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Abstract. A method of automatic programming, called genetic pro-
gramming, assumes that the desired program is found by using a genetic
algorithm. We propose an idea of ant colony programming in which in-
stead of a genetic algorithm an ant colony algorithm is applied to search
for the program. The test results demonstrate that the proposed idea
can be used with success to solve the approximation problems.

1 Introduction

Approximation problems which consist in a choice of an optimum function from
some class of functions are considered. While solving an approximation problem
by ant colony programming the desired approximating function is built as a
computer program, i.e. a sequence of assignment instructions which evaluates
the function.

2 Ant Colony Programming for Approximation Problems

The ant colony programming system consists of: (a) the nodes of set N of graph
G = (N, E) which represent the assignment instructions out of which the desired
program is built; the instructions comprise the terminal symbols, i.e. constants,
input and output variables, temporary variables and functions; (b) the tabu
list which holds the information about the path pursued in the graph; (c) the
probability of moving ant k located in node r to node s in time t which is equal
to:

Here ψs = 1/e, where e is an approximation error given by the program while
expanded by the instruction represented by node s ∈ N .
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E. Cantú-Paz et al. (Eds.): GECCO 2003, LNCS 2723, pp. 142–143, 2003.
c© Springer-Verlag Berlin Heidelberg 2003

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.ALLGEMEIN ----------------------------------------Dateioptionen:     Kompatibilität: PDF 1.3     Für schnelle Web-Anzeige optimieren: Nein     Piktogramme einbetten: Nein     Seiten automatisch drehen: Nein     Seiten von: 1     Seiten bis: Alle Seiten     Bund: Links     Auflösung: [ 2400 2400 ] dpi     Papierformat: [ 594.962 841.96 ] PunktKOMPRIMIERUNG ----------------------------------------Farbbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 300 dpi     Downsampling für Bilder über: 450 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Maximal     Bitanzahl pro Pixel: Wie Original BitGraustufenbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 300 dpi     Downsampling für Bilder über: 450 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Maximal     Bitanzahl pro Pixel: Wie Original BitSchwarzweiß-Bilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 2400 dpi     Downsampling für Bilder über: 3600 dpi     Komprimieren: Ja     Komprimierungsart: CCITT     CCITT-Gruppe: 4     Graustufen glätten: Nein     Text und Vektorgrafiken komprimieren: JaSCHRIFTEN ----------------------------------------     Alle Schriften einbetten: Ja     Untergruppen aller eingebetteten Schriften: Nein     Wenn Einbetten fehlschlägt: AbbrechenEinbetten:     Immer einbetten: [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]     Nie einbetten: [ ]FARBE(N) ----------------------------------------Farbmanagement:     Farbumrechnungsmethode: Farbe nicht ändern     Methode: StandardGeräteabhängige Daten:     Einstellungen für Überdrucken beibehalten: Ja     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja     Transferfunktionen: Anwenden     Rastereinstellungen beibehalten: JaERWEITERT ----------------------------------------Optionen:     Prolog/Epilog verwenden: Ja     PostScript-Datei darf Einstellungen überschreiben: Ja     Level 2 copypage-Semantik beibehalten: Ja     Portable Job Ticket in PDF-Datei speichern: Nein     Illustrator-Überdruckmodus: Ja     Farbverläufe zu weichen Nuancen konvertieren: Ja     ASCII-Format: NeinDocument Structuring Conventions (DSC):     DSC-Kommentare verarbeiten: Ja     DSC-Warnungen protokollieren: Nein     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja     EPS-Info von DSC beibehalten: Ja     OPI-Kommentare beibehalten: Nein     Dokumentinfo von DSC beibehalten: JaANDERE ----------------------------------------     Distiller-Kern Version: 5000     ZIP-Komprimierung verwenden: Ja     Optimierungen deaktivieren: Nein     Bildspeicher: 524288 Byte     Farbbilder glätten: Nein     Graustufenbilder glätten: Nein     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja     sRGB ICC-Profil: sRGB IEC61966-2.1ENDE DES REPORTS ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<     /ColorSettingsFile ()     /AntiAliasMonoImages false     /CannotEmbedFontPolicy /Error     /ParseDSCComments true     /DoThumbnails false     /CompressPages true     /CalRGBProfile (sRGB IEC61966-2.1)     /MaxSubsetPct 100     /EncodeColorImages true     /GrayImageFilter /DCTEncode     /Optimize false     /ParseDSCCommentsForDocInfo true     /EmitDSCWarnings false     /CalGrayProfile (Ø©M)     /NeverEmbed [ ]     /GrayImageDownsampleThreshold 1.5     /UsePrologue true     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /AutoFilterColorImages true     /sRGBProfile (sRGB IEC61966-2.1)     /ColorImageDepth -1     /PreserveOverprintSettings true     /AutoRotatePages /None     /UCRandBGInfo /Preserve     /EmbedAllFonts true     /CompatibilityLevel 1.3     /StartPage 1     /AntiAliasColorImages false     /CreateJobTicket false     /ConvertImagesToIndexed true     /ColorImageDownsampleType /Bicubic     /ColorImageDownsampleThreshold 1.5     /MonoImageDownsampleType /Bicubic     /DetectBlends true     /GrayImageDownsampleType /Bicubic     /PreserveEPSInfo true     /GrayACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>     /ColorACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>     /PreserveCopyPage true     /EncodeMonoImages true     /ColorConversionStrategy /LeaveColorUnchanged     /PreserveOPIComments false     /AntiAliasGrayImages false     /GrayImageDepth -1     /ColorImageResolution 300     /EndPage -1     /AutoPositionEPSFiles true     /MonoImageDepth -1     /TransferFunctionInfo /Apply     /EncodeGrayImages true     /DownsampleGrayImages true     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDownsampleThreshold 1.5     /MonoImageDict << /K -1 >>     /Binding /Left     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /MonoImageResolution 2400     /AutoFilterGrayImages true     /AlwaysEmbed [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]     /ImageMemory 524288     /SubsetFonts false     /DefaultRenderingIntent /Default     /OPM 1     /MonoImageFilter /CCITTFaxEncode     /GrayImageResolution 300     /ColorImageFilter /DCTEncode     /PreserveHalftoneInfo true     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ASCII85EncodePages false     /LockDistillerParams false>> setdistillerparams<<     /PageSize [ 595.276 841.890 ]     /HWResolution [ 2400 2400 ]>> setpagedevice



Ant Colony Programming for Approximation Problems 143

3 Test Results

The genetic (GP) and ant colony programming (ACP) methods to solve approx-
imation problems were implemented and compared on the real-valued function
of three variables:

t = (1 + x0.5 + y−1 + z−1.5)2 (1)

where x, y, z ∈ [1.0, 6.0]. The experiments were conducted in accordance to
the learning model. Both methods were first run on a training set, T , of 216
data items, and then on a testing set, S, of 125 data items. The results of the

Table 1. (a) The Average Percentage Error, eT , eS , and the Standard Deviation, σT ,
σS , for the Training, T , and Testing, S, Data; (b) Comparison of Results

a)

Method eT σT eS σS

100 experiments, 15 min each
GP 1.86 1.00 2.15 1.35
ACP 6.81 2.60 6.89 2.61

10 experiments, 1 hour each
GP 1.07 0.58 1.18 0.60
ACP 2.60 2.17 2.70 2.28

b)

Model/method eT eS

GMDS model 4.70 5.70
ACP (this work) 2.60 2.70
Fuzzy model 1 1.50 2.10
GP (this work) 1.07 1.18
Fuzzy model 2 0.59 3.40
FNN type 1 0.84 1.22
FNN type 2 0.73 1.28
FNN type 3 0.63 1.25
M-Delta 0.72 0.74
Fuzzy INET 0.18 0.24
Fuzzy VINET 0.08 0.18

experiments are summarized in Table 1. It can be seen (Table 1a) that the
average percentage errors (eT and eS) for the ACP method are larger than
those for the GP method. The range of this error for the training process and
100 experiments was 0.0007...9.9448 for the ACP method, and 0.0739...6.6089
for the GP method. The error 0.0007 corresponds to a perfect fit solution with
respect to function (1). Such a solution was found 8 times in the series of 100
experiments by the ACP method, and was not found at all by the GP method.
Table 1b compares our GP and ACP experimental results (for function (1)) with
the results cited in the literature.

4 Conclusions

The idea of ant colony programming for solving approximation problems was
proposed. The test results demonstrated that the method is effective. There are
still some issues which remain to be investigated. The most important is the
issue of establishing the set of instructions, N , which defines the solution space
explored by the ACP method. On the one hand this set should be as small as
possible so that the searching process is fast. On the other hand it should be
large enough so that the large number of local minima, and hopefully the global
minimum, are encountered.
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