Mark Scheme online Maths

Teaching

Q1.
(a) A B [6: D E F
A - 9 (a) 25 35 o0 11
B 0 - 40 8 o0 35 0
C 0 40 - 17 0 o0 47 1.1b
D o0 8 17 S 11 31 P B2,1,0 1.1b
E 35 o0 11 - 14 o0 '
F w0 35 o0 31 14 - 12
G 11 47 w0 24 12 -
2)
(b) Fourth 1terat10n
A B C D E F G
A - 9 34 17 28 H 11 M1 21
B 0 Z 25 8 19 35 72
C 0 25 P 17 28 48 47
D o0 8 17 = 11 31 64
E 35 19 28 11 - 14 46 Al 115
F o0 35 4S8 31 14 - 12
G 11 20 45 28 24 12 =
Fifth iteration:
A B C D E F G
A - 9 34 17 28 42 11 M1 21
B 54 Z 25 8 19 33 65
C 63 25 - 17 28 42 47
D 46 8 17 - 11 25 57 . s
E 35 19 28 11 = 14 46 -
F | 49 | 33 | 42 | 25 a4 - 12 Al | 22a
G 11 20 45 28 24 12 2
&)
(o)) NNA startingat B B-D-E-F-G-A-C-B B1 22a
(ii) Time taken: 8 + 11 + 14+ 12+ 11 + 34 + 25 = 115 (minutes) Bl 1.1b
(iii) Actual villages visited: BDEFGABDCDB B1 22a
3)
(10 marks)
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Notes:

alB1: At least three rows and three columns correct (condone at most 2 empty cells but accept
consistent blanks for the leading diagonal)
a2B1: CAO

b1M1: No change 1n the fourth row and fourth column with at least two values reduced correctly
(condone at most 2 empty cells but accept consistent blanks for the leading diagonal)
b1A1l: CAO for the fourth iteration (changes i bold and blue shading)

b2M1: No change 1n the fifth row and fifth column with at least two values reduced correctly
(follow through from their previous iteration) (condone at most 2 empty cells but accept consistent
blanks for the leading diagonal)

b2A1: At least eight values reduced correctly (from the values shown in bold and orange shading)
b3A1: CSO for the fourth and fifth iterations
(1f correct changes for the fifth iteration are shown in bold and orange shading)

cilB1: CAO (Nearest neighbour cycle starting at B — must include return to B) (condone the use of
arcs BD DE EF FG GA AC CB — must be written in this manner and not AG or BC)

cii2B1: Correct time
ciii3B1: Correct route — must be stated as nodes

(Q03 9FMO0/03D, June 2025)
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Q2.

Online Maths
Teaching

Ml | 1.1b

(a) | Prim’s starting at D: DE. AD. EH: EJ. CD. BC; GH. CF Al | 11b
Al | LIb
3)

(b) | Weight of MST is 241 (miles) Bl | 1.1b
(§))

(<)
Bl | 1.1b
(1)

(d) | 482 (miles) Bift | 1.1b
(1)
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(e) | NNA startingatD: D-E-H-J-C-B-G-F-A-D i
24+30+33+45+28+45+47+40+ 26 =318 (miles) Al
(3
: : T 5
® Ig;' best upper bound i1s the one found in (&) as 318 1s less than both 352 and dBl1f | 22a
e))
g) 1 3 - : M1l | 3.1b
(® | (241 -26)+ 26+ 40 = 281 (miles) 5 |5
()
(h) | The best lower bound 1s the one found in (g) as 281 1s greater than 274 dBl1ft | 2.2a
e))
(13 marks)
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(a) \
M1: First three arcs correctly chosen 1n order {DE. AD. EH., ...} or first four nodes correctly chosen
imn order{D. E. A. H....}. If any rejections seen at any point then M1 (max) only. Order of nodes may
be seen at the top of the matnix {3, -, -, 1. 2. -, -, 4, -} so please check the top of the matrnix carefully.
If they start at any other vertex M1 only for the first three arcs 1n order (Starting at A AD DE EH).

Al: First six arcs correctly chosen 1n order {DE. AD. EH. EJ. CD. BC. ...} or all nine nodes
correctly chosen imn order{D. E. A. H. J, C. B. G, F}. Order of nodes may be seen at the top of the
matrix so for the first two marks accept {3.7.6.1.2.9.8. 4.5} (do not condone any missing
numbers e.g. the number 9 must be above F)

Al: CSO —all arcs correctly stated and chosen 1n the correct order. Candidates 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 (1n the correct order) 1s also seen)

(b)

B1: CAO (241) — no units required (in this or any of the subsequent parts)

()

B1: Correct MST (If multiple attempts not rejected check all and award mark 1f any one 1s correct)
(d)

B1ft: Follow through double their answer to (b)

(e)

M1: Nearest neighbour route starting at D — must have atleast D-E-H-J-C-B — ___ allow if

stated 1n terms of arcs (DE EH HJ JC CB) but not for just numbering across the matrix
Al: CAO route (must return to D and can be stated as arcs DE EH HJ JC CB BG GF FA AD)
Al: CAO length (318)

®

dB1ft: Follow through their value from (e) (must include reason e.g. 318 is the lowest of the values
found. but they do not need to mention the other values) Must score at least M1 in (e)

(2

M1: (weight of their MST from (b) or 241 only) — 26 + 26(AD) + 40(AF) (oe so may not see the —
26 + 26). A correct answer of 281 can imply this (and the next) mark. Alternatively may delete A
and find RMST (215) and add AD (26) and AF (40)

Al: 281

()

dB1ft: Follow through their “281" with 274 and makes conclusion (e.g. 281 1s the bigger value, but
they do not need to mention 274). Must be a smaller value than their answer to (f) and must
score at least M1 in (g)

(Q02 9FMO0/03D, June 2024)
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Online Maths
Teaching

Distance table Route table
A| B | C|D|E A| B |(C|D| E
Al-l15]718]3 A|lA[B|C|D|E Bl | 1lb
B |15] - @ | o | ® B|A|B|C|[D| E
AEIEIBENERE clAlB[c|[D|E Bl | 11b
D |[18] 4 - 3 D|A| B |C|D| E
E|x| ® 9 3 - E|(A|B|C|D| E
2
1% iteration:
Distance table Route table
A| B | C|D|E A| B | C|D|E
Al -115] 7 18 | 3 A|A| B C| D ]| E M1 1.1b
B [15| - | 22| 33| 18 B|A|B|A| A| A Al 1' b
C|Z|:5 - 4 9 C|A| B C| D| E ’
D [18[ 33| 4 - 3 D|A|A| C|DI|E
E|x| ® 9 3 E|A| B C| D| E
204 jteration:
Distance table Route table
A| B | C|D|E A| B | C|D|E
Al -]15]| 7 18| 3 A|A| B C|D]| E
B |15 - [ 22] 33| 18 B|A|B|A| A| A Alft 1.1b
C 17] .5 - 4 9 C|A| B C| D| E
D [18] 33| 4 - 3 D|A|A| C|D|E
E|x]| ® 9 3 - E|[A| B C | D E
3% jteration (SEE NOTES FOR VALID ALTERNATIVE):
Distance table Route table
A| B | C|D|E A| B | C|D|E
Al -] 12 7 11 3 AlA| C C C E M1 1.1b
B |15 - [ 22] 26| 18 B|A|B|A| C| A
_ Al 1.1b
C|7|.5 - 4 9 C|A| B C|D| E
DJ[11] 9 4 = 3 D|C]| C C|D]|E
E |16]| 14| 9 E|C| C C| D| E
3

www.onlinemathsteaching.co.uk



©G) Start at E(5® row) and read across to the A (1* column), thereisa D B1
there so the route from E to A 1s viaD
Now consider both E to D and D to A — for E reading across to the D (4%
column), there is a D indicating that the shortest path from E to D 1s ED. dB1 24
For D reading across to the A (1* column). there 1s a C indicating that )
the shortest path from Dto A1sviaC
(i) | EDCA B1 22a
3
(d)@i | NNA:D-E-C-B-A-D B1 1.1b
(ii) 3+7+5+15+6 =36 miles B1 1.1b
@) [D-E-D-C-B-A-E-D Bl 32a
(iv) | &g the cycle A—E —D — C—B — A has a length of 30 miles < 36 miles B1 24
so Mabintou’s route 1s not optimal :
)
(14 marks)

> Maths
ching
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Notes for Question

IS WRITTEN IN THE LEAD DIAGONAL (TOP LEFT TO BOTTOM RIGHT)

(a) B1: Correct distance table (condone dashes, crosses, etc. for infinity but do not condone a ‘large’
number 1n these cells)

B1: Correct route table

(b) M1: No change in the first row and first column of both tables with at least two values in the
distance table correctly reduced and two letters in the route table correctly changed — all cells
complete

Al: CAO (condone dashes, etc. in cells EA and EB)

Alft: No change from candidate’s first iteration to second iteration for either table or ft from
candidate’s first iteration

M1: No change 1in the third row and third column of both tables with at least two values in the
distance table correctly reduced from their second iteration and two values in the route table
correctly changed

Al: CAO for third iteration (note that the entry in row B column D for the route table could be
an A)

(c) Bl: Row E column A 1s D so the route 1s E to A via D (or implies that the order of the nodes in
the route 1s EDA) or D implied from general argument or Row E column A 1s D therefore the route
begins ED (in all cases must clearly imply row E and column A)

dB1: Row D column A is C therefore the route goes via C (before A) or complete general
argument that allows the route from D to A to be found or allow those who say that row D column
A 1s C so the route 1s EDC and then row C column A 1s A

Bl: CAO (EDCA)

(d)@)Bl: CAOD-E-C-B-A-D)
(ii) B1: CAO (36 — no units required)

(iii) B1: CAO(D-E-D - C—-B - A —E -D) or mentions that the cycle would visit E twice and
D three times (or visit D before the end of the cycle — 1f D visited once stated and it 1s not clear that
this 1sn’t the start or finish then B0) or mentionof EtoCviaDand AtoDviaE

(iv) B1: A correct cycle stated (e.g. a cyclic permutation of A—E—-D - C—-B — A) with
corresponding correct length — dependent on second B mark in this part (so must have had 36 in

(d)(i))

ching

(Q03 9FMO0/03D, June 2019)
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Online Maths

Teaching

(@) e.g. in the practical problem each vertex must be visited at least 24
once. In the classical problem each vertex must be visited just B2,1,0 g
24
once
(03]
(b)
Prim’s algorithm on reduced network starting at A: AD, AF, AE,
M1 1.1b
CE. CG
M1 1.1b
Lo bound = 107 + 17 + 25 = 149
wer bo (km) P i3
&)
(© M1 1.1b
NNA fromA:A-D-F-E-C-G-B-A=126+x Al 1.1b
NNA fromC:C-E-A-D-F-B-G-C=139+x Al 1.1b
(126+x)+(139+x)=331=>x=33 Al 1.1b
)
(@ : Ml 2.2b
149 < optimal < 159
Al 1.1b
@
(11 marks)
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Notes:

(@)

B1l: Understands the difference 1s connected to the number of times each vertex may be visited
(but maybe incorrectly attributed). Must be an attempt at a difference (so must refer to
both the classical and practical problems explicitly). Technical language (vertex/node)
must be correct. Need not imply each/every/all (oe) vertices for this first mark

B1l:  Correctly reasons which 1s classical and which 1s practical and correctly states the
difference. Must imply that each/every/all (oe) vertices are visited, so for example, ‘the
practical problem visits a vertex at least once while the classical visits a vertex only once’
1s B1BO (note that BOB1 1s not possible 1n (a))

(b)

M1: Correctly applying Prim’s algorithm from node A for the first four arcs (or five nodes)
M1: Candidates weight of their RMST + 17 + 25 (the two smallest arcs incident to B)

Al: CAO (condone lack of units)

(©)

M1: Either one route, must return to A

Al:  One correct route, must return to A and corresponding length correct (do not 1s 1n part
(c) 1if correct lengths seen but are then doubled)

Al: Both routes correct and their corresponding lengths correct

Al: CAOfor x

Notes: (continued)

(d)

M1: Their numbers correctly used, accept any inequalities or any indication of interval from
their 149 to their 159 (so 149 — 159 can score this mark). This mark 1s dependent on two
routes seen in (c), however, neither of the two totals need to be correct. Please note that
UB > LB for this mark

Al: CAO (no follow through on their values) including correct inequalities or equivalent set
notation (but condone 149 < optimal < 159)

(Q03 9FMO0/3D-4D, Specimen papers )
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Online Maths

Teaching
Q5. S

%‘:;51%2;1 Scheme Marks
(a)(i) | Prim’s starting from A: AE, AC. BE. AD; EF MI1 Al
2 x 391 =782 Bl
(i1) Nearest neighbour: A—-E-B-C-D-F-A M1
69 77 94 97 125 97 =559 Al (5
(b) 500 < length £ 559 (accept 500 < length < 559) B2.1,0 (2)
7 marks

Notes for Question

alM1: First four arcs (or first five nodes: A. E, C. B. D or equivalent numbers across the top of the table {1,
4.3.35. 2. -}) selected correctly. Award M1 only for a correct tree with no working or for a correct tree
starting at a different node

alAl: CAO (order of arcs correct or all six nodes correct: A. E. C. B, D, F — but not just the numbers across
the top of the table)

alBl: CAO (782) — must follow from the correct MST (so dependent on at least the M mark 1 (a)(1)) — do
not 1sw if attempt at short cuts reduces this value

a2M1: Nearest neighbour A —E —B — C — D — F — (condone lack of return to start) or correct route length
of 359. Accept AE. EB, BC. CD. DF but do not accept weights only

a2Al: CAO both route (either in terms of vertices or arcs but not weights) and length correct

b1B1: Any indication of an interval from 500 to their 559 (their 559 = 500 and 1s the smallest value from
erther the MST method or NN method — must have stated two values in (a) but ignore how these values
were derived)

bh2B1: 500 < length <559 or 500 < length <3539 (no ft on this mark) — accept set notation e.g. [500,559] or
(500, 559]

(Q07 6690/01, June 2017)
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Online Maths
Teaching

Q6.

%u;:;z_l Scheme Marks
@) e.g. in the practical problem each vertex must be visited at least once. In the B21.0 ()
classical problem each vertex must be visited just once - 7
A-D-C-F-B-E-G-A M1
12+16+19+25+14+41+22 =149
@y |A=D-C=F-G-E-BLA =
3y 2 - =
12+16+19+25+41+14+31 158 Al 3)
() RMST weight = 86 (mules) Bl
86+ 12+ 15=113 (miles) MIA1 (3)
i . B2.1.0 (2
(d) 113 £ optimal distance = 149 10 s

Notes for Question
alB1: Understands the difference 1s connected to the number of times each vertex may be visited (but
maybe incorrectly attributed). Must be an attempt at a difference (so must refer to both the classical and
practical problems explicitly). Technical language (vertex/node) must be correct. Need not imply
each/every/all (oe) vertices for this first mark
a2B1: Correctly 1dentifies which 1s classical and which 1s practical and correctly states the difference. Must
imply that each/every/all (oe) vertices are visited. so for example, “the practical problem visits a vertex at
least once while the classical visits a vertex only once™ 1s B1BO (note that BOB1 1s not possible 1 (a))

bIMI1: Either one correct route, must return to A. or one correct length stated (do not 1sw 1n part (b) 1f
correct lengths seen but are then doubled)

blA1: One correct route, must return to A and comresponding length correct

b2A1: Both routes correct and their corresponding lengths correct

c1B1: CAO for RMST weight (etther 86 or 20 + 16 + 14 + 19 + 17) — maybe implied by later working
cIM1: Adding 12 + 15 (the two least weighted arcs) to their RMST length (the length of theirr RMST must
be 1n the interval 66 = RMST =106) — this mark maybe implied by the correct value for the lower bound
clAl: CAO - 1f 113 seen without working then award all 3 marks 1 (c)

d1B1: Their numbers correctly used. accept any inequalities or any indication of interval from their 113 to
their 149 (so 113 — 149 can score this mark). This mark 1s dependent on two totals seen in (b). however.
neither of the two totals need to be correct. Please note that UB = LB for this mark

d2B1: CAO (no follow through on their values) including correct inequalities or equivalent set notation (but
condone 113 < optimal distance <149)

(Q08 6690/01, June 2016)
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Online Maths
Teaching

Q7.

e Scheme Marks
(a) | Pnm: AF. EF. BE. BC, CD. DG Ml1A1l (2)
(b) 2 X 136 =272 (km) Bl (1)
Bl
c A E E B C D G A Bl Q)
21 20 19 27 24 25 30 = 166 (km) 5
(d) Starting at F route length 1s 153 + x B1
With x > 21, 153 + x 1s greater than 166 so the better upper bound 1s the one DB1
: (2)
starting at A
(e) Length of RMST =115 Bl
115+21+ x=159 .~ x = 23 (km) MIA1I (3)
: : B210 (2)
® 159 < optimal < 166 [accept 159 < optimal < 166] o

Notes for Question

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

alAl: CAO (order of arc selection clear)

blB1: CAO (272)

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

d1B1: Esther 153 + x or states a value 1n the interval 174 < value < 180 or considers one of the intervals
174 < value < 180 or 175 < value < 179

d2DB1: Correct argument that A gives the better upper bound. Must be considering either x > 21orx =22
with 153 (so expect to see as a minimum the mention of > 174 or >175) — must be clear that the upper
bound starting at A 1s the better upper bound. This mark 1s dependent on the previous B mark in (d)

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

elM1: Adding the correct two least values (21 and x) to their RMST length (therr RMST may be incorrect
but must contain only 3 arcs) and equating to 139. Accept. for example. 136 +x=159 or 136 + 23 =159 or
115+ 21 + 23 = 159 or equivalent calculations using the length of theirr RMST

elAl: CAO (must be clear that (x =) 23 not just embedded 1n a calculation)

flB1: Any indication of an interval containing 139 (as a lower bound) and their stated better upper bound
from (d)
f2B1: CAO either 159 < optimal (oe) < 166 or 159 < optimal (oe) < 166

(Q07 6690/01, June 2015)
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Online Maths
Teaching

Q8.

Question
Number Scheme Marks
@) In the practical problem each vertex must be visited at least once. In B2.1.0 (2)
the classical problem each vertex must be visited just once. - -
(b) A D E FB € A M1 Al
15+17+14+26+50+48 =170 Al 3
B 2 F 14 E 47 D
e ® ®
(©
20
C
RMST weight=26 +14+ 17+ 20=77 (km) M1 Al
Lower bound =77 + 15+ 30 =122 (km) Al (3)
(d) 122 <length < 170 B2,10 (2
10 marks

Notes for Question
alB1: Understands the difference is connected to the number of times each vertex may be visited.
a2DBI1: Correctly 1dentifies which 1s classical and which 1s practical and correctly states the
difference.
b1M1: Nearest neighbour A —D —E —F — B — C — or accept 145623 across top of table (condone
lack of return to start).
b1A1l: Route correctly stated, must return to A, accept link back to A.
b2A1: Length correctly stated. Do not ISW 1f candidates then go on to double the route length.
c1M1: Finding RST (maybe implicit) and using the correct two least lengths. Their RST must have
only four arcs of which none are incident to A.
clAl: RMST correct or list of arcs or 77 or 26 + 14 + 17 + 20 seen.
c2Al: CAO 122
d1B1ft: Their correct numbers correctly used (their upper bound must be a cycle and their lower
bound must have scored M1 1n (c)), accept any inequalities or any indication of interval from their
122 to their 170.
d2B2: CAO including correct inequalities (but condone 122 < length < 170).

(Q08 6690/01/R, June 2014)
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Q9.

Online Maths
Teaching

%l:]ens‘gg? Scheme Marks
(a) AEF BCDA and A EFDIBTZCA M1 Al
35+75+88+80+108+85 =471 35+75+88+100+80+130 =508 | Al Al 4)
D A E B C
(b) L ° ° e ®
85 35 83 80
RMST weight =85 + 35 + 83 + 80 = 283 (seconds) M1 Al
Lower bound =283 + 75 + 88 = 446 (seconds) Al (3)
(c) 446 < time < 471 [accept 446 < time <471] B3.210 (3
10 marks

Notes for Question
alM1: Nearest neighbour eitther A—-E-F-B-C-D-orA-E—-F-D-B-C— condone lack
of return to start. Accept 145623 or 156423 across top of table (numbers must be from NN not
Prim).
alAl: One route correctly stated, must return to A, accept link back to A.
a2A1l: One route length correctly stated. Do not ISW 1f candidates then go on to double the route
length 1n (a).
a3Al: Second route and its length correctly stated. Do not ISW if candidates then go on to double
the route length 1n (a).
b1M1: Finding RST (maybe implicit) and using the correct two least lengths. Their RST must have
only four arcs none of which are incident to F.
blA1l: RMST correct or list of arcs or 283 or 85 + 35 + 83 + 80 seen.
b2A1: CAO 446
c1B1ft: their 471 (must be a cycle) as an upper bound — allow recovery in this part.
c2B1ft: any indication of interval from their 446 (must come from six arcs) to their 471.
c3B1: 446 < time < 471 or 446 < time <471

(Q08 6690/01, June 2014)
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Online Maths
Teaching

Q10.

Questi
on
Numbe Scheme Marks
r
(a) | E.q.
. M1 Al
If use CD as shortcut get 807 or if use CF + AD get 793 (2)
(b) |A F E D B C A B1
82 113 98 130 110 217 =750 (B;)
(c) length of RMST = 439 B1
M1 Al
439 + 82 + 113 = 634
(3)
(d) | 634 < optimal <750 (Bi;t
8
marks

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

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

biB1: CAO

b2B1: CAO

ciB1: CAO

c1M1: Adding two least weighted arcs to their RMST length

cl1Al: CAO

d1B1: An interval that incorporates their lower bound from (c) and their best upper bound
from either (a) or (b)

(Q07 6690/01/R, June 2013)
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Online Maths
Teaching

Q11.
Question
Wit Scheme Marks
A B C E
- - - -
15 15 11
()
15
“
D
MI1Al1 (2)
e.g. starting from A: AB. BD. BC. CE or AB. BC. CE. BD
(b) 2x56=112 Bl (1)
(c) A B CE DA and A B D E C A M1 Al Al
1515 11 18 25 =84 15 15 18 11 19 =78 (3)
(d) 78 1s the better upper bound Blft (1)
A 10 C 11 E 18 D
o - - —
18 IMIAL
(e) B N LR 2M1A1  (4)
\\\.’I‘
B
Lowerbound=48 +15+15=78
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Question

Naahes Scheme Marks

M

The route 1s ABDECA
(The optimal route length 1s 78. since upper bound = lower bound)

alM1 First three arcs (or all 5 nodes / or numbers across the top of the
matrix) selected correctly (may start from any node). Award M1 only for a
correct tree with no working.

alAl CAO (order of arc selection clear)

blB1 112 CAO

¢IM1 Nearest Neighbour either A-B-C-E-D- or A-B-D-E-C- (condone
lack of return to start). Accept 12354 or 12534 across the top of the matrix.
clAl 1 route and length CAO (Do not ISW if route length 1s doubled)
¢2A1 both routes and lengths CAO (Do not ISW if route lengths are
doubled)

Bl (1)

Total 12

d1B1ft their stated shortest (must be a number)

¢IM1 Finding correct RMST (maybe implicit) 48 sufficient. or correct
numbers. 3 arcs.
elAl CAO:trecor48orll + 18 + 19 seen.

2M1 Adding 2 least arcs to B: 15 and 15 or two out of BA. BC or BD or
30 only
e2Al CAO78

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

(Q07 6690/01, June 2013)

www.onlinemathsteaching.co.uk



[aala

Online Maths
Teaching

Q12.
Question Scheme Marks
Humber
@ | A E D F B C A 100K
= m IMI1 IAL
5 i 5
12 15 12 12 24 25 241
3
(b)
Delete A
C
18
B 12 F 12 D
S L 3 IMI
* 15
AY
Y
15% el
A ) - -
\ B o
\‘. - - 12
A
1AL
RMST weight = 12 + 12 = 15 + 18 = 57 (km)
Lowerbound =57 + 12 = 15 = 84 (km) ZM1 2A1
4
Total 7

Notes for question

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

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

bIM1 Finding correct RMST (maybe implicit) 57 sufficient; or 12, 12, 15 and 18. Must have 4 arcs.

blAl CAO; tree or list of arcsor 57 or 12 + 12 + 15 = 18 seen.

b2M1 Adding 2 least arcs from A to “tree”; 12 and 15 or AF and AE or 27 only. Must add these arcs distinctly.
bzAl CAO B84

(Q07 6690/01, June 2012)
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Q13.

Online Maths
Teaching

Suestion Scheme Marks
Number
(a) AlBIECID|IB|E
Al - 19 | 11 | 23 | 20 | 37
B 19 - S 142 | 17 | 32
€| 11 8 - 34| 9 | 26
D|23 42|34 | - |27 ]31
E[20]17]| 9 |27 ] - | 17
F|37|32]|26]131|17] - B3.2.1.0
@)
(b) A € B E F D A M1 Al
11 8 17 17 31 23 =107 Al
(3)
(c) Delete A
/ P————
ki Q1 M1
vl S
\\ 3 \\
\ \
2 B
9
E
D 27
17
F
RMST weight =61 Al
Lower bound =61+ 11+ 19=91km M1 Al
4)
10
%%iiggp Scheme Marks
(a)1B1 One double entry correct
2B1 Two double entries correct
3B1 Three double entries correct
(b)M1 | NN route. each letter appearing once. condone lack of return vertex
1A1 CAO
2A1 CAO
(¢)IM1 | Finding my RMST — accept 61 for both marks
1A1 Either 8 + 9+ 17 + 27 or 61 seen
20\ 1 Adding on two least arcs, accept 11 and 19 or AC and AB
2A1 91 CAO
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Online Maths

(Q07 6690/01, J (EREGAEES

Q14.
Question Scheme Marks
Number
| Add, 372 b AR +8A (AcB) g1
L7 k BRE + EA (Gene) Al
32 t CE + €c (Co8) 5
53 kL DG+ 60 (DCE) A1 e )
(b) A4 ¢ B D EF G A miAl
IS4 1T+ 38y 3 130123 = 165 miles At (3)

2 (3 4 g &€ F < mo
(C) €gq Bcl €o, DE, EF, F& T B Y S TR T P

weight ¢ RSmT = 110 mle, A
Lover bawnmd = 10 + 15 423 m
- AN (&)

(a)| R\ AAJQ 32 & LE A oa 8A euch numlar /qu.r
Asd, LT &k LU BRe oa €A [ comecd o ab et
prAL 32 b LA ce ou e [ ondicgam .
AL S22 b L.H DE ed €.
b) | M Eack verb. wiiked once
Al c.a.0 including rehm b A ( AcgoEFer)
Al c.a.o (1¢5)
Q) | Mt Faking coneck Fanst (magke wnplt) 110 Suffiecd
Ml cao Eree o V10
M AMng X leak o B A i 15 ed 23 only
QIp cao ./‘/fmék., sk vabe <ic 384 khvg_@_[,_,jtl.
{ pusk ke & brer)

(Q06 6690/01, June 2007)
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Q15.

Online Maths
Teaching

Question
Number

Scheme

Marks

(a)

(b)

A walk is a finite sequence of arcs such that the end vertex of one arc | B2.1.0

is the start vertex of the next.

A tour is a walk that visits every vertex, returning to its stating vertex. | B2.1.0 (4)

(4 marks)

(Q07 6690/01, June 2008)
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Online Maths
Teaching

Q16.
g.‘;f;g::_l Scheme Marks
(a) | GH(38) GF(56) CA(57) EC(59) FE(61) CD(64) CB(68) MI1AI1 (2)
(b) [ 2x403 = 806 (km) B1 (1)
(c) | e.g. DH saves 167 M1 Al
AB saves 23
806 — 190 =616 (km) Al
P
T S
=
zoa <5
n l.l—l ——————
e ABCEFGHDCA Al @)
@Wg caA EF GH D B XIIIAE
68 +57+98 +61 +56+38+111+108 = 597 (km) )

www.onlinemathsteaching.co.uk



(e)

)

Delete C

RMST weight =444
Lower bound =444 + 59 + 57 =560 (km)

560 < length < 597

M1

(Q08 6690/01, June 2008)

Q17.
%‘::;g:"_‘ Scheme Marks
Q
@) | In the classical problem each vertex must be visited only once.
In the practical problem each vertex must be visited at least once. B2,1,0 )
®JA F D B E C A {146352) M1 A1
21 + 38 + 58 + 36 + 70 + 34 =257 Al 3)
(€) | 257 is the better upper bound, it is lower. BIft (1)
(d)
RMS.T. M1 A1
C 34 A2 F 33D
67
E
M1A1 (4)
Lower bound is 160 + 36 + 58 = 254
(e) | Better lower bound is 254, it is higher B1ft
) 254 <optimal < 257 B1 (2
[12]

www.onlinemathsteaching.co.uk

Alft (4)

B2.1.0 (2)

(16 marks)




Notes:
(a) 1BI1: Generous. on the right lines bod gets Bl
2B1: cao, clear answer.
(b) 1MI1:Nearest Neighbour each vertex visited once (condone lack of
return to start)
1A1: Correct route cao — must return to start.
2A1: 257 cao
(c) 1BI1ft: ft their lowest.
(d) IMI1: Finding correct RMST (maybe implicit) 160 sufficient
1A1l: cao tree or 160,
2M1:Adding 2 least arcs to B. 36 and 58 only
2A1: 254
(e) 1BIft: ft their highest
(f) 1BI1: cao

Q18.

e Maths
ching

(Q07 6690/01, June 2009)
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- o Maths
i Scheme Marks ching
Number
Q (a)

M1 AT
(2)
(B) | Minimum Spanning tree length 93. so upper bound is £186 B1ft (1)
€)|]A CF E BD A M1
18 24 13 20 22 28 Length 125 Al
ACF E DBA A1 (3)
18 24 13 20 22 36 Length 133
(d) | Best upper bound 1s £125 B1ft (1)
(@) | Delete A
M1 Al
RMST weight =77
= M1 Al 4
Lower bound =77 + 18 + 22 =£117 “
[11]

Notes for question
(a) 1M1: Spanning tree found. Allow 1x2x43 across top of table or 93
1A1: CAO must see tree or list of arcs
(b) 1B1ft: 186 their ft93 x 2
(c) 1M1: One Nearest Neighbour each vertex visited at least once (condone lack of return to
start)
1A1: One correct route and length CAO - must return to start.
2A1: Second correct route and length CAO - must return to start.
(d) 1BA1ft: ft but only on three different values.
(e) 1M1: Finding correct RMST (maybe implicit) 77 sufficient, or correct numbers. 4 arcs.
1A1: CAO tree or 77.
2M1: Adding 2 least arcs to A, 18 and 22 or 40 only
2A1: CAO 117

(Q07 6690/01, June 2010)
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Online Maths

Teaching

(@) Yes Dijkstra's algorithm can be applied to either a directed or
undirected network Bl 3.5b
(1)
(b) —: .5 11 8 A =B G =D
- 5 — 3 2 A B € D
Imitial tables
11 3 - 4 A B C .D
|8 o 4 - A B C D
- 5 11 8 A B €' D
) ’ 5 — 2 4 A B G D M1 1.1b
1% iteration
11 3 - 4 A B C D Al 1.1b
|8 [13] 4 =| |4 [4] ¢ D]
~ s 8 [7]] [4 5 [5] (5]
W . |5 - 3 2 A, B € D M1 1.1b
2™ 1teration
[8] 3 — 4 [B] B ¢ D Alft 1.1b
|8 134 —-| |4 4 C D|
— 5 8 A B B B
o 5 = % 2| |4 B & B M1 1.1b
3™ jteration
8 3 - 4 B B ¢ D Alft 1.1b
8 [7] 4 —| |4 [C] C D]
- R A B B B
g ] 5 — 3 2 A B C D
47 1teration
8 3 — 4 B B C D Al 1.1b
§ 74 —| |4 ¢ ¢ D]
no changes therefore optimal
@)
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©

Start at D (4“‘) row and read across to the B (2“d) column,
there 1s a C there

so the route starts DC. Look at the C row, B column and you

oh B1 24
The route 1s therefore DCB B1 22a
2)

(@

D-C-B-A-B-D

M1 22a
Length 19 (mules) Al 1.1b
()
(e) 4 . J
Diyjkstra’s algorithm finds the shortest distances from one B1 25
vertex to all the others. Floyd’s algorithm finds the shortest i
distance between every pair of vertices. B 23
2)
(14 marks)
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Notes:

a

§31): CAO (must include mention of ‘directed’” network)

M1: No change in the first row and first column of both tables with at least one value in the
distance table reduced and one value 1 the route table changed

(b)

Al: CAO

M1: No change in the second row and second column of both tables with at least two values
m the distance table reduced and two values in the route table changed

Alft: Correct second 1teration follow through from the candidate’s first iteration

M1: No change in the third row and third column of both tables with at least one value 1n
the distance table reduced and one value in the route table changed

Alft: Correct third iteration follow through from the candidate’s second iteration

Al: CSO (no change after the fourth iteration) — all previous marks must have been
awarded 1n this part

(©)

B1l:  Clear mndication of how the final route table can be used to get from D to B (therefore
must mention the correct rows and columns 1n their reasoning)

Bl: Completely correct argument + correct route (DCB)

(d)

M1: Deduce correctly their minimum route from their final distance table (dependent on all
M marks 1n (a)) must begin and end at D

Al: CAO (length of 19)

(e)

B1: CAO —must use correct language ‘one vertex to all other vertices’

B1: CAO —must use correct language ‘every pair of vertices’

Teaching

(Q04 9FMO0/3D-4D, Specimen papers )
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