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\ Actuators - g
Na aproximacdo classica reduzimos as

acoes a um agente Gnico que ve um

"mundo” fechado onde tudo que existe

para ser conhecido esta na sua base de

conhecimento. !
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Regras

Sofisticando a base de conbecimento
Vamos dar um passo adiante e pensar em relacionar fatos, ou, em outras palavras, ou criar
novos fatos (deduzir) a partir de fatos ja existentes e de regras de relacionamento. Por
exemplo, na nossa base familiar vamos definir o que @ o irmado ou irma. Teoricamente é
aquele ou aquela que tem um dos pais em comum, para se bem abrangente. Na nossa base
vamos inserir o “conceito" de irmado. E vamos precisar de uma relagao pre-definida do Prolog.

Base de conhecimento

mae(maria, paulo). corintiana(maria)
mae(maria, carla).

mae(susana, jose). irmao(X, Y) :- mae(Z, X), mae(Z, Y), dif(X, Y)
mae(vania, mara).

R e A

mae(carla, antonio). irmao(X, Y) :- pai(Z, X), pai(Z, Y), dif(X, Y)
pai(flavio, jose).
pai(flavio, beatriz).

¥
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(] Bookmarks Bar (Ch

(s SWISH
& /A Program

o+

swish.swi-prolog.org

Ik Bookmarks

File~ Edit ~

1 mae(maria, paulo).
2 mae(maria, carla).

W

el e e
DB W N O WD NSO, e

mae(susana, jose).
mae(vania, mara).
mae(carla, antonio).

pai(flavio, jose).
pai(flavio, beatriz).

corintiana(maria).

Examples ~

s Artificial Intelligenc

Help ~

irmao(X,Y):- mae(Z,X), mae(Z,Y), dif(X,Y).
irmao(X,Y):- pai(Zz,X), pai(z,Y), dif(X,Y).

swish.swi-prolog.org

(3 Noticias

(3 Popular

Save to Mendeley

—
31 users online

-ﬁ-irmao(X.Y)
X = paulo,
Y =carla
Next | 10 | 100 | 1,000 || Stop
-@irmao(x.Y)
X = paulo,
Y =carla
Next | 10 | 100 | 1,000 || Stop
" irmao(X,Y)
Examplesa = Historya Solutionsa

— table results m

d'l@b Laboratorio de Design de Sistemas

PMR-3510



http://swish.swi-prolog.org

 Escola Politécnica da USP - Depto. de Enga. Mecatronica

d'l@b Laboratoério de Design de Sistemas
I T EF ) 7 "

A base de fatos e regras é escrita na
forma de termos e clausulas de Horn.
"Queries” podem ser enviados a uma
"maquina de inferencia” que, usando
backward chaining deve mostrar se este

"query” g e tal que KB E ¢
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Aplicagoes

Knowledge
Non-expert L GERERNSERAEREIENRERENRE S SRR SRR RN . from an expert
user . Expert System it \
. "
Query . E L y e

. 2 Inference Knowledge : :
- f Engine Base :
4_. % |
Advice ©
w 4
........................................ /
i
‘
B

sisternas de diagndstico (médico, mecanico, etc.), operacoes nauticas,
andlise de crédito bancario, perfil de clientes, etc.
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Programagao Logica

P ProlLog

The imperative approach:

1. Enter the coffee shop

2. Queue in the line and wait for the barista asking you for your order

s
3. Order ,
4. Yes, for takeaway, please F
p
>- Fay The declarative approach: ‘
6. Present your loyalty card to collect points 4
7. Take your order and walk out 1. A large latte for takeaway, please :
;i
i
¢
S
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Forward and backward chaining

Horn Form (restricted)
KB = conjunction of Horn clauses
Horn clause =
{) proposition symbol; or
{ (conjunction of symbols) = symbol

Eg,. CN(B = A NCAND = B)

Modus Ponens (for Horn Form): complete for Horn KBs

aq, ..., 0, ar N\ Na,, = 3

p

Can be used with forward chaining or backward chaining.
These algorithms are very natural and run in linear time

d'l@b Laboratorio de Design de Sistemas PMR-3510

S T S P P N I U T P U SO S e D e e P T Y T I O T U A m U raE |



&% FEscola Politécnica da USP - Depto. de Enga. Mecatrinica

Intelligent Fire Alarm: forward chaining with
mulfiple actions:

1. If smoky is detected go fo alarm_mode_l

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)}. :

.
11
-

b

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

:
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Mas varios dos processos da 1A classica sao baseados
em algoritmos de busca sobre estruturas como arvores e
grafos. Estas estruturas podem ser implementadas em
Prolog (ou em LISP) em estruturas de dados especificas .

como as listas.

PO R 1O P O R
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Instancias da estrutura abstrata de lista

TTTTT

1 2 3 4 5 6 <+— Array indexes

One-dimensional array with six elements

P g g e §

3 [Next > 4 |[Next (:>l 5 [Next @‘ 6 | Next |=>mll
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Estrutura abstrata de lista

cabeca
(head)

cabeca
@ (body)

B 7

cabéca cabeca
(head) (body)
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Portanto é possivel utilizar uma lista para
implementar uma estrutura de arvore

[a, [b, [d, ell, [c, [f, [g, hl]]]

@mm T P T P U A U (N Y U PO (RN (O G e G e Sy S pe—n e
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Busca em profundidade

-—

Red arrows indicate the order

of search.
Vertex Stack

R - Push into the stack the
1./””’" \a‘ neighbours of the

Jo
/ S » vertex currently being

Lo //77', i‘f\\ ha processed and Pop the u _
o 4 - vertex. Repeat until um

// '"""*\ " N stack is not u
{ 57 1A ‘ - \ empty. m
¥ A/ 0\ i:’s - N v u_

P | 4 10

Oo0b o H=

Depth First Search
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Busca em largura

Breadth-first searching[1]

- prem— g g e

—

* A breadth-first search (BEFS)

- explores nodes nearest the root
/ﬁi\ before exploring nodes further
(o) e away

i \ ’ — * For example, after searching A,
& then B, then C, the search

N /v\ proceeds with D, E, F, G

§I s g g @

Node are explored in the order
ABCDEFGHIJKLMNOPQ

2 J will be found before N
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Search Techniques LP&ZT 2005

Best-first Search Algorithms

There are of course many different ways of defining a heuristic
function h. But there are also different ways of using h to decide

which path to expand next; which gives rise to different best-first
search algorithms.

One option is greedy best-first search:
e expand a path with an end node n such that h(n) is minimal

Breadth-first and depth-first search may also be seen as special
cases of best-first search (which do not use h at all):

e Breadth-first: expand the (leftmost of the) shortest path(s)

e Depth-first: expand the (leftmost of the) longest path(s)

Ulle Endriss (ulle@illc.uva.nl)
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Search Techniques LP&ZT 2005

The A* Algorithm

The central idea in the so-called A* algorithm is to guide best-first
search both by

e e g s pe— —— P— - - — - . : <

SR———

e the estimate to the goal as given by the heuristic function h and

e the cost of the path developed so far.

§ s e o

Let n be a node, g(n) the cost of moving from the initial node to n
along the current path, and h(n) the estimated cost of reaching a
goal node from n. Define f(n) as follows:

f(n) = g(n)+h(n)

This is the estimated cost of the cheapest path through n leading
from the initial node to a goal node. A* is the best-first search

algorithm that always expands a node n such that f(n) is minimal.

Ulle Endriss (ulle@illc.uva.nl) 54

d'l@b Laboratorio de Design de Sistemas PMR-3510

RO R N T PO VP N T O U (U PO S e T P e



K

N’ Nt ™\ s i Nasl N, f st o Nl i\ f s ia? 0 o s

. oS ") " . \ : e g Nt it Nt s\ S Nt o ff i Vigaid i Necoel s\ f i i? o N
RS OAEN TAES TCHES TERE Sl e S wliver St el

b s 37 a7 N NafGRRY gl ¥
e ‘:@. o AN ) 2

Estratégias de Busca Informada

Analise de custo Heuristica

f(x) = g(x) f(x) = h(x)

Algoritmo A

f(x) = g(x) + h(x)
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Tzpos de problema resolvidos por 1A

Podemos classificar os problemas aos quais aplicamos (com
sucesso IA em:

5) completamente reativos
i) interativos (jogos, sistemas especialistas, apoio a decisao)
iii) preditivos (planning, scheduling, etc.)
iv) evolutivos (aprendizado de maquina)

AL
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Domazin Specific Planning (DSP)
X
Domain Independent Planning (DIP)

In DSP the idea is fo use specific properties of the |
problem domain, besides the problem definition, to |
synthesize a plan. |
In DIP the goal is to find out generic ways to deal *
with the problem definition, no matter which is the

problem being solved.
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Base conceitual pra o problema de planning (1)

Um “sistema de planejamento” e composto de um problema de
planejamento (estado inicial, estado final, e conjunto de
acoes), da descrigao do ambiente onde o plano devera ser

realizado. :

B

&
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STRIPS: Stanford Research Institute Problem Solver

Em 1971, Richard Fikes e Nils Nilsson, propuseram
um algoritmo geral para resolu¢gao de problemas em
IA que ficou conhecido como STRIPS, em uma alusao

ao SRI, onde a pesquisa foi realizada. Mais tarde

STRIPS passou a significar tambem uma linguagem

para tratar problemas de planejamento. Foi
substituida por outras mas todas inspiradas no
algoritmo e na linguagem original.
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Base conceitual para o problema de planning (111)

Um sistema estado-transicao e uma 4-upla X = (S,A,E,y) onde:

e S e um conjunto de finito (ou recursivamente enumeravel) de estados;
e A é um conjunto finito (ou recursivamente enumeravel) de acgoes;

e £ e um conjunto finito (ou recursivamente enumeravel) de eventos;

® y=(SXAXE)— 2% é a funcdo de transigao.

Ghallab, M., Nau, D., Traverso, P.; Automated Planning: Theory and Practice, Morgan Kaufmann, 2004
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Algumas limitagoes:

® a primeira limitacdo @ que vamos supor que temos problemas de
planejamento deterministicos: as acoes produzem sempre o
mesmo efeito, sdo sempre as mesmas e agem uma de cada vez;

® as acoes nao causam nenhum efeito acumulativo e portanto vale
a aproximacgao ja feita vale: o problema de planning pode ser
formalizado como um sistema dinamico discreto e abordado com
um sistema estado-transicao;

e uma vez delimitado o problema de planejamento este nao esta
sujeito a nenhuma influencia externa.

d'l@b Laboratorio de Design de Sistemas PMR-3510

- prem— g g e

—

v v ver poraeme g @

\ rn_ T P T P P R P RN (. U D S RO T D S e~y



www.cs.cmu.edu/~avrim/graphplan.html

[ Bookmarks Bar (Ch & Bookmarks & Artificial Intelligenc 3 Noticias 3 Popular Save to Mendeley

== Welcome to the Graphplan Home Page

School of Computer Science, Carnegie Mellon University, Pittsburgh PA 15213-3891
People: Avrim Blum, Merrick Furst, John Langford

¥ About Graphplan

Graphplan is a general-purpose planner for STRIPS-style domains, based on ideas used in graph algorithms. Given a problem statement, Graphplan explicitly constructs and annotates a compact structure called a Planning Graph, '
in which a plan is a kind of "flow" of truth-values through the graph. This graph has the property that useful information for constraining search can quickly be propagated through the graph as it is being built. Graphplan then exploits f
this information in the search for a plan. Graphplan was created by Avrim Blum and Merrick Furst, with subsequent extensions and improvements made by many researchers at many different institutions around the world.

¥ How to try it out

To try out Graphplan, go to the Graphplan home directory. This directory contains source code, object code for the DECstation and Sparcstation, a variety of sample domains, and a README file that describes how to run Graphplan

and how to make up your own domains and problems. The program allows you to see an animation (in X) of what it's doing. For instance, look at a simple TSP domain. Here is what the animation looks like on a more interesting Flat
Tire World (fixit) domain (graph creation omitted). Here is an explanation of what's going_on.

¥ Publications
A. Blum and M. Furst, "Fast Planning Through Planning Graph Analysis" [pdf], Artificial Intelligence, 90:281--300 (1997). This is the original paper that describes the algorithm used.

A. Blum and J. Langford, "Probabilistic Planning_in the Graphplan Framework", in Proceedings of ECP'99. (c) Springer-Verlag. Describes how the planning graph structure can be used for probabilistic planning. See the Probabilistic
Graphplan page.

¥ Related Work
Since the initial creation of Graphplan, a number of researchers have pushed these ideas in a variety of exciting directions, including:

« broadening the class of problems for which this style of planning can be applied,
» reducing the running time (via improvements both to the basic strategy and to the code itself), and
« using Graphplan as a preprocessor to other search strategies.

In particular, check out the BLACKBOX (AT&T/Washington), IPP (U. Freiburg), STAN (U. Durham), and Sensory Graphplan (U. Washington) planners. See also John Langford's Plan compilation page.

Algorithms and Complexity | Computer Science Department | School of Computer Science

This page maintained by Avrim Blum (avrim@cs.cmu.edu). Last modified: June 2001

http://www.cs.cmu.edu/~avrim/graphplan.html
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multiple agents

Kripke structures
one agent /
closed world : ; ;
Wl s / dif equation constraints
inference rule

search algorithms ———-———p (0 g7 1t1ve methods

pldnning\ ;
machine intelligence
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A evolucdo da demanda das aplicacoes:
Industria 4.0

Orientacdo a servicos

W P PR

be 1 NG F e Te N
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INDUSTRY 4.0

INDUSTRY 3.0

INDUSTRY 2.

INDUSTRY 1.0

Mechanization, steam Mass production, Automation, computers Cyber Physical Systems,
power, weaving loom assembly line, and electronics internet of things, networks

electrical energy
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Outro aspecto de grande importancia e
atualidade e que a base do sistema produtivo
esta mudando de um foco baseado em itens

(produtos) para servicos.
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MECATRONICA

primary

secondary

tertiary
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d-lob

A “ciencia de servicos"

A ciéncia de servicos é ciéncia das interacdes produtor-consumidor, onde o
produtor deve satistazer as necessidades individuais do consumidor
extraidas do seu pertil, propriedades, e de informacao provida por este
mesmo consumidor.

Sampson, S., 2007. A customer-supplier paradigm for service science. In: DSI Service Science Miniconference. No.
February. Pittsburgh, pp. 11-16. URL http://sampson.byu.edu/dsimini/proc/docs/1-3822.pdf

A ciéncia de servicos € 0 estudo da composicao formal de unidades de
transtormacéo e criacdo de valor em unidades maiores e mais complexas.
Pode assim ser aplicada a producao de bens tangiveis ou intangiveis, onde

0s elementos de composicao sao modelos completos.

Silva, J. R., 2014. D-Lab, Escola Politécnica da USP
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Industry new era

Service Science Industry 4.0

Good-dominant Embedded Systems

Vs v
Service-dominant Networked
* Embedded Systems

v

“Servitization” ;
Cyber-Physical Systems
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Industry new era

Service Science

Product-Service
Systems

Co-production
structure

PSA

Escola Politécnica da USP

Industry 4.0

Smart products
(Cyber-physical)

Smart Factories




PSA - Product-Service Architecture

Manufacturing Services:
® Open Set of value-production unities
® Connected or independent of a corporation

Value production arrangement:
® Provide a product/service coupling with a final
costumer

® Workflow, Plan, Coordination of the set of VPU
(Silva and Nof, 2015)
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% 9
| MECATRONICA

PSA Service User Interface

Prediction and
Value co-creation Satisfaction Module

Service Planner Module
Workflow and Protocol

Management System

Collaborative e-work
Systems

(Silva and Nof, 2015)
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Al's coming
of age

The progress into the AGI phase and
the beginning of true autonomy.

o e
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s g g

Chegamos ao final!

d'l@b Laboratorio de Design de Sistemas PMR-3510
IR L) &

4 ‘@m O U P A T PO P DRSS I R O U 0 P g e e

%

e



