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     For this paper you must have:
*    an 8-page answer book
*         the blue AQA booklet of formula e and statistical tables
*           an insert for use in Questions 1, 5 and 6 (enclo sed).

     You may use a graphics calculator.

 Time allowed
*    1 hour 30 minutes

Instructions
*                Use black ink or black ball-point pen. Pencil or coloured pencil should only be used for

drawing.
*               Write the information required on the front of your answer book. The forExamining Body

        this paper is AQA. The is MD02.Paper Reference
*   Answer questions.all
*           Show all necessary working; otherwise marks for method may be lost.
*               The answer to questions requiring the use of calculators should be given to threefinal

    significant figures, unless stated otherwise.
*          Fill in the boxes at the top of the insert.

Information
*        The marks for questions are shown in brackets.
*        The maximum mark for this paper is 75.
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  Answer questions.all

               1 Figures 1 and 2[ , printed on the insert, are provided for use in this question.]

               Figure 1 shows the activity network and the duration, in days, of each activity for a

 particular proje ct.

   (a) On :Figure 1

          (i) find the earliest start time for each activity; (2 marks)

          (ii) find the latest finish time for each activity. (2 marks)

        (b) Find the float for activity .G (1 mark)

             (c) Find the critical paths and state the minimum time for completion. (3 marks)

             (d) The number of workers required for each activity is shown in the table.

  Activity A B C D E F G H I J

    Number of workers required 2 2 3 2 3 2 1 3 5 2

                Given that each activity starts as as possible and assuming that there is no limit tolate

            the number of workers available, draw a resource histogram for the project on

             Figure 2, indicating clear ly which activities take place at any given time. (5 marks)
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                2 The following table shows the times taken, in minutes, by five people, Ron, Sam, Tim, Vic

                        and Zac, to carry out the tasks 1, 2, 3 and 4. Sam takes minutes, where 8 12 , to dox 4 4x

 task 2.

    Ron Sam Tim Vic Zac

    Task 1 8 7 9 1 0 8

    Task 2 9 x 8 7 11

      Task 3 12 10 9 9 10

   Task 4 1 1 9 8 1 1 1 1

                    Each of the four tasks is to be given to a differen t one of the five people so that the total

      time for the four tasks is minimised.

                (a) Modify the table of values by adding an extra row of values so that thenon-zero

      Hungarian algorithm can be applied. (1 mark)

              (b) (i) Use the Hungarian algorithm, reducing and then rows, to reduce thecolumns first

               matrix to a form, in terms of , from which the optimum matching can be made.x

 (5 marks)

                (ii) Hence find the possible way of allocating the four tasks so that the total time is

  minimised. (2 marks)

       (iii) Find the minimum total time. (1 mark)

                 (c) After speci al training, Sam is able to complete task 2 in 7 minutes and is assigned to

 task 2.

               Determine the possible ways of allocating the other three tasks so that the total time is
  minimised. (2 marks)

     Turn over for the next question

 Turn over
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                3 (a) Two people, Ann and Bill, play a zero-sum game. The game is represente d by the

    following pay-off matrix for Ann.

Bill

 Strategy B 1 B2 B3

Ann

A 1 1 0 2

A 2   4 2 3 

A 3     4 5 3

               Show that this game has a stable solution and state the play-safe strategi es for Ann and
  Bill. (4 marks)

               (b) Russ and Carlos play a different zero-sum game, which does not have a stable solution.

          The game is represented by the following pay-off matrix for Russ.

Carlos

 Strategy C 1 C2 C3

Russ
R 1 4 7 3

R 2  2 1 1

         (i) Find the optimal mixe d strategy for Russ. (7 marks)

        (ii) Find the value of the game. (1 mark)
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                4 A linear programming problem involving variables , and is to be solved. The objectivex y z

                   function to be maximised is 2 4 3 . The initial Simp lex tableau is given below.P ¼ x þ y þ z

P x y z    s t u value

   1 2 4  3 0 0 0 0

0 2 2 1 1 0 0 14

 0 1 1 2 0 1 0 6

0 4 4 3 0 0 1 29

              (a) (i) What name is given to the variables , and ?s t u (1 mark)

               (ii) Write down an equation involving , , and for this problem.x y z s (1 mark)

              (b) (i) By choosin g the first pivot , perform iteration of thefrom the -columny one

   Simplex method. (4 marks)

              (ii) Explain how you know that the optimal value has not been reached. (1 mark)

       (c) (i) Perform one further iteration. (4 marks)

               (ii) Interpret the final tableau, stating the values of , , and .P x y z (3 marks)

             5 Figure 3[ , printed on the insert, is provided for use in this question.]

                A landscape gardener has three projects, , and , to be completed over a period ofA B C
               4 months: May, June, July and August. The gardener must allocate one of these months to

                each project and the other month is to be taken as a holiday. Various factors, such as

             availability of materials and transport, mean that the costs for completin g the projects in

              different months will vary. The costs, in thousands of pounds, are given in the table.

   May June July August

     Project A 17 16 18 16

     Project B 14 13 12 10

     Project C 14 17 15 14

             By completing the table of values on , or otherwise, use dynamic programming,Figure 3

            working backwards from August, to find the project schedule that minimises total costs.

              State clear ly which month should be taken as a holiday and which project should be

     undertaken in which month. (10 marks)

 Turn over
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                 6 Figures 4, 5, 6 and 7[ , printed on the insert, are provided for use in this question.]

                  (a) The network shows a flow from to along a system of pipes, with the capacity, inS T
      litres per minute, indicated on each edge.

               (i) Show that the value of the cut shown on the diagram is 97. (1 mark)

               (ii) The cut shown on the diagram can be represented as { ,S C } , { A B T, , } .

               Complete the table on , giving the value of each of the 8 possible cuts.Figure 4

 (4 marks)

              (iii) State the value of the maximum flow through the network, giving a reaso n for

   your answer. (2 marks)

             (iv) Indicate on a possible flow along each edge corresponding to thisFigure 5

   maximum flow. (2 marks)

                 (b) Extra pipes, , and , are added to form a new system, with the capacity, inBD CD DT

          litres per minute, indicated on each edge of the network below.

              (i) Taking your values from as the initial flow, use the labelling procedureFigure 5

             on to find the new maximum flow through the network. You shouldFigure 6

            indicate any flow augmenting paths in the table and modify the potential increases

         and decreases of the flow on the network. (4 marks)

               (ii) State the value of the new maximum flow, and, on , indicate a possibleFigure 7

          flow along each edge corresponding to this maximum flow. (2 marks)

  END OF QUESTIONS
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       There are no questions printed on this page
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       There are no questions printed on this page
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