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* What 1s the Symbolic Data
Analysis (SDA) paradigm?

. Why SDA 1S a good tool for
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e The SYR software.
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From The Structure of
Scientific Revolutions (Kuhn, 1962)

We can define a scientific paradigm by

» What is the failure in the actual practice?

» What is the paradigm shift?

» What is to be observed and scrutinized?

» What kind of questions and how are they structured?

» What are the principles and the theoretical development?

» What is the applicability domain?



What is the actual failure which has produced
the SDA Paradigm?

The failure is that in the actual practice

»  Only the “individual” kind of observations is
considered.

» Therefore, these individual observations are
only described by standard numerical and
categorical variables.
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It is the transition

» from “individual observations” described by
standard variables of numerical and
categorical values.

» To “higher level observations” described by
variables of symbolic values taking care of
their internal variation (intervals, probability
distributions, sets of categories or numbers,

random variables,...) which can not be treated
as numbers.




From lower level of individual observation to higher level
observation variables

Standard Data Table Symbolic Data Table
)
X X. Y Y. A symbolic data
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Xj is @ Random variable of Yj is @ Random variable of value:
numerical or categorical value a random variable represented
by a distribution.

(Distributions are the number of the future! Schweitzer 1984)



Space of representation of the symbolic Data

Numerical variables for symbolic data
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Symbolic variables
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Numerical Space: 4 variables, no Symbolic Space: 2 variables,
variation appears variation appears




From standard observations to higher level observations,
The correlation is not the same!

Y2 o

\/ e Y1
e Observations data are uniformly distributed in the circle:

¢ no correlation between Y1 and Y2 for individual observations.

e A correlation appears between the two variables for the centers of a given partition in 4 classes.



What is to be observed and
scrutinized?

In SDA the observed and scrutinized are
“higher level observations”.

In opposition to
Individual observations: a player, a fund, a stock,...
Higher level observations are:

* Classes: a player subset, a subset of funds, of stocks,
e Categories: American funds, European funds,...
* Concepts: an intent: volatile American funds.
an extent: the volatile American funds of a given data base.




CLASSICAL STANDARD DATA TABLE?
Symbolic Data Table
Players category | Weight Size Nationality
Very good [80, 95] | [1.70, 1.95] {0.7 Eur, 0.3 Afr}

Ll

Transformation in classical data

Players Weight | Weight Size Size Eur Afr
category Min Max Min Max
Very good 80 95 1.70 1.95 0.7 0.3
Concern:

The initial variables are lost and the variation is lost!



1. Non parametric: Extending Data Mining to Symbolic Data

Kohonen map
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World of observation

From the observed to the variables

Individuals
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2.

Concepts
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World of variables

Standard numerical and
categorical

A value of a standard
categorical variable

Intent defined by symbolic
variables plus a way for
calculating the extent.



What kind of questions and how are
they structured?

e Agregation-discrimination process
e concatanation
e Fusion

e Sorting rows by min, max of intervals or
frequencies of barchart

e Sorting variables by discriminate power
e Law of laws, Law of parameters

Extending to symbolic data:
Statistics

» Data Mining

e Learning Machine
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The agregation process must discriminate SD
between the higher level observations.

Work in the Symbolic space as much as possible.

Represent as much as possible in the output the
internal variation of the higher level observations.

Don’t reduce the output to be just numerical and
try to remain in the same kind of SD than in input.

Any extension of a standard theory or method to SD
must contain this theory or method as a special
case.
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| 1987 basic ideas

Own SDA theory: as Symb
aggregation-discrimination
in the fusion process, SD
Statistics, Law of laws, Law
of parameters

Extend and enhance other
theories , methods to
higher level observations




What is the SDA applicability domain?

» Standard data table: unique set of individuals

Standard numerical and (or) categorical
variables, induce categories which can be
considered as “higher level observations”
described by discriminate symbolic variables
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> Native symbolic data table: no individuals
» Complex data: several sets of different individuals




What are Complex Data?
Any data which cannot be considered as a

“standard observations x standard variables”

data table. Several data tables describing different
kind of observations by different variables.

Examples

* Hierarchical Data

* Multi source Data

e Specific complex data: Textual Data, images
Multimedia data (text and images, ...).



NUCLEAR POWER PLANT

Nuclear thermal power station

Inspection :

™

Inspection machine

PB: FIND CORRELATIONS BETWEEN 3 CLASSICAL DATA TABLES OF DIFFERENT UNITS AND
VARIABLES:

Table 1) Observations: Cracks . Variables: Cracks description.

Table 2) Observations: vertices of a grid. Variables: Gap deviation at different periods compared
to the initial model position.

Table 3) Observations: vertices of a grid. Variables: Gap depression from the ground.

ARE Transformed in ONE Symbolic Data Table where the concepts are interval of height or each
concept is a tower. On this new table correlation between variables can be calculated.



vertical concatenation

From complex data to symbolic data table:

The Fusion process

Horizontal Concatenation
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Advantages of the SD Table obtained
by complex data fusion

* Allows the synthesis of multiple and heterogeneous data in a
unique SDT.

* Significative Correlations between heterogeneous variables
can be obtained

 The individuals (the towers) can be considered as higher level
observations in a more complet and fiable form.

* Allows the higher level observations positioning and their
comparison in a much better way than considering the
multiple d.ata sources separately




SYR SOFTWARE

»Produce a Symbolic Data
Table by fusioning complex
data.

»Manage Symbolic Data
Tables: sort rows and columns
by discriminant power

» Analyse Symbolic data
tables:
SSTAT,SPCA,Sclustering,etc.

»Produce network, rules and
decision trees.
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GRAPHICAL REPRESENTATION
NETSYR

GRAPHICAL
REPRESENTATION of Axis 2 (12.45 %)
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We have shown that SDA is a new paradigme based on
the transition from standard individual observations to
higher level observations described by symbolic data.

SDA is a useful tool for Complex Data Mining.

Much remains to be done for improving the fusion
process

Much remains to be done for extending actual
methods to SD, for example:

the topology inside the symbolic space, summarizing
graphs, social networks, for extending Factorial
Analysis, Canonical Analysis, PLS etc., to higher level
observations.
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From Database to Concepts

HOW SYMBOLIC DATA ARE BUILT?

Observations |?, Conceps
BEDD
Relational Data QUERY
Base
| DE250 (———

Description of observations

Concepti‘Descriptigp *1 Columns: symbolic variables
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Rows : concepts

'mbolic Data Table I

Cells contain Symbolic Data





<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 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 ()
  /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


