Mainly based on F. V. Jensen, ,Bayesian Networks and Decision Graphs", Springer-Verlag New York, 2001.
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Why bother with uncertainty?

Uncertainty appears in many tasks
— Partial knowledge of the state of the world
—Noisy observations
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3D Scan Data Segmentation

[Anguelov et al. CVPRO5, Triebel et al. ICRA06]

How do you recognize the lecture hall?
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Duplicate Identification

[ESrsinductve Logic Frogramming: Thaory And Methods - Muggleton, o Racat Wetsope [
| Ele Ecit Yew Go Boocmais Toos

L. D. Raedt
L. de Raedt
Luc De Raedt
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Video event recognition
[Fern JAIR02,1JCAIO5]

8
Frame 14

Frame 21

e What is going on?
e Is the red block on top of the green one?
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How do we deal with uncertainty?

e Implicit:

— Ignore what you are uncertain if you can

— Build procedures that are robust to uncertainty
e Explicit:

— Build a model of the world that describes

uncertainty about its state, dynamics, and
observations

— Reason about the effects of actions given the
model

Graphical models = explicit, model-based

Bayesian Networks - Introduction




Advanced
I WS 06/07

Probability

e A well-founded framework for uncertainty
¢ Clear semantics: joint prob. distribution

¢ Provides principled answers for:
— Combining evidence
— Predictive & Diagnostic reasoning
— Incorporation of new evidence

(at some level) to human experts
e Can automatically be estimated from data
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Joint Probability Distribution

e truth table" of set X4,..., X,, of random variables

X1 Xa| Xj X1, X2, X3
true 1 green 0.001
true 1 blue 0.021
true 2 green 0.134
true 2 blue 0.042
false 2 blue 0.2

e Any probability we are interested in can be
computed from it
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Representing Prob. Distributions

e Probability distribution = probability for each
combination of values of these attributes

Hospital patients described by
e Background: age, gender, history of diseases, ...
e Symptoms: fever, blood pressure, headache, ...
¢ Diseases: pneumonia, heart attack, ...

* Naive representations (such as tables) run into
troubles
— 20 attributes require more than 220=106 parameters
— Real applications usually involve hundreds of attributes
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Bayesian Networks - Key Idea

Exploit regularities !!!

e Bayesian networks
o utilize conditional independence

e Graphical Representation of
conditional independence respectively
“causal” dependencies

Bayesian Networks - Introduction
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Markov Networks

e Undirected Graphs X1,...,X,
e Nodes = random variables
¢ Cliques = potentials (~ local jpd) gbk

P(X = z) = % TT #x(z )
k
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Fielded Applications
e Expert systems ”
» Medical diagnosis (Mammography)
= Fault diagnosis (jet-engines, Windows 98) 6 ;
e Monitoring k A‘
= Space shuttle engines (Vista project)
= Freeway traffic, Activity Recognition A
e Sequence analysis and classification
= Speech recognition (Translation, Paraphrasing °
» Biological sequences (DNA, Proteins, RNA, ..)
e Information access
» Collaborative filtering
= Information retrieval & extraction

... among others
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[Graphical Models (GM)}

Causal Models

Dependency Networks}

Directed GMs

Models Trees

Segment Models |

[ Factorial HMM Mixed ]
Memory Markov Models

PCA

Bayesian Networks\
Mixture | (pecision

Graphical Models

Other Semantics

Undirected GMs

Fields / Markov

arkov Random

networks

Simple
Models

A 4

LDA

A

Gibbs/Boltzman
Distributions
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Outline

e Introduction

e Reminder: Probability theory
e Basics of Bayesian Networks
* Modeling Bayesian networks
e Inference

e Excourse: Markov Networks
e Learning Bayesian networks
e Relational Models

Bayesian Networks - Introduction
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