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General Marking Guidance

e Allcandidates mustreceive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

e Markschemes shouldbe applied positively. Candidates must be rewarded
forwhat they have shown they can dorather than penalised for omissions.

e Examiners should mark according to the mark scheme notaccordingto
their perception of where the grade boundaries may lie.

e Thereisnoceilingonachievement. Allmarks onthe mark scheme should
be used appropriately.

e Allthe marks onthe mark scheme are designed to be awarded. Examiners
should always award full marks if deserved, i.e. if the answermatches the
mark scheme. Examiners should also be prepared to award zero marks if the
candidate’sresponse is not worthy of credit according to the mark scheme.

e Where somejudgementisrequired, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

e Whenexaminers are in doubt regarding the application of the mark scheme to a
candidate’sresponse, the team leader must be consulted.

e Crossedoutworkshouldbe marked UNLESS the candidate hasreplaced it

with an alternative response.



GeneralInstructions for Marking

1. Thetotalnumberof marks forthe paperis 75.
2. The EdexcelMathematics mark schemes use the following types of marks:

e Mmarks: Method marks are awarded for ‘knowing a method and
attemptingto applyit’, unless otherwise indicated.

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

e Bmarksareunconditional accuracy marks (independent of M marks)
Marks should not be subdivided.

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

bod - benefit of doubt
ft - follow through

o thesymbol \f will be used for correct ft
cao - correct answer only
cso - correct solution only. There must be no errors in this part of the
question to obtain this mark
isw - ignore subsequent working
awrt - answers which round to
SC - special case
oe - or equivalent (and appropriate)
d.. ordep - dependent
indep - independent
dp - decimal places
sf - significant figures
*-The answeris printed on the paper orag- answer given



4,

b)

[ ord.. - The second markis dependent on gaining the first mark

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

For misreading which does not alter the character of a question or
materially simplify it, deduct two from any A or B marks gained, in that
part of the question affected. If you are using the annotation facility
on ePEN, indicate this action by ‘MR’ in the body of the script.

If a candidate makes more than one attempt at any question:

If all but one attempt is crossed out, mark the attempt whichis NOT
crossed out.

If either all attempts are crossed out or none are crossed out,
mark all the attempts and score the highest single attempt.

Ignore wrong working orincorrect statements following a correct
answer.



Question

Scheme Marks
Number
e.g. Lefttoright
18 13 21 17 23 14 20 15 16 19 M1
13 18 17 21 14 20 15 16 19 23
1.(a) 13 7 18 14 20 15 16 19 21 23 Al
13 7 14 18 15 16 19 20 21 23
132 14 17 1B 16 18 19 20 21 23 Al 3)
13 14 15 16 7 18 19 20 21 23
13 14 15 16 7 18 19 20 21 23
e.g.righttoleft
18 13 21 17 23 14 20 15 16 19
13 18 14 2] 17 23 15 20 16 19
13 14 18 15 21 7 23 16 20 19
13 14 15 18 16 21 7 23 19 20
13 14 15 16 18 17 21 19 23 20
13 14 15 16 17 18 19 21 20 23
13 14 15 16 7 18 19 20 21 23
13 14 15 16 7 18 19 20 21 23
. BD, AB, reject AD, AC, BE, reject CD, reject DE, DF (reject EF, reject M
(b) () Al
CF)
Al
(i) 80 (metres) =] (4)
7 marks
Notes for Question 1
Bubble sort working consistently Lto RorRto L first two passes
completed with two largest valuesin place (L to R) or two smallest
valuesinplace (RtoL)(Note Quick sortis MO) (If sorting into
alM1 . )
descending order M1 only evenif reversed) (condone one error
either transcription or order for this mark but must have both
largest or smallestin place)
alAl First four passes correct (accept shrinking list)
CSO (mustinclude 6" unchanged pass L to R or7""unchanged pass
a2A1 RtoL orlistrewritten after 5*"/6™" pass - do not accept sort
completed without the unchanged pass) (if shrinking list they must
write out the final list in full)
Kruskal not Prim, BD and AB selected and AD rejected (in that
bilM1 order) (Accept afulllist of arcsin order followed by alist of the
correct five arcs for M1 A1AQ) (Accept correct list of numerical
valuesin place of arcs for Ml only)
bilAl All five arcs selectedin the correct order with no additional




Question

Scheme Marks
Number
CSO -allarcs selected andrejections made in correct order
bi2A1 (rejecting EF and CF not required, but if seen they must be in this
order)
biiB1 CAO (Do notISWif 2x80 seen)
Question Scheme Marks
Number
2.(a)
M1
A Al
(ABCDEH)
B
A1(FGL))
C A1(KLMN)
Al (5)
e.g.
(b) ActivitiesA,B,C, G, H, |, Jand Kare critical B21 (2)

7 marks




Notes for Question 2

Condone lack of, orincorrect, numbered events throughout.
‘Dealt with correctly’ means that the activity starts from the correct
event but need not necessarily finish at the correctevent, e.g. ‘F
dealt with correctly’ requires the correct precedences for this
activity, i.e. Blabelled correctly and leading into the starting node,
adummy fromthe end of Aand the end of Cintothe nodeandF
starting from that node but do not consider the end event. Activity
onnodeis MO

If an arcis not labelled, forexample, if the arc for activity Eis not
labelled (but the arcis present) then this will lose the first Amark
and the final (CSO) A mark - they can stillearn the second A mark
onthebod. If two ormore arcs are not labelled then mark
according to the scheme. Assume that a solid line is an activity
which has not beenlabelled ratherthan a dummy (evenifin the
correct place forwhere adummy should be). Ignore incorrect or
lack of arrows on the activities for the first four marks only

alM1

Nine activities (labelled on arc), one start and at least two dummies
placed

alAl

Activities A, B, C, Is*two dummies (including correct arrow), D, E
and H dealt with correctly

a2Al

Activities F, G, | and J dealt with correctly

a3Al

Activities K, L, Mand N dealt with correctly

ad4Al

CSO -allarrows correctly placed for each activity with one finish
and exactly three dummies (so uniqueness dummy for M/N
required)

Please check all arcs carefully for arrows - if there are no arrows
on any dummies then M1 only.

Note that additional (but unnecessary) ‘correct’ dummies that
stillmaintain precedence for the network should only be
penalised with the final A mark if earned. Note that this diagram
is not unique

b1B1

Atleastone of A, B, Candone of G,Hand all of I, J, Kand no non-
critical activities

b2B1

CAO - all 8 activities and no non-critical activities




Question
Number

Scheme

Marks

3.(a)

Totalsinbinsare 47,50,49so n > 50 orconsiders bin 2
nzl15+ 24+ 11 = n =50
13 placedinbin 3insteadofbin2so n < 15 + 24 + 13 =>n <52

ncanbe 50 or5]

B1

M1

Al (3)

(b)

Either considers n=51
2820

241611

1513127

orconsidersn=50
2820

24167

151312

1

If consideringn =50 shows that24 +16 + 11 =51

concludesthatn=50

M1

Al (2)

5 marks

Notes for Question 3

alBl

Considers the totalineach binand statesn > 50 whichmay be
implied by sight of the three totals and then a statement thate.g.n
=50 o0r5]

orconsiders bin 2 and states n > 50

alM1]

Considers the placement of 13 and deduces that this does not fitin
bin 2 and therefore states a correct upperboundforn

(accept statementse.g.13isnotinbin2son <52 or
15+24+13=52son<520r15+24+13=52son=500r51)

(Note: astatement of n < 52 withno working is MO)

alAl

CAO - acceptinequalities50 € n < 52 o.e.
(must have scored both Band M mark)

b1iMI1

Either considers n=51and shows only 3 bins required or considers
n =50 and shows 4 bins required

(bin packing must be correct - if both shown at least one must be
correct)

b1A1

If considering n = 51sight of the correct bin packing plus
conclusionthat
n=50is sufficient




If just considering n =50 must also show that n = 51uses 3 bins
whenusing the algorithm e.g. by stating that 11 fitsinbin2and 7 in
bin 3

Concludesthatn=50

(there must not be any incorrect statements or working seen)

UG Scheme Marks
Number
Use Dijkstra to find the shortest route fromAto CandfromAtol
4.(a) and add these together B21 ()
J ‘ 4 |39 24 B ‘ 2 ‘15
42 39 15
42 15
> 18 ali]o - N M
(0)
47 A1(ABF)J)
0] _ |7 p|s|a| 2 [c]s]es
(b) o4 9 90 A L 35 47 42 70 68 66| | AlI(DEG)
18 5 28 . Alft (CHI)
Fl3]35 a
H | 9 ]72 39 35 R E| 6|55
74 72 73 55
Quickestrouteis IHGJBABDEC Al
Length of quickestrouteis 90 + 66 =156 (minutes) Alft  (6)

8 Marks




Notes for Question 4

alBl

A generalidea of finding the route from Ato C and fromAto | (acceptif stated as|to
AorCtoA)

a2B1

A complete explanation which uses Dijkstra’s algorithm throughout, with both
sections starting at A, including combining the two sections of the route

In (b) itisimportant 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 G the working values must be 63 57 in that order (so 57 63 is
incorrect)

Itis also important that the order of labelling is checked carefully. The order of
labelling must be a strictly increasing sequence -so1, 2, 3, 3, 4, .. willbe
penalised once (see notes below) but1, 2, 3,5, 6, ... is fine. Errors in the final
values and working values are penalised before errors in the order of labelling

If the order of labelling and final values have been swapped penalise with the loss
of the first A mark earned.

b1MI1

Alargervaluereplaced by a smallervalue at least twice in the working values at
eitherC,D,E,G,H,lorJ

bl1Al

Allvalues at A, B, F and J correct and the working values in the correct order

b2A1l

Allvalues at D, Eand G correct and the working values in the correct order

b3ATft

Allvaluesin C,Hand | correct and the working values in the correct order. Follow
through onthe values at C and | only. The working values at C must follow from the
final values at B, D and E and the working values at | must follow from the final values
atJ),GandH.

b4Al

CAO - donotaccepttherouteinreverse

b5ATft

Their “156” - this must be the sum of their final values at | and C (Accept if the route
and distance have been written on the wronglines)




Special Case - starting from | max 3 marks

J ‘ 4 ‘51 24 B|l6 |75
55 51 75
42 15
> 18 A | ! ‘90 . N M
93 92 90
47 AT(IHGJF)
! | 1‘ 0 G333 D ‘ 9 \102 2% (1‘10|106
(b) 3 36 33 35 102 (137) (108) 130 106 (128) | AT(BAEDC)
18 15 28 3 AO
: I
F | 5 ‘57
H‘2|18 39 57 (61) 3R E‘SIQS
18 95
Mark unavailable AO
Mark unavailable AO  (6)
Notes for Special Case
Alargervaluereplaced by a smallervalue at least twice in the working values at
b1iM1 :
eitherG,J,AorC
b1A1 | Allvaluesatl,H, G,JandF correct and the working valuesin the correct order
b2A1 | AllvaluesatB, A E,D and C correct and the working values in the correct order
b3A0 | Markunavailable
b4A0 | Markunavailable

b5A0

Mark unavailable




Question

Scheme Marks
Number
5.(a) Semi-Eulerian as there are exactly two nodes with odd degree Bl (1)
b)) Repeat D(CGJ)Klength 23 M1
Total 338 + 23 =361(km) Al
(b)(ii) DC,CG,GJand JK Al (3)
A(BC)D + K(LM)N =44 M1
©)(i) ABCGJK+D(CGIJI)N =69 Al
A(FM)N +D(CGJ)K=55 Al
Total 338 +44 = 382 (km) Alft
(c)(ii) AB,BC,CD,KL,LMand MN Al (5)
9
marks
Notes for Question 5
CAO - must statereason (as a minimum must see the words in bold and
should imply exactly/only two) (accept equivalent wording)
(acceptreasonse.qg. all vertices apart from D and K are even)
alB1 (must use correct technical language so nodes or vertices but not
points)
(Any reference to specific vertices must be to the correct vertices only,
D K)
bilM1 Calculates shortest path for DK
bilAl CAO (361 implies both marks)
biilAl CAO - mustbe arcs sodonotaccept DCGJK
cilM1 Three pairings of the correct fournodes (A, D, Kand N) including totals
cilAl Two rows correctincluding pairings and totals
Ci2Al All three rows correct including pairings and totals
Ci3Alft | 338 + theirshortest from a choice of 3 totals
CiilAl CAQO - mustbe arcs sodonotaccept ABCD KLMN




Question

Number Scheme Marks
8 E(13) 26
10 29
v |
A(8) 8 F(9) K(7) A N(9)
|
14 | M
0 B(6) G(5) 19 L(3) 22 38 | | Al
6.(a)
0 C(9) H(8) 19 28 | P(10) 38 || M1
11 Al
1 , M(11)
(b ; 1(6) Q®)
N
11 30
11 J(13) 30
(4)
(b) DHMQ BT
Q)]
(8+6+9+ 11+ 13+9+54+84+6+13+7+3+11+9+10+8) +38 =3.6 M1
(c) 136 = 38 = 3.6 Al
Therefore 4 workers
(2)
(d) 28— 19—-3=6 Blft
Q)]
e.g.
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
D H M Q M1
Al
(e) A I J Al
B F L K N Al
C G E P
(4)

12 marks




Notes for Question 6

alM1

All top boxes complete, values generally increasing in the direction of
the arrows (‘left toright’), condone one rogue. For a rogue in the top boxes
if values do not increase in the direction of the arrows, then if one value is ignored
and then the values do increase in the direction of the arrows then this is considered
to be only one rogue value (with a similar definition for bottom boxes but in
reverse)

alAl

CAO (top boxes)

az2M1

Allbottom boxes complete, values generally decreasingin the
opposite direction of the arrows (‘right to left’), condone one rogue.
Condone missing O and/or their 38 (at the end event) for the M mark
only

a2Al

CAOQO (bottom boxes)

b1B1

CAO

cIMi

(136 + 13) =38 ( =3.58) orawrt 3.6 seen
(If their final time isnot 38 award for ( 136 + 13) + their " 38")

clAl

CAO withnoincorrect working seen - note an answer of 4 withno
workingis MO

diBift

Their “Late End Time L” - “Early Start Time L” - 3 (must see all three
values)

elMi

Not a cascade (Gantt) chart. 5 ‘workers’ used at most and at least 10
activities placed. End time must be the same as their end time from the
diagramin (a)

elAl

4 or5workers. All 16 activities present (just once). Condone at most
three errors. An activity can giverise to at most three errors; one on
duration, one ontimeinterval and only one on IPA

e2Al

4 workers. All 16 activities present (just once). Condone one error either
precedence ortimeinterval or activity length; An activity can giverise to
atmost three errors; one on duration, one on time interval and only one
onIPA

e3Al

4 workers. All 16 activities present (just once). No errors.

For(e) the following may be useful in checking their schedule




Activity Duration Time interval IPA
A 8 0-10 -
B 6 0-14 -
C 9 O-T1 -
D 11 0-1 -
E 13 8-29 A
F 9 8-19 A
G 5 8-19 A B
H 8 171-19 C,D
I 6 11-19 D
J 13 11-30 D
K 7 19-29 F,G,H,I
L 3 19-28 F,G,H,I
M 11 19 - 30 F,G,H,I
N 9 26 -38 K, L
P 10 22-38 L
Q 8 30-38 JM
SUIES Scheme Marks
Number
DB, BG, BC, CA, AF, {GE, GH either order}
7.(a)(i) )
Al
(a)(ii) 277 (miles) Al (3)
(b) Bl (1M
(c) “277” x 2 =554 (miles) Bift (1)
Replace BC CAAF with BF M1
(d) 554 — 41 — 38 — 39 + 46 = 482 (miles)

Al (2)




ACBGEDHFA

342 (miles) M1
(e) Al
ACBGHEDFA Al (3)
337 (miles)
i 277 — 42 + (42 + 43) M1
320 (miles) Al ()
(9) 321 < L < 337 dBIft (1)

13 marks




Notes for Question 7

ailM1

Prim’s - first three arcs correctly chosenin order (DB, BG, BC, ...) or
firstfournodes{D, B, G, C, ..} correctly chosenin 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{-,2,4,1,-,-,3,-}.
Starting at any othernode can score M1 only for first three arcs
chosen correctly (If starting at Afirst 3arcs AC AF BC)

ailAl

CSO -allarcs correctly stated and choseninthe correct order
(with no additional arcs). They must be considering arcs for this
mark (do not accept alist of nodes ornumbers across the top of
the matrix unless the correct list of arcs (in the correct order)is also
seen)

aii2Al

CAO (must be statedin(a))

b1BI

CAO

c1BIft

Their“277"x2

diM1

Attempts to use BF as shortcut (accept correct calculation orarcs
listed)

dlAl

CAO value and arcs must be stated

elMi

Nearest neighbour starting at Awith first five nodes correct (A-C -
B-G-E-orA-C-B-G-H)AcceptarcssoAC,CB,BG, GEor
GH

elAl

Oneroute correctincludingreturnto A (may be stated as arcs) and
its value correct

e2Al

Bothroutes correctincluding returnto A(may be stated as arcs)
and bothvalues correct

fIM1

(weight of their MST from (a) or 277 only) - 42 + 42(HG) + 43(HB) (oe
somay not seethe -42 +42). Acorrect answer of 320 withno
working canimply this (and the next) mark. If (a) isincorrect and His
only connected by HG, avalue of their “277” from (a) plus 43 scores
M1 (Note new calculation to find RMST 235 + 42 + 43 = 320 may be
seen)

(If using anew calculation for the RMST award for the correct arcs
DB, BG,BC, CA,AF, EG seenoravalue of 235 plus the two shortest
fromH)

f1A1

CAO

gldBIft

Dependent onboth M marksin (e) and (f). Follow through their
smallest upperbound and their greatest lowerbound.
Do not accept strictinequalities. Acceptinterval notation [321, 337]




Question

Number Scheme Marks
z=100 — x — ¥ M]
(P=)5x+ v+ 100100 — x — y)

8.@ | (p=)1000= 5x— 9y A; Al
Maximising 1000 — 5x — 9y is equivalent to minimising 5x + 9y (3)
Vi
40
35 K 7x+3y=105
30
25
B1
B1
(b) 20 dBl  (3)
6x + 7y =210
15
10 2x + 7y =70
5
0 5 10 15 20 25 30 35 40 5
2x + 7 70 > —525 —280
X Vv = X = y =
43 43 ¢ = S 119§ 119.7 Mi
43 43
7x + 3y = 105 (12.2, 6.5) Al
210 70
(c) 2x + 7y =770 Sx=—y=— 1680 3 dM1
13 13 ¢c=—— =129— 129.2
13 13
x = 3y (16.2, 5.4)
22 Al (4)

Optimum point 12 ) 6
X = _— = 00—
37 43




2x+ 7y 270 | 7Tx 4+ 3y 2105 [5x4+ 9y
12,7) | 73Y 105Y 123 M1
(13, 6) 68N 109Y (119) Al
(d) (13,7) 75Y 112Y 128
Al
x=12 y= 7 z=8]
P=877 Al (4)
14 marks
Notes for Question 8
alM1 Rearranges giveninformation and substitutes forzin the objective
function
alAl Correct simplified expression for objective function
Correct statement that maximising a negative expressionis
a2Al1 | equivalentto minimising the positive expression
(Note M1 AO Alis possible if an error with the constant is seen)
Draws any two lines correctly (lines should be solid not dashed) (lines
b1B] must be long enough to fully define the feasible region)
(lines must be within half small square of (35, 0) (O, 10), (15, 0) (O, 35),
(35,0)(0,30)and (0, 0)(30,10) (extendedif necessary))
b2B1 | Draws allfourlines correctly
Feasible regionidentified by shading and labelled R - dependent on
b3dB1 )
both previous B marks
Solves2x + 7y =70 with 7x 4+ 3y = 105 and 3y = x tO Obtain two pairs of
coordinates (noteignore any attempts to calculate the coordinates
cIM1 : :
of the othertwo vertices) (may be using calculators so accept
coordinates seento 1dp withnoworking (12.2, 6.5) (16.2,5.4))
clAl Correct exact coordinates for atleast one vertex
At least two sets of coordinates substituted into the objective
c2dMi1 : )
function (dependent on previous M mark)
Correctvalues for the objective function at both vertices (exact or1
c2A1 | dp)andexact optimum point stated - do notaccept decimal
approximation
Testsinteger solutions in both the correctinequalities close to the
d1dM1 correct optimum point (only one needed if pointisrejected) (at least
two of (12,7) (13, 6) and (13, 7)) (dependent on both M marksin(c))
(accepte.g. Y/Nforeachinequality without values explicitly stated)
d1A1 Correct minimum point identified (12, 7) with no incorrect working
seenin(d)
Correctvaluesforx, yandzstated with noincorrect working seenin
d2Al @
d3A1 | Correctvaluefor Pwithnoincorrect working seenin (d)




Special Case for (c) and (d) - Incorrect feasible region Rin part (b)
(which may either be choosing a region other than R from the
correct graph or by drawing anincorrectline suchas y = 3xinstead
of x = 3y)

MaxM1AOMIAOMOAOAQAO

Note these are method marks only and there is no requirement to
check for accuracy other than sight of the correct equations being
used in their calculations

c1dM1

Solves at least two pairs of the correct equations to obtain two pairs
of coordinates for the vertices of their feasible region (dependent
on scoring at least one markiin (b))

clAl Not available
Their coordinates substitutedinto the objective function
c2ddMi1 .
(dependent on previous M mark)
c2Al Not available
d1dM1 | Notavailable
dl1Al Not available
d2Al Not available
d3A3 | Notavailable




