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Mark scheme instructions to examiners 
 
General 
The mark scheme for each question shows: 

• the marks available for each part of the question 
• the total marks available for the question 
• marking instructions that indicate when marks should be awarded or withheld including the 

principle on which each mark is awarded. Information is included to help the examiner make his or 
her judgement and to delineate what is creditworthy from that not worthy of credit 

• a typical solution. This response is one we expect to see frequently. However credit must be given 
on the basis of the marking instructions. 

 

If a student uses a method which is not explicitly covered by the marking instructions the same 
principles of marking should be applied. Credit should be given to any valid methods. Examiners 
should seek advice from their senior examiner if in any doubt. 

Key to mark types  
 
M mark is for method 
M mark is dependent on one or more M marks and is for method 
R mark is for reasoning 
A mark is dependent on M marks and is for accuracy 
B mark is independent of M marks and is for method and accuracy 
E mark is for explanation 
F follow through from previous incorrect result 
 

Key to mark scheme abbreviations 
 
CAO correct answer only 
CSO correct solution only 
ft follow through from previous incorrect result 
‘their’ Indicates that credit can be given from previous incorrect result 
AWFW anything which falls within 
AWRT anything which rounds to 
ACF any correct form 
AG answer given 
SC special case 
OE or equivalent 
NMS no method shown 
PI possibly implied 
SCA substantially correct approach 
sf significant figure(s) 
dp decimal place(s) 
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Examiners should consistently apply the following general marking principles 
 
No method shown 
 
Where the question specifically requires a particular method to be used, we must usually see 
evidence of use of this method for any marks to be awarded. 
 
Where the answer can be reasonably obtained without showing working and it is very unlikely that the 
correct answer can be obtained by using an incorrect method, we must award full marks.  However, 
the obvious penalty to candidates showing no working is that incorrect answers, however close, earn 
no marks. 
 
Where a question asks the candidate to state or write down a result, no method need be shown for 
full marks. 
 
Where the permitted calculator has functions which reasonably allow the solution of the question 
directly, the correct answer without working earns full marks, unless it is given to less than the 
degree of accuracy accepted in the mark scheme, when it gains no marks. 
 
Otherwise we require evidence of a correct method for any marks to be awarded. 
 
 
Diagrams  
 
Diagrams that have working on them should be treated like normal responses. If a diagram has been 
written on but the correct response is within the answer space, the work within the answer space 
should be marked. Working on diagrams that contradicts work within the answer space is not to be 
considered as choice but as working, and is not, therefore, penalised. 
 
Work erased or crossed out 
 
Erased or crossed out work that is still legible and has not been replaced should be marked. Erased 
or crossed out work that has been replaced can be ignored. 
 
Choice  

When a choice of answers and/or methods is given and the student has not clearly indicated which 
answer they want to be marked, mark positively, awarding marks for all the student’s best attempts. 
Withhold marks for final accuracy and conclusions if there are conflicting complete answers or when 
an incorrect solution (or part thereof) is referred to in the final answer. 
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Q Marking instructions AO Marks Typical solution 

1 Circles correct answer AO1.1b B1 40 ≤ T ≤ 56 

 Total  1  
 
Q Marking instructions AO Marks Typical solution 

2 Circles correct answer AO1.1b B1 30 

 Total  1  
 
Q Marking instructions AO Marks Typical solution 

3(a) Begins to list powers of  a5 and 
express them as elements of C 

AO3.1a M1 Powers of a5 are: 

a10 = a2 , a7 , a12 = a4 , a9 = a , a6 , 
a11 = a3 , a8 = e 

Therefore, a5 is a generator of  
because the first 8 powers of it give 
all the elements of C. 

 Correctly finds the first eight 
powers of  a5 and express them 
as elements of C. 

AO1.1b M1 

 Deduces that a5 is a generator 
of C with a fully correct 
argument. 

AO2.2a R1 

 Total  3  

3(b) States correctly that C is 
isomorphic to the group of 
rotations of the regular octagon. 

AO1.2 B1 C is isomorphic to the group of 
rotations of the regular octagon. 

 Total  1  

3(c) 
 

Writes down a correct proper, 
non-trivial subgroup of C. 

AO1.1b B1  
{e, a4} 
 
{e, a2, a4, a6} Writes down a second correct 

proper, non-trivial subgroup of 
C. 

AO1.1b B1 

 Total  2  
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Q Marking instructions AO Marks Typical solution 

4(a) Finds 4 or more correct row 
minima/col maxima 

OR uses a dominance argument 
to reduce the matrix by noting 
that X dominates Y or Z 

AO1.1a M1 Row minima = (–3, –2, –6) 

Col maxima = (–2, 7, 9) 

 

Max(row minima) = –2 

Min(col maxima) = –2 

 

As 
Max(row minima) = –2 = Min(col maxima), 

then a stable solution exists 

Correctly finds all row min/col 
max 

OR correctly reduces the matrix 
to a 3 by 1 matrix by noting that 
X dominates Y and Z 

AO1.1b A1 

Explains correctly that as the 
Max(row minima) is equal to the 
Min(col maxima) then a stable 
solution exists and value is –2 

OR 

Explains that the pay-off matrix 
reduces to a 1 by 1 matrix, 
because B now dominates A 
and C, with a single element. 

AO2.4 E1 

 Total  3  

4(b)(i) Deduces that Annabelle should 
use her play-safe strategy, X AO2.2a B1 Annabelle’s play-safe strategy is X. 

If she plays this she will always win 
at least 2, whereas she might lose 
with the other strategies. 

Explains that X will still be the 
best strategy because 
Annabelle is guaranteed to win 
using it. OE 

AO2.4 E1 

4(b)(ii) Identifies one bound as ±2 or ±6 AO2.2b M1 

States correct values of p and q AO1.1b A1 

4(b)(iii) Explains correctly that 
Annabelle needs to know the 
exact probabilities with which 
Laura intends to play her 
strategies. 

AO2.4 E1 

 Annabelle would need to know the 
probabilities with which Laura 
intends to play her three strategies. 

 Total  5  
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Q Marking instructions AO Marks Typical solution 

5(a)(i) Draws a correct labelled graph. AO1.1b B1 

 

5(a)(ii) Correctly identifies the two sets 
of vertices for the bipartite graph 
{X, Z, V} and {W, Y}  

AO3.1a M1 The graph N can be split into two 
sets of vertices: X, Z, V and W, Y 

Every vertex in the first set is joined 
to each in the second set. 

No vertex is joined to another in the 
same set. 

Therefore N is bipartite and 
complete so it is isomorphic to K2,3  

 Completes proof by explaining 
fully that N is bipartite and 
complete and thus isomorphic to 
K2,3 

AO2.1 R1 

 Total  3  

5(b) Draws the correct labelled graph 
or provides evidence that the 
complement of N is not 
connected. 

AO1.1a M1 

 
 

The complement of N is not semi-
Eulerian as it is not a connected 
graph. 

Explains correctly that the 
complement of N is not semi-
Eulerian as it is not a connected 
graph. 

AO2.1 R1 

 Total  2  
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Q Marking instructions AO Marks Typical solution 

6(a) Finds correctly the value of the 
cut. (Condone no units) 

AO3.1a B1 10 – 0 + 13 + 9  

= 32 litres per second 

 Total  1  

6(b) Finds correctly one augmenting 
path and flow 

Condone this being shown as a 
simple initial flow with no 
augmenting path in the table 

AO3.1b M1 Augmenting  
Path 

Flow 

SABT 6 

SCET 9 

SCDT 5 

SACDT 5 

SABDET 1 

SABCDET 3 

The maximum flow of chemicals 
through the chemical pipes is 29 
litres per second. 

Finds correctly two augmenting 
paths and the flows 

AO1.1b A1 

Finds correctly three 
augmenting paths and the flows 

AO1.1b A1 

Finds correctly four augmenting 
paths and the flows 

AO1.1b A1 

Finds correctly all augmenting 
paths and the flows that total 29 

AO1.1b A1 

States correctly the maximum 
flow in context with units 

AO3.2a B1 

 Total  6  
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Q Marking instructions AO Marks Typical solution 

7(a) Identifies the problem as a route 
inspection problem by noting 
that A, B, C and H are odd-
degree nodes (PI) 

AO3.3 M1 Odd nodes: A, B, C and H 
Shortest Distance 

A–B: 5  A–C: 6 

A–H: 30 B–C: 9 

B–H: 25 C–H: 24 

Pairings 

(A–B)(C–H) = 29* 

(A–C)(B–H) = 32 

(A–H)(B–C) = 40 

Therefore, the least possible time 
for the security guard’s journey is 
158 + 29 = 187 minutes 

Finds the shortest distance 
between each pair of odd nodes 
(at least four correct) 

AO3.4 A1 

Finds the total of each pair of 
shortest distances  

AO1.1a M1 

Explains that roads related to 
pairing A-B, C-H must be 
walked twice 

AO1.1b E1 

Determines correctly the least 
possible time taken by the 
security guard on their journey. 
(187 minutes CAO) 

AO3.2a A1 

 Total  5  

7(b) Explains correctly that nodes B 
and H will now be even degree 
nodes and so do not need to be 
considered in the route 
inspection problem 

AO2.4 E1 Nodes B and H now have even 
degree, leaving only nodes A and 
C as odd-degree nodes. 

This means that 26 ( = 7 + 19) 
minutes can be removed from the 
total time taken to walk each road, 
giving 132 minutes. To ensure the 
security guard starts and finishes at 
F, they will need to walk the road 
A–C twice, meaning that the least 
possible time for the security 
guard’s journey is 138 minutes. 

Deduces that the new least 
possible time for the security 
guard’s journey is 138 minutes 

AO2.2a B1 

 Total  2  
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Q Marking instructions AO Marks Typical solution 

7(c) Translates problem into that of 
finding a minimum spanning tree 
by listing at least 3 labelled arcs 
with clear evidence of the use of 
a minimum spanning tree 
algorithm 

AO3.3 M1 Using Prim’s algorithm starting at A 

AB: 400 

BD: 240 

DE: 320 

DF: 400 

AC: 480 (or DC) 

FG: 480 

GJ: 640 

GI: 800 

GH: 880 

Total length of water pipe needed 
is 4640 m 

The minimum total cost is therefore 
15 × 4640 + 10 × 600 = £75 600 

Finds correctly 3 further arcs of 
the minimum spanning tree  

AO3.4 A1 

Finds the full MST with clear 
evidence of use of an algorithm  

AO2.1 R1 

Determines correctly the total 
minimum length of water pipe 
required  4640 CAO 

AO1.1b A1 

Determines correctly the 
minimum total cost to install the 
system £75 600 

FT their MST length – must use 
10 nodes 

AO3.2a B1F 

 Total  5  
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Q Marking instructions AO Marks Typical solution 

8(a) States that objective function 
must be maximised and shows 
objective function written as 
 -P – 2x + 2y – 3z = 0 

AO1.1a B1 Objective has to be maximised, so 
maximise -P 

-P = 2x – 2y + 3z 
-P – 2x + 2y – 3z = 0 

Inequalities must all be ≤ 0 with 
slack variables.  

-3x – y + z ≤ 2 

Giving -3x – y + z + s = 2 

-x + y + 2z  ≤ 10 

Giving -x + y + 2z + t = 10 

2x + 3y + 5z ≤ 12 

Giving 2x + 3y + 5z + u = 12 

Then put the coefficients in the 
tableau. 

States all inequalities must be in 
the form ax + by + cz ≤ 0  

AO2.4 E1 

Expresses any one inequality as 
an equation using any slack 
variable. 

AO1.1a M1 

Expresses all three inequalities 
as equations using correct slack 
variables.  

AO1.1b A1 

 Total  4  
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8(b) Identifies the correct pivot 2/17 AO1.1a M1 See diagram below 

 

As the objective row is entirely non-
negative, an optimal solution has 
been found. 

 

The maximum value of -P is 12 
when x = 6, y = 0 and z = 0 

 
Hence, the minimum value of P 
is –12 when x = 6, y = 0 and z = 0 

Uses the simplex algorithm to 
modify the three non-pivot rows  

AO1.1a M1 

Finds the correct final tableau AO1.1a A1 

Explains why no further iteration 
is necessary FT 

AO2.4 E1F 

Makes a correct interpretation of 
‘their’ final tableau provided the 
objective row is non-negative  

AO3.2a A1 

States the correct solution of the 
original minimisation problem. 
CSO 

AO3.2a A1 

Initial tableau 
Q x y z s t u value 
1 –2 2 –3 0 0 0 0 
0 –3 –1 1 1 0 0 2 
0 –1 1 2 0 1 0 10 
0 2 3 5 0 0 1 12 

1st iteration (not required) 
1 –11 –1 0 3 0 0 6 
0 –3 –1 1 1 0 0 2 
0 5 3 0 –2 1 0 6 
0 17 8 0 –5 0 1 2 

2nd iteration (Given in (b) 
1 0 71/17 0 –4/17 0 11/17 124/17 
0 0 7/17 1 2/17 0 3/17 40/17 
0 0 11/17 0 –9/17 1 –5/17 92/17 
0 1 8/17 0 –5/17 0 1/17 2/17 

Final tableau 
1 0 5 2 0 0 1 12 
0 0 7/2 17/2 1 0 3/2 20 
0 0 5/2 9/2 0 1 1/2 16 
0 1 3/2 5/2 0 0 1/2 6 

 
 

 Total  6  
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