Contents

1
2

Introduction . ........ .. ... . . .

Background and State-of-the-Art ........................

2.1

2.2

2.3

Metaheuristics for Combinatorial Optimization ............
2.1.1 A Philosophical and Historical Perspective..........
2.1.2 The Optimization Problem .......................
2.1.3 Combinatorial Optimization ......................
2.1.4 On the Computational Complexity of Algorithms. . ..
2.1.5 On the a priori Equivalence of Search Algorithms ...
2.1.6 Exact Algorithms, Heuristics, and Metaheuristics. . . .
2.1.7 A Bird’S-Eye View of Most Popular

Metaheuristics ...........c.. i
2.1.8 Current Practice in Tuning Metaheuristics..........
The Problem of Supervised Learning . ....................
2.2.1 A Philosophical and Historical Perspective..........
2.2.2 The Three Main Problems of Machine Learning ... ..
2.2.3 Supervised Learning ........... ... .. .. .. ..
2.2.4 The Minimization of the Empirical Risk ............
2.2.5 The Theory of Generalization .....................
2.2.6 Supervised Learning in Practice ...................
2.2.7 Racing Methods for Model Selection ...............
Discussion .. ...

Statement of the Tuning Problem .......................

3.1
3.2
3.3

An Informal Example . ......... .. ... i
The Formal Position of the Problem .....................
Possible Variants and Extensions ........................
3.3.1 Problem Subclasses and a priori Information .......
3.3.2 Generic Probabilistic Models......................
3.3.3 The Single-Instance Case .........................

11
12
12
14
15
18
22
26



X Contents
3.3.4 The Optimization of Generic Statistics ............. 81
3.3.5 Time Versus Cost .......... ... ... 81
3.4 DISCUSSION .« o\ttt 82
4  F-Race for Tuning Metaheuristics ........................ 85
4.1 How Many Instances, How Man Runs? ................... 87
4.1.1 Formal Position of the Estimation Problem ......... 87
4.1.2  First Order Analysis of the Estimator fisy .......... 90
4.1.3 Second Order Analysis of the Estimator fisy ........ 91
4.1.4 Yet Another Possible Estimator ................... 96
4.15 Remarks ...... ... 100
4.2 The Brute-Force Approach ............................. 101
4.3 The Racing Approach........ ... ... i, 103
4.4 The Peculiarities of F~-Race .......... ... ... .. 109
4.5 DISCUSSION . .ttt 114
5 Experiments and Applications .................. ... ... ... 117
5.1 Empirical Analysis of F-Race............ ... ... ... 118
5.1.1 Iterated Local Search for QUADRATIC ASSIGNMENT ... 124
5.1.2  Ant Colony Optimization for TRAVELING
SALESMAN . ...t 137
5.2 Some Applications of the Racing Approach ............... 150
5.2.1 Tuning Metaheuristics for Timetabling ............. 151
5.2.2 The International Timetabling Competition ......... 154
5.2.3 F-Race for Feature Selection ...................... 159
5.2.4 Further Applications........... ... .. .. o ... 165
5.3 Discussion ............o.iiii 167
6 Some Considerations on the Experimental
Methodology ........ .. . 171
6.1 Some Fundamental Methodological Issues ................ 172
6.1.1 On Some Measures of Performance ................ 172
6.1.2 On the Concept of Class of Instances .............. 174
6.1.3 On the Empirical Comparison of Algorithms........ 175
6.1.4 On the Over-Tuning Phenomenon ................. 177
6.2 Towards a Theory of Practice ............ ... ... .. ..., 183
6.2.1 The Real-Life Setting .......... ... .. .. ... ..., 186
6.2.2 The Proposed Methodology and Some
Alternatives . ... 188
6.3 Discussion ..............i.iiiiiii 190
Appendix . ..o 191
6.A BestIsBiased........ ... .. i 191
7 Conclusions....... ... . . 197
References. .. ... ... 203




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




