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Mark Scheme

Annotations and abbreviations

October 2021

Annotation in RMassessor | Meaning

v'and %

BOD Benefitof doubt

FT Follow through

ISW Ignore subsequentworking
MO, M1 Method mark awardedO, 1

A0, A1 Accuracy mark awarded 0, 1
B0, B1 Independentmark awarded 0, 1
SC Special case

b Omission sign

MR Misread

BP Blank Page

Seen

Highlighting

Other abbreviations Meaning

mark scheme

dep* Mark dependenton a previous mark, indicated by *. The * may be omitted if only one previous M mark
cao Correctansweronly

oe Or equivalent

rot Rounded ortruncated

soi Seenorimplied

WWW Withoutwrong working

AG Answer given

awrt Anything which roundsto

BC By Calculator

DR This question included the instruction: In this question you mustshow detailedreasoning.
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Question Answer Marks AO Guidance
1 (a) 5 partitions into a set of size 1 and a set of size 4 B1 1.1 | 5 where smaller set hassize 1 or°C, =3
XX X X X}
10 partitionsinto a set of size 2 and a set of size 3 B1 2.5 | 10 where smallerset hassize 2, with an explanation of why itis 10
X, XX, X, X} (notethe totalof 15 is given in the question)
because there are °Cs choices for the set of size 2 e.g. 5Co=100r (5x4) =2 =100r4+3+2+1=10
Alternative solution
{A}, {B, C,D, E} {B}, {A, C,D,E} B1 List (or any equivalent) that has exactly 5 distinct cases where
{C}’ {A’ Bst E} {D}s {A’ B’C’E} smallerset has size 1
{E}, {A,B,C, Dj May justlistone set, e.g. {A}, {B}, {C}, {D}, {E}
{A, B}, {C, D, E} {A, C}, {B,D, E} List (or any equivalent) that has 10 distinct cases sets where smaller
{A’ D}s {BCE} {As E}s {B,C, D} sethassize 2
{g, g}, {25 8,11;3} {2, g}, {2, g, E} B1 May just list one set, e.g. {A, B}, {A, C} {A, D}, {A, E}, {B, C},
i aBD  Ioep e (B.D}. {B.E}. (C.D}. (C.E}. {D.E}
2]
1 (b) Partitions into sets of sizes 1, 1 and 3 M1 1.1 | Considering cases where set sizes are 1,1, 3
5 x4+ 2 =10 partitions of this type Al 2.1 | Explanationofwhy thereare 10 of these
e.g °C3=100r5x 4+2=10ora list of the cases
Partitions into sets of sizes 1, 2 and 2 M1 1.1 | Considering cases where set sizes are 1,2, 2
5 x (*Cy+ 2)=5x 3= 15 partitions of this type Al 2.1 [ Explainingwhy thereare 15 of these
e.garelevantcalculation orlist of cases
[4]
1 (c) 10 partitions into setsof sizes 1, 1,1, 2 M1 2.1 | Tryingto dealwith the cases when there are more than 3 subsets
1 partition intosetsofsizes1,1,1,1,1 May be anhed from answers51
15+25+10+1=51 Al 1.1 |51
2]
1 d Numberline is split into 6 pieces B1 2.1 | 6pieces
But there are 8 numbers B1 2.2a | Using pigeonhole, or explaining why there must be at least one piece
Hence result by the pigeonhole principle with two ormore numbers
2]
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2 (a) | (i) | Next-fitmethod
Bin 1 12 M1 1.1 | Bins 1 and 2 correct
Bin 2 23
g:ﬁi ig g Al 1.1 | All correct
Bin 5 7 5
2]
2 (a) | (i) First-fit method
Bin 1 12 15 M1 1.1 | Bins 1 and 2 correct
Bin 2 23 7
pn s Al | 1.1 | Al correct
Bin 5
12]
2 (a) | (i) |23 18 15 12 8 7 5 Ordered list may be seen
First-fit decreasingmethod
Bin 1 23 7 M1 1.1 | Bins 1 and 2 correct
Bin 2 18 12
Bin 3 15 i > Al 1.1 | All correct
Bin 4
Bin 5
2]
2 (b) With ‘online’ lists the items are presented one ata B1 1.2 | Evidence of understandingwhat ‘online’ means
time and the whole list is not known untilthe end.
With next-fit and first-fit the items are placed in B1 2.3 | Evidence ofrealising that ffd cannot be used with an online list
the orderthey appearin the list, so these methods (orimplied from an appropriate statement aboutnext-fit and first-fit)
canbeused ‘offline’ or ‘online’.
However, for first-fit decreasing the whole list
needsto be known before it can be sorted, so
first-fit decreasing can only be used for an
‘offline’ list.
2]
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2 (© 88+4 =22 soMisatleast22
Butit is not possible to fill 4 bins of capacity22 M1 1.1 | Identifyingthat M mustbe at least 22
Since 22 — 18 = 4 which is less than 5 Al 2.4 | Showing that M= 22 is notpossible
So the 23 would haveto be splitas4 and 19 Fully correct explanation

And then thereis no 3 to go with the 19
M =231is possible

e.g 23—xandx, 18+5, 15+8, 12+7 B1 2.2a | Showing that M =23 is possible
Hence,least Mis 23

3]

3 (a) ABXE B1 1.1
1]
3|
A M1 11 | AB=0.6,AC=1.1
06| B Al 11 | AD=27,AE=28
1.1 C
2.7 D M1 1.1 | DF=0.6,EF=0.7
2.8 E Al 11 | BF=2.7,CF=25
33[27]25[06]07]| F | AF =33 or ft from othervalues
[4]
3 (©) AB=0.6
AC=1.1 M1 3.1b | A graphthatconnects {A,B,C, D, E, F}
CE=1238 with or without X and/or’Y
EF=0.7 Al 3.2a | Correcttree drawn orarcs listed, including CX and XE
DF =0.6 :
48 C E B1ft 1.1 | 4.8 (km) or totalfortheirtree
3]
3 d Adaptingthe answerto part (c) M1 3.1b | Any walk orcycle thatstartsat Banduses every vertex atleast once,
including Xand Y

B-A-C-X-Y-E-F-D Al 1.1 | cao
(2]
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4 (@) | @) Points won Mia
by Mia X Y Z
L 2 2 ’ Bl | 1.1 |159and6allcorrect
Z
1]
4 (a) | (i) Points won Mia Subtract 4.5 from each value in the table showing points won by Li
by Li - OXS 1\8 - 55 All correct
Li 5 -6.5 _1.'5 _0:5 B1 1.1 | Or any positive multiple of this table
Z -5.5 -0.5 3.5
Alternative solution
Points won ' Mia
by Li X Y Z Points won by Li minus points won by Mia
Li § _13 -_231 :? B1 All correct (not follow through from (a))
z -11 -1 7
1]
4 | (b) Row Z dominatesrow Y B1 1.1 | Row Y removed, seen in resulting 2x2 table
Column'Y dominates column Z B1 1.1 | Column Zremoved, seen in resulting 2x2 table
Points won Mia Follow through theirtable from part (a)(ii) orusing original table
by Li X Y e.g. X Y e.g. X Y
B X ‘ 05 ‘ 105 3 T 7 X 3 s
Z -5.5 -0.5 7 11 1 7 1 7
2]
4 (©) Follow through theirtable from part (b) or original tables
Working may be seen on table from part (b)
Rowminima are—10.5and -5.5 M1 1.1 | Seen or implied from rowminima, oridentifying play-safe forLi
Row maximin=-5.5
Li’s play-safeis strategy Z Al ft 1.1 | Or indicated in table, orimplied from theirrow maximin value stated
Mia should play strategy X B1 ft 1.1 | Correct choice for their table from part (b)

3]
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5 (@) | @) N Ignore any extra lines (e.g. profit lines) or working forparts (b), (c)
M1 1.1 | Line2x+ 3y=12

through (6, 0)and (0,4)

M1 1.1 | Linex+y=10
through at least two of (10,0), (2, 8), (4, 6), (6, 4), (8,2) and (0, 10)

M1 1.1 | Line 5x+ 2y=30
through at least two of (6,0), (4, 5), (2, 10)and (0, 15)

Al 1.1 | Feasible region identified and correct
x [4]
5 (@) | (i) X y P=d4x—y ‘Determine’ so method must be seen, not implied
0 4 —4 M1 3.1a | Checkingat least two of their vertices
0 10 —-10 g o . .
133 67 XY or sliding a profit line (a line of gradient 4 anywhere on graph or
3 0 4 indicating the vertex (6, 0))
Maximum P=24 Al 1.1 |24
2]
5 (b) FR hasboundariesx=0,x +y =k, 2x+ 3y=12 Not graphical
x+y=kand2x+3y=120r4x—y=3 M1 3.4 | Vertex where 2x+ 3y=12andx+y =k orprofitonline x + y=k
Profit line 4x—y =3 cuts2x +3y=12at(1.5,3) M1 3.1a | Calculate where profit=3 onboundary 2x+3y=12or(1.5, 3)
k=45 Al 2.2a (45
Alternative solution
4x—(k—x)=3 =>3x—k=3 M1 Use x + y =k to substitute fory (orx) in 4x —y =3
and2x+3(k—x)=1 = 3k—x=12 M1 Form a second simultaneous equationin the sameunknowns

k=45 Al 4.5
131
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5 (c) Profit line 4x—y = 3 cuts 5Sx + 2y =30 Not graphical
¢ 2L mi 31a | or 21, 8L or(2.7t02.8,8.0t08.2)
13’ 13 13 13
k== Al | 222 | Or101Lor108t0 10.9
2]
6 @ [ @ 44 B(1) 67
M1 3.3 | Activity network with A, B and C correct
Al 1.1 | D, E,F, G, Hand dummy correct
(acceptdirections missing)
M1 34 | Forward passattempted, orimplied from min duration correct
M1 3.4 | Backward passattempted, orimplied from criticalactivities correct
Minimum time = 9 hours Al 11 |9
A, B, E, G, Hhaveno float Al 1.1 | A B,E, G, H(in any order)and no others
[6]
6 (a) | (ii)) | Assumingthatthere are enough workers foreach B1 3.5b | Areason why it may notalwaysbe possible to do allthe activities
activity thatareneeded at the same time
Resourcingmay restrict how many activities can NOT an assumptionabout the durations orimmediate predecessors
happen together or that would delay the start time of an activity (e.g. weatheror

delaysin arrivalof materials)

1]

6 (b) Earliest time that E can startis 5 hours from start B1 1.1 | 5(all theactivities that must be done before E havemin completion
time 5)
If there are not enough workers then A, B, Cmay
need to be done one afteranother, taking 8 hours. M1 3.5a | Recognising that tasks may be done sequentially (or implied from
answer§, 9 or 10)
AndE could also be delayed untilafterDandF, Al 2.2b | 10 (allthe activities that can be done before E have totalduration 10
giving a latest start time for E of 10 hours —starting E after 10 would be an unecessary delay)

3]
6 (c) Extend the durationof Dto 3 hours B1 3.5¢ | Or add an activity immediately after D of duration 2 hours
1]
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