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Reading for Next Class:

Section 9.2 — 9.4, p. 275 - 294, Russell & Norvig 2" edition
Handout, Nilsson & Genesereth, Logical Foundations of Artificial Intelligence
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Reading for Next Class: Sections 9.2 — 9.4 (p. 275-2 94), R&N 2¢
Last Class: Intro to FOL, Sections 8.1-8.2 (p. 240- 253), R&N 2¢
Elements of logic: ontology and epistemology
First-a rder p redicate c alculus (FOPC ) aka first order logic (FOL )
Properties of sentences (and sets of sentences, aka knowledge bases )
entailment vs. provability/derivability
validity vs. satisfiability
Properties of proof rules

soundness : KB KB (can prove only true sentences)

completeness : KB KB (can prove all true sentences)
Today: KR in FOL, Sections 8.3-8.4 (p. 253-266), 9.1 (p. 272-274), R&N 2¢
Frame problem: representational (frame axioms) vs. inferential
Related inference problems: ramification and qualif ication
Situation calculus
First-order inference: Generalized Modus Ponens (GM  P)
This Week: KR and Inference in First-Order Logic (C  h. 8 — 10)
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KB F; o = sentence « can be derived from K B by procedure i

Consequences of KB are a haystack; « is a needle.
Entailment = needle in haystack; inference = finding it

Soundness: 1 is sound if
whenever K B F; o, it is also true that KB | «

Completeness: i is complete if
whenever KB | a, it is also true that KB ; a

Preview: we will define a logic (first-order logic) which is expressive enough

to say almost anything of interest, and for which there exists a sound and
complete inference procedure.

That is, the procedure will answer any question whose answer follows from
what is known by the K'B.

© 2004 S. Russell & P. Norvig. Reused with permissi  on.
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Proof by contradiction, i.e., show K'B A —a unsatisfiable

function PL-RESOLUTION( KB, ) returns true or false
inputs: KB, the knowledge base, a sentence in propositional logic
v, the query, a sentence in propositional logic

clauses— the set of clauses in the CNF representation of KB A —cv
new+—{ }
loop do
for each €}, Cj in clauses do
resolvents — PL-RESOLVE(C}, C})
if resolvents contains the empty clause then return true
new«— new J resolvents
if new C clauses then return false
clauses«— clauses U new

Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.
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Adapted from slide © 2004 S. Russell & P. Norvig. R eused with permission.

Language Ontological Epistemological
Commitment Commitment
Propositional logic | facts true/false /unknown
First-order logic facts, objects, relations true/false /unknown
Temporal logic facts, objects, relations, times| true/false/unknown
Probability theory | facts degree of belief
Fuzzy logic facts + degree of truth known interval value

Ontological commitment  — what entities, relationships, and facts exist in world and can be
reasoned about

Epistemic commitment — what agents can know _about the world

Adapted from slide © 2004 S. Russell & P. Norvig. R eused with permission.
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Sentences are true with respect to a model and an interpretation
Model contains > 1 objects (domain elements) and relations among them

Interpretation specifies referents for
constant symbols — objects
predicate symbols — relations
function symbols — functional relations

iff the objects referred to by term, ..., term,
are in the relation referred to by predicate

An atomic sentence predicate(termy,.. ., termy) is true

Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.

Properties of locations:
Y, t At(Agent,x,t) A Smelt(t) = Smelly(x)
Y, t At(Agent,z,t) A\ Breeze(t) = Breezy(z)

Squares are breezy near a pit:

Diagnostic rule—infer cause from effect
Yy Breezy(y) = Fx Pit(r) A Adjacent(z,y)

Causal rule—infer effect from cause
Y,y Pit(x) A Adjacent(z,y) = Breezy(y)

Neither of these is complete—e.g., the causal rule doesn't say whether
squares far away from pits can be breezy

© 2004 S. Russell & P. Norvig. Reused with permissi  on.
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Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.




Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.
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Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.
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Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.

© 2004 S. Russell & P. Norvig. Reused with permissi  on.
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© 2004 S. Russell & P. Norvig. Reused with permissi  on.
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Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.
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Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.
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Based on slide © 2004 S. Russell & P. Norvig. Reuse d with permission.

© 2004 S. Russell & P. Norvig. Reused with permissi  on.




Adapted from slides © 2004 S. Russell & P. Norvig. Reused with permission.
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© 2004 S. Russell & P. Norvig. Reused with permissi  on.
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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

Today: Representing States/Actions in FOL; Propositio nal Logic to
FOL
Frame problem
representational : proliferation of frame axioms
inferential : replication of state
Qualification problem : handling “exceptions” (contingencies)
Ramification problem : handling “side effects”

Situation calculus : FOL-based language; successor state axioms __, situations

Herbrand's lifting lemma__: can generalize from propositional inference
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Last Class: Overview of Knowledge Representation (K R) and FOL
Syntax and semantics
Ontological vs. epistemological commitments

Sentences: entailment vs. provability/derivability, validity vs. satisfiability
Proof rules
soundness : KB KB (can prove only true sentences)
completeness : KB KB (can prove all true sentences)

Today: Representing States and Actions in FOL
Frame problem
representational: proliferation of frame axioms
inferential: replication of state
Relatives: ramification problem and qualification p roblem
Partial solution to representational frame problem: situation calculus
Chapter 9: First-Order Inference

Herbrand theory: ground terms, lifting lemma
Preview of unification, GMP




