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Definicao de CPS (Cyber-Physical Systems)

Cyber-Physical Systems (CPS) are integrations of computation and
physical processes (Lee,2007).

This term extends the term “embedded system (ES),” which has been
used for many years. Models of CPS are assumed to include a model
of the physical environment (physical entities and their dynamics)
and of the ES (the “cyber-part”).

(Marwedel et al. 2020)
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E Pluribus Unum: Out of Many, One

TSensors
(Trillion Sensors)

/ Lee, Berkeley



Evolucao da Revolucao Industrial

Industria4.0
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Cyber-Physical Systems & Embedded Systems

CPS = ES + physical environment

Cyber-physical systems

Embedded systems
("computers in
physical

Embedded systems environments”)
("small computers")

FEEC | UNICAMP 2 2
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ES — Diagrama

Sistema Computacional

Memoria

Interface ,
Entrada Interface Saida

Outras Interfaces
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CPS - Diagrama
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What is a Cyber-Physical System?

Visao extrema

Digital Controls Systems, ca. 1980

Ref
Error Co ler m -

-%Xp Position

Cyber Physical

Cyber-Physical Systems, 2010+ !
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O termo e seus predecessores

» 1926 — Nikola Tesla “Teleautomation’
» 1948 — Norbert Wiener “Cybernetic”
» 1961 — Charles Stark Draper “Apollo Guidance Computer”

» 1988 — Mark Weiser “Ubiquitous Computing’

» 1999 — Kevin Ashton “Internet of Things”
» 2006 — Helen Gill “Cyber-Physical Systems”

FEEC | UNICAMP 2 2 10
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Dra. D. Helen Gill

A Dra. D. Helen Gill € a Diretora do programa Embedded & Hybrid
Systems da National Science Foundations Directorate for

Computer and Information Science and Engineering (CISE)
Division of Computer and Network Systems (CNS).

Cyber-physical systems are physical, biological,
and engineered systems whose operations are integrated, monitored,
and/or controlled by a computational core. Components are networked at every

scale. Computing is deeply embedded into every physical component,
possibly even into materials. The computational core is an embedded
system, usually demands real-time response,

and is most often distributed
FEEC | UNICAMP
EADC A2 2




Algumas caracteristicas de Cyber-Physical Systems

Reativo o 5 ST

O Opera na velocidade do ambiente e T e

Real-time

. O timing dos eventos importam!

Simultaneo

. sistema + ambiente, no minimo

Heterogéneos

. hardware/software/redes, processos fisicos

Em rede (cada vez mais)

FEEC|UNICAMP «  distribuido, exposto a ataques Lee, Berkele
EADC A2 2 ’ P G cok




Resumo
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https://ptolemy.berkeley.edu/projects/cps/

CPS sao:

Econémicos no loop ]

:[ Ambientais no /loop ]

Humanos no loop ]

possivelmente
co

|
)  possivelmente com ( Sensores e |/
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uy
/]
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CPS requer:

Resiléncia | TTTTmom———— i,
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CPS tem aplicacoes em:

~
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Exemplos

*Eletrébnica Automotiva
*Avidnica
*Transporte e logistica
*Saude
*Entretenimento e residencial
*Agricultura e pecuaria de precisao
*Smart Grid
FEEC | UNICAMP
EADC A2 2
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Aplicacoes
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Destaque: Smart Grid

Phvsical Sensors

DS Ses

Professor Pedro Henrique Juliano Nardelli

Lappeenranta — Lahti University of Technology LUT - School of Energy Systems

D.Sc. (Tech.)

FEEC | UNICAMP Dr.Unicamp - 29 de agosto 2013 (Paulo Cardieri)
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O Desenvolvimento de Cyber-Physical Systems
Nao e mais somente uma questao de Tl

* Cyber + Physical
- Processamento + Dinamica

- Seguranca (Security + Safety)

FEEC | UNICAMP 2 2
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Cyber-Physical Systems

E cheio de requisitos contraditorios

Contradicoes

Adaptabilidade

Alta conectividade

Alto desempenho
Assincrono

Escalabilidade

Leis e Regulamentos
Economia de escala (nuvem)
Sistema Aberto

Algoritmos

FEEC | UNICAMP 2 2
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VS.

VS.

VS.

VS.

VS.

VS.

VS.

VS.
VS.

Repetibilidade

Seguranca e Privacidade
Baixa Energia
Coordenacao/Cooperacao
Confiabilidade e Predibilidade
Possibilidades Técnicas
Localizacao (fog)

Proprietario

Dinamica
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O Processo de Projeto de Sistema Ciber-fisico
Segundo E.A. Lee & S.A. Seshia, 2017

Modelagem ¢ a etapa do processo de obter uma

compreensao mais profunda de um sistema através

da imitacdo. Os modelos expressam o que (what) \

um sistema faz ou deveria fazer. Normalmente esta

€ a etapa inicial do projeto. [ :
Modeling

Projeto (Design) é a criagao estruturada de
artefatos que irdo realizar as tarefas do sistema.

Especifica como (how) um sistema faz o que faz. Design
e i | What
Analise é o processo de obter uma compreensao '. "
mais profunda de um sistema através da ' Analysis
dissecacao. Ele explicita por que (why) um sistema How

faz o que faz (ou nao faz o que um modelo diz que
deveria fazer).

EADCAZ22
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—> jump

Modelagem > flow

 Sistema Continuo .
*  Equacoées diferenciais ordinarias, transformadas de Laplace,

modelos de controle de feedback, ...

Sistema Discreto o ,.<::>
. FSM, filas, cadeias de Markov generalizadas,

algebra max-plus, logica temporal, redes de Petri

Sistema Hibrido WANY SN NG
Composicao de Maquinas de Estado \.

 Construcao de maquinas de estado complexas a partir de blocos
de construcdo mais simples. Espacial /Temporal

Modelos Simultaneos de Computacao

__° Altemallva para fireads (EA. Lee & S.A. Seshia, 2017)



Projeto

e Sensores e Atuadores
« Entrada e Saida
* Arquitetura de Memoria

* Processadores

* Multitasking / Scheduling /=
arp od (] P
™ u -C Coulgmeten

e — (E.A. Lee & S.A. Seshia, 2017)



Analise

 Légica temporal e Invariante

 Equivaléncia e Refinamento

e v -

* Analise de Atingibilidade e Checagem de Modelo

« Analise Quantitativa

 Seguranca e Privacidade

e — (E.A. Lee & S.A. Seshia, 2017)



CPS-VO
Cyber-Physical Systems Virtual Organization

# CPS-VO BROWSE SEARCH COLLABORATE MY GROUPS MY ACCOUNT

Cyber-Physical Systems Virtual Organization 4
Fostering collaboration among CPS professionals in academia, government, and industry

Grupos:

5
{

CPS Archives | Education | Energy | IOT and CPS | Medical | Safety | Cyber-
Physical Security | Smart and Connected Communities | Secure &
Trustworthy Cyberspace | Tools & Design Studios | Transportation

ACM CPSS 2022: The 8th ACM Cyber-Physical System Security Workshop
Nagasaki, Japan, May 30, 2022

FEEC | UNICAMP 2 2 27
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https://cps-vo.org/

Exemplo de ferramentas de projeto
https://cps-vo.org/group/tools/toollibraries

Design studios are frameworks with tools and services for simplifying engineering tasks.

This provides a simplified front-end for interested users to gain access, run provided examples and tutorials, and
generate practical results without having to download, install, and configure software. Look below for a listing
of WebGME-based Design Studios integrated intc the CPS-VO.

DESIGN STUDIOS LIST

ROSMOD Design Studio

Developer: Bradley Potteiger

The Robot Operating System Model-driven development tool suite (ROSMOD) is an integrated development
environment for modeling, generating, deploying, and managing distributed component-based software using
ROS. ROSMOD is well suited for the design, development and deployment of large-scale distributed applications
on embedded devices.

DeepForge Design Studio

Developer: Brian Broll

DeepForge is a development environment for deep learning designed for simplicity, collaboration and
reproducibility of experiments. Visual editing allows quick and easy design of neural network architectures and
machine learning pipelines. Automatic version control assures every experiment can be easily reproduced. All

executions can be designed/developed from within the browser and monitored using real-time feedback.

Hierarchical Finite State Machine Design Studio (HFSM)
; Developer: William Emfinger
HI:SM t The Finite State Machine (FSM) is a design pattern in which actions are determined by events and the current
:-. ] context of the system. The driver code dispatches events to the FSM that forwards it to the current state.
Functions processing the events decide what should be the next system state. After that, the process repeats.

The Hierarchical FSM is an extension of the FSM concept.

Modelica Design Studio

Developer: Patrik Meijer

Modelica® is a non-proprietary, object-oriented, equation based language to conveniently model and simulate

complex physical systems containing, e.g., mechanical, electrical, electronic, hydraulic, thermal, control, electric
Mmoo EL I.E A Poweror process-oriented subcomponents.

FSolidM Design Studio For Ethereum Smart Contracts

Developer: Anastasia Mavridou

FSolidM is a framewaork rooted in rigorous semantics for designing contracts as Finite State Machines (FSM) on an
easy-to-use graphical interface and for automatically generating Ethereum contracts. Integrated in FSolidMis a

alici\/
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FSolidM

e
ALC
TOOLCHAIN

HyST

Systems
Engineéfing and
Assurafite
Modeling (SEAM)

FSolidM Design Studio For Ethereum Smart Contracts

Developer: Anastasia Mavridou

FSolidM is a framework rooted in rigorous semantics for designing contracts as Finite State Machines (FSM) on an
easy-to-use graphical interface and for automatically generating Ethereum contracts. Integrated in FSolidM is a
set of design patterns, implemented as plugins that developers can easily add to their contracts to enhance
security and functionality.

BIP Design Studio

Developer: Anastasia Mavridou

The Behavior Interaction Priority (BIP) framework, rooted in rigorous semantics, allows modeling heterogeneous
component-based systems. This group presents the various features provided by the BIP Design Studio induding
the modeling language, design guidance services, code generators and integration with the BIP tool-set.

GRIDLAB-D

Developer: Himanshu Neema

GridLAB-D™is a new power distribution system simulation and analysis tool that provides valuable information to
users who design and operate distribution systems, and to utilities that wish to take advantage of the latest
energy technologies. It incorporates the most advanced modeling techniques, with high-performance algorithms

to deliver the best in end-use modeling.

ALC Toolchain

Developer: Gabor Karsai

The ALC Design Studio enables an engineer to design Cyber-Physical Systems (CPS’s) with integrated learning-
enabled components (LECs), e.g. deep neural networks, that are executed in a ROS environment. The studio
allows for the design, training, deployment and testing of the LECs in the context of the CPS, induding a
simulation of its physical environment.The ALC tools support the training and deployment of assurance monitors
for each LEC in the CPS. Additionally, they facilitate the formal verification of the CPS with the deployed LECs
against requirements expressing desired correctness and robustness properties.

HyST Design Studio

Developer: Taylor Johnson

HySTudio is a development environment to aid verification tool developers by providing a seamless integration
experience with benchmark models so that at one point they can compare their work with other teams Its editor
is based on SpaceEx modeling language and it employs HyST for translating output data into a suitable format to
present to an analyzer.

SEAM Design Studio

Developer: Gabor Karsaf

Systems Engineering and Assurance Modeling (SEAM) is a tool for the modeling of assurance cases that are

integrated with the models of the system, such as requirement models, functional decomposition models, and

architecture models extended with fault propagations. 2 8



Fluxo Simplificado da Informacao de Projeto

Repositorio de Projeto '—»' Projeto '
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Mapeamento da
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Otimizacao
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Teste

Marwedel, Peter. (2021). Application Mapping. 10.1007/978-3-030-60910-8_6.
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Fluxo de Projeto da Ferramenta SpecC (simplificado)

Modelo da Modelo da Modelo da Modelo da
\ Especificagado , | Arquitetura , | Comunicagao , | Implementagao

o

simulacgao, simulacgao, simulacgao, ke
exploracao da arquitetura, || sintese da comunicacao, compilacao do hardware A
avaliacao, validacao avaliacao, validacao Compilacao do software, O
avaliacdo, validacéo S

3

Gajski, D., Zhu, J., Domer, R., Gerstlauer, A., Zhao, S.: SpecC: Specification Language
FEEC | UNICAMP 2 2 Methodology. Kluwer Academic Publishers, Dordrecht (2000)
EADCA



Fluxo de Projeto do Modelo V (V-model)

| Analise de requisitos I | Aceitagao e uso I

| Arquitetura do Sistema I | Integracao do sistema I
| Projeto do Sistema I | Teste de integracao I

FEEC | UNICAMP

EADCA

CENTES DO DCA

Arquitetura do Software

| Teste de unidade I

Projeto do Software

V-Modell XT Authors: V-Modell® XT (2006).
ftp://ftp.heise.de/publ/ix/projektmanagement/vmodell/\V/-Modell-XT-Gesamt-Englisch-V1.3.pdf



Arquitetura 5C para implementacao de Cyber-Physical
System.

# Self-configure for resilience
# Self-adjust far variation
= Self-optimize for disturbance

» Integrated simulation and synthesis
» Remote visualization for human
* Collaborative diagnostics and decision making

NZOD—-=-IOZCT
MMEACD—-—0-H4p

# Twin modal for components and machines

* Time machine for variation identification and
memory

= Clustering for simillarity in data minlng

= Smart analytics for
= Component machine health
* Multi-dimensional data correlation
* Degradation and performance prediction

* Plug & Play
* Tether-free communication
= Sangsor network

32
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Aplicacoes e técnicas associadas a cada nivel da
arquitetura 5C.

Resilient
Control
Configure Supervisory R"q” ired System  |Actions to Avoid
G ontrol Actions (RCS)

Decision
- ol e Support Prioritize and
Cognition -' System Optimize
. - (DSS) Decisions

Fleet of Machines Paerto Peer Monitoring

F 1 (CPS) Self-Compare
"

Cyber ‘.“n "‘h 'ﬁ Systems

Machines t Prognostics

and Health
Management Self-Aware

Cyber-
e '15:; Time-Machine Smapshots Physical
; (PHM)

Conversion @ I
Componants @f %
Condition
Based Condition

i
Connection .? : \ - L Monitoring |  Monitori
j o \&, L) T - P (CBM) onenna
enso

o Effactive Sensor Selection

FEEC | UNICAMP
EADC A2 2
(Jay Lee et al., 2014)
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A formacao de RH em CPS

Para completar as habilidades de desenvolvimento
de um sistema ciber-fisico completo, o estudante de
Engenharia precisa ter formacao em diversas areas,
nao sO em hardware e software de computadores.

* Workshops especifico sobre ensino em CPS:
* NSF, NASEM

* Artigos em :
 |EEE, ACM, NSF

FEEC | UNICAMP 2 2
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WESE

* A serie de oficinas "Workshop on Embedded e
Cyber-Physical Systems Education (WESFK.
iniciada em 2005 e acontece todos 0‘},\«"‘“&

desde entao. e g

0% o 12
* Inicialmente, a sigla referi, 260“ e idxveb‘ﬁed
e, e

b} ‘ b}
Systems”. Em 2012. ~ 92 o““g GPSEueI’-Ph sical
66 ((\ ‘D\
foi adicionado A 0‘\°e<\69?v‘\.'§.u Workshop, mas a
sigla nac ey e%@« tada.
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Cursos sobre disponiveis
https://cps-vo.org/group/edu
Courses and Syllabi

Unmanned & Autonomous Systems Engineering
Embry Riddle | Graduate course

A

Cyber-Physical System Design (EECS 227)
LC Irvine | Undergraduate course

Cyber-Physical System Fundamentals
TU Dortmund

CPSs: Languages and Systems (CS558)
IT | Graduate course

-

Design and Analysis of CPSs (COMP 451)
Rice University | Graduate course ™

Introduction to Cyber-Physical Systems (CMPE142)
UC Santa Cruz | Undergraduate course

EADCAZ22

XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA

Logical Foundations of Cyber-Physical Systems
(15-424)

Carnegie Mellon University | Undergraduate and Graduate
course | Videos

Master of Engineering Degree Program in Cyber-
Physical Systems
Vanderbilt University | Graduate Degree Program

Cyber-Physical Systems Design and
Application (COMP_ENG 364, 464)
Morthwestern University | Undergraduate/Graduate course

Internet-of-Things Sensors, Systems, and
Applications¥ (COMP_ENG 365, 465)
Morthwestern University | Undergraduate/Graduate course

Embedded Systems (COMP_ENG 366, 466)
Morthwestern University | Undergraduate/Graduate course

Social Sensing and Cyber-Physical Systems
(CSE40437/60437)
Motre Dame University | Undergraduate/Graduate course 37



A natureza distribuida, conectada e em rede de CPS

Nas grades curriculares descritas na literatura atual existem duas
interpretacoes levemente diferentes de CPS:

1. Uma interpretacao fisica, quando a énfase € colocada na

ligacao com o comportamento dinamico das entidades fisicas.
* parece ser mais comum nos EUA

2. Uma interpretacao orientada para a comunicacao, que da
énfase a conectividade (network), aproximando muito do termo

“Internet of Things (loT)".

* parece ser mais comum na Europa

FEEC | UNICAMP 2 2
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Resultados Educacionais propostos pelo CPS-Ed
2013

A. Capamdade de apllcar modelos matematicos de U2

sistemas fisicos, sistemas cibernéticos e sua r os
composicao. bina
componentes cibernéticos e fisicos sujeitos a restricbes, incluindo seguranca, custo e
H. Uma compreensao de como as decisoes de fnios

projeto no dominio cibernético podem afetar o
dominio fisico e vice-versa

F. Uma compreensao das responsabilidades profissionais e éticas do projeto de sistemas criticos de

l. Um reconhecimento da necessidade e capacidade
de se engajar na aprendizagem ao longo da vida.  minie

FEEClUNICAMP

IE Amﬁeﬁalemento da necessidade e capacidade de se engajar na aprendizagem ao longo da wdé

Sicos
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Resultados Educacionais propostos pelo CPS-Ed
2013

A-'lrst Workshop on Cyber-Physical Systems Education

Capacidade de aplicar modelos matematicos de sistemas fisicos, sistemas cibernéticos e sua

composicao.

B. Capacidade de projetar e conduzir simulagcdées e testes de um sistema ciber-fisico e analisar os

resultados.

C. A capacidade de aplicar boas praticas de engenharia no projeto de um sistema que combina
componentes cibernéticos e fisicos sujeitos a restricoes, incluindo seguranca, custo e

confiabilidade.

D. Uma capacidade de funcionar efetivamente em equipes multidisciplinares abrangendo dominios

cibernéticos e fisicos.

E. A capacidade de identificar, formular e resolver problemas de engenharia que tém aspectos fisicos

e cibernéticos.

F. Uma compreensao das responsabilidades profissionais e éticas do projeto de sistemas criticos de

vida e seguranca.

G. A capacidade de se comunicar de forma eficaz em dominios cibernéticos e fisicos.

H. Uma compreensao de como as decisdes de projeto no dominio cibernético podem afetar o dominio

fisico e vice-versa.
FEEC | UNICAMP

IE ALtmcreﬁaf‘zcimento da necessidade e capacidade de se engajar na aprendizagem ao longo da vida4.0
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Tépicos sugeridos para o Ensino de CPS
(Marwedel et al. 2020) baseado em (NASEM, 2016)

- Data structures and algorithms

- Models of computation, including automata and discrete
event systems

- Programming (incl. with sensors and actuators)

- Software engineering incl. requirement development, system
evolution, and life-cycle certification

- Operating systems

- Networks (Internet of Things, cloud computing, wireless
communication, ad-hoc networking)

- Model-based design (incl. tools)

- Verification and validation; testing

- Data analysis (machine learning, sensor fusion, analysis of
signals)

- Control loops (hybrid control, networked control)

- Embedded hardware (including computational and power
limits) & the cyphy interface (properties of sensors, sampling,
A/D-conversion)

- Real-time systems

- Resource management, constraints such as time, memory
size, power, quality metrics

- Properties of communication systems, including limitations
of wireless communications

- Dependability (safety, security, privacy, fault tolerance, error
detection, hazards, resilience, safety cases)

- Properties of the physical world, including uncertainty and
risk

-_Graph theory and combinatorics
- Probability, statistics, and stochastic processes
- Logic
- Linear algebra
- Calculus and differential equations

- Human factors related to human-in-loop and behavioral
aspects

- Soft skills (communication, group work, project manage-
ment, ethics, sustainability)

EADCAZ22

XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA
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Case de curriculos para CPS
(Marwedel et al. 2020)

B = Bachelor = graduacao;
M = Master = mestrado;

x = regular CS ou EE ou ME;
y = especifico de CPS.

case | Descricao

0] Curso regular de graduagéao Bx
@ Curso regular de mestrado Mx
©) Sequéncia de cursos regulares de graduagéao e

mestrado Bx + Mx

@ Curso especifico CPS de graduagao By
® Curso especifico CPS de mestrado My
® Sequéncia de curso regular de graduacao e
especifico de mestrado Bx+My
©) Sequéncia de cursos especificos de graduacéao e
de mestrado By + My
FEEC | UNICAMP
EADC A2 2

XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA

CPS-specific

Post-Master certificates

E
e CPS, ES
\ D /
\._h_'_,_. - Pre-Bachelor
1 \“‘/’Prc-&\i certificates
CS, EE, ME | Univers.|

NOM
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Marwedel et al. (2020)

analisa e classifica nos cases propostos diversas grades

curriculares de escolas na Europa, America e Asia com
ensino de CPS.

Destaques desta analise
* Flipped classroom;

* Ensino baseado em projetos (nas disciplinas e ao
final);

* Forte interacao com industria.

FEEC | UNICAMP 2 2 43
EADCA
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CPS na FEEC

FEEC | UNICAMP 2 2
XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA
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CPS na FEEC

Desde 2018 1°sem.:

« EAO075 - Introducao a Projeto de Sistemas Embarcados

Baseado em:
* E. A. Lee & S. A. Seshia, Introduction to Embedded Systems: A Cyber-

Physical Systems Approach, 2nd ed. Cambridge, MA, USA: MIT Press 2017.

Disponivel:
* Anotacdes de aula de Edward A. Lee & Prabal Dutta (UC Berkeley)
EECS 149/249A : Introduction to Embedded Systems - Fall 2017
Disponivel:
Na pos-graduacao da FEEC
* IA862 — Inteligéncia Artificial em Automacgao (Prof. Fernando A. Gomide)

FEEC | UNICAMP 2 2
EADCA
XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA
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Proposta de Metodologia de Projeto

Implementagao

Especificacdo das Desenvolvimento
Caracteristicas Protétipo
Especificacédo de ~
/! Programas —>| FICEEEE:E l
/ Fabricagao do
Validagéo / circuito
“Cabeca de Série”

Especificagédo da

N Infraestrutura — Cag:g'ft: ©
(hardware) J

1

Producédo em
Série

FEEC | UNICAMP 2 2
EADCA © jro 2022 — EA075 - Introdug&o a Projeto de Sistema Embarcado

XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA



Descricao Funcional

Descricao do Comportamento
Descricao Estrutural do Sistema
Descricao da Geometria do Sistema

Implementagdo

Eixo Comportamental Eixo Estrutural
Especificagdo das Desenvolvimento |
Caracteristicas Prototipo Linguagens Algoritiygas Nivel blocos
e = Rede de Patri O
Especificagdo de 2 Tve
/I pp & Programacdo Autogfatos Al RT
JEATNIED g vel logico
Fabelyfverdads Y ¢
Descrigdo Fabricacdo do Fauagded Bogleay /
Funcional Validagdo circuito Tguagses Pifefonclais /Yy
Especificagao da e d “Cabeca de Série”
M Infraestrutura alf u}rat £
(hardware) OIET0 l

Niveis de

Produgdo em

Série

Abstracao

lanta Baixa

Eixo Geométrico 47

FEEERIIEIC(I:\MRZ 2 jro 2022
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Descricao Funcional — do Comportamento

Com base na analise das funcionalidades e das caracteristicas
desejadas para o sistema em projeto, deve-se descrever:

Funcionalidades
Configurabilidade

eventos:

tratamento de eventos

FEEC | UNICAMP .
EADCAZZ Iro 2022



Descricao Funcional — da Estrutura do Sistema

em nivel de bloco ou sistema,

blocos funcionais: que compoem o sistema, incluindo uma sintese das
funcionalidades de cada bloco

relacionamentos entre estes blocos: ou seja, incluir os principais
sinais de comunicacao.

caixas retangulares para representar os blocos funcionais

setas entre as caixas para indicar o(s) sentido(s) dos fluxos dos sinais
disparados pelos eventos.

FEEC | UNICAMP .
EADCAZZ Iro 2022



Descricao Funcional — da geometria do sistema

TAMANHO FORMA PESO

FEEC | UNICAMP .
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Especificagcao de Caracteristicas

Especificacao da infra-estrutura (hardware)

Especificacao do programa (software/firmware)

Implementacdo

i ) e — -
A design without |

specifications cannot be >L
right or wrong, itcanonly Ngseksl | ...

"= (hardware) el l
be surprising. o
Young et al. (1985) em Lee & Seshia (2017) Série

FEEC | UNICAMP .
EADCA22 jro 2022



Especificacao da infra-estrutura (hardware)

*Descreve textualmente o hardware a ser projetado

*Define:
* 0s moédulos (por exemplo, em FSMD)
as interconexoes entre modulos

niveis de sinais elétricos de cada modulo

diagrama de tempo da comunicac¢ao entre médulos

Pinagem de conexdes internas e externas

Especificacao de teste
* Pontos de acesso, programas, medidores, etc.

FEEC | UNICAMP 2 2
XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA

jro 2022
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Especificacao do programa (software/firmware)

*Eventos
* algoritmo de tratamento de eventos

*Descrito em:
*  Flowcharts, ou fluxograma;
*  Statecharts, ou diagrama de estados;
* Sequence Diagram, ou diagrama de sequéncia, UML;

*  FSMD, ou maquina de estados finitos com dataflow.

* Como testar

FEEC | UNICAMP .
EADCA22 jro 2022



Desenvolvimento

*Captura do projeto

*Programacao

Especificacdo das
Caracteristicas

Desenvolvimento

Especificacdo de
Programas

Descrigao
Funcional

Programagao

Especificacao da
Infraestrutura
(hardware)

o

Validagao

Captura de

EADCAZ22

XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA

Projeto

Implementacdo

/ Prototipo

Fabricagdo do
circuito
“Cabeca de Série”

l

Produgao em
Série
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Desenvolvimento — Captura do projeto [€lCad

E EAGLE

Altlium .

A
FE

cadence

FEEC | UNICAMP
EADCAZ22 10 2023



Desenvolvimento — Programacao

Caracteristicas Tipicas de
um IDE

* Editor
 Destacando a Sintaxe

* Compilador
* Ligador
* Refatoracéao
- ﬁ « Controle de Versao
* Depuracgéo
* Busca de Caodigo
* Programacéo Visual
* Suporte a linguagem
de programacao

FEEC | UNICAMP
EADCAZ22 102022



Desenvolvimento
Validacao do Projeto

*Teste com base no que foi especificado
*Teste por partes, ou por etapas

FEEC | UNICAMP



Desenvolvimento
Validacao do Projeto

Técnicas simples de verificacao e validacao

* Peca a alguém para avaliar seu trabalho (parece com laboratorios

de aula com monitores)
© Mas geralmente isso nao acontece no mundo real
o geralmente nao ha uma "folha de solugao" no mundo real!
o E esperado que vocé dé a folha de respostas e depois os convenca de que
esta certo.

* Peca a um amigo para dar uma olhada (“avaliagdes por pares”)
« Faca com que algueém de fora examine (“avaliacbes externas”)
* Peca a uma agéncia de testes para exercitar (“certificacao”)

FEEC | UNICAMP



Concluindo...

A nossa escola oferece disciplinas nas areas de
Biomédica, Telecomunicacoes, Sistemas de
Energia, Eletronica, Controle e Computacao.

Destaca-se aqui a importancia das disciplinas na
area de controle para modelagem e analise de
sistemas.

FEEC | UNICAMP 2 2
EADCA
XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA
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Conclusoes

Post-Master certificates

A FEEC poderia ser classificada no case @ por
Marwedel(2020)

* Tem um conjunto de disciplinas na graduacao
gue cobrem boa parte dos topicos sugeridos
em NASEM (2016);

 Adota trabalho de final de curso; oS, 1

abilities

CPS-specific

/
,’ Pre-Bachelor
Prc\\ certificates

* Tem na pos pelo menos um curso que aborda
CS, EE, ME | Univers.|
CPS. NoY

Minha sugestao:
* Conseguir, com parceiros na industria, ideias de projetos que possam ser

publicados e aplicados em disciplinas, principalmente na graduacao.
FEECIUNICAMP
EADC A2 2



Sugestao de Livros Texto

Edward Ashford Lee and
Sanijit Arunkumar Seshia

INTRODUCTION TO
EMBEDDED SYSTEMS

A CYBER-PHYSICAL SYSTEMS
APPROACH

A

f

Embedded

N\

Second Edition

" Modeding

Glﬁis

System
Design

Embedded Systems Foundations
of Cyber-Physical Systems, and
the Internet of Things

Fourth Edition P.Marwedel
OPEN ACCESS ] Q) Springer

Sanjit A. Seshia

FEEC | UNICAMP _ T— - : : ,
EADCA Disponivel em: Disponivel em:
XIV ENCONTRO DE ALUNOS E DOCENTES DO DCA 6 1


https://link.springer.com/book/10.1007/978-3-030-60910-8
http://leeseshia.org/

FEEC | UNICAMP

XIV ENCONTRO DE ALUNOS E DO
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