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Abstract

This article deals with how metaknowledge can improve
rule-based system and presents a new Reflexive System
Inference Engine (RSIE) which not only enables the
activation of rules, making it belong to systems managing
metaknowledge. The experimentation section shows a rule-
based system named IDRES with a structure which has
been modified to use metaknowledge.

I. Introduction

The domain of metaknowledge was conceived in
the 1970s and 80s (Hayes 1973) at the same time
as the emergence of rule-based systems. A
metaknowledge can be defined as being
knowledge about knowledge.

There is no specific architecture (or
programming language) for manipulating
metaknowledge. However, rules-based systems
have the advantage of restoring for the building
of different levels of knowledge (Genesereth and
Nilsson 1987)

Due to this context, the idea to design a new
inference engine, called RSIE (Reflexive System
Inference Engine) appeared. It allows the
developer to build systems based on rules and
meta-rules (a meta-rule is executed as a rule). For
example he would be able to use rules which
remove some rules in a convenient moment.
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Contrary to most systems which use meta-rules
(Cazenave 2003) (Spreeuwenberg, Gerrits and
Boekenoogen 2000) in a static way, the
triggering of meta-rules can dynamically modify
the rules structure during the session. Also,
reflective systems can be made by the RSIE.

II. The Reflexive System Inference
Engine

Two types of inference engines are known: those
based on a filter algorithm and those using an
RETE network (Forgy 1982).

The use of a RETE network is much faster than a
filtering technique. On the other hand, it has a
more complex physical structure: various types
of nodes and joints. If this implementation had
been chosen, every execution of a meta-action
(for example to modify or to delete a rule) would
have entailed, every time, an expensive
reorganization of the RETE network.

In order to benefit of the advantages of the two
methods, we use a hybrid method. A RETE
network is created for each rule of the rules base.
The idea is to preserve the powerful aspect of
RETE architecture while preventing that a meta-
action entail a total rebuilding of the rules base
but affects only concerned rules.

The system is written in Java because this
language has some reflexive aspects which we
could make use of.



II1. Experiments and assessment

RSIE was tested with a 3.00 GHz Pentium by
executing the rule-based system IDRES (Nigro
and Barloy 2006). IDRES system recognizes
maneuvers made by a vehicle from a sequence of
known data given by a set of proprioceptive
Sensors.

It comprises ten rules and for each 0.010 s eight
facts are generated starting from the data of eight
Sensors.

Results shows that adding metarules to delete
rules which became useless allow to match less
rules and to gain in term of time of execution and
memory space. Indeed, the system creates 821
facts in 1.100 s without the meta-level and only
405 in 0.580 s with this level. The use of
metarules which create progressively relevant
rules allow to give only a restricted number of
initial rules to the system and optimize speed of
execution (0.500 s).

The structure used to develop and to use RSIE
allows the conception of meta-rules, meta-
conditions or meta-actions as easily as one rule.
It also authorizes the creation of reflexive meta-
rules (which apply to themselves) without having
to duplicate knowledge (Kormann 1996).
Another advantage is that the reflexive system
inferences engine is able to execute these meta-
rules during the execution. It authorizes the
development of learning techniques in real time
or in very dynamic domains environment (like
assistance in driving cars).

IV. Conclusion

The reflexive system inferences engine is still in
development and this article shows the first
results of the core around whose will be
implemented the final version. It is useful for the
development of metaknowledge. In the future,
new functionalities will be added to RSIE to
make it more efficient.

549

Acknowledgements

Research supported in part by Champagne-
Ardenne Regional Council (district grant) and the
European Social Fund.

References

Cazenave, T. 2003. Metarules to Improve
Tactical Go Knowlegde. Information Sciences,
154 (3-4):173-188.

Forgy, C.L. 1982. Rete : A Fast Algorithme for
the Many Pattern / Many Object Pattern Match
Problem. Artificial Intelligence, 19.

Genesereth, M.R., and Nilsson N.J. 1987.
Logical Fundations of Artificial Intelligence, Los
Altos, CA Morgan Kaufmann.

Hayes, P.J. 1973. Computation and deduction.
Proc. 2nd. Symposium on Mathematical
Foundations of Computer Science,
Czechoslovakian Academy of Sciences, 105-118.

Kornman, S. 1996. Infinite Regress with self-
monitoring. Reflection'96 Conference :221-233.
San Francisco.

Nigro, J.M., and Barloy, Y. 2006. The Meta
Inferences Engine : a tool to use metaknowledge,
IPMU 06, Paris.

Spreeuwenberg, S., Gerrits, R., and
Boekenoogen, M. 2000. VALENS: A
Knowledge Based Tool to Validate and Verify an
Aion Knowledge Base. ECAI 2000:731- 735.




<<
  /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
  /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 true
  /MaxSubsetPct 1
  /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 (None)
  /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 <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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


