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Elimination in Chains

e Forward pass
OO~~~ OO—~TE

¢ Using definition of probability, we have

P(e) = Zd ZC Zb Za P(a,b,c,d,e)

Bayesian Networks - Inference (Variable Elimination)
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Elimination in Chains

TO—-~@O—~TED
e By chain decomposition, we get

Ple) = Zd Zc Zb Za P(a,b,c,d,e)
P(e) = Zd ZC Zb Za P(a)P(bla)P(c|p)P(d|c)P(e|d)

Bayesian Networks

Bayesian Networks - Inference (Variable Elimination)



Advanced

o Elimination in Chains

OO~ TE

e Rearranging terms ...

Ple)=> > > & P(a)P(bla)P(c|b)P(d|c)P(e|d)
Ple)=1 > > P(cp)P(d|c)P(e|d)) . P(a)P(bla)

Advanced

T e Elimination in Chains

B has been eliminated

T DO D@

¢ Rearranging and then summinag agdain, we get
P(e) Z Z if c|b:P(d|c)P( |d)P(b)

P(e) = Zd_ ZCP d|c)P(e|d) ZbP(c|b)P(b)J
Ple)=3 > P(dlc)P(eld)P(c)«

- Inference (Variable Elimination)
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Advanced

o Elimination in Chains

A has been eliminated
OO~ TOo—~O—~TED

e Now we can perform innermost summation

Ple)=) > >. P(c|b)P(d|c)P(e|d)\Za P(a)P(bla)
Ple)=) > >, Pclb)P(dlc)P(e|d)P(b) e

Fvanced Elimination in Chains with Evidence
. Simi , B P(a,e)
Similar due to Bayes’ Rule  P(ale) = P(e)

EO—-CE—EO-C@@—T

o We write the query in explicit form

(a,b,c,d,e€)

=222,
=222,

(a) P(b|a)P(c|b) P(d|c) P(e|d)

- Inference (Variable Elimination)
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Advanced

o Variable Elimination

e Write query in the form

T
Pane) =2, 2, 2, L, Pledpate)
h'd Y 7
Semantic Bayesian Network

Eliminate irrelevant variables

o Iteratively

—Move all irrelevant terms outside of innermost
sum

—Perform innermost sum, getting a new term
—Insert the new term into the product

advanced  \We want to compute P(d)
T == Need to eliminate: v,s,x,t,la,b

Initial factors
P(v)P(s)P(tlv)P(l|s)P(b|s)P(a|t,l)P(z|a), P(d|a,b)

- Inference (Variable Elimination)
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T Asia - A More Complex Example

advanced  We want to compute P(d)
P Need to eliminate: v,s,x,t,la,b

Initial factors
P(v)P(s)P(tlv)P(l|s)P(b|s)P(alt,l)P(z|a), P(d|a,b)

Eliminate: v

Compute: fu(t) = ), P(v)P(tlv)

= fo(8)P(s)P(l|s)P(b|s)P(alt, 1) P(z|a), P(d]a,b)
fu(t) = P(t)

but in general the result of eliminating a variable is
not necessarily a probability term !
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advanced  \We want to compute P(d)
T == Need to eliminate: s,x,t,la,b

Initial factors
P(v)P(s)P(tlv)P(l|s)P(b|s)P(a|t,l)P(z|a), P(d|a,b)
= fu(t)P(s)P(l|s)P(b|s)P(alt,l)P(z|a), P(d|a,b)

Eliminate: s
Compute: fs(b,1) = ZS P(s)P(l|s)P(b|s)
= fu(t)fs(b,1)P(alt, 1) P(z|a), P(d|a, b)

Summing on s results in a factor with two arguments
f.(b,!). In general, result of elimination may be a
function of several variables

advanced  \We want to compute P(d)
T == Need to eliminate: t,/a,b

Initial factors
P(v)P(s)P(tlv)P(l|s)P(b|s)P(a|t,l)P(z|a), P(d|a,b)
= fu(t)P(s)P(l|s)P(b|s)P(alt,l)P(z|a), P(d|a,b)

= fu(t) fs(b,1)P(alt,l)P(z|a), P(d|a,b)

= fu(t)fs(b, 1) fz(a)P(alt, ) P(d|a,b)

Eliminate: t

Compute: fi(a,l) = Zt f(t)P(alt,l)

= fs(b,1) fz(a) fi(a, 1) P(d]a, b)

- Inference (Variable Elimination)
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advanced  We want to compute P(d)
P Need to eliminate: x,t,/a,b

Initial factors
P(v)P(s)P(tlv)P(l|s)P(b|s)P(alt,l)P(z|a), P(d|a,b)
= fu(t)P(s)P(l|s)P(b|s)P(alt,l)P(z|a), P(d|a,b)

= fu(t) fs(b,1)P(alt,l)P(z|a), P(d|a,b)

Eliminate: x
Compute: fz(a) = Zx P(z|a)

= fo(t)fs(b, 1) fz(a) P(alt, 1) P(d|a, )

Note that f,(a)=1 for all values of a

advanced  We want to compute P(d)
P Need to eliminate: 1.a,b

Initial factors
P(v)P(s)P(tlv)P(l|s)P(b|s)P(alt,l)P(z|a), P(d|a,b)
= fu(t)P(s)P(l|s)P(b|s)P(a|t,l)P(z|a), P(d|a,b)

= £,(8)£:(5, ) P(alt, DP(zla), P(dla, b)

= fu(t)fs(b,1) fz(a)P(alt, 1) P(d|a,b)

= fs(b,1) f=(a) fi(a,l)P(d|a,b)

Eliminate: /

Compute: fi(b,a) = Z: fs(b,1)fi(a,l)
= fz(a)fi(b,a) P(d|a,b)

- Inference (Variable Elimination)
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advanced  \We want to compute P(d)
T == Need to eliminate: a,b

Initial factors

P(v)P(s)P(tlv)P(l|s)P(b|s)P(a|t,l)P(z|a), P(d|a,b)

= fu(t)P(s)P(l|s)P(b|s)P(alt,)P(z|a), P(d|a,b)

= fu(t) f3(b,))P(alt,})P(z]a), P(d|a,b)

= fo(t)fs(b, 1) f=(a) P(alt, 1) P(d|a,b)

= fs(b,1) fz(a) fi(a,1)P(d|a,b)

= fx(a)fu(b, @) P(d|a,b)

Eliminate: a,b

Compute: fa(b,d) =) fa(a)fi(b,a)P(dla,b)
fo(d) =Y, fa(b,d)

[ P(d) = fo(d) }

Advanced

.. Dealing with Evidence

e How do we deal with evidence?

e Suppose get evidence V=1, S=f, D=t
e We want to compute P(L, V=1, S=f,D=1)

Bayesian Networks

- Inference (Variable Elimination)

Bayesian Networks

riable Elimination)

- Inference (Va

o Variable Elimination (VE)

e We now understand VE as a sequence of
rewriting operations

¢ Actual computation is done in
elimination step

o Exactly the same procedure applies to
Markov networks

e Computation depends on order of
elimination

Advanced

1. Dealing with Evidence

e We start by writing the factors:
P(v)P(s)P(t|lv)P(l|s)P(b]s)P(alt,])P(z|a), P(d|a,b)

- Inference (Variable Elimination)
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Dealing with Evidence

e We start by writing the factors:
P(v)P(s)P(tlv)P(l[s)P(b]s)P(alt,])P(z|a), P(d|a,b)

¢ Since we know that V = 1, we don't need to
eliminate V

» Instead, we can replace the factors P(V) and
P(T|V) with
(TIVIWith o =Pw=1)  fruw(® = Pto=1)

Given evidence V=t S=f, D=t compute P(L,LV=tS=fD=t
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Dealing with Evidence

e Initial factors, after setting evidence
few) fees) e @) fras) () fres) (B) P(alt, 1) P(z|a) fp(dje.s) (@, b)

- Inference (Variable Elimination)
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Dealing with Evidence

e We start by writing the factors:
P(v)P(s)P(t|lv)P(l|s)P(b]s)P(alt,])P(z|a), P(d|a,b)

¢ Since we know that V = 1, we don't need to
eliminate V

» Instead, we can replace the factors P(V) and
P(T|V) with
(TIVIWith o =Pw=1)  frew® = Pt =1)

e This “selects” the appropriate parts of the original
factors given the evidence

* Note that £, is a constant, and thus does not appear
in elimination of other variables

Given evidence V=t S=f, D=t compute P(L,LV=tS=fD=t
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Dealing with Evidence

e Initial factors, after setting evidence
few) fes) feiv) @) fras) (1) fres) (B)Palt, ) P(z|a) fp(dle.s) (@, b)

¢ Eliminating x, we get
Fpe) fris) Feiw) () fras) (D) fres) (B)Plalt,l) fz(a) fr(dap)(a, b)

- Inference (Variable Elimination)
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Given evidence V=t S=f, D=t compute P(L,LV=tS=fD=t
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Dealing with Evidence

e Initial factors, after setting evidence
fP(vjfP(s)meu)(t)fP(us)(l)fp(ms)(b)P(a“aJ)P($|a)fP(d|a.,b) (a,b)
¢ Eliminating x, we get

T fris) Fr) () fras) (D) Fres) (b)Plalt,) fz(a) fr(da,p (a, b)

e Eliminating t, we get

e fres) fia, 1) fpq)s) (1) fre)s) (b) fz(@) fP(dja,b) (a, b)

Given evidence V=t S=f, D=t compute P(L,LV=tS=fD=t
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Dealing with Evidence

e Initial factors, after setting evidence
fP(vjfP(s)meu)(t)fP(us)(l)fp(ms)(b)P(a“aJ)P($|a)fP(d|a.,b) (a,b)
e Eliminating x, t, a, we get

FPw)Fr(s) fa(b, 1) frais) (1) frs) (D)

e Finally, when eliminating b, we get

- Inference (Variable Elimination)
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Given evidence V=t S=f, D=t compute P(L,LV=tS=fD=t
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Dealing with Evidence

e Initial factors, after setting evidence
fpew) Fp(s) FPtlv) (8) fPis) (D) fr(e)s) (B) P(alt, 1) P(z]a) fp(dfa,b) (@) b)

¢ Eliminating x, we get

Fpe) fris) Feiw) () fras) (D) fres) (B)Plalt,l) fz(a) fr(dap)(a, b)

e Eliminating t, we get

few) fps) fi(a, ) fras) (1) frs) (0) fz(a) frda.b) (a, b)

¢ Eliminating a, we get

TP fP(s) fa(b, 1) fP(11s) (1) fP(3]5) (D)

Given evidence V=t S=f, D=t compute P(L,LV=tS=fD=t
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Dealing with Evidence

e Initial factors, after setting evidence
fpew) Fp(s) FPtlv) (8) fPis) (D) fr(e)s) (B) P(alt, 1) P(z]a) fp(dfa,b) (@) b)
e Eliminating x, t, a, we get
fr() fr(s) fa(b, D) fras) (1) fo(b15)(b)

e Finally, when eliminating b, we get

fpw) fri) fo() fras) (1)

P(L,V =t,5=f,D=1t)= fpw)fres)foll) fras)(l)

- Inference (Variable Elimination)
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e Introduction

e Reminder: Probability theory
e Basics of Bayesian Networks
e Modeling Bayesian networks
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e Excourse: Markov Networks
e Learning Bayesian networks
e Relational Models

Networks

Bayesian




<<
  /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


