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Knowledge Engineering

WER cnunvar tionnam
KNOWEEDGE AND
DATA ENGINEERING

— - — [ “

.. —

Edward Feigenbaum
“Pai” dos Sistemas Especialistas

'he knowledge . .
i Sanford University

engineering

review

KE is an engineering discipline that
iInvolves integrating knowledge into
computer systems in order to solve
complex problems normally requiring
a high level of human expertise
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Knowledge Engineering

Knowledge Acquisition

Knowledge Modeling and Analysis
Knowledge Validation

Knowledge Base Building

KNOWLEDGE
ENGINEERING
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Knowledge Types
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Knowledge Elicitation
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Milton, N. R; Knowledge Acquisition in Practice, Springer-Verlag, 2007
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Técnicas de Eliciacdo

/ Técnicas Tradicionais
* Introspeccao
» Pesquisar documentos existentes
* Entrevistas
Abertas
Fechadas
» Questionarios
* Reunides

Técnicas Colaborativas
*Técnicas de grupo
grupos tematicos
brainstorming

¢ JAD/RAD workshops
 Design participativo

Técnicas Cognitivas
 Task Analysis
» Analise de protocolo

» Aquisicao de conhecimento
Card sorting
Laddering
Repertory Grids
Proximity Scaling Tech

Abordagens Contextuais
» Técnica Etnografica
Observacao participativa

Etnometodologia
» Analise do discurso
Analise de intengdes
Speach Acts
» Método Sociotécnico
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O Cicloda ER

Refinando o ciclo de vida da ER, temos as seguintes fases:

» Sintese do problema
* Eliciacao de requisitos

N o Modelagem Patrocinador
* Analise de Requisitos -+ Andlise
Validacao local P
LN L] ~ ] ] - v
* Especificagao de requisitos . .
* Verificacao e validacao
» Gerenciamento de requisitos <§ Sistema §>
N

dob 9 8
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Distancia entre dominios

Stakeholder

Esp. em
negocios

Esp. nas Desenvolvedor

técnicas

Usuario final
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Resumo

Neste trabalho temos uma experiéncia com:
Eliciacao pelo método etnografico, com insercao do observador;

Extracao de requisitos de sistemas complexos em um dominio
disjunto;

Vivéncia do problema de “formalizacao” destes requisitos;
Tratamento do problema da comunicacao e validagcao com o

stakeholder através de prototipacao rapida feita em MatLab e
com visualizacdo do potencial artefato.
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Um exemplo: dominios disjuntos

|| Lingnagem
<]

Desenvolvedor

Médico
Cirurgiio
(especialista)

a

 JENRONICA

2]
£ 8,8
S £08%8 % o
my onN= © o
- @ =0 'u_) E (=)
T 0 0 8 ) N | Ordem cronolégica de au'ddade‘
83°53 3 ¢ :
= E = — T < 8 Identificagio |o| Dominio do " +
= © g 8 S o S~ < dos especialistas| | conhecimento Fase de investigacdo Base de conhecimento i
) st !
g e 25 é -g 8 g N l Eﬂllﬂ.ll.SE de :
- \® O = o o ! - — requisitos E_ ________ *
£ © 0O (?) ‘8 D o =2 ¢ | Selepdo das técnicas Faved i
c C =1 < i de eliciagdo *  Eliciagio ase de :
o o = B —o, 0 N~ E 8 S L S N |.@ derequisitos aprendizado T'}
s g EC T £528 -
- o A i Dominio senserial | | . {1
T g 0O g o 2 lo) 8 de requisitos Ciclo E:
25385 g8 ~ w
SsES82c]
8 S 00 g % N 10 : <‘ .> *ﬁ—f o
- —_— : . P
T cy SN D Elntrexlsta " b
oo ecm << - S semi-estruturada = i
T =0 o c ™ 10 formal Processo de unificacio e correlacio _ $-71-7--- i
c.=c 9 S 09 nio forma o |
] < ‘C-U' e o » W= Analise de D | iy i
l& o~ % o (S 2 S protocolo :
c 2 S E O @ © Q | Selecdo de informacdes | i
2 8 o+ c © > E o .. . e requisitos . _______ -
c ) ?» E w ‘8 % o Ciclo :
S5 % .E g 5 -8 S S — Fase de negociagio 'E |
£ Om®= > E <o !
o9 £ o< < o3 < Dominio ER Dominio
T (o] . e Desenvolvedor Desenvolvedor o
()] B 2o yo o3 Q e B | — v __ | Disjunto
=< = o o)
18 (] g-C_U 8 o 5 o Cirirgico
On O E — c
§ 3% 5 S
(]
— o ©
dm ﬁ

@ .
.

T

'

i

i

]

'

i

i

]

'

i

i

i

IH

:

]

'

i

i

|

1

"\

“
=

]

i

|

'

i

i

]

1

i

i

o

|

i

1

'

i

i

]

'

i

i

]

Ly

e e et e

WValidacio —
dos requisitos @ Documentacio de requisitos g




Escola Politécnica da USP

Classificacao dos métodos de analise

Os métodos de analise podem ser classificados como:

1. Analise dinamica (animacao);

——

i _ Case based reasoning (CBR)
2. Meétodos baseados em conhecimento — constraint Satisfaction

KBS analysis and critics

~—

3. Analise de consisténcia < Verification -
Model checking

OZ—TUV<<-H0-H4H0XA08$T

< Validacdo

d-lGb .
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Tracebility ?
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The traceability concept

Traceability is concerned with the relationships
between requirements, their sources and the system
design

Source traceability

 Links from requirements to stakeholders who proposed
these requirements;

Requirements traceability
 Links between dependent requirements;

Design traceability
« Links from the requirements to the design;

dob . 8

MEATRONICA



Escola Politécnica da USP

ItSIMPLE

Linguagem para especificacdo de planos

metalingu

dob : 8
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1.Definir objetivos
2.Definir requisitos
3.ldentificar restricbes
4.Estabelecer fungdes

Design Conceitual 5. Especificagdes
6. Geragao de alternativas

verificacao

Design Preliminar 7. Modelagem e analise
8. Avaliacao e testes

Design Detalhado 9. Otimizagao e
refinamento

10. Documentacao

validacao

21
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“... uma especificacao de software é um contrato entre o especificador e
o implementador definindo o sistema a ser construido. Portanto deve ser
entendido de forma clara e sem ambiguidades por ambas as partes. Deste
modo a transparéncia é o primeiro critério para julgar especificacoes.

Robert Balzer

Uma linguagem de especificacao € tanto mais apropriada para uma
dada area ou setor da Engenharia quanto mais facil seja os
mecanismos de verificagdo entre especificacao e implementacao, o que
remonta ao formalismo utilizado e a disciplina de projeto imposta.

MEATRONICA
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Users (including
Analysts, Designers
and End Users)

Modelo geral

Interaction
with
Users

Multiple Models

Multi-level Abstraction

Abstract
Model

Abstraction Refinement

Detailed
Model

Manipulation

e

Abstraction

Multi-level Abstraction

Abstract
Model

Abstraction Refinement

Detailed
Model

Real World

Real System

Construction

Figure 1 Schematic Concept of an Engineering Process
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Novamente, o software

50%

Yo 0of Requirements Activities

Hichey, A. M; Davis, A.M.; Requirements Elicitation and Technique Seletion: A Model for Two Knowledge-
Intensive Software Engineering Process, Proc. of the 30th. Hawaian Int. Conf. on Systems Science, 2003
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Algumas linguagens
conhecidas

PSL - Program Statment Language
U. Michigam, ISDOS Inc.

SADT - Structured Analysis and Design Technique
MIT

EDDA - (formalizacao do SADT e comercializacao)

d@b . s
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Algumas linguagens
conhecidas

SAAM - Systematic Activity Modelling Method

Boeging Computer Services Co.

HOS - High Order Software

High Order Software Inc.

d@b \ s
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Resultados

PSL | SADT | EDDA | SAMM | HOS | RSL

ABSTRACTION OF THE

REAL WORLD

User Familiarity of the x VX VX

Specification Language

Language Style

+ Textual language X x V

« Graphical language VX y y y y y

« Hybrid languages x VX V

Complexity

« Separation of logical and VX \
physical characteristics

« Multi-level abstraction y y y y V VX

Modifiability \

MANIPULATION OF

REPRESENTATIONS

Tools for Manipulation

+ Formalism VX y

* Rigour X . J

Transformation

« Support of different development v VX y y y y
situations

« Transparency of formalism X VX x VX

Independence of Design and v X y y y

Implementation

CONSTRUCTION OF REAL
SYSTEM

Traceability between y
Specification and Target Systems

\:‘.\)
d-| b LEGION: | +  Supported N
v Partially supported

Not supported M EC/\-I—EON IO\
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Atributos

 No. Attribute Values

* 1 paradigm state machine, algebra, process algebra, trace
« 2 formality informal, semi-formal, formal
« 3 graphical representation  yes, no

e 4 object-oriented yes, no

« 5 concurrency yes, no

* © executability yes, no

« 7 usage of variables yes, no

* 8 non-determinism yes, no

* 9logic yes, no

* 10 provability yes, no

* 11 model checking yes, no

* 12 event inhibition yes, no

dob : s
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Comparacao entre métodos

dob

method paradigm  |formality craphical object-
name represen- oriented
tation

Action state formal no no

Systems transition

B state formal no no
transition

CASL algebra formal no yes

Cleanroom & [traces & formal ves no

JSD process
algebra

CcOQ state formal no no
transition

Estelle state formal no no
transition

LOTOS process formal no ves
algebra

OMT & B state formal ves ves
transition

Petri Nets state formal yves no
transition

Petri Nets state formal ves ves

with Objects |transition

SART state informal & ves no
transition semi-formal

SAZ state semi-formal & |yes no
transition formal

SCCS process alge-|formal no no
bra

SDL state formal ves ves
transition

UML state informal & yes ves
transition semi-formal

VHDL state formal no no
transition

Z state formal no no
transition

Table 2. List of specification method attributes - part 1

<
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dob

Atributos dos metodos

Frappier, M, Habrias, H.: A Comparison of the Specification Methods, Univ. de Sherbrook, Quebéc, Ca.

method concurrency |[executability|usage of non-
name variables determinisim
Action no ves ves ves
Systems

B no ves ves ves
CASL no ves ves no
Cleanroom & |no ves ves ves
JSD

CcOQ no ves ves ves
Estelle ves ves ves no
LOTOS ves ves ves ves
OMT & B no ves ves ves
Petri Nets ves ves no ves
Petri Nets ves ves ves ves
with Objects

SART ves no no ves
SAZ no ves ves ves
SCCS ves ves ves ves
SDL ves ves no ves
UNML ves no no no
VHDL ves ves ves no
Z no ves ves ves

Table 3. List of specification method attributes - part 2

TN
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dob

Atributos dos metodos

Frappier, M, Habrias, H.: A Comparison of the Specification Methods, Univ. de Sherbrook, Quebéc, Ca.

method logic provability |model event inhi-
name checking hition
Action ves ves ves ves
Systems

B y ves S no
CASL v ves S no
Cleanroom & [yes ves es no
JSD

CcOQ yves ves ves no
Estelle no no ves ves
LOTOS ves ves ves ves
OMT & B ves ves ves no
Petri Nets no ves ves no
Petri Nets no ves ves no
with Objects

SART no no no no
SAZ ves ves ves no
SCCS ves ves ves ves
SDL yes ves ves ves
UML no no no no
VHDL no no ves no
Z yves ves ves no

Table 4. List of specification method attributes - part 3

32
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Em busca da linguagem ideal

Levantament =
ode Definigdo do Problema
necessidade ™
S

Design Final
fabricacao

Produto

d"@b 33 f\
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B e seus Antecedentes

1949 Alan M. Turing, Checking a large routine, Cambridge University
1967 Robert Floyd, Assigning meanings to programs, AMS
1969 C.A.R. Hoare, An axiomatic basis for computer programming, CACM
1972 D.L. Parnas, A Technique for Software Module Specification with
Examples, CACM
1975 Edsger Dijkstra, Guarded commands, nondeterminacy and formal
derivation of programs, CACM
1981 David Gries, The Science of Programming, Springer, 1981
1986 Roland Backhouse, Program Construction and Verification, Prentice-
Hall, 1986
1986 Cliff B. Jones, Systematic Software Development using VDM,
Prentice-Hall
1988 C.A.R. Hoare, Jifeng He, Natural transformations and data
refinement, PRG, Oxford
1990 C. Morgan, Programming from Specifications, Prentice-Hall
1996 J.R. Abrial, The B-Book, Assigning programs to meanings, Cambridge
University Press
1996 25-26-27 novembre, First B conference in Nantes (France)

dob , 8
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Principais atributos

A linguagem B contém nos seus atributos:

e a formalizacao sound das especificacoes
mantendo mecanismos de prova para agoes e
refinamentos (horizontal e vertical)

e a linguagem B incorpora o conceito de
estruturacao,
e separation of concerns, encapsulamento e
objetos

deb . &
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A maquina virtual

MACHINE ...
VARIABLES ...
INVARIANT ...

INITIALISATION ...
OPERATIONS ...

END N

d@b 36 s
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...mais especificamente

MACHINE M (X . u)
consTRAINTS €' /" spécification des paramétres /

SETS S, /* ensembles donnés "/

T = {a,b} /" ensembles enumeres "/
CONSTANTS ¢ /* liste de constantes (concretes) */
PROPERTIES R /* spécification des constantes "/
VARIABLES T /* liste de variables (abstraites) */
INVARIANT [ /* spécification des variables */
INITIALISATION U7 /" substitution d'initialisation */
OPERATIONS /* liste des opérations "/

r«—— nom_op(p) = PRE P THEN K END; ...
END

d-| @ D . 4
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Estrategia de modelagem

A base para a modelagem de um sistema em B € a maquina abstrata.
Em outras palavras, a modelagem de um sistema € uma associacao
l6gica de maquinas abstratas onde:

» vale o principio da composicionalidade, isto €, uma
associacao de maquinas abstratas € também uma maquina
abstrata;

e Cada maquina encapsula sua capacidade na forma de
operacoes que pode realizar e se assemelha a um objeto
(com heranca simples e agregacao);

o Existe uma arquitetura hierarquica entre as maquinas
abstratas

dob 38 8
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Base para a modelagem

A base para a modelagem é a teoria de conjuntos onde se destacam os
conjuntos e as expressoes.

S1 X 59 Produto cartesiano
P(S) Conjunto das partes
| & | P}  Regra de composi¢do interna

BIG Um conjunto infinito

d@b . s
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xT Variavel

|-I‘ = Fy ]1’-‘: Substituicao em uma expressao

(E1.E2) Um par de expressoes
choice(S) Fungdo de escolha
S

Um conjunto

d"@b 40 ‘\'\
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Base do formalismo logico

Légica de predicados

l[) (2 ],) = () - [,) Predicados base
. P Quantificador universal
[ [4_'] P Substituigao em um predicado

Outros predicados envolvendo conjuntos
re SN Relacao de pertinéncia

]:‘1 Fla igualdade

As demais relagdes se formam como uma combinacao das anteriores

dHob PvQ3c-P, x g8, etc Py
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Exemplo: um elevador

e uma porta em cada andar
e 0s comandos vindos do interior ou da parte externa sao iguais
e nao existem falhas
e 0 nuUmero maximo de andares € max_andar > 0

As operacoes sobre o elevador sao:

e abrir e fechar a porta

e chamar o elevador

e deslocar o elevador

o
42 Ny
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Propriedades do elevador

e 0 elevador se move no limite dos andares 0 (térreo) e
max_andar;

e a porta de um dado andar so se abre se o elevador
estiver neste mesmo andar;

e cada chamada deve ser atendida dentro de um certo
intervalo de tempo t_;

e se 0 elevador chega a um andar a chamada vinda
deste andar € considerada atendida.

dob : 8
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Maquina abstrata

MACHINE: Elevador;

SETS : ESTADO = {parado, movimentando};
CONSTANTES : max_andar, ANDARES;
PROPRIEDADES: max_andar € NAT* a ANDARES = 0..max_andar;
VARIAVEIS : chamada, pos, porta_aberta € ANDARES

estado € ESTADO;
INVARIANTES: (estado=parado = chamada = porta_aberta v
estado=movimentando = chamada = porta_aberta) ;

OPERADORES: (porta_aberta=max_andar) = (destino= max_andar — 1)
(porta_aberta=0) = (destino= 1);
[(porta_aberta > 0) A (porta_aberta < max_andar)] = [(destino=porta_aberta + 1) v
(destino=porta_aberta — 1)]

dob 44 8
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Atelier B, the industrial tool to efficiently deploy the B Method

D WHY USE ATELIERB 4.0 ?

P Free Download
Developed by ClearSy, Atelier B is an industrial tool that allows for

the operational use of the B Method to develop defect-free proven » New Distribution Policy
software (formal software).

It is used to develop safety automatisms for the various subways P New Maintenance Contract

installed throughout the world by Alstom and Siemens, and also for ~
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B Site Pages

Click on the B Site loge to go back to this page

Ce site a pour but de rassembler les principales r@f€rences relatives € la
m@thode B, aux outils B et aux utilisateurs de B. Bien que pr€sentant les
travaux de |'@quipe du LSR-IMAG € Grenoble, il est ouvert € toute €quipe
ou 9 tout industriel qui souhaite diffuser des informations int€ressant la
communaut€p. Il suffit pour cela d'envoyer un courriel au correspondant du
site (indiqu€p ci-dessous) qui fera le n€)cessaire pour mettre en acc€)s sur

les pages les donn€pes transmises. Dans la mesure du possible, le site est
bilingue Frangais / Anglais.

This site intends to gather the main references related to the B Method, B
Tools and B Users. While presenting the activities of the LSR-IMAG team in
Grenoble, it is open to any academic team or industrial people who wishes to
diffuse useful informations for the community. For that, it is sufficient to send
an email to the site webmaster (see below) who will make the data
accessible on the pages. As far as possible, the pages are written both in
French and in English.

Ce site est maintenu par le laboratoire LSAH.
Pri@re de contacter Didier. Bert@imag.fr pour toute information.

Laboratoire LSR
Logiciels, Systéemes, Réseaux

This site is maintained by the LSA Laboratory.
Please contact Didier.Bart@imaq.r for any information.




Escola Politécnica da USP

B Site pages

.'J \Y/ Knowledge engineering - ... ﬂ IEEE Xplore - Knowledge a... ﬂ B B Site pages x u@ SciELO - Scientific Electron... Jl + L e

| (4 » B http://vasco.imag.fr/B/Bsite-pages.html v | (*§~ dominios disjuntoQ ) M

i @ Most Visited v ’ Getting Started Latest Headlines v [] Apple U Yahoo! -” Google Maps [_J YouTube \Y/ Wikipedia » n Bookmarks v

8 GAME 5 APPS  + [0 Grenobi v) D @DB B B g > N+

Sreg sevotle | Actualités de B B News

ABZ 2010

B News

February 23-25, 2010, Oxford, Québec, Canada

;  Documents on B Important dates:

September 21, 2009 : Submission of full papers

October 11, 2009 : Submission of extended abstracts for short presentations

Conferences / Meetings November 3, 2009 : Notification
November 17, 2009 : Final Version
B Tools February 23-25, 2010 : Conference

February 22, 2010 : Tutorials and Workshops

. BlIndustrial Gateway

! B Projects From Research to Teaching Formal Methods - The B Method
B Academic World 8 June 2009, Nantes (France)
- Important dates:
. March 20, 2009: Submission of full papers
French B Working April 24, 2009: Notification of acceptance/rejection of submitted papers.
Group
Mailing List Offre d'emplois a la RATP
[22 August 2008
Links
Téléchargez / Download :
Descriptif (.doc)
Contact Didier. Bert@imag. fr
for further information.

Offre d'emplois a Siemens
[8 March 2008]

Téléchargez / Download :
LI .

[ gy
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Site Grenoble

Grenoble Site

B News
3  Documents on B
Conferences / Meetings
B Tools
B Industrial Gateway

B Projects

B Academic World

French B Working
Group

Mailing List

Links

Contact Didier. Bert@imag. fr
for further information.

A

Outils sur B B Tools

Comments on tools, experiments, comparisons,... are welcome on the B forum

Outils industriels / Industrial Tools
« Atelier-B
« Bdfree tools

Bdfree is a set of tools for the development of B models and for creation of user tools. It can be used through
the Click'n'Prove interface.

« EmacsPri French version English version

Interface Emacs du prouveur interactif Version 1.7.3
Xemacs Interactive Prover Interface Version 1.7.3
(Freeware)

« B-toolkit

Outils universitaires / Academic Tools

« GeneSyst and BoB

"GénéSyst" is a tool that takes a B event system and a partition of the B state as input and, as output, generates
a symbolic finite-state automata where "states” are the substates defined by the user in input, and transitions
aLE ale g eve in | i zlele qisi 3 aachi X iti e

g0 0 a
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B Site pages
x u IEEE Xplore - Knowledge a... jj B

B Site pages x u@ SciELO - Scientific Electron... > | + | ~

| (d B http://vasco.imag.fr/B/Bsite-pages.html v & | (*§~ dominios disjuntoQ ) | M
(&) Most Visited + P Getting Started Latest Headlines ~ [ | Apple | | Yahoo! *J Google Maps [ | YouTube \Y/ Wikipedia » [E3 Bookmarks v
GAME&APPS v | B grenoble v| v ¢ @ (@) | v E‘ | Login  jwm lgi » Iy ek
m
o =
sie [ crenonte| | POrtail des Industrial
Grenoble Site
industriels Gateway
B News

Documents on B

Conferences / Meetings

B Tools

| 'B Industrial Gateway

B Projects

B Academic World

French B Working
Group

Mailing List

Links

Contact Didier. Bert@imag. fr
for further information.

[ Industrial Users | Job Offers | Training Period Offers ]

Utilisateurs industriels de B / B Industrial Users

GEMALTO
Contact Boutheina Chetali

SIEMENS Transportation Systems
Contact Daniel Dollé

48-56 rue BARBES

BP 531

F-92542 Montrouge Cedex

ALSTOM Transport
Contact Luiz Fernando Meijia
33, rue des Bateliers
F-93400 Saint-Ouen

LEIRIOS technologies
Contact R&D

TEMIS Innovation
18 Rue Alain Savary
25000 BESANCON

CLEARSY

Contact Thierry Lecomte

1330 rue G. de la Lauziére
F-13856 Aix-en-Provence Cedex

KEESDA

Contact Jean Mermet
Parc Equation

2, avenue de Vignate
F-38610 Giéres

SYSTEREL

Contact Jean-Fré&d@ric R@al

Portes de L'Arbois bat A, 1090, rue Ren€ Descartes
Parc d'activit€s La Duranne

13857 AlX-en-PROVENCE Cedex 3
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A Comparison of the Specification Methods
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A Comparison of the Specification Methods
M. Frapier, H. Habrias
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Exerciclo

Exercicio desta semana consiste, em, usando o artigo
recomendado (e eventualmente outros sugeridos por
voceés) discutir o uso de representacoes (formais, semi-
formais, formais) no tema escolhido como trabalho final. O
resultado do exercicio, dependendo do caso e do tema,
pode até ser uma justificativa para nao usar linguagens
(formais), o que importa € que isso seja uma decisao
consciente do projeto.

A
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