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6 1:18 12(9)0 5 13 14 M1
18 12 (13)14 [9] 6 1 (0) 5
1 (D[] s] s (D5 [0] AL
(18)[14]13][12][9] 6 [5][1 ][0}
Al
[18][1a1s][z2][ s ](e)[5 (2 ][0]
[18][14 |[13][12][9 |6 5|1 0| Al
Datchet (18), Wraysbury (14), Staines (13), Feltham (12), Halliford (9), Al (5)
Ashford (6), Poyle (5), Colnbrook (1), Laleham (0).
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2 (@) | No negative elements in the profit row. Bl (1)
M1 Al; Al
(b) |IP=11,x=1,y=1,2=0; r=2s=0,t= 0
3
() |P+tz+s+t=11 Bl
=P=11-z-s-t soincreasingz, s ortwould decrease P. Bl (2)
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2-B 2-A B1 (2)
3-B and 3-D
4-E 4-B
5-D 5-A
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242322
|
1]0
0 12 =
JNES . 6 17 M1 AL Al
221817
15
b H
8 |20
1]14 20
1514 3)
Shortest route ABFEHI, length 22 km B1B1 @)
(b)(i) | Odd vertices A and I only, shortest route between them needs to be M1
repeated, hence repeat
AB, BF, FE, EH, HI Al
(i) | e,9. ABFBEFGIFEHIHECDACBA Al (3)
(i) | 91+ 22 =113 km M1 Al (2)
(Marks 10)




EDEXCEL DECISION MATHEMATICS D1 (6689) - JUNE 2002

PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
5. (@)
a b c d e f f=0?
645 255 253 2 510 135 No M1 Al
255 135 1.89 1 135 120 No M1 Al
135 120 1.13 1 120 15 No Al
120 15 8 8 120 0 Yes Al
The answer is 15 Al (7)
(b) | The first row would be
255 645 0.40 0 0 255 No M1 Al
But the second row would then be the same as the first row above, and the
) Al (3)
solution thereafter would be the same.
(c) | Finds the H.C.F of a and b. Bl (1)
(11 marks)
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PROVISIONAL MARK SCHEME

Question

Number Scheme Marks
6. (@) | Critical activities B, F, J, K, N (not I); length 25 hours B1;B1 (2
() |[A=5-0-3=2 E=9-3-4=2 L=22-11-4=7
C=9-0-6=3 G=9-4-3=2 M=22-16-2=4 M1 Al ft
D=11-3-3=5 H=16-7-7=2 P=25-18-3=4 Al
1=16-9-5=2 (©)
(© 12345678910|111213141516171819202122232425
<«— B |»>]« F|— J | K > |« N > | M1 Al
A 1
-t Al ft
c _}__I__ |
Dl | | ] _ ! | ALt
E| | | |
G il i L |
H - |
| Ll |
L N |
M| _ IR
Gl I
(d) 112(3|4]5 78910|111213141516171819202122232425
“«— B|»|e— |[F|— | J |—|K|—>| « N >
<+ A E|—> |« |D1>| <« I > lerL > | P>
< C > Camd B H >l M M1
Al
3 workers needed Al (3)
Precedences:
D 4 C E J D L H M (12 marks)
N >—H — < 7~ >—p
\5 G F I J K K N M

ft = follow through mark




Question

Number Scheme Marks
7. (@) F1
12
S =5 M1 Al (2
9
12
Fs
(b) (i) | SF1IABR =6 Bl
(if) | SFsCR=8 Bl (2)
(©)(i)
M1 Al
e.g. SFiBR =6, SFoBR=3, SF2CR=3, SF3R=4 Al Al
Total flow = 30 Al (5)
(ii) | Max flow — min cut theorem M1
Cut BR, F2C, F3C, F3R Al (2)




(11 marks)
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%ﬂ?ﬁggp Scheme Marks
8. (@) X +y>380 Bl
y > 125 B1
2x + 4y <1200 Bl (3)
(b) |c=3x+2y Bl 1)
©ly 1
500
400 Bl
X +y =380 Bl
300 N Bl
Feasible region Bl (4)
200
y=125
100
2x + 4y = 1200
ol 100 200 300 200 500 60D x
Use of profit line or points testing M1
Minimum intersection of x + y = 380 and 2x + 4y = 1200
X =160, y =120, cost=£920 Al Al 3
(d) | Maximum at intersection of y= 125 and 2x + 4y =1200 M1
x =350, y =125, cost=£1300 Al Al (3)
(14 marks)
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Question

Number Scheme Marks
1. @] (A, X,D,V),C,W,B,Y,A M1, Al (2
(b)
Y
M1Al (2
B \Y
W C
(4 marks)
2 (@) M1
Al (A ->F)
Al (dummy)
Al (G > M)
Al
(1 start + 1 finish)
(5)
(b) | H, I 'and J all depend on E, but I and J depend only on E whereas H Bl 1)

depends on E and C and D and F

(6 marks)




EDEXCEL DECISION MATHEMATICS D1 (6689) - NOVEMBER 2002 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
3. (@ [Ae » C
G D
J F BLBL (2
L S
N W
(b) / C=A-W
D= v\
/ S=L-W
N\
F = G (stop)
SoeitherN=D -J=C -A=W
M1 Al
OrN=D-J=S-L=W
Matchings A -W,G -F,J-C,L-SandN -D
Al (3)
Or A-C,G-F,J-S,L-WandN-D
(c) | If Jdoes D, N must do F, leaving G without a sport to coach. B2,1,0 (2
(7 marks)
4 (@) | Odd nodes C, F, G, H Bl
CF+GM=12+8=20
CG+FM=9+7=16 M1
CM+FG=9+10=19 Al
So CG and FH should be repeated Al 4)
(b) | FH is the shortest path so finish at G B2,1,0
Length of route = 137 + 7 = 144 Bl (3)

(7 marks)
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Question Scheme Marks
Number
5. @
c|5]54
54
A | 2| 31 //
34
/ D[4]45 G|]8]70
s[1][o] _~ 46 45 76 71 70
0 N
T|lo[82
84 82
B[1]22 E[3]43
22 —>—| 43
H[7]66
68 66
F|]6]56
56 Route SACGT
length 82 | Al ft (6)
(b) |E.g. 82-12=70 GT _
70-16 =54 CG Work back from T. Include arc XY if Y
54_20=34 AC already lies on the path and arc length | B2,1,0  (2)
34-34=0 SA XY = Final label of Y — final label of X
(c) | Shortest route Sto H + HT M1
SBFHT length 84 Al (@)
6 (@) Left to right Right to left M1
558025842534177535 5580258425341775 35 Al
805584253425751753 8455802575253417 5 3
808455342575251753 84 8 557525342517 5 3 Al
848055347525251753 8480755534252517 5 3 Al
848055753425251753
848075553425251753
Sort complete, no more changes Al 5)
(b) | 403 + 100 = 4.03 .. 5 bins M1 Al (2)
(c)|Binl 845
Bin2 80173
Bin3 7525
Bin4 5534 M1 (to 34)
Bin5 25 Al (to 2nd 25)

Al (3)

(10 marks)
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Question Scheme Marks
Number
7. (@ | A Eand G B2,1,0
(b) | 45 B1 3)
(c)
M1
Al
M1 Al
M1Al  (6)
(d) B
M1 Al
Maximum Flow 48 | B1 (3)
(e) | Max flow — Min cut theorem M1
Cut through DB, DC, DH, DG, DF Al (2)

(14 marks)
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Question

Number Scheme Marks
8. (a) | Objective: Maximise P=4x+5y =3z Bl
Subjectto 3x+2y+4z<35 Bl
X+3y+22<20 Bl
4x + 5y + 32 < 24 Bl 4)
(b) \B/aasr:(;bl 0| X y z r S t | Value
r 20| 5|10 |-2] 23 |Re-2Re M
y % 1 % 0 0 % 6 Rz +4 M1
P |-2|o| 2 oo | 30 |Re+srs |A @
Basi
str::ble X y z r S t | Value
x Jrjo s ]o 4] 8 |Re2 (M
s 00| 2 [+ |1 |-F| & |R+ire |Al
y 0| 1| §|-%]0|% | & [R—3Re |M
P 0|0 | & |2 |0 || % R+ir |Al (4)
P:47% X:ll%'y:%,zzo M1 Al Al (3)
(c) | There is some slack (7 %) on S, so do not increase blending; B2,1,0 (2)

therefore increase Processing and Packing which are both at their limit

at present

(17 marks)




EDEXCEL DECISION MATHEMATICS D1

PROVISIONAL MARK SCHEME JANUARY 2003

Question Scheme Marks
number
1. e.g. A Finding a Hamiltonian cycle,e.g ACEBDA | Bl
‘ Re-drawing graph — Hamiltonian cycle at least | M1
\V Separating arcs into two sets correctly | Al
2 All correctly drawn | Al 4)
(4 marks)
2 @ |H D
J F
M G B1B1 2
T P
Y S
(b) P breakthrough
Y—D:H/ G =J-loops M1 Al
N
\ S=M-P breakthrough
changing status, the possible alternating paths are
()Y=D-H=P
or(i)Y=D-H=F-T=S-M=P Al
giving the following matching
(i) or (i)
H-P H-F H D H D
J- J-G J F J F
M-S M-P M G M G Al (4)
T-F T-S T P T P
Y-D Y-D Y S Y S
(6 marks)




EDEXCEL DECISION MATHEMATICS D1

PROVISIONAL MARK SCHEME JANUARY 2003

Question

number Scheme Marks
3. y+z<3X = 2(y +z) < x Bl 1)
y> i (x+y+z) = X+2z<9y M1 Al (2)
y> 2 (x+y+z) = X+2z2>4y M1 Al (2)
2> 1y = 22>y B1
x>0, y>0, z=0,
X+y+z2>250 Bl
objective function: minimise; ¢ = 20x + 26y + 36z B1; Bl 4)
(9 marks)
4. (a) | B and E are the only odd vertices, repeating a route between them will make Bl (1)
them even
(b) | BA + AE =17 +x
BD+DE=2x+9
BC+CE=21 M1 Al )
()| 2x+9<x+17and2x +9<21
X<8 and X<6 M1 Al
.. 0 <x <6 for both to be true in context Al 3
(d) | If x =7, repeated route is BC + CE Bl
Total time is (3(7) + 47) + 21 = 89 M1 Al 3)
(9 marks)




EDEXCEL DECISION MATHEMATICS D1

PROVISIONAL MARK SCHEME JANUARY 2003

Question Scheme Marks
number
5. (a)|x=31y=17 B1B1 (2)
0| A—E ~—___
J—1L M1 Al 2)
_—
C—D-—-G
(c) | 107 +38=2.8(1d.p.) .. 3workers M1 Al (@)
(d) | For example,
0 2 4 6 8 10 12 14 16 \18 20 22 24 26 28 3,0 \32 34 36 38
“— /> &« >< -> < > < >
A E J L
C D H K
B F | M
(10 marks)
6. (a)(i) left to right or right to left
25[22 30]18 29 21 27 21 25 22 30 18 29[21 27|21 M1
25 30 2218 29]21 27 21 25 22 30[18 29|27 28 21
25 30 22 29[18 21|27 21 2522 30[29 18 27 21 21
25 30 22 29 21[18 27|21 25 30[22 29 18 27 21 21 AL (1
25 30 22 29 21 27|18 21| 30 25 22 29 18 27 21 21 (st pass)
- 25 30 22 29 21 27 21 18 30 29 25 22 27 18 21 21 Al
(ii) 30 25 29 22 27 21 21 18 30 29 27 25 22 21 18 21
30 29 25 27 22 21 21 18 30 29 27 25 22 21 21 18 Al
30 29 27 25 22 21 21 18 30 29 27 25 22 21 21 18
30 29 27 25 22 21 21 18 Al cso ()
(b)(@) [ rod 1 30 18
2 29 21
3 27 22 ML1 (to the 22)
4 25 21 Al (2)
(i) | 193 + 50 = 3.86, .. 4 rods needed, so minimum M1 Al (2
(9 marks)




EDEXCEL DECISION MATHEMATICS D1

PROVISIONAL MARK SCHEME JANUARY 2003

Question Scheme Marks
number
7. (@ A J 25 M1
38 and K 16 w Al
11 Al 3)
S 10 I
—>13 \
H <12 J 13
12
—>1 W
<—15 J.S{
1
<«— 15
—_ 3
<8
M1AL1AL (3
For example,
SBCDFIW-3 M1 Al
SACGHJW-5 Al
SACEGHJW-1 Al (4)
(if) | Maximum flow 44 Bl 2
States valid cut AE, CE, CG, FG, FI Bl (@)
()
18
> o‘J
K
> o
15
M1 Al (2)
(14 marks)




EDEXCEL DECISION MATHEMATICS D1

PROVISIONAL MARK SCHEME JANUARY 2003

Question

number Scheme Marks
8 (@) |2x+3y+4z<8 Bl
3x+3y+ z<10 Bl
P=8x+9y+5z Bl 3)
(b)
b.v r S Value
r 1 0 8
S 0 1 10
P 0 0 0
b.v y r S Value M1
y 1 1o 5 |Ri1+3 Al
S 0 -1 1 2 R2 - 3R: M1
P 0 3 0 24 | Rs+9R: Al
b.v | X y r s | Value M1
y | 0 | 1 1 | -2 4 |R1-2R: Al
x | 1] 0 1|1 2 M1
P| 0| O 1] 2 28 |R3+2R; Al (8)
(©) M1
X=2, y=% Al
r=0, Al ©)
(14 marks)




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2003

PROVISIONAL MARK SCHEME

Question

Mark scheme Marks
number
1. eg.C-2=A-5=E-4 ¢sC=2-A=5-E=4 M1 Al
F-1=B-3=D-6¢s F=1-B=3-D=6 M1 Al
S~ A=1,B=3,C=2,D=6,E=4,F=1 Al (5)
(5 marks)
2. (a) | Each arc contributes 2 to the sum of degrees, hence this sum must be even.
Therefore there must be an even (or zero) number of vertices of odd degree. B2,1,0 (2
(b) | Ifx>9,10%x—26 =100, B1, M1 Al
= x=12 Al 4)
(Ifx<9,111x-35=100 = x =11 inconsistent)
(6 marks)
3. (a) | For example:
e In Prim the tree always ‘grows’ in a connected fashion;
e In Kruskal the shortest arc is added (unless it completes a cycle), in Prim the
nearest unattached vertex is added;
e There is no need to check for cycles when using Prim;
e Prim can be easily used when network given is matrix form B3,2,1,0 (3)
(b) (i) | Either AC, AB, BD, BE, EF, EG (if starts at A or C)
or BD, BA, AC, BE, EF, EG (if starts at B or D)
or EF, EG, BE, BD, BA, AC (if starts at E or F)
or GE, EF, BE, BD, BA, AC (if starts at G) M1 Al
(if) | EF, AC, BD, BA, EG, BE M1 Al 4)

(7 marks)
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PROVISIONAL MARK SCHEME

Question Mark scheme Marks
number
4. (a) | For example
RPBYTEMHWG M1 Al
B(H 6 klrR P Y (DM w Al ft
8 @HIKr @umlitly W ALft
KM@ WI® AL ()
B G H KMZPRTWY
(b) 10;1 =6 Palmer; reject Palmer — Young M1 Al
[5+1 . . .
T} = 3 Halliwell; reject Boase — Halliwell Al
#} =5 Morris; reject Morris
List reduces to Kenney — name found, search complete Al 4)

(9 marks)
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PROVISIONAL MARK SCHEME

Question

(NB: The graph prints OK on my machine, but looks wrong on screen)

Mark scheme Marks
number
6. (@ | (P =) 300x + 500y Bl
(b) | Finishing 3.5x + 4y <56 = 7x + 8y <112 (or equivalent) Bl
Packing 2x+4y<40 = x+2y<20 (orequivalent) Bl (3)
(c)
y
14
3.5x + 4y = 56
12 \
10 \
8
6 \\
4 2x + 3y = 33\\
Feasible region \\ X+2y=10
2 \ B4,3,2,1,0
\ (4)
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PROVISIONAL MARK SCHEME

Question Mark scheme Marks
number
6. (d) | For example:
(cont.) Point testing: test all (5) points in feasible region
find profit at each and select point yielding maximum Bl
Profit line:  draw profit lines with gradient —2
select point on profit line furthest from the origin Bl (2)
(e) | Optimal point is (6, 7); make 6 Oxford and 7 York M1; Al ft
Profit = £5300 Al ft 3
(f) | The line 3.5x + 4y = 49 passes through (6, 7) so reduce finishing by 7 hours M1 Al ft Al
3)

(15 marks)
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PROVISIONAL MARK SCHEME

Question Mark scheme Marks
number
7. (@) | Adds Sand T and arcs M1
SS1>45, SS»>35, T:T>24, T,T>58 Al (2)
(b) | Using conservation of flow through verticesx =16 andy =7 Bl Bl @)
(c)|C.1=86, C.=81 B1B1 2
(d) M1 Al
M1
—>
S1 <38
S
AN
S —>
<30
eg. SSTIADEHT,T-2 Al
SSiACFEHT:T-3 Al
SS2BGDT,T-2 Al (6)
(e) | For example: M1 Al
S1
. T
43
°
S2
Flow 75 Al ©)
(f) | Max flow — min cut theorem cut through CF, CE, AD, BD, BG (value 75) M1 Al (2)

(18 marks)
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PROVISIONAL MARK SCHEME NOVEMBER 2003

Question

Number Scheme Marks
1. (@) All arcs must be traversed twice. (So no arc needs repeating B1 (1)
more than twice.) All valencies therefore even.
(b) e.g. CECAEFEAFABFBACDBDGFGDC M1 Al
length = 2x6
= 12km Al )
4
2. (@) A B
F ¢ B1 (1)
E D
(b)
B
A M1
C
F Al
E D Al
Al 4)

.. planar, so product can be built




EDEXCEL DECISION MATHEMATICS D1 (6689)
PROVISIONAL MARK SCHEME NOVEMBER 2003

Question Scheme Marks
Number
3. (@) AddAto3,Bto4,CtolandF to5in adistinctive way Bl (D)
(b) eg. D-3=A-1=C-4=B-2 M1
CS. D=3-A=1-C=4-B=2 Al 2
E-5=F-6 M1
CS. E=5-F=6 Al
A=1 B=2 C=4 D=3 E=5 F=6 Al 3)
6
4 (@ eq.
H M1
F : Al
D | | g Al
K Al (6)
(b) D will only be critical if it lies on a longest route.
ABEG - 14
ACFG - 15 M1
ACDEG -13 + X
So D critical if x>2 (must be > not >) Al (2)
8
5. () Binl1l-75+20 M1
Bin2-70+20 Al
Bin 3 - 60+40 Al
Bin 4 — 50+35
Bin5-20
Al
5 Planks needed: cost £15 Al (5)
Wastage = 5+10+0+15+80 = 110cm




EDEXCEL DECISION MATHEMATICS D1 (6689)
PROVISIONAL MARK SCHEME NOVEMBER 2003

Question Scheme Marks
Number
5. (b) Bin1(1.5m)-75+70 Bin 1 (1m) -75+20 M1
(cont) Bin 2 (1.5m) - 60+50+40 or Bin 2 (1.5m)-70+60+20 Al
Bin 3 (1m) — 35+20+20+20 Bin 3 (1.5m) -50+40+35+20 | Al
Cost £11
1.5m lengths better value than 1m lengths to use as many as Al (@)
possible
9
6. (a)i A connected graph with no cycles, loops or multiple edges B1
ii A tree that includes all vertices Bl
iii A spanning tree of minimum total length Bl 3
(b) E..
e In Kruskal the shortest arc is added (unless it completes a
cycle), in Prim the nearest unattached vertex is added
e There is no need to check for cycles when using Prim,
but there is when using Kruskal Bl 1)
e In Prim the tree always “grows” in a connected fashion
o Kruskal starts with the shortest edge, Prim with any
vertex
(©)  BH, NF, HN, HA, BE, NC; length = 48 M1 AL Al
Al 4)
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PROVISIONAL MARK SCHEME NOVEMBER 2003

Question

Number Scheme Marks
6. (cont) | (d)
50
. ) 80
70
B1
0
130
New cable — 390m M1 Al (3)
11
7. (@ x=3,y=26 Bl, Bl (2
(b) 4 /F1 R1 47
PR . M1
S Rz "’% Al Al (3
1 R Rs '/ 10
3)
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PROVISIONAL MARK SCHEME NOVEMBER 2003

Question

Number Scheme Marks
7. (c)
(cont) (cont) eqg. SFIAER:T-7 DM1
SFiBER: T-5 Al
SFiBGR: T-1 Al
SF,CDBGR,T-4 Al 4
(d) eaq.
19
A E
19
32
13
F1 15
B
R1
8
8 6 G 12 Bl
D
21
25
10 12 R2
7
F2
30 C 10 Rs
Max Flow 82 | Bl 2
(e) eaq.
F, A, BE, BG, CG, CR», CR3 (=82)
Or ER,, BG, CG, CR2, CR; (=82) M1 Al (2)
16
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PROVISIONAL MARK SCHEME NOVEMBER 2003

%ﬂﬁgg? Scheme Marks
8. (@ x+2y+4z<24 B1
(b)
i X+2y+4z+s=24 Bl\/
i s(>0)is the slack time on the machine in hours Bl
(€)  1Euro B1
(4)
(d) |bv|] x y z r S value
rf 3% (2 fo [1 [-3] 14 R1-6R> M1
7 wa| 12 (1o | w4l 6 Rz +4 AL/
0 |1 Jo Jo 1 24 Ra+4R, Al
@)
bv| x y z r S value
341 0 12[-3/4] 7 Ri+2 M1
z|-uslo |1 |-ua| 58| % R, % R, ﬁ\/
p| 3410 0 12| 1/4] 31 R3+R1 ®)
Profit=31Euros y=7 z=25 x=r=s=0 M1 Al AL/
medium  large
©)
(e) Cannot make %2 a lamp Bl 1)
(f) eg.(0,10,0) or (0,6,3) or (1,7,2) Bl
checks in both inequalities Bl 2
16
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Question Mark Scheme Marks
1. (a) A graph consisting of two distinct sets of vertices X and Y in Bl
which... arcs can only join a vertex in X to a vertex in Y. Bl
)
(b) A path from an unmatched vertex in X to an unmatched vertex B1
inyY...
..which alternately uses arcs in/not in the matching. Bl @)
(©) The (1-1) matching / pairing of some elements of X with Bl
elements of Y.
(d) A 1-1 matching between all elements of X onto Y Bl @)
(6)
2. (a) Yes, there are no negative values in the profit row Bl (1)
() |p=63 x=0,y=7,2=0,r=2 s=2 t=0 M1, Al,
2, 3 Al,
(©)
63
=-9
(©) & M1, Al @)

(6)
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Question Mark Scheme Marks
3. (a) C1=7+14+0+14=35 B1
Co=7+14+5=26 Bl
C3=8+9+6+8=31 Bl 3)
Either Min cut = Max flow and we have a flow of 26 and a cut
(b) of 26 Bl (1)
or C2 is through saturated arcs
(c) Using EJ (capacity 5) e. g — will increase flow by 1-ie increase | M1
it to Al
27 since only one more unit can
leave E.
-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)
()
4. (a) BD+FG = 13+09 = 22%* M1
BF+DG = 15+(1.3+07) = 35 Al
BG+DF = 07+(09+08) = 24 Al
Repeat BD and FG (3)
Route e.g. GABCDBFEDBGEG B1
Length=89+22=11.1km M1 Al 3
(b) Mi oAl Y
Only now need to repeat BF of length 1.5 < 2.2
Length = 8.9 +1.5 = 10.4 km saving 0.7 (km) Al N 3)

(9)
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Question Mark Scheme Marks
5 ()
a b c Integer? Ollj.tpUt a=Db?
ist
90 2 45 Yes 2 No M1
45 2 22.5 No Al
45 | 3 15 Yes 3 No AL -/
15 2 7.5 No M1
15 3 5 Yes 3 No Al
5 2 2.5 No
5 3 12 No M1
3
5 5 1 Yes 5 Yes
Output list: 2,3,3,5 Al @)
(b) Gives the prime factorisation of a B2,1,0 @)
) |[Cc=1 B1 (1)
(10)
6. (a) See overlay Bl
B1 2)
B
A M1
) |BD, [2¢] BC, Not CD, DE FQC AL AL
DF E D Bl
Length = 18 km Bl 5)
(c) | DB, DF,BC,CA, DE [5,2,4,1,6,3] M1ALAL (3)

(10)




EDEXCEL 6689 DECISION MATHEMATICS D1 JANUARY 2004 MARK SCHEME

Question Mark Scheme Marks
7. () See overla B54.3,2,
' Ste overiay 1,0 (5)
(b) Either point testing or profit line M1
A (35,33) — 251, B (81,31) — 343,
6 2 6 2 2 2
Accept C(4,8) — 48 and D (3,6) —» 36
Profit line gradient — % Al
Identifies A (32,31) cost 25+ Al, Al
6 2 6 ! (4)
(©) Either point testing or profit line M1
A (3%, 3%) — not integer so try (4,4) > 20 Profit line
B (8%, 3%) — not integer so try (8,4) > 32
—>try (7,5) > 31 | gradient -
3
2
Accept C (4,8) —> 28 and D(3,6) > 21 Al
Identifies (8,4) profit 32. Al Al (@)
(13)
8 (@) x=0,y=7,2z=9 B1, B1, B1, 3)
(b) Length = 22, critical activities B D E L B1, B1, (@)
(c) (i) | FloatonN=22-14-3=5 Bl
(ii) | FloatonH=16-5-3=8 M1 Al 3)
(d) See overlay B4, 3,2,1,0
(4)
(e Attempt at 1. e.t. and e.e.t. M1
22 hours Al 2

(14)




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2004 PROVISIONAL MARK SCHEME

(Eluestlon Scheme Marks
umber
1. @ | A la
G 1b
L 2
Bl B1 2
N 3 )
P 4
S 5
(b) | For example:
(i) P-2=L-4 cs. P=2-L-4 M1
(i) S-2=L-1]a =A-3 c¢s. S=2-L=1la-A=3 Al
giving
A-1 G-1, L-4, N-5 P-2
A-3, G-1, L-1, N-5, S-2 Al (3)
(c) | Sam must do 2 and Nicola must do 5, leaving Philip without a task. B2,1,0 (2
(7 marks)




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2004 PROVISIONAL MARK SCHEME

%ﬂ?ﬁggp Scheme Marks
2. (@)
Al 5 |22 15 F |G |37
22 37
22 3 D| 6 |25 8
3 26 25
S| 1] 0 |/18 B | 3 |18 G| 7 |27 |10 T |() |37 || M1
0 18 27 (27) 37 (39) (45) || A1
] E | 4|21 Al ft
17 23 21 11
6
C | 2 |17 H | 8 |28
17 15 32 28
Time = 37 minutes Al ft 4)
(b) | EitherS-A-D-G-T or S-B-E-G-T Al ft
Not unique, e.g. gives other path Al ft (2
©|S-C-E-G-T 39 minutes M1 Al @)

(8 marks)




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2004 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
3. (a) | Idea of travelling along each arc at least once and seeking to do so ina
minimum total. Practical meaning of arcs/numbers. Bl 1)
(b) | AB+DF=32+9=41 M1 Al
AD +BF =25+15=141
AF+BD =18 +24 =42 Al
Repeat either AE + EB and DF or AD and BF Al ft 4)
(c) | Not unique, e.g. gives other solution Al ft
(d) | 258 + 41 =299 Bl (2)
(e) | DF is the shortest so start/finish at A/B M1 Al @)

(9 marks)




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2004 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
4. (@) | The list is not in alphabetical order Bl 1)
(b) | Use of Bubble Sort or Quick Sort M1
For example:
Bubble sort
GNMYLBCEST®P
B GNMYLCEP S Istpass
B CGNMYLEP S 2ndpass
B CEGNMYL P S 3rdpass
B CEGLNMY P S 4thpass
B CEGLMNPY S 5thpass Al
B CEGLMNP S Y 6thpass
No more changes Quick sort Al
GNMY L(BCESP
B]|G NMY(DCE S P 1stpass | Al (4)
B|GAO E[L|IN M(Y) S P 2nd pass
B[C|G(E)L|N M(S) P[Y]3rd pass
B|C L[N P[S]Y |4thpass
B|C L [M|N(P) S |Y |sth pass
B|C LMNSYGthpass

No sublists > 2 and no more changes
) |1 2 3 4 5 6 7 8 9 10
B C E G L M N P S Y

[L0+1] _

5 6 Manchester discard first half of list and pivot M1 Al
L7 +210] =9 Southampton discard last half of list and pivot
@ =8 Plymouth discard last half of list and pivot Al
Final term 7 Newcastle, therefore word found at 7 Al 4)

(9 marks)
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Question Scheme Marks
Number
5. (@ |x=9,y=16 Bl B1 (2)
(b) | Initial flow = 53 — either finds a flow-augmenting route or demonstrates not
enough saturated arcs for a minimum cut Bl B1 (2)
(©)
C —> 20
M1AL (2
e.g. IDA-9 Al
IFDA - 24 Al
max flow — 64 Bl (3)
(d)
M1AL (2
(e) | Max flow — min cut M1
Finds a cut GC, AF, DF, DJ, El, EH value 64 Al (2
Note: must not use supersource or supersink arcs.
(13 marks)




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2004 PROVISIONAL MARK SCHEME

Question

(NB: Graph looks OK onscreen at 75% magnification but may print out

misaligned)

Number Scheme Marks
6. (@) | Maximise P =30x + 40y (or P =0.3x + 0.4y) Bl
subject to X +y>200 Bl
X +y <500 Bl
xzﬂ(x+y):>4x2y M1 Al
100
xs4—0(x+y) = 3Xx>2y Al (6)
100
(b)
X
600 y = 4x
500 //
2y = 3X B1 ft
/ (x +y =200,
400 v x +y =500)
B1 ft
/ (v =4x)
300
] / Feasible Bl ft
B / region/ (2y = 3x)
200 s BL ft
/ (shading)
\( Profit B1
100 + line (labels)
~ X +y =500
I
| AN
/ 170
0 X+y=200 >
% 100 00 300 400 \oo




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2004 PROVISIONAL MARK SCHEME

Question

Scheme Marks
Number
6. (c) | Point testing or profit line Al
(cont.) Intersection of y = 4x and x + y =500 Al
(100, 400) Profit=£190 (units must be clear) Al (3)

(11 marks)




EDEXCEL DECISION MATHEMATICS D1 (6689) — JUNE 2004 PROVISIONAL MARK SCHEME

Question Scheme Marks
Number
7. (@) | E.g. It shows dependence but is not an activity; G depends on A and C only
but H and I depend on A, C and D. Bl (1)
(b) 1
G(5) 16
A K(7)
11N 18
\
ZE CONRN -
N 25 M1 Al
0 3 R v 11 O (177
0 B3 |3 D(7) 11 17 M1 Al
JG5
E4) ) ©)
7 12
7 F(5) 12
_— C -1
(c) B\E_F>J—L soB,C E F,1,J L Al (5)
(d)|A:11-0-9=2
D:11-3-7=1 M1 Al (non *)
G:18-11-5=2*
H:17-11-5=1
Ki25-16-7=2* Al (*) 3)
®|lo 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
< Br> C > < L >
< B [¢e—F—> M1
A > Al
< D >
o> Al
<—H-—T Al (4)
K >
(f) | Gantt chartat time 8 C, F, Aand D, must be happening M1
.. 4 workers needed Al (2)

(15 marks)
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Question Scheme Marks
Number _
l)(ﬁ) f ><I
B
D 2
(1)
Te o3
f o # Lt . o bped mi A {2)
e S-3=T~4=P-6 €5 5SFI-TZH-0E
(v 5“‘&1—02‘9#!:0’5_ cs. T=2-A=z=t-D= S @ Al
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@
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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 altso be prepared
to award zero marks if the candidate’s response is not worthy of credit
according to the mark scheme.

. Where some judgemenf .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.
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Q1(a)i 1B1

2B1

ii 3B1

®)

4B1
1M1
1A1
2M1
2A1
3A1

Decision Maths D1 (6689) Jan 2008

Unmatched to unmatched

Aliernate ares not in/in [not vertices/nodes, not ‘zigzag’]

One — to- one

Elements of one set with elements of the other.

‘Path’ starting at D or E, finishing at 1 or 5 — or vice versa.

A correct path — including change status.

“Path’ from remaining unmatched (D/E) to unmatched (1/5) o1 v.v.
A second correct path — incl. ¢.s, but don’t” penalise c.s. twice.
Complete maiching, must follow through from two correct paths.

Possible alternating paths and matchings

Path 1 Path 2 AlIB|C|D|E
D-3-C-1 E-2-A-1-C-§ 1145732
D-3-C-1 E-4-B-1-C-5 2(1|/5(3 14
D-3-C-5 E-2-A-1 114151312
D-3-C-5 E-4-B-1 2(115|3 4

D-3-C4-B-1 [E-2-A-1-B-3-D4-C-5|1 {3 |/5:4|2
D-3-C-4-B-1 E-2-A-1-B4-C-§ 1j{4({5]|3}2
D-3-C-4-B-1 E-4-C5 2151314
D-4-B-1 E-2-A-1-B-3-C-5 1{4]5[3]2
D-4-B-1 E-2-A-1-B4-D-3-C5|1[4|5[3|2
D-4-B-1 E-4-D-3-C-5 211|513 14
D-4-B-3-C-1 E-2-A-1-C-5 1|3[|5|4]2
D-4-B-3-C-1 E-4-D-3-B-1-C-§ 21151314
D-4-B-3-C-5 E-2-A-1 1[(3i5(4|2
D-4-B-3-C-5 E-4-D-3-B-1 2i1|5!3 |4
E-2-A-1 D-3-C-§ 14532
E-2-A-1 D-4-B-3-C-5 113|514[2
E-4-B-1 D-3-C-5 2(1/5(3]4
E-4-B-1 D-4-E-2-A-1-B-3-C-5|1 ({35142
E-4-B-3-C-1 D-3-B-1-C-§ 211|534
E-4-B-3-C-1 | D-3-B-4-E-2-A-1-C-511 | 4|5 |3 |2
E-4-B-3-C-1 D-4-E-2-A-1-C-5 1{3|5]412
E-4-B-3-C-5 D-3-B-1 2(1i5|3 |4
E-4-B-3-C-5 D-3-B4-E-2-A-1 1i4[(5132
E-4-B-3-C-5 D-4-E-2-A-1 1|3|5[4]2
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Q2(a) 1M1 Pivot chosen & 2 sublists, one < pivot, one > pivot
1A1 1% pass correct, all of the next set of pivots chosen, and done so
consistently (condone 1 term lists)
1A1ft as above for 2™ pass.
1A1ft All correct, follow through, pivots must be chosen consistently
(b) 1M1 Using Kruskal — CF then GI
1A1  First 4 arcs chosen correctly
2A1  All arcs chosen correctly (condone lack of rejection here)
3A1 All correct including rejections
(¢ Bl cao

rAltemative correct solutions

Middle left
18 20 11 7 17 @ 4 20 23 16 9
1L D 61%) 9 18 éoi] w 23 16
7 11 9 16D 18 21 23
%> 9 fal 16} 3y 23
l | 8 [ I &
7 9 1 14 15 16 17 18 20 21 23
First
20 17 17 15 14 21 23 16 9
a1 7 17. 15 14 6 9 {is] % 21 23
o 1) An 15 14 16 eh 23
7 \ D 14 16 117) ] ZD
AL Ad) [ & l {
7 9 1m 14 15 16 17 18 20 21 23

18 20 11 7
18 20 17 QL
2

25 )
23 16 11 7
G\ 18 20 7y 16 11
i | o
9]
9

14 21 23

\J——EE}D\O‘C

18 QO L 11
TV m T o | @
23 21 20 18 17 16 15 14 11
Middle left )
18 20 11 7 17 s 14 21 23 16 9
18 20 200 23 16 Tl 11 <D 14 9
18 % 21 23 {7) ' 11 s  T7]
21 201 ' 16 } 9
= @ | [ v g O ]
23 21 20 5 17 16 15 14 11 9 7
First
8 20 11 7 17 15 14 21 23 16 9
6) 21 23 8] 7 17 15 14 16 9
23 (20) 15 14 16 @D 9
zZi 17y @ 14 16 @ 7
T PR Om oad | ® i
73 1 20 18 17 16 15 14 11 9 7



Question Scheme Marks
Number
. v il f -
cfg v0g =05 ¥ 07 L’ a
ce *OF = vl 9% = e !
F &
repack <0 ond
A \OUJJLL& rovte €-9 .
o cenr A
A COCFG,FDG’-E:DA
Ao
eng th + 13 12 3k (<)
. Bt (o)
> C
u’) L‘) 'Ec’lcjn afc \na/) |7-) 1’4- l:raver e ):u “
| B2 0 (2 )
L‘“. )y 2 x I 722 Km
| 1]
Q3(a) 1M1 3 distinct pairings of their 4 odd nodes
1A1 one line correct (condone missing total)
2A1 2 lines correct including totals
3A1  All three lines correct including totals
4A1 15 letters, repeat CD and FG, start/finish A, A to Gthere
SA1ft 11+ thier minimum :
(b)i 1B1 cao ‘twice’ probably the trigger
ii 2B1 22
3B1 22km

6689 Decision Mathematics D1
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Question Scheme Marks
Number
Ll’) \a)
I
RERCARNIEY mi 4
1 A
[I?) o 10
™ E(3 et
\7 ) 2y
v = X mi Al
@), 351,
Kiik) 'E
_ 10 35
®) | £ o )
ILy
m
o 3 _s-4q = kS
G" - Q_S_ ‘-"? =10 = 7
: B )
T = 25 -20-3 = z
B0 1)
(C) Cebieal ackvties: GE I m
M
(d) L ower band = 10T = 2.
35
Al
.2 (,JJ}”LQU} (2-)
Q4(a) 1M1 Top 3 boxes completed, generally ascending L to Rr
1A1 cao
2M1 Bottom 4 boxes completed, generally descending R to L
2A1  cao
(b) 1M1 Correct (ft) three'numbers visible for at least one calculation.
1A1ft one comrect value (ft on D)
1A1 2 correct values
1B1 3 correct values (even if no working seen)
(¢) 1B1 cao
(d) IM1 102 =+ 358%
1A1 cao

[

January 2008 Advanced Subsidiary/Advanced Level in GCE Mathematics




Question

Scheme

Marks

Number

5) &)

'Dumm'j I
Dummg 2

Q5(a) 1M1

1A1

2A1

3A1

(b) 1B1

2B1

3B1

o Needed L .fl'ww AWMAQJ\C‘:I

I
Ecﬂd F C]bem:.ld‘n C end G/ Lc«l' Dclﬂﬁenzﬁ;m

in needed Sp a‘;_},— Q;«:)q &Lj'x\/-.'}'p Can L_Q
] “c&é: r‘&«’,ﬂ%gﬂbA on beans & b eve k.

,-.!

only

Activity on arc, all activities present, condone lack of events
A_B,C,D and first dummy correct
E, F and second dummy correct (on E or F)

All arrows — including on dummies, one start and one finish
Dummy 1 cormrectly justified — give bod
Dummy 2 correctly justified — give bod
A bonus for two_good answers

M
A

A

A

|
\

(&)

3,40

(3)

6689 Decision Mathematics D1 ' ‘
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Marks

Question Scheme
Number
é (a) A ceal GL-\\/:GLB{) H«we_ VQ!“I:fC;EJ inks Ewe S-‘*".)", B’Z{ ll(j
One Seb C.c:m[;a‘.n'.,-,j I:Le Souralr] ad [:lﬂe d["Lﬂf liLe Siabets), CZ—)
(b) G
VL — 9
//‘l P\—?‘i M\ Ay
-—> 13 T
C «— v E A5 (2)
s
e
my o
(c) E.9. SGAcCceE T — 7 '
SRAD 6 EHT ~ I G
sgFEg HT -3 &y
(L)
AN
Al
(z)
(&)] Fla valve €7 i (1)
Lf) M x J/lad—mtﬂ ce b ELQ,mern m
AL ()

C.f-ul: Hﬂﬂﬁ“‘jl" Q'D/ \OIC} GC) EF, F’M

6689 Decision Mathematics D1
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Q6(a) 1B1  Close, bod, probably 2 out of three points below

2B1  Good complete answer, 2 “sets’; source and sink seperated vemces

(b) IM1  Two numbers on each arc -
1A1 cao

(¢) IM1 1 correct route and a flow value stated. Any flow>9 gets MO
1A1 1 valid route with valid flow
2A1 2 distinct valid routes with valid flows found to >3
3A1 All routes and flows found to 13

(d) iIM1 Consistent flow pattern >55
1A1  cao

(e) 1B1 cao

(D 1M1 Depends flow of 67, 3 out of 4 words in theorem, gut attempted
1A1 valid cut

Routes

Do not use: SA or BC

Increases needed for solution:

(NOTE treat back flows as negative e.g. EG+9 and GE+1 gives EG+8)

SB+13 ACH9 AD+1 BA+10 BF+3
CE+9 DG+1 EG+8 EN-+4 GT+9



Question Scheme Marks
Number
) B2 lJ 0
“1) @ Yw >z 2 x 7
(\a) X + 29 =z o C(Jrre;d:lD cl./-a;_.;n o 3}2' 0
l:j z é‘O Ccm,-cf_,uj chc._,u.q O'm:Q A-Qé"lnc,lf\f/e (Sl'riLE inﬂl}u‘*l"}ﬂ) CLC)
5'\na n:L-nj cameck
B/ ¢
() R comeck D
(Cl) pra})' \'nh:?_ QAM ar !Oo'mlf +~£J Fl""j feen !
€ (Pw) Vo2 x +l,l.rj B (1)
U?) Pm{}'\l— lthe added o Point Fes hhj lee n 1 |
cCo NE:_HP clUY\c A !fnh
(22, &) (&«L}Z{J‘ AL (1)
8| Lieg oo ALA (1)
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Q7(a) 1B1 2 (or %) one correct side, condone any inequality or equals, or bod

2B1 cao
(b) 1B1 Errors to look for: y = 60 distinct in some way
2B1 t-lee lines correct to < 1 small square 1 at axis
3B1 Labels on lines
4B1 Ruler

(¢) 1B1ft R ‘correct’, fi their lines, but shading needs to be correct

(d) 1M1 Attempt at profit line {axis to axis) or point testing 2 points
1A1  Profit line.correct (within 1 sm square) or three points tested correctly

. 2A1 cao ‘

(e) 1B1 cao

(D 1M1  Attempt at profit line (axis to axis) or point testing 2 points
1A1ft correct but fi their R and their (e) for profit line and 3 point testing
2A1  correct (so a mark for correct with no need to ft)
3JA1  cao (32, 64) only

(8) 4A1  cao follow through (ignore units).
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6689 Decision Mathematics D1

Mark Scheme
Question Scheme Marlks
Number
Q1
(@) | 302 _ 5.02 so 6 tapes. M1
00 Al (2)
(b) | Bin 1: 29. 52 Bin 5: 47. 38 M1
Bin 2: 73 Bin 6: 61
Bin 3: 87 Bin 7: 41 Al
Bin 4: 74
Al (3)
(c) |Bin1: 87 Bin4: 61. 38
B 2: 74 Bin 5: 52,47 M1
Bin 3: 73 Bin 6: 41,29
Al
Al
3)
Notes:
(a) 1M1: (502 +40) =100 (maybe implicit) Total 8
1A1: cao 6 tapes
(b) IMI: Bin 1 correct and at least 8 values put in bins
1A1l: Condone one error, (e.g. extra, omission, “balanced’swap).
2A1: All correct
(c) IMI: Bin 1 correct and at least 8 values put in bins
1A1l: Condone one error, (e.g. extra, omission, ‘balanced’swap).
2A1: All correct




Question Scheme Marks
Number
Q2
(a) | G=5=W -3 change status G=5-W =3 MI Al
)
(b) | A —no match
E =2 Al
G =5
R =4 (1)
W =3
(c) | e.g. Ris the only person who can do 1 and the only person who cando4 |B2.1.0
(2)
(d) A-2=E-3=W-4=R-1
change status A=2-E=3-W=4-R=1 MI Al
A=2
E =3
G =5 Al (3)
R =1
W =4 Total 8
Notes:

(a) 1MI: Path from G to 3

1A1l: CAO including change status ( stated or shown). chosen path
clear.

2A1: CAO must ft from stated path

1B1: Correct answer. may be imprecise or muddled (bod gets B1)

but all nodes refered to must be correct.

2B1: Good, clear, correct answer.

(d) 1MI1: Path from A to 1
1A1l: CAO including change status (stated or shown) but don’t
penalise twice. Chosen path clear.
1A1: CAO must ft from stated path

(b)
(©)

Misread (remove last two A or B marks if earned.)

A-2=E-3 cs. A=2-E=3 MatchingA=2,E=3,R=4W=35
Then
G-5=W-4=R-1c¢s.G=
Matching A=2, E=3, G=5.




Question Scheme Marks
Number
Q3
(a) |
'E N 1 \ M1
f N — \
/ Y . '
4 ."II \\ - — \I?
/ Y T AY
."I|l \\\ h“““—u-._ﬂ_ 1] \‘.\
I.ff \ — I'J_____:‘—\:\: H|® | el
| '\| 1 |II 'Il: b | ‘-| - |( 14 |.| o 18 - .'ll 38 37 36 'n,ll'
l 0 -I"., [ 6 W 18 \ / \ Al
h "-II / \
\"'- "I"- 6 "ll|l|4 H'D
.l.ll' "II"I l||'| '|‘II
"'.| \ f "-.|
".Ir’—|— Y ]—|—’— | ! rm
\| B - 13 : :-S 3T|. 2 klII| le :N - | A]-ft
Route: ADGHI Al ]
Length: 48 (km) Alft
(5)
(b) | 0dd vertices are A and H Bl
Attempt to find shortest route from A to H = ADGH M1
New length: 197 + 36 = 233 Alft
Route: e.g. ADGHGDACEDHIFHEFBA (18) Al (4)
Total 9

Notes:
(a) IM1: Smaller number replacing larger number in the working
values at E or F or H or L. (generous — give bod)
1A1l:  All values in boxes A to E and G correct
2A11t: All values m boxes F, H and I correct (ft). Penalise order of
labelling just once.
3A1: CAO (not ft)
4A11t: Follow through from their I value, condone lack of units here.

(b) 1B1: A and H identified in some way — allow recovery from M
mark.
IM1: Accept, if correct. path, or its length. Accept attempt if finding
shortest.
1A1ft: 197 + their shortest A to H (36)
2A1: A correct route.




Question Scheme Marlks
Number
Q4
(a) |e.g.
e Prims starts with any vertex, Kruskal starts with the shortest arc.
e It is not necessary to check for cycles when using Prim. B2.1.0
e Prims adds nodes to the growing tree, Kruskal adds arcs. (2)
e The tree ‘grows’ in a connected fashion when using Prim.
e Prim can be used when data in a matrix form.
Other correct statements also get credit.
(b)) | e.g. AC. CF. FD. DE. DG. AB. ML Al
Al (3)
(i) | CF, DE. DF. not CD. not EF. DG. not FG. not EG. AC. not AD. AB. ML AL
[18. 19. 20.not21. not21.22.not23. not24, 25. not26, 27] Al ()
Total 8

Notes:
(a) 1B1: Generous one correct difference. If bod give Bl
2B1: Generous two distinct, correct differences.
(b) 1M1: Prim’s algorithm — first three arcs chosen correctly, in order, or
first four nodes chosen correctly, 1n order.
1A1: First five arcs chosen correctly: all 7 nodes chosen correctly, in

order.

All correct and arcs chosen in correct order.

Kruskal’s algorithm — first 4 arcs selected chosen correctly.

All six non-rejected arcs chosen correctly.

All rejections correct and in correct order and at correct time.

2A1:
2MI:

1A1:
2A1:

A

25




Question Scheme Marks
Number
Q5
(a) |[x=9, v=11 B1.B1 (2)
(b) | AC DC DT ET B2.1.0 (2)
(c) |36 Bl (1)
(d) | C;=49, C,=48, C3=39 B1.B1.Bl
3)
(e) |e.g. SAECT Bl (1)
(D) | maximum flow = minimum cut M1 Al
cut through DT, DC., AC and AE (2)
Total 11

Notes:
(a) IB1:
2B1:
(b) 1B1:
2BI:
(c) IBI:
(d) 1B1:
2B1:
3BI1:
(e) IBI:
(f) 1M1:
1AT1:

cao (permit B1 1f 2 correct answers, but transposed)
cao

correct (condone one error — 0mission or extra)

all correct (no omissions or extras)

cao

cao

cao

cao

A correct route (flow value of 1 given)

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




Question Scheme Marks
Number
Q6
b.v X y z S t value
(a) r 4 7 5 0 0 64
S 1 3 0 1 0 16
t 1 2 2 0 1 60
P -5 7 —4 0 0 0
2
b.v X y z R S t value | Row ops
r 0 1 1 1 0 -1 4 R;-4R; || M1 Al
3 2
s 0 3 1 0 1| 1 1 R,—-R; || Ml
2 2 4 Alft Al
X 1 1 1 0 0 1 15 R; +4
2 2 4
P 0 -1 3 0 0 5 75 | Ry +5R;
2 4
b.v X y zZ R S t value | Row ops
z 0 2 1 2 0 -2 8 R, - M1 Alft
a =7
S 0 17 0 1 1 5 5 R, ey R, MI1 Al
6 4 2
X 1 1 0 -1 0 5 11 R, _ 1 R,
6 4 2 (9)
3 7 3
P 0 0 0 0 7 87 R, +2R,
4 2
(b) . . . 3
There 1s still a negative number in the profit row. Bl (1)

Total 10




Question Scheme Marks
Number
Q7
(a)| v=16 w=25 x=23 y=20 z=8 B3.2.1.0
3)
(b)) BCGLMQ Bl (1)
(c) | Floaton H=23ft—19-3=1 Bl
Floaton J=25-22-2 =1 Bl (2)
(d)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
B C G L ¥ 0
Dmmm
D = MI1
E
: Al
Al
N
P Al
(4)
(e) | E has one day of float. so project can still be completed on time. B2.1.0
(2)
) |eg
e Attime 23 Y5 activities L, I, J and N must be taking place B2.1.0
e Attime 13 Y or 14 ¥4 activities C, D, E and F must be taking place (2)

So 4 workers needed.

Total 14




Question Scheme Marks
Number
Q8
Maximise (P=)02a+0.15b or 20a +15b o.e. B1 Bl (2)
Subject to
a+b =800 Bl
az2b B2.1.0
50<b<100 Bl
Iel = 0 Bl
(5)
Total 7
Notes:

1B1: ‘Maximise’

2B1: ratio of coefficients correct

3B1: cao

4B1: ratio of coefficients of ¢ and b correct.
5B1: inequality correct way round i.e. [la= b

6B1: cao accept < — accept two separate inequalities here

7B1: cao

e Penalise < and > only once with last B mark earned

e Be generous on letters a. b, A, B. X, y etc and mixed, but remove
last B mark eamed if inconsistent or 3 letters in the ones marked.
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Question

Number Scheme Marks
1
@) | eg.
MIL|JIHIK|T |RJI M1
J |[HITIK|I[M|L |T|R Al
H{J |I|K|M|L |R|T Alft
Hfl |JIKIL|M|R|T Alft
H{I [J|IK|L|M|R|T Alcso
®)
(b) Sort complete.
st b 1+ : .
1> choice {—}—)5 Lauren reject right
2 M1 A1
2" choice [%}awohn reject right
Alft
3" choice [%}—)mmogen reject right
4" choice 1 Hannah reject A @
List now empty so Hugo not in list
[9]

Notes:
(a) 1M1: quick sort, pivots, p, chosen and two sublists one <p one >p.
If choosing 1 pivot per iteration only M1 only.
1A1: first pass correct and next pivots chosen correctly/consistently.

2A1ft: second pass correct, next pivots correctly/consistently chosen.

3A1ft: third pass correct, next pivots correctly/consistently chosen.
4A1: all correct, cso.
(b) 1M1: binary search, choosing pivot, rejecting half list. If using
unsorted list, MO. Accept choice of K for M1 only.
1A1: first pass correct, condone ‘sticky’pivot here, bod.
2A1ft: second pass correct, pivot rejected.
3ALl: cso.
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Question

Number Scheme Marks
2
(a)
A 22 F
23
24 21 M1
20
5 17 . Al
19
18 13
14 Al
11
C D )
(b) . . . . M1 AL
CD, DE, reject CE, BE, reject BC, reject BD, BF, reject EF, AF Al
11 13 14 17 18 19 20 21 22 3)
A, 22 F
20
B1
B i o E
13
_ 11
c*® D
B1
Weight of tree 83 (m) 2
[8]

Notes:
(@) 1M1: More than 10 arcs
1A1: all arcs correct
2A1: all values correct
(b) 1M1: First three arcs correctly chosen
1A1: All used acrs selected correctly
2A1: All rejected arcs selected in correct order
(c) 1B1: CAO for arcs — numbers not needed. NO ft.
2B1: CAO 83, condone units
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Question

Number Scheme Marks
3
(@
M1
Al
Al
Al
Al (5)
(b)
B1
1% dummy — D depends on B only, but E and F depend on B and C B1
2" dummy — G and H both must be able to be described uniquely in )
terms of the events at each end.
[71

Notes:

(@ 1M1:
1A1:
2A1:
3AL:
4A1:

(b) 1B1:
2B1:

one start and A to C and one of D, E or F drawn correctly
1% dummy (+arrow) and D, E and F drawn correctly

G, H, I and J drawn in correct place

second dummy (+arrow) drawn in a correct place

cso. all arrows and one finish.

cao, but B, C, D, E and/or F referred to, generous

cao, but generous.
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Question

Number Scheme Marks
4
(a) | Alternating path B-3=A-5 changestatus B=3-A=5 M1 Al
A=5 B=3 C=2 D=1 E=6 Funmatched Al 3)
(b) | e.g. C is the only person able to do 2 and the only person able to do 4. B2, 1,0
Or D, E and F between them can only be allocated to 1 and 6. @)
(c) | Alternatingpath F-6=E-1=D-2=C-4 M1 Al
changestatus F=6-E=1-D=2-C=4
A=5 B=3 C=4 D=2 E=1 F=6 Al 3)
[8]

Notes:
(a) 1M1: Path from B to 5.
1A1: Correct path including change status
2A1: CAO my matching, may be drawn but if so 5 lines only and
clear.
(b) 1B1: Close, a correct relevant, productive statement bod generous
2B1: A Good clear answer generous
(c) 1M1: Path from F to 4. No ft.
1A1: Correct path penalise lack of change status once only
2A1: CAO may be drawn but if so 6 lines only and clear
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Question

Number Scheme Marks
5
(@) | Odd verticesC, D, E, G B1
CD+EG=17+19=36 « M1 Al
CE+DG=12+25=37
CG+DE=28+13=41 Al
Length = 543 + 36 = 579 (km) Alft  (5)
(b) | CE (12) is the shortest M1
So repeat CE (12) Alft
Start and finish at D and G Alft  (3)
[8]
Notes:

(@) 1B1: cao (may be implicit)
1M1: Three pairings of their four odd nodes
1A1: one row correct
2A1: all correct
3ALft: 543 + their least = a number. Condone lack of km
(b) 1M1ft: Identifies their shortest from a choice of at least 2 rows.
1A1ft: indicates their intent to repeat shortest.
2A1ft: correct for their least.
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Question

Number scheme Marks
Q6
@
M1
Al
Alft
Al
Shortest route: A B C E G H ALft
Length: 156 (km) (5)
(b)
B1
New route: A B E G H B1
Length: 165 (km)
: 3]
[7]

Notes:
(a) 1M1: Dijkstra’s algorithm, small replacing larger in at least one of the
sets of working values at C, E, G or H
1A1: Values correct at vertices A to E.
2A1ft: Values correct at vertices F to H, penalise order only once.
3Al: cao
4A1ft: 156ft
(b) 1B1: cao ABEGH
2B1: 165 Special Case Accept 166 if ABDGH listed as the path.
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Question

Number Scheme Marks
7
(a) Y4

180

/

/

/ Qi my,

160 : ISk

7 N\ /

y ~ Bl
A B1
yd
@ \ B1
< (lines)
o
( .
lzo Bl
i (shading)

- i

100 = NS B1

? T Eadna (R found)

%0 s N Bl

gy v s / = (labels)

s iavaRs \ (6)

] y &

]

’60 N A\

7 s 4

i CAmm . Nt
~ 7

40 : X

yd :

A% 7 L

20 Tz & -

/ /S 4 \)

/ 4 “\ \ 4

< 100 .20 30,7 407 507 60" 70

(b)

. . - M1 A1
Point testing or Profit line method 81 AL
Minimum point (0, 80); Value of 80 BLAL (6)
Maximum point (24, 96); Value of 168 [12]
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Question

Number Scheme Marks
8
(@)
M1 Al
M1 Al
4)
B2,1,0; B1
(b) 3)
A, I, K, M, N; Length39
(©) M1 Al
FloatonF is 34-15-15=4 B1 (3)
Floaton G is 24-15-3 =6
(d)
M1 Al
M1 Al
4)
(e) B2,1,0 (2)
e.g. At time 14 ¥ there are 4 tasks I, E, H and C must be happening. [16]
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?\ﬁigsp Scheme Marks
Q1
@ | AD, AE, DB: DC, CF 2\”11 AL; -
(b) A
F
B
E B1 (1)
C
D
(c)
) Bl (1)
Weight 595 (km)
[5]

Notes:
(@) 1M1: Using Prim — first 2 arcs probably but condone starting from
another vertex.
1AL1: first three arcs correct
2A1: all correct.
(b) 1B1: CAO
(c) 1B1: CAO condone lack of km.

Apply the misread rule, if not listing arcs or not starting at A.
So for M1 (only)

Accept numbers across the top (condoning absence of 6)
Accept full vertex listing

Accept full arc listing starting from vertex other than A

[ADAEDBDCCF] {145236} ADEBCF
BD AD AE CD CF {315246} BDAECF
CD AD AE BD CF {351246} CDAEBF
DA AE DB CD CF {245136} DAEBCF
EA AD DB DC CF {245316} EADBCF
FC CD AD AE BD {462351} FCDAEB
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Question
Number

Scheme

Marks

Q2
@

(b)

(€)

230

£~ —~3.83 s0 4 needed

60

Bin 1:
Bin 2:
Bin 3:
Bin 4:
Bin 5:

32 17 9
45 12
23 28
38 16
10

e.g. Bin1: 32 28
Bin2: 38 12 10
Bin3: 45 9
Bin4: 23 17 16

Notes:
(a) 1IM1:

1A1:

(b) 1M1:

1AL;
2AL:
3AL:
(c) 1IML:

1A1:

Eg [32+28 and 38+12+10]
[32+28 and 23+16+12+9]

Their 230 divided by 60, some evidence of correct method 3.8
enough.

cso 4.

Use of first fit. Probably 32, 45 and 17 correctly placed.
32,45, 17, 23, 38 and 28 placed correctly

32,45, 17, 23, 38, 28, 16, 9 placed correctly.

cao

Use of full bin — at least one full bin found and 5 numbers
placed.

2 full bins found

[23+28+9 and 16+12+32]
[38+12+10 and 23+28+9]

2A1: A 4 bin solution found.

Special case for (b) misread using first fit decreasing.
Give M1A1 (max)

Bin 1: 45
Bin 2: 38

12
17

Bin 3: 32 28

Bin 4: 23

16 10 9
M1 for placing 45, 38, 32, 28 and 23 correctly
Al for cao.

M1 Al
)

M1 Al
Al

Al
(4)

M1 Al

Al A3)

[9]
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?\llijerriggp Scheme Marks
Q3
®) H-2=M-5=R -4 change status to give M1 Al
®) C=3 (Eunmatched) H=2 M=5 R=4 S=1 Al (3)
() | €.9. C is the only person who can do 3 and the only person who cando 6 | Bl 1)
eg.E-5=M-2=H-1=S-3= C-6 change status to give M1 Al
C=6 E=5 H=1 M=2 R=4 S=3 Al (3)
[7]

Notes:

(@) 1M1:
1A1:
2A1:

(b) 1B1:

(c) 1M1:
1A1:
2A1:

Path from H to 4

correct path and change status

CAO must follow from correct path.

CAO ore.greferencetoES5M2H1S

Path from E to 6

CAOQ do not penalise lack of change status a second time.
CAO must follow from a correct path
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Question

Number Scheme Marks
Q4
M|J |[E/K|H|B|L|P |[N|D|B M1 1Al
B|M|J |E|K|H|L|P |[N|/D|H
BI|E|D|H|M|J |[K|L |P|N|DL 2A1ft
BID|E|H|J |[KIL|IM|P|NJ(E)K P
BID[E[H]J [K]L]M[N[PT()N SALft
BID|E|H|J |K|L|M|N|[P| (M)

Sort completed 4AL ©)
1+210}:6 Katie reject left M1
7;10}:9 Natsuko reject right 1A1
7—;8}:8 Miri reject right 2A1ft
7 = Louis name found AL (4)

[9]

Notes:

(a) 1M1: quick sort, pivots, p, identified, two sublists one <p one >p.

If choosing one pivot only per iteration, M1 only.
1AL1: first pass correct, next pivot(s) chosen consistently.
2A1ft: second pass correct, next pivot(s) chosen consistently
3A1ft: third pass correct, next pivot(s) chosen consistently
4A1: cso List re-written or end statement made or each element
been chosen as a pivot.
(b) 1ML1: binary search, choosing pivot rejecting half list.
If using unordered list then MO.
If choosing J M1 ony
1A1: first two passes correct, condone ‘sticky’pivots here, bod.
2A1ft: third pass correct, pivots rejected.
3A1: cso, including success statement.

Special case for (b) — If just one letter out of order, award maximum of

M1A1A0A0Q
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Question

Number Scheme Marks
Q5 (| CD+EG=45+38=83 M1 1AL
CE+DG=39+43=82 « 2A1
CG+DE=65+35=100 3A1
Repeat CE and DG 4ALft
Length 625 + 82 = 707 (m) 5Alft  (6)
DE (or 35) is the smallest M1
So finish at C. Alft
New route 625 + 35 = 660 (m) Alft=1Bl( |
3
[°]
Notes:

(@) 1M1: Three pairings of their four odd nodes
1A1: one row correct
2A1: two rows correct
3A1: three rows correct
4A1ft: ft their least, but must be the correct shortest route arcs on
network. (condone DG)
5A1ft: 625 + their least = a number. Condone lack of m
(b) 1ML1: Identifies their shortest from a choice of at least 2 rows.
1A1ft: ft from their least or indicates C.
2A1ft = 1Bft: correct for their least. (Indept of M mark)
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Question

Number Scheme Marks
Q6
@ T " 10E 9 10E "
0 20 29 (36)
26 10 8 7
1A1
C [ 33 ‘ 21 9 G [ 7 ‘ 28 1 [ 9 ‘ a6
8 % 22 21 34 28 (30) (30) 17 46 45 36
/ 2A1ft
14 7 3‘/
B 8 6 D |3 |14 // ’ 7 SALML
] 14
N ' . AALFE
e [+ o
25 19
Route: AEH | 5A1
(b) ) _
Shortest distance from A to G is 28 km B1ft
[7]

Notes:
(@) 1M1: Small replacing big in the working values at C or F or G or |
1A1: Everything correct in boxes at A, B, D and F
2A1ft: ft boxes at E and C handled correctly but penalise order of
labelling only once
3ALft: ft boxes at G and H handled correctly but penalise order of
labelling only once
4ALft: ft boxes at | handled correctly but penalise order of labelling
only once
SAl:routecao AEH |

(b) 1B1ft: ft their final label at G condone lack of km
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?\lﬁzgg;\ Scheme Marks
Q7 @] 7x+5y <350 M1 Al
)
(b) | y<20 e.g. make at most 20 small baskets B1
y <4x e.g. the number of small (y) baskets is at most 4 times the number | B1
of large baskets (x). @)
{E.gify =40, x =10, 11, 12 etc. or if x =10,y =40, 39, 38}
©) (see graph next page) Draw three lines correctly B3,2,1,0
Label R B1 (4)
(d)
(P=) 2x + 3y B1 (1)
(e) | Profit line or point testing. M1 Al
x =35.7 y =20 precise point found. B1
Need integers so optimal point in R is (35, 20); Profit (£)130 BLiB1 (5)
[14]

Notes:
(@) 1M1: Coefficients correct (condone swapped x and y coefficients)
need 350 and any inequality
1ALl: cso.
(b) 1B1: cao
2B1: cao, test their statement, need both = and < aspects.
(c) 1B1: One line drawn correctly
2B1: Two lines drawn correctly
3B1: Three lines drawn correctly. Check (10, 40) (0, 0) and axes
4B1: R correct, but allow if one line is slightly out (1 small square).
(d) 1B1: cao accept an expression.
(e) 1M1: Attempt at profit line or attempt to test at least two vertices in
their feasible region.
1A1: Correct profit line or correct testing of at least three vertices.
Point testing: (0,0) P=0; (5,20) P =70; (50,0) P =100

(352, 0)= (22,0) p = 1 - 2
7 7 7 7

also (35, 20) P =130. Accept (36,20) P = 132 for M but not A.
Objective line: Accept gradient of 1/m for M mark or line close to
correct gradient.
1B1: cao — accept x co-ordinates which round to 35.7
2B1: cao
3B1: cao
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Question
Number

Scheme

Marks

(©

(Question 7 continued)

v small
A
70
‘)
60
\ - ~J -
-
:4
30 x ze
J X
> “l\
40 N~
J ,
30 .
A\
20 L =
N N\
/ N
o N
10 i
N { _E
/ <
I
T ox
10 20 30 40 50 60 70 large
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Question

Number Scheme Marks
Q8
@ 15 C(23) 38 5313) 53
15 38 [N, 53
A(LS) D(11) \Q,[ 1as) L(3) M1 Al
0 26 G©9) \\\ 38 s6 || M1 Al
4
0 29 38 56 ( )
K(8)
B(12) He F20) M(9)
12 46
18 H(21) 47
®|laciL B1 (1)
(©)
Total float for M =56(ft) —46-9 =1 M1 Alft
Total float forH=47-12-21=14 Bl (3)
(d)
(1] 2 4 [ 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 I8 40 42 44 46 48 S50 52 54 56 58 60
| A ' ] [-L-]
[ B
M1 Al
| K
M
M1,A1
(4)
e
1pm day 16: C B1ft
1pmday 31: CFGH Bth’lft’O(g)
[15]
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6689 Decision Mathematics D1

Mark Scheme

Question Scheme Marks
Number
Ql(a)
Ae
Be
Ce
De
Ee
Fo B1
Initial map (1)
Q1(b)
Ae o 1 Ae o 1
Be 2 B 2
Ce /. 3 C 3
D 4 D 4
E 5 E 5
F ° 6 F 6
E.gQ.
Path 1 F-4-D-5-E-2 M1 Al
Path 2 B-3-C-6 M1 Al
Matching A:1,B:3,C:6,D:5E:2,F:4 |Al
®)
[6]
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Number

Scheme

Marks

Q1(b)

Question 1(b) Alternative Solutions

Matching
Path 1 Path 2 CID
1 B-3-C-1-A-2 F-3-B-4-D-5-E-1-C-6
2 B-3-C-1-A-2 F-3-B-4-D-5-E-2-A-1-C-6
3 B-3-C-1-A-2 F-4-D-5-E-1-C-6
4 B-3-C-1-A-2 F-4-D-5-E-2-A-1-C-6
5 B-3-C-4-D-5-E-1-A-2 F-3-B-4-C-6
6 B-3-C-4-D-5-E-1-A-2 F-4-C-6
7 B-3-C-6 F-3-B-4-D-5-E-1-A-2
8 B-3-C-6 F-3-B-4-D-5-E-2
9 B-3-C-6 F-4-D-5-E-1-A-2
10 | B-3-C-6 F-4-D-5-E-2
11 | B-4-D-5-E-2 F-3-C-6
12 | B-4-D-5-E-2 F-4-B-3-C-6
13 | B-4-D-5-E-1-A-2 F-3-C-6
14 | B-4-D-5-E-1-A-2 F-4-B-3-C-6

15 | F-3-C-1-A-2

B-3-F-4-D-5-E-1-C-6

16 | F-3-C-1-A-2

B-3-F-4-D-5-E-2-A-1-C-6

17 [F-3-C-1-A-2 B-4-D-5-E-1-C-6
18 | F-3-C-1-A-2 B-4-D-5-E-2-A-1-C-6
19 | F-3-C-4-D-5-E-1-A-2 B-3-F-4-