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Bayesian probabilistic networks
Introduction

A Bayesian network (BN) is composed of:A Bayesian network (BN) is composed of:
- a set of variables

• R: “it is raining”, discrete values T/F
• T: temperature, continuous  or discrete variable
• C: colour, discrete values {red, blue, green}

- a graphical structure connecting the variables, andg p g
- a set of conditional distributions

- A BN is commonly represented as a graph, where 
• nodes represent the variables, and
• arcs represent the conditional dependencies in the model.
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• An arc connects a parent (influencing) node to a child (influenced) node.
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Bayesian probabilistic networks:
Introduction of available software tools

ResourcesResources
- Kevin Murphy’s Software Package Survey

• http://www.cs.ubc.ca/~murphyk/Software/bnsoft.html

- Google`s List of tools
• http://directory.google.com/Top/Computers/Artificial_Intelligence/Belief_Networks/

Software/

- Decision Systems Labroratory University of Pittsburgh
• http://dsl.sis.pitt.edu/community_services/other_software.html

- Bayesian Network RepositoryBayesian Network Repository
• http://www.cs.huji.ac.il/labs/compbio/Repository/
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Introduction of available software tools
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Introduction of available software tools
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Introduction of available software tools
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Introduction of available software tools

GeNIe (Graphical Network Interface) 

• Developed by Decision System Laboratory, University of Pittsburgh
• http://genie.sis.pitt.edu/

- Primary Featuresy
• Graphical editor to create and modify network models
• Uses the SMILE Engine. You may develop models in GeNIe and create a custom 

interface for them using SMILE
• Supports chance nodes with General, Noisy OR/MAX and Noisy AND distribution
• Open multiple networks and cut and paste sections of models between them
• Complete integration with MS. Excel, cut and paste data into internal spreadsheet 

i f G NIview of GeNIe
• Cross compatibility with other software. Supports all major file types (e.g. Hugin, 

Netica, Ergo)
• Support for handling observation costs of nodes
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• Support for handling observation costs of nodes
• Support for diagnostic case management
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Introduction of available software tools

GeNIe (Screenshots)
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Introduction of available software tools

GeNIe (Screenshots)

Nodes as Charts Submodels
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Introduction of available software tools

GeNIe (Screenshots)

Multiple Models Spreadsheet View
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Introduction of available software tools

GeNIe (Screenshots)

Diagnosis CPT Ellicitation
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Introduction of available software tools

GeNIe (Screenshots)

Data Histogramm Data Scatterplot
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Introduction of available software tools

Hugin
• Originally developed by a group at Aalborg University
• http://www.hugin.com

- Primary Features
• HUGIN Graphical User Interface
• Construction of object-oriented Bayesian networks and influence diagrams models
• Discrete chance and decision nodes with subtypes labelled, boolean, numbered 

and interval
• More than one utility node
• Conditional Gaussian distributed variables (exact inference)
• Table Generator supporting Discrete and Continuous distributions
• Learning Wizard supporting Data acquisition and preprocessing, Structural 

learning, structural constraints, Estimation of the conditional probability 
distributions
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distributions
• Revision, Analysis, Development and Documentation
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Introduction of available software tools

MSBNxMSBNx
• http://research.microsoft.com/adapt/MSBNx/

- Primary features
• Graphical Editing of Bayesian networks
• Exact Probability Calculations using clique-tree propagation methods
• Decision-Theoretic Diagnosis, Troubleshooting, and Recommendations
• Using your cost information or defaults, MSBNx dynamically recommends 

troubleshooting steps
It b it d ti t b fit l i• It bases its recommendations on a cost-benefit analysis
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Introduction of available software tools

BUGSBUGS
• BUGS Bayesian inference Using Gibbs Sampling
• http://www.mrc-bsu.cam.ac.uk/bugs/

- Primary features
• BUGS provides Analysis of complex statistical models using Markov Chain Monte 

C ( C C)Carlo (MCMC)
• BUGS features a graphical user interface and on-line monitoring and convergence 

diagnostics
• BUGS provides a language for specifying a Bayesian Network a compiler for• BUGS provides a language for specifying a Bayesian Network, a compiler for 

processing the model and data and sets up the sampling distributions required for 
the Gibbs sampling

• Appropriate sampling algorithms to simulate values of the unknown quantities in 
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the model
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Bayesian probabilistic networks 
Statistical inferences

Reasoning within BNReasoning within BN
- Also called conditioning or belief updating or inference

- Inference is an observation of a specific state

- The task is to compute the posterior probabilities for query node(s) given evidence

“Jane has the flu”Jane has the flu

“Jane has a 
high temp”high temp

“Thermometer
t di ”
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temp reading”



Statistical inferences

Types of evidence
- Specifc evidence: a definite finding 

Types of Reasoning

that a node X has a particular value, x.

- Negative evidence: a finding that node 
Y is not in state y1 (but may take anyY is not in state y1 (but may take any 
other values)

- “virtual” or “likelihood” evidence: 
f i f ti i t t isource of information is not certain

Example: e=radiologist is 80% sure that 
Xray=positive
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Statistical inferences

Hugin Example: Bayesian network
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Statistical inferences

Hugin Example: Bayesian network

Diagnostic Reasoning

Evidence in E

Predictive Reasoning

Evidence in A
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Evidence in E

Query Variables = C and A

Evidence in A

Query Variables = C and E



Statistical inferences
Hugin Example: Bayesian network

Combined Reasoning

Evidence in B and E

Intercausal Reasoning

Evidence in B and C
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Query Variables = CQuery Variables = A



Conclusion Bayesian probabilistic networks

• Introduction of available software tools
K i M h ‘ li ti i d f• Kevin Murphy‘s listing is good source for
information for software packages for BN

• Describtion of GeNIe, Hugin, MSBNx and
BUGS and their key featuresBUGS and their key features

• In general all the packages include
advanced GUI features

• Statistical inferences
• Reasoning within Bayesian Networks
• Types of evidence (Specifc, negative, yp ( p , g ,

virtual)
• Example in Hugin
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Thank you for your attention!
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