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Ql.
%‘:EI;:J Scheme Marks

132 :

(a) | —=3.14._. so lower bound is 4 M1 A1l (2)
Group 1:8 17 9 7

(b) Group 2: 14 18 10 M1 Al
Group 3: 12 22 (2)
Group 4: 15
e.g. muddle nght e.g. nuddle left M1
817914 18 122210157 8179 14 18 12 22 10 15 7
17 14 18 22 1512 8 9 10 7 22 188 17 9 14 12 10 15 7 Al

(c) 221817141512 1089 7 221817 1514 89 12 10 7
221817151412 10 98 7 221817 1514 1289 10 7 Alft
221817151412 1098 7 2218171514 12 1098 7 Al @)

221817 1514 12 10 98 7

Group 1: 22 18
Group 2: 17 15 10 M1 Al

@ | Group3-14 12 9 7 2)
Group 4: 8

(e) BEWX+GDH=(112+145)+(83+17.2)=51.2* M1
BEYG+CEDH=(103+152)+(145+7.5+162)=637 Al
BEDH+CERNG=(112+75+162)+(145+4. 3+152)=689 Al
Repeat arcs: BE. CE, GI HI Al (4)

(D Route e.g. ABEBFECEJIFGIGHIHIDCA Bl
Length=227.2+51.2=2784 (m) Blfi (2)

(g) Finishing vertex- C B1
Eeduction mn lengths: 512 - (103 +152)=257 (m) Bl (2)

18 marks
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Notes for Question

PLEASE NOTE NO MISREADS IN THIS QUESTION — MARK ACCORDING TO THE SCHEME
AND THE SPECIAL CASE FOR ASCENDING IN PART (c)

alM1:Attempt to find the lower bound (132+22)/42(a value of 3.14 (or better) seen with no working can
imply this mark)

alAl: CSO - correct calculation seen or 3.14 followed by 4 — accept 3.1 1f correct calculation seen. An
answer of 4 with no working scores MOAO

b1M1: Furst six items placed correcily and at least eight 1tems placed 1 bins — condone cumulative totals
for M1 only (the values 1n bold)
hlAl: CSO (so no additional/repeated values)

cIM1: Quick sort, pivot, p, chosen (must be choosing middle left or right — choosing first/last item as the
pivot 15 MO). After the first pass the list must read (values greater than the pivot), pivot, (values less that the
pivot). If only choosing one pivot per iteration then M1 only

clAl: Furst pass correct and next pivots chosen correctly for the second pass (but the second pass does not
need to be correct) — so they must be choosing (if middle nght) a pivot values of 18 and 10 for the second
pass of (if maddle left) a pivot value of 14

c2Alft: Second and third passes correct (follow through from their first pass and choice of pivots). They do
not need to be choosing a pivot for the fourth pass for this mark

c3Al: C50 (correct solution only — all previous marks in this part must have been awarded) including if
muddle night a fourth pass with the 15 and 7 used as pivots or 1if nuddle left a fifth pass with the 8 used as a
pivot

Sorting list into ascending order in (c)

¢ If the candidate sorts the list into ascending order and reverses the list in this part then this can
score full marks 1in (c)

* If the list is not reversed in (c) but stated in ascending or descending order in (d) then remove the
last two A marks earned in (c). If the candidate says that the list needs reversing in (c) but does not
actually show the reversed list in (c) then remove the last A mark earned

* Naote that if sorting into ascending order then a ‘sort complete’ statement is required — this
could be shown by the final list being re-written or ‘sorted’ statement or each item being used
as a pivat (which would therefore mean that the final list would have been written twice)

BEFORE list is reversed
Middle right ascending Middle left ascending
(requires sort complete statement— see above) (requires sort complete statement — see above)
8 17 9 14 1812 221015 7 817 914 1812 221015 7
8 9 10 7 12 17 14 18 22 15 g 17 914 12 1015 718 22
8§ 9 7 10 12 17 14 15 18 22 g 9 1210 7 14 17 15 18 22
8 7 910 12 14 17 1518 22 g 9 107 1214 15 1718 22
7 89 10 12 14 151718 22 g2 7 910 1214 1517 18 22
78 9 10 12 14 15 17 18 22
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d1M1: First six items placed correcily and at least eight 1tems placed in bins — condone cumulative totals
for M1 only (the values 1in bold)
dlAl: CSO (so no additional/repeated values)

elM]1: Correct three pairings of the correct four odd nodes (B. C, G and H)

elAl: Any one row comrect mncluding painings and totals

e2Al: All three rows correct including painngs and totals

e3Al: CAO correct arcs clearly stated: BE. CE. GI and HI — must be these arcs and not e.g. BEC. GIH. or
BC wvia E. etc.

fl1B1: Any correct route (checks: 21 vertices. starting and ending at A. BE. CE. GI and HI appearing twice,
A(2). B(2). C(2). D(1). E(3). F(2). G(2). H(2). I(3). J(2))

f2B1ft: For 227 2 + their smallest repeat out of a choice of at least twa totals seen in (e) — this mark 1s
dependent on M1 in (&)

glBl: CAO(C)

g2Bl: CAOQ (25.7) — note that the correct answer can come from incorrect working e g. 11.2+ 14.5=237
1s BO (just adding BE and EC together) so thus answer need to be checked carefully — correct method 1s
512—(103 + 15.2) (subtracting BF and FG from 51 2) but give bod on a correct answer of 25 7 with no
wotking

Q2.
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Question Scheme Marks
(a)
puen [-ql_
_,..f"" i E _‘-"'xﬁ
o __JB|6]I9}_/_ 7 Jiziul 2s \[K[ 3 ]32 Al
DI 3”:,.3'””\ - /13 N /8343332 (JEFD)
z = \al1[o]/P ™
3'7«*\ -H——‘f-’— / Al
2 / “1im |29 /
=\ / s, S e M0 B I G
|- /4 ' A EE] /9 B
\E| 3]15] \ 3 — =%
1..'.‘.,_ 1 1 & i|16 24 \\\ 5I| .'I A 1 ﬂ‘,
— J | ' al,. I~ ]."I
N eIk (9
NELee] 5 [0
[ 16 (22)
Quickestroute: A—-G-H-K Al
Shortest time: 32 (mins) Alft
(6)
(h) Route fromBtoKviaA:B-D-E-A-G-H-K Bl
Length: 51 (mins) Bift
(2)
() _ _ M1
AEDIB+F(GH=19+15=34 Alft
AF+B(EK)H=16+18=34 Alf
A(GIH+B(DE)F=29+11=40 Alft
Arcs AF. BE. KH or AE. ED, DB. FG. GH will be traversed twice AlAL
Route length = 196 + 34 = 230 (mins) Al
™
Naotes:
(a)
MI1: A larger value replaced by a smaller value at least once in the working values at either B or

HorK
Al:  AllvaluesinJ E. F and D correct and the working values in the correct order. Penalise order
of labelling only once per question. Condone an additional working value at F of 22

Al: All values in B and G correct and the working values in the correct order. Penalise order of
labelling only once per question (B and G must be labelled in that order and B must be
labelled after I. E. F, D). Condone an additional working value of 20 at B and an additional
working value of 26 at G

Alft: All values in H and K correct on the follow through and the working values 1n the correct
order. Penalise order of labelling only once per question (H and K must be labelled in that
order and H labelled after all other nodes (excluding K})

Al: CAO(AGHK)

Alft: Follow through on their final value at K — if their answer 1s not 32 follow through their final
value at K (condone lack of uniis)
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(b)
Bl: CAO (BDEAGHK)
Blft: 51 or their final value at B + their final value at K (condone lack of umits)
(c)
MI1: Three distinct pairings of the correct four odd nodes
Alft: One row comect including painng and total (the fi on the first three A marks in (c) 1s for
using their final values at B, F and H from (a) for the lengths of AB. AF and AH only)
Alft: Two rows correct including pairing and totals
Alft: All three rows correct including pairing and totals
Al: CAO one combmation of arcs that need traversing twice (arcs must be explicitly stated and
not implied by working)
Al:  CAO both combination of arcs that need traversing twice (arcs must be explicitly stated and
not implied by working)
Al:  CAO (230)
Q3.
Question !
Number Scheme Marks
Start at A Bl
e.g. we would be able to find the shortest distance from A to every other
(a) .
vertex Bldep
e.g. A appears 1n both required routes ()
Fl7]48] 39 [c]2]i2
32 77151 49 48 12 12
EIEE n
24 AlL]0
M1
84 82 BO
SN 8 41 N . (0)
42 G| 5[40 1 18 e ] Al
13 40 17 2 (ACDBG)
g N D|3[23 B[4 31
' 24 23 B PN Al (EFH)
K [10[81 69 20 —
92 89 81 32 ' A Alft (JK)
30 Higls1)  \[E[g]al
55 51 10 43 41
Shoriestpath to ; ACDGF]J Length: 80 (nules) Al Al
Shortestpathtio K: ACDBEHK Length: 81 (nules) Alfi (7)
(© |RoutefromFtoHviaA:FGDCACDBEH (BI;
10 marks

Notes for Question
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alBl: CAO (A) — if more than (vertex) A stated then BO

alBldep: Correct reason for starting at A (dependent on first B mark) — either need to expicitly mention
that A appears on both routes or if starting at A then the shortest route to all other vertices {or just to
vertices J and K) can be found

In (b) it is important that all values at each node are checked very carefully — the order of the
working values must be correct for the corresponding A mark to be awarded e.g. at F the working
values must be 51 49 48 in that order (so0 51 48 49 is incorrect)

It is also important that the order of labelling is checked carefullyv. The order of labelling must he a
strictlv increasing sequence —so 1, 2, 3, 3, 4, ... will be penalised once (see notes below) but 1, 2, 3, 5,
6. ... is fine. Errors in the final values and working values are penalised before errors in the order of
labelling

b1M]1: Any larger working value replaced by any smaller working value at any two nodes except A and C
(for example, if correct at B, 32 15 replaced by 31 which 15 a larger value being replaced by a smaller value
at one node — as this 15 a method mark the values do not need to be correct)

b1lAl: All values at A, C. D, B and G correct and the worlang values in the correct order (including order
of labelling so nodes must be labelled in the order A, then C. then D. then B. then G). Condone lack of a
zero as a working value at A

b2Al: All values at E. F and H correct and the working values in the correct order. Penalise order of
labelling only once per question (so E. F and H must be labelled in that order and E must be labelled after
A CD.,Band G)

b3Alfr: All values in J and K correct on the follow through and the working values in the correct order.
Penalise order of labelling enly once per question. To follow through J check that the working values at J
follow from the candidate’s final values for the nodes that are directly attached to J (which are A. F and
G). For example, if correct then the order of labelling of nodes A, F and G1s 1, 7 and 3 respectively so the
working values at ] should come from A, G and F 1n that order. The first working value at J should be 0
(the Final value at A) + 84 (the weight of the arc AJ). the second working value at J should be 40 (the
Final value at G) + 42 (the weight of the arc GJ) and the final working value at J should be 48 (the Final
value at F) + 32 (the weight of the arc FJ). Repeat the process for K (which will have working values from
D. G and H with the order of these nodes determined by the candidate’s order of labelling at D, G and H)
b4Al: One correct route (either ACDGE] or ACDBEHK) — allow if reversed (e.g. JFGDCA) and allow if
stated in terms of ares (e.g. AC, CD, DG, GE. FI)

b3A1l: Both routes correct (as for b4Al — routes can be reversed and accept in terms of arcs)

b6Alft: Both lengths correct following through their Final values at J and K. Condone correct answers or
correct answers following through their diagram even if not explicitly clear which value refers to which

path

c1B1: Correct answer only (FGDCACDBEH or FG, GD, DC, CA, AC, CD, DB. BE. EH) —if stated in
terms of arcs then arcs AC and CD must appear twice in their route

If Dijksira 1s completed twice (from J and K) then full marks can be awarded. If the candidate uses just J
or K as the starting vertex in (b) then this is not a misread. The candidate can score if starting at J: M1 (as
above). Al (for correct values at J. F. G. B. D). A0, A0, Al (for route JFGDCA). Al (for length 80). AQ
so 4 out of 7 max.
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If starting at K: M1 (as above), Al (for comrect values at K, H. E, G. B). A0, A0, Al (for route
KHEBDCA), Al (for length 81), A0 so 4 out of 7 max.
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%:Ei%:l Scheme Marks
A path 15 a (1) fimite sequence of edges, such that (11) the end vertex of one edge
(a) in the sequence 1s the start vertex of the next. and in whach (111) no vertex B2. 1.0 (2)
appears more than once
[E 7 [11 '
23 2 nm\
AN
H [ B ]26 M1
26
Al (ACBFD)
®) o ,
- Al (GE
J ©B)
\\\ Alfi
S EAERES (HD)
|40 35 33
— 15
I'l\l III.-'II )
17 14
Shortest path- ABEH]J Al
Length: 33 (km) Alfi (6)
{c) Shortest path from Jto AviaG: JGDCA Bl
Length: 20+ 15 =35 (km) Blft (2)
10 marks
%‘:zz:l Scheme Marks

Notes for Question

alBl: One of the three points made clearly (finite, edges’. “end vertex of one edge 1s the start vertex of the
next’. ‘no vertex appears more than once’)

alB1: All three points made clearly. Candidates who state that a path 1s a walk m which no vertex appears
more than once can score B1B0 only

In (b) it 1s important that all values at each node are checked verv carefully — the order of the
waorking values must he correct for the corresponding A mark to he awarded e.g. at F the working
values must be 15 14 13 in that order (so 15 13 14 is incorrect). It is also important that the order of
labelling is checked carefullv. The order of labelling must be a strictly increasing sequence —so 1, 2, 3,
3,4, ... will be penalised once (see notes below) but 1, 2, 3, 5, 6, ... is fine. Errors in the final values
and working values are penalised before errors in the order of labelling

b1M]1: Working values - a larger value replaced by a smaller value for at least two of the five activities D,
EFG]I

b1Al: All values at A. C, B. F and D correct and the working values in the correct order

h2Al: All values at G and E correct and the working values in the correct order

h3Alft: All values in H and J correct on the follow through and the working values i the correct order
bdAl: cao (A B E H J only)

b5Alft: Follow through on their final value at J only (condone lack of units)

clBl: cao (J G D C A only)

c2B1it: 35 or follow through their final value at G+ 15
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Question

it Scheme Marks
E| s |18
5 s
| M| & |20
now ;
. I"
/ Ml
{ B |2 |4
f 1 \
| . s \ Al (BCDE)
[.;l} | 30 . I
I 10 Al (HG)
5| 8
1"'. | J ] 9 | 28 £ G| 7|2 Alfi (FT)
\ lus:zuza\ /] 24 ~ ol als
1\\ /3 8 (14 _
! | I
M 2]
— F ] 8|2
\--‘_\-‘- —
30 29 28 27 e——— "'
Shortest path A—-D-G-F-1J Al
Length: 28 (nules) Alfi (6)
(k) Shortestpath- I-F-G-D-A-B-C-E-H Bl
Length: 28 + 20 = 48 (nules) Blft (2)
ABCE+FG=15+3=18% M1
{c) ADGF+EMHRG=2T+16=43 Al
AMG+EMF=244+13=37 Al
Repeat arcs: AB, BC, CE. FG Al
Length: 193 + 18 =211 (nules) Alfi (5
@ EF (13) 15 the shortest link between two odd nodes excluding G M1
Repeat EF (13) since ths 1s the shortest path excluding G
We finish at A Al
Length of route = 193 + 13 = 206 (miles) Al (3
(16 marks)

Naotes for Question

In (a) it is important that all values at each node are checked very carefully - the order of the

waorking values must be correct for the corresponding A mark to be awarded e.g. at H the working
values must be 21 20 in that order (so 20 21 is incorrect)
It is also important that the order of labelling is checked carefully. The order of labelling must be a
strictly increasing sequence —so 1,2, 3 3, 4, ... will be penalised once (see notes below) bur 1,2, 3, 5,
6, ... is fine. Errors in the final values and working values are penalised before errors in the order of

labelling
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alM1: A larger value replaced by a smaller value at least twice in the working values at either E.F Hor J
alAl: All walues at B, C. D and E correct and the working values in the correct order

a2Al: All values at H and G correct and the working values in the correct order

a3Alft: All values in F and J correct on the follow through and the working values in the correct order. To
follow through F check that the working values at F follow from the candidate’s final values for the nodes
that are directly attached to F (which are A, D. H. G (and I)). For example, if correct then the order of
labelling of nodes A. D, H and G are 1. 4, 6 and 7 respectively so the working values at F should come from
A D. H and G in that order. The first working value at F should be 30 (from A), the second working value
at F should be their 29 (the Final value at D) + 21 (the weight of the arc DF), the third working value at F
should be their 20 (the Final value at H) + 8 {the weight of the arc HF) and the fourth working value at F
should be their 24 (the Final value at G) + 3 (the weight of the arc FG). Repeat the process for J (which wall
have working values from B. H. G and F with the order of these nodes determined by the candidate’s order
of labelling at B. H. G and F)

adAl: CAO (ADGE] or AD. DG. GE. FJ but not JEGDA or equivalent from J to A)

aSAlft: Follow through their final value at J only — 1f thewr answer 15 28 but this 1s not the Final Value at J
then AQ

h1B1: CAO for the route (JFGDABCEH or JF. FG. GD. DA, AB. BC, CE. EH)
h2B1ft: 48 or follow through their final value at J + their final value at H

cIM1: Three distinct painings of the nodes A E_F and G

clAl: Any two rows correct including pairings and totals

c2Al: All three rows correct including pairings and totals

c3Al: CAO - correct arcs clearly stated and not just in their working as AB. BC. CE and FG (allow BA,
CB. etc.) — must be these arcs. Do not accept ABCE or AE via B and C

c4Alft: Correct answer of 211 or follow through 193 + their least total from a choice of three

d1M]1: Identifies the need to repeat one path of the three (AE. AF. EF) which does not mclude G (maybe
implicit) or listing of only these possible repeats — this mark is dependent on either scoring the M mark
in (c) or stating all three possible paths. If stating more than these three paths (AE. AF. EF) then 1t must
be clear from later working that they are only considering these three. As a minimum stating just one of
these three paths (or any combination of these three paths with no others) can score this mark (so, for
example, just stating AE and AF scores this mark) provided that they do not further imply that a
path including G should be repeated (as this would indicate that mentioning one (or more) of these
paths is for the purpose of not repeating it)

d1Al: Identifies EF as the least and A as the finishing point. They have to explicitly state that EF is the
least path that does not include G

d2Al: CAOQ (206)

Q6.
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Q,u estion Scheme Marks
Number
EEn 61 el7]s2] H| 86l
/10 S 161 52 LA
.-’f b \'\ | / / Y
w0/ A N0 18,7 / \
! [ 7/ A 13 y
/ [ ' I - \
8l \ ANy M1
alvfolf 5 | N b6 asf sy 1] 9 | |
(@ . RNEEEENN Al (ACBEG)
(a) Hj S I| .4;‘-\ "‘-\ A
Y v\ \ A1 (DE)
L 20 N,
B3| N "~\ es Alft (HI)
. Y
LA ¢ . \ '~\
_:\. A N
N EE
® 7 |
Shortest time to travel from A to J is 74 (mins) Alft
Quickest route 15 ACBFGDEH]J Al {6)
) As the quickest route found 1n (a) is a path through all vertices in the network the M1
weight of this path 1s equal to the weight of the MST for the network
Weight of MST 1s 74 (muns) Alf (2)
8 marks
| Notes
In (a) it is important that all values at each node are checked very carefully — the order of the working
values must be correct for the corresponding A mark to be awarded e.g. at E the working values must be 71
61 52 in that order (so 71 51 61 is incorrect)
It is also important that the order of labelling is checked carefully. The order of labelling must be a strictly
increasing sequence —so 1, 2. 3, 3, 4. ... will be penalised once (see notes below) but 1, 2, 3. 5, 6. ... is fine.
Errors in the final values and working values are penalised before errors in the order of labelling
aldM1 | A larger value replaced by a smaller value at least twice in the working values ateither B D.E.F. H. T
alAl | Allvalues at A, C_B.F and G correct and the working values in the correct order
alAl | All values at D and E correct and the working values in the correct order
All values in H and J correct on the follow through and the working values in the correct order. To
follow through H check that the working values at H follow from the candidate’s final values for the
nodes that are directly attached to H (which are D, E and G (and I)). For example. if correct then the
order of labelling of nodes D. E and G are 6. 7 and 5 respectively so the working values at H should
a3Alft | come from G, D and E in that order. The first working value at H should be their 32 (the Final value at
G) + 51 (the weight of the arc GH). the second working value at H should be their 45 (the Final value
at D) + 18 (the weight of the arc DH) and the third working value should be their 52 (the Final value at
E) + 9 (the weight of the arc EH) . Repeat the process for J (which will have working values from D, G
and H with the order of these nodes determined by the candidate’s order of labelling at D, G and H)
a4Alft | Follow throush their final value at J only — 1f answer 1s 74 but this 15 not the Final Value at J then AD
a5A1 | CAO (ACBFGDEHI)
bIMI A statement that the route found 1n (a) 1s the MST. etther stated directly. or an indication that the route
B has visited all 9 nodes.
b1ALft Follow thmugh their answer to (a) provided that the route from (a) passed through all nine nodes in the
) network (a weight of 74 with no reason scores M0)
Q7.
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30
B|4|.~:l 21 |E nlﬁ: G ?Ir:l Ml
34 3 28 32 21 66 61
Al (DCB)
34 8 10 X
- Al (FE)
ali]o 24 H|s |71 7|9 [e1+x ALR (G
(a) 24 23 74 73 71 9] Gl+x (GH)
1 16 15 /,
12 52
Dl 2012 F | 5 |_"~‘_'-|
12 3l 43 39
Alft
Fastest ttme: 71 (munutes) Al
Quickest route: ADCBGH ©)
(b) AD+EH=12+21=33* M1 Al
AMDCBE +D(CBG)H=52+59=111 Al
ADCBGH+D(CBE=T71+40=111 Al
(383+ x)+33...440D x ... depM1
24 x=30 Al (6)
(c) e.g. ABCEBGCDADFIGHEHFCA Bl (1)
) If a direct road DH opens then only A and E are odd therefore the shortest M1
inspection route 15 (383 + x) + 25 (DH) + 52 (AE)
460 + x = 488 therefore x = 28 Al (2)
15 marks

| Notes for Question |

In (a) it is important that all values at each node are checked very carefully — the order of the
working values must be correct for the corresponding A mark to be awarded e.g. at H the working
values must be 74 73 71 in that order (so 74 71 73 is incorrect)

It is also important that the arder of labelling is checked carefully. The order of labelling must he a
strictly increasing sequence —so 1, 2, 3, 3, 4, ... will be penalised once (see notes below) but 1, 2, 3, 5,
6, ... 1s fine. Errors in the final values and working values are penalised before errors in the order of
labelling

Suitable for Students sitting exams 2026+.

For more help, please visit our website



https://www.exampaperspractice.co.uk/

- 5]

XamM PAPERS PRACTICE

alM1: A larger value replaced by a smaller value at least twice i the working values at either B, C, E_ F.
G.H

alAl: All values at D. C and B correct and the working values in the correct order

a2Al: All values at F and E correct and the working values in the correct order

a3Alft: All values in G and H correct on the follow through and the working values 1n the comrect order. To
follow through G check that the working values at G follow from the candidate’s final values for the nodes
that are directly attached to G (which are C and B). For example. if correct then the order of labelling of
nodes C and B are 3 and 4 respectively so the working values at G should come from C and B in that order.
The first working value at G should be their 23 (the Final value at C) + 43 (the weight of the arc CG), the
second working value at G should be their 31 (the Final value at B) + 30 (the weight of the arc BG). Repeat
the process for H (which will have working values from F. E and G with the order of these nodes
determined by the candidate’s order of labelling at F. E and G)

adAlft: Follow through their final value at H only — if answer 1s 71 but thas 1s not the Final Value at H then
AD

aSAl: CAO (ADCBGH)

L1MI1: Three distinct pairings of the nodes A. D. Eand H

blAl: Any one row correct including pairing and total

b2Al: Any two rows correct including pairings and totals

b3Al: All three rows correct including pairings and totals

b2dM1: (383 + x) + (their least pairing total) with any inequality sign or equal to 440 — dependent on first
M mark in (b). Give bod if not all totals are shown (so if they only give two totals then they should be using
the least of these two) but they must have shown all three distinct pairnings of the four odd nodes

h4Al: cao (24 x= 30)—condone 24,, x,, 29

clB1l: cao (check: starting and fimishing at A. 19 nodes. AD and EH repeated 1n route, with A(3). B(2).
C(3). D(2). E(2). F(2). G{(2). H(2), J(1)) — can be given in terms of arcs

d1MI1: (383 + x) + 25 + thewr 52 (where “their 327 must be the length of their shortest path from A to Ein
etther (a) or (b) or they state/imply the shortest path from A to E 1s 52) - a correct value of 28 with no
working can imply this mark only

dlAl: cao (28) from correct working and correct reasoning that A and E are the only odd nodes or that we
only need to pair A and E (as a minimum accept mention of A and E only but ignore any mention of the
new direct road from D to H)

Q8.
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B|2[17 25 E|5[d5
17 \\ 45 T 47
/ R —__[H]8]18
/ |\ 92 78
17, \1 1'\8 38 [
."f 20 | . f,l'l . M1
,f'fl I'lII \ \ I
o cl3]zs] S - / Al
: A f 8 I L 25 N JF[a]a7 10 | RE
@0 EE(N T ,-"f 28 25 55 50 47 !f—/?‘fzy 00 87 8§35 83 (ABCDE)
\ |/ Al (FG)
| J10 m/
30 \ | /18
| \ \/ i/ Alft ()
|Lll ) !
“[p[aas] (}|T]{~,?'/f
39 37 35 37 72 67
Shortest path from A to J1s ABCDFGHJ Al
(a)(n) | Length of shortest path from A to J 1s 83 (km) é]]ﬁ
B(CD)F + HI =30+ 5= 35* M1
(b) B(CDFG)H + F(GH)I =61 + 36 =97 Al
B(CDFGH)] + F(G)JH=066+ 31 =97 Al
Repeat arcs: BC, CD, DF and HJ Al
Route length 15 458 + 35 = 493 (km) é;ﬂ
The shortest path between any of the pairs of the four odd nodes (A, B. F and H)
(c) : M1
15 AB (17)
So start at F and finish at H (or vice-versa) Al
Length of route 15 438 + 17 =475 (km) ]é]j
14 marks
Special Case for Part B —using A BF H — Mark as Misread
(b) AB+F(GH=17+31 =48* M1
A(BCD)F + B{(CDFG)H =47 + 61 = 108 Al
A(BCDFG)H + B(CD)F =78 + 30 = 108 Al
Repeat arcs: AB. FG and GH Al
Route length 15 438 + 48 = 306 (km) Alft
3)

Remove final two A marks earned in this section so max 3/5
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Notes for Question

In (a) it is important that all values at each node are checked very carefully
— the order of the working values must be correct for the corresponding A
mark to be awarded e.g. at D the working values must be 39 37 35 in that
order (so 39 35 37 is incorrect)

It is also important that the order of labelling is checked carefully. The
order of labelling must be a strictly increasing sequence —so 1,2, 3,3, 4, ...
will be penalised once (see notes helow) but 1, 2, 3, 5, 6, ... is fine. Errors in
the final values and working values are penalised before errors in the order
of labelling

aldMl1

A larger value replaced by a smaller value in the working values of at least two
ofthenodesC.D.F. G H. I

alAl

All values at A, B, C. D and E correct and the working values in the correct
order

alAl

All values at F and G correct and the working values in the correct order

alAlft

All values 1n H and J correct on the follow through and the working values 1in
the correct order. To follow through H check that the working values at H
follow from the candidate’s final values for the nodes that are directly attached
to H (which are E and G). For example. if correct then the order of labelling of
nodes E and G are 5 and 7 respectively so the working values at H should come
from E and G 1in that order. The first working value at H should be their 45 (the
Final value at E) + 47 (the weight of the arc EH), the second working value at H
should be their 67 (the Final value at G) + 11 (the weight of the arc GH). Repeat
the process for J (which will have working values from D F, G and H with the
order of these nodes determined by the candidate’s order of labelling at D, F. G
and H)

adAl

CAO (ABCDFGHI)

aSAlft

Follow through their final value at J only — if answer 1s 83 but this is not the
Final Value at J then AD

h1MI1

Three distinct pairings of the nodes B. F. H and J with one row correct
{including total)

h1lAl

Anv two rows cormrect including painngs and totals

h2A1

All three rows correct including pairings and totals

h3Al

CAO - correct arcs clearly stated and not just in their working as BC, CD, DF
and HJ — must be these arcs. Do not accept BF or B(CD)F or BF via C and D

b4 A1ft

Correct route length (493) or follow through their least repeat + 458

clM1

Indicates the need to find the shortest path between any pair of the correct four
odd nodes (A. B.F. H)

clAl

CAO (F. H)

clBl

CAO (475)

Special Case for Part B — using A B F H — Mark as Misread

b1M1 | Three distinct pairings of the nodes A. B, F and H with one row correct
{(including total)

blAl | Any two rows correct including painngs and totals

h2Al1 | All three rows cormrect including painngs and totals

h3Al | CAO - correct arcs clearly stated and not just 1n their working as AB. FG and

GH — must be these arcs. Do not accept FH or F(G) H ot FHvia G

b4Alft | Correct route length (5306) or follow through their least repeat + 458

Remove final two A marks earned in this section so max 3/5

Q9.
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Question

Fiiilice Scheme Marks
7 GET
217 (243)
9l 84 Ml
s \203
i i | ; | Al (ADBCE)
[e]s o] 133 [a]srg] saNJa]o s
(a) (i) 231 161 | 204 287 273 17420337 | Al (HF)
= Alft (GD
175 -
|2 [s6] 1|6
56 154 210 203
Shortest path from A to ] is ABFGJ Al
(a) (ii) Shortest length is 357 (metres) Alft (6)
(b) Consider all pairings of A, C, E and J M1
AC+EJ 147 + 210 = 357
AE+CJ 161 + 364 = 525 iiﬁ
AJ+CE 357+ 168 =525
Length of route = 1 960 + 357 = 2 317 (metres) Al fi 4)
Consider arcs between odd nodes not using A — shortest CE so repeat. MI
©® | Finish at ) Al
Difference in length their 357" — 168 = 189 metres or their “2317" - 2128 =
(e)ii) 189 (metres) Alf @)
13 Marks
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Notes for Question

In (a) it is important that all values at each node are checked very carefully = the order of
the working values must be correct for the corresponding A mark to be awarded e.g. at C
the working values must be 182 154 147 in that order (so 182 147 154 is incorrect)

It is also important that the order of labelling is checked carefully. The order of labelling
must be a strictly increasing sequence —so 1, 2, 3, 3, 4. ... will be penalised once (see notes
below) but 1, 2, 3, 5, 6, ... is fine. Errors in the final values and working values are penalised
before errors in the order of labelling

ail M1

A larger value replaced by a smaller value at least twice in the working values at either C, E, G,
H,J

ailAl

All values at A, D, B, C and E correct and the working values in the correct order

ai2Al

All values at H and F correct and the working values in the correct order

aidAlf

All values in G and J correct on the follow through and the working values in the correct order.
To follow through G check that the working values at G follow from the candidate’s final values
for the nodes that are directly attached to G (which are E, F and H (and I)). For example, if correct
then the order of labelling of nodes E, F and H are 5, 7 and 6 respectively so the working values
at H should come from E, H and F in that order. The first working value at G should be their 161
(the Final value at E) + 133 (the weight of the arc EG), the second working value at G should be
their 203 (the Final value at H) + 84 (the weight of the arc HG) and the third working value should
be their 217 (the Final value at F) + 56 (the weight of the arc FG) . Repeat the process for J (which
will have working values from F, G and H with the order of these nodes determined by the
candidate’s order of labelling at F, G and H)

aidAl

CAQ (accept route written in arcs)

aiil A1ft

Follow through their final value at J enly — if answer is 357 but the final value at J is not 357 then
A0

b1MI

The correct three pairings of the correct four nodes (A, C, E and J)

blA1ft

Two rows comrect including pairings and totals. Ft for AC, AE and AJ only using their values
from (a) but allow recovery if correct totals seen here

b2AlR

All three rows correct including pairings and totals. Ft for AC, AE and AJ only using their values
from (a) but allow recovery if correct totals seen here

b3A1M

1960 + their smallest from a choice of three totals

cil M1

Considers arcs between odd nodes not including A (e.g. listing possible arcs to be repeated CE
CJ and EJ) (A statement that CE is the shortest implies this mark)

cilAl

Clear indication that CE is shortest (e.g. a statement or tick or starring of CE, not just using 168)

(we do not need to see all values explicitly listed here) and therefore finish at J

ciilALft

Dependent on M mark in (b) 189 or their “3577 - 168
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Q10.

PER CT E
%?Et;gl Scheme Marks
M1
SEE 15 F|6]18
'E \ 2 21 18]\ Al1(ABCD)
II \ -
f \\R ! Al (EF)
s \10 \eros |
| \ A G|7[2s Alft (GH)
f- \ |27 25
f 16
Al1lof 19 E|5]11
(@) (0) | Mo 1308) 11 1
\ / \ .
A ,fa Y \
'.I /6 Y 17
/ 2\ H|s |26
'-B|:|,f i 33 28 26
m\ dml
N 24
= .Ipl4]o
9 Al (6)
A B C D E F G H
A - 7 8 9 11 18 25 26
B 7 - 14 2 4 11 18 19
C 3 14 - 12 10 15 22 23
D 9 2 12 - 2 o 16 17
E 11 4 10 2 - 7 14 15
F 18 11 15 9 7 - T 8
G 25 18 22 16 14 7 - 1
H 26 19 23 17 15 8 1
(b) NNA:A-B-D-E-F-G-H-C-A Bl
T+2+2+7+7+1+23+8=57 (km) Bl 2)
(<)) | Prim (starting at C): CE. DE. BD, EF. FG. GH M1 Al
FMST weight=10+2+2+7+7+1=29
(i) | 29+ 7(AB) + 8(AC) = 44 (km) MIAlL ()
(d) 44 = optumal distance = 57 B2.1.0 (2)
14 marks
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Notes for Question

In (a) it is important that all values at each node are checked verv carefully — the order of the working values
must be correct for the corresponding A mark to be awarded e.g. at F the working values must be 23 21 15 in
that order (so 23 18 21 is incorrect). It is also important that the order of labelling is checked carefully. The
order of labelling must be a strictly increasing sequence —so 1, 2, 3, 3, 4, ... will be penalised once (see notes
below) but 1. 2, 3, 5, 6, ... is fine. Errors in the final values and working values are penalised before errors in
the order of labelling

alM]1: Any larger workang value replaced by any smaller workang value at at least two nodes except A, B.Cand D
alAl: All values at A, B, C and D correct and the working values i the correct order. Condone lack of a zero as a
working value at A

a2Al: All values at E and F correct and the working values in the correct order, Penalise order of labelling only once
per question (so E and F must be labelled mn that order and E must be labelled after D)

a3Alft: All values at G and H correct on the follow through and the working values in the correct order. Penalise
order of labelling only once per question. To follow through G check that the working values at G follow from the
candidate’s final values for the nodes that are directly attached to G (which are E. F and H). For example, if correct
then the order of labelling of nodes E, F and H are 5, 6 and 8 respectively so the working values at G should come
from E and F in that order. The first workang value at G should be 18 (the Final value at F) + 7 (the weight of the arc
FG) and the second working value at G should be 11 (the Final value at E) + 16 (the weight of the arc EG). Repeat the
process for H (which will have working values from D. E and G with the order of these nodes determined by the
candidate’s order of labelling at D. E and G)

a2M1: Correct entnies in the table following through their final values — dependent on the previous M mark (need
only fill in either the A row or A column)

ad4Al: cao

b1B1: Correct nearest neighbour route starting and fimshing at A(A-B-D-E-F-G-H-C-A)

b2B1: cao (57) on length of route

cilM1: First three ares (CE, DE, BD) or all 7 nodes {C, E, D, B, F, G, H} correctly chosen i order. If any explicit
rejections seen then Mlonly i (c)(1). Order of nodes may be seen at the top of the matnx/table {4, 1,3,2. 5.6, 7}.
Award MO for a correct tree with no working. Award M1 only for the first three arcs (oe) selected correctly if starting
at a different node than C. If correct values circled i the table but no mdication of order of selection then MO

cilAl: cso—all arcs comrectly stated and chosen in the correct order (with no additional arcs). They must be
considening arcs for this mark (do not accept a list of nodes or numbers across the top of the matrix unless the correct
list of arcs (in the comrect order) 15 also seen). If AB and AC added explicitly in (c)(1) then AOQ but can score both
marks 1n (c)(11)

cii2M1: Weight of RMST + 7 + 8 (two smallest arcs incident to A) wath 19 < RMST < 39 (af clearly not six arcs in
FMST then M0). Gave bod 1f 15 1s added to the total of six values circled 1n the table provided those six values sum to
a value between 19 and 39 mclusive

cii2Al: cao (44) —1f correct RMST stated in (c)(1) followed by 44 (with no additional working) then award M1A1 1n
(c)(a1). This mark is dependent on Prim's algorithm being used to find the RMST (allow this mark if rejections seen in
(e)(1) when applying Prim). So in (¢) M1AOM1A1 15 possible e.g. if only stating the node (instead of the arc) selection
m order when applymng Prim. If the correct six values are circled in the table and added to 15 to give 44 but the order
of arc/node selection 1s not stated (so0 no indication that Prim has been applied) then A0 (as the qu. says, ‘Hence...”)
d1B1: Any indication of an interval from their answer to (c)(ii) to their answer to (b) with one value correct (e.g.

44 ~ 57 scores B1 but 57 ~ 44 or 57 < optimal distance < 44 scores B0). If correct route seen in (b) but the
upper bound not stated in (b) allow recovery in part (d) it stated here (but still withold the second mark in (b)).
d2B1: cao (44 = optimal distance < 57) including correct inequalities (allow 44 < optimal distance < 57 ) —allow
mnterval notation e g [44. 57] or (44, 57]

Q11.
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Question -
Number Scheme Marks
[
Blz2[n 27 E|6 3633 [1]9]e7
T 3% 36 71 69 67 Ml
o - 22 5 a0 Al
{ABDC)
(a)() Alifoy 25 Yelafpi] 1o\[F]sTa 3
)] 2523 21 4035 31 Al (FE)
13 2 s Alf
13 (HGT)
D[3]13 G| 8Jas H[7]42
13 54 47 46 44] 2 |42
Shortest path from A to J: ADCFEHG]T Al
(a){n1) | Length of shortest path from A to J: 67 (nules) (A-Si&

() AC+EI=AMC+EHGI=21+31=52 Ml Al
AE +CI=A(DCF)E + C(FEHG)Y =36+ 46 =82
AT+CE=ADCFEHGI+CRE=67+15=82 Al
Route length is 315 + 52 = 367 (miles) iﬁﬁ

(c) Pass through G a total of 3 times ﬁ;

(d) Difference m mspection routes 1s 67 — 52 = 15 (nules) ﬁ;ﬂ

(e) Arcs CF and EF do not need to be repeated ﬁ;

13 marks

Notes for Question

In (a) it is important that all values at each node are checked very carefully — the arder of the
working values must he correct for the corresponding A mark to be awarded e.g. at F the working
values must be 40 35 31 in that arder (so 40 31 35 is incorrect)
It is also important that the order of labelling is checked carefullyv. The order of labelling must be
a strictly increasing sequence —sao 1, 2, 3, 3, 4, ... will be penalised once (see notes below) but 1, 2,
3, 5,6, ... is fine. Errors in the final values and working values are penalised before errors in the
order of labelling
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alMI1: A larger value replaced by a smaller value at least twice in the working values at either C_E_F,
Gorl

alAl: All values at A B, D and C correct and the workang values in the correct order

a2Al: All values at F and E correct and the workang values m the correct order

a3Alft: All values mn H. G and J correct on the follow through and the working values 1n the comrect
order.

To follow through G say check that the working value(s) at G follow from the candidate’s final values
for the nodes that are directly attached to G (which are D, F, H and J). For example. if correct then the
order of labelling of nodes D. F and H are 3. 5 and 7 respectively so the working values at G should
come from D, F and H in that order. The first working value at G should be their 23 (the Final value at
D) + 34 (the weight of the arc DG), the second working value at G should be their 31 (the Final value at
F) + 15 (the weight of the arc FG) and the third workang value at G should be their 42 (the Final value at
H) + 2 (the weight of arc GH). Repeat this exact process for H and J for the follow through for this mark
ad4Al: Comect shortest path from A to ] (ADCFEHGT) only —not from J to A

aSAl: Follow through their final value at J only {condone lack of umits) — if their answer 1s 67 but this 1s
not their Final Value at J then AD

Condone for the final two marks in (a) the *shortest path’ and ‘length of shortest path’ written on
the wrong lines

b1M]1: Three distinct pairings of nodes A, C.E and J

blAl: Anv one row correct including pairng and total

b2Al: All three rows correct including painngs and totals

b3Alft: Correct route length (367) from the correct pairing or follow through 313 + their least total
from a choice of three

c1B1: CAO (3)

d1B1ft: Correct answer of 15 either from correct or no incorrect working or follow through (their Final
value at ] from (a) — their least repeat from (b)) — this mark is dependent on having scored hoth M
marks in (a) and (b)

elBl: CAO (CE. EF only)

Q1l12.

Kruskal: AB(6). BP(10). CW(11). CP(12). HM(14). AH(15). reject CH(17).

(a) | reject AC(18), reject AP(20), reject MW(21). LY(21), AS(26), LS(28) (not BS, ML ALAL 3)
LM HL SY. AL) (
(b) Prim: AB. BP. CP. CW_, AH. HM. AS. LS. LY ML Al AL(3}
(c) 143 (miles) Bl (1)
(d) 286 (muiles) Blft (1)
&) NNA startmgat W W-C-P-B-A-H-M-L-Y-5-W M1
11+12+10+6+15+144+40+21+48+55=232 Al (2)
The best upper bound is the one starting at Y as 212 15 less than both 232 and
D 186 Bl (1)
(g) (143 - 110+ 11 + 21 = 164 (mules) MIAl (2)
() WCPBAHMLYSACW Bl (1)
14 marks
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Notes for Question
alM1: First four arcs (AB. BP. CW. CP) correctly chosen and at least one rejection seen at some point
alAl: All arcs m tree selected correctly and in the correct order (AB. BP. CW, CP. HM. AH. LY. AS LS)
—no other arcs m MST
a2Al: cso including all rejections correct and at the correct time — note that LY can be accepted before
MW is rejected. We do not need to see the explicit rejection of arcs BS to AL but 1f these are explicitly
rejected then they must be 1n the correct order. Note that a list of all the arcs in the correct order followed by
a list of the arcs in the MST can score full marks
L1M]I: First three arcs correctly chosen in order (AB. BP. CP...) or first four nodes {A. B.P. C. ...}
correctly chosen in order. If any explicit rejections seen at some point then M1 (max) only. Order of nodes
may be seen at the top of a matrix/table {1_.2 .4 - -_- 3 - - -} so do check carefully for this. Starting at
any other node can score M1 only for first three arcs chosen correctly
b1lAl: First six arcs correctly chosen in order (AB. BP, CP, CW. AH. HM... ) or all ten nodes {A. B. P, C,
W.H. M. 5. L. Y} correctly chosen in order. Order of nodes may be seen at the top of a matrix so for the
first two marks accept {1.2. 4. 6.9, 7, 3, 8 5. 10} (no nussing numbers)
b2Al: cso—all arcs correctly stated and chosen in the correct order (with no additional arcs). They must
be considering arcs for this final mark (do not accept a list of nodes or numbers across the top of the matrix
unless the correct list of arcs (in the correct order) 1s also seen)
clB1: cao (143) — this mark can be awarded 1f seen in (b) (although 1f answered 1n () too then mark
according to the answer given 1 (c))
d1Blft: Follow through double thewr answer from (c)
elM1: Nearest neighbour route starting at W —must have at least W—-C-P-B-A-H - .. allowif
stated in terms of arcs
elAl: CAO on length (232) and route (must return to W and can be stated in terms of arcs)
fl1B1: An indication that 212 1s the nunimum (of 212 and the answers to (d) and (&)) — this mark 1s
dependent on the correct values in (d) and (&) so accept an answer of the form ‘the one starting at Y (or the
route with weight 212) as 1t 1s the least” — we do not need to see explicit mention of the values in (d) and (&)
provided they are correct in (d) and (&)
glM1: (weight of their MST from (c) or (b) or 132 only) — 11 + 11{WC) + 21{MW) (oe so may not see the
—11+11). A comrect answer of 164 can imply this (and the next) mark
glAl: 164
h1lB1: cao — either the route must be written out in full (in terms of nodes or arcs) or they must make 1t
absolutely clear that the route begins exactly as n (¢) (which must therefore be correct) but after 5. towns A
and C are vistted before (returming to) W. Just stating that A. C. W are visited twice (or similar) 15 B0

Q13.
%:jtl;:-l Scheme Marks
Ml Al
(a) |Prim: AH FH EH FG.DG. CG.BC Al
(3)
(b) | Initial upper bound 2(201) = 402 (km) (Bl;ﬂ
M1

© |A-H-F-G-D-B-C-E-A Al
< 27+28+31429+32+26+38+37=248

2
(d) Nearest neighbour starting at E has a length of 212 + x
As x £ 35 = the NN route starting at E is at most 247 (km) and therefore the ML Al
NN starting at E gives the better upper bound as 1t 1s less than the one starting at o)
A (which was 248 (km))
(e) Lower bound is given by (201-27)+27 +x =235 M1
x=34 Al
235 < optimal length < 246 I(‘:; Al
12 marks
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Notes for Question

alMI1: Prim’s — first three arcs correctly chosen m order (AH. FH, EH. .. ) or first four nodes {A. H F.
E. ...} cormrectly chosen in order. If any explicit rejections seen at any point then M1 (max) only. Order
of nodes may be seen at the top of a matrix/table {1. -. -.- . 4. 3. -, 2} so check there too. Starting at any
other node apart from A can score M1 only for first three arcs chosen comrectly

al Al: First five arcs comrectly chosen i order (AH. FH, EH. FG, DG. ...) or all eight nodes {A H F.
E.G. D, C, B} correctly chosen in order. Order of nodes may be seen at the top of a matrnix so for the
first two marks accept {1. 8, 7. 6. 4, 3, 3, 2} (no mussing numbers)

a2Al: CSO —all arcs correctly stated and chosen in the correct order (with no additional arcs). They
must be considening arcs for thus final mark (do not accept a list of nodes or numbers across the top of
the matnx unless the comrect list of arcs (in the correct order) 1s also seen)

blBlft: Follow through double the stated length of therr MST

cIMI1: NN starting at A —must have at least A—H—-F — G —D —. .. allow if stated 1n terms of arcs
c2Al: CAO on length (248) and route (must return to A but can be stated 1n terms of arcs)

d1MI1: Calculating the correct length of the NIN route starting at E (212 + x) and attempting to use the
range of values for x to determumng the better upper bound (implied by 247 seen or [244, 247]).

d1Al: Correct best upper bound stated (the one starting at E) together with a correct companson of 248
(possibly mmplicit - 1f this value 15 not explicitly stated 1 (d) then 248 must have been seen 1n (c)) with
247 (or an mdication of “at most” 247). For those who obtained an answer of 211 in (c) and say that
212 + x 1s always bigger (without using the given interval for x to find the UB) then no marks in
this part

elM1: Correct method for calculating x (whach 1s the weight of MST from (a)/(b) — 27 + two smallest
arcs incident to A (the 27 and x) equal to 235). If using the doubled value from (b) then MO0. If not using
the weight of the MST from (a) then they must be using either 174 or 26 + 30+ 29+ 31 + 28 + 30 or
explicitly using the correct six arcs only (BC, CG, GD, GF. FH, HE) so not just circled in one of the
tables. The correct value of x (with either no working or no incorrect working) clearly stated can mmply
this mark

elAl: CAO for x (34) — as a minimum must have seen the calculation 201+ x =235 to award this mark
e2M1: Any indication of an mnterval from 233 to either 246, 247 or 248 (this mark 15 not dependent on
the previous M mark)

).
The correct interval (with no others) with no supporting working scores MOAOMI1AQ
The minimum requirement for full marks 1s: 2014+ x= 235= x= 34 - [235,246]

e2Al: CAO (condone 235 < optimal length = 246 and allow equivalent interval notation e.g. (233, 246]
or [235, 246]) — this mark 1s dependent on all previous marks i (2) (so must have found that x equals

For those who sumply state x = 34 (only) followed by the comect interval they score M1AOMIAQ

Q14.
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Question Scheme Marks
Number
(@ |egs A_B_F_-H_I Bl 1)
) A-B-C-D-E-G-F—-H-17T1s not an example of a tour on T as although 1t Bl )
contains every vertex it does not return to A
Kruskal: AC(9), BE(11). BF(12). not EF(14). FG(15). FH(17). not EG{18). EJ(20).
© not HJ (21) M1 A1 Al
_not CE(23), not AB(24), CD(25) (not DE, AD) 3)
BC (21)
B, .
N
- . \
@ —= \ BL
/. (&)
/ \ o
D E
(e) 130 (km) Bl (1)
7 marks
Notes for Question
alB1: Any comrect example of a path (so no vertex appearing more than once) from A to J
b1B1: No with a correct reason 1.e. must mention that a four must begin and start at the same vertex. e g the route
given does not finish at A scores Bl
cIM1: Kruskal's algonithm - first four arcs (AC, BE, BF. FG) comrectly chosen and at least one rejection seen at some
point (the rejection need not be comrect or at the correct time)
c1Al: All arcs in tree selected correctly i the cormrect order (AC, BE, BF, FG, FH. EJI, BC, CD) with no additional
arcs mcluded in MST
¢2Al: cso - including all rejections correct and at the comrect time (do not need to see DE and/or AD rejected but 1if
they are rejected then must be afier CD has been selected). Note that BC can be mcluded before HJ rejected
d1B1: cao
el B1: cao (130) — no units required/ignore units even 1if incorrect
For reference:
Q15.
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%?E;;;ﬁ: Scheme Marks
If CD 1s not in the tree then AD must be as these are the only two arcs
(a) mcident to D M1
ot the weight of CD is greater than the weight of AD
2y+x=3y—T=y<x+7* Al (2)
(b) dr+1<2y+1=p=2x* Bl
4r+1<8xr—-3=x>1 Bl
dx+1<3y—-T=3y=>4x+8 Bl 3)
(©)
:-; -.'; 1 y =y
i .
3 =Y
3 ﬁ Iy =ax+ 8
18 | e /
3
}1‘ .
111 B
i
144
_‘j
3
3 Bl
12 i
3, Bl
10 % Bl
i Bl
i
= (4)
-ﬂ
3
3
5 8 10 12 14 x
(2.6).(2.7).(2.8)
(3.7).(3.8).(3.9) Blfi
(d) ) Bl
(4.9).(4.10) (2)
(5.11)
Arcs 1n the tree are given as AB, AD, BC, CE. EF and GH — the one
(e) remaiming arc 1n the MST 1s EH (because the weight of arcs EG and FG = M1
weight of arc EH)
Total weight of the MST i1s therefore 14x+5y—4 Al
14x+5y—4 =73 and testing mnteger value points mside FR. Mildep
x=3and y=7 Al (4)
15 marks
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Nates for Question

alM1: Explaining that 1if CD 1s not in the tree than AD must be e.g. ‘the MST must contain D s01f CD 15
not in the tree then AD 1s”. Must explicitly mention arc AD for thus mark, so as a nunimum accept, ‘AD
must be m the MST"

alAl: Correct reasoning and denvation of the given result (2y+x >3y =7= y <x+7) —as the answer 15
given we must see at least 2y +x >3y =Tor 3y=7 < 2y + xbefore the required answer

SC (Special Case) in (a): 2y + x> 3y =T = y < x+ 7without any explanation given (or if explanation is
mcorrect) can score M1AD

blB1: CAO — must see at least 4x +1 < 2y +1before the given answer of y = 2x and not just arc AB < arc
ACordx=2y
b2B1: CAO (x > 1) — but allow equivalents, e.g.. x — 1 > 0. 1 < x, 4x > 4, etc. but must be two terms only

b3B1: CAO (3y > 4x + §) — but allow exact equivalents e.g. v > %x + % dx=-3y<-8 4x+8-3y<0,
or equivalent but must be three terms only

In (c). the lines can be drawn as either dashed or non-dashed lines {or a combination of the twa). The lines
must be long enough to define the correct feasible region and pass through one small square of the points
stated below:

¥ = 2x must pass within one small square of (0. 0) and (7, 14)

¥y =x+ 7 must pass within one small square of (0. 7) and (7. 14)

x = 1 must pass within one small square of (1, 0) and (1. 10)

3y = 4x + 8 must pass within one small square of (1.4) and (7.12)

clBl: Any one line correctly drawn (ignore any shading)

¢2Bl: Any two lines correctly drawn (ignore any shading)

¢3Bl: Any three lines correctly drawn (ignore any shading)

c4B1: All four lines correctly drawn and shading which implies the correct region (but region need not be
labelled)

d1B1ft: At least 4 pairs of integer coordinates correctly stated for points inside their region. This mark 15
dependent on scoring at least the first two marks mn (c) (so must have drawn at least two lines comectly)
and the candidate must have drawn exactly four lines. The region must not be infinite but need not
ncessarily be bounded by all four lines. If the candidate’s region does not contamn 4 mnteger coordinates
then BO. Note that integer points on the lines that define the boundary of the region are not counted as
bemg mside the region (regardless of if the candidate has stnct inequalities or not)

d2B1: All 9 coordinates correct (and no others) — dependent on all four lines correctly drawn in (c)

elM1: States that the remaining arc (in the MST) 1s one of either EH, EG or FG (and no others). Only
one of these three arcs need 1o be stated for this mark. Allow this mark for either the expression

(4x+1)+(3y=7)+(2y=2)+(3x) #(x+y) +(6x =2y +3)+ X or the equation
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(4x+1)+(3y—T7)+(2y-2)+(3x)+(x+ ¥)+(6x—2y+3)+ X =T3where X =y+1 or 2y+4 or 5x+1
{or equivalent equations/expressions). Their expression/equation need not be simplified but for reference
(if correct) they are 14x+4y—5+ X and 14x+4y—5+ X = 73 (with the expression for X as before). Note

that stating 14x + 4y — 3 (or equivalent) and then separately stating one of the expressions for X would
imply this mark

e2A1: A correct expression for the weight of the MST either simplified (14x+ 5y —4)or not
((4x+1)+(3y=7)+(2y=2)+(3x)+(x+»)+(6x -2y +3)+(»+1)). This mark can be implied if a
comrect equation 1s seen. e.g. 14x + 5v = 77 (or equivalent and again need not be simplified). If more than

one equation or expression seen then they must clearly select the correct expression/eguation for this
mark (so stating more than one expression for the weight of the MST 15 AQ)

elMIldep: This mark is dependent on the first M mark in this part and the first B mark in (d).
Setting their linear expression (in x and y) for the weight of the MST equal to 73 and then substituting into
this equation at least one integer pair of values of x and v from (d). This mark can also be awarded for
substituting at least one integer pair of values of x and y into their linear expression. The correct answers
can imply this mark

elAl: Correct answers only (x = 3 and y = 7) from correct working — do not accept any other answers
stated as well but accept as a coordinate (3, 7) — must have drawn the correct four lines in (c) but need
not have stated all nine correct coordinates in (d). As a munimum for full marks in () the candidate
must have stated a correct expression (e.g. 14x + 5y — 4 or equavalent) or equation (e.g. 14x + 3y =77 or
equivalent) before then stating the correct answer

The correct answer with no method or working scores no marks i ()

Q1l6.
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-y Scheme Marks
@) e.g. in the practical problem each vertex must be visited at least once. In the B21.0 (2
classical problem each vertex must be visited exactly once T
NNA startingat A: A—-B-D-F-C-G-E-A Bl
() 25424+ 35 +27+29 + 31 + 35 =206 (km) BI @)
ic) The better upper bound is the one starting at D as it 15 smaller Bldep (1)
(d)(i) | Prim (starting at A): AB. BD, BE, EF. CF M1 Al
BMST weight =25 +24+27+ 28+ 27 =131
(@)Gi) | 131 + 29 (CG) + 31 (EG) = 191 (km) MiAl (d)
©) :3; better lower bound 15 the one found by deleting G as this 1s the larger of the Bldep (1)
® | 191 < optimal distance < 203 Big
- - Bldep (2)
12 marks

Notes for Question

alBl: Understands the difference 1s connected to the number of times each vertex may be visited = condone
‘point’ (oe) for vertex (must refer to both problems m thewr answer but not necessanly by name)

a2B1: Correctly identifies which is classical (each node visited “exactly once’ or “once’) and which is
practical (each node visited “at least once” but B0 for “more than once” oe — 1t must be clear that for the
practical case that a node may be visited more than once but not necessanly more than once). Must use
correct language (e.g. vertex or node) but condone singular/plural confusion e.g. vertex for vertices. or poor

spelling (in thas part a mark of BOB1 1s not possible)

blB1: Correct nearest nerghbour route starting at A (must retum to A) — possibly stated in terms of arcs e.g.
AB. BD. DF. CF. CG.EG. EA
b2B1: CAO (206) on length of route

c1Bldep: CAO dependent on the correct UB 1n (b) — allow “yes it 15" (as question asks, “state whether thas
{(an upper bound of 203) 1s a better upper bound than the answer to (b)") and with some indication that this
value is smaller than the one in (b) e.g. “203 < 206 so yes it is’ scores Bl

dilM1: Must be using Prim's algorithm not NINA. First three arcs (or all 6 nodes / or numbers across the
top of the matrix) selected comrectly. First three arcs are AB. BD. BE. first six nodes are A B.D.E.F. C
and so numbers across the matrix wouldbe 1,2, 6, 3, 4, 5. Award M1 only for a correct tree with either no
working or if starting at a different node than A

dilAl: CAO (order of arc selection clear) — in terms of arcs only for this mark - AB. BD. BE. EF. CF -
condone those that state AB, BD, BE, EF, CF, CG, EGor AB, BD, BE, EF, CF, EG, CG (these candidates
are most likely adding on the two smallest arcs incident to G for the next part of the question)

dii2M]1: Adding two least weighted arcs (CG{29) + EG(31)) to the length of their answer from d(1) (where
100 £ d(1) £160) - condone 1f parts (d)(1) and (d)(11) are combined together as a single part (d)
dii2Al: CAO (191)

elBldep: CAO dependent on the correct LB in (d)(11) — allow ‘no it 1sn't’ (as question asks, “state whether
this (a lower bound of 188) is a better lower bound than the answer to (d)(11)") and with some indication that
this value 15 smaller than the one in (d)(u1) e.g. *188 < 191 sono 1t 1sn't’ scores Bl

If the candidate’s answer to (b) is less than 188 then no marks can he awarded in (f)
f1B1ft: Their numbers correctly used, accept any inequalities or any mdication of an interval from
their largest of the two values (188 or d{11)) to their smallest of the two values (203 or (b))

e.g. condone for Bl only 203 -191=12

or (191, 203]

2Bldep: This mark is dependent on the previous B mark - CAO including correct mequalities (accept
either 191 = optimal distance = 203 or 191 < optimal distance = 203 or equivalent notation e.g. [191, 203]
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M1 Al
(a) | Prim: AE, AC, CD: BD, AF: CH. BG ol
(3)
(L) Weight of MST 15 205 (minutes) {Bli
J-G-B-D-C-A-E-F-H-J Wl
(€) | 28+32+28+27+29+28+36+ 39 + 42 = 289 (minutes) E;
(d) The best upper bound 15 the one starting at J as 289 15 less than 291 {Blll
The two smallest arcs incident to J are 28 and the munix, 33) but 28 + 33 + 205
(e) , El
# 264
205+28+x=264 M1
Al
=131 3)
10 marks
Notes for Question
Prim's — first three arcs correctly chosen in order (AE, AC, CD, ...} or first four
nodes {A E C, D, __} correctly chosen in order. If any explicit rejections seen
alM1: | at some point then M1 (max) only. Order of nodes may be seen at the top of a
matrix/table {1,-,3, 4,2, - - -}. Starting at any other node can score M1 only
for first three arcs chosen comectly
First five arcs correctly chosen in order (AE, AC, CD, BD, AF, ...} or all exght
s1Al: nodes {A, E,C, D, B, F. H, G} comrectly chosen in order. Order of nodes may be
" | seen at the top of a matrix so for the first two marks accept {1,353, 3,4, 2,6, 8, 7}
{no missing numbers)
C350 — all arcs comrectly stated and chosen in the correct order (with no
A2A1- ad-_:l;iticfnal arcs). They must be considering arcs for this final mark (do not accept
7" | a list of nodes or numbers across the top of the matrix unless the correct list of
arcs (in the comrect order) 1s also seen)
b1Bl: | CAO for weight of MST (205) — no units requured
1M1 Nearest neighbour starting at J with first five nodes comect (J-G-B-D-C-
¥ ) Accept arcs JG GB BD DC
c1A1: Correct nearest neighbour route (must remrn to J) (may be listed as arcs JG GB
" | BD DC CA AE EF FH HJ) and correct length (289)
Accept any wording mdicating that the answer from (c) 1s smaller than 291 and
therefore the better upper bound
d1Bl: | Anindication that 289 is the manimum (of 291 and 289) — this mark is
dependent on the correct value in (c) so accept an answer of the form ‘the one
starting at J (or the route with weight 289) as it 15 the least’
Correct justification that the two smallest arcs incident to J are 28 and x - may
elBl: | calculate that the two smallest arcs must be 28 and 31 and then state that as no
other arc has leneth 31, this must be the value of x
elMI1: | Formung the equation: weight of MST from (b) + 28 + x =264
elAdl: [ CAOforx
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Dueition sel Aah
Number i
Pom: AC, - DE. DF. BJ. HJ,
ia) o A{‘Ml EA:.EA:BDSFW H];J ﬁHﬁH MIAL AL}
) 127 (lem) Bl i)
) If starting at E and finashang at F then the shortest path between C and H needs to be M1 Al )
traversed twace. 5o the length of the route 1 58 + 494 = 552 (km) -
Route must stan a1 € and finish at A therefore need 10 conuder pamnngs of the nodes
i) AE FandH A1
AE+*FH=]15+5Img8 Al
AF+EH=42+66= 108 Al
AH+EF=5]+27=178
Repeat roads: AE, FG. GH Al (4
ALT Special Case — considers C. E. F and H - mark as misread removing fimal 2 A A1
marks earmed in this section
CE+FH=22+51=75 Al
CF+EH=49+86=115 Al
CH+EF=58+27=85
Repeat roads: CA. AE. FG. GH Al i4)
®© B-A-C-E-D-F-G-H-J-B A1
15+ 7=22+ 10+ 17+40=13= 19+ 3] =174 (km) Al {2}
n (127 =7+ 7+ 22 = 149 (km) Ml1A1  (2)
14 marks
Notes
Prm’s — first thiee arcs comectly chosen m onder (AC, AB, AE, ... or AC, AE, DE) or first four nodes
A CBE _orACED._} comecily chosen in order. If any explicit repechions seen af some
alMl: | pomnt then M1 (max) oaly. Order of nodes may be soen at the top of amamnxtable {1.3, 2, - .4 .= = =,
~orl.-. 2.4 3, - -, - -}. Starting 3t any other node can soore M1 only for first three arcs chosen
correctly
Fost six aes correctly chosen m order {AC, AB,. AE DE, DF, B, ___} or all ame aodes {A C B E,
alAl: D.F. 1. H. G} comectly choten m order. Order of nodes may be seen af the top of 2 matnx so for the
" | frrst two marks accept {1, 3, 2, 5, 4.6, 2. 3. T} {mo mrssang numbers). Or the alicrmative sax arcs {AC,
AEDE ABDF BI. .} mnenodes {A CED BF JH Gl oronmbers {1.5.2.4.3.6.9.8 7}
CS0 — all arcs correctly stated and chosen m the comect order (vaith no addinonal arcs). They muost be
aZal: | comtadenag arcs for thes sl sk (do oot accept a bst of nodes or numbers across the 1op of the
matnx ualess the correct st of arcs (1 the correct order) 15 also seen)
bIBL: | CAO(127)
| Indscation that the shortest path between C and H needs to be traversed twice (comect anvwer can
<ML |- 1 Imnmi:]
clAl: | CAO{552)
dIM1: | The comect three pannes of the comect four nodes (A E. F and H)
dlAl: | Two rows comect mcludng panngs and totals
dIAl: | Al three rows commect mchuding pasnngs and oalk
diAl: | CAO (AE FG. GH oaly but m any osder) — must be stated a5 edges so AD for AE FH or AE FIG)H
Special Case — considers O, E, F and H — mark as misread removing last two A marks earned in
this sction, 10 max 2/4 -
diMI: | The comect three paanngs of the four nodes (C. E. F and H)
dlAl: | Two rows comect mcludng panags and totals
d2Al: | All three rows comect meluding paunngs and 1otk
4341 CAOQ{CA. AE, FG. GH cnly but m any ordey) — maust be atated a5 edges 10 AD for CE, FH or C{AJE
~_|FiG)H
Nearest neighbour starting at B wath first five nodes comect (B - A - C - E - D - ) Accept arcs so BA,
«IM1: | AC, CE ED,
1AL Correct nearest neghbour route (must return 10 B) and correct length {1 74) Accept ares w0 BA, AC,
*°A% | CE.ED.DF.FG.GH. HJ.JB -
(werght of thew MST fom (b) or 127 ealv) = T+ WAC) = 2HCE or CB) (of wo may not soe the =7 +
M1 7). A correct answer of 149 with no working can imply this (and the next) mark. If (b) is mcorrect a
" | value of thewr ~127" from (b) plus 22 scores M1 (Note new calculation to find RMST 120+ 7+ 22 =
149 may be sween)
faAl: | CAO(149)
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%::;t:rn Scheme Marks
(a) |Prim: AE, EG, CE; DG, CF: DH. BE Ml Al “m
(b) Weaght of MST = 197 E!l (1)
(c) Initial upper bound = 2(197) = 394 Blft (1)
(d) A=E=-G=D-H=-B=-F=C=A M1
23+24+26+33+38+34+32+38=248 Al
A=E=-G=-D-H-F=-C=B-A Al
234+24+26+33+38+32+35+36=247 Al (4)
(e) 247 Bilfi (1)
(f Weight of RMST 15 174 Bl
Lower bound= 1744+ 23 + 35=232 Ml Al (3)
(2) | 232 0 optimal value 0 247 MIAl (2
15 marks
| Notes for Question

alM1: Pnm’s = first three arcs comectly chosen in order (AE. EG, CE, _.) or first four nodes {A_E. G, C.
...} correctly chosen in order. If any explicit rejections seen at some pomnt then M1 (max) only. Order of
nodes may be seen at the top of a matnx/table {1, - 4. -_2 _- 3, -} Starting at any other node can score M1
only for first three arcs chosen comectly

alAl: Furst five arcs correctly chosen in order (AE. EG. CE. DG. CF. ...) or all eight nodes {A.E. G. C.D.
F, H, B} correctly chosen in order. Order of nodes may be seen at the top of a matnx so for the first two
marks accept {1. 8.4, 5. 2. 6. 3. 7} (no mussing numbers)

a2Al: cso —all arcs comrectly stated and chosen in the comect order (with no additional arcs). They must be
considenng ares for this final mark (do not accept a list of nodes or numbers across the top of the matnx
unless the correct hist of arcs (in the comrect order) 1s also seen)

blB1: cao (197 —i1gnore umis) should come from 23 +24 +25+ 26+ 32 +33 + 34

c1Blft: Follow through double their answer to (b)

Mark (d) and (&) together

d1M1: Nearest neighbour stamng at A wath first five nodes comect (A-E-G-D-H-)

d1Al: One correct route (must returm 1o A)

d2Al: One correct value or both correct routes

d3Al: Both comrect values (do not 1sw if values doubled) and both comrect routes (must both retum to A)

SC in (d) correct Hamiltonian paths and corresponding weights (AEGDHBFC (210) and
AEGDHFCE (211)) scores M1A1ADAD

elBlft: Follow through their least weight route from (d) - must have or imply two Hamiltonian cycles in
(d) or (e)

f1B1ft: Either 174 or 24 + 25+ 26 + 32 + 33 + 34 or 197 = 23 ar the weight of their MST from (b) - 23
f1M1: Weight of RMST + 23 + 35 (rwo smallest arcs incadent to A) wath 151£ RMST £ 197 (af clearly not
s1x arcs m RMST then MO)

f1A1: cao (232) — if correct answer with no working then awarded BOM1A1 - as a mumimum for full marks
accept 174 + 23 + 35=232 but 174 + 58 = 232 scores BIM1AQ

glM1: Any indication of an mnterval from their answer to (f) to their answer to (¢) with one value correct
glAl: cao (either 232£ optimal value £ 247 or 232< optimal value £ 247)
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Eﬂl;;. Scheme Marks
Classical problem must mu every verfex exactly once and returns to start but 81
{a) | practical problem must visit every vertex at least once and returns to start 81
i2)
Either AB, BC, CK. HK. JK. CD, G, FG, EG Mi
{b) Al
or AB, BC, CK. HK. JK. GJ. FG. EG, CD Al
(©) 89 2= |78 (miles) 81 =
[L}]
Ml
(d) ABCKHIGFEDA 140 {miles) ::
()]
[(5] Roule from A as il is the smaller value or 140 because 140 < 145 Blft
[IL)]
(0 | Lower Bound = 89— 16 + (16 + 19) = 108 (miles) -
i2)
® 108 < L £ 140 BIR
(L))
13 marks
Notes for Question
General idea that Classical visits vertioes once but practical is at least once. Any
alBl | ention of travelling along every arc is BO
Meed to see all the wonds in bold (accept equivalent technical language e.g. node
azBl instead of vemex) — must include retum 1o stan
Prim’s = [irst three arcs cormectly chosen in order (AB, BC, CK, ...) or first four
nodes (A, B, C, K, ... | comectly chosen in onder. IFany explicit rejections seen at
biM1 | some point then M1 (max) only. Order of nodes may be seen at the top of a
matrixfable {1,2,3,-,-, - -, -, -, 4 |. Staring at any other node can score M
only for first three ancs chosen comectly
First six arcs cormectly chosen in onder AB, BC, CK, HE. JK, CD. ...} or |AB,
BC.CK, HK, JK, GJ, ...}Jor all 10nodes [A, B, C.K.H.J.D. G F, E} or [A, B,
bial | €. K.H. ). G, F. E, Djcorrectly chosen in order. Order of nodes may be seen al the
top of a matrix so for the first two marks accept {1,2,3,7, 10,9, 8, 5,6,4) or
11,2,3, 10,9, 8,7, 5, 6,4] (no missing numbers).
CS0 - all ares comrectly stated and chosen in the correct order (with no additional
arcs). They must be considering arcs for this final mark (do not accept a list of
baal nodes or numbers across the top of the matrix unless the comect list of arcs (in the
comect order) is also seen)
ciBl | CAO
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NN route attempted - first seven nodes correct ABCKHJG {accept arcs for this
dimi | mark AB, BC, CK, KH, HI, JG or complete numbering on table
11,2,3,10,9,8 7, 5, 6, 4] which is clearly a separate calculation from pant (b))

CAO - route correct including return to A {accept arcs AB, BC, CK, KH, HJ, JG,

— GF, FE, ED, DA) (condone if arcs stated alphabetically instead of in route order)

d2al CAQ - distance 140

States A or 140 and reason comrect {smaller value) but ft their answer to (d)

ORI | cencrichiin i M1

Their “89” — 16 + two shortest from A (a new calculation to find the RMST may be
fiM1 | seen e.g. new table with A deleted and a new MST calculation, with the correct 8
arcs circled BC CD CK EG FG GJ JK KH plus two shortest from A)

CAQ - an answer of 108 implies both of these marks
flAal

FT their answers to (¢) and (f) but dep on Bl in (e) and M1 in (f) and
giBIn | their () < their (e}
{accept 108 < L < 140 or interval notation [ 108, 140] or (108, 140] )

Q21.
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Question Scheme Marks
(a) e.g. accept (1) Every pair of nodes connected by a path Bl
(11) Connected graph with no cycles Bl
(111) All nodes connected Bl
(3)
(b) n—1 Bl
(1)
(c)

M1

Al

(2)

(d)

Kmskal: MI Al
AB. AD. BC. CG, reject BD, EG. reject CD, reject CE. reject AE, CF Al

(3)

(e)

135 (km) Bl
(1)

(10 marks)

Naotes:

(a)
In (a), all technical langnage used must he correct — for example, do not accept “point’® for
node, etc

(i)B1: every pair and path (or clear definition of path) — no bod - not describing complete graph
(ii))B1: connected and no cvcles (not “loops’, “circles’, etc_ unless ‘cycle’ seen as well)

(iii)B1: all nodes connected (accept definition of minimum spanning tree)

(b)
Bl: cao

(c)
MI1: Either all five arcs correct (1gnore weights) or at least three arcs correct (including weighits)
Al:  cso (arcs and weights) — no additional arcs

(d)

MI1: Kruskal s — first three arcs (AB. AD. BC. ... or weights 17, 19, 21, ._.) chosen correctly and
at least one rejection seen at some point. For M1 only: follow through from their diagram
from (c)

Al: All six arcs (AB. AD. BC, CG. EG, CF orweights 17. 19, 21, 22, 25, 31) chosen correctly
and no additional arcs (no follow through from an mncorrect network m (c))

Al: cso All selections and rejections correct (in correct order and at the correct time) — do not
accept weights or a confradiction between arcs and thewr weights (e.g. AB (16))

Bl: cac (1gnore lack of units)
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v - Scheme Marks
(a)(i) | A tree 15 a connected graph with no cycles Bl
(i) A minimum spanning tree 1s a tree that contains all vertices Bl
The total length of its arcs is as small as possible Bl (3)
(b) Kruskal: FI(11), EG(13). EF(15). EH(17), not GH (18), BC (19), not HJ (20). M1 Al Al
BD (22), not FH(23), AE (25), BE (29) (not AD, DE, DG, AB, BH) (3)
A B —  ——aC

™~

A ks

<

(Weight of the tree is) 151 Bl @)

8 marks

Notes for Question

ailBl: Connected + no cycle(s) (must contain these two points — do not allow “circle’, “loop” etc. for
cycle(s)) — if not using the word “connected” then allow ‘a graph that connects the vertices/nodes”™ (condone
1ssues with plural or singular e g cycle for cycles)

aii2B1: Contains all vertices/nodes (must be clear that all vertices (or nodes) are in a MST)

aii3Bl: Total length of arcs 1s minimised (must contain the three points regarding weight/length,
arcsledges and pumimised/smallest (oe))

b1MI1: Kruskal's algorithm - first four arcs (FJ, EG, EF, EH) comrectly chosen and at least one rejection
seen at some point

blAl: All arcs mn tree selected correctly mn the correct order (FJ, EG, EF, EH, BC, BD, AE, BE) wath no
additional ares included 1n MST

b2Al: CS0 mcluding all rejections correct and at the correct ume (do not need to see AD, DE, DG, AB,
BH rejected but if they are they must be rejected correctly (1.e. i thus order) but note that AD, DE have the
same weight as do DG and AB so they could appear mn either order)

Note that stating all the arcs m order (e.g FJ, EG, EF, EH, GH, BC, HJ, BD, FH, AE, BE, AD, DE, DG,
AB, BH) and then stating only those in the tree in the correct order is fine for all three marks in this part

¢1B1: CAO (tree)
¢2B1: CAO (151)
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Nomsber Marks
B
M1
(a) 20
- Al (2)
c
11
D
() Kruskal: BD(11}), CE(13), AD(1T), reject AB(18), AF(19), reject BC(20), reject | M1 Al Al
DEF(22), reject AC(23), reject BF(24), CE(25) (not AE) (3)
A
F B
(<) Bl
K C
D
Weight of MST = 85 (metres) Bl (2)
7 marks
Naotes for Question

alM1: At least 8 correct arcs with corresponding correct values ar all 11 correct arcs

alAl: CSO (11 arcs only + correct values) — give bod

b1M]1: Kruskal's: first three arcs (BD, CF, AD) correctly chosen and at least one rejection seen at some
point

blAl: All arcs in tree selected comrectly and in the correct order (BD, CF, AD, AF, CE) — no other arcs in
MST

h2Al: CS0 including all rejections correct and at the correct time — AE need not be considered but 1f AE 15
considered then it must be rejected after CE has been added to the MST

clBl1: CAQ (tree)

c2B1: CAO (85)
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%E;:l Scheme Marks
@ E s [w]s]n
N 12
Al o f,_,»-’/.d J 21 &
{0 --h--_""-.___\_ \\ Ml
e e I S E | s |
g 7 15 24 22 0
Al (ABCDE)
2
J | 10| 76 42 G| 7 |48 g F | & |41 Al fFGH]
] 41
Alft (KI)
Route: ABDEFHEKT Al
Length: 76 (km) Alft (6)
(b) Prm: AB. BC; BD, DE MI1: A1 (2)
() Kruskal: FG, JK. FH. not GH, HK, (not HI), (not FK). (not GI) MI: A1 (2)
(d) Total length: 85 (km) Bl (1)
11 marks

Notes for Question

In (a) it 1s important that all values at each node are checked very carefully — the order of the
working values must be correct for the corresponding A mark to be awarded e.g. at E the working
values must be 24 22 20 in that order (so 24 20 22 is incorrect)

It is also important that the order of labelling is checked carefully — some candidates start with a lahel
of 0 at A (rather than 1) — which is fine. Also the order of labelling must he a strictly increasing
sequence —so 1, 2, 3, 3, 4, ... will be penalised once (see notes helaw) but 1, 2, 3, 5, 6, ... is fine. Errors
in the final values and working values are penalised before errors in the order of lahelling

alM1: A larger value replaced by a smaller value in at least two of the working value boxes at erther Cor E
or Jor K

alAl: All values in A. B. C. D and E correct and the working values in the correct order at C and E
{(mcluding order of labelling). Condone lack of 0 1n A’s working value

a2Al: All values in F. G and H correct and the working values in the correct order. Penalise order of
labelling only once per question (F. G and H must be labelled 1n that order and F must be labelled afier A,
B. C. D and E). Note that an additional working value of 36 at H afier the 48 1s not an error so 48 36 1s fine.
however, any other number or 36 48 in this order 1s incorrect and scores AQ m this part

a3Alfi: All values in K and J correct on the follow through and the working values in the correct order.
Penalise order of labelling only once per question. To follow through K check that the working value at K
follows from the candidate’s final values from their feeds into K (which will come from nodes F. H and
possibly even J (in the order in which the candidate has labelled them)) and that the final value. and order of
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labelling, follows through correctly. Repeat this process for J (which will possibly have working values
from G, H and K with the order of these values determined by the candidate’s order of labelling at G, H and
K)

adAl: CAO - correct route (ABDEFHKT) not from J to A

aSAlft: Follow through on their final value at J only (so if 76 given as the answer and the final value at J is
not 76 then AQ)

b1M1: Fust two arcs (AB. BC) chosen correctly in order, or first three nodes (ABC) chosen correctly n
order. If any rejections seen at any point, or just a list of all the arcs in order. or only a list of weights then
MO (condone for Mlonly those who find the MST for the entire network)

blAl: CSO (must be considening arcs so must be AB, BC, BD. DE or BA, BC, etc.) — do not 1sw 1f
candidates continue and find the MST for the entire network

clM]1: First two arcs (FG. JK) chosen correctly in order and at least one rejection seen at some point —no
marks in this part 1f candidates apply Kruskal to the entire network or if only a list of weights given

clAl: C50 —all selections and rejections correct in the correct order and at the correct time. Note that
stating all the arcs 1n order (e.g. GF. JK. FH. GH. KH. JH. FK. GJ) and then stating only those 1n the tree m
the corret order 1s fine for both marks i this part

d1B1: CAO (85)

Q25.
Question Scheme Marks
Number
Al1]o 8 E|3]7
// 8§ 7 —
14 o 3 20
= \ M1
B[4]12 7 cl2]s 28 0| 7]
14 12 ) 3 , 33 27120 \‘543 Al (CEBD)
@) |\ ¥ 2\ e
I\ :1] 1‘\ |'I( o ""(1 Y 20 Al (I:H)
11 Alft (GI)
\ \ G| 833 J]o]as] ~
1433935 10 |49 4645
Shortest time: 45 (minutes) Alfi
Quickest route: ACBDFGIJ Al (6)
(h) A(CBID+HI=20+20=40 M1 Al
A(CBDFH+INFGYJ =26+ 25=151 Al
A(CBDFG+D(FH=45+6=751 Al
Repeated arcs: AC, BC, BD, HJ Al (3
(c)(i) [ Vertex C: 4 times Bl
(ii) Vertex D: 3 times Bl (2)
@ H to H requires the consideration of the shortest path from A to J only (as these Bl
are the only two odd nodes)
314 = 309 or 45 = 40 so quicker to start at H and finish at D Bl (2)
15 marks
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Notes for Question

In (a) it is important that all values at each node are checked very carefully — the order of the
working values must be correct for the corresponding A mark to be awarded e.g. at J the working
values must be 49 46 45 in that order (so 49 45 46 is incorrect)

It is also important that the order of labelling is checked carefully. The order of labelling must be a
strictly increasing sequence —so 1, 2, 3, 3, 4, ... will be penalised once (see notes helow) but 1, 2, 3, 5,
6, ... is fine. Errors in the final values and working values are penalised before errors in the order of
labelling

alMI1: A larger value replaced by a smaller value i at least two of the working value boxes at any node
except Aor C

alAl: All values at C. E, B and D comrect and the working values in the correct order (including order of
labelling)

a2Al: All values at F and H correct and the working values in the correct order. Penalise order of labelling
only once per question (F and H must be labelled in that order and F must be labelled after C, E, B and D)
a3Alft: All values in G and J comrect on the follow through and the working values in the correct order.
Penalise order of labelling only once per question. To follow through G check that the working value at G
follows from the candidate’s final values from their feeds into G (which will mostly likely come from nodes
B. D and F (in the order in which the candidate has labelled them)) and that the final value, and order of
labelling. follows through correctly. Repeat thus process for J (which will possibly have working values
from E, H and G with the order of these values determuned by the candidate’s order of labelling at E. H and

G)

Question .
Number Scheme Marks
adAlft: Follow through on their final value at J only (condone lack of units) - so 1if 45 given as the answer
and the final value at J 1s not 45 then AQ
aSAl: CAO - correct route (from etther A to J or J to A) — ACBDFGJ or JGFDBCA
b1M1: Correct three distinct painings of the comrect four odd nodes A. D. Hand J
blAl: Any row comect including pairing and total
b2Al: Any two rows correct including pairings and totals
b3Al: All three rows correct including painngs and totals
b4dAl: CAQ correct edges clearly stated and not just in their workang as AC, BC, BD, HJ. Must be these
arcs and not AD, ACBD or AD via B and C
ciBl: CAQ (Vertex C- 4)
ciiBl: CAO (Vertex D: 3)
d1B1: Comect reasomng (that to travel from H to H) only the shoriest path between A and J needs
traversing twice — as a nunumum must mention either “A to J only™ or refer to A and J being the only odd
nodes (e.g. odd nodes: A and J 1s fine but not “A and J are odd nodes™)
d2B1: Esther "1t wall be slower’ or ‘1t will be quicker from H to D" (af saving “quicker’ then it must be clear
that they are talking about H to D)} + correct numerical argument (not just stating the values 314 and 309 (or
45 and 40) and saving “slower” - there must be some companson of these two values )

Q26.
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%Jesn]on Scheme Marks
Bj2 10 15 E|s|3) 13 [G]7]3
S 1523 I |ag
\ e ! in
/ ' \g / \
(1] hY .} | |
/ by N /5 \14+20 |15+x Ml
Al1]o .'"; 20 I‘» \ EREE / : \I"'. Al
S LA ESL N
(ﬂ} (R \ |\ |20 18 \'. 70 37+ 2% 51+ ¥
\ I |I|I Y Al
\ \ / \\ 1
2\, | /2 \ Alft
.\l‘ |I| IIIII "III
N4 o] \'\ F |6 |27
22 21 20 7 29 27
Shortest path from A to H via DH: ABDH length: 70 Al
Shortest path from A to H via EH: ABDEH length: 37 + 2x Al
Shortest path from A to H via GH: ABDEGH length- 51 +x Al (7)
(h) A to H are the only two odd nodes in the network so repeat arcs i path ABDEH | M1
3x+2059+37+2x =307 M1
x=13 Al
Time taken 1s 63 (muinutes) Al (4)
11 marks

Notes for Question

In (a) 1t 1s important that all values at each node are checked very carefully — the order of the
working values must be correct for the corresponding A mark to be awarded e.g. at C the working
values must be 22 21 20 in that order (22 20 21 is incorrect) It is also important that the order of
labelling is checked carefully. The order of labelling must be a strictly increasing sequence —so 1, 2, 3,
3.4, ... will be penalised once (see notes below) but 1, 2, 3, 5, 6, ... is fine. Errors in the final values
and working values are penalised before errors in the order of labelling

alM1: A larger value replaced by a smaller value m at least two of the working value boxes at any node
except A, B, G or H (or once with at least two working values seen at H)

alAl: All values in A, B, D and C correct and the working values in the correct order at D and C
{including order of labelling)

a2Al: All values E and F correct and the worlung values in the correct order. Penalise order of labelling
only once per question

a3Alft: All values in G and H cormrect on the follow through and the working values in the comrect order
(the order at H must be cormrect but give bod). Penalise order of labelling only once per question. Ignore
permanent label and final value at H only. Allow unsimplified expressions in x for the working values at H
a4Al: ABDH and 70

aSAl: ABDEH and 37 + 2x

a6Al: ABDEGH and 51 +x

If AOAQAD for the final three marks in (a) then award A1AOAQ for all 3 routes stated correctly or all 3
correct values stated explicitly (so not just left in the workang values at H)

b1M1: Indication of repeating arcs in a path from A to H. As a nunimum: stating A and H as the odd nodes
for the network (not just stating A and H) or stating a route from A to H with 5 nodes only or stating the
need to repeat a path/'route from A to H - this mark 1s for making their method clear

b2ML1: 3x + 203 + (one of their paths mvolving x) = 307 — thas mark 1s for making their working clear
blAl: CAO (x = 13) — tlus mark 15 dependent on the second M mark only

b2Al: CAO (63) — this mark 1s dependent on the second M mark only

SC If MOMO then both correct answers of x = 13 and 63 score MOMOAOATL only (so treating the final mark
as a B mark)
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e Scheme Marks
Number
B[2[13] 22 [Df4]3s] 12 [G[7]er
13 \ 35 47
13/ \ \ \
.I—A iTo 7 '-.f.: 10 9 ‘ M
©_ N2 | | — |
N\cl3]20] \ [E]5]36] ' '| Al (ABCDE)
(a) [2220 [ 16 \[36@35) | l15
= N Al (FGK)
\ \{‘1 .'II :
\[F[s a1/ :.5 I Alfi (JH)
22 " "
29 '. /
[H]10]68] K|[s8[62]/
(70 68 | 6 63 62
Shortest path ABDGEKH Al
Length: 68 (miles) Alft (6)
(b) Route fromFto KviaA A FECBABDGK Bl
Length: 41 + 62 = 103 (miles) Blft 2)
(©0 |AT+CE=67+16=83 M1 Al
AC+EI=20+32=52 Al
AE+CI=36+48=84 Al
Repeated arcs: AB. BC_EF, FK, JK Al
Length: 253 + 52 = 305 (miles) Alft (6)
(d) | Vertex F- 4 times Bl )
(e) (Start at D and therefore) fimsh at D Bl (1)
(f) | Difference = 305 — (253 + 16) = 36 (miles) Bl )
17 marks
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Naotes for Question

In (a) it 1s important that all values at each node are checked very carefully — the order of the
working values must be correct for the corresponding A mark to be awarded e.g. at F the working
values must be 45 44 41 in that order (so 45 41 44 1s incorrect)

It is also important that the order of labelling is checked carefully. The order of labelling must be a
strictly increasing sequence —so 1, 2, 3, 3, 4, ... will be penalised once (see notes helow) but 1, 2, 3, 5,
0, ... 1s fine. Errors in the final values and working values are penalised before errors in the order of
labelling

alM1: A larger value replaced by a smaller value 1 at least two of the working value boxes at etther C. F,
KloH

alAl: All values at A, B, C. D and E comrect and the working values m the comrect order (including order of
labelling) — if a working value of 45 appears at E then it must appear after the 36 so therefore 43 36 at E (in
this order) 15 AQ

a2Al: All values at F, G and K correct and the working values in the correct order (F. G and K must be
labelled in that order and F must be labelled after A. B. C, D and E)

a3Alft: All values in J and H comrect on the follow through and the working values in the correct order.
Penalise order of labelling only once per question. To follow through I check that the workang value at J
follows from the candidate’s final values from their feeds into J (which will mostly likely come from nodes
F and K (1n the order in which the candidate has labelled them)) and that the final value, and order of
labelling, follows through correctly. Repeat thus process for H (which will possibly have workang values
from F and K with the order of these values determuned by the candidate’s order of labelling at F and K)
ad4Al: CAO (ABDGEH or AB, BD. DG, GK. KH)

aSAlift: Follow through on their final value at H only (condone lack of units) so 1f answer given as 68 but
final value at H 1s not 68 then A0

b1Bl: CAQ (FECBABDGK or FE. EC. CB. BA.  AB. BD. DG. GK)
h2B1ft: Follow through their final value at F + their final value at K or 103

c1M1: Correct three distinct painings of the comrect four odd nodes of A, C, Eand J

clAl: Anv row comrect including pairing and total

c2Al: Anyv two rows correct including painngs and totals

c3Al: All three rows correct including painngs and totals

cd4Al: CAO correct edges clearly stated and not just in theirr working as AB. BC, EF. FK and JK — must be
these arcs

c5Alft: Follow through their value of their smallest paining total + 253

d1B1: CAO (4 only)

elBl: CAO (D)
flB1l: CAQO (36
Q28.
Question Scheme Miarks
Number
(a) Pair the odd nodes: C. D or repeated arcs are CF, FG, DG Bl
Time =82+ 7 =89 Bl
e.g. route GDGIHEADCABEFBCFCGEG Bl (3)
() |BC+DG=B(F)C+DG=6+3=9* MI Al
BD + CG=B(FG)D + C(F)G=11 + 4=15 Al
BG+CD=B(F)G+C(FGD=8+7=15 Al
Repeat arcs: BF, CF, DG Al (5)
(c) Route starting from G 15 quicker Bl
e.g difference=(82+9)-89=20r9-7=2 Bl (2)
10 marks
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Notes for Question
alBl: cao (comrectly stating the two odd nodes or correct repeated arcs stated) — so must either state that C and D are
odd or state the arcs CF, FG. DG only, but B0 1f only stating C and D or CD (without mention of “odd’)
a2Bl: cao (89)
a3B1: Comect route: checks — starts and finishes at G. 20 nodes, CF. FG and DG repeated. A(2). B(2), C(3). D(2),
E(2). F(3). G(4). H(1). X(1)

b1M1: Correct three distinct pairings of the comrect four odd nodes B, C. D and G

b1lAl: Any one row correct mcluding painng and total

b2Al: Any two rows correct including pairings and totals

bh3Al: All three rows correct mcluding painngs and totals

b4Al: cao - comect arcs clearly stated and not just 1 their workang as BF. CF and DG — must be these arcs. Do not
accept BC, BFCor BCviaF

¢1B1: cao (oe e.g. B to G 1s slower) — dependent on the correct repeats arcs (possibly mmplied) i (a) and (b) or
clearly unplied m (c) (e.g. correct values compared in this part) — must be clear that 1t 15 the route starting at G wlhach
15 quicker

¢2B1: cao (difference of 2 or comparing 89 and 91 or companng 7 with 9)

Q29.
%‘:Z;ﬁ;zf Scheme Marks
(a) ADGIC+D(GHE=12+9=21 M1 Al
AD+C(GHE=5+10=15* Al
ADGHE+CIGID=14+7=21 Al
Repeated arcs: AD. CG, GH, EH Al
Length of route: 166 + 15 = 181 (km) Alfi (6)
(b) Vertex C: 3 times Bl (1)
(c) CD (7) 1s the shortest path between two odd nodes excluding A M1
Repeat CGD (7) since this 1s the shortest path excluding A
) Al
The route fimishes at E
Length of route = 166 + 7 =173 (km) Al (3)
10 marks

| Notes for Question |

alM1: Three distinct painings of the correct four odd nodes (A. C.D. E)
alAl: One row correct including painngs and totals

a2Al: Two rows comrect including painngs and totals

a3Al: All three rows correct including pairings and totals

adAl: The smallest repeat arcs (accept AD, CG. GH. EH only)

aSAlft: Correct answer of 181 or 166 + their least

L1B1: cao (3)

clM1: Identifies the need to repeat one path of the three (DE. CE. CD) which does not include A (this
mavybe implicit) or listing of only these three possible repeats. This mark 15 dependent on either scoring the
M mark 1n (a) or stating all three possible paths in this part. As a minimum accept the stating of one of these
three paths

clAl: Identifies C{G)D as the least and E as the fimishing point. They have to explicitly state that C(G)D 1s
the least path of those that do not include A (this can be done by stating that CD 1s the least of CD, CE, DE
only (so with no others) or stating that CD 1s the least of those that don’t include A but not for just "CD 15
the least’)

c2Al: cao (173)
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Q30.
Question Scheme Marks
(a) E.g. if use CD as shortcut get 807 or if use CF + AD get 793 MI1 Al
(2)
(h) A F E D B C A B1
82 113 98 130 110 217 =730 B1
(2)
(c) length of RMST = 439 B1
439+ 82+ 113 =634 M1 Al
(3)
(d) 634 < optimal <750 Blfi
(1)
(8 marks)
Notes:
(a)
M1: Their plausible shortcut leading to a value < 810 and a length below 810 stated.
Al: cao — shortcut and length must be consistent.
(Examples shortcuts: CD =807, CF+ AD =793 CF+BD =664 AD+EF+FC =715, DF
FC=785etc)
(b)
Bl: cao
Bl: cao
(c)
Bl: caco
MI1: Adding two least weighted arcs to their EMST length
Al:  cao
(d)
Bl: Aninterval that incorporates their lower bound from (c) and their best upper bound from
either (a) or (b)
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%E;:J Scheme Marks
(a) [NNA‘-A-D-E-F-B-C-A M1 Al
27+25+21+34+38+36 = 221 (km) Al (3)
(h) EMST weight = 118 (km) Bl
118 +27 +38 =183 (km) MIAL (3)
{(c) 183 = length = 221 MI1Al (2)
8§ marks

Notes for Question

alM]1: Nearest neighbour A—D—-E—-F—-B oraccept 1 36 2 3 4 across the top of the table
alAl: Foute correctly stated. must return to A, accept link back to A
alAl: Length comrectly stated. Do not ISW if candidates then go on to double the route length

b1Bl: CAO for EMST weight (etther 118 or 34 + 21 + 25 + 38) — maybe implied by later working
b1M]1: Adding 27 + 38 (the two least weighted arcs) to their RMST length — this mark maybe implied by
the correct value for the lower bound — note that their EMST must contain only four arcs

bhl1Al: CAOQO -1f 183 seen without working then award all 3 marks n (h)

clM]1: Their answers from (a) and (b) correctly used. accept any inequalities or any mdication of an
interval from thewr 183 to their 221 (so 183 — 221 can score this mark). Please note that UB = LB for this
mark

clAl: CAO (no follow through on their values) including correct inequalities or equavalent set notation (but
condone 183 < length = 221)

Q32.
Question Scheme Marks
Number
(a) | Nearestneighbour A-B-F-D-E-C-A M1
35 31 44 39 53 42 =244 (km) Al (2)
(h) MST wath B removed: AC. CD. DF. DE gives a EMST weight of 172 (km) Bl
172+ 31 +35=238 (lam) Ml Al (3)
5 marks
Notes for Question
alM1: Nearest neighbour A —B —F — D — E — C — (condone lack of return to start) or correct route length
of 244 Accept AB, BF, FD. DE, EC but do not accept weights only. Accept 1 2 6 4 5 3 across the top of the
table
alAl: CAO both route (erther m terms of vertices (ABFDECA) or arcs (AB. BF. FD, DE. EC, CA) but not
weights) and length correct (244) do not ISW if this value 1s then doubled to 488
b1B1: CAO for RMST weight (either 172 or 42 + 47 + 44 + 39) — mavbe mmplied by later working
bIMI1: Adding 31 + 33 (the two least weighted arcs) to theirr EMST length — this mark maybe mmplied by
the correct value for the lower bound — note that theirr EMST must contain only four arcs
blAl: CAO -if 238 seen without working then award BOMI1 AL
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%ji;;:? Scheme Marks
@) e.g. add CD and remove AD. BA and BC gives 516 (km) MIAL ()
i e.g. add EF and remove EB. BA and AF gives 509 (km) -
(b) NNA-A-B-E-F-D-C-A Bl
37 66 69 78 71 T6 =417 (km) Bl (2)
(c) Length of RMST = 248 Bl
248 + 66+ 69 =383 (km) M1 Al (3)
7 marks

Notes for Question

alM1: Must clearly start with 2(length of given MST) and add and subtract at least one arc (to give a

network of weight = 628) — graph must be connected and Eulerian

alAl: CAO — shorteut(s) and length must be consistent (with length stated <= 320). The shortcuts must be
clearly stated (that 1s the arcs added and subtracted) and network must be connected and Eulerian
b1Bl: CAO (must retum to A) —must be stated i terms of erther the nodes or arcs (e.g. AB. BE.EF...)

but not just the weights of the arcs
b2B1: CAO (417)
c1Bl: Correct length of RMST (248) — maybe unplied by later working

c1M]1: Adding the two correct least weighted arcs (66 and 09) to their RMST length (231 < length < 263)
— give bod but their EMST must only contain 4 arcs — this mark can be implied by the correct value for the

lower bound
clAl: CAO (383) — if comrect answer with no working then award BOMIA1

Q34.
%}:;;;:_1 Scheme Marks
A B C D E F G
A - 21 2 17 25 31 41
B 2 - 26 27 12 15 20
C 42 26 - 32 17 11 46
2
(a) D 17 27 32 - 15 21 47 ?,5 1.0
E 2 12 17 1a = ] 32 3
F 31 15 11 21 6 - 35
G 41 20 46 47 32 35 -
(b) NNA startingat A- A—-D-E-F-C-B-G-A M1
17+15+6+11+26+20+41 =136 (km) Al (2)
(c) A-D-E-F-C-F-B-G-B-A ﬁ;
(d) BMST weight =12 +6+ 11 +15+20=64 B1
64 + 17 (AD) + 21 (AB) = 102 (km) EI)I Al
(e) AC+EG=42+32=T74 M1
AE+CG=25+46=T1 Al
AG+CE=41+17=>58* Al
Eepeat arcs: AB. BG. CE. EF Al
Length: 291 + 58 = 349 (km) Alfi (3)
13 marks
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Notes for Question

Condone lack of, or incorrect units throughout this question

alBl: At least two of the six values correct (in either table) — these are the bold values. The two values
can be the same (for example, 42 1n both cells AC and CA would score this mark)

a2Bl: Fully correct (the six bold values in both tables)

b1M]1: Nearest neighbour route starting at A — must have at least A-D-E-F-C-B— ...

Allow 1f stated 1n terms of arcs (AD, DE. EF. FC. CB....) rather than nodes (note that arcs AD and DA are
equivalent and so therefore AD. ED. EF. FC, CB.... 1s acceptable)

h1Al: CAO on length (136) and route (must return to A and can be stated in terms of arcs rather than
nodes)

clBl: CAO (ADEFCFBGEBA or in terms of arcs, e g, AD, DE_EF FC, CF, FB. BG, GB. BA)

d1B1: CAO on the weight of the EMST (using arcs BE. EF, CF. DE. BG) — accept etther 64 ar 12 + 6 +
11 + 15 + 20 — could be seen or implied by later working as part of the lower bound calculation

d1M]1: Adding comrect two least weighted arcs from A (17(AD) + 21(AB)) to their EMST length where
their RMST lengthx1s 38 = x =70

dlAl: CAO (102). If this answer 15 stated with no working then award BOM1A1

elM]1: Correct three distinct painngs of the correct four odd nodes (A, C. E and G)
elAl: Any two rows correct mcluding painings and totals
e2Al: All three rows correct including painngs and totals

e3Al: CAO correct edges clearly stated and not just in their working as AB. BG. CF and EF — must be
these arcs. Do not accept AG. ABG or AG via B (and sinmlarly for CE)
edAlft: Follow through their value of their smallest paining total + 291
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Question Scheme Marks
number
E.g. You cannot have a graph with an odd number of odd vertices
2
(a) Eg IH2+2+ 3;3 ta+are =12.5which 1s not an integer and so therefore
not possible to have a graph with the given veriex orders Bl 1)
As vertex C appears more than once A—C-D-E-C—-B-Fisnotan
(b) example of apathon T B2.1.0 ()
(© | AC.AB.CD: DH. DG: CF. DE M1 AI"A(IH
\
\
|
(d) | Bl (1)
"i
/
o =
H
(e} 2l =x =125 B2, 1,0 (2)
(9 marks)
Notes for Question
alBl: CAO — common examples that score B1-

Cannot have (a graph with an) odd number of odd vertices

Cannot have a graph with three odd vertices

The sum of the degrees/order (of the vertices) 1s 25 which 1s not even therefore not possible (but not

just for obtaimng 25 and saying “mmpossible’). The 25 must be linked either in words to the “sum of

the degrees/order” ar explicitly showing 1+2+2+3+3+4 +4 + 6 =25 so just "2 1s not even’

scores BO

The sum of the degrees/order (of the vertices) 1s 25 which 1s odd therefore not possible (with

equivalent justification of the 25 as i the previous bullet-point)

1+24+2+34+3+4+446
2

=12.5which 1s not an integer so therefore impossible. They do not have to

explain that they are using the result that j vertex degrees= 2(no of arcs) but they must explain

why a value of 12.5 leads to the required graph not being possible. A value of 12.5 with no working
{or explanation) scores B0

Suitable for Students sitting exams 2026+.

For more help, please visit our website



https://www.exampaperspractice.co.uk/

- 5]

XamM PAPERS PRACTICE

In (a) do not condone clearly incorrect technical language e.g. using “arc’ when it should be *vertex’

b1B1: No + attempt at a reason which includes either the mention of a cycle/circle/loop etc. or the
repeating of a vertex/node/point etc. 1s sufficient for thus mark (condone mcorrect technical language) — give
bod (but “no because there 1s a repeated arc™ only scores B0 unless we also see mention of a repeated vertex
(oe) as well)

L2DEBI1: No + comrect reason (dependent on first B mark 1n (b)) — no bod — must refer to C appeaning twice
(not just that a vertex 1s repeated) or that 1t contains the cycle C — D — E — C (not just that 1t contains a
cycle). All technical language must be correct if used for this mark and do not isw any incorrect
reasoning

The minimum acceptable answer for both marks i this part 1s, ‘it 1s not a path as C appears twice’

¢IM1: Prim’s — first three arcs correctly chosen in order (AC. AB. CD) or first four nodes (A. C. B. D)
correctly chosen in order. If any explicit rejections seen at some point then M1 (max) onlyv. Order of
nodes may be seen at the top of a matrix/table {1. 3, 2. 4. -. -, -. -}. However. do not accept a list of weights
only (as the weights 1n the network are not unique)

clAl: Fust five arcs correctly chosen mn order (AC, AB, CD, DH. DG) or

all eight nodes {A_C.B. D H. G, F, E} correctly chosen in order. Order of nodes may be seen at the top of
a matrix so for the first two marks accept {1, 3,2, 4 8 7, 6. 5} (no missing numbers). However, do not
accept a list of weights only (as the weights in the network are not umique)

¢2Al: CS0 — all arcs correctly stated and chosen in the correct order (with no additional incorrect arcs).
They must be considening arcs for this final mark (do not accept a list of the weights of each arc. nodes or
numbers across the top of the matrix unless the correct list of arcs (in the correct order) 1s also seen)

Misread in (c): Starting at a node other than A scores M1 only — must have the first three arcs {or four
nodes) correct (and i the correct order) — condone any rejections seen for this mark

d1B1: CAO (ignore weights on arcs even if incorrect)

elBl: x<25 or x,, 25 or x <24 or x,, 24 or equivalent notation e g. (... . 25)
e2Bl: CAO (21 <x<25) or equvialent notation (e.g. (21, 25))
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