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1. CONSTRAINTS AND INFEASIBILITY
One ongoing theme of our research [e.g. PPSN VIII, Yao,ed.

LNCS 3242, pp. 292–301, Springer-Verlag, 2004.] is the value of
infeasible solutions of constrained optimization problems. Infeasi-
ble solutions violate the constraints but they can nevertheless con-
tain valuable genetic information. Particularly valuable ones might
be only a single mutation away from feasibility, or even optimality.

Consider also that an optimal solution is likewise only a single
mutation away from infeasibility provided that the constraints are
relevant (which we assume). The guiding principle is that for con-
strained optimization problems, evolutionary computation meth-
ods should pay particular attention to the region near the feasi-
ble/infeasible boundary. A desire for boundary exploration led us to
create the Feasible-Infeasible Two Population Genetic Algorithm
(FI-2PopGA). This model alternates between (1) evolving feasible
solutions solely to improve them by seeking better objective func-
tion values and (2) evolving infeasible solutions solely to repair
them by lessening their constraint violations.

Let us give a general description of the observed behavior of the
FI-2PopGA (op. cit.). A first order effect is that the infeasible pop-
ulation seeks out the boundary indiscriminately (exploration), and
the feasible population seeks out the optima which will be located
on or near the boundary (exploitation). Upon reaching the region
of the boundary, a population can produce mutant children that end
up in the other population where they are subjected to a different
competitive criterion. A very interesting second order effect is ob-
tained when mutant grandchildren end up reentering the popula-
tion of their grandparents. This means that their genetic material
has survived competitions involving two criteria: both approach-
ing optima and also diminishing constraint violations. This makes
both populations gradually become genetically similar and cluster
on opposite sides of the boundary near optima. Of course, both
boundary searching and dual population evolution have been stud-
ied before (see references in op. cit.). Our approach is one of the
few that avoid attempting to heuristically evaluate candidate solu-
tions by two unrelated criteria at the same time.

Copyright is held by the author/owner(s).
GECCO’07, July 7–11, 2007, London, England, United Kingdom.
ACM 978-1-59593-697-4/07/0007.

2. INTERPOLATION TO THE BOUNDARY
Conspicuously missing from the FI-2PopGA is any interbreed-

ing between the two populations. After all, with n variables, why
not just interpolate between a feasible parent and an infeasible in n-
dimensional space to reach the boundary? This could produce two
children with nearly identical genetic material, but with one feasi-
ble and the other one infeasible. This could replace some or all of
the more leisurely and explorative evolution to the boundary and
the waiting for chance mutants to cross the boundary. The highly
exploitive nature of interpolation could be eased by interpolating
along selected continuous nonlinear curves rather than straight lines.

However, we are most concerned with binary (yes-no) variables,
where it is less clear how interpolation might be carried out. This
brings us, at last, to the subject of this note. We find ourselves in
a Hamming space where the points are vectors of bits (zeros and
ones), normally referred to as bitstrings. If we have a master list
of all possible bitstrings of length n, than we can interpolate to
the boundary in the following way. Suppose we have two parent
bitstrings, one feasible and the other one infeasible. Find where
these two bitstrings are located on the master list. Probabilistically
pick out a bitstring roughly halfway between the two parents. Test
whether this bitstring is feasible or not. In either case, we now have
determined another feasible/infeasible pair of parent bitstrings that
are closer together on the list than the original parents. Repeat this
shrinking until we obtain a feasible/infeasible pair that are adjacent
on the list. Since each feasibility test cuts the sublist approximately
in half, about n tests, at worst, are required to obtain adjacency.

But two adjacent children may not be genetically similar. For ex-
ample, if the master list is just the binary form of the numbers from
0 to 63, interpolation might produce the adjacent but genetically
very different bitstrings [001111] and [010000]. So, we require the
master list to have the following property: adjacent bitstrings must
be on the boundary, i.e. differ by a single bit. That may seem like
asking for a lot, but there there are many such lists; they are known
as a Gray codes. Actually, nobody knows how many Gray codes
there are. So we can ask for more. Balanced Gray codes, for exam-
ple, may be useful to us; in these any one bit position has an equal
(as possible) probability of changing as one goes through the list.

There are various circumstances where binary interpolation can
be used. Initial populations might be generated by binary interpo-
lation between a known feasible/infeasible pair such as the all-zero
bit string and the all-ones bitstring. Interpolating parents that are on
the boundary but genetically dissimilar would generically explore
along the boundary. In problems where it is quite difficult to find
solutions that are feasible, interpolation may be a valuable source
of new feasible solutions. And, if we interpolate between parents
that are close on the Gray code list, and the feasible parent is near
an optimum, the children will also be near the optimum.

1522



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


