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Sisteme Embedded

* Definitie
eUn sistem de calcul incorporat in dispozitivele
electronice.

o Sistemul implementeaza o anumita functionalitate

eEste o combinatie de hardware si software proiectata sa
indeplineasca o functie anume.
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e Sisteme de calcul incorporate

e Greu de definit. Aproape toate sistemele diferite de un
calculator desktop/laptop obisnuit

e Miliarde de unitati produse anual vs. milioane de unitati pentru
sistemele desktop

oin jur de 50 sisteme intr-o locuintd sau intr-un automobil
obisnuit

e Pret semnificativ mai mic decat al unui sistem desktop

e Putere de calcul redusa (nu in toate cazurile)
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Exemple Obisnuite
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Mai multe exemple

e Sisteme de procesare semnal
e radar, sonar, real-time video, playere MP3/CD/DVD, echipament medical

e Sisteme critice

e avionica, echipamente de control al navelor spatiale, controlul
reactoarelor nucleare

e Sisteme de control distribuit
e Routere si switch-uri de retea, sisteme de transport in masa

e Sisteme “mici”
e Telefoane celulare, electrocasnice, jucarii, carduri, playere MP3, PDA-uri,
camere digitale, senzori, ceasuri digitale, receptoare GPS
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Primul Sistem Embedded

AGC — construit de MIT Instrumentation Laboratory ('60)
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Apollo Guidance Computer
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20 lulie 1969 — Primul Computer care a ajuns pe Luna
Specificatii:
Frecventa de ceas: 1,024 MHz
Memorie RAM: 8KB memorie cu miez de ferita
Memorie program: 64KB ROM Core Rope
Primul sistem de calcul care a folosit circuite integrate
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 Are o singura functie
—Executa un singur program, repetat
- Supus la constrangeri

—Cost redus, consum mic de electricitate, dimensiuni, viteza de
executie, etc.

- Reactioneaza la evenimentele de timp real
—Reactioneaza la schimbarile din mediul inconjurator
—Trebuie sa obtina rezultate in timp real cu un minim de intarzieri

10
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De ce ne pasa? Cateva cifre de piata

- Echipamentele embedded inlocuiesc PC-urile
— Au diferite forme si functii specializate fata de multifunctionalitatea unui PC.
— Anul 2002: mai mult de 50% din dispozitivele de acces la Internet NU sunt PC-uri.
In 1997, 96% din dispozitivele de acces la Internet erau PC-uri
2020 — 24 miliarde de echipamente embedded legate la Internet

- Sistemele traditionale depind din ce in ce mai mult de sisteme de calcul

— Automobilele moderne contin aproape 100 de procesoare care ruleaza software
complex

Reglarea combustiei, controlul noxelor emise, sistem anti-derapare, monitorizarea
consumului, transmisia automata, gestionarea afisajului de bord etc.

http://www.howstuffworks.com/car-computer.htm
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STRATEGYANALYTICS
Global Connected and loT Device Installed Base Forecast
45000
40000
35000 Enterprise loT **
© Smart Home Devices
30000
- " Wearables
g 25000 % Connected Vehicles
E 20000 M Smart TVs
®m Smart Speakers and Screens
15000
» Other Internet Media
Devices*
10000 ® Tablets
5000 ® Smartphones
0 ®PCs
S QNW@“‘OQ'\%QQ'\W")N‘O
FSELLFPIFIFTITLFTLLFIES§

Source - Strategy Analytics research services, May 2019: 10T Strategies, Connected Home Devuces Connected Computing

e e VRO Mk P e Bt PR B P B Ve N B Pt Bt P e BV Vi PR B

http://tadviser.com/index.php/Article:Internet_of Things, loT, M2M_(world_market)



Connected devices O e

Connected devices (billions)

30 2016 2022 CAGR
25 ﬂ Wide-area loT

: (&) snortrange o1 5.2
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| PCl/laptop/tablet 1.6
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Q Mobile phones 7.3 s 3%
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@ Fixed phones 1.4 1.3 0%

2014 2015 2016 2017 2018 2019 2020 2021 2022 16 29 10%
billion billion

https://www.ericsson.com/en/mobility-report/internet-of-things-forecast
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Hours per day spent online via a mobile device, per user

B 2012
Brazil e

B 2016

04:48
: o "0
China N 3:03

Unied tates I e 02:37
taly I ————— 023

el e 0211

South Korea i@ = 02:10

]
Canada I*] o 0:10

T . I
United Kingdom Zis | 0209

0 0:30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 430 500
@ @ @ Based on internet users aged 16 and over .
(_ @statistaCharts Source: Statista Digital Market Outlook Stat|Sta 5




Smartphone sales by OS cw\%%;b;‘éazd
Jl[ aboratory

100%

80%

60%

40%

Share of sales to end users

20%
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l U.S. wearable technology market size, by product, 2016 - 2027 (USD Billion)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 @ 2027

m \Wrist-Wear » Eye-Wear & Head-Wear Foot-Wear B Neck-Wear
® Body-Wear ® Others

Source: www.grandviewresearch.com
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Lucrurile privite din perspectiva CS

e Tn trecut stiinta calculatoarelor nu era interesatd de domeniul embedded
e Cantitate limitata de software
e Programare la nivel de baza

o Tn prezent existd un interes in crestere pentru cercetare si sofware development
in CS

e Cresterea complexitatii sistemelor embedded necesita sistematizarea proiectarii
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Factorul decisiv in cresterea complexitatii

Legea lui Moore (1965)

* Numarul tranzistoarelor de pe 1 cm patrat
— De doua ori mai multi dupa ~1.5-2 ani
* Tendinte asociate

— Performanta procesoarelor
De doua ori mai rapide dupa ~18 luni

— Capacitatea memoriei
Se dubleaza dupa < 2 ani
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Moore’s Not-Exactly-Law

Nu este o lege a naturii

— Dar aproximeaza destul de bine ce s-a intamplat in industrie in ultimii
45 de ani

No exponential is forever

but we can delay “forever”

(Gordon Moore in 2003)

Mai multe despre legea lui Moore la
http://www.intel.com/research/silicon/mooreslaw.htm




Moore More than Moore Beyond Moore
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Evolutia Performantei
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10,000

Dublarea numarului de persoane dintr-un proiect

Performance (vs. VAX-11/780)

10
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Intel Xeon, 3.6 GHz.__ 64-bit Intel Xeon, 3.6 GHz
SR 6505

nu-l face sa se termine de 2x mai repede

...........................................................................................

Similar, 2x tranzistoare nu
maresc de 2x performanta

......................................................................................................................................................................

Trendul ascendent este posibil datorita
dezvoltarii arhitecturii de calcul,
adica cum organizezi resursele
ca sa poti face mai mult/eficient
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Evolutia Preturilor (Pentium)
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Evolutia Preturilor (memoria DRAM)

80 1

16M bits

60

4M bits

Dollars per 40 [ 1M bits

DRAM chip 256K bits
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© 2003 Elsevier Science (USA). All rights reserved.
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De ce ne pasa pretul?

Publicul tinta si preturile de pe piata influenteaza costul
procesorului meu

— pret = cu cat vand componenta

— cost = cat ma costa s-o produc

Deciziile luate in timpul proiectarii afecteaza costul (si pretul)

— Ex. Adaug mai mult cache -> imbunatateste performanta dar creste
costul

Raportul pret-performanta Deci,

ce influenteaza costurile?




Clasa din care face parte procesorul gk ..

Feature Desktop Server Embedded
Pret $500-S5K $5K - S5M $10 - $100K
sistem(USD) (ex. high-end

network routers)

Pret CPU $50 - $500 $200 - S10K $0.01- 5100

(per processor)

Probleme de Price- Throughput, Price, power,
design performance, availability, application-
graphics scalability specific

performance performance

Footer
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Sisteme Desktop/Lapto S

« Exemple 2
— Intel Core i7 / B |

— AMD A4

* Applicatii: orice (general purpose)
— Office, Internet, Multi-media, Video Games...

e Teluri
— Performanta, pret/performanta
— Putere marita - afecteaza costul, zgomotul, marimea
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 Exemple
— Intel Xeon
— IBM Power
— AMD Opteron
* Applicatii

— infrastructura: file server, email server, ...
— business: web, e-commerce, databases
e Teluri
— Productivitate (tranzactii/secunda)
— Disponibilitate (fiabilitate, toleranta la defecte ...
— Costul nu este un aspect important

S
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Exemple
— ARM, RISC-V, MIPS, PIC, AVR, x86, ... (multe “sortimente”)
* Aplicatii
— telefoane, tablete, console de jocuri, electrocasnice (frigider, cuptor
microunde), automobile, ... (si mai multe sortimente)

e Teluri
— Cost, Putere

— Performante suficiente, real-time
— Dimensiune (CPU, memory footprint, cip count...)




Costuri de fabricatie %‘%

 Marimea matritei CPU (die) influenteaza foarte mult costul tuturor
sistemelor (desktop/server/embedded)
— CPU actual 1-2 cm?

— Embedded — mult mai mici
* Costul si amprenta conteaza foarte mult intr-un telefon mobil sau wearable

Silicon Wafer
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13/16 cipuri functionale 1/4 cipuri functionale
81.25% yield 25.0% yield
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Yield (2) OF S35

Pret de $250 pt. vafa:
$5.92 pt. matrita
$58.82 pt. matrita

YYD Y
el el MR B |

r

TE m b Bl

52 die, 81.25% yield > 17 die, 25.0% yield >
42.25 matrite functionale / vafa 4.25 matrite functionale / vafa
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Ecuatii Cost/Yield (aproximatii) <

Cost of wafer

Cost of Die = Dies per wafer x Die yield

Dies per wafer =  * * (Wafer diameter / 2)2 n x Wafer diameter

Die area sqrt(2 x Die area)

Defects per unit area x Die area )—0‘
o

Die yield = Wafer yield x (1 +
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* Adaug un nou subsistem pe cip
— Pentru performanta sporita, power management, etc.
e Suprafata cipului creste
— Mai putine matrite pe vafa
— Mai multe vafe cu defecte
* Testarea matritelor e mai costisitoare
— Trebuie testat daca noul sistem functioneaza in orice conditie
e Capsulain care este pusa matrita e mai scumpa
— Mai mare, poate mai multi pini
— Daca consuma mai multa energie -> radiator mai bun etc.

Computer Science
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Teluri in designul unui procesor Constrangerle do putere.

greutate, dimensiune sunt
o ] mai puternice decat la un |
* Maximizarea performantel \_ Desktop/Server

* Tn limitele urmatoarelor constrangeri

— Puterea maxima, medie, disiparea caldurii, fiabilitate, costuri de
productie, complexitatea circuitelor, complexitatea verificarii,
time-to-market, cost to manufacturer (Intel), cost to OEM (Dell),
cost to end-customer (voi)

— Ce inseamna defapt:
* Maximizeaza performanta per SSS
* Problema greu de optimizat, cu mai multe variabile!

— Nu toate variabilele sunt independente
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» Cerinte crescute de calcul
e Procesare multimedia, HDTV

e Conectarein retea

e Pentru monitorizare si depanare de la distanta.
e Server Web embedded

e.g. Axis camera http://neteye.nesl.ucla.edu

e.g. Mercedes car with web server
e Masini Java embedded

e.g. Java ring, smart card, imprimante

e Camere foto/video care se conecteaza direct la retea

* Nevoie crescuta de flexibilitate
e Timpul necesar dezvoltarii unui produs nou scade tot mai mult

Computer Science
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Ubiquitous computing

Pervasive computing, ambient intelligence sau everyware

*Model de interactiune om-masina in care procesarea informatiilor este adanc
integrata in obiectele si activitatile zilnice.

*“The most profound technologies are those that disappear. They weave
themselves into the fabric of everyday life until they are indistinguishable from
it.” (Mark Weiser — The Computer for the 21st Century)

Principii :

*The purpose of a computer is to help you do something else.

*The best computer is a quiet, invisible servant.
*The more you can do by intuition the smarter you are; the computer should extend your

unconscious.
*Technology should create calm.

Computer Science
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Emerging Technology Hype Cycle

. _ Autonomous Vehicles
Advanced Analytics With 7 |—[— Internet of Things

Self-Service Delivery
‘." Speech-to-Speech Translation

@ Machine Learning
s Smart Advisors @ @ Wearables

.

Cryptocurrencies
Micro Data Centers @ Cryp

Digital Dexterity @ \

Software-Defined Security @ @ Consumer 3D Printing

‘ I . Natural-Language Question Answering
DB Neurobusiness @ ‘
2 fol " .
9 Ve Citizen Data Science .
T Hum: i i
g Brain-Cor BIOChIpS .
2 Quant lol Platform
w Connected Home @@
Affective Computing @ l
Smart Robots @ _ .
3D Bioprinting Systems & @ Hybrid Cloud Computing
’ for Oraan Transnlant ) ey _,W,M,v‘
. People-Literate Technology
@ Digital Security
Virtual Personal Assistants
Smart Dust
/7 As of July 2015
Innovation Peak of Trough of Slope of Plateau of
Trigger Inflated Disillusi t Enlightenment Productivi
99 Expectations istfilusionmen 9 ty
, |
. ) Time
Years to mainstream adoption:
@ less than 2 years ® 2to5 years @ 5o 10 years @ more than 10 years ¥ obsolete before plateau

gartner.com/SmarterWithGartner
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Ubiquitous computing AR i,
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Clasificare device-uri:

» Tabs - wearable centimetre sized devices
» Pads - hand-held decimetre-sized devices
» Boards - metre sized interactive display devices

» Dust — dispozitive miniaturizate
» Micro Electro-Mechanical Systems (MEMS)

= Dimensiuni de la nanometri la milimetri
= Smart dust

» Skin

» \Weareable computing
» "Painted” MEMS and circuitry

» Clay — claytronics, programmable matter
» Agregate MEMS

= Formeaza structuri 3D arbitrare

Computer Science
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Exemplu: Smart City
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www.sensei-project.eu

Information
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@ Service

Internet
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Application-Specific Integrated Circuit

Circuit non-standard proiectat
pentru o anumita aplicatie

Clasificate in trei categorii
full-custom
semi-custom
programmable

43
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e Definitie: un cip care contine toate circuitele electronice necesare pentru
un sistem complet.

e SoC au in compozitie memorie(RAM si ROM), microprocesorul, interfete
periferice, interfete 1/0, convertoare si alte componente necesare
sistemului in cauza.

> SoC este in concordanta cu legea lui Moore.

44
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| RF _®_ Analog MAC Interface
receive receive | | | SDIO |

Registers

RF balun
I
Switch

RF QQ Analog
transmit transmit

PLL 1/2 PLL

PMU Crystal Bias circuit

ESP8266 — cheapest WiFi SoC
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Systems

Mai multe exemple T s

Spec Mote (Berkeley)

Solar-power Wireless Sensor (Berkeley)

Computer Science
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SoC + mecanica: Berkeley Smart Dust o T,

| Interrogating
Laser Beam

Laser Lens  Mirroe

Mirroes

Active Transmitter

Passive Transmitter with with Beam Steering
Corner-Cube Retroreflector

# Incoming Laser
Cormunication

Sensors Photodetector and Receiver

Analog IO, DSP, Control
Poweer Capacitor

Solar Cell

Thick-Filrm Battery
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Platform SoC

e Unele portiuni din cip sunt predefinite pentru un anumit domeniu de
aplicatie
e Procesor, blocuri periferice proprietate intelectuala (IP), memorie sau magistrala de un
anumit tip, sistem de operare de timp real etc.

e Particularizarea designului prin adaugarea de module hardware IP sau
software incorporat

e De ce exista?
e Cresterea diferentei de productivitate
e Pretul ridicat de fabricatie al ASIC

“+” Ciclu de design rapid din cauza folosirii unor subsisteme deja existente

“.“ Flexibilitate redusa

Computer Science
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Migrarea de la hardware la software N G—
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Piata pentru software embedded creste cu e ok
16% pe an. R
* 1.6 miliarde S in 2004 . B |
. ip Composi
* 3.5 miliarde S in 2009 P st

e >20 miliarde S in 2025

Introducerea tehnologiilor multimedia care
cer o latime foarte mare de banda (ex. HDTV,
4k, 5G) necesita incorporarea unui volum din
ce in ce mai mare de software in dispozitivele
de larg consum.

Log (number of lines/gates)

1960

_ Hardware

\ | | |
1970 1980 199 2000 2010

Sursa: ChipDesign Magazine
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Embedded Design — HowTo?
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Notare Curs S.I.

Qll

v’ 4p — examen scris

Y 3p ~ laborator Conditii de promovare:

* 2p— activitate 1. Minim 2p Tnh examen

e 1p—test final S|

v’ 1p — activitate la
curs

2. Minim 1.5p in laborator
S

3. Minim 1.5p activitate + teme

S|

4. Minim 6 prezente |la laborator

v’ 2p—teme de casa

51
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Copiatul Temelor / Examenelor

Majoritatea studentilor nu imbratiseaza aceste metode

Pentru toti ceilalti se aplica urmatoarele reguli:
Copiatul unei teme de casa anuleaza punctajul temei
Copiatul lucrarii de laborator = Op la laboratorul respectiv

“Infractiuni” repetate -> anularea punctajului pentru toate
temele / laboratoarele

Copiat la examen -> se repeta materia anul urmator (in cel mai
bun caz)

WTEHN, .
P Computer Science
o 2 & Engineering
SIS Department 52
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Bibliografie

Paper-uri de citit la fiecare curs
Internet (Google & Wikipedia are your best friends)

Michael Barr - Programming Embedded Systems - With C and GNU Development Tools
2e (O'Reilly, 2006)

Jorg Henkel - Designing Embedded Processors - A Low-Power Perspective (Springer,
2007)

Stuart Ball - Embedded Microprocessor Systems - Real World Design 3e (2002)
Embedded Linux Primer - A Practical Real-World Approach (2006)

O'Reilly - Building Embedded Linux Systems
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Cursuri Sisteme Embedded la alte Universitati

Stanford
Embedded Systems Design
http://www.stanford.edu/class/ee281/course.html
U. California
Embedded System Design
http://esd.cs.ucr.edu/index.html

Berkeley
e EE 249: Design of Embedded Systems: Models, Validation, and Synthesis
o http://www-cad.eecs.berkeley.edu/~polis/class/index.html
U.T. Austin
e EE382C-9 Embedded Software Systems
o http://www.ece.utexas.edu/~bevans/courses/ee382c/index.html
Berkeley
e EE290N: Specification and Modeling of Reactive Real-Time Systems
» http://ptolemy.eecs.berkeley.edu/~eal/ee290n/index.html

UcCl
e |CS 212: Introduction to Embedded Computer Systems
o http://www.ics.uci.edu/~rgupta/ics212.html
e |CS 213: Software for Embedded Systems
o http://www.ics.uci.edu/~rgupta/ics213.html
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