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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:

Section 9.5, p. 295 - 309, Russell & Norvig 2nd edition
Handout, Nilsson & Genesereth, Logical Foundations of Artificial Intelligence

FOL: Unification, Forward and Backward
Chaining, and Resolution Theorem Proving

Discussion: GMP, Constraint Logic Programming
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� Reading for Next Class: Sections 9.5 (p. 295 – 309), R&N 2e

� Last Class: KR in FOL, 8.3-8.4 (p. 253-266), 9.1 (p . 272-274), R&N 2e 

� Frame problem: representational (frame axioms) vs. inferential

� Related inference problems: ramification and qualif ication

� Representing states, actions: situation calculus, s uccessor-state axioms

� Towards planning systems

� First-order inference: G eneralized M odus P onens (GMP )

� Today: Unification and Resolution, 9.2 – 9.4 (p. 275  – 294), R&N 2e

� Unification (previewed last time)

� GMP implemented

� forward chaining and the Rete algorithm for product ion systems

� backward chaining

� Resolution theorem proving

� Constraint logic programming

� Preview: backward chaining in logic programming

� Next Class: Logic Programming (Prolog)
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Adapted from slides © 2004 S. Russell & P. Norvig.  Reused with permission.
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� Apply Sequent Rules to Generate New Assertions

� Modus Ponens                 And Introduction          Universal Elimination
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� Implications Out (Replace with Disjunctive Clauses)

� Negations Inward (DeMorgan’s Theorem)

� Standardize Variables Apart (Eliminate Duplicate Nam es)

� Existentials Out (Skolemize)

� Universals Made Implicit

� Distribute And Over Or (i.e., Disjunctions Inward)

� Operators Made Implicit (Convert to List of Lists of  Literals)

� Rename Variables (Independent Clauses)

� A Memonic for Star Trek: The Next Generation Fans

•Captain Picard:

•I’ll N otify S pock’s E minent U nderground D issidents O n Romulus

•I’ll N otify S arek’s E minent U nderground D escendant O n Romulus

Adapted from: Nilsson and Genesereth (1987). Logical Foundations of Artificial Intelligence. 
http://bit.ly/45Cmqq
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� Generalized M odus Ponens (GMP )
� Sound and complete rule for first-order inference (reasoning in FOL)

� Requires pattern matching by unification

� Unification : Algorithm for Matching Patterns
� Used in type inference , first-order inference

� Matches well-formed formulas (WFFs), atoms, terms

� Terms : variables, constants, functions and arguments

� Arguments : nested terms

� Resolution : Sound and Complete Inference Rule/Procedure for FOL
� Antecedent (aka precedent): sentences “above line” in sequent rule

� Resolvent (aka consequent) : sentences “below line” in sequent rule

� Forward Chaining : Systematic Application of Rule to Whole KB
� Rete algorithm in production systems for expert systems development

� Susceptible to high fan-out (branch factor)

� Backward Chaining : Goal-Directed
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� Last Class: From Propositional Logic to FOL
� Herbrand theory

� ground terms: full instantiation (propositionalizat ion)

� lifting lemma: can generalize from propositional in ference

� Need to convert FOL to clausal form (CNF)

� Generalized M odus Ponens (GMP )
� Sound and complete rule for first-order inference ( reasoning in FOL)

� Requires pattern matching by unification

� Unification: Algorithm for Matching Patterns
� Used in type inference, first-order inference

� Matches well-formed formulas (WFFs), atoms, terms

� Terms: variables, constants, functions and argument s

� Arguments: nested terms

� Resolution: Sound and Complete Inference Rule/Procedu re for FOL

� Forward Chaining: Systematic Application of Sequent Rule to KB


