHDAFGT - 2 A2,1,0
(4)
(d) 58 B1
€3]
e.g.
(e)
M1 Al
)
) Max flow = min cut
Cut through HT, HG, GF, FT Value 58 M1 Al
)
15
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Question Scheme Marks
Number
Notes:
(@) 1B1: a=1cao
2B1l: b=5cao
3B1: c=13cao
4B1: 49 cao
(b) 1M1: Two numbers on each arc
1A1: cao
(©) 1M1: One valid flow augmenting route found and value stated.

1A1: Flow increased by at least 2
2A1: A second correct flow
3A1: Flow increased by 9 and no more

(d) 1B1: cao

(e 1M1: Consistent flow pattern > 51
1A1l: cao

) 1M1: Must have attempted (e), S to T, and made an attempt at a cut.
1AL: cut correct — may be drawn. Refer to max flow-min cut theorem
three words out of four.

GCE Decision Mathematics D2 (6690) June 2011
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Question Scheme Marks
Number
6. Task A Task B | Task C
(@)
Worker P 27 31 25
Worker Q 26 30 34
Worker R 35 29 32
1 if worker does the task Bl
Let ij = .
0 otherwise
Where X;; indicates worker i being assigned to task j, i € {P,Q,R}, B1
je{AB,C}
Minimise
27 Xpp + 31X +25Xpg + 26X, +30X0g + 34X +35Xp, +29Xgs +32%,. | B1B1
Subject to:
Xoa+ Xpg +Xpc =1
Xon+ Xgg T Xoc =1
XRA+XRB+XRC =1 M1 Al Al
Xpp + Xoa + Xpa =1
Xpg + Xgg + Xgp =1
Xpc +Xoc + Xre =1
(@)
(b) Since we need to maximise first subtract all entries from some n> 41 M1
Task A Task B Task C
Worker P 8 4 10
Worker Q 9 5 1 Al
Worker R 0 6 3 (2)
9
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Question Scheme Marks
Number
Notes:
(@) 1B1: defining variables
2B1: defining variables
3B1: minimise
4B1: cao
1M1: At least 3 equations, coefficients of 1. Accept inequalities here
should be precisely 9 variables.
1A1: cao 3 equations correct accept slack variables if defined
2A1: cao 6 equations correct accept slack variables if defined
(b) 1M1: subtracting from some n > 41 condone up to two errors
1A1: correct
7.
(@) Stage | State Action Dest. Value
0 H H- London London | 36 -5= 31*
| | —London | London | 38 —4 = 34*
1 F FH H 29-6+31 =54
Fl I 29 -7+ 34 =56*
G GH H 27-5+31=53 1M1 1A1
Gl I 27 — 6 + 34 = 55* (2)
2 C CF F 42 — 6 + 56 = 92* 2M1 2A1
CG G 42 -5+ 55 =92*
D DF F 41 -6+56=91
DG G 41 — 3 +55=93*
E EF F 39-4+56=91* 3Al
EG G 39-4+55=90 3)
3 A AC C 22-5+92 =109 3M1 4Alft
AD D 22-4+93=111*
AE E 22-2+91=111*
B BC C 17 -4 +92 =105
BD D 17 -4 + 93 = 106* S5A1ft
BE E 17-3+91 =105 3)
4 London | London—-A | A -5+ 111 = 106* 4M1 6ALft
London-B | B -3+ 106 =103
Optimal expected income is £10 600 TALft
®)
(b) Optimal schedules are:
London —-A-D-G-1 -London (orv.v.) B1ft
London —-A-E- F-1 —London (or v.v) Bl
)
13
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Question Scheme Marks
Number

Notes:

Throughout section (a):

e Condone lack of destination column and/or reversed stage
numbers throughout.

e Only penalise incorrect result in Value - ie ignore working
values.

e Penalise absence of state or action column with first two A
marks earned only

e Penalise empty/errors in stage column with first A mark
earned only.

(@) 1M1: First stage completed.
1Al1l: CAO Penalise * errors only once in the question on the first
occurrence

2M1: Second stage completed. Penalise reversed states here and at
end. Bod if something in each cell.

2A1: Any 2 states correct. (Penalise * errors only once in the

question).

3Al1: All 3 states correct. (Penalise * errors only once in the question).

3M1: 3" stage completed. Bod if something in each cell.

4ALft: A or B state correct. (Penalise * errors only once in the
question).

5A1ft: A and B states correct. (Penalise * errors only once in the
question).

4M1: 4™ stage completed. Bod if something in each cell.
6ALft: Final, state correct. (Penalise * errors only once in the question).
7A1ft: CAO

(b) 1B1ft: 1 route correct, consistent with their working penalise reversed
states again here. Condone absence of London
2B1: both routes cao. London to London.

GCE Decision Mathematics D2 (6690) June 2011
11
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General Marking Guidance

* All candidates must receive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

» Mark schemes should be applied positively. Candidates must be rewarded for
what they have shown they can do rather than penalised for omissions.

« Examiners should mark according to the mark scheme not according to their
perception of where the grade boundaries may lie.

* There is no ceiling on achievement. All marks on the mark scheme should be
used appropriately.

« All the marks on the mark scheme are designed to be awarded. Examiners
should always award full marks if deserved, i.e. if the answer matches the
mark scheme. Examiners should also be prepared to award zero marks if the
candidate’s response is not worthy of credit according to the mark scheme.

« Where some judgement is required, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

« When examiners are in doubt regarding the application of the mark scheme to
a candidate’s response, the team leader must be consulted.

» Crossed out work should be marked UNLESS the candidate has replaced it with
an alternative response.

1% Validity (Wed/Thur 13/1% June) ¥ validity (Wednesday 20June)
3 validity (Tuesday 28 June) R validity (Sunday ' July)

12 each time

(Not classified) — ‘I think this is good’ add your initials.

RFFU — Use it | agree

Poor example — don’t use it.

Duplicate — I've changed the marks one this one - note marks changed.
Susie will mark them up as good example once they are commissioned.



EDEXCEL GCE MATHEMATICS

General Instructions for Marking

3.

. The total number of marks for the paper is 75.

The Edexcel Mathematics mark schemes use the following types of marks:

M marks: method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M) marks have
been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark schemes
and can be used if you are using the annotation facility on ePEN.

e bod - benefit of doubt

« ft - follow through

« the symbol ) will be used for correct ft

e cao - correct answer only

e Cso - correct solution only. There must be no errors in this part of the question to
obtain this mark

e isw - ignore subsequent working

e awrt - answers which round to

e SC: special case

e o0e - or equivalent (and appropriate)

e dep - dependent

+ indep - independent

« dp decimal places

« sf significant figures

« % The answer is printed on the paper

. [ The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread however,
the subsequent A marks affected are treated as A ft, but manifestly absurd answers
should never be awarded A marks.



General Marking Guidance

. All candidates must receive the same treatment. Examiners must mark the first
candidate in exactly the same way as they mark the last.

. Mark schemes should be applied positively. Candidates must be rewarded for what they
have shown they can do rather than penalised for omissions.

. Examiners should mark according to the mark scheme not according to their perception
of where the grade boundaries may lie.

. There is no ceiling on achievement. All marks on the mark scheme should be used
appropriately.

. All the marks on the mark scheme are designed to be awarded. Examiners should always

award full marks if deserved, i.e. if the answer matches the mark scheme. Examiners
should also be prepared to award zero marks if the candidate’s response is not worthy
of credit according to the mark scheme.

. Where some judgement is required, mark schemes will provide the principles by which
marks will be awarded and exemplification may be limited.

. When examiners are in doubt regarding the application of the mark scheme to a
candidate’s response, the team leader must be consulted.

. Crossed out work should be marked UNLESS the candidate has replaced it with an
alternative response.

Special case for Q1
If they reduce columns then rows they get

(2 2 1 3 3] 1 10 2
0O 02 0 O 0 0 200
156 0 9 7|-|156 09 7
0 21 0 4 0 210
14 9 8 13 11] [6 1 05 3

Which is a three line situation. They have not followed the instructions on the QP and so missed out
the first iteration.

Please give 1M1 1ALl (if earned) for their column then row reductions, but then 2MO (and therefore
2A0) since they have not done the first iteration of the Hungarian Algorithm.

So 1M1 1A1 2MO 2A0 then other marks as usual.
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Question
Number Scheme Marks
Ql(a) )
129 127 122 134 13
127 125 123 131 13
142 131 121 140 13
127 127 122 131 13
| 141 134 129 144 14
Reducing rows then columns
7 5 012 13 [ 3 3 0 4
4 2 0 8 9 0O 00 O
21 10 0 19 1§-| 17 8 0 11 IM1 1AL
5 5 0 9 14 1 3 0 1
12 5 01514 [ 8 3 0 7
(2 2 0 3 3
0O 01 0 O 2M1
16 7 0 10 8 2A1ft
0O 2 0 O 4
(7 20 6 4
0 0 0 1 1]
0 0300 3M1 3ALft
14 5 0 8 6 4A1 cso
0 2 2 0 4
5 00 4 2
Allocation: A-1,B-5,C-3,D-4,E-2. 5A1=B1 8
(b) | Costis £ 647 B1 1
Total 9

Notes for question 1

alM1 Reducing rowand thencolumns -See special case

alAl CAO

a2M1 Double covered +e; one uncovered — e; and one single covered unchanged. 2 lines needed to 3 line
needed.

a2Alft ft on their previous table.

a3M1 Double covered +e; one uncovered — e; and one single covered unchanged. 3 lines needed to 5 line
needed. Watch out for ‘slow Hungarian’ (e.g. 2 ‘iterations’ each subtracting 1), give MO if seen.

a3Alft ft on their previous table. Condone one ‘new’ error in table here.

a4Al CSO on final table

ab5Al= Bl CAO

bl1B1 CAO



Question Scheme Marks
Number
Q2
@] A E D F B C 100 kim
= 1M1 1A1
12 15 12 12 24 25 oA1
3
b
(b) Delete A
L
18
B 12 F 12 D
@ & 1M1
% 15
LY
b
15% _eE
A Y - -
< e
\b— " - 12
A
1A1
RMST weight =12 + 12 + 15 + 18 = 57 (km)
Lower bound =57 + 12 + 15 = 84 (km) 2M1 2A1
4
Total 7

Notes for question 2

alM1 NN Each vertex visited at least once, accept 156324 across top of table (condone lack of return to s
alAl Route CAO must be stated, must return to A, accept link back to A.

a2Al Length CAO 100. Do not ISW if candidates then go on to double the route length.

b1M1 Finding correct RMST (maybe implicit) 57 sufficient; or 12, 12, 15 and 18. Must have 4 arcs.

b1A1l CAO; treeor list of arcsor 57or 12 + 12 + 15 + 18 seen.

b2M1 Adding 2 least arcs from A to ‘tree’; 12 anddr5AF and AEor 27 only. Must add these arcs distinctly.
b2A1 CAO 84



Notes for question 3

Some candidates are starting by confirming that they should use AG as their first entering square. So if the
candidate starts by finding initial shadow costs and II's to confirm that AG has the most negative I, ignore
this work and start marking from their first route. Do not credit shadow costs and IIs found here.

alM1l A valid route, AG used as the empty squ@isebalancelf AG not used mark as a misread.
alAl A correct route, correctly stating exiting cell, up to my improved solution with no extra zeros.
a2M1 Finding 7 shadow costs and 6 lIs.

a2Al Shadow costs CAO [Alt: A(17), B(18), C(18), D(0), E(2), F(-2), G(3)]

a3Al Improvement indices CAO

a3M1 A valid route, their most negative Il chosen, only one empty squaredissbdlance.

a4Alft a correct route, correctly stating entering cell, exiting cell.

abAl CSO, my solution no extra zeros.

b1M1 Finding 7 shadow cosésd all 6 lisor at leastl negative Il found.

b1A1l Shadow costs CAO [Alt SC: A(17), B(21), C(18), D(0), E(-1), F(-2), G(3)]

b2A1 BG =-2 found as an Il

b3A1ft CAO + conclusion. If candidates go on to perform a third iteration and determine that it is optimal,
please allow this final mark. Must make link between negative Il and not optimal.



Question Scheme Marks
Number
Q3
(a) D E F G Supply
A 15| 31016 0 18 iIM1 1A1
B 21+0| 2-6 13
C 16 +0[ 13—-0] 29
Demand| 15| 24 18 13 70
Exiting square is BF(= 2).
Shadow cost$ 17119]15] 20
D|E| F| G| Supply
0 A 15| 1 2 18
1 B 23 23 2M1 2A1
1 C 18] 11] 29
Demand| 15| 24| 18| 13| 70
Improvement indices:
AF=21-0-15=6 BG=22-1-20=1
BD=21-1-17=3 Ch=18-1-17=0 3A1
BF=19-1-15=3 CE=17-1-19=-3
Entering square CE
D E F G Supply,
A [15]1-90 2+0] 18 SM1 4Alit
0 23 23
C 0 |18]11-0] 29
Demind| 15| 24 | 18| 13 70
Exiting square is AE 6= 1).
D| E| F| G| Supply
A 15 3 18
B 23 23
C 1| 18/10| 29 5A1 cso
Demand| 15| 24| 18| 13| 70 8
(b) Shadow costs$ 17]16]15] 20
D| E| F| G| Supply 1M1
0 A 15 3 18 1A1
4 B 23 23
1 C 1| 18| 10) 0J
Demand| 15| 24| 18| 13
Improvement indices:
AE=19-0-16=3 BF=19-4 -15=0 oAl
AF=21-0-15=6 BG=22-4 -20=-2
BD=21-4 -17=0 Ch=18-1-17=0
3ALft 4
Total 12

Not optimal since a negative improvement index




Question Scheme Marks
Number
Q4
bv| x|y | z|r]|s|t]value| 6 values
(a) r (5 % 0|1({0|0 5 10
s |1|-2/4]0(1|0 3 23
t 846|001 6 %<_
P|-5|-7|-4/0(00 0
bv.|x|y| z |r|s]| t |value| Row ops
_3 1| 1z 1
A9 2O 5 Y |R1-3RS 1M1 1A1
s |5/0] 7|01 % 6 R2 + 2R3 B1
y |2[1] 2]0j0| 2| 2 | R3:4 2M1 2Al
2 7| 2 5
P |9/0] 83/0|0| ¥ 21 | R4+ 7R3
2 4| 2
(b) 13,, 7+ 21
P+X+ 357+ t=%5 M1ALl 2
©|p =2l ox— L7 It, so increasing or zort would decrease P B1 1
Total 8

Notes for question 4

alM1 Correct pivot located, attempt to divide row. If choosing negative number as pivot MOBOMO
alAl pivot row correct including change of b.v.

alB1 Row operations CAO — allow if given in terms of old row 3.

a2M1 (ft) Correct row operations used at least once, colymn or value correct.

a2Al1 CAO on the three non-pivot rows.

b1M1 One equal sign, P, termsxrg, t plus a non-zero number term.

b1lAl1 CAO

cl1B1 Explanation, must refer to increasing z andt, condone no ref te =z =t = 0, must have correct signs
in equation in (b). Do not accept ‘no negatives in profit row’ o.e. alone.

Notes on question 5

alB1 CAO. Accept ‘air dominates land’ etc. Must have a named row dominating a named row

b1M1 Setting up three probability equations, implicit definition of p.

bl1A1 CAO

b2M1 Three lines drawn, accept p > 1 or p < 0 here. Must be functions of p.

b2A1 CAO 0<p<1, scale clear (or 1 line = 1), condone lack of labels. Rulers used.

b3DM1 Must have drawn 3 lines. Finding their correct optimal point, must have three lines and set up an
equation to find & p< 1. If solving each pair of SE’s must clearly select the correct one or MO, but allow
recovery if their choice is clear from (c).

b3A1 CAO 5/9

b4ALlft All three options listed must ft from their p, check page 1, no negatives.

clB1 CAO



Question Scheme Marks
Number
Q5
(@) | Row 1 (air) dominates row 3(land), (so Row 3 can be deleted) Bl
1
(b) Plan 1| Plan 2| Plan 3
Air 0 4 5
Sea| 2 -3 1
Let Goodie play row 1 with probability,
and row 2 with probability Ip—
If F plays 1 G’s expected winnings are 0 + pjE=2 -2
If F plays 2 G’s expected winnings arep 43(19) = 7p— 3 1M1 1A1
If F plays 3 G’s expected winnings arep 6(1) = 4p +1
Expectad
4 winnings
6
4p + 1
4 p-3 2M1 2A1
2
A 2-2p
= | P=1
2 Optimal
point
-4
7p_3: 2—- 2p 3DM1
9p=5
5
P 9 3A1
Goodie should play
S 4
Row 1 (air) with probability—, row 2 (sea) with probability- and never row 3 4A1ft
9 9
7
(land).
(c) . 8
The value of the game to Goodie-s B1 1

9

Total 9




Notes for question 6

alBl CAO

b1M1 Two numbers on each arc

b1A1 CAO do give bod since they might well cross these number out.

clM1 One valid flow augmenting route found and a valid value stated.

clAl Flow increased by at least 2

c2M1 A second correct flow route and value correct.

c2A1 CSO Flow increased by 5 and no more.

diM1 Consistent flow pattern48. One number only per arc. No unnumbered arcs.

d1A1 CAO must follow from their routes.

elM1 Must have attempted (d) - at least one number on all but one arc, and made an attempt at a cut, con
one missing arc if listed. (Accept sum of arcs as evidence of cut here only.)

e1lA1CSO For (d) and (e) Cut and (d) correct, Cut may be drawn. Must refer to max flow-min cut theorem
three words out of four.



Question Scheme Marks
Number
Q6
(@) | Initial flow = 46 Bl 1
(b)
M1Al1 2
T
/13;7
/
(©)
E.g. SBDET - flow 3 1M1 1Al
SBCFT — flow 2 2M1 2A14
(d)
M1Al 2
]
(e) :
(The value of the flow is 51).
The cut through DT, DE, BE, BF, CB and SC has value 51 M1 Alcso
By max flow-min cut theorem flow is maximal 2

Total 11




Question

Number Scheme Marks
Q7 LetX; beOor1l

1 if worker () does task () ot

0 otherwise

whereid { A/B,C,D andi0{ P,QR,
minimise P = 2X,, + 4%,,+ 3d,+ M
+ 20 + 45K, + 3K + A% IM1 1Al
F26%cp + AKg T 3Ker + 40
+20%pp + 47%oq + 3Xpg + 4Bps
Subject to

Xpp + Xpo + Xag + Xas =1 OF ZXA]'
Xgp T Xgg T Xgr ¥ Xgs =1  OF ZXBj =
Xep T Xcq ¥ Xcr %5 =1 O Zxcj =
Xpp  Xpg ¥ Xpr ¥ Xps =1 Or szj = gaji
Xap t Xgp + Xcp + Xpp =1 OF inpz ]
Xaq * Xgg + %o + Xpg =1 OF Z)gQ:1
X ¥ Xgr T Xr tXpr =1 OF D Xp =1 3A1 7
Total 7
Xag t Xgs T Xos T Xpg =1 OF insz 1

2M1

| |
L L

Notes for question 7

1B1 Defining variables fully both ‘bits’ values and subscripts. Penalise poor variable choice, (AP etc.) her
1M1 Attempt at a 16 term expression, coefficients ‘correct’, but condone 2 slips.

1A1 CAO + minimise. Penalise reversed subscripts once only per question.

2M1 Four eqgns, each in four vars, coeffs of 1, all 16 vars included, = 1, actegdthere for this M only

2A1 Any 4 CAO. Penalise reversed subscripts once only per question.
3M1 All 8 equations, each in four variables, unitary coefficients, all 16 variables included = 1.
3A1 CAO. Penalise reversed subscripts once only per question.

Notes for question 8 — see alts too

ALL M marks - Must bring earlier optimal results into calculations. Ignore extra rows. Must have
necessary right ‘ingredients’ (— storage costs, overheads, extra worker costs) at least once per stage.
1M1 First stage completed. 3 rows.

1A1 CAO condone missing * here. No extra rows.

2M1 Second stage completed. Expect 3 states.

2A1ft Any 2 states correct. Ft for * values only No missing/extra rows. (Penalise * errors only once in the g
3A1 CAO All 3 states correct. No missing rows. (Penalise * errors only once in the question).

3M1 3%stage completed. Expect 3 states.

4A1ft Any state correct. Ft on * values only. No missing rows. (Penalise * errors only once in the gn).
5A1ft Any 2 states correct. Ft on * values only. No missing rows. (Penalise * errors only once in the gn).
6A1 CAO All 3 states correct. No missing/extra rows. (Penalise * errors only once in the question).
AM1 4" stage completed.

7A1 CAO Final, state correct. No missing/extra rows. (Penalise * errors only once in the question).
1B1 CAO. Must have attempted algorithm, getting at least one M mark.




Question
Number

Scheme

Marks

Q8

E.g.

Stage

State

Action

Dest.

Value

April

0

400+ 300 = 700*

(4)

150+300 = 450*

300+300 = 600"

March

1
2
0

300+700 =1000%

3)

400+ 300+450 = 1150

-

150+300+700 =1150

150+300+450 = 900*

400+150+300+600 =1450

300+300+700 =1300

300+300+450 = 1050%

300+300+600 = 1200

Feb.

300+1000 = 1300

(2)

300+ 900

400 +300+1050 =1750

150+300+1000 = 1450

150+300+ 900 = 1350~

150+300+1050 =1500

300+ 1000 = 1300*

300+300+ 900 = 1500

300+300+1050 =1650

Jan

300+1200 = 1500*

@

300+1350 = 1650

SN D=1 DS BTN (SRS EIITNY BT DRI E

N SIN P O|INROIN k| N R oV (P |o]-|o oo

400 +300+1300 = 2000

Month

Jan

Feb| March| April

Number made 2

3 3 3

= 1200*

1M1 1A1
2

2M1

2A1ft

3A1

3M1

4A1ft

S5A1ft

6Al

4

4M1 7A1
2

Bl 1

Total 12




Further copies of this publication are available from
Edexcel Publications, Adamsway, Mansfield, Notts, NG18 4FN

Telephone 01623 467467

Fax 01623 450481
Email publication.orders@edexcel.com

Order Code UA031965 Summer 2012

For more information on Edexcel qualifications, please visit our website
WWW, xcel.com

Pearson Education Limited. Registered company number 872828
with its registered office at Edinburgh Gate, Harlow, Essex CM20 2JE

Ofqual

3‘ 7
U
s

Llywodraeth Cynulliad Cymru
Welsh Assembly Government

ceda

Rewarding Learning



Alt correct solution — adding the storage costs at start of month.

Stage State Action | Dest Value
April 0 4 0 400 + 300 = 700* 1M1
(4) 1 3 0 300 = 300* 1A1
2 2 0 300 = 300*
March 0 3 0 300+ 700 = 1000* 2M1
(3) 4 1 400 + 150 + 300 + 300 = 1150
1 2 0 300+ 700 = 1000
3 1 150 + 300 + 300 = 750* 2A1ft
4 2 400 + 300 + 300 + 300 = 1300
2 1 0 300+ 700 = 1000
2 1 150 + 300 + 300 = 750* 3A1
3 2 300+300+ 300 = 900
Feb 0 2 0 300 + 1000 = 1300
(2) 3 1 150 + 300 + 750 = 1200* 3M1
4 2 400 + 300+ 300+ 750 = 1750 4A1it
1 1 0 300 + 1000 = 1300
2 1 150 + 300 + 750 = 1200* 5A1ft
3 2 300 + 300+ 750 = 1350
2 0 0 1000 = 1000*
1 1 150 + 300 + 750 = 1200 6A1
2 2 300+ 300+ 750 = 1350
Jan 0 2 0 300 + 1200 = 1500% 4M1
(2) 3 1 150 + 300 + 1200 = 1650
4 2 400 + 300 + 300 + 1000 = 2000 7Al

Month Jan Feb| March| April
Number made 2 | 3 3 3 | Bl




Special Case 1: Working forward Max 7/12 version 1

Stage | State Action | Dest Value
Jan 0 2 0 300 = 300r 1M1
(2) 3 1 300 = 3004 1A1
4 2 400 + 300 = 7004
Feb 0 2 0 300+ 300 = 600f 2M1
(2) 3 1 300+ 300 = 600
4 2 400 + 300+ 300 =1000
1 1 0 150 + 300+ 300 = 750
2 1 150+ 300+ 300 = 750
3 2 150 + 300+ 300 = 750% 2A0
2 0 0 300 + 700 =1000
1 1 300+ 300+ 700 =1300
2 2 300 + 300+ 700 =1300 3A0
March 0 3 0 300+ 600 = 900f 3M1
(3) 4 1 400 + 300 + 600 =1300 4A0
1 2 0 150 + 300 + 600 = 10501
3 1 150 + 300 + 600 = 1050
4 2 400+ 150+ 300+ 600 =1450|5A0
2 1 0 300 + 300 + 750 = 1350
2 1 300 +300+ 750 = 1350
3 2 300 + 300 + 750 = 1350% 6A0
April (4) |0 4 0 400 + 300 + 900 =1600 4M1
1 3 0 150 + 300 + 1050 = 15007
2 2 0 300 + 300 + 1350 =1950 7A1
Month Jan Feb| March| April
Number made 2 | 3 3 3 | Bl




Special Case 2: Working forward Max 7/12 version 2

Stage | State Action | Dest Value
Jan 0 2 0 300 = 300r 1M1
(2) 3 1 150 + 300 = 450 1A1
4 2 400+ 300+ 300 = 1000%
Feb 0 2 0 300+ 300 = 600F 2M1
(2) 3 1 150+ 300 + 300 = 750
4 2 400+ 300 + 300+ 300 = 1300
1 1 0 300 +450 = 750
2 1 150 + 300+ 450 = 900
3 2 300 + 300+ 450 = 1050% 2A0
2 0 0 1000 = 1000
1 1 150 + 300 + 1000 = 1450
2 2 300 + 300 + 1000 = 1600 3A0
March 0 3 0 300+ 600 = 900f 3M1
(3) 4 1 400+ 150+ 300+ 600 = 1450 4A0
1 2 0 300+ 750 = 1050
3 1 150 + 300 + 750 = 1200%
4 2 400+ 300+300+ 750 = 1750 5A0
2 1 0 300 + 1050 = 1350
2 1 150 + 300 + 1050 = 1500
3 2 300 + 300 + 1050 = 1650F 6A0
April (4) |0 4 0 400 + 300+ 900 =1600 4M1
1 3 0 300 + 1200 = 1500¢
2 2 0 300 + 1650 = 1950 7A1
Month Jan Feb| March| April
Number made 2 3 3 3 | Bl




Special Case 3: Reversed states Max 7/12 version 1

Stag_je Statg Action | Dest.| Value
April 0 4 0 | 400+ 300 = 700% 1M1
(4) 1 3 0 150+300 = 4507 1A1 CAO
2 2 0 300+300 = 6001
March| O 3 0 300+700 =10002M1
(3) 1 2 0 150+300+700 =1150
2 1 0 300+300+700 = 1300
0 4 1 | 400+ 300+450 =1150
1 3 1 150+300+450 =900% 2A0
2 2 1 300+300+450 = 1050*
1 4 2 | 400+150+300+600 =145Q 3A0
2 3 2 300+300+600 =1200
Feb. 0 2 0 300+1000 = 1308M1
(2) 1 1 0 150+300+1000 = 145C*A0
2 0 0 300+ 1000 = 1300*
0 3 1 300+900 = 1200*
1 2 1 150+300+900 = 1350%A0
2 1 1 300+300+900 = 1500
0 4 2 | 400 +300+1050 =1750
1 3 2 150+300+1050 =15006A0
2 2 2 300+300+1050 =1650
Jan. 0 2 0 300+1200 = 1508M1
(2) 0 3 1 300+1350 = 1650
0 4 2 | 400 +300+1300 = 2000/A1 CAO
Month Jan Feb| March| April
Number made 2 3 3 3 | Bl




Special Case 4: Reversed states Max 7/12 version 2

Stage State Action | Dest Value
April 0 4 0 400 + 300 = 700* 1M1
(4) 1 3 0 300 = 300* 1A1 CAO
2 2 0 300 = 300*
March 0 3 0 300+ 700 = 1000* 2M1
(3) 1 2 0 300+ 700 = 1000
2 1 0 300+ 700 = 1000 2A0
0 4 1 400 + 150 + 300 + 300 = 1150
1 3 1 150+ 300+ 300 = 750*
2 2 1 150 + 300 + 300 = 750*
1 4 2 400 + 300 + 300 + 300 = 1300
2 3 2 300+300+ 300 = 900 3A0
Feb 0 2 0 300 + 1000 = 1300 3M1
(2) 1 1 0 300 + 1000 = 1300 4A0
2 0 0 1000 = 1000*
0 3 1 150 + 300 + 750 = 1200*
1 2 1 150 + 300 + 750 = 1200* 5A0
2 1 1 150 + 300+ 750 = 1200
0 4 2 400 + 300+ 300+ 750 = 1750
1 3 2 300 + 300+ 750 = 1350 6A0
2 2 2 300+ 300+ 750 = 1350
Jan 0 2 0 300 + 1200 = 1500% 4M1
(2) 3 1 150 + 300 + 1200 = 1650
4 2 400 + 300 + 300 + 1000 = 2000 7A1 CAO

Month Jan Feb| March| April

Number made 2 3 3

3

Bl
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General Marking Guidance

All candidates must receive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

Mark schemes should be applied positively. Candidates must be rewarded for
what they have shown they can do rather than penalised for omissions.

Examiners should mark according to the mark scheme not according to their
perception of where the grade boundaries may lie.

There is no ceiling on achievement. All marks on the mark scheme should be
used appropriately.

All the marks on the mark scheme are designed to be awarded. Examiners
should always award full marks if deserved, i.e. if the answer matches the
mark scheme. Examiners should also be prepared to award zero marks if the
candidate’s response is not worthy of credit according to the mark scheme.

Where some judgement is required, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

Crossed out work should be marked UNLESS the candidate has replaced it
with an alternative response.



These

EDEXCEL GCE MATHEMATICS

General Instructions for Marking

The total number of marks for the paper is 75.
The Edexcel Mathematics mark schemes use the following types of marks:

M marks: method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

A marks: accuracy marks can only be awarded if the relevant method (M) marks have
been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

. Abbreviations

are some of the traditional marking abbreviations that will appear in the mark schemes:

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

cso - correct solution only. There must be no errors in this part of the question to
obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

. All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to

indicate that previous wrong working is to be followed through. After a misread however,
the subsequent A marks affected are treated as A ft, but manifestly absurd answers
should never be awarded A marks.

For misreading which does not alter the character of a question or materially simplify it,
deduct two from any A or B marks gained, in that part of the question affected.

If a candidate makes more than one attempt at any question:
o If all but one attempt is crossed out, mark the attempt which is NOT crossed out.
e If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.

In some instances, the mark distributions (e.g. M1, B1 and Al) printed on the
candidate’s response may differ from the final mark scheme.



Question Number Scheme Marks

1.(a) Subtracting all elements from some n =228 1M1
Reducing rows and then columns to get 2M1
0O 11 16 14 O 0 0o oO
0O 17 20 17 then 0O 6 4 3
0O 17 18 16 O 6 2 2 1A1
0O 16 25 18 O 5 9 4
Using two lines and 2 to get 3M1
2 0 0O
0 4 2 1 2A1
0O 4 0O
0O 3 7 2
Using three lines and 1 to get 4M1
3 00 O
0O 3 1 O* 3A1ft 4A1
1 4 0*0 (3)
0*2 6 1

(b) So C=2,J=4,K=3andN=1 M1
. . Al
maximum profit of £664
P @
10 marks

Note * minimise’ gives this special case

0 4 0O 04 1 O c=1
4 2 0 1 then 3 1 0 Oo* then J =4
2 0 0 O 2 01 O K=2
9 8 0 4 8 7 0*3 N=3
Profit £651

Gives 5 max: (a) 1MO 2M1 1A1 3MO 2A0 4M1 3A1lft 4A0
(b) M1AO0

Notes for Question 1

alM1: Subtracting all elements from some n > 228, condone up to 2 errors

a2M1: Reducing rows and then columns

alAl: CAO

a3M1: Double covered +e; one uncovered — e; and one single covered unchanged. 2 lines
needed to 3 lines needed.

a2Al: CAO

a4M1: One double covered +e; one uncovered — e; and one single covered unchanged. 3 lines
needed to 4 lines needed.

a3Alft: on their previous table.

a4Al: CSO on final table

b1M1: Their optimal allocation (of workers to tasks) and an attempt to calculate the profit —
this mark is dependent on all M marks in (a) have been earned.

bl1Al1: CAO




Questi

on
Numbe Scheme Marks
r
2.(a) |E.qg.
. M1 Al
If use CD as shortcut get 807 or if use CF + AD get 793 2)
(b) A F E D B C A Bl
82 113 98 130 110 217 =750 E’é‘)
(©) length of RMST = 439 B1
M1 Al
439 + 82 + 113 = 634
3
. B1ft
d 634 < optimal <750
(d) p 1)
8
marks

Notes for Question 2

alM1: Their plausible shortcut leading to a value < 810 and a length below 810 stated.
alAl: CAO — shortcut and length must be consistent.

(Examples shortcuts: CD = 807, CF + AD = 793, CF + BD = 664, AD + EF + FC = 715,
DF + FC = 785 etc.)

bl1B1: CAO
b2B1: CAO
clB1l: CAO
c1M1: Adding two least weighted arcs to their RMST length
clAl: CAO
d1B1: An interval that incorporates their lower bound from (c) and their best upper bound
from either (a) or (b)




Question Number Scheme Marks
3.(a) The solution would otherwise be degenerate Bl (@D
(b) 22 36 31 46
1 2 3 4 M1 Al
0O A x x -12 -9
-1 B 8 x x -9
-6 C (8@ x (1 M1 Al 4
-8 D (9@ x x
(©) Route is e.g. A3 - B3 — B2 — A2 M1 Al
entering cell A3, Exiting cell B3 Al 3
8 marks
Notes for Question 3
alBl: CAO
bi1M1: 8 shadow costs stated.
b1Al1l: CAO
b2M1: Remaining 4 lls stated.
b2A1: CAO

c1M1: A valid route (possibly drawn), their most negative Il chosen, only one empty square
used, 0’s balance.

c1lAl: CAO — stepping stone route stated or clearly shown on separate diagrams

c2A1: CAO for entering and exiting cells.

(b) Alternative shadow costs:
1(0) 2(14) 39 424
A(22) B(21) C@(16) D14




Question Scheme Marks
Number
4, R1 dominates R2, so deleted R2 to give
2 1 3 B1
-1 3 -3
IfSplays1; R'sgainis2p— (1-p)=3p-1 M1
If Splays 2; R'sgainis p+3(1—-p)=3-2p
If Splays 3; R'sgainis3p—-3(1—-p)=6p—3 Al
B1ft B1
3—2p=3p—1giving p =4/5 M1 Al
Robin should play R1 with probability 4/5
R2 never Alft
R3 with probability 1/5
The value of the game is 7/5 to Robin Al
9 marks
Notes for Question 4
1B1: CAO

1M1: Setting up three probability expressions, implicit definition of ‘p’.

1A1: CAO (condone incorrect simplification)

2B1ft: Attempt at three lines (correct gradients and correct order of intersection with ‘axes’),
accept p > 1 or p < 0 here. Must be functions of p.

3B1l: CAO O < p £ 1, scale clear (or 1 line = 1), condone lack of labels. Rulers used.

2M1: Finding their correct optimal point, must have three lines and three intersection points
and set up an equation to find 0 < p < 1. Dependent on the second B mark being earned.
Solving all three simultaneous equations only is MO.

2A1: CSO (all previous marks must have been awarded)

3A1ft: All three options listed must ft from their p, check page 1 for R should never play 2.
0 < probabilities <1 Dependent on both previous M marks being awarded.

4A1: CAO for the value of the game (7/5)




Question Scheme Marks
Number
5. (a) b.v X y z r S t Value Row ops
r 4 ol o] 1| L | .3 11 R + 1R
2 > : 272 liM1aAl
y 3 tlofo| 2z [-1] 2 R, 2.5
1 1 3 1
R e Wt M M 0 -2 A Rs - 3Rz
P 1 0 0 0 4 18 240 R4 + 10R,
M1 Al Al
©)
) P+ X+ 45118t = 240 Bl
&)
© P =240-x-4s-18tand at present X,s and tare zero. If we B2,1,0
increase any of these the profit will decrease. @)
8 marks

Notes for Question 5

alM1: correct pivot located, attempt to divide row. If choosing negative pivot MOMO.

alAl: pivot row correct including change of b.v.

a2M1: (ft) One row (excluding the pivot row) correct or one column either the value, x, s or t
column correct.

a2Alft: Correct row operations used at least once. One column either the value, X, s or t
column correct on the ft.

a3Al: CAO.

bl1B1: CAO

c1B1: Using their profit equation to make a pertinent statement. Maybe muddled, if bod give
this mark only. No ‘negatives’ in their profit equation.

c2B1: Good explanation — dependent on the correct equation being stated in (b).




Question

Number Scheme Marks
- Bl
6.(a Initial flow = 93
(@) 1)
(b) Adds supersource S plus arcs SA(49) and SB(57) M1
Adds supersink T plus arcs HT(20) and IT(85) '2‘;)
A
a1
“ M1 Al Al
S €))
s
52
B
[ ]
E
(d) E.g. SACDGIT — 2 and SACDGFIT - 3 M1 Al
. Al
Maximum flow = 98
3
(e) E.g.
M1 Al
@)
@) Max flow= min cut, cut through CH, CF, DF, FG, GI M1 Al

(&))




Question
Number

Scheme

Marks

13 marks




Notes for Question 5

alB1: CAO

biM1: All relevant arcs added OR all arcs and numbers from supersource OR from
supersink correct.

b1A1: CAO all arcs and numbers correct.

c1M1: 2 numbers and arrows on each arc.

cl1Al: CAO Condone 4 errors.

c2Al: CAO.

d1M1: One valid flow augmenting route (from S to T) found and a value stated.

d1Al: Flow increased by 5 and no more.

d2A1: CAO 98 (allow if seen in (f) but must be clearly labelled as the maximum flow)
elM1: Consistent flow pattern > 95 — condone S and T’s presence. Must have exactly one
number on each arc.

elAl: CAO must follow from their routes (allow if routes in (d) do not include S and/or T).
fAM1: Must have attempted (e) and made an attempt at a cut.

f1Al: cut correct — may be drawn. Must have shown a correct flow of 98 in (e). Refer to
max flow-min cut theorem all four words.

Examples of flow augmenting routes:

SACDGFIT (3), SACDGIT (2)
SBEDGFIT (3), SBEDGIT (2)
SBEDGFIT (3), SACDGIT (2)
SACDGFIT (3), SBEDGIT (2)




Question Scheme Marks
Number
7. E.g. Add 4 to each element Bl
Let p1, p2, p3 be the probability of (A) playing 1, 2 and 3 B1
respectively
(where py, p2, p3=0)
let V = value of the game (to player A) Bl
maximise P =V Bl
subject to:
5p; + 2p, + 9p3 =V M1 Al
p1 + 7p2 + 3p3 =V
6p1 + 3p2 +4ps =V
pr+p2+p3<s1 Al
)
7
marks

Notes for Question 7

1B1: Making all terms non-negative.

2B1: Defining probability variables

3B1: Defining V

4B1: ‘maximise’ + function/expression

1M1:At least three equations/inequations in (V), p1, p2 and ps
1A1: The three inequalities in V, p1, p2 and psz CAO

1A1: probability sum inequality (or equation) correct.




Question

Number Scheme Marks
8. Stage State Action Dest. Value
Fresh 0 0 0 0
1 1 0 45
2 2 0 85 1M1 1A1
3 3 0 120 (stage 1)
4 4 0 150
5 5 0 175
Frozen | O 0 0 0
1 1 0 45 + 0 = 45*
0 1 0 + 45 = 45*
2 2 0 70+0=70
1 1 45 + 45 = 90* 2M1 2A1
st
0 7 0+85=85 E,% 4 states
3 3 0 100 + 0 = 100 stage 2)
2 1 70 + 45 = 115
1 2 45 + 85 = 130* 3A1
0 3 0+ 120=120 (state 3)
4 4 0 120 + 0 = 120
3 1 100 + 45 =145
2 2 70 + 85 = 155 3M1 4A1
1 3 45 + 120 = (Last 2
165* states
0 4 0 + 150 = 150 of stage 2)
5 5 0 130 + 0 = 130
4 1 120 + 45 = 165
3 2 100 + 85 = 185
2 3 70 + 120 = 190 5A1
1 4 1125: 150 = (state 5)
0 5 0+ 175=175
Canned | 5 5 0 195 + 0 = 195
4 1 155 + 45 = 200
125 + 90 =
3 2 51 5% 4AM1 6A1ft
2 3 75 + 130 = 205 (3" stage)
1 4 35 + 165 = 200
0 5 0+ 195 =195
Fresh =1, Frozen =1, Canned = 3 5M1
Monthly income = £ 21 500 TALft

12 marks




Notes for Question 8

e ALL M marks - Must bring earlier optimal results into calculations. Must
have necessary right ‘ingredients’ (profit values from the table) at least
once per stage.

¢ Penalise inconsistency/errors with the state/destination columns with the
first two A marks earned only.

e Penalise empty/Zerrors in stage column with first A mark earned only.

1M1: First stage completed (bod something in each cell). Condone missing state O for
this mark. Must have columns for stage, state, value and one of either action or
destination.

1A1: CAO for first stage — condone missing * in this stage.

2M1: Second stage — states 0, 1 and 2 complete (bod something in each cell).
Condone missing state O for this mark.

2A1: States 0, 1 and 2 correct for second stage. Penalise * errors only twice in the
question on the first occurrences.

3A1: State 3 correct for second stage. Penalise * errors only twice in the question.
3M1: Second stage — states 3 and 4 complete (bod something in each cell).

4A1: State 4 correct for second stage. Penalise * errors only twice in the question.
5A1: State 5 correct for second stage. Penalise * errors only twice in the question.
4M1: Third stage complete (bod something in each cell).

6A1ft: Third stage correct (ft from previous stage). Penalise * errors only twice in the
question.

5M1: For Fresh = 1, Frozen = 1, Canned = 3 — dependent on all previous M marks
having been awarded.

7A1ft: Income correct for their table. Must have earned the first 4 M marks only (not
dependent on 5M1).
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General Marking Guidance

All candidates must receive the same treatment. Examiners must mark
the first candidate in exactly the same way as they mark the last.

Mark schemes should be applied positively. Candidates must be rewarded
for what they have shown they can do rather than penalised for
omissions.

Examiners should mark according to the mark scheme not according to
their perception of where the grade boundaries may lie.

There is no ceiling on achievement. All marks on the mark scheme should
be used appropriately.

All the marks on the mark scheme are designed to be awarded.
Examiners should always award full marks if deserved, i.e. if the answer
matches the mark scheme. Examiners should also be prepared to award
zero marks if the candidate’s response is not worthy of credit according to
the mark scheme.

Where some judgement is required, mark schemes will provide the
principles by which marks will be awarded and exemplification may be
limited.

Crossed out work should be marked UNLESS the candidate has replaced
it with an alternative response.



EDEXCEL GCE MATHEMATICS

General Instructions for Marking

1. The total number of marks for the paper is 75.
2. The Edexcel Mathematics mark schemes use the following types of marks:
¢ M marks: method marks are awarded for ‘knowing a method and attempting to
apply it’, unless otherwise indicated.
e A marks: accuracy marks can only be awarded if the relevant method (M) marks
have been earned.
¢ B marks are unconditional accuracy marks (independent of M marks)
e Marks should not be subdivided.
3. Abbreviations
These are some of the traditional marking abbreviations that will appear in the mark
schemes:
e bod — benefit of doubt
e ft — follow through
e the symbol \f will be used for correct ft
e cao — correct answer only
e Cso - correct solution only. There must be no errors in this part of the question to

obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)
dep — dependent

indep — independent

dp decimal places

sf significant figures

%k The answer is printed on the paper
|: The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread
however, the subsequent A marks affected are treated as A ft, but manifestly absurd
answers should never be awarded A marks.

For misreading which does not alter the character of a question or materially simplify
it, deduct two from any A or B marks gained, in that part of the question affected.

If a candidate makes more than one attempt at any question:
e If all but one attempt is crossed out, mark the attempt which is NOT crossed
out.
o If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

. Ignore wrong working or incorrect statements following a correct answer.

In some instances, the mark distributions (e.g. M1, B1 and Al) printed on the
candidate’s response may differ from the final mark scheme.



Question

Number Scheme Marks
* 15 15 * 11 *
1(a)
15
M1Al (2)
e.g. starting from A: AB, BD, BC, CE or AB, BC, CE, BD
(b) 2x56 =112 Bl 1)
(© A B CE DA and A B D E C A M1 Al Al
1515 11 18 25 =84 15 15 18 11 19 =78 3)
(d) 78 is the better upper bound B1ft 1)
A 19 C 11 E 18 D
L :\ & —
RE IM1A1
() 15 > \\ 18 2M1A1  (4)
A
B

Lower bound =48 + 15+ 15 =78




Question

Number Scheme Marks
()
The route is ABDECA
(The optimal route length is 78, since upper bound = lower bound)
alM1 First three arcs (or all 5 nodes / or numbers across the top of the
matrix) selected correctly (may start from any node). Award M1 only for a
correct tree with no working.
alAl CAO (order of arc selection clear)
b1B1 112 CAO
clM1 Nearest Neighbour either A-B-C-E-D- or A-B-D-E-C- (condone B1 (1)
lack of return to start). Accept 12354 or 12534 across the top of the matrix.
clAl 1route and length CAO (Do not ISW if route length is doubled) Total 12

c2Al both routes and lengths CAO (Do not ISW if route lengths are
doubled)

d1B1ft their stated shortest (must be a number)

elM1 Finding correct RMST (maybe implicit) 48 sufficient, or correct
numbers. 3 arcs.

elAl CAO;tree or 48 or 11 + 18 + 19 seen.

e2M1 Adding 2 least arcs to B; 15 and 15 or two out of BA, BC or BD or
30 only

e2Al CAO 78

f1B1 CAO, accept any start point for the correct tour, but must return to
start. Dependent on their answer to part (d) = their answer to part (e).




Question

Number Scheme Marks
2(a)
1 |2 |3 | Supply
A 18 18
B 9 |5 14 B1
C 138 21 1)
D 12 12
Demand | 27 | 18 | 20 65
1 2 3 1 2 3
A |18 A |18
B|9-60 |5+60 giving | B 14 M1A1
(b) 2)
C 13- | 8+46 4 17
D|& 12-6 D|9 3
Shadow 10| 22 | 19
Ccosts
112 |3
(©) 0 Al X |-11] 1 1IM1A1
-15 B|l20| X | 9
-7 Cl|21| X | X
-1 DI X| 0| X
1 2 3 1 2 3
A|18-0 | 6 A | 15 3
B 14 giving | B 14 2M1A1
C 4-0 | 17+6 C 1 20
D|9+6¢ 3-0 D |12
4)

(@ = 3) entering cell A2, exiting cell D3




Question

Number Scheme Marks
(d)
Shadow 10|11 |8
costs
112 |3
0 AlX [ X |12 M1 Al
-4 B|9 | X |9
4 Cl10|X | X
-1 D X 11|11
Optimal since no negative improvement indices. '(AC%

alBl1 CAO

biM1 A valid route, only one empty square, D1, used, 6’s balance.
b1A1 Correct route, up to an improved solution (six numbers no zeros)

clM1 Finding 7 shadow costs and 6 Improvement indices

clAl Shadow costs [Alt: A(10), B(-5), C(3), D(9), 1(0), 2(12), 3(9)] and
improvement indices CAO

c2M1 A valid route, their most negative Il chosen, only one empty square
used, 6’s balance.

c2Al CSO (entering A2, and exiting D3 stated)

diM1 Finding 7 shadow costs and all 6 Ils or at least1 negative Il found.
d1A1 CAO for the shadow costs [Alt: A(10), B(6), C(14), D(9), 1(0),
2(1), 3(-2)] and 6 positive lls

d2A1 CSO (for part (d)) + optimal.

Total 10




Question

Scheme Marks
Number
3(a) Initial flow = 44 Bl
(b) Value of cut = 12+7+4+10+2+5+31 =71 (85
(©) e.0.SACFHT - 3; SADGIT - 4; SBEDFHT -2
: : : M1AL;AlL;
e.g. SACFHT - 3; SADFHT - 2; SADGIT - 2; SBEDGIT - 2 Al
(d |eg. (4)
minimum
cut
M1Al
)
minimum
cut
(e) Maximum flow=minimum cut DML
e.g. cut through CH, CF, AD, BD, DE, EG and El Al
(2)
alBl1 CAO Total 10
b1B1 CAO
clM1 One valid flow augmenting route found and a value stated.
clAl Flow increased by at least 2
c2Al A second correct flow route (and value at least 2) correct

c3Al CSO Flow increased by 9 and no more.

diM1 Consistent flow pattern > 50 (check each node, must have exactly 1
number per arc)

d1A1 CAO, showing flow of 53, must follow from their routes.

elDM1 Must have attempted (d) and made an attempt at a cut.

elAl cut correct — may be drawn. Refer to max flow-min cut theorem all
four words (alternative cut: CH, CF, AD, BD, BE).

Guidance for 3(c)

SA +7 SB +2 AC +3 AD +4 BD none BE + 2
ED + 2 CHnone CF+3 EG none EIl none
(DF+2 DG+2 FH+5 FTnone Flnone GI+4 HT+5 |IT+4)




Question

Number Scheme Marks
4 -6
4(a) —2 3 |column 2 dominates column 1 Bl (1)
-1 2
S BI1BL (2
® || 5 2)
(c) Let p = probability that B plays new row 1
If A plays 1: B’s expected winnings =-4p + 6(1-p) = 6-10p
If A plays 2: B’s expected winnings= 2p—-3(1-p)=-3+5p
If A plays 3: B’s expected winnings= p-2(1-p)=-2+3p 1IM1A1  (2)
6 L 6
4 - 4
B2, 1ft, 0 (2)
6-10p=-2+3p
8=13
8p IMLAL  (2)
Y ZE
B should play 1: never,
play 2 with probability %and play 3 with probability %
B1Bl1 (2

The value of the game is —%to B

Total 11




Question
Number

Scheme

Marks

alB1 CAO (accept reduced matrix or ‘column 2 dominates column 1’ or
column crossed out). Allow recover in part (b)

b1B1 either 3 x 2 matrix with correct values (including signs) or 2 x 3
matrix with correct values (condone incorrect signs)
b2B1 CAO

clM1 Setting up three probability expressions, implicit definition of “‘p’.
clAl CAO (condone incorrect simplification)

c1B1ft Attempt at three lines (correct gradients and intersection with
‘axes’), accept p > 1 or p < 0 here. Must be functions of p.

c2B1 CAO 0<p<1,scaleclear (or 1 line = 1), condone lack of labels.
Rulers used.

c2M1 Finding their correct optimal point, must have three lines and set up
an equation to find 0 < p < 1. Dependent on first B mark in part (c). Must
have three intersection points. Solving all three simultaneous equations
only is MO.

c2Al CSO

c3B1 All three options listed must ft from their p, check page 1 for B
should never play 1. 0 < probabilities < 1.

c4B1l -2/13 CAO (accept awrt 0.154)

SC1: If column 2 deleted in (a) candidates can earn a maximum of
(@) BO (b) B1 B0 (c) M1 A0 B1 BO M1 A0 B1 B1 (max. of 6) — the
final B mark is for the value of the game being -4/3

SC2: If column 3 is deleted in (a) candidates can earn a maximum of
(@) BO (b) B1 B0 (c) M1 A0 B1 BO M0 A0 BO BO




Question

Number Scheme Marks
5(a)
Variable z was increased first, since it has become a basic variable. B1
bv| x|y |z ]| r|s |t |value
(b) ro|-1 0ol1/0|1]| 8
S 13|00 1 1] 22
Z 2111110 ]0|1] 11
P l2|5(0|0]|0|3%] 15
bv| X |y| z | r | s | t |value|rowops
Y |3 1] 053]0 | 4 | R=2 1M1A1
S 2 10/0|-2|1|-3| 10 | R-3R 2M1A1
4
z |-3]oj1|-3/0]5]| 7 |R-R “
P |-3]lo/0o|3|]0|3| 3 |R+5R
bv| X |y |z ]| r | s | t |value|rowops
y |0[1]0|-1|1]|0]| 14 |R+iR
X | 100 ]-3]2[-1| 20 | R=+3%
VA 0|0 |1 ]|-5|3]|-1| 37 | R+3R, 3M1A1ft
4AM1A1
Plo|lo|0|1|1]3]| 4 |R+3R (@)
(c) P=45x=20,y=14;z=37;r=s=t=0.
M1 AL (2)
alB1l Identifies z, refers to basic variable. Total 11

b1M1 Correct pivot located, attempt to divide row. If choosing negative
pivot MOMO.

b1A1 CAO pivot row correct including change of b.v.

b2M1 (ft) Correct row operations used at least once, column x, r, t or
value correct.

b2A1 CAO including row operations

b3M1 Their correct pivot located, attempt to divide row. If choosing
negative pivot MOMO.

b3AL1ft pivot row correct including change of b.v.

b4M1 (ft) Correct row operations used at least once, column r, s, t or
value correct.

b4Al CAO

clM1 Their correct values stated for at least P, X, y, z from their ‘optimal’
iteration. No negatives. Two M marks in part (b) must have been awarded
clAl CAO for all 7 values.




Question

Number Scheme Marks
6 (a) Since maximising subtract all elements from some n>257, say 260.
9 17 3 6 14 0 7 15 1 181
16 13 5 n=257 |13 10 2|, n=258 |14 11 3 (1)
11 8 14 8 5 11 9 6 12
(b)
. 1 if worker idoes task j 1B1
e 0 otherwise
2B1
Where x; indicates worker ibeing assigned to task | 2
ie{H K,J}and je{1,23}
E.g.
Minimise
P = 9X,, +17X,, +3X,5 +16X;, +13X;, +5X;; +11X,, +8X,, +14X,,
(P =6x,, +14x,,, +13x,; +10X,, + 2X;5 +8X,, +5X,, + 11X, ) 381
(P =7x,, +15X,,, + X5 +14%,, +11X,, +3X; 5 + 9%, +6X,, +12X,5) 4B1
OR maximise
P=
251X, + 243X, + 257X, 5 + 244X,, + 247X,, + 255X,, + 249X, , + 252X, , + 246X, ,
()
Subject to:
X1+ X+ Xqs =1 0r Y Xy =1
X1+ X, + X =1 or D x;=1 M1
Xe1 T Xeo T Xa =1 0r > X =1 ;ﬁi
Xg1 + X0+ X, =1 or qu:l 3)
Xuz + X2 + X, =1 0OF D x, =1
Xus + X3+ Xz =1 or > x;=1
alB1 CAO (o.e.) Total 8

b1B1 possible values of x;; defined

h2B1 Defining xjjincluding the set of values for i and j

b3B1 Objective function

b4B1 Minimise/Maximise but consistent with objective function
b1M1 Three equations, unit coefficients, =1

b1A1 Any three equations CAO (condone inconsistent notation)




Question
Number

Scheme

Marks

b2A1 All six equations CAO (consistent notation required)




Question

Number Scheme Marks
7
Stage | State | Action | Destination | Value
end |4 Sell - 1*
3 Sell - 2*
2 Sell - 4*
1 Sell - 6*
4 3 K 4 1+2-3=0
R 1 6+11-9=8*
2 K 3 2+5-2=5
R 1 5r1l.8=9* 1M1A1A1
1 K 2 4+8-1=11*
R 1 6+11-7=10 2M1 Al
3 2 K 3 8+5-2=11
R 1 11+11-8=14* 3M1ALft
1 K 2 9+8-1=16*
R 1 11+11-7=15 Al
R 1 16+11-7=20
1 new | K 1 21 +11 =32* Al
The actions Nigel should take are:
Keep, Keep, Replace, Keep in years 1, 2, 3 and 4 respectively Bl
His income will be £32 000. B1ft
Total 13

1M1 At least 3 columns in Stage 4 completed, something in each cell.

1A1 For stage 4 at least two columns of state, action, destination entries
correct
2A1 Two rows in Stage 4 CAO. Penalise * errors only twice in the question on

the first occurrences

All future M marks must bring all optimal results from previous stage into
current stage at least once (or three out of four previous results correct).
2M1 All four rows in stage 4 completed. Bod if something in each cell.

3A1 CAO. Stage 4 correct. (Penalise * errors only twice in the question).
3M1 Stage 3 completed. Bod if something in each cell.

4A1ft Any state correct (Penalise * errors only twice in the question).

5A1 CAO Both states correct. (Penalise * errors only twice in the question).
4M1 Stage 2 and 1 completed. Bod if something in each cell.

6ALlft CAO Stage 2 correct. (Penalise * errors only twice in the question).
7A1l CAO Stage 1 correct.

1B1  Actions correct. Must have earned all previous M marks

2B1ft Income correct for their table. Must have earned all previous M marks.
Penalise extra rows for stage 4 with the 3™ A mark, stage 3 with the 5™ A
mark and stage 2 with the 6™ A mark.
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General Marking Guidance

e All candidates must receive the same treatment. Examiners must
mark the first candidate in exactly the same way as they mark the
last.

e Mark schemes should be applied positively. Candidates must be
rewarded for what they have shown they can do rather than
penalised for omissions.

e Examiners should mark according to the mark scheme not according
to their perception of where the grade boundaries may lie.

e There is no ceiling on achievement. All marks on the mark scheme
should be used appropriately.

e All the marks on the mark scheme are designed to be awarded.
Examiners should always award full marks if deserved, i.e. if the
answer matches the mark scheme. Examiners should also be
prepared to award zero marks if the candidate’s response is not
worthy of credit according to the mark scheme.

e Where some judgement is required, mark schemes will provide the
principles by which marks will be awarded and exemplification may
be limited.

e Crossed out work should be marked UNLESS the candidate has
replaced it with an alternative response.
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These

EDEXCEL GCE MATHEMATICS

General Instructions for Marking
The total number of marks for the paper is 75.
The Edexcel Mathematics mark schemes use the following types of marks:

M marks: method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M) marks have
been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

Abbreviations
are some of the traditional marking abbreviations that will appear in the mark schemes.

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

cso - correct solution only. There must be no errors in this part of the question to
obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread however,
the subsequent A marks affected are treated as A ft, but manifestly absurd answers
should never be awarded A marks.

. For misreading which does not alter the character of a question or materially simplify it,

deduct two from any A or B marks gained, in that part of the question affected.

If a candidate makes more than one attempt at any question:
o If all but one attempt is crossed out, mark the attempt which is NOT crossed out.
o If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.
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Question Scheme Marks
Number
P | Q| R |S]| Supply
A 11] 2 13
1. (a) 2 2 A B1 (1)
C 4 |8 12
D 318 11
Demand | 11 /1011 |8
Shadow costs 283235 41
(b) P|Q|R| S | Supply
0 A [xTxT-2T-14] 13 M1A1
-3 B 6 | x|-6] -7 4
-6 C 8 | x [ x| -3]| 12 M1Al (4)
-7 D 4 15| x| x 11
Demand | 11 | 10|11 | 8
P Q R S | Supply
A [11]2-9 0 13 M1 Al
© B 4 4
C 4+0|8-6 12
D 3+60|8-0 11
Demand | 11 | 10 11 8
Entering square AS
Exiting square is AQ, (0 = 2). Alft
P |1 Q| R |S] Supply
A 11 2 13
B 4 4 Al (4)
C 6|6 12
D 516 11
Demand | 11 |10 |11 |8 70
(d) Current cost = £1152 Bl (1)
10 marks
Notes for Question 1
alBl: CAO
b1M1: Finding 8 shadow costs.
b1A1: Shadow costs CAO.
b2M1: Finding the 5 missing improvement indices.
b2Al: Improvement indices CAO [Shadow costs: A(28), B(25), C(22), D(21), P(0), Q(4), R(7), S(13)].
c1M1: A valid route, their most negative 11 chosen, only one empty square used, 6’s balance.
c1Al: CAO correct route.
c2Alft: Correctly stating their entering and exiting cells.
c3Al: CSO
diB1l: CAO
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?\ltersgg? Scheme Marks
2. (a) In the practical problem each vertex must be visited at least once. In B21,0 (2)
' the classical problem each vertex must be visited just once. T
(b) A D E F B C A M1 Al
15+17+14+26+50+48 =170 Al (3)
B 26 F oo E 47 D
® ® ®
(©
20
C
RMST weight =26 + 14 + 17 + 20 = 77 (km) M1 Al
Lower bound =77 + 15 + 30 = 122 (km) Al (3)
(d) 122 <length < 170 B2,1,0 (2
10 marks

Notes for Question 2

alB1: Understands the difference is connected to the number of times each vertex may be visited.
a2DB1: Correctly identifies which is classical and which is practical and correctly states the
difference.

b1M1: Nearest neighbour A— D — E — F - B — C — or accept 145623 across top of table (condone
lack of return to start).

b1A1: Route correctly stated, must return to A, accept link back to A.

b2A1: Length correctly stated. Do not ISW if candidates then go on to double the route length.
c1M1: Finding RST (maybe implicit) and using the correct two least lengths. Their RST must have
only four arcs of which none are incident to A.

c1Al: RMST correct or list of arcs or 77 or 26 + 14 + 17 + 20 seen.

c2Al: CAO 122

d1B1ft: Their correct numbers correctly used (their upper bound must be a cycle and their lower
bound must have scored M1 in (c)), accept any inequalities or any indication of interval from their
122 to their 170.

d2B2: CAO including correct inequalities (but condone 122 < length < 170).
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Question Scheme Marks
Number
3.(a) Column 3 dominates column 1, so delete column 1 Bl
B2 | B3
Al| 2 |-3
A2| 1 |-1
A3|-1|1
Let B play 2 with probability p and 3 with probability 1- p Bl
If A plays 1 B’s expected winnings are —{ 2p — 3(1-p)} =3-5p
If A plays 2 B’s expected winningsare { p— (1- p)}=1-2p M1 Al
If A plays 3 B’s expected winningsare —{-p + (1-p)} =2p- 1
M1 Al
2p-1=1-2p DM1
1
== Al
P 2
B should play column 2 and column 3 each with probability % and never Al )
play column 1.
(b) V(B) = 0 B1 1)
10 marks

Notes for Question 3

alB1: CAO Col 3 dominates Col 1

a2B1: Defines p — allow those who define B play 2 with prob. p but no incorrect statements.

alM1: Setting up three probability equations, implicit definition of p.

alAl: CAO (condone incorrect simplification).

a2M1: Three lines drawn, accept p > 1 or p < 0 here. Must be functions of p.

a2Al: CAO 0 <p <1, scale correct and clear (or 1 line = 1), condone lack of labels. Rulers used.
a3DM1: Must have drawn 3 lines. Finding their correct optimal point, must have three lines and set up
an equation to find 0 <p < 1. Dependent on previous M mark. Must have three intersection points. If
solving each pair of SE’s must clearly select the correct one or MO, but allow recovery if their choice is
clear.

a3Al: CAO - dependent on all, but a2B1, being awarded in this part.

adAl: CAO

bDB1: CAO — dependent on all previous M marks in (a).
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Question

Number Scheme Marks
4.(a)
b.v| x y z | r|s|t|value| 6 values
r | 4 3 g 1/0{0| 50 16.67
s | 1 1 |0[1]0]| 30 15
t | 0 5 1 |0/0|1] 80 16
P|-25|-40|-35]/]0]0|0] O
biwv.| x |y| z |[r| s [t]|value| Row ops
r| 5|0 1/ 3|0 5 |RI-3R2 M1 Al
2 2 B1
y % 1 % 0 % 0] 15 R2+2 M1 Al
5 3 5 _
-3 0 -3 0 -3 1| 5 R3 -5R2
P |-5]0/-15/0] 20 |0 600 | R4 +40R2
biwv.| x |y| z r S t | value Row ops
z % 0| 1|1 _% 0 5 R1stet
3 1| 5 1
y | -3 1] 0 -4 | 3 0| 125 R2- 4R1 B1
t 5100|323 |- |1| 125 | R3+23R1 Bl
4 2 4 2 M1 AL (9)
P [325]0] 0 |15 | -25] 0] 675 | R4+15R1
(b) P +32.5x + 15r — 2.5s = 675 B1 (1)
©) P= 675 —32.5x — 15r + 2.5s, so can increase profit by increasing s, hence B2.1.0 @)
not optimal.
12 marks
Notes for Question 4
alM1: Correct pivot located, attempt to divide row. If choosing negative pivot no marks.

alAl:
alB1:
azM1:
a2Al:
az2B1:
a3B1:
a3M1:
a3Al:
b1B1:

Pivot row correct including change of b.v.
Row operations CAO — allow if given in terms of old row 2.
(ft) Correct row operations used at least once, column x, z, s or value correct.
CAO on numbers (ignore row operations and b.v.).
Correct pivot located and b.v. changed. If choosing negative pivot 2B0 3MO.
Row operations CAO.
(ft) Correct row operations used at least once, column x, r, s or value correct.
CAO on numbers (ignore row operations and b.v.).
CAO

clB1ft: Explanation. Must have gained at least 2 M marks in (a) must refer to increasing x, r and s,

(condone no ref to y = z = t = 0), must have correct signs in equation in (b). Do not accept ‘negatives in
profit row’ o.e. alone.
c2DB1: CAO - dependent on correct equation in (b). Specifically identifies s as the next variable that
could be increased.
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Question Scheme Marks
Number
M1 Al Al
5. (a
(@) 3)
(b) M1Al (2)
(c) E.g.
SS,BET,T - 13 M1 Al
SS,BADT,T -3 Al
SS,BADET,T -5 Al 4)
(d) M1Al (2)
(e The cut through ATy, DTy, DT,, DE, BE, CB and S,C has value 102 DB1
Value of the flow is 102 so by max flow — min cut theorem flow is maximal | DB1 (2)

13 marks
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Notes for Question 5

alM1: Four arcs added, SS;, SS,, T1T, T,T and 2 numbers on each.

alAl: CAO for arcs

a2Al: CAO for flow values and capacities

b1M1: Two numbers on each arc and at least three arcs or six numbers correct.

b1A1: CAO do give bod since they might well cross these numbers out.

c1M1: One valid flow augmenting route found and a value stated.

clAl: Flow increased by at least 3.

c2Al: A second correct flow route of value at least 5 and value correct.

c3Al: CSO Flow increased by 21 and no more.

d1M1: Consistent flow pattern >84 (check each node). One number only per arc. No unnumbered arcs.
d1Al: CAO, showing flow of 102, must follow from their routes.

elDB1: Must have attempted (d) - at least one number on all but one arc, and made an attempt at a cut,
either drawn or stated.

e2DB1: CSO - (d) fully correct (showing a correct flow of 102) and a correct cut. Must refer to max
flow-min cut theorem — all four words.
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Question Scheme Marks
Number
6. LetX; beOor1
1 if worker (i) does task (j) Bl
0 otherwise

whereie {A/B,C,D} and je {1,263, 4}
minimise C =29x,, +15X,, +32X,; +30X,,
+ 34X, + 26X, + 40Xg, + 32X, M1Al
+28X,, + 27X, + 35Xs, +'100" X,
+'100" X, + 21X, +33X,; + 31X,

Subject to
Xpg +Xpp + Xpg + Xy =1 OF ZXAj =1
Xgy +Xgy + Xga + Xgg =1 OF ZXBj =1 M1
Xe1+Xcp +Xcg+ X, =1 Or ZXCj =1
Xp1+Xpa + Xpg T Xpa =1 OF D Xp; = Al
Xa + Xgi+Xep+Xpp =1 or D X, = M1
Xpo +Xgo +Xcp +Xpp =1 OF > X, =
Xas+Xgz +Xo3 +Xpg =1 OF D Xz =1 Al
Xaa T Xgs T Xca+Xps =1 OF Y X = 7 marks

Notes for Question 6

1B1: Defining variables fully both “bits’ values and subscripts. Penalise poor variable choice, (AP etc.) here.
1M1: Attempt at a 16 term expression, coefficients “‘correct’, 2 ‘large’ values included, condone 2 slips.
1A1: CAO + minimise. Penalise reversed subscripts once only per question.

2M1: Four equations, each in four variables, unit coefficients, all 16 variables included, = 1, accept <1,>1
here for this M only

2A1: Any 4 CAO.

3M1: All 8 equations, each in four variables, unit coefficients, all 16 variables included = 1.

3Al: CAO.
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Question Scheme Marks
Number
7.(a) E.g.
Stage | State | Action | Dest Value
3 3 0 |260
2 2 0 170
1 1 0 |80
0 0 0 |0)
Dolls 4 0 4 0 +350=350
house 1 3 95 + 260 = 355*
2 2 165+ 170 = 335 2M12A1 3?31)
3 1 | 245+ 80=2325 States 4 + 3
4 0 |335+ 0=335
3 0 3 |0 +260=260
1 2 |95 +170=265*
2 1 165+ 80 =245
3 0 245+ 0=245
2 0 2 |0 +170=170 3M14A15A1
1 1 195 + 80=175* ®)
2 0 165+ 0=165
1 0 1 10 + 80=80 States 2+ 1
1 0 |95 + 0= 95*
0 0 0 |0 + 0= 0)
Train 4 0 4 |0 +355=355
set 1 3 100 + 265 = 365* 4M1 6A1ft
2 2 1180+ 175 =355 1Al
3 1 1260+ 95=2355 @)
4 0 |340+ 0=340
To Bicycle Dolls House | Train Set
y y 1B1 1)
Number of workers 2 1 1
(b) Total number of toys is 365. 1B1 1)
13 marks
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Notes for Question 7

e ALL M marks - Must bring earlier optimal results into calculations. lgnore extra rows.
Must have right ‘ingredients’ (- number of workers) at least once per stage.
e Penalise inconsistency/errors with the state/destination columns with the first two A marks

earned only.
e Penalise empty/errors in stage column with first A mark earned only.

alML1: First stage (Bicycle) completed — bod something in each cell. Must have columns for stage,
state, value and one of either action or destination.

alAl: CAO condone missing * here. Condone missing zero row.

a2M1: Second stage (Dolls house) completed for at least states 4 and 3. Bod something in each cell.
a2Al: Any one of these states correct. No missing rows. (Penalise * errors only once in the question).
a3Al: CAO both states 4 and 3 correct. No missing rows. (Penalise * errors only once in the question).
a3M1: Second stage (Dolls house) fully completed, condone missing zero row. Bod something in each
cell.

a4Al: States 2 and 1 correct. No missing rows. (Penalise * errors only once in the question).

abAl: CAO for stage 2. No missing rows. (Penalise * errors only once in the question).

a4M1: Third stage (Train set) completed. Bod something in each cell.

abAlft: Any three rows of third stage correct. Ft on * values only. No missing rows. (Penalise * errors
only once in the question).

a7Al: CAO for the third stage. No missing rows. (Penalise * errors only once in the question).

alB1: CAO. Must have attempted algorithm, getting all previous M marks.

b1B1: CAO. Must have attempted algorithm, getting all M marks in (a).
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General Marking Guidance

¢ All candidates must receive the same treatment. Examiners
must mark the first candidate in exactly the same way as they
mark the last.

eMark schemes should be applied positively. Candidates must
be rewarded for what they have shown they can do rather
than penalised for omissions.

eExaminers should mark according to the mark scheme not
according to their perception of where the grade boundaries
may lie.

eThere is no ceiling on achievement. All marks on the mark
scheme should be used appropriately.

sAll the marks on the mark scheme are designed to be
awarded. Examiners should always award full marks if
deserved, i.e. if the answer matches the mark scheme.
Examiners should also be prepared to award zero marks if the
candidate’s response is not worthy of credit according to the
mark scheme.

eWhere some judgement is required, mark schemes will provide
the principles by which marks will be awarded and
exemplification may be limited.

e Crossed out work should be marked UNLESS the candidate has
replaced it with an alternative response.
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EDEXCEL GCE MATHEMATICS

General Instructions for Marking

. The total number of marks for the paper is 75.

. The Edexcel Mathematics mark schemes use the following types of marks:

M marks: method marks are awarded for ‘knowing a method and attempting to apply it’,
unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method (M) marks have
been earned.

B marks are unconditional accuracy marks (independent of M marks)

Marks should not be subdivided.

Abbreviations
are some of the traditional marking abbreviations that will appear in the mark schemes.

e bod — benefit of doubt

o ft — follow through

e the symbol \f will be used for correct ft

e cao — correct answer only

e Cso - correct solution only. There must be no errors in this part of the question to
obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

%k The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for example, as Al ft to
indicate that previous wrong working is to be followed through. After a misread however,
the subsequent A marks affected are treated as A ft, but manifestly absurd answers
should never be awarded A marks.

For misreading which does not alter the character of a question or materially simplify it,
deduct two from any A or B marks gained, in that part of the question affected.

If a candidate makes more than one attempt at any question:
o If all but one attempt is crossed out, mark the attempt which is NOT crossed out.
o If either all attempts are crossed out or none are crossed out, mark all the
attempts and score the highest single attempt.

Ignore wrong working or incorrect statements following a correct answer.
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Question Scheme Marks
Number
1. Since maximising, subtract all elements from some n > 30
and insert large numbers in cells A4 and B2
e.g.
21 24 17 100 M1 M1
16 100 10 17
22 23 15 22
16 16 14 16
7 0 83 2 5 0 81
Reduce rows 0 07 then columns 48805
0 7 5 6 0 5 M1 Al
2 2 0 2 0 0 O
0 3 0 79]
2 86 0 3
3 4 0 3 M1 Alft
0 0 2 0]
0* 0 0 76 0* 3 2 79 o 2 2 78
83 0 O 0 8 0 1 0 83 0 O
either or then M1 ALt Al
0 0 1 2 0 1 1 1 0 O
3 0*5 0 0 0 4 0 |1 0* 5 0
Two optimal allocations:
All]1l
B|3|4
Cl4]3 Al
D|2][2

10 marks
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Notes for Question 1

1M1: Subtracting from some n > 30, condone up to 2 errors.

2M1: Dealing with the A4 and B2 entries.

3M1: Reducing rows and then columns.

1A1: CAO

4M1: Double covered + e; one uncovered — e; and one single covered unchanged. 2 lines needed to 3
lines needed.

2A1ft: follow through on their previous table - no errors

5M1: One double covered + e; one uncovered — e; and one single covered unchanged. 3 lines needed to
4 lines needed (so getting to optimal table).

3A1ft: Follow through on their previous table - no errors.

4A1: CSO on final table.

5A1: CAO - either one — this mark is dependent on all M marks being awarded.

Special Cases: Minimising (can score a max. of 5)

1MO0 2M1 3M1 1A1 4MO0 2A0 5M1 3A1ft 4A0 5A0

E.g.

19 16 23 30 30 7 14 305 14
24 30 30 23 rows 1 7 7 0 columns 1 7 5 0
18 17 25 18 10 8 1 10 6 1
24 24 26 24 00 2 0 00 0O
Then either

2 04 14 or 2 0 4 1

0 7 4 0* 1 8 5 0*

0*0 5 1 0*0 5 0

0 1 01 0 10 0

Not dealing with the — (can score a max. of 6)

1M1 2M0 3M1 1A0 4M1 2A1ft 5M1 3A1ft 4A0 5A0
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Question Scheme Marks
Number
2. (a) A EF BCDA and AEFDBTZCA M1 Al
35+75+88+80+108+85 = 471 35+75+88+100+80+130 =508 | ALA1 (4)
D A E B C
(b) @ ® = . ® 2
85 20 B3 2l
RMST weight = 85 + 35 + 83 + 80 = 283 (seconds) M1 Al
Lower bound =283 + 75 + 88 = 446 (seconds) Al (3)
(©) 446 < time < 471 [accept 446 < time <471] B3,2,1,0 (3)
10 marks

Notes for Question 2

alM1: Nearest neighbour either A-E-F-B-C-D-0orA-E-F-D-B-C -, condone lack
of return to start. Accept 145623 or 156423 across top of table (numbers must be from NN not
Prim).

alAl: One route correctly stated, must return to A, accept link back to A.

a2Al: One route length correctly stated. Do not ISW if candidates then go on to double the route
length in (a).

a3Al: Second route and its length correctly stated. Do not ISW if candidates then go on to double
the route length in (a).

b1M1: Finding RST (maybe implicit) and using the correct two least lengths. Their RST must have
only four arcs none of which are incident to F.

b1Al: RMST correct or list of arcs or 283 or 85 + 35 + 83 + 80 seen.

b2Al: CAO 446

c1B1ft: their 471 (must be a cycle) as an upper bound — allow recovery in this part.

c2B1ft: any indication of interval from their 446 (must come from six arcs) to their 471.

c3B1: 446 < time < 471 or 446 < time <471
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?\ﬁjﬁgg? Scheme Marks
3.(a)
bv| x | y | z |r|s]t]value|0values
r {513 % 1/0|{0| 2500 | 8333
s | 3 1 |o][1]0]1650 | 825
t % -1 12 |0[0|1]| 800 n/a
P |-40]|-50|-35]|0f0]0] O
bv.| x |y| z |r| s |t]| value | Row ops
r {1]0|-2]1 _3(0| 25 R1-3R2 M1 Al
2 2 Bl
y | 31| 1|0 1|0 825 R2+2 M1 Al
2 2 2 )
t {210 % 0 % 1| 1625 | R3+R2
P [35]0|-10]|0| 25 | 041250 | R4 + 50R2
bv.| x|yl z |[r] S t | value Row ops
r | 2/0| 0 |1|.42 | 4 | 1325 | R1+2R3
10 10 | 5
11 2 1 1
y |8 11010 2| 500 R2- 3R3 E/Ill Alft
4 1 2 .5
218|010 5| €50 R3+3 M1 Al
P 143]0) 0 |0 27 | 4 |47750| R4 +10R3 (5)
(b) P=47750 x=0y=500 z=650 r=1325 s=t=0 Bift B1
)
12 marks

Notes for Question 3

alM1: Correct pivot located, attempt to divide row. If choosing negative pivot no marks.

alAl: CAO pivot row correct including change of b.v.

alB1: All row operations CAO —allow if given in terms of old row 2.

a2M1: (ft) The correct row operations used correctly at least once from their pivot, column x, z, s or
value “correct’.

a2Al: CAO on numbers (ignore row operations and b.v.)

a3M1: Their correct pivot located, attempt to divide row. If choosing negative pivot MOMO.
a3Alft: Pivot row correct on follow through including change of b.v.

a2B1: All row operations CAO —allow if given in terms of old row 3.

adM1: (ft) The correct row operations used correctly at least once from their pivot, column x, s, t or
value ‘correct’.

adAl: CAO on numbers (ignore row operations and b.v.)

b1B1ft: Their correct values stated for at least P, X, y, z from their ‘optimal’ iteration. No negatives.
Two M marks in (a) must have been awarded.

Allow implicit stating of P e.g. P+43x+27s+4t = 47750 with x, s, t = 0.

b2B1: CAO For all 7 variables correct and given explicitly.
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Question Scheme Marks
Number
4. (a) Row mins {-3, -3} Column max {2, 2, 1, 1} M1
Row maximin (-3) # column minmax (1) so not stable Al
)
Column 4 dominates column 2 so delete column 2 or if B plays 2 A’s
(b) expected winnings are —p + 2(1-p) (= 2-3p) Bl
Bl | B3| B4
Al|2 |1 |[-3
A2 -3 |-2 |1
Let A play 1 with probability p and 2 with probability 1- p Bl
If B plays 1 A’s expected winnings are 2p — 3(1-p) =5p-3
If B plays 3 A’s expected winningsare p — 2(1-p)= 3p-2 M1 Al
If B plays 4 A’s expected winningsare —3p+ (1-p) = 1-4p
M h{‘q‘} x\E{A}
0 £ 0
M1 Al
5p—3=1-4p M1
4
=— Al
9
A should play row 1 with probability g and row 2 with probability g Al
9)

11 marks
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Notes for Question 4

alM1: Finding row minimums and column maximums — condone one error.

alAl: CAO states -3 # 1 (or row (maximin) = col (minimax)) and draws the conclusion.

b1B1: CAO Col 4 dominates Col 2 (maybe implied by later working) or correctly stating the expression
for A’s expected winnings if B plays 2 (2 — 3p).

b2B1: Defines p. Allow those who only define that A plays 1 with prob. p — no incorrect statements be
generous.

b1M1: Setting up three probability equations, implicit definition of p.

b1A1: CAO (condone incorrect simplification).

b2M1: Either attempt at three lines (correct slant direction and relative intersection with ‘axes’) or four
lines if no earlier domination, accept p > 1 or p < 0 here. Must be functions of p.

b2Al: CAO 0 <p <1, scaling correct and clear (or 1 line = 1), condone lack of labels. Rulers used.
b3DM1: Finding their correct optimal point, must have three (or four) lines and set up an equation to
find 0 < p < 1. Dependent on previous M mark. Must have at least three intersection points. Solving all
three simultaneous equations and stating incorrect p is MO.

b3A1: CAO (must have scored all marks except b2B1 (define p mark) in this part).

b4Al: CAO

SCL1: If column 4 is deleted in (b) candidates can earn a maximum of

B0 B1 M1 A0 M1 A0 M1 A0 Al (max. of 5 out of 9 in part b)

The final A mark is for *A should play row 1 with prob. 2/3 and row 2 with prob. 1/3.
SC2: If column 1 or 3 is deleted in (b), candidates can earn a maximum of

B0 B1 M1 A0 M1 A0 MO A0 A0 (max. of 3 out of 9 in part b)
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%ﬂi‘:’gg? Scheme Marks
5.(a) Initial flow = 62 Bl 1)
(b) T M1 A1l
)
(© E.g. SCEADT 2 SBADT 2
SCEDT -3 SCBADT 2 SCEDT 3 SBCEDT 1 M1 Al
SCEADT -3 SBCEDT 3 SBCEADT 1 SCEDT 2 Al
SBADT -2 SCEADT 3 SBADT 2 SCEADT 3 Al 4)
(d) M1 Al (2)
cut
(e) The cut through SA, AB, AE, DE, ET and FT has value 70 DB1
Value of the flow is 70 so by max flow — min cut theorem flow is maximal DBl (2)
11 marks
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Notes for Question 5

alBl: CAO

b1M1: Two numbers on each arc and at least two arcs or four numbers correct (so correct numbers
with the correct arrows).

b1Al1l: CAO do give bod since they might well cross these number out.

c1M1: One valid flow augmenting route found and a value stated.

clAl: Flow increased by at least 2.

c2Al: A second correct flow route and value correct.

c3Al: CSO Flow increased by 8 and no more.

d1M1: Consistent flow pattern >64 (check each node). One number only per arc. No unnumbered arcs.
d1Al: CAO, showing flow of 70, must follow from their routes.

elDB1: Must have attempted (d) - at least one number on all but one arc, and either drawn or stated a
cut. Cut may be drawn on any diagram.

e2DB1: CSO - (d) fully correct (showing a correct flow of 70) and a correct cut. Must refer to max
flow-min cut theorem — all four words.
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Question

Number Scheme Marks
6. Let x;; be the number of washing machines transported from i to j where
ie{PQR}and je {A,B,C,D} Bl
The objective is to minimise C = 11Xpa + 22Xpg + 13Xpc + 17Xpp B1B1

+ 21XQA + 8XQB + 19XQC + 14XQD
+15Xga + 10Xgg + 9Xrc + 12XrD

Subject to
Xpa + Xpg + Xpc + Xpp = 25 oOr ZXPJ':ZS
M1
Xqa + XqB + Xqc + Xgp = 2701 Y xq; = 27 Al
Xra + XgB + Xrc + Xrp = 28 oOFr Zij = 28
Xpa T Xoa T Xra = 18 or inA =18
Xpg T XoB t XrB = 16 or Z x;g = 16
Xpc + Xoc + Xrc = 20 or inC =20 Al
Xpp + Xop * XrD =26 or Z Xip = 26
Xij >0 Al
7 marks

Notes for Question 6

1B1: Variables defined correctly — withhold this mark if definition of x;; or the elements of sets i and j

are inconsistent with their later use in the objective function and constraints. Penalise poor variable
choice, (AP etc.) here.

2B1: Minimise + an attempt at an objective with at least 5 correct terms.

3B1: Objective function correct (minimised not required for this mark).

1M1: At least 3 “correct’ constraints listed with unit coefficients (accept = or any inequality for the M
mark) — rhs values must be correct.

1AL: At least 3 correct constraints (accept consistent use of = or < on at least 3).

2A1: At least 6 correct constraints (accept consistent use of = or < on at least 6).

3AL: All 8 constraints correct (first seven constraints consistently either = or < but final constraint must
be >0).
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%ﬂﬁgg? Scheme Marks
7. E.g.
Stage | State | Action | Dest Value
July 2 1 0 | 1000 + 2000 = 3000* IM11A1 (2)
(3) 1 2 0 500 + 2000 = 2500*
0 3 0 2000 = 2000*
June 2 2 0 | 1000 + 2000 + 2000 = 5000*
(4) 3 1 | 1000 + 2000 + 2500 = 5500
4 2 | 1000 + 2000 + 1000 + 3000 = 7000 gXIll 2A1T
1 3 0 500 + 2000 + 2000 = 4500* 3)
4 1 500 + 2000 +1000 + 2500 = 6000
0 4 0 2000 + 1000 + 2000 = 5000*
May 2 0 0 |1000 + 5000 = 6000*
(2) 1 1 | 1000 + 2000 + 4500 = 7500
2 2 | 1000 + 2000 + 5000 = 8000
1 1 0 500 + 2000 + 5000 = 7500
2 1 500 + 2000 + 4500 = 7000* 3M1 4A1ft
3 2 500 + 2000 +5000 = 7500 5A1
0 2 0 2000 +5000 = 7000 (3)
3 1 2000 + 4500 = 6500*
4 2 2000 + 1000 + 5000 = 8000
April 2 2 0 | 1000 + 2000 + 6500 = 9500*
(4) 3 1 | 1000 + 2000 + 7000 =10000
4 2 | 1000 + 2000 + 1000 + 6000 =10000
1 3 0 500 + 2000 + 6500 = 9000* AM1 6A1
4 1 500 + 2000 + 1000 + 7000 =10500 )
0 4 0 2000 + 1000 + 6500 = 9500*
March | O 3 0 2000 + 9500 =11500*
(3) 4 1 2000 + 1000 + 9000 =12000
5M17A1 (2)
Month March April | May June July 1B1
Number made 3 4 3 3 3
Total cost: £11500 2B1 (2

14 marks
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Notes for Question 7

ALL M marks - Must bring earlier optimal results into calculations. Ignore extra rows. Must
have right ‘ingredients’ (— storage costs, overheads, additional space costs) at least once per stage.

Penalise lack of * only once per question.

1M1 First stage completed. 3 rows, something in each cell.

1A1: CAO condone missing * here. No extra rows.

2M1: Second stage completed with 3 states and at least 6 rows. Bod if something in each cell.
2A1ft: Any 2 states correct. Ft for their * values or the correct * values.

3A1: CAO All 3 states correct. No missing/extra rows.

3M1: 3" stage completed with 3 states and at least 9 rows. Bod if something in each cell.
4A1ft: Any state correct. Ft on their * values or the correct * values.

5A1: CAO All 3 states correct. No missing/extra rows.

4M1: 4" stage completed with 3 states and at least 6 rows. Bod if something in each cell.
6A1: CAO All 3 states correct. No missing/extra rows.

5M1: 5" stage completed with at least 2 rows. Bod if something in each cell.

7Al: CAO Final, state correct. No missing/extra rows.

1B1: CAO Must have earned all previous M marks.

2B1: CAO Must have earned all previous M marks.
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Alt correct solution — adding the storage costs at start of each month

Stage | State | Action | Dest Value
July 2 1 0 2000 = 2000* | 1M1
(3) 1 2 0 2000 = 2000* 1A1
0 3 0 2000 = 2000*
June 2 2 0 2000 + 2000 = 4000* | 2M1
4) 3 1 500 + 2000 + 2000 = 4500
4 2 | 1000 + 2000 + 1000 + 2000 = 6000
1 3 0 2000 + 2000 = 4000* | 2Alft
4 1 500 + 2000 + 1000 + 2000 = 5500
0 4 0 2000 + 1000 + 2000 = 5000* | 3Al
May 2 0 0 5000 = 5000* | 3M1
(2) 1 1 500 + 2000 + 4000 = 6500
2 2 | 1000 + 2000 + 4000 = 7000
1 1 0 2000 + 5000 = 7000
2 1 500 + 2000 + 4000 = 6500* | 4Alft
3 2 | 1000 + 2000 + 4000 = 7000
0 2 0 2000 + 5000 = 7000
3 1 500 + 2000 + 4000 = 6500* |5Al
4 2 | 1000 + 2000 + 1000 + 4000 = 8000
April 2 2 0 2000 + 6500 = 8500* | 4M1
4) 3 1 500 + 2000 + 6500 = 9000
4 2 | 1000 + 2000 + 1000 + 5000 = 9000
1 3 0 2000 + 6500 = 8500* | 6Al
4 1 500 + 2000 + 1000 + 6500 = 10000
0 4 0 2000 + 1000 + 6500 = 9500*
March | O 3 0 2000 + 9500 = 11500* | 5M1
(3) 4 1 500 + 2000 + 1000 + 8500 = 12000 7A1
Month March April May June July
Number made 3 4 3 3 3 1B1

Total cost: £11500

2B1
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General Marking Guidance

o All candidates must receive the same
treatment. Examiners must mark the first candidate in exactly
the same way as they mark the last.

o Mark schemes should be applied positively. Candidates
must be rewarded for what they have shown they can do
rather than penalised for omissions.

o Examiners should mark according to the mark scheme
not according to their perception of where the grade
boundaries may lie.

o There is no ceiling on achievement. All marks on the
mark scheme should be used appropriately.

o All the marks on the mark scheme are designed to be
awarded. Examiners should always award full marks if
deserved, i.e. if the answer matches the mark
scheme. Examiners should also be prepared to award zero
marks if the candidate’s response is not worthy of credit
according to the mark scheme.

o Where some judgement is required, mark schemes will
provide the principles by which marks will be awarded and
exemplification may be limited.

o Crossed out work should be marked UNLESS the
candidate has replaced it with an alternative response.



3.

PhysicsAndMathsTutor.com

EDEXCEL GCE MATHEMATICS

General Instructions for Marking

. The total number of marks for the paper is 75.

. The Edexcel Mathematics mark schemes use the following types of

marks:

M marks: method marks are awarded for ‘knowing a method and
attempting to apply it’, unless otherwise indicated.

A marks: Accuracy marks can only be awarded if the relevant method
(M) marks have been earned.

B marks are unconditional accuracy marks (independent of M marks)
Marks should not be subdivided.

Abbreviations

These are some of the traditional marking abbreviations that will appear in
the mark schemes.

bod — benefit of doubt

ft — follow through

the symbol \f will be used for correct ft

cao — correct answer only

cso - correct solution only. There must be no errors in this part of
the question to obtain this mark

isw — ignore subsequent working

awrt — answers which round to

SC: special case

oe — or equivalent (and appropriate)

dep — dependent

indep — independent

dp decimal places

sf significant figures

% The answer is printed on the paper

|: The second mark is dependent on gaining the first mark

All A marks are ‘correct answer only’ (cao.), unless shown, for
example, as Al ft to indicate that previous wrong working is to be
followed through. After a misread however, the subsequent A marks
affected are treated as A ft, but manifestly absurd answers should
never be awarded A marks.

. For misreading which does not alter the character of a question or

materially simplify it, deduct two from any A or B marks gained, in
that part of the question affected.

If a candidate makes more than one attempt at any question:
o If all but one attempt is crossed out, mark the attempt which is
NOT crossed out.
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e If either all attempts are crossed out or none are crossed out,
mark all the attempts and score the highest single attempt.

7. lgnore wrong working or incorrect statements following a correct
answer.
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QNTﬁ;ttl)gp Scheme Marks
b.v. X y z r S t Value Row ops
M1
X 1 1 -2 0 1 0 5 R, +4
2 n Al
t 0 3 6 0 1 1 3
2 T4 Alft
Al 5)
P 0 Z 1 0 § 0 15 R, + 3R,
2
7 3
P+5y+z+zs=15 B1ft
(b) r=5 s=0 t=3 Bl (2)
7 marks

Notes for Question 1

alM1: Correct pivot located (4 in column x), attempt to divide row
alAl: Pivot row correct including change of b.v.

a2M1: All values in one of the non-pivot rows correct or one of the non zero and one columns (y, z, s or

value) correct following through their choice of pivot from column x

a2Alft: Row operations used correctly at least twice, i.e. two of the non zero and one columns (y, z, s or

value) correct following through their choice of pivot from column x

a3Al: CAO - no follow through — all values and row operations correctly stated — allow if row operations

given in terms of old row 2 — ignore b.v. column for this mark

b1B1ft: Follow their profit equation from (a) dependent on scoring both M marks in (a)
b2B1: CAO (no follow through) for slack variables (r =5,s=0, t = 3)

Pivoting on the 1 in the x-column Pivoting on the 2 in the x-column
bv. [ x |y | z | r | S t \Y% bv. | x |y | z r | s| t Vv
r o|-2|-711|0 -2 -1 X 1120505 |0| 0 7.5
s 0| 6|-24,0| 1 -4 ] -12 S 0|10|-10 -2 |1| O -10
1 /-1 4 |0] 0 1 8 t 0|1|35|-05|/0]| 1 0.5
P 0|-1{19 0| 0 3 24 P 0 |-4|85 |15 |0 | 0O | 225
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Question Scheme Marks
Number
2.(a) The gains (or losses) made by one player are exactly balanced by the losses (or B1 (1)
' gains) made by the other player.
(b) 5 Bl (1)
(©) Row minimum {-3,0,-5} Row maximin =0 M1
Column maximum {2,4,2} Column minimax = 2 Al
0 # 2 so no stable solution Al (3)
(d) Column 1 dominates column 2 so remove column 2 Bl
3 0 -2
, 5 ) BLftBL (3)
(e (Let p = probability that Greg plays new row 1)
If R plays 1: G’s expected winnings = 3p — 2(1 —p) (= 5p — 2) M1
If R plays 2: G’s expected winnings=0p —1(1 —p) (=p—1) Al
If R plays 3: G’s expected winnings = —2p + 5(1 —p) (= =7p + 5)
5 -5
4 -4
3 3
5p-2
2 -2
B2, 1ft, 0
1 1
p=0 p=1
p—1
—14 -1
Tp+5
—2- -2
—3J 3
p—1=-7p+5
o =0 DML Al
p= 2
G should play 1 with probability 2, 2 never and play 3 with probability Alft
The value of the game to G is —i Al (8)

16 marks
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Question

Number Scheme Marks

Notes for Question 2

alB1: CAO (indication that either the losses of one (player) are balanced by the gains of the other (player)
or that the total points scored by both (players) is zero)

b1B1: CAO (5)

c1M1: Clear attempt to find the Row maximin and Column minimax (either the Row minimums or Column
maximums correct or at least four (of the six) values stated correctly)

c1ALl: Correct Row maximin and Column minimax (dependent on all row mins and column maxs correct)
c2A1: CAO (so both previous marks must have been awarded) states 02 (or row (maximin) = col
(minimax) as long as 0 is clearly identified as the row maximin and 2 as the column minimax) and draws
the correct conclusion

diB1: CAO (accept reduced matrix or ‘column 1 dominates column 2’ or column crossed out). Allow
recovery later (seeing the correct 2 x 3 matrix implies all three marks in this part)

d2B1ft: Either 3 x 2 matrix with correct values for G (so all signs changed correctly) or 2 X 3 matrix with
correct values for G (condone incorrect signs). If incorrect column deleted (so BO for first mark in this part)
then allow this mark on the ft for their 3 x 2 matrix transposed ‘correctly’ for G (both values and signs
‘correct’)

d3B1: CAO

e1M1: Setting up all three probability expressions (allow p — 1), implicit definition of ‘p’

elAl: CAO (condone incorrect simplification)

elB1ft: Attempt at three lines (correct slant direction and relative intersection with *axes’), acceptp > 1 or
p < 0 here but must go from ‘axis’ to ‘axis’ (give bod if close). Must be functions of p

e2B1: CAO 0 < p < 1, scaling correct and clear (expect to see 1 line = 1, although other scalings are
acceptable eg 1 line = 2), condone lack of labels. Rulers used

e2DML1: Finding their correct optimal point, must have three lines and set up an equation to find 0 < p < 1.
Dependent on first B mark in this part. Must have three intersection points. Solving all three simultaneous
equations and stating incorrect p is MO

e2A1: CSO (must have scored all previous marks in (e))

e3ALft: All three options listed must ft from their p (0 < p < 1), check page 1 for G should never play 2.
Dependent on both previous M marks in this part

e4A1: CAO (-3)
SC1: If column 1 is deleted in (d) candidates can earn a maximum in (e) of

M1 A0 B1 BO M1 A0 Al Al (max. of 5) — the penultimate A mark is for G should play 1 never, play 2 and
3 with probability% , final A mark is for the value of the game being —%

SC2: If column 3 is deleted in (d) candidates can earn a maximum in (e) of

M1 A0 B1 BO MO A0 A0 A0 (max. of 2)
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Question

Scheme Marks
Number
3.(a) Prim: AF, EF, BE, BC, CD, DG M1 Al (2)
(b) 2 X 136 = 272 (km) B1 (1)
Bl

¢© |AF E B C D G A B1 @
21 20 19 27 24 25 30 = 166 (km)

(d) Starting at F route length is 153 + x Bl
With x > 21, 153 + x is greater than 166 so the better upper bound is the one

starting at A DBl (2)
(e Length of RMST = 115 Bl
115+21+ x =159 =~ x = 23 (km) MLAL (3)
. : B2,1,0 (2
) 159 < optimal < 166 [accept 159 < optimal < 166] 12 marks

Notes for Question 3

alM1: Must be using Prim’s algorithm not NNA — if any arc creates a cycle then MO0. First four arcs (or all
7 nodes / or numbers across the top of the matrix) selected correctly. Award M1 only for a correct tree with
no working. Award M1 only for the first four arcs (oe) selected correctly if starting at a different node than
A

alAl: CAO (order of arc selection clear)

b1B1: CAO (272)

c1B1: CAO - must be either in terms of nodes or arcs (not weights)
c2B1: CAO (166)

d1B1: Either 153 + x or states a value in the interval 174 < value < 180 or considers one of the intervals
174 < value < 180 or 175 < value < 179

d2DB1: Correct argument that A gives the better upper bound. Must be considering either x > 21or x > 22
with 153 (so expect to see as a minimum the mention of > 174 or >175) — must be clear that the upper
bound starting at A is the better upper bound. This mark is dependent on the previous B mark in (d)

elB1: CAO (length of RMST) — the length (115 or 19 + 20 + 27 + 24 + 25) must be either explicitly stated
or seen in their working (not just implied by their working)

elM1: Adding the correct two least values (21 and x) to their RMST length (their RMST may be incorrect
but must contain only 5 arcs) and equating to 159. Accept, for example, 136 + x = 159 or 136 + 23 = 159 or
115 + 21 + 23 = 159 or equivalent calculations using the length of their RMST

elAl: CAO (must be clear that (x =) 23 not just embedded in a calculation)

f1B1: Any indication of an interval containing 159 (as a lower bound) and their stated better upper bound
from (d)
f2B1: CAO either 159 < optimal (0e) < 166 or 159 < optimal (oe) < 166
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Question Scheme Marks
Number
a@ |G =73 BIBL (2)
(b) 45 B1ft (1)
(©) 20 Bl (1)
(d) The maximum capacity of the arcs flowing into G is 21 and so both GF and GT B1 (1)
cannot be full to capacity as the capacity of the arcs flowing out of G is 26
M1AL (2)
(e) 7 marks

Notes for Question 4

alB1l: CAO for C,(45)
a2B1: CAO for C, (73)

b1B1ft: 45 or the value of their smallest cut from (a)

c1B1: CAO (20)

d1B1: CAO — argument must be numerical in nature (as a minimum accept 26 > 21 (oe))

elM1: Consistent flow pattern — check each node, must have exactly 1 number per arc (arc EC must be 4,

AD - 10 and DF - 3 but all other arcs may have over-capacatiated values)
elAl: CAO
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Question

Number Scheme Marks
P Q R P Q R
A 74 — 0 0 A 24 50
5.(a) B giving B | 58 M1ALl (2)
C 13+6 | 50—6 C | 63
D D 7 78
Shadow 20 |5 -1
costs
P |Q R
0 A | X | X |14 ML AL
—13 B | X |23 22
—11 C | X |20 33
11 D -9 | X X
(b) &
P Q R P Q R
A | 24-6]50+8 o A 17 57
B giving B 58
C C 63 MLAL (4)
D 0 70 D 7 78
Entering cell DP, exiting cell DQ
Shadow 20 |5 8
costs
P |Q R
©) 0 A | X | X 5
—13 B | X |23 13 M1 Al Al
—11 C |X |20 |24 ©)
2 D | X |9 X
Optimal since no negative improvement indices
(d) (E) 2532 Bl (1)
(e) Let x;; be the number of units transported from i to j Bl
where i € {A,B,C, D}, j e {P,QR}and x;; > 0 Bl
Minimise (C :) ZOXAP + SXAQ + 13xAR + 7xBP + 15xBQ + 8xBR + 9XCp + M1 Al
14xCQ + 21xCR + ZZXDP + 16xDQ + ].OXDR
Subject to xap + xaq + Xar < 7405 D X, <74
Xgp + xBQ + Xgr < 58or ZXBJ' <58
Xcp + xCQ + XCRrR < 630r ZXCJ' <63 M1
Al
Xpp + xDQ + XDR < 85or ZXDJ- <85 Al (7)
Xap + Xgp + Xcp + Xpp < 145 ) X, <145 17 marks

xAQ + xBQ + ch + xDQ < 57or ZXiQ <57

XAR +xBR +xCR + XDR < 78o0r ZXiR <78
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Question

Number Scheme Marks

Notes for Question 5

alM1: A valid route, only one empty square, AQ used, 8’s balance
alAl: Correct route, up to an improved solution (six numbers no zeros)

b1M1: Finding 7 shadow costs and 6 Improvement indices

b1A1: Shadow costs [Alt: A(20), B(7), C(9), D(31), P (0), Q(—15), R(—21)] and improvement indices CAO
b2M1: A valid route, their most negative Il chosen, only one empty square used, 8°s balance

b2A1: CSO (for part (b)) (entering DP, and exiting DQ clearly stated)

c1M1: Finding 7 shadow costs and all 6 Ils or at least 1 negative Il found
clAl: CAO for the shadow costs [Alt: A(20), B(7), C(9), D(22), P(0), Q(—15), R(—12)] and 6 positive Il
c2A1: CSO (for part (c)) + reason + optimal

d1B1: CAO (2532)

elB1: x;; (not just x) defined correctly (must include ‘number of” (oe) and ‘from i to j’ (oe)). Withold this
mark if x;;is further defined as taking the values of either 0 or 1

e2B1: Defining the set of values for i and j including non-negativity constraint - withold this mark if
definition is inconsistent with their later use in the objective function and constraints (eg A, B,... in the
definition but 1, 2,... used in constraints and objective)

elM1: Objective function (allow one error either in coefficient or variable) — minimise not required for this
mark

elAl: CAO - Correct objective function and minimise

e2M1: At least 3 constraints listed with unit coefficients (accept = or any inequality for the M mark) — rhs
values must be correct

e2Al: At least 5 correct constraints (accept consistent use of = or < on at least 5)

e3Al: All 7 constraint correct (accept consistent use of = or < on all 7)

Note: if there are inconsistencies between the constraints and the objective function then mark to the benefit
of the candidate. For example, a candidate who correctly defines x;;and its set of values and writes down
the constraints correctly (based on their definition of x;;) but in the objective function omits the x (so uses,
for example, AP, AQ, etc.) then this would scored BLBIMOAOM1A1Al
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Question

Number Scheme Marks
6.(a) Maximin Bl (1)
Stage | State | Action Destination | Value
3 G GT T 8*
H HT T 5* M1 Al
J JT T 6*
2 D DH H min (10, 5) = 5*
E EG G min (9, 8) = 8*
EH H min (8,5) =5 M1 AlAl
EJ J min (7,6) =6
F FH H min (8, 5) = 5*
(b) FJ J min (5, 6) = 5*
1 A AD D min (8,5) =5
AE E min (6, 8) = 6* M1 Alft Al
B BE E min (17, 8) = 8*
BF F min (9,5) =5
C CD D min (10, 5) = 5*
CF F min (10, 5) = 5*
0 S SA A min (11, 6) =6
SB B min (8, 8) = 8* M1Al (10)
SC C min (12,5) =5
(c) Maximum weight = 8 (tonnes) Bl (1)
(d) Route:S-B-E-G-T Bl (1)
(e)(i) | Increase HT (by 5) to 10 Bl
(i) Maximum weight = 10 (tonnes) Bl
Bl (3)

New route:S-C-D-H-T

16 marks
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Question Scheme Marks
Number
Notes for Question 6
alBl: CAO
Throughout (b):

» Condone lack of destination column and/or reversed stage numbers throughout
» Only penalise incorrect result in value — ie ignore working values

* Penalise absence of state or action column with first two A marks earned only

* Penalise empty/errors in stage column with first A mark earned only

2nd 3rd and 4" M marks - must bring earlier optimal results into calculations at least once

Penalise lack of * only once

b1M1.: First stage completed. 3 rows, something in each cell

b1Al: CAO condone missing * here

b2M1: Second stage completed with 3 states and at least 6 rows. Bod if something in each cell
b2A1: Second stage any 2 states correct

b3A1l: CAO all 3 states correct (no missing/extra rows)

b3M1: Third stage completed with 3 states and at least 6 rows. Bod if something in each cell
b4A1ft: Third stage any two states correct. Follow through their * values or the correct * values
b5A1: CAO all 3 states correct (no missing/extra rows)

b4M1: Fourth stage completed with 1 state and at least 3 rows. Bod if something in each cell
b6A1: CAO final state correct (no missing/extra rows)

c1B1: CAO weight (8) (dependent on scoring all M marks in (b))
diB1: CAO route (S—B - E -G -T) (dependent on scoring all M marks in (b))

elB1: Indication of either increasing HT by 5 or increasing HT to 10
e2B1: CAO (10)
e3B1: CAO(S-C-D-H-T)

Special Cases for (b), (c) and (d)

SC1 Minimax: M1 A1 M1 A0 A0 M1 A1 A0 M1 A0 B1 B1 (Max 8/12)

SC2 Maximum: M1 A1 M1 A0 A0 M1 A0 A0 M1 A0 BO B1 (Max 6/12)

SC3 Minimum: As above (SC2)

SC4 Maximax: M1 A1 M1 A0 A0 M1 A0 A0 M1 A0 BO BO (Max 5/12)

SC5 Minimin: As above (SC4)

SC6 Working forwards: M1 A0 M1 A0 A0 M1 A0 A0 M1 A0 BO BO (Max 4/12)
SC7 Reversed states: M1 A0 M1 A0 A0 M1 A0 A0 M1 Al B1 B1 (Max 7/12)
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Question

Scheme Marks
Number
SC1 Minimax:
Stage | State | Action Destination | Value
3 G GT T 8*
H HT T o*
J JT T 6*
2 D DH H max (10, 5) = 10*
E EG G max (9,8) =9
EH H max (8,5) =8
EJ J max (7, 6) = 7*
F FH H max (8,5) =8
FJ J max (5, 6) = 6*
1 A AD D max (8, 10) = 10
AE E max (6, 7) = 7*
B BE E max (17, 7) = 17
BF F max (9, 6) = 9*
C CD D max (10, 10)=10*
CF F max (10, 6) = 10*
0 S SA A max (11, 7) =11
SB B max (8, 9) = 9*
SC C max (12, 10) =12
Weight: 9 Route: S-B-F-J-T
SC2 Maximum:

Stage | State | Action Destination | Value
3 G GT T 8*
H HT T 5*
J JT T 6*
2 D DH H 10 +5=15*
E EG G 9+ 8=17*
EH H 8+ 5=13
EJ J 7+ 6=13
F FH H 8+ 5 =13*
FJ J 5+6=11
1 A AD D 8+ 15=23*
AE E 6+17=23*
B BE E 17 + 17 = 34*
BF F 9+13=22
C CD D 10 + 15 = 25*
CF F 10 + 13 =23
0 S SA A 11 +23 =34
SB B 8+ 34 =42*
SC C 12 + 25 =37

Route:S-B-E-G-T
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Question

Scheme Marks
Number
SC3 Minimum:
Stage | State | Action Destination | Value
3 G GT T 8*
H HT T 5*
J JT T 6*
2 D DH H 10 + 5 = 15*
E EG G 9+ 8=17
EH H 8+ 5=13*
EJ J 7+ 6=13*
F FH H 8+ 5 =13
FJ J 5+6=11*
1 A AD D 8+15=23
AE E 6+13=19*
B BE E 17+13=30
BF F 9+11=20*
C CD D 10+15=25
CF F 10 +11 =21*
0 S SA A 11+19=30
SB B 8 +20=28*
SC C 12 +21 =33
Route:S-B-F-J-T
SC4 Maximax:
Stage | State | Action Destination | Value
3 G GT T 8*
H HT T 5*
J JT T 6*
2 D DH H max (10, 5) = 10*
E EG G max (9, 8) = 9*
EH H max (8,5) =8
EJ J max (7,6) =7
F FH H max (8, 5) = 8*
FJ J max (5, 6) = 6
1 A AD D max (8, 10) = 10*
AE E max (6,9) =9
B BE E max (17, 9) = 17*
BF F max (9,8) =9
C CD D max (10, 10)=10*
CF F max (10, 8) = 10*
0 S SA A max (11, 10) =11
SB B max (8, 17) = 17*
SC C max(12, 10) =12
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Question

Scheme Marks
Number
SC5 Minimin:
Stage | State | Action Destination | Value
3 G GT T 8*
H HT T o*
J JT T 6*
2 D DH H min (10, 5) = 5*
E EG G min (9,8) =8
EH H min (8, 5) = 5*
EJ J min (7,6) =6
F FH H min (8, 5) = 5*
FJ J min (5, 6) = 5*
1 A AD D min (8, 5) = 5*
AE E min (6, 5) = 5*
B BE E min (17, 5) = 5*
BF F min (9, 5) = 5*
C CD D min (10, 5) = 5*
CF F min (10, 5) = 5*
0 S SA A min (11, 5) = 5*
SB B min (8, 5) = 5*
SC C min (12, 5) = 5*
SC6 Working forwards Sto T:
Stage | State | Action Destination | Value
3 A AS S 11*
B BS S 8*
C CS S 12*
2 D DA A min (8, 11) =8
DC C min (10, 12) =10*
E EA A min (6, 11) = 6
EB B min (17, 8) = 8*
F FB B min (9,8) =8
FC C min (10, 12) =10*
1 G GE E min (9, 8) = 8*
H HD D min (10, 12) =10*
HE E min (8,8) =8
HF F min (8, 10) =8
J JE E min (7, 8) = 7*
JF F min (5, 10) =5
0 T TG G min (8, 8) = 8*
TH H min (5, 10) =5
TJ J min (6,7) =6
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QNuestlon Scheme Marks
umber
SC7 Reversed States:
Stage | State | Action Destination | Value
3 T TG G 8*
TH H 5*
TJ J 6*
2 G GE E min (9, 8) = 8*
H HD D min (10, 5) = 5*
HE E min (8,5)=5
HF F min (8, 5) = 5*
J JE E min(7, 6) = 6
JF F min (5, 6) = 5*
1 D DA A min (8,5) =5
DC C min (10, 5) = 5*
E EA A min (6, 8) = 6*
EB B min (17, 8) = 8*
F FB B min (9,5) =5
FC C min (10, 5) = 5*
0 A AS S min (11,6) =6
B BS S min (8, 8) = 8*
C CS S min (12,5) =5

Weight: 8 Route:S-B-E-G-T
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