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Questions

What's the' difference hetween data, Infermation and
knewledge?

s Intensional Vs. extensionall infernmatien?
s Particular vs. general infermation?
Wihat does It mean to; Knew: Something?

s Philosephers often define knowledge: as “justified, true belief”

s Early Al scientists considered appropriate use of knewledge to
e a key.

IHeW, IS knewledge: created?

a Via learning? By being teld? By reasening from exiting
knewledge?

IHoW! deES ourr Way. 6l cencepiualizing the werld mfliuence
the way we think and’ act.




Knewledge Representation

“\\/e base ourselves enithe 1dea that in erder for a
program te e capanie o learming semetning 1t must
filist e capableroii belng telaiit,

\We shall therefore say. that a pregrani nas
commpon'senser i autematically deauces for Itself a
sulficiently wide class ofi Immediate conseqUENCES ofi
anything It 1s teld anawhat it aleady, Knews.

John MicCartny, 1958, * Programs Withi Common| Sense:,
Tieddington Confierence on the Viechanization of Theugit
Processes; December 19586.
nttps//Mmaviwv-fermal.staniford.edu/jmec/mecs9. ntmli




Knewledge and reasoning

Knowledge

The psychoeloegical result off cognition, I.€., of perception,
leaming andl reasening

TThat which Is or cani be understood
The wing wherewithrwe: fly ter heaven (Shakespeare)

Knowledge diffiers firomi data or Infiermation i that new:
knewledge may: he created from existing knowledge using
Inference

Reasening
s [hinking that'Iis coherent and legical
a Logicallinference

s [he proecess of creating new: knowledge from: existing
knewledge




Knewledge Representation

Representation of knowledge

a Description off world of interest
a Usable by machine te make conclusions about that world

Intelligent System

a Computational system
n Uses an explicitly represented store: off knewledge
s [0 reason apout its goals, envirenment, other agents;, itself

Reasening hasead oni explicitly represented
knowledge

Working hypothesis

x Knoewledge of the worldf -
Cani be articulated
Used as/ needed




Sample Issues In KR

Wihat fermiis the knewledge: to e expressead?

IHOW, Can' a l[easening mecnanism generate
Implicit knewledge?

IHeW: can’ knowledge: by used terinfitence
system: behavior?

HOW, IS IRcomplete o neisy: infermation
fandiea?

How: can We represent and reasen

HOW. cani practical resulis e ehiained When
[easening Is Intractanle?




KR&R — Knowledge Representation

IHOW, Infermation; can’ be approphately enceded and
uUtilized 1nr computational moedels; ol cognition

We primary: aneas; eff activity

» Designing| iermats; for expressing infermation

Mostly “general purpese™ representation languages (e.q., first-
erder legic)

s Encoding knowiledge: (knewledge engineenng)

Mostly: identifying andfadescrining cenceptual vocanularies
(ontelegies)

Declarative representations are the focus off KR
technology

s Knowledge that Is domain-specific but task-independent




KR&R — Reasoning

Computations methoeds for creating new: knewledge and
Infermatien from exiting knewledge

s \Very generallmetnhods, e.g., Mmedus penens

m [[ask-specific methods, e.g., algorithms fier planning,
scheduling, diagnesis, constraint satisfiaction

a Viethods for managing reasening, e.g., nyorad
reasoning, paraliel processing

Amalysis of reasening
s Soundness, completeness, complexity,, ...

Methoeds for creating explanatiens eff reasening
results




Expressiveness vs. tractability tradeoft

IHOW, ) expressiwhat we: Knew
IHOW, L@ reasen! With Wihat We' express

“A Eundamentall fradeofizin Knowledge
Representation and Reaseningr

a H. Levesgue, R. Brachman; in Readings inf Knewledge
Representation; R. Brachman and H. Levesque (eds);
Morgan: Kaufman; 1965.




KR and Data Base Research

Both “represent™ knewledge

Data hases; contain; enly “greund literals?
= NO disjunctiens
s No guantifiers

Datea 19ase: schema provide: guantified iniermation
Deductive data bases Include implications

Data ase CONCErnS -

s Efficient access and management ofi lange data hases
x Concurrent updating

KR CONcemns -

s EXpressivity.

a Effective reasoning




Early History off KR (‘60°s - “70’s)

OrgInRs
s Problemr selving werk at: CMUFand VIl
s Natural language understanding

Many: ad-oee ermalisms
“Precedural™ vs. “declarative™ knowledge

No formall semantics

x Prohblems:
IHew! do we: assign “meaningr
How: can we say that a cemputer “understands’?




Emerging Paradigms (*70’s - ‘80’s)

Semantic nets

s Unstructured node-link graphs

s NGl semantics) tersupport Interpretation
s NG axioms to support reasening

m What's In a Link: Foundations for Semantic Nets”

W Woeeds, InRepresentation and Understanding: Studies in
Cognitive Science; edited hy D. Bohrow: and A.Collins;
Academic Press; 1975.

Frames
Production: rules
Predicate legic




Nodes and Arcs

arcs define: pinary relatienships which hold
Petween ehjects denoted By the NeJES.

mother




Semantic Networks

The ISA (Is a) or AKO (a kind
of) relatien Is' efiten; usedl te
link & class anadits
SUPEICIass;

And semetimes an Instance

Animal

ISa

andiit's  class. hasPart
Seme links (e.g. haspart) are J

Inherited along ISA paths.

e semantics of a semantic :
net can be relatively informal Robin

oI very formal ' '\isa
s0ften; defined at the
Implementation| level ‘

Red

ISa W|ng




Reification

Noen-binany: relatienships can Be representead by,
“tUImIng the relationship: Inte; an| elhject™

RIS IS anrexample off what legicians;call
“relficatien”

alreily/ V' CensIder an anstract concept to be real

Wermight want te’ represent the generic give
event as a relatien Invelving three things: a giver,
a [ecipient and an; Glhject,
give(jenn,many,heoks2)

___ giver ‘




Individuals and Classes

Many: semantic
Retwerksy distinguish Animal

2li0dEs representing
Individuals; andfthose

representing classes - hasPart ‘

Instance

sthe “subclass”
relation from the U o Wing
Instance-of” relation Robin

"nstance




Emerging Paradigms (*70’s - ‘80’s)

Semantic nets

Erames

n Structured! semantic nets

s Object-eriented descrptions
u Prototypes

n Class-subclass taxonemies

x A Eramework for Representing Knewledge”

M. Minsky; int Mind Design; edited by J. Haugeland: MIT Press;
1981.

Production rules
Predicate legic




From Semantic Nets to Frames

SEMantic RELWOrKSI moerphead inte: Erame
Representation’Languages in the: 70's and 80's.

A Erame s a lot like the netion of an ehject In
OOP;, but has moere meta-data.

A frame has a set of slots.

A sloit represents a relation to another firane: (or
value).

A slot as) ene: o moere fiacets.
A facet represents seme aspect of the relation




Facets

A slot In a frame: helds more than a value.

Other facets might Include:

s current fillers (e.g., values)

a default fillers

s minimum and maximun: AUmMBENR of fillers

a type restriction en fillers; (Usually’ expressed as;another
frame object)

 attached procedures (Ifi=needed) lf-added, lf=removed)
m Salience measure
» attached constraints or axioms

I some systems, the slotsi themselves are
INStances ofi frames




Example Class-Sulclass lfaxenomy.

+T Ontology DOCUMEMNTS - Netzcape

File Edit “iew Go Communicator Help

hAuthor
Document
Book
Edited-Eook
Mizscellaneous-FPubhlication
Artwork
Cartographic—-Map
Computer—-FProgram
Multimedia-Document
Technical-Hanual
Feriodical-Publication
Journal
Magazine
Newspaper
FProceedings
Technical-EFEeport
The=sis
Doctoral-Thesis
Masters-Thesis
Title

| Docurnent: Done

an Honors University in Maryland



Class Frame

lazs Edited-Book in Documents - Hetzcape

File Edit iew Go Communicator Help

Class Edited-Book

+ Defined in Ontology: Documents
+ Source code: documents.lisp

Arity: 1

Documentation: An edited haols 12 a bools whoze authors are known as editors.
Instance-OFf Clazs, 6o Relation, Go Sat

Subclass-Of Book, oo Dacument, oo Indivicdual, oo ndividual-Thing, to Thing .. s

Slots:

Has- Author:
Minttraen - Slot-Cardinality: o J
Has-Editor:
Marmum- Slot-Cardimality: 1
Same-5lot-Values: Has- Author
Publication-Date- Of:
Slot-Cardinality: 6o f
Publisher-Of:
Slot-Cardinality: 6o f
Title-Of:
Slot-Cardinality: o f

U I\/I IE| | Document: Done

an Honors University in Maryland



Example Instance Frame

++|;— Ingtance Solving-Frame-Problem in My-Documents - Metzcape

File Edit “iew Go Communicator Help

Instance Solving-Frame-Problem

+ Defined in Ontology: My-documents
+ Source code: my-documents.lisp

Documentation: Mot supplied vet.
Has-Author:
Minitnurn- Blot- Cardimality: Go f
Has-Editor: Murray-Shanahan
Minitnurn- Blot- Cardimality: Go f
Same-Slot-Values: Go Has-Author
Instance-Of Edited-Book, 6o Baok, 6o Bounded, 6o Document, to fadivicdual, oo Individual-Thing, 6o Thing
Number-Of-Pages-Of: 407
Publication-Date-Of: Year-1997
Slot-Cardinality: o F
Puhlisher-Of Wit-Press
Slot-Cardinality: o F
Title-Of: Solwing-The-Frame-Problem
Slot-Cardinality: o F

' Document: Done

an Honors University in Maryland




Description Logic

There Is a family’ off Erame-like: KR systems
With! a  fielimal semantics:

s E.g., KL-ONE, LOOWM, Classic,, ...

An additienal kind off Inference: dene: by these

systems Is autematic classification

x finding| the right place: in a hierarchy: of clhjects; for
a new: description

Many: current systems take care 1o keepithe

language simple, so that all'inference: can be

done In poelynemial time: (In the numer of:

ORJEcts)

= ensurng| tractability’ off Inference




Emerging Paradigms (*70’s - ‘80’s)

Semantic nets
Frames

Production) rule systems

sSituation-action rules
I (Warning:-light on) then: (tura-off engine)
alf-then inference rules

I (Warning:light on) then (eEngineg everheating)
I (Warning:-light on) then ((Engine overneating) 0.95)

alHyierd procedural-declarative representation
mBasis fior expert systems

Predicate logic




Production Systems

he netien off a preductien system: Was
lnventediin: L1945 by Post

Used asi the basisi for many. rule-hbased expernt
Systems

Used as a model o human cognition:in
psychoelegy.
A production’is a rulerof the ferm:

ClLC2, ...Ch=>A1A2...Am
Left hand side (LHS) Right hand side (RHS)




Basic Compoenents

Rules: Unordered set of user-defined “if-thent rules.

s Form: /fPI ... MPmthen AL, ..., An

a the /s are facts that determine conaditions Whenrrulers applicable:
s Actions can add or delete facts firem; the Working| Memory.

Woerking Memery -- A set ofi “facts” consisting| of
positive liierals defining What's knewn te be tiue abeut

the world
x Usually “flat tuples? like (age finin 45)
Inference Engine -- Precedure for Inferrng chamnges

(adaitions; and deletions) te Working Memory.
x Iypically feward chaining




Typical CLIPS Rule

(defrule determine-gas-level

(Working-state engine does-not-
start)

(retatien-state engine rotates)
(not (repair 2))
—

(I (net (yes-or-no-pr“Gas: in
tank?"))
then| (assert (repair *Add

as."))))
J 7T

(Cefrule print-repair
(declare (salience 10))

(repair 2item)

=

(printeut t crlf crif)

(printout t *Suggested Repair:™)
(printout t crlf crif)

(fermat t ™ Y%s%n%n%nk 7iten))

(defrule nermal-engine-state-
conclusiens

(declare (salience 10))
(Werking-state engine nemnmal)
—

(assert (repair “Noi repair
needed."))

(assert (spark-staterengine
nermall)

(assert (charge-state hattery
charged))

(assert (rotatien-state engine
retates)))




Typical CLIPS facts

e Facts in most production systems
are basically flat tuples

A simple extension supported by
many is to allow simple templates
using“slot-filler” pairs.

(deftemplate engine
(slot horsepower)
(slot displacement)
(slot manufacturer)
(slot year))

e Matching slots in a template is
order insensitive, as in:

(engine (year 1998) (horsepower ?x))

(engine (horsepower 250)
(displacement 500) (year 1998))

(Initial=fact)
(Werking-state engine
URsatisiactory)

(Change-state batteny: charged)

(rotation-stater engine: rotates)

(repair “Clean the fuel line.*)

(engine (hoersepewert 250)
(displacement 409)
(manuifacturer forad))




Basic Procedure

While clhianges are made 1o Working Memoery: do:

Matchi -- Construct the Construct Confilict Set -- the
set ofi all'possikle (rule, list-of-facts) pairs such thait
rule 1s; ene: ofi the rules and' list-of-facts IS a SUubSet of
facts i WVl that Uity with the antecedent part (1.e.,
Left-hand side) off the given rule.

Coniflict Reselution -- Select ene pair from the
Conflict Set for execution.

Act -- Execute the actions asseciated with the
CONSeguent part ofi the: selected rule, after making the
supstitutions Used during uniiicatien of the antecedent
part with' thhe list-ef-facts.




Rete Algorithm

TThe Rete Algoritiim (Greek fier “net’) Is the most
widely: efficient algenithm fior the Implementation of
production systems.

Develeped by Charesy Eergy at Carmegie Mellon
University in: L1972

sCharles .. Fergy, “Rete: A Fast Algerithm for the Many
Pattern/Vany: Object Patterma Mateh Preblem?, Artificial
Intelligence, 19, pp 17-37, 1982.
Retel s the: enly algerthm fier preduction) systems
Wihese efificiency Is asympiotically independent of the
AUMIREr of rules.

Iihe hasis for a Wioele generation of fiast expert system
shells: OPS5, ART, CLIPS and' Jess.




Soar

Soear Isi a productien systen develeped initally: at CiviU
andinoew: Used 1n many. places.

Soar stood fer State, Operator And Result because: all
preblem: selving InF Sear IS regarded as a search through
a prebleny space InfWhIch Vou apply an operator tora
state ter get a result.

It’s| alse a general cognitive architecture fier developing
systems, that exhipit intelligent behavior.

SEe

Example:

sp {helle-world
(state <s> ““type state)
=
(write |HellorWeorld]) (halt)}




Emerging Paradigms (*70’s - ‘80’s)

Semantic Nets
Eaimes
Preoduction rule systems

Predicate calculus

x Primanly first erder logic
“Everybody loves somehody sometime.”
(ferall ?2p
(Implies (Personi ?pd)
(exists (7p2 2t) (and (Person 7p2)
(Time ?t)
(Loves ?pl 7p2 ?1))))

s Resolution theerem: preving




KR in the “90’s
Declarative representations
sEasier te change
slVulti=use

sEXtendanle by reasening
mAccessible for Intrespection

Eemal Semantics

s[Defines what the representation means
mSPECIfies, Conrect reasening

mAllews comparson ol representatens/algoenithms

KR rooted 1n| the study: of legics
stemporal, context, modal, default, nenmoenotenic, ...

Rigoreus theoeretical analysis




Description Logic

There Is a family off Erame-like KR! systems with
a fiermal semantics.

sE.g., KL-ONE, LOOM, Classic, ...

Anladditional kind eff Inference done by these
systems Is autematic classification

x finding the rnght: place inia hieranrchy: of ohjects for a
AEW: description

Current systems take care te keep the language

simple; se that alll inference can e dene. in

polynemial tine: (I the AUMIBEN: 6ff GhJEcts)
sensuring tractanility eff Inference




KR In the ‘00’s 2?2

\Wel based systems

x embedding knewledge on wel pages

s languages based en XML: OILL, RDE, DAML, OWIL
Drivenr by new: classes ol applications

s Electronic ceammerce (e.g, product catalogues)

x |nformation retreval on the weh

= \Web services

Integration With conventienal seftware
s €.0., OO0 medeling tools like UNML
" €.0., reflection in Java

Business rules?

Ontelegies; !
77



Summary.

Real knowledge representation; and reasening| systems
COME In' severalimajors Varieties.

These: dififer 1 thelr ntended use, degree of fenmal
SEMantics;, expressive Ppewer, practical considerations,
features, limitations, ete.

Seme major families are

s LOgIc programming languages

s [fheerem provers

s Rule-based or production systems
Semantic RetwWorks
Erame-basedl representation languages
Datalhases (deductive; relatienal, ohject-orented, etc.)
Constraint reasening systems
Description logics




