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A term is a logical expression that refers to an object. Term
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Sibling(KingJohn, Richard) = Sibling(Richard, KingJohn)
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Figure 8.4 Some members of the set of all models for a language with two constant sym-
bols, R and J, and one binary relation symbol. The interpretation of each constant symbol is
shown by a gray arrow. Within each model, the related objects are connected by arrows.
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Figure 8.5 Some members of the set of all models for a language with two constant sym-
bols, R and J, and one binary relation symbol, under database semantics. The interpretation
of the constant symbols is fixed, and there is a distinct object for each constant symbol.
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functional relations: all tuples of objects + "value" object
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TRUTH EXAMPLE

person
king

Consider the interpretation in which
Richard — Richard the Lionheart
John — the evil King John
Brother — the brotherhood relation

Under this interpretation, Brother(Richard, John) is true
just in case Richard the Lionheart and the evil King John
are in the brotherhood relation in the model

Prepared by Kazim Fouladi | Fall 2023 | 4t Edition (a)

K%



Prepared by Kazim Fouladi | Fall 2023 | 4t Edition (a)

iy

gl &5 50 (gloss

Lol Sl 1ol 4850 Bhie sl (pladae

MODELS FOR FOL: LOTS!

For each number of domain elements n from 1 to oc
For each k-ary predicate /. in the vocabulary
For each possible /-ary relation on n objects
For each constant symbol (' in the vocabulary
For each choice of referent for C' from n objects . ..
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Everyone at Berkeley is smart: el (o9l (el (S 0 j0 55 50
Vx At(x, Berkeley) = Smart(x)
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(At(KingJohn, Berkeley) = Smart(KingJohn))
(At(Richard, Berkeley) = Smart(Richard))
(At(Berkeley, Berkeley) = Smart(Berkeley))
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Someone at Stanford is smart: -l Ghgel ezl s gasinl o ol 81 &

dx At(x, Stanford) A Smart(x)
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(At(KingJohn, Stan ford) A Smart(KingJohn))
(At(Richard, Stan ford) N Smart(Richard))
(At(Stanford, Stanford) A\ Smart(Stanford))

< <<



Prepared by Kazim Fouladi | Fall 2023 | 4t Edition (a)

YA

gl &5 50 (gloss

308 Bl 0T 5 b oS Jshaie sl Syt gu sy L
EXISTENTIAL QUANTIFICATION

e 3L albl, AV E]
T L lallal, olsicds = 30 saliiul : J glaie sl

dx At(x, Stanford) = Smart(x)

ablo o ygaiiwl jo aS Al albls 0929 owS ST el Cawyo




)

(a

Prepared by Kazim Fouladi | Fall 2023 | 4 Edition

¥4

gl 45 50 (gloss
Lo g ol 9o
PROPERTIES OF QUANTIFIERS

Ve Vy = VyVx
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Brothers are siblings At ol e L2 ol
Vx,y Brother(x,y) = Sibling(x,y).

“Sibling” is symmetric el )l (53] o)
Va,y Sibling(x,y) < Sibling(y,x).

One's mother is one’s female parent el gl Sige Wl a5 Sq Hobe
Vx,y Mother(z,y) < (Female(x) N Parent(x,y)).

A first cousin is a child of a parent’s sibling el Wy S5 ol e 06558 S (2595

Va,y FirstCousin(x,y) < Ip,ps Parent(p,z) A Sibling(ps,p) A
Parent(ps,y)




Prepared by Kazim Fouladi | Fall 2023 | 4t Edition (a)

EQUALITY

term; = term,
Sl Sty Huwdl So aal
BNRNLIPIN
aians g el Sl slag i termy 5 lerm,

* 0

7Y



Prepared by Kazim Fouladi | Fall 2023 | 4t Edition (a)

Al

gl &5 50 (gloss

dlla :C;JLu.C\
EQUALITY

1 =2 Lalsy
Vo x (Sqrt(z),Sqrt(r)) = = sita

2 = 2 (oo dinaa) yias

Pl s s alan By al
E.g., definition of (full) Sibling in terms of Parent:
Va,y Sibling(x,y) < [H(z=y)AIm, f =(m=f)A
Parent(m,x) A Parent(f,x) A Parent(m,y) A\ Parent(f,y)]
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Suppose a wumpus-world agent is using an FOL KB
and perceives a smell and a breeze (but no glitter) at ¢ = 5:

Tell( KB, Percept(|Smell, Breeze, Nonel,5))
Ask(KB,da Action(a,b))

|.e., does /' entail any particular actions at ¢ = 57

Answer: Yes, {a/Shoot} «— substitution (binding list)
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Given a sentence S and a substitution o,

So denotes the result of plugging o into S; e.g.,
S = Smarter(x,y)

o =A{x/Hillary,y/Bill}

So = Smarter(Hillary, Bill)
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KNOWLEDGE BASE FOR THE WUMPUS WORLD

shsh “Perception”
Vb,g,t Percept(|Smell, b, g|,t) = Smelt(t)
Vs, b,t Percept(|s,b, Glitter|,t) = AtGold(t)

st Reflex: Vi AtGold(t) = Action(Grab,t)

L obsL  Reflex with internal state: do we have the gold already?
slsalls e AtGold(t) N —Holding(Gold,t) = Action(Grab,t)

Holding(Gold,t) cannot be observed
= keeping track of change is essential
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DEDUCING HIDDEN PROPERTIES

layl€e wliws snd Properties of locations:
Va,t At(Agent,x,t) N Smelt(t) = Smelly(x)
Va,t At(Agent,x,t) \ Breeze(t) = Breezy(x)

aiied aves ol cdly S Souds slacla

asnidsacls  Diagnostic rule—infer cause from effect
Vy Breezyly) = dx Pit(x) A Adjacent(x,y)

Lle sacls  Causal rule—infer effect from cause
Vx,y Pit(x) N Adjacent(xz,y) = Breezy(y)

iy Jols gu (al 3 alus o
et b il a1 w55 e Laalls 31 50 sLaGLA LTS wiS ai oo e soueli s Je sl

—,a5  Definition for the Breezy predicate:
Vy Breezyly) < [Jx Pit(x) N Adjacent(x,y)]
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E.g., Holding(Gold, Now) rather than just Holding(Gold)
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KNOWLEDGE ENGINEERING

Identify the task.

Assemble the relevant knowledge.

Decide on a vocabulary of predicates, functions, and constants.
Encode general knowledge about the domain.

Encode a description of the specific problem instance.

Pose queries to the inference procedure and get answers.

Debug the knowledge base.
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FIRST-ORDER LOGIC

v n Un'f In which we naotice that the world is blessed with many objects, some of which are relared
to other objects, and in which we endeavor to reason about them.

Propositional logic sufficed to illustrate the basic concepts of logic, inference, and knowledge-
based agents. Unfortunately, propositional logic is limited in what it can say. In this chap-
ter, we examine first-order logic,' which can concisely represent much more. We begin in
Section 8.1 with a discussion of repr ion languages in general; Section 8.2 covers the
syntax and semantics of first-order logic: Sections 8.3 and 8.4 illustrate the use of first-order
logic for simple representations.

8.1 Representation Revisited

In this section, we discuss the nature of representation languages. Programming languages
(such as C++ or Java or Python) are the largest class of formal languages in common use.
Data structures within programs can be used to represent facts; for example, a program could
use a 4 x4 array to represent the contents of the wumpus world. Thus, the programming
Stuart language statement World][2.2]+ Pit is a fairly natural way to assert that there is a pit in

Russell Artifi C i al I n‘tel I i gen Ce square [2,2]. Putting together a string of such statements is sufficient for running a simulation

Peter of the wumpus world.

. ‘What programming languages lack is a general mechanism for deriving facts from other
NOI’VIg A MOdern Ap proaCh facts; each update to a data structure is done by a domain-specific procedure whose details
’D Fourth Edition are derived by the programmer from his or her own knowledge of the domain. This proce-
- dural approach can be contrasted with the declarative nature of propositional logic, in which
knowledge and inference are separate, and inference is entirely domain independent. SQL

databases take a mix of declarative and procedural knowledge.
A second drawback of data structures in programs (and of databases) is the lack of any

: easy way to say, for example, “There is a pit in [2,2] or [3,1]" or “If the wumpus is in [1,1]

Stuart Russell and Peter NOng, then he is not in [2.2].” Programs can store a single value for each variable, and some systems

Artiﬁcial Intelligence: A MOdern Appl‘oach, allow l.‘t_]c value to be “unknown,” but they lack the expressiveness required to directly handle
partial information.

4th Edition, Prentice Hall, 2020 Propositional logic is a declarative language because its semantics is based on a truth

relation between sentences and possible worlds. It also has sufficient expressive power to

deal with partial information, using disjunction and negation. Propositional logic has a third

property that is desirable in representation languages, namely, compositionality. In a com-
Chaptel' 8 positional language, the meaning of a sentence is a function of the meaning of its parts. For

! First-order logic is also called first-order predicate calculus: it may be abbreviated as FOL or FOPC.

K%

First-order logic

Compositicnality




