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Write your answers in the D1 answer book for this paper.

1.

31     10     38     45     19     47     35     28     12

 (a) Use the first-fit bin packing algorithm to determine how the numbers listed above can be 
packed into bins of size 60

(3)

 (b) Carry out a quick sort to produce a list of the numbers in descending order.  You should show 
the result of each pass and identify your pivots clearly.

(4)

 (c) Use the first-fit decreasing bin packing algorithm to determine how the numbers listed can be 
packed into bins of size 60

(2)

 (d) Determine whether the number of bins used in (c) is optimal.  Give a reason for your answer.
(2)

(Total 11 marks)
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2.

 Figure 1 Figure 2

 Figure 1 shows the possible allocations of five employees, Ali (A), Campbell (C), Hugo (H),  
Janelle (J) and Polly (P), to five tasks 1, 2, 3, 4 and 5.

 (a) Explain why it is not possible to find a complete matching.
(2)

 It is decided that one of the employees should be trained so that a complete matching becomes 
possible.  There are only enough funds for one employee to be trained.

 Two employees volunteer to undergo training.  Janelle can be trained to do task 1 or Hugo can be 
trained to do task 5.

 (b) Decide which employee, Janelle or Hugo, should undergo training.  Give a reason for your 
answer.

(2)

 You may now assume that the employee you identified in (b) has successfully undergone training.

 Figure 2 shows an initial matching.

 (c) Starting from the given initial matching, use the maximum matching algorithm to find a 
complete matching.  You should list the alternating path that you use, and state the complete 
matching.

(3)

(Total 7 marks)
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3.

Figure 3

 Figure 3 represents a network of roads.  The number on each arc represents the time taken, in 
minutes, to traverse each road.

 (a) Use Dijkstra’s algorithm to find the quickest route from S to T.  State your quickest route and 
the time taken.

(6)

 It is now necessary to include E in the route.

 (b) Determine the effect that this will have on the time taken for the journey.  You must state your 
new quickest route and the time it takes.

(3)

(Total 9 marks)
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4. 

Figure 4

[The total weight of the network is 359 cm]

 Figure 4 represents the network of sensor wires used in a medical scanner.  The number on each arc 
represents the length, in cm, of that section of wire.

 After production, each scanner is tested.

 A machine will be programmed to inspect each section of wire.

 It will travel along each arc of the network at least once, starting and finishing at A.  Its route must 
be of minimum length.

  (a) Use the route inspection algorithm to find the length of a shortest inspection route.  You must 
make your method and working clear.

(5)

 The machine will inspect 15 cm of wire per second.

 (b) Calculate the total time taken, in seconds, to test 120 scanners.
(2)

 It is now possible for the machine to start at one vertex and finish at a different vertex.  An 
inspection route of minimum length is still required.

 (c) Explain why the machine should be programmed to start at a vertex with odd degree.
(2)

 Due to constraints at the factory, only B or D can be chosen as the starting point and there will also 
be a 2 second pause between tests.

 (d) Determine the new minimum total time now taken to test 120 scanners.  You must state which 
vertex you are starting from and make your calculations clear.

(4)

(Total 13 marks)
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5. A linear programming problem in x and y is described as follows.

 Maximise P = 2x + 3y

 subject to

 x  25

 y  25

 7x + 8y  840

 4y  5x

 5y  3x

 x, y  0

 (a) Add lines and shading to Diagram 1 in the answer book to represent these constraints.  Hence 
determine the feasible region and label it R.

(4)

 (b) Use the objective line method to find the optimal vertex, V, of the feasible region.  You must 
clearly draw and label your objective line and the vertex V.

(3)

 (c) Calculate the exact coordinates of vertex V.
(2)

 Given that an integer solution is required,

 (d) determine the optimal solution with integer coordinates.  You must make your method clear.
(2)

 (Total 11 marks)
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6. (i) Draw the activity network described in the precedence table below, using activity on arc and 
the minimum number of dummies.

Activity Immediately preceding
activities

A –

B –

C –

D A, C

E B

F E

G A

H D, F

I D, F

J H, I

 (ii) Explain why each of your dummies is necessary.

(Total 7 marks)



P43142A 8 

7.

Figure 5

 A project is modelled by the activity network shown in Figure 5.  The activities are represented by 
the arcs.  The number in brackets on each arc gives the time, in days, to complete the activity.  Each 
activity requires one worker.  The project is to be completed in the shortest possible time.

 (a) Complete Diagram 1 in the answer book to show the early event times and late event times.
(4)

 (b) Calculate the total float for activity D.  You must make the numbers you use in your calculation 
clear.

(2)

 (c) Calculate a lower bound for the number of workers needed to complete the project in the 
minimum time.  You must show your working.

(2)

 The project is to be completed in the minimum time using as few workers as possible.

 (d) Schedule the activities using Grid 1 in the answer book.
(3)

(Total 11 marks)
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8. A manufacturer of frozen yoghurt is going to exhibit at a trade fair.  He will take two types of frozen 
yoghurt, Banana Blast and Strawberry Scream.

 He will take a total of at least 1000 litres of yoghurt.

 He wants at least 25% of the yoghurt to be Banana Blast.  He also wants there to be at most half as 
much Banana Blast as Strawberry Scream.

 Each litre of Banana Blast costs £3 to produce and each litre of Strawberry Scream costs £2 to 
produce.  The manufacturer wants to minimise his costs.

 Let x represent the number of litres of Banana Blast and y represent the number of litres of 
Strawberry Scream.

 Formulate this as a linear programming problem, stating the objective and listing the constraints as 
simplified inequalities with integer coefficients.

 You should not attempt to solve the problem.

(Total 6 marks)

TOTAL FOR PAPER: 75 MARKS

END
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Question 1 continued
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2. 
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4.

Figure 4

[The total weight of the network is 359 cm]
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Question 4 continued
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5. 

Diagram 1
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Question 5 continued
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Question 6 continued
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7. (a)

Diagram 1

 (b) 
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Question 7 continued

 (c) 
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 (d) 
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0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q7

(Total 11 marks)



Leave 
blank

16

*P43142A01616*

Leave 
blank

8.

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

  _______________________________________________________________________

TOTAL FOR PAPER: 75 MARKS

END

Q8

(Total 6 marks)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


