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Introduction 
Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the 
examinations. They provide useful guidance for future candidates. The reports will include a general 
commentary on candidates’ performance, identify technical aspects examined in the questions and 
highlight good performance and where performance could be improved. The reports will also explain 
aspects, which caused difficulty and why the difficulties arose, whether through a lack of knowledge, 
poor examination technique, or any other identifiable and explainable reason. 

Where overall performance on a question/question part was considered good, with no particular areas to 
highlight, these questions have not been included in the report. A full copy of the question paper can be 
downloaded from OCR. 
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Paper Y413/01 series overview 
June 2018 was the first examination series for the Linear H635 AS Further Maths B (MEI) optional paper 
Y413 (Modelling with Algorithms). It was extremely pleasing to note that candidates were well prepared 
for the examination making good attempts on all questions. Candidates seemed to have sufficient time to 
answer the questions and nearly all seemed to make good use of the Printed Answer Booklet (that is 
very few answers to one question appeared in the part for another). Based on the responses seen by 
examiners this series the following general points should be considered by centres in preparation for 
candidates for future sittings of this paper. 

• Diagrams should be completed in pencil so that candidates have the opportunity to rub out and 
replace their answer rather than trying to correct in pen on what is likely to be a diagram, which 
does not have sufficient space for multiple attempts. This was especially true in question 1 
(Dijkstra’s algorithm) in which it was difficult at times for examiners to know if crossing out was 
candidates’ genuinely trying to correct an error or was the candidates attempt to update the 
working values.  

• In essence Y413 is a methods paper and so it is vital that candidates make their method and 
application of any corresponding algorithm clear; spotting and writing down the solution (for 
example in sorting questions) will rarely gain any credit.  

• The specification (on page 8) contains a section on the meanings of a number of instructions 
that will be used in examination questions – one of the key words that could appear (as it did in 
this paper) is the word ‘determine’ – the word ‘determine’ in this mathematical context requires 
that justification should be given for any results found and not just the writing down or stating of 
the answer.     

• Candidates are reminded to use the number of marks available as the main guide to how 
detailed their answer should be and not the space given in the Printed Answer Booklet. It is 
always hoped the PAB should provide sufficient space for the candidates’ response, which 
often includes additional space so candidates can correct any errors. With regards to the 
number of marks provided a guide to the detail of answer required it is very unlikely in the case 
of, for example, question 3(iii) that a single worded answer of ‘quadratic’ would score all the 3 
marks available.  
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Question 1(i) 

The majority of candidates scored full marks in this first part. Centres should note that it is vital when 
applying Dijkstra’s algorithm that candidates show all the working values at each node (in this case 
examiners had to see the correct working values of 12 and 10 at D to indicate that the algorithm was 
initially being applied correctly) and that the order of labelling is correct (a small number of candidates 
labelled two different nodes with the same label).   

 

AfL The Printed Answer Booklet provided the standard key for the completion of 
the boxes at each node together with a specific instruction to candidates that 
they should not cross out their temporary labels. A number of candidates still 
did so. It is vital that examiners can read all the values at each node (so that 
they can check that the algorithm has been applied correctly) and it is 
strongly recommended that teachers emphasis that no temporary labels are 
crossed out in classroom practice.   
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Question 1(ii) 

While most candidates answered this part extremely well many did not follow the specific instruction in 
the question, which was to apply Kruskal’s algorithm to the ordered list of arcs in the Printed Answer 
Booklet. So while some candidates had a correct tree and correct total length they only scored 2 of the 4 
marks available as they did not indicate on the list of arcs how they had applied the algorithm. The 
simplest way to indicate the successful application of the algorithm is to tick the arcs that are to be 
included in the tree and to put a cross next to (or a single horizontal line through) any arc that is not to be 
included. A number of candidates did not include the arcs AD and GH in their total and so gave a total 
length of 36 (rather than the correct 65). 

Question 1(iii) 

Candidates struggled with this part with many not realising that one of the most efficient ways of 
ensuring that arcs AD and GH would be included in a spanning tree when using Prim’s algorithm would 
be to set the weight of these two arcs to zero (or any value such that AD < 8 and GH < 7). A number of 
candidates incorrectly stated that these two arcs should be included first (however, Prim’s algorithm 
requires that the tree is connected at all times as it grows). Some candidates tried to argue from the 
point of view of removing arcs from the network and while this approach is appropriate it has to be, the 
correct arcs that are removed (eg AC and HI). While many candidates correctly stated that removing AC 
would ensure the inclusion of AD, unfortunately many incorrectly stated that removing FG would ensure 
that arc GH would be included.   
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Question 2(i) 

Nearly all candidates gave the correct answer that the only flow into FG came from CF and as the 
maximum capacity of CF was 18 it was therefore not possible to have a maximum flow of 23 cars per 
minute along FG. It should be noted that in questions like this a specific answer relating to the given 
network and values given in the question is required and not a general statement about why a flow may 
not be possible. A number of candidates thought that the number on arc FG implied that the flow (and 
not the capacity) was 23 and so they gave an argument based on the fact that it could not be less than 
23 as it had to be 23.   

Question 2(ii)(A) 

This part was answered extremely well by the majority of candidates with nearly all giving the correct 
answer of 97. 
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Question 2(ii)(B) 

Understandably this part was not answered as well as (ii)(a) with many candidates not including all the 
arcs that went in the direction from the source set of nodes to the sink set (which were AD(23), AE(18), 
SB(26), CB(28), FB(17), GE(18) and GT(31) giving the correct answer of 161). Some candidates 
incorrectly included arc BG. As this arc was directed from the sink to source, it should not have been 
included in the calculation of the capacity of that particular cut.  

Question 2(iii) 

Many candidates correctly applied the maximum flow-minimum cut theorem in this part and realised that 
the least value from parts (ii)(a) and (b) would be the maximum possible flow through the network.  

Question 2(iv) 

The most common misunderstanding in this part was by some candidates who only showed the flow in 
one particular path from S to T rather than the flow through the entire network (subject to the conditions 
given in the question). There are two main points that candidates must consider when tackling this type 
of question. They are the feasibility condition (which says that the flow along each arc must not exceed 
the capacity of that arc) and the conservation condition (which says that apart from the source (S) and 
sink (T) nodes the total flow into a node must equal the total flow out of that node).   

 

Misconception An arc that has no flow passing through it, such as GE in this part, should be 
labelled with a 0 and not simply left blank. 
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Question 3(i) 

This part was answered extremely well with many candidates correctly stating the five passes required to 
sort the given list of numbers. Although the first pass did not change the order of the list, it still had to be 
stated to indicate the correct application of the algorithm. A small minority of candidates produced more 
than five passes in their attempt to sort the list. In these cases examiners assumed that candidates were 
showing the list after each comparison and swap even though the question specifically told candidates to 
only show the result at the end of each pass.   
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Question 3(ii) 

The correct answers of 5 for the minimum (in which all numbers are in the correct order at the start) and 
15 for the maximum (in which the list is in reverse order at the start) were the most common answers 
with very few candidates making errors here.  

Question 3(iii) 

As this part specifically asked for candidates to ‘determine’ the complexity of the algorithm in the worst 
case an answer of ‘quadratic’ or O(n2) with no working scored very few marks. It was hoped that 
candidates would realise the link between parts (ii) and (iii) and therefore spot the fact that in the 
(generalised) worst case the total number of comparisons (equivalent to the maximum possible number 
of comparisons) in the first (n – 1) passes would be equal to 1 + 2 + 3 + … + (n – 1). This could then be 

summed to 
( )1

-1
2

n n
 and therefore the correct deduction of the complexity being O(n2) could be made.  
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Question 4(i)(A) 

As this part had 2 marks candidates were required to make two points regarding this particular line from 
the LP formulation. The first point was that the summation was related to the total cost of transporting all 
the required stock and the second was the requirement that the total cost (of transporting all the required 
stock) needed to be as small as possible and so hence the need to minimise.   

Question 4(i)(B) 

Examiners noted that while it was clear that candidates had an understanding of why this constraint was 
needed many candidates did not give an answer in context and simply mentioned the total stock. A 
contextual answer, which specifically mentioned the fact that this was the constraint that fixed the total 
stock that could be shipped from supplier A to each of the four depots to 20, was in fact required. 
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Question 4(ii)(A) 

Many candidates did not read the demand for this part carefully and therefore did not realise that all was 
required was an answer based on the levels of stock that would be shipped from each supplier to the 
corresponding depots e.g. A to W is 9 (or 900), A to Z is 11 (or 1100), etc.   

Question 4(ii)(B) 

The two most common incorrect answers seen by examiners in this part were by those candidates who 
either summed the five values in the VALUE column or gave an answer of 726. Examiners had to see 
the answer of 72 600 to indicate that candidates had understood the fact that the unit costs given in the 
question were in hundreds of pounds and therefore the solution given in the Online LP Solver had to be 
multiplied by 100.   
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Question 4(iii)(A) 

Apart from those candidates who got the idea of ‘constraint’ and ‘objective’ mixed up in parts (iii)(a) and 
(b) nearly all candidates who attempted this part gave the correct answer that the only change would be 
to the coefficient of BX from 25 to 15. 

Question 4(iii)(B) 

The responses seen here were similar to the previous part in that nearly all candidates stated correctly 
that there would be no change in the constraints (as the costs of transportation are solely covered in the 
objective function).  
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Question 4(iv)(A) 

It was clear to most candidates that supplier C should reduce the cost of transportation to depot X (and 
so scoring one of the 2 marks available) but very few candidates could give an adequate reason for why 
this was the case. The key here was in the REDUCED COST column (from the LP solver) in that the 
three other depots (W, Y and Z) all had a reduced cost greater than 1.5. The fact that these three values 
were all greater than 1.5 indicated that a reduction of only £150 in the transportation costs from any of 
these three depots would not lead to a reduction in the total cost of transportation.  

Question 4iv(B) 

This part was often left blank and examiners noted that the correct answer of 70 050 (which came from 
considering 72600 – (17 x 150)) was rarely seen.  
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Question 5(i) 

This was probably the best-answered part of the whole paper with nearly all candidates giving the 
correct answer of 24. 

Question 5(ii)(A) 

  

It was pleasing to note that many candidates completed the table correctly with the durations of the 
missing activities. The most common incorrect responses included: 

• Giving all activities a duration even though the question specifically mentioned that it would 
not be possible to determine the duration for one activity (which happened to be activity B).  

• Giving activity I a duration of 3 rather than 2 (this could have come from confusing total float 
with duration).  

• Not realising that the duration of activity J could be determined from a backward pass through 
the network. With late event times at the beginning and end of J being 14 and 24 (and due to 
J’s position in the network), this implied that the duration of J had to be 10. 
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Question 5(ii)(B) 

Candidates found it extremely difficult to articulate why it was not possible to determine the duration of 
activity B – many answers in essence seemed to say that it just was not possible without giving any 
concrete reasons based on the either network or the event times. The key point that seemed to be 
missing from candidates’ responses was the fact that as C was a critical activity this implied that F was a 
critical activity too (as activity I could not be critical as it had a total float and therefore the two critical 
paths must both include F). Therefore the early event time at the end of B is derived from the length of 
the path(s) though C and F only and as B is not dependent on the completion of any other activity all we 
can infer is that the duration of B should be less than 12.     

Question 5(iii) 

While many candidates did indeed state the duration of activity B as 10 very few did as requested which 
was to ‘determine, showing your reasoning’. The key point that candidates now had to consider was that 
the new information regarding the duration of activity C now implied that activity C was no longer critical. 
Therefore, C was no longer part of a critical path and hence activity B would now become critical 
therefore making it possible to determine its duration.   
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Question 6(i) 

It is vital in questions like this that the candidate reads the entire question carefully before beginning as a 
number of candidates only completed the initial tableau and did not show the constraints (as equations) 
or show how the two objective functions were formed. It was clear that candidates were much more 
confident in adding slack variables to the two ‘less than or equal to’ constraints and re-writing the P 
objective function than adding the surplus and artificial variables to the ‘greater than or equal to’ 
constraint and forming the second (Q) objective function.   

 

AfL When candidates are asked to derive equations or constraints that need to 
include variables that have not been defined in the question that it is the 
responsibility of the candidate to define the variables they use. In this case, 
for example, many candidates did not make it explicitly clear from the letters 
they used which was the artificial and which was the surplus variable. 
Candidates should also be reminded that when filling in an initial tableau that 
all cells must be completed (especially zeros). 
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Question 6(ii) 

Again, in this part the number of marks on offer should have indicated the fact that there were two points 
that needed to be made when discussing whether the first stage had been completed. The first was that 
the solution was feasible at this stage as Q = 0 and the second was that the solution was optimal since 
there were no non-artificial positive numbers in the Q row. A number of candidates misunderstood the 
demand here and gave a response based on the pivot column or which variables were now basic.     

Question 6(iii) 

Candidates overall were very proficient in carrying out the simplex algorithm and many identified the 
correct pivot value (the 1 in the bottom row) and used this to carry out the first iteration as requested. 
The most common errors were sign errors on certain values or difficulty in dealing with fractions. There 
were a significant minority were pivoting on an incorrect value with some candidates using a negative 
value as a pivot. 
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Question 6(iv) 

Many candidates left this part blank but of those who did attempt it, many correctly stated the three 
variables that were basic after the first iteration. In this series examiners condoned the inclusion of P as 
a basic variable but centres are reminded that P is not a variable in this sense and its inclusion in future 
series may possibly be penalised.  

Question 6(v) 

Nearly all candidates who attempted this part correctly stated the maximum value of P as 55 – many 
candidates however stated x incorrectly as 21 rather than 0. 

Question 6(vi) 

Of the two possible ways of attempting this last part, the vast majority of candidates used the results 
from part (v) and substituted these values into 2x + y + z to obtain the answer of k = 35. Another way of 
tackling this part was to realise that the surplus variable had a value of 21 which indicated that the 
corresponding constraint was being underused by 21 and so the solution to the LP problem would be no 
different if 14 was added to the 21 to give k = 35. Once again, as the word ‘determine’ was given in the 
question the correct answer with no working only scored 1of the 2 marks available.  
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