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Reasoning under Uncertainty:
Knowledge Representation in Uncertain Domains

Discussion: Diagnosis and Causal Reasoning

William H. Hsu

Department of Computing and Information Sciences, K SU

KSOL course page: http://snipurl.com/v9v3
Course web site: http://www.kddresearch.org/Courses/CIS730

Instructor home page: http://www.cis.ksu.edu/~bhsu

Reading for Next Class:
Chapter 14, p, 492 – 499, Russell & Norvig 2nd edition

Fuzzy Logic (Wikipedia, Scholarpedia): http://bit.ly/2rEMHe , http://bit.ly/4wYnAQ
Dempster-Shafer Theory (Wikipedia): http://bit.ly/2Y9FoS

Ch. 13 notes (C. Dyer, U. Wisconsin – Madison): http://bit.ly/53sLn
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� Reading for Next Class: Chapter 14 (p. 492 – 499), R&N 2e

� Last Class: Robust Planning, 12.5 – 12.8 (p. 441 – 454 ), R&N 2e

� Monitoring and replanning (12.5)

� Continuous planning (12.6)

� Need for representation language for uncertainty

� Today: Reasoning under Uncertainty, Probability, 13 (p. 462-486), R&N 
2e

� Where uncertainty is encountered

� Reasoning 

� Planning

� Learning (later)

� Sources of uncertainty

� Sensor error

� Incomplete or faulty domain theory

� “Nondeterministic” environment

� Coming Week: More Applied Probability, Graphical Mod els
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� Bounded Indeterminacy: “Uncertainty Abounds” (12.3)

� Four Techniques for Dealing with Uncertain Domains

� 1. Sensorless aka Conformant : “Be Prepared” (12.3)
� Idea: be able to respond to any situation (universa l planning)

� Coercion

� 2. Conditional aka Contingency : “Review the Situation” (12.4)
� Idea: be able to respond to many typical alternativ e situations

� Actions for sensing

� 3. Monitoring , Replanning : “The Show Must Go On” (12.5)
� Idea: be able to resume momentarily failed plans

� Plan revision

� Monitoring: execution (present postcondition) vs. action (next precondition)

� 4. Continuous Planning: “Always in Motion, The Future Is” (12.6)
� Lifetime planning (and learning!)

� Formulate new goals
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� Framework: Interpretations of Probability [Cheesema n, 1985]
� Bayesian subjectivist view

� Measure of agent’s belief in proposition

� Proposition denoted by random variable (range: samp le space WWWW)
� e.g., Pr(Outlook = Sunny ) = 0.8 

� Frequentist view: probability is frequency of observations of event
� Logicist view: probability is inferential evidence in favor of proposition

� Some Applications
� HCI: learning natural language; intelligent display s; decision support

� Approaches: prediction; sensor and data fusion (e.g ., bioinformatics)

� Prediction: Examples
� Measure relevant parameters : temperature, barometric pressure, wind speed
� Make statement of the form Pr(Tomorrow’s-Weather = Rain) = 0.5

� College admissions: Pr(Acceptance ) ºººº p
� Plain beliefs : unconditional acceptance ( p=1), categorical rejection ( p=0)
� Conditional beliefs: depends on reviewer (use proba bilistic model)
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Asia (Chest Clinic) Network
© 2004 KSU BNJ Development Team
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� Uncertain Reasoning
� Ability to perform inference in presence of uncerta inty about

� premises

� rules

� Nondeterminism

� Representations for Uncertain Reasoning
� Probability : measure of belief in sentences

� Founded on Kolmogorov axioms

� prior , joint vs. conditional

� Bayes’s theorem : P(A | B) = (P(B | A) * P(A)) / P(B)

� Graphical models: graph theory + probability

� Dempster-Shafer theory : upper and lower probabilities, reserved belief

� Fuzzy representation (sets) , fuzzy logic : degree of membership

� Others

� Truth maintenance system : logic-based network representation

� Endorsements : evidential reasoning mechanism
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� Last Class: Robust Planning
� Monitoring and replanning (12.5)

� Continuous planning (12.6)

� Need for representation language for uncertainty

� Today: Reasoning under Uncertainty and Probability
� Uncertainty is pervasive

� Planning

� Reasoning

� Learning (later)

� What are we uncertain about?

� Sensor error

� Incomplete or faulty domain theory

� “Nondeterministic” environment

� Coming Week: More Applied Probability
� Graphical models as KR for uncertainty: Bayesian ne tworks, etc.

� Some inference algorithms for Bayes nets
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