CS5 416
Artificial Intelligence

Lecture 13
First-Order Logic
Chapter 2

(Juestion about Final Exam

* | will have a date for you by Tuesday of next
week.

First-order logic

“We saw how propositional logic can create
intelligent behavior

*But propositional logic is a poor representation for
complex environments

— Why?

*First-order logic is @ more expressive and
powerful representation

What do we like about propositional
logic?

It is:
— Declarative

~ Redationships betwean varables are describad
= A meihad far propagating ralationships
— Ezpressive
 Can reprasent partial Information welng disjunciian
— Compositonal
» If A means foa and & means bar, A * & means Too and bar

What don't we like about
propositional logic?

* |Lacks expressive power to describe the
envircnment concisely

— Separate rules for every sguare/square relastionship
i Wumipus world

Natural Language

«English appears to be expressive
— Sguares adjacent to pits ars breszy

=But natural language s & medium of communication, not
a knowladge representation

— Much of the Informasan and loglc conveyed by languags ks
depandent on contax

— Informaian exchange s nol wel dafined

— Mol Eﬂmpﬂﬁ-m:ﬂﬁl |:I:IZII'I"I|:I|T'|I'I§ E2nmiEnses may m2an gomeih hg
differant)

— It l= ambiguous
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But we borrow representational
ideas from natural language

=Matural language syntasx
— Mouns and noun phraaaa refer to I:II:leIﬂE
* Peogie, houses, cars
— Verbe and verb phrases refer ta relationships btw objects
= Red, round, nesrtry, =at=n
— Zame relationshipe are cleary dafined functons whera ihere IE
only one output far 3 given Input
* Bestfriend, Srst thing, phos

=W buikd first order logic around objects and relations

Ontology

—a "spacfication of a concepfualization”
— A description of the objects and relationships that
can exist
= Propaskianal loglc had only fuefales relationehips
« First-order loglc has many more ralationships

— The ontological commitment of languages =
different

= How much canm you Infer from whal you know?

— Tesmporal logic defines sdd Bonal cnbological commiiimenis
becapse of timing consiraints

Higher-order logic

=First-order kogic is “first” because you relate objects (the
first-order entities that actuslly exist in the world)

— There are 10 chickens... chickens number=10

— There are 10 Sucks... ducks.numb=2r=10

=iou cannot build relationships between relstions or
functions

— These are a6 many chicKene a5 ducks... Chickens. numbsar =
ducks. number

— the numier of abjects b2longing to 3 group musi be a property
of tha group, and not ihe objects themseves

— Cannot rapresent Lalbniz’s law: If x and y share all propertiee, x
sy

Another characterization of a logic

* Epistemological commitments
— The possible states of knowledge permitted with
respect to each fact

» | ref-arder l:]gl[:. gach sentence Ig 3 stateameni that k&
— True, TalsE, oF usknoam

Formal structure of first-order logic

Maodels of first-order logic contain:

— & ga1 of abjecis {Its domain)
= Allc=, Allce's j=% aren, Bob, Bob's: hat

- Relationzhips betwaen objects
" Represenied & lupkes
— Shbing (Akce. 3ok, Ting (dok, Acs)
- On e (Bak, Bal]
- Fwrzon (d=El Fermon A EE)
* Jome relstonshlps ere fonctions i aghen ablect B related noesecty ome
oot In & cErtaln Wy

- Ao -r SicEn wimm

First-order logic syntax

«Constant Symbols

- A B, Goob, ABCca, Hat
Predicate Symibols

— Is, onHeaad, hasColar, parson

=Function Symibols
— Mamer, lefiLag

-Each predicate and function syrmbol has an arity
— A constant the fixee the number of arguments
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First-order logic syntax

* Mames of things are abitrary
— Knowledge base adds meaning
* Mumber of pozsible domain elements is

unbounded
— Number of models is unbounded
= Checking enumeraion by antallment s inpoesible

Syntax

* Term
— A logical expression that refers to an object

= Conefants
= Wi'e ooukd assign namess to sl objecis, ke providing 2 name Tor
eyery shos In o coset
= Functlon symEale
— Uiz=d In plece of 8 constant symbal SnlefFootioln)

Atomic Sentences

=Formed by a predicate symbol followed by
parenthesized kst of termis

— Smling [Allce, Bab)

— Mamed [Fatherjalize), Mother{Soa))

=&n atomic sentence s frue in 8 given model, under 5
Qiven interpretation, if the relation referred to by the
predicate symbol holds among the objects referred to by
the argurents

Complex sentences

* We can uze logical connectives
— ~Sibling(LeftLeg{Alice), Bob)
— Sibling{Alice, Bob) * Sibling (Bob, Alice)

Quantifiers

* A way to express properties of entire collections
of cbjects

— Universal quantification (iggall, )
= The powar af iret-orgar loglc
- Forall, KIng{x) == Parson(x)

Universal Quantification

*Forall x, P

— P is true for every object x

— Faorall =, King{x) =* Person(x)
* Rikchard the Lionheart

- KIng John =
- Richard's left leg el g
- Jonn's k=M leg .-'ﬁr‘ oy
« The crown b e
W e, o o,
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