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LOGICAL AGENTS

Stuart .
In which we design agents that can form representations of a complex world, use a process
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usse M r i‘j (0 I-: ! I ‘rJ‘ r [a) ’J ‘ ) l g "~ ’ of inference to derive new representations about the world, and use these new representa-
e ~ tions to deduce what to do.
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::E:Q[L'Jd;"'-b”"'d based agents use a process of reasoning over an internal representation of knowledge to

Fpl"ry" ,'.."p“glpl" Reasoning decide what actions to take.
Representation The problem-solving agents of Chapters 3 and 4 know things, but only in a very limited,
inflexible sense. They know what actions are available and what the result of performing a

specific action from a specific state will be, but they don’t know general facts. A route-finding
agent doesn’t know that it is impossible for a road to be a negative number of kilometers long.
An 8-puzzle agent doesn’t know that two tiles cannot occupy the same space. The knowledge
they have is very useful for finding a path from the start to a goal, but not for anything else.

The atomic representations used by problem-solving agents are also very limiting. In
a partially observable environment, for example, a problem-solving agent’s only choice for
representing what it knows about the current state is to list all possible concrete states. I could
give a human the goal of driving to a U.S. town with population less than 10,000, but to say
that to a problem-solving agent, I could formally describe the goal only as an explicit set of
the 16,000 or so towns that satisfy the description.

Chapter 5 introduced our first factored representation, whereby states are represented as
assignments of values to variables; this is a step in the right direction, enabling some parts of
the agent to work in a domain-independent way and allowing for more efficient algorithms.
In this chapter, we take this step to its logical conclusion, so to speak—we develop logic as a
general class of representations to support knowledge-based agents. These agents can com-
bine and recombine information to suit myriad purposes. This can be far removed from the
needs of the moment—as when a mathematician proves a theorem or an astronomer calcu-
lates the Earth’s life expectancy. Knowledge-based agents can accept new tasks in the form
of explicitly described goals; they can achieve competence quickly by being told or learning
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Escola Politécnica da USP

Aplicacdes Tradictonals oa Aplicacdes Recentes:
LA Cldssiea:

“Serlous games";

_Jogos stmples; Sistemas de diagnostico com
Sistemas de diagwnosticeo; tnteragio NLP;
Sistemas educactonais; Stistemas assistivos (healtheare);
Sistemas de seguranea; RPA...
Sistemas Logyisticos...
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Escola Politécnica da USP

Varios agentes inteligentes podem ser usaoos para
COMPOr UM Sistema RPA, mas certamente os mats
interessantes sertam formados por agentes goal-based,
utility-based ou learning agents.

Aocentes baseados em servico

Adgentes baseaodos em objetivos (
(Goal-based agents)

-

utility-based agents)

K Agent

How the world evolves
What my actions do
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is like now

What it will be like
if I do action A

What action [
should do now
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Actuators

Figure 2.13 A model-based, goal-based agent. It keeps track of the world state as well as
a set of goals it is trying to achieve, and chooses an action that will (eventually) lead to the

achievement of its goals.
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Figure 2.14 A model-based, utility-based agent. It uses a model of the world, along with a
utility function that measures its preferences among states of the world. Then it chooses the
action that leads to the best expected utility, where expected utility is computed by averaging
over all possible outcome states, weighted by the probability of the outcome.
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Figure 2.15 A general learning agent. The “performance element” box represents what we
have previously considered to be the whole agent program. Now, the “learning element” box
gets to modify that program to improve its performance.
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Um KB-system é

, \;sw 7 Components of an Expert |
composto de fatos e regras  \"/ Svstem ;
assoctados a algum |
“evvviromment” (domintlo). Expert System
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entender mais profundamente como funciona wm ;
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LOGICAL AGENTS

In which we design agents that can form representations of a complex world, use a process %

of inference to derive new representations about the world, and use these new representa- [
tions to deduce what to do. |

Humans, it seems, know things; and what they know helps them do things. In Al, knowledge- I
Knowledge-based

agents based agents use a process of reasoning over an internal representation of knowledge to
Reasoning decide what actions to take.
Representation The problem-solving agents of Chapters 3 and 4 know things, but only in a very limited,

inflexible sense. They know what actions are available and what the result of performing a
specific action from a specific state will be, but they don’t know general facts. A route-finding
agent doesn’t know that it is impossible for a road to be a negative number of kilometers long.
An 8-puzzle agent doesn’t know that two tiles cannot occupy the same space. The knowledge
they have is very useful for finding a path from the start to a goal, but not for anything else.

The atomic representations used by problem-solving agents are also very limiting. In
a partially observable environment, for example, a problem-solving agent’s only choice for
representing what it knows about the current state is to list all possible concrete states. I could
give a human the goal of driving to a U.S. town with population less than 10,000, but to say
that to a problem-solving agent, I could formally describe the goal only as an explicit set of
the 16,000 or so towns that satisfy the description.

Chapter 5 introduced our first factored representation, whereby states are represented as
assignments of values to variables; this is a step in the right direction, enabling some parts of
the agent to work in a domain-independent way and allowing for more efficient algorithms.
In this chapter, we take this step to its logical conclusion, so to speak—we develop logic as a
general class of representations to support knowledge-based agents. These agents can com-
bine and recombine information to suit myriad purposes. This can be far removed from the
needs of the moment—as when a mathematician proves a theorem or an astronomer calcu-
lates the Earth’s life expectancy. Knowledge-based agents can accept new tasks in the form
of explicitly described goals; they can achieve competence quickly by being told or learning
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Representacao de conhecimento
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Portanto, “resolver problemas” significava:

e Adiquir os “percepts” na forma de fatos e constantes;

® Gerar o espaco de estados (previamente ou durante a busca);

e Escolher a acdo (ou sequencia de agoes) que levem a um
estado objetivo, ou o tipo de resposta (por acionamento).
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KB-agents podem transformar os percepts em “conhecimento"
ou objetivos e com eles:

e Usar sua base de conhecimento para verificar se existe uma
ou mais agoes que satisfacam este objetivo;

e Sendo, inferir novos conhecimentos que ajudem a “resolver o
problema”;

e Inferir qual ou quais agcoes devem ser executadas.

Corte Madera End :
Cerrito
each Mill Valley, Walnut-Creek
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= 580
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Knowledge Representation and Reasoning (KRR)

What to Represent:

Following are the kind of knowledge which needs to be represented in Al systems:

o Object: All the facts about objects in our world domain. E.g., Guitars contains strings, trumpets are T?
brass instruments.

o Events: Events are the actions which occur in our world.
o Performance: It describe behavior which involves knowledge about how to do things.
o Meta-knowledge: It is knowledge about what we know.

o Facts: Facts are the truths about the real world and what we represent.

o Knowledge-Base: The central component of the knowledge-based agents is the knowledge base.

It is represented as KB. The Knowledgebase is a group of the Sentences (Here, sentences are used
as a technical term and not identical with the English language).
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Relationship between

object, concept \ ’%‘
\

Structurgy

/ Object facts

S thumb

Rules w=~
Procedure

Knowledge about
knowledge
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Sensing

Learning I

Perception

Knowledge

\ Reasoning
representation

e

I Planning I

I Execution LI

Acting
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Knowledge Representation
Techniques

” ' ~

¢’ : ; 3

| I ! |

| I |

| I i |

] ] 1 l

- Logical Semantic Production , Frames
R tati ! i

\epresen a on/ k Networks y \i Rules ; \Representatlog, }
o |IF (at bus stop AND bus arrives) THEN action (get into the bus)
¥
o |IF (on the bus AND paid AND empty seat) THEN action (sit down). ¢
o |IF (on bus AND unpaid) THEN action (pay charges). !
;
o |IF (bus arrives at destination) THEN action (get down from the bus). K
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 Escola Politécnica da USP - Depto. de Enga. Mecatrimica

Infelligent Fire Alarm: forward chaining with
multiple actions:

1. If smoky is deftected go to alarm_mode_1

2. If in alarm_mode_1 then {check(templ), wait(10),
check(temp2) and if temp2 > templ go to |
alarm_mode_ 2} |

3. If in alarm_mode_2 then if
visual_detect(flames) go to alarm_mode_3

4. If in alarm_mode_3 then {turn_on(sprinklers),
close(elevators), close(cutting_fire_doors), g
sound_alerts, call(fire_force)}. :

Stuart Russell, Univ. of California - Berkeley, autor do livro texto.

:
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Podemos também representar “regras de producio”
com clausulas Horn.

£ JENCEE
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Escola Politécnica da USP

Seja uma clausula definida,

A NSRS NS oSN g

composta por um conjunto de sentencas negadas p; e somente uma
sentenga positiva q. Esta clausula é equivalente a,

(P1APLA...D)V (g

PiANDyAN...D, ™ (
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& [ola Politécnica da USP

Podemos partir de um conjunto de sentencas
basicas, isto €, que wiio séo derivadas de outras
sentengas, chamadas de “atbmicas”. Seja uma

interpretagiio I que valida este conjunto de
sentengas.

(s} 5V
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Sentengas nio-atowmicas pooem ser derivaoas
de um conjunto bésico (ground) por algum
mecanismo de dedugdio. Por exemplo, se uma

sentenea P € dertvada de um conjunto de
sentengas {S;}, dizemos que

St Ep
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A pergunta é: como se pode deduzir novas
sentengas a partir e um conjunto tnicial?
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Escola Politécnica da USP - Depto. de Enga. Mecatrinica

Deteccdio de tncéndio (real)

(S1) existe fumaca;
(S2) exitstem chamas;
(S3) A temperatura esta em elevagiio;

(S4) se (Existe fumacga) e ((Existem chamas) ow (A
temperatura esta em elevagiio) entiio (Existe um Lincéndlo).

(S; A S,V S3) = S,

P P T )
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http://www.swi-prolog.org/pldoc/man
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Um processo de inferéncia pode ser programado em uma |
“maquina’ ou algoritmo. |

N G

8 S v s
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U processo de tnferéncia pode ser programado
usando o "Modus Ponens”:

(ANA— B)) —» B

Se alguma interpretagho valida A e (A — B), entido também.
valida a sentenca B.
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M| 4| 4}

M| 4| 4] <

(AAN(A > B)) > B

Se alguma interpretagio valida A e
(A — B), entiio também valida a
sentenca B.

M| 4| 4}
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A
p\‘\a A linguagem Prolog (de Programacio Logica)
foi criada para servir ao proposito de
expressar de forma declarativa (e nao
procedural) acoes cognitivas, dentro de um

sub-conjunto da logica de primeira ordem. Foi |
criada por Alain Colmerauer e Robert
Kowalski e lancada em 1972. ;
- erauer e ) Robert Kowalski (1945-2017) E
ERT O
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Deteccdio de tncéndio (real)

Tem_ fumaca(X).
Tem_chamas(X).

(Temp(X, T)) < Temp(X,T,))) A (T, < T5)

Incendio(X) « Tem_ fumaca(X) A (Tem_chamas(X)V (Temp(X,T)) < Temp(X,T5)) A (T} < T)

R AN e R
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! Escola Politécnica da USP

Tem_ fumaca(X) .

Tem_chamas(X).

Incendio(X) <« Tem_ fumaca(X) A (Tem_chamas(X) V
(Temp(X, T,) < Temp(X, T,)) A (T}, < T)

T D DR DI e CeID TP o)
~ (TP1 <TP2), (T1 <T2). '

incendio(X) : —tem_fumaca(X), tem_chamas(X).
incendio(X) : —tem_fumaca(X), temp_elev(X).

PR E5 TR VW U PR U 7O R UV mn PO P ' e g 9 ) s o ¢ ’ m—1 ’ 7 "
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'y . :\

Se colocarmos o programa abaixo no SWISH
Prolog e perguntarmos tncéndio (X) para saber se
tem tncéndio em algum comoolo o gue acontece?

temp_elev(X) : — temp(X, T1, TP1), temp(X,T2, TP2),
(TP1 <TP2), (T1 <T2).

incendio(X) : —tem_fumaca(X), tem_chamas(X).
incendio(X) : —tem_fumaca(X), temp_elev(X).
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Os valores de TPL e TP2 denotam a temperatura
do Local X em diferentes instantes de temepo, T e
T2 e devem ser absorvidos por algum percept ou
instanciada na base de conhecitmento.

temp_elev(X) : — temp(X, T1, TP1), temp(X,T2, TP2),
(TP1 <TP2), (T1 <T2).

incendio(X) : —tem_fumaca(X), tem_chamas(X).
incendio(X) : —tem_fumaca(X), temp_elev(X).
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& [ola Politécnica da USP

Na nossa versiio mais stmples de KB-system

tertamos que Lnsertr manualmente na KB os

locais onde tem fumaga, onde tem chamas, e a
temperatura wmedioa nos tempos T1 e T2.
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Representacao de conhecimento

q
Percepts

Agent 7L<
Program A é V\/t
F u?lctio

JUSWIUOITAUH

"'. '. AU ICRLIAY ) 3.,
Agent |
: ; Actions
: ST Actuators -

KwowLé’bl-@_me—base

-
e

Agent
world

Esta tnformacho deve agora vir do percept.
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@8 Escola Politécnica da USP

€ o percept gue contém os dados de detectores de
fumaca, de chamas, e wmedidores de temperatura
(ferta em tempos discretos). Estes dados devem
ser transformados em fatos e regras e
acrescentados ao nosso banco de conhectmento
(K®B) para que a tnferéncia possa ser feita.
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tem_fumaca(szala).
ten fumaca(cozinhal).

v v ver poraeme g @

| tem chamas|(guintal).

g ¢ templcozinha, 2, £2). ki
tesp|cazinha, 5, 25). i
[
temp elev(X):- tes=p(¥, T1, TP1), te=s(X,T2, TP2),(TPl < TPI), (T1 < T2). £
g
¢
incendio(X):~ tem fumaca(X), tem chamas(X). % ‘
incendio(X):- tem fumaca(X), temp elev|X),. B
¢
E
<
‘
|
d
z |
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@ SW'SH File~ Edit ~ Examples ~ Help ~

Prolog-introdugao Q Mundo de blocos - Rework 2.0 9 AProgram e

| tem_fumaca(sala).
2 tem_fumaca(cozinha).

! tem_chamas(quintal).

temp(cozinha, 2, 22).

/ temp(cozinha, 5, 25).

temp_elev(X):- temp(X, T1, TPl), temp(X,T2, TP2),(TPl < TP2), (Tl < T2).

incendio(X):- tem_fumaca(X), tem chamas(X).
incendio(X):- tem_fumaca(X), temp_elev(X).
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Os fatos

tom_fumaca(sa.an}.
tem fumaca|corinha).

) tem chamas|gquintal).

tempicozinha, £, 22).
tespcozinha, 5, 25).
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Assim, temos um mooelo aproximado e bastante

stmplifieado de como funciona a programagiio |
Logiea. Deve ter ficado mais claro o papel da base de
conhecimento (KB) e como preparar estas bases para
dar suporte a sistemas automatizados. vamos usar ,.
Lsso para a resolugdio de problemas nwa abordagem !

’ 4 ’_

cogwnitiva. !
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Na proxima aula vamos tratar de
maneira wm pouco mais formal o
processo de construgdio de um sistemn

’ ’ g
espectalista.
;E

\—E“w 7 Components of an Expert |

s;s’sm’/ !

o] DYSIEN :

?.

Expert System r

Knowledge \

Base 4

7 ] User < E

Interface 4

Inference 5

Engine %

User %
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