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I - Scientific activity  

 
Global cost constraints for total weighted completion time (with J. Christopher Beck, 
University of Toronto, Canada) 
 

In the second period of the fellowship, we continued our research on the definition of global 
cost constraints for scheduling. We expect this work to extend the applicability of constraint-
based solution techniques to scheduling with various practically important sum-type 
optimization criteria. 
 We introduced a novel global cost constraint, called COMPLETION, for the total weighted 
completion time of activities on a single unary capacity resource. For propagating the 
constraint, we make use of the pre-emptive mean busy time relaxation of the scheduling 
problem. We investigated applications and extensions of the proposed constraint to different 
problem domains: 

• Single unary machine scheduling problems for minimizing the total weighted 
completion time of activities, where the COMPLETION constraint applies directly; 

• Multiple-machine project scheduling problems, where an additional question is how to 
relate jobs weights to activities; 

• Discrete resource scheduling problems, which required an extension of the 
COMPLETION constraint and the definition of a novel lower bound; 

• Container loading problems, where the discrete-resource version of the COMPLETION 
constraint can be used to bound the location of the center of gravity of the loaded 
container. 

The COMPLETION constraint boosted the performance of current CP solution techniques on 
the above scheduling problems, while the application to container loading problems is an 
ongoing work.  

The results of the research have been published in one conference paper (CPAIOR’07) 
and one submitted workshop paper (COPLAS’07). We are planning to submit an extended 
presentation of the result to an international journal. 

 
Constraint-based solution techniques for warehouse management in the automotive 
industry (with François Fages, INRIA Rocquencourt, France) 
 

We investigated the applicability of constraint-based solution techniques to various problems 
related to warehouse management in the automotive industry. The applications include the 
design of containers, the re-design of the line-side storage area, and the scheduling of 
replenishment activities. In this research we benefited from the cooperation of INRIA with a 
FIAT and PSA in the Net-WMS project. The early results of the investigations have been 
described in internal reports of INRIA. 
 This research is connected to the previous topic through the possible application of the 
COMPLETION constraint to the location of the centre of the gravity in container loading 
problems. 
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II- Publication(s) during your fellowship  
 
 
Kovács, A., Beck, J.C. A Global Constraint for Total Weighted Completion Time. In: Proc. of 
CPAIOR 2007, the 4th Int. Conf. on Integration of AI and OR Techniques in Constraint 
Programming for Combinatorial Optimization Problems (Springer LNCS 4510), Brussels, pp. 
112-126, 2007. 

 
Abstract. We introduce a novel global constraint for the total weighted completion time of activities on a 
single unary capacity resource. For propagating the constraint, an O(n4) algorithm is proposed, which makes 
use of the preemptive mean busy time relaxation of the scheduling problem. The solution to this problem is 
used to test if an activity can start at each start time in its domain in solutions that respect the upper bound on 
the cost of the schedule. Empirical results show that the proposed global constraint significantly improves the 
performance of constraint-based approaches to single-machine scheduling for minimizing the total weighted 
completion time. Since our eventual goal is to use the global constraint as part of a larger optimization 
problem, we view this performance as very promising. We also sketch the application of the global constraint 
to cumulative resources and to problems with multiple machines. 

 
Kovács, A., Beck, J.C. Extensions of the COMPLETION Constraint. Submitted to the 
COPLAS'07 Workshop on Constraint Satisfaction Techniques for Planning and Scheduling 
Problems, 2007. 
 

Abstract. The COMPLETION global constraint has been proposed for single-machine, unary-resource, total 
weighted completion time scheduling problems where it has shown good performance. In this paper, we look 
at extending the constraint in three ways.  First, we apply the constraint to multiple machine scheduling 
problems, in the form of job shop scheduling. It is shown that under the right allocation of weights to 
activities, the COMPLETION constraint results in significantly better scheduling performance compared to 
the standard expression of the weighted completion time. Second, we extend the constraint from the unary to 
discrete resources. This extension is more challenging that the first and our results indicate a decrease in 
choice points but an increase in overall solve time on a set of single-machine, discrete-resource problem 
instances. Finally, we propose a general framework, abstracting from the COMPLETION constraint, for 
developing cost-based global constraints. 

 
 
Furthermore the following paper, written in the first period of the fellowship, has been accepted 
with a request for revision to an international journal. During revision, we have changed the 
original title to 
 
András Kovács, Kenneth N. Brown, S. Armagan Tarim. An Efficient MIP Model for the 
Capacitated Lot-sizing and Scheduling Problem with Sequence-dependent Setups. Submitted to 
the International Journal of Production Economics. 
 

 
 
III -Attended Seminars, Workshops, and Conferences 
 
• CP-AI-OR 2007, 4th International Conference on Integration of AI and OR Techniques in 

Constraint Programming for Combinatorial Optimization Problems. May 23-26, 2007, 
Brussels, Belgium 

• JFPC 2007, 3èmes Journées Francophones de Programmation par Contraintes. June 4-6, 
2007, Rocquencourt, France  

• CSCLP 2007, Annual ERCIM Workshop on Constraint Solving and Constraint Logic 
Programming. June 7-8, 2007, Rocquencourt, France  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


