Artificial Intelligence
Topic 11

Logical Agents

Reading: Russell and Norvig, Chapter 7, Sections 1-4
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Outline

Knowledge-based agents
Wumpus world

Logics

S 0 > O

Propositional (Boolean) logic
— syntax
— semantics

Models

<>

> Entailment

> Equivalence, validity, satisfiability
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Knowledge bases

Inference engine -~«——— domain-independent algorithms

Knowledge base -e———domain-specific content

Knowledge base = set of sentences in a formal language

Declarative approach to building an agent (or other system):
TELL it what it needs to know

Then it can ASK itself what to do—answers should follow from the KB

Agents can be viewed at the knowledge level
i.e., what they know, regardless of how implemented

Or at the implementation level
I.e., data structures in KB and algorithms that manipulate them
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A simple knowledge-based agent

function KB-AGENT( percept) returns an action
static: KB, a knowledge base
t, a counter, initially 0, indicating time

TELL(KB, MAKE-PERCEPT-SENTENCE( percept, t))
action — ASK(KB, MAKE- ACTION-QUERY(t))
TELL(KB, MAKE- ACTION-SENTENCE(action, t))
t—t+1

return action

The agent must be able to:
Represent states, actions, etc.
Incorporate new percepts
Update internal representations of the world
Deduce hidden properties of the world
Deduce appropriate actions
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Wumpus World PEAS description

Performance measure
gold +1000, death -1000
-1 per step, -10 for using the arrow
Environment
Squares adjacent to wumpus are smelly
Squares adjacent to pit are breezy
Glitter iff gold is in the same square
Shooting kills wumpus if you are facing it
Shooting uses up the only arrow
Grabbing picks up gold if in same square
Releasing drops the gold in same square

Actuators Left turn, Right turn,
Forward, Grab, Release, Shoot

Sensors Breeze, Glitter, Smell
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Wumpus world characterization

Observable?? No—only local perception

Deterministic?? Yes—outcomes exactly specified

Static?? Yes—Wumpus and Pits do not move

Discrete?? Yes

Single-agent?? Yes—Wumpus is essentially a natural feature
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Exploring a wumpus world (different world to previous picture)

OK

OK OK
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world
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Exploring a wumpus world
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Other tight spots

P?
B OK pP?
™ :
# Breeze in (1,2) and (2,1)
loKk[B oK = no safe actions
__ P?
Smell in (1,1)
—> cannot move
S Can use a strategy of coercion:
shoot straight ahead

wumpus was there =- dead = safe
wumpus wasn't there =- safe
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Logics

Logics are formal languages for representing information
such that conclusions can be drawn

Syntax defines the sentences in the language

Semantics define the “meaning” of sentences;
I.e., define truth of a sentence in a world

E.g., the language of arithmetic
r + 2 > 1 1s a sentence; 22 + 1 > Is not a sentence
r + 2 >y is true iff the number 2 + 2 is no less than the number v

T+ 2 > 1 is true in a world where v =7, y=1
r+ 2 > 1 is false in a world where v =0, y=0
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Propositional logic: Syntax

Propositional logic is the simplest logic—illustrates basic ideas

The proposition symbols /7, /7 etc are sentences

If S is a sentence, —5 is a sentence (negation [“not”])

If S| and S, are sentences, S; A S5 is a sentence (conjunction [“and"|)

If S| and S, are sentences, S V 55 is a sentence (disjunction [“or"])

If S1 and S5 are sentences, 51 = 55 is a sentence (implication [“if-then”])

If S and S, are sentences, S| < S, is a sentence (biconditional [“if-and-
only-if"|)
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Wumpus world sentences

Let 7, ; be true if there is a pit in |7, j].
Let 3, ; be true if there is a breeze in [0, j|.

P?
_'Pl,ly _'P1,27 _|P2,1
_'Bl,17 Bl,?a _'BQ,l

A=)
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Wumpus world sentences

Let 7, ; be true if there is a pit in |7, j].

Let 3, ; be true if there is a breeze in [0, j|. =
_'Pl,la _'P1,27 _'P2,1 B OK P?
_'Bl,h Bl,?a _'BQ,l

[yoK[s oK
i ey

“Pits cause breezes in adjacent squares”

P1,3 = (BLQ A Bgﬁg N\ 3174)
P2,2 = (31,2 A\ Bgvg YA\ Bgtg A\ Bgﬂl)

Can we conclude =P, 57, P, 57
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Wumpus world sentences

Let 7, ; be true if there is a pit in |7, j].
Let 3, ; be true if there is a breeze in [0, j|. =
_'Pl,ly _‘P1,27 _'P2,1 B OK P?
_'Bl,h Bl,?a _'BQ,I
[yoK[s oK
A=A

“A square is breezy if and only if there is an adjacent pit”

Bis & (Pi1V PV Pg3)
Byy & (PL1V PV Pyy)

Can we conclude =P, 57, P, 57

What do we mean by “conclude”?
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Propositional logic: Semantics

Specifies true/false for each proposition symbol

Eg. Pio o Piy
true true false

With n symbols, 2" possible truth assignments can be enumerated automat-
ically.

Rules for evaluating truth of compound sentences:

=5 is true iff S is false
S1 A Sy s true iff Sy Is true and So Is true
S1 VS5 s true iff S is true or So is true
ST = 55 s true iff St is false or So is true
l.e., is false iff Sy is true and So is false

S < Sy s trueiff S| = S5 istrueand S, = S| is true
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Truth tables for connectives

P Q - P PANAQ PVQ P=0Q | P&Q
false | false true false false true true
false true true false true true false
true | false false false true false false
true true false true true true true

Simple recursive process evaluates an arbitrary sentence, e.g.,
“Pio A (PyaV Psp) = true A (false V true) =true A true =true
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Models

Logicians typically think in terms of models, which are formally
structured worlds with respect to which truth can be evaluated

We say m is a model of a sentence «, or m satisfies v, if v is true in m

S SSSS ;?eeze//
For example, the model illustrated here satisfies * "
the sentences: e Coes
. . ’ - | .|
a1 = there is a breeze in square [4,1] piciiivg
and: L | sssss Cos
9y = every square adjacent to a pit has a breeze P, P
1 s s
but not the sentence: o
a3 = every square adjacent to a breeze has a pit L2 3 e

We say a model m satisfies a set of sentences K B iff m satisfies all sentences
a € KB.
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Entailment

Entailment means that one thing follows from or is a logical consequence
of another:

KB E «

Knowledge base /' 5 entails sentence o
if and only if
v is true whenever A’ is true

E.g., the KB containing “the Dockers won” and “the Eagles lost”
entails “Either the Dockers won or the Eagles won”
(irrespective of the other teams)

Eg.,r+y=4entailsd=x+y

Entailment is a relationship between sentences (i.e., syntax)
that is based on semantics

© Cara MacNish. Includes material (© S. Russell & P. Norvig 1995,2003 with permission. CITS4211 Logical Agents Slide 29



Models and Entailment

Let M/ (cv) be the set of all models satisfying v, and M (/X 5) be the set of

all models satisfying /A 5.
Then KB = «if and only if M (K B) C M(«)

E.g. i'B = Dockers won and Eagles lost
v = Dockers won

Assume there are 4 teams in the league.
How many possible outcomes (assuming no draws)?
Which results satisfy iK' B? Which results satisfy a?

Does KB E 7
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Entailment in the wumpus world

Situation after detecting nothing in [1,1],
moving right, breeze in [2,1]

Consider possible models for ?s ,) ,)

assuming only pits

3 Boolean choices = 8 possible models
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Wumpus models

1 2 3

’ .
’ .

: o

Tz !
1 2
1 2 3
) =
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Wumpus models

1 2 3

.
1 -

-
N
w

KB = wumpus-world rules 4+ observations
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Wumpus models

.
2 3

KB = wumpus-world rules + observations

ap = "[1,2] is safe”, K'B |= ay, proved by model checking
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Wumpus models

1 2 3

.
1 -

-
N
w

KB = wumpus-world rules 4+ observations
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Wumpus models

KB = wumpus-world rules + observations

ay = “[2,2] is safe”, KB [~ as
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Determining Entailment by Enumerating Truth Tables

Show that {_'BQ,l, P272 = BLQ N BQ,l} }: _'P2,2

Bio| By | Poo | mBoy | Pag = BiaoANBoy| =P
FF F | T T T
FIF T T F F
FIT F | F T T
F T T F F F
T F F T T T
T F T T F F
T T F F T T
T T | T F T F

Enumerate rows (different assignments to symbols),

if KB is true in row, check that « is too
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Logical equivalence

Two sentences are logically equivalent iff true in same models:

= fJifandonly if o« = Fand 7 = a

(aNB) = (BA«a) commutativity of A
(aVpB) = (6Va) commutativity of V
(aANB)Ay) = (aAN(BA7)) associativity of A
(aVvpB)Vy) = (aV(BVy)) associativity of V
—(—a) = a double-negation elimination
(« = B) = (-3 = —a) contraposition
(a = B) = (—aV ) implication elimination
(@ & 0) = ((a« = B)AN (B = «)) biconditional eliminatior
—(aAB) = (—aV -F) De Morgan
—(aV ) = (—aA—=F) De Morgan
(aAN(BVY) = (@aANB)V(aAy)) distributivity of A over V
(aV(BAY) = (aVP)A(aV-y)) distributivity of V over A
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Validity and satisfiability

A sentence is valid if it is true in all models,

eg., True, AV-A, A=A (ANA= B)) = B

A sentence is satisfiable if it is true in some model
e.g., AV B, C

A sentence is unsatisfiable if it is true in no models
e.g., AN—A

Next — finding logical consequences. ..
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