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What is the Content
of the Knowledge Base?

» Categories (sets) of objects
— Related by containment (isa) and membership
* Defines a taxonomic hierarchy
— Which allows inheritance of properties
¢ All animals have skin.
* All birds have feathers.
¢ All canaries are yellow.
* Tweety is a canary.

— Compact and efficient generalizations.

Tell-Taxonomy

* Tell-Taxonomy provides a compact notation
for a collection of set-containment assertions.
¢ Extend with assertions for:
— Disjoint subsets
— Exhaustive decomposition
— Partition (disjoint and exhaustive)
* Use for:
— Upper ontology of generic categories
— Ontology of problem-specific categories

The PartOf Hierarchy

* The IsA hierarchy reflects one category
being part of (more specific than) another.
 The PartOf hierarchy reflects one object
being part of (a component of) another.
— Mereology studies this relation.

Car(x) = 3 y,z Engine(y) A Transmission(z)
A PartOf(y,x) a PartOf(z,x)
A Connected(y,z)

The Upper Ontology
Tell-Taxonomy( Tell-Taxonomy(
(Anything (RepresentationalObjects
(AbstractObjects (Sentences)
(Sets (Measurements
(Categories)) (Tim_es)
(Numbers) (Weights))) )
(RepresentationalObjects))
(GeneralizedEvents Tell-Taxonomy(
(Intervals (PhysicalObjects
(Moments)) (Things
(Places) (Animals)
(PhysicalObjects) (Agents))
(Processes))) ) (Stuff
(Solid)
* After Russell & Norvig, Figure 10.1 (Liquid)
(Gas))) )
Measurements

e There are fundamental units
— length, area, volume, time, mass, force, charge

* Familiar units of measure are different ways
to express a fundamental measure:
— Length(L) = Inches(1.5) = Centimeters(3.81)

* For human cognition, it may be that:
— Perceptual quantities are stored at high resolution
— But they are only accessed by ordinal comparison




Things versus Stuff

 Count nouns refer to individual Things
e Mass nouns refer to continuous Stuff

— We will have two cups of coffee with cream.

¢ Tell-Relation( MadeOf, [Things, Stuff] )

Tell-Taxonomy(
(PhysicalObjects
(Things (Animals) (Agents))
(Stuff (Solid) (Liquid) (Gas))) )

Actions, Situations, and Fluents

* A situation represents a moment in time.
* An action changes one situation to another.

— s’ = Result(a, s) s”"=Result(a’,s")

— 5" = Result(a’, Result(a, s)) = Result([a,a’], s)
* A fluent is a proposition whose truth value

depends on the situation.

— Block(A), Block(B), Clear(A,s), Clear(B,s)

— 5= Result( PutOn(A,B), s)

- On(ABs)) = Clear(B,s")

The Frame Problem

* We describe the changes an action causes
Clear(x) A Clear(y) = On(x,y,Result(PutOn(x,y,s)))
* But we can’t describe everything that stays the
same.
Color(x,c,s) = Color(x,c,Result(PutOn(x,y,s)))
* This requires frame axioms to state explicitly
what stays the same.

Successor-State Axioms

* A concise approach to writing frame axioms

Action is possible =
[Fluent is true in result state
=
Action’s effect made it true
v It was true before and action left it alone |

— It still requires specifying for each action
which fluents it leaves alone.

The Ramibcation Problem

¢ We describe the direct effects of an action

— Clear(x) an Clear(y) = On(x,y,Result(PutOn(x,y,s)))
¢ But we can’t describe all the indirect effects

— On(x,y,s) = —Clear(y,s)

¢ Likewise, the Qualibcation Problem
— Clear(x) n Clear(y) A =GluedDown(x) =
On(x,y,Result(PutOn(x,y,s)))

Events and Processes

We have assumed discrete actions and events
(situation calculus).

But processes can take place over time.

In the event calculus, fluents hold over
temporal intervals, which may have relations:
— Meet, Before, After, During, Overlap

— After(ReignOf(Elizabethll), ReignOf(GeorgeVI))
Leads to an ontology where objects are
processes extended in space and time.

— T(President(USA) = GeorgeWashington, AD1790)




Semantic Networks

* Relation definitions concisely express
certain category axioms.

Vx x € Persons = [Vy HasMother(x,y) = y € FemalePersons]

Tell-Taxonomy(
(Mammals
(Persons
(MalePersons)
(FemalePersons)
:partition)))

Tell-Relation(HasFather, [Persons, MalePersons])
Tell-Relation(HasMother, [Persons, FemalePersons])

Implementation Questions

e In Lisp:
— A frame is an atom (symbol).
— The slots are properties on the property list.
— The facets are an association list (alist)
— The values are a list.
— A variable is an atom, with printname “?name”
— A clause is a list of atoms: (wife Bill ?x)
— Aruleis alist: ((wife ?7x ?y) -> (husband ?y 7x))

* How should we do these things in Python?

Representing Algernon in Python?

» Can we use the Python syntax directly, the
way we use Lisp syntax directly?

¢ Or should we input strings, and parse them
into internal data structures?
— Constants and variables
— Relation and function symbols
— Clauses and rules (including -> and <- )




