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Evolution of Computing

Self-awareXCoripinin




What means intelligent?

No precise definition!

Rule of thumb:

If a machine is capable of performing
an intelligent operation this operation
IS no longer called intelligent.




John went to a restaurant.
He ordered lobster. He ate
and left.

What did John eat?

Human answer: Lobster, of course!

Correct answer: | don’t know!




Interpretation within a learned cultural context

Understanding = f( Message, Context)

not separable

(True for Man and Machine)




Human Brain

/ N\

Understanding = f( Message, Context)

N\ /

Machine

Complexity?
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Cerebral Cortex

Human brain: Most complex structure of the known universe

Dynamical system of ... Estimated calculation speed ...

* a 100 billion (10'") asymmetrically * 1076 up to 10" calculations per second
Interacting neurons * with a memory of 102 up to 107 bytes

+ with a 100 trillion (1074) connections (terabytes up to petabytes)

Compare to this Notebook-Computer: 102 cps with 2 gigabyte memory




Todays Machines << Human Brain

Understanding = f( Message, Context)

N\ /

Numerous techniques: DB models based knowledge representation, enumeration
of rules, heuristics, decision trees, machine learning/nonlinear mapping etc.

Fakes

(e.g. Joe Weizenbaum’s ELIZA - simulates a human psychotherapist)




* Challenging, sophisticated, hard to
make

* May be very successful (comparable to
human beings)

* May be inspiring and helpful (for new
insights etc.)

But ...




Interdisciplinary mental disease R&D project

Btx goal.

Intelligent PubMed retrieval system for
all project collaborators, i.e. a system that
understands what the researcher wants

WYTIWYG — What you think is what you get




Step 1 — Basic
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Example — Bioinformatics Project

Solution: 4-Step System

4 4 4 7"
4 4 4 7"

4 4 4 7"

Step 2 — Enrichment

Stefan Neumann — Achim Zielesny Intelligent IT-Systems? Challenges, Fakes and Hard Science ICIC Sitges 2007




Example — Bioinformatics Project

Solution: 4-Step System

Step 3 — Exclusion
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Solution: 4-Step System
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4 VE

Step 4 — Ranking
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4 4 4 4 4 4 4 4 4

Technical basis: Sophisticated data models for synonyms and semantic relations, thesaurus
and ontology functions, enrichment/exclusion rules, decision trees, machine learning and
nonlinear mapping etc. (“the full program”): 12 years of highly-qualified scientific work

Result: Goal achieved

(successful system with very high user satisfaction)

But ...




* The system was very specific, i.e. restricted to a very
narrow R&D field — and could not be generalized

* The system was extremely hard to manage and to
keep up-to-date

Project end = System end

(“fire-and-forget software”)

Fakes are extremely expensive

(a professional information broker achieves same/better results with <10% of the expenditure)




 Industrial Manager:

Don’t spend money on fakes — but think
about using publicly financed ones ...

* Public Manager:

Don’t tell anybody what you have heard so
far — keep on spending money ...

Fakes are great for educational purposes




Is there anything better than fakes? No! (2007)

Alternative: Hard Science Solutions

Are based on already attributed human contexts
(they do not have to understand)

Hard Science Solutions are comparable or
superior to human beings (on the same data)
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 Relatively wide range of application

* Fast, robust, often interpretable

« Easy to implement (for professionals)

But ...

Inferior to results of a good comparable fake!




- - - - - - - - - - -

Industrial & Public Manager:

Keep on spending money on
efficient technologies for
workflow optimization

(Human beings can’t do better and fakes
will wrap them up ...)




Calculations per Second per $1,000
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Moore’s Law
The Fifth Paradigm

Logarithmic Plot

10 _

8
10" - e®
10° 4 e

%
o0
10* °%.
® 00
® o

2 e 0 o

107 4 o o
° [ ]
@
oo
[ J [} o
1 4 o® [
.. [ ]

2 o

10 -1 ’ .
L4 °
107} °
e Source: Ray Kurzweil, The
(6] Singularity Is Near, New York,
10°° 2005, http://singularity.com
Electromechanical Relay  Vacuum Tube Transistor Integrated Circuit
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Intelligent IT-Systems? Challenges, Fakes and Hard Science

ICIC Sitges 2007




10% S

l055 _

1050 _

1045_[

1040 _

107 -

1030 _

1025 ol

l020 |

1015 _

1010 |

i’ o

Calculations per Second per $1,000

j -

107

107

Exponential Growth of Computing

Twentieth through twenty first century

A4

All Human Brains

One Insect Brain

Logarithmic Plot

Stefan Neumann — Achim Zielesny

Year

Intelligent IT-Systems? Challenges, Fakes and Hard Science

| T | T I | Ll Ll | I
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

Source: Ray Kurzweil, The
Singularity Is Near, New York,
2005, http://singularity.com

ICIC Sitges 2007





<<
  /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


