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Question 1



Student Response

Commentary

Almost every candidate completed the activity diagram correctly and this candidate scored
full marks for the network and for indicating the values of the earliest start times and latest
finish times on Figure 1. The correct minimum completion time and critical path were then
written down. It was not sufficient to merely write 22 in the final box of the activity diagram.

In part (d), the candidate added 4 days to the latest finish time of F(13 days) and obtained 17
days, instead of considering the earliest start time for F (9 days) plus the duration of F (2
days) together with the 4 day delay, thus giving 9+2+4 =15 days as the new earliest start
time for H. This had an impact on the earliest start time for I (now 16 days) and the overall
delay to complete the project was stated as 4 days when it should have been 2 days.
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Student response



Commentary

This is an example of a good solution for this question.
(a) The explanation of a zero-sum game was sufficient to score the mark but it would have
been even better if the statement had included the words “for each outcome”.
(b) The row minima had also been calculated and then crossed out by the candidate, since
these were not required. Many left these in their solution and this was not penalised. The
minimum of the column maxima was indicated with an arrow and further explanation showed
why C1 was Colin’s play-safe strategy and so this answer also earned full marks. Most
candidates only scored one mark out of the two for this part of the question.
(c) The reason for not playing strategy R3 was explained in detail by using both the phrase
“dominated by” and then showing the various inequalities. Either of these two lines would
have earned the mark but it was good to see the detailed solution when many candidates
seemed to choose a minimalist approach.
(d) It was particularly good to see the initial statement defining the variable p. Many
candidates neglected to do this but in future marks may be given for this opening statement.
Expressions for the expected gains were carefully calculated and simplified. These expected
gains were plotted against p and the omission of a scale on the right hand side (when p = 1)
was condoned since there was a clear scale when p = 0. The highest point of the region was
indicated clearly and the two appropriate expressions equated in order to find the value of p.
It was also important to make a statement about the mixed strategy for Rowena and this
candidate once again completed an excellent solution to secure full marks.
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Student Response



Commentary

This was a good solution to the question using the Hungarian Algorithm.
(a) The candidate mentioned both important points: the Hungarian Algorithm is used to
minimise total scores; the expression 17–x measures the criteria not met by each lecturer. It
was rare to see a candidate score both marks in this opening part of the question.
(b) & (c) The candidate made a slip initially but recovered to complete the row and column
reductions correctly. The augmentation was not only performed accurately but the candidate
stated clearly that the minimum number not covered by the four lines and then explained
what augmentation was needed.
(d) & (e) Both allocations were listed by the candidate and the correct total score was stated.
It was very common to see candidates presenting only one of these two allocations and so it
was good to see a solution that showed both a good understanding of the algorithm and the
correct interpretation of the final matrix.
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Commentary

(a) Both inequalities were correct. This was intended as an easy opening part but many
weaker candidates were unable to answer this correctly.
(b)(i) Several candidates showed the calculations 10/2 and 7/1 but then drew a wrong
conclusion about the pivot. Although this candidate does not use the word pivot, it is clear
that the entry 2 has been identified from the third row.
The row operations were clearly explained on the right hand side and these were performed
accurately. This is an example of good practice.
(ii) Although there was no explanation, full marks were scored for the correct inequality k > 8.
(c)(i) This is another good example of the correct use of the Simplex Method where fractions
were used and the row operations were performed accurately. Extra information was given
regarding the pivot being used for the second iteration, which was not actually credited but
was good to see in the overall solution.
(ii) The correct values of P, x, y and z were stated but the candidate lost a mark for failing to
state that the optimum value of P had now been achieved. Many candidates lost this
explanation mark which is a key aspect of interpreting the final tableau.
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Commentary

(a) Those candidates who used the table on the insert provided often scored full marks and
even those who made a slip in their working usually scored much better than those who
insisted on using a network diagram to present their solution.
The example above is typical of many who used a network approach. There is no key to
notation such as 123 which presumably means a value of 12 after 3 stages, but this notation
gives no indication of vertices visited and so would be impossible to use in order to trace
back through the network to find the optimum solution.
One of the important things about dynamic programming is the ability to show how the value
at any stage depends only on the maximum value (in this problem) from the previous stage.
It must be evident that a candidate has performed the correct number of calculations and
recorded these at each stage and that the answer has not been obtained by a complete
enumeration. It is actually possible to record all this information on a network but failure to do
this can result in a heavy penalty. For instance the first mark in the mark scheme is lost
because this candidate failed to identify where the 11 at vertex I came from and there was
no indication that a value of –1 + 8 = 7 has been considered when reaching I via vertex L.
Three generous method marks were awarded for this attempt, but no accuracy marks were
earned.
In future candidates may be required to produce a table similar to that on the insert showing
the values for different stages and states.
(b) The candidate correctly recorded the maximum profit and the sequence of actions
SAEHKT.
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Commentary

(a) This is a good example of how to calculate the value of a cut when the edges have upper
and lower capacities. Most candidates were unable to find the correct value of the cut and
justified the two marks allocated to this part.
(b) Almost all candidates managed to find the correct values of the missing flows along the
edges AE,EF and FG. This was answered correctly on the insert by this candidate.
(c) Future candidates would benefit from studying carefully the model solution in the mark
scheme where the potential forward and backward flows are marked on the edges to form an
initial flow. This is best done by candidates using ink for the initial values and then any
adjustments can be made using pencil. A misconception evident in many solutions was that it
was not possible to augment the flow by more than 3. In order to do this, it was necessary to
reduce the flow on certain edges and it was clear that many candidates did not feel
comfortable doing this.
(d)This candidate successfully augmented the flows to obtain a correct maximum flow of 44
and produced a solution identical to that in the mark scheme. Another misconception was
that the final flow diagram could be used to identify a cut having a value of 44; this is not the
case. Candidates needed to consider their saturated edges after flow augmentation or to
calculate the values of the various cuts on the original diagram printed in the question paper.
This candidate redrew the network in order to indicate a correct cut but then in addition listed
the edges through which the cut passed.
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