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Evowpatwuéva Zvotnpata

AiSdokov: [pnyoplog Aovpevng
ASaktiko YAwko: I'pnyoprog Aovpévng, NikoAaog lNavvakeag, lwdvvng MaockAafavog




O I'pnyopng Aovpévng (EE, emikovpog kaB. - 2011)
o Ynpiakn emeéepyaoia onuatog

® EVOWUATWUEVX CUOTHUATA

O Eumelpia
® Emiot. ovv. Epyact. ThAem. & Siktvwv EMII (1990-onuepa)

o AiSaokaiiac HMMY EMII (407) kat EKIIA (Pvoixo)

® Biounyxavia (CEO, Teyvikog Aievb. - R&D manager,
1996 - 2011)

O Emikowvwvia

® greg@uol.gr (mail, teams), gregdoum (skype)

'NQPIMIA


mailto:greg@uoi.gr
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O Awbaktoptko: OAOKANPWUEVOL TEPUATIKOL TTPOCAPUOCTES
gvpetag {wvne (1994)

o EmifAeyn ~7PhDs, 20 SimAwuatikwv (EMII, 1998 - 2008)

® Technical coordinator (~7 EU projects, > 250MY5s)

OEumelpia
® SoC design (RISC+ DSP)

o Evowuatwuéva cvotnuata (Linux + uC)




Case Studies, Embedded
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Ytoxol Mabnuoatog

1. H efowkeiwon pe v texvoAoyla TV EVOWUATWUEVWV
OUOTNHUATWV KOl TWV EQAPUOYWV XLYUNG TTOU ATIOPPEOVV ATTO
avta (Internet of Things, Robotics kTA.)

2. H evaoyoAnon pe tov pikpoemeéepyaotn MSP430 (LaunchPad
Development Kit). YAomoinomn Bacikwv e@apuoywy Ko
TAPAAAAYEG HUTWV LE XPTION TIPONYUEVWYV EPYAAELWV.

3. Exmovnon epyacioag e€aunvovu (epyacia + project
TPOYPUUUATIOUOV)




Opyavwon Tov MaBnuatog

Eyypa@éec:

®» Teams (TnAeS1dAeln, avakowwoelg, chat)

®» AcUyypovn e-class (ENUELWOELS, AVAKOLVWOELS, Epyaaioc)

4 14
dvoKn TapovolLa:
®» AaAegn (90 Aemttd / efoopdda)

®» Epyaotptlo (90 Aemtd / 2 sBSoudSSQ)

Epyaoia:
®» Epyaotiplo (90 Aemtta / 2 eBSouadeg)

®» Dpovtiotiplo (St {wong N SLadIKTVaKA OTIOTE ATTALTEITAL)




Npec MabBnuatwy

AL aoKaAla Tov padnpaToc:
®» Tetdptn: 12:40-14:10 Epyaotplo E4

®» Tetdptn: 14:40-16:10 (Bewpia) Apg. B
®» Tetaptn: 16:40-17:10 Epyactnplo E4

Opeg ypageiov: Tpitn  12:00-13:00
Tetaptn 11:00-12:00 Epyactiplo ASL




YAn Mabnuatog

EVoOWROXTOREVA GCLOTHATA
®»  Elcaywyn oTa EVOWUATWUEVA CUOTILOTO
®» MoVTEAOTIOINOT EVOWUATWHUEVWV CUOTNUATWY /EpYaAEla
®» TpoTol YAOTIO(N0O1MG EVOWUATWUEVWY CUOTNUATWV
H pvnun oe éva mpoypappati{opevo cOOTUX

Awaxovvdeon kat Eicodog/'E€060¢

AELTOVPYIKA CUOTIHATA TIPAYUATIKOV XPOVOU

[Mapadetypata Driverlib/TI-RTOS

YYXTHMATA MIKPOEIIEZEEPTAXTQN (6° EEa.)
[Mpoamattovpevo?




YAn Mabnuatog

AIAOPQXH MAOGHMATOX

B  ALAEEELG APYLTEKTOVIKIG UTIOA. ZUGTNUATWV

(LE EUPOON OTA EVOWUATWUEVA SIKTUOKA OUCTHUATA)
®» ALAEEELS TIPOYPAUUATIOUOV EVOWUATWUEVWV CUOTIUATWY
®» EiSikd OEpata HIKPOEAEYKTWY Kol aloOnTpwv

(Eu@aon oto TI MSP430/ MSP432)

®» AOKNOELS KoL TTAPASEIYUATA TIPOYPAUUATIOUOV EVOWUATWUEVWY CUCTNUATWVY

®» AvdBeon epyaciag avamtuing e@apuoyns




YAn Epyaotnplov

YAomromoeig 6to Development Kit MSP430
®» YAomouoelg otny mAat@opua Code Composer
Epyaocia

. Tleprypa@n Twv YapaKTNpLOTIK®WV KL TWV EQAPUOYWV EVOG TUTILKOU LLOVTEPVOU
LLKPOEAEYKTN

2. Avadeltn twv 18atepoTTWV TOL TEPLRAAAOVTOG AVATITUENG EVOG EVOWUATWLEVOU
ZUOTNUATOG

3. Ileprypagn Twv SUVATOTTWV EVOS TUTILKOU CUCTHUATOS XVATITUENG EVOWUATWUEV WV
EQAPLOYWV

4. AvATTLEN P0G TIEPLOPLOUEVNC (TIAN)V OAOKAT|PWUEVTIG) EQAPLOYNS, LE XPTIOT) TWV
TEXVIKWV KL TWV ELOIKWV EMECEPYACTIKWYV TTOPWV IOV TIAPEXOVV OL LOVTEPVOL
LLKPOEAEYKTEG YL ATTAOTIONOT) TOU KWSIKA KL TIEPLOPLOUO TN G KATAVAAWOTG




ALad KOO TIKX

ALEVKPLVNGELC
® H epyaoia Oo eKTEAEOTEL ATOULKA 1) OUASIKA avd SU0 ATOUX
®» H epyaocia O vofAnOel péxpt v nu/via Anéne twv StaAéEewv

®» H epyaoia Oa mapovolaoTel TPOo@OPLKE pe cuvodeia emoTTIKOV LVALKOU (slides) kata
NV EEETAOT TOV LAOT|UATOG

® To TPAKTIKO OKEAOG TNG epyaoiog (KWSIKAG KAL XELPLOUOG TOV TIEPLBAAAOVTOG
avAaTTLENG) Oa e€eTaoTOVV KATA TNV €EETAOT TOV EpYAaTN POV

®» O fabudg tov pabnuatog (Bewpla kat epyaotnplo) B TpoKUYPEL ATTO CUVUTIOAOYLOUO
NG TANPOTNTAG KAL TIOLOTN TS TNG EPYATLAG, TNG EMITEVYOEICAS TTPOYPAUUATIOTIKNG
AVon¢ (ko TG eVANPIAG TOV KWOLKM) KAL TNG TIPOQPOPLKNG EEETAON G KATA TNV
SLApKELA TNG TTApovCiooNnG

®» ‘Eugoaon SIOETHL 0TV GUVOALKI TIPOCEYYLOTN KL avATITUEN TOV OEUaTOG Kol olaitepa
OTIC EUTIELPLES TWV OTIOVSACTWV ATIO TO LAON U




BlALX-ZNUELWCELC

O Awxgaveleg SLaAéEewv
O Baowko Zuyypappa:

O «Evowpatwpéva Zvotuata, O abéatos Ymeakos kéopos» (ISBN: 978-960-603-
390-2)

O http://arch.icte.uowm.gr/mdasyg/book/embedded,

O http://arch.icte.uowm.gr/courses/embedded/

O OL1YmoAoylotég we Xvotatika Xtolyeia, Wayne Wolf
O EmiAeyuévo vAiko

O Emideypéva web sites (www.ti.com)



http://arch.icte.uowm.gr/mdasyg/book/embedded
http://arch.icte.uowm.gr/courses/embedded/

EVOWUATOUEVA CVOT|UATA

O aBcatog Yn@Lakog KOGUOG
Aaovyevng, Mnvdg, Zovvtpng, AnunTpLog
ISBN: 978-960-603-390-2

ID Evd6&ov: 320162

ZUYYPOAUUAT

EvowpaTwpéva
2UCTAMATO

O aBfaTog YnPiakog KOGHOG

Mnvdg Aaouyévng
AnpnRTpiog ZouvTpng




Ot YToAoYLloTEC WG TVOTATIKA XTOLXELX

Wayne Wolf
Kwd1ko¢ BiAiov otov Evdofo: 3409

‘ExSoomn: 1n €x6./2008

ISBN: 978-960-6759-18-5

ZUYYPOAUUAT

WAYNE WOLF

"= 01 Ynoloyiarég ug
e LUOTATRG Lrotxela

Apxég Lxediaong

Evoopatopévov
Yrnooyioukv

Zyotnpdrmv

Empédera EAnvixiig "Ex8oong Q

Nix6)aog Zn. Bopog
Angrjrpne Z. Kpbapidng EKAOZEIZ
Kwv/vog I. Maooéhog NEQON TEXNOAOTION



Elcaywyn

O An embedded system is a computer system designed to do one or a
few dedicated and/or specific functions!?! often with real-time
computing constraints. It is embedded as part of a complete device often
including hardware and mechanical parts. By contrast, a general-
purpose computer, such as a personal computer (PC), is designed to be

exible and to meet a wide range of end-user needs. Embedded systems
control many devices in common use today."*!
(http://en.wikipedia.org/wiki/Embedded system)

O Evowpatwyuévog H/Y

rrrevrrr-

O «Xuppopog» H/Y



http://en.wikipedia.org/wiki/Computer_system
http://en.wikipedia.org/wiki/Function_(mathematics)
http://en.wikipedia.org/wiki/Real-time_computing
http://en.wikipedia.org/wiki/Personal_computer
http://en.wikipedia.org/wiki/Embedded_system
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O E@aployEC TWV EVOWUATWUEVWV CUGTUATWY
» TnAemikovwvies (tnAépwva)
* OAEY 01 0IKIAKEG (MAEKTPOVIKES) CUOKEVES

» Avtokivnta (+ Infotainment): A 2003 7-Series BMW and S-class
Mercedes boast about 100 processors apiece. A relatively low-profile
Volvo still has 50 to 60 baby processors on board.
(http://www.eetimes.com/discussion/significant-
bits/4024611/Motoring-with-microprocessors)

» Aepovavtikn (fly by wire)

* Poumotikm




KuvBepvopuoilka Zvotquata

O ZvAdoyn (Kot aAANAETISpAOT)) EVOWUATWUEVWV CUOTNHATWY

Mechanization, Mass production,

; Computer and Cyber Physical
water power, steam assembly line, :
.. automation Systems
power electricity
Cyber World

Physical Assets

Physical World




Trends

O A&ilel va aoxoAnOw pE Ta EVoWUATWUEVA?

Internet of Things Embedded system x86

A A e
Industry Industry CPU Acatem

Beta: Measuring search interest in fopicsis a beta feature which guickly provides accurate measurements of overall search interest. To
measure search interest for a specific guery, select the "search term” option.

Interest over time
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Trends - 11

O A&ilel va aoxoAnOw pE Ta EVoWUATWUEVA?

O Smartphones contain 2 to 4 chips with CPU IP; this segment drives
the most shipments.

O However, the fastest growing segment is embedded, growing at 29%
in 2014. Most of this is MCU’s. In 2014 CPU IP was used in 15.3

billion chips. Two thirds of which were mobile and embedded.
https://www.semiwiki.com/forum/content/5086-processors-rule-day.html

@ The Linley Group k Research, Analyze. Advise

, The Linley Group Research, Analyze, Advise
2014 Embedded Processor Share e -
oy Automotive Processing Requirements Rise

Mawell
Avago LS

* Intel leverages PC ecosystem
* Most cars today contain dozens of processors

* PC-like systems such as ATM, signage
Moctlv 1y 0 woller

* Comms appliances * Mostly microcontro
* Engine control unit (EC

* Freescale leads in comms X
* In-dash electronics have different requirements

* Broadcom, Cavium—multicore leaders « Need higher performance for navigation, user interface
* AMD—riding Intel's coattails
* Avago/LSI—RAID on Chip (RoC)

* Marvell—mostly consumer storage

* Advanced driver assistance systems (ADAS) adds complexity
* Need to analyze camera or sensor data and warn driver of dangerous situations

. ) 5 s the next ( 7) ste
[Source: The Liney Group) Autonomous driving Is the next (final?) step
v Inchusws sl vancivions 37-bt ard G4-bi prasral-purposs procsuen * Combine multiple ADAS with processors to make decisions, cantrol vehicle

* AppliedMicro—PowerPC alternative v Eaciudes CPUS buned ASSPY

+ chadis RAD-an-chip (k)

denices * Automotive processor market is $10 billion annually, could double by 2025




BaolkeC mpodLaypa@EC

®» FUNCTION (dedicated system)
®» Response Time -- Real Time Systems
® Form factor - Area

Portability

®» (Cost

» [ow Power (Battery Life)

(] Fault Tolerance




YUVOTATIKQ

®» AmapaltnTa:
® Microprocessor / DSP
®» Memory (On-chip and Off chip)

= Communication path with the interacting environment

® [[poalpeTiKd:

® Storage (permanent memory)
» User Interface

= Sensors

® Converters (A-D and D-A)

= Actuators




IEPAPXIKH AOMH H/W ->S/W

Multi-threaded applications, Human Machine Interface
System modeling & Simulation

Communication protocols & standards

Real time operating system BSP and Device Drivers
(RTOS)

Board level circuit

A“BL?gnﬁ I"\I"Ci“d e ASIC - IP & SoC / FPGA Buses & Interfaces
I

Figure 1 - Representative architecture layers of an embedded system

http://www.tcs.com/sitecollectiondocuments/white%20papers/
tcs_hitech_whitepaper_Trends-Implications-Embedded-Systems-Development.pdf

https://www.researchgate.net/publication/2947346_Embedded_Processors_Characteristics_and_Trends

1
1

R ¢
1 . .
| Hardwired Unat
1

1 Applcatinn specific Jogic
Timners, Ak WA

Embedded System

N
‘A ctuators

Environment

Figure 4: Essential Parts of an Embedded System



[Hapadsrypata - VIDEO CAMERA

Components of Vision Subsystem

Camera
Pipeline (ISP)

k Re-entrant vision
‘ functions path Custom H/W
}3 Vision Processing

i Low latency zero memory
Multiple R dooe
CMOS Sensors video encode path
Encoded
MCU / DSP GPU Video Encoder ;‘&ﬁt

Image CPU GPU Statistics
streamand  compute compute assisted
statistics path path encode path

Bus with lossless compression / decompression

http://embedded-computing.com/articles/whats-next-for-mobile-heterogeneous-processing-evolves/




Source: Prabal Dutta, University of Michigan
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What 1s driving the
embedded everywhere explosion?




Bell” s Law of Computer Classes:
= New computing class roughly every decade

Number Crunching

= Data Storage

productivity
- Interactive

streaming
Information

log (peaple per computer)

year

“Roughly every decade a new, lower priced compute
forms based on a new programming platform, netwo
and interface resulting in new usage and the establishment

of a new industry. ” Adap[t)edcfrﬁm
. Culler




Moore’ s Law:

IC transistor count doubles

Moore’s Law — The number of transistors on integrated circuit chips (1971-2018)

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.

A _ | =T

Our World

in Data

This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are

linked to Moore's law.
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Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)

The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic.

Licensed under CC-BY-SA by the author Max Roser.
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NAND Flash: Bit Volume vs Capex
== NAND Bit Vol === Flash Capex ($M)

Flash memory scaling:

Rise of density & volumes; Fall (and rise) of prices

50,000 T 16,000
13,600 51,165
1 14,000
50,000 -
+ 12,000
40,000 -
= + 10,000
L
=1
= 30,000 4 + 8,000
P
@ 1 6,000
20,000
+ 4,000
10,000 4
+ 2,000
0 T T T 0
05 06 07 08 09F
100 -
] DRAMIRzSR Average Price of Storage
L o L"‘“] B HOD @ DRAH @ Flash Faperflm
10

Range of Paperdfl m

b
=2 1 =
: : ,
- .’Iuﬂl rrwthen
2 ol
E ';  Prpehen
E E " 1"HOD
= 0.01 £ [l Mekderener HOD
0.001 | pesttop-rioE— b
0.0001 L ! L -
1990 1995 2000 2005 2010
Year
Ed Grochoesh

Millions of Dollars

DN Know our past. Create the future...

1982 L1984 1985 1986 _1987 _1988 1989

TR

1995 1996 % 1997 — 1998

1991 1992 1993 L1994

l’il i,

‘IIIII

A K TR kel ]
n.!| u' u,.!.‘l# ”‘ﬂﬁzh\g{wyii! "

2000

1999 ﬁ Hd m ‘

-%Qﬁui we iy T AN DT TH T

R u_u/ ﬂu@%u\ RN\ 728

2003

% aﬂ.gmg B‘

D R
g § A el “:E%E*‘;
g:gegﬂe’gg"\' i’ a ﬁ‘ L fg \E ; ‘;g@
Figure-1 32Gb MLC NAND Flash contract price trend
MNAND 32Gb 4GxE8 MLC

[ S1l=1g] Loww — &g

EN I

FooBfil 0 FOOGFL FOOESS ZOOE/S

Source: DRAMeXchange, Movw, 2008,

Zooe T

009 e

U zooesii



Hendy s “Law:
Pixels per dollar doubles annually

The Pixels per Dollar§

/ ' .
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Credit: Barry Hendy/Wikipedia




MEMS Accelerometers:
Rapidly falling price and power

n

ADXL345
[Analog Devices, 2009]

~

10 yA @ 10 Hz @ 6 bits

[ST Microelectronics, annc. 2009]



MEMS Gyroscope Chip

~ £ Cloek & Control Log
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Energy har’vestlr ’ L orage:
doesn t me: T rless...

.- x.,_‘%\ -' i ﬁ !g

Clare Solar Cell

RF [Intel]

Shock Energy Harvesting
CEDRAT Technologies

‘ Electrostatic Energy
Piezoelectric HageslCY
[Holst/IMEC]

Oscillating
weight

Oscillating
weight gear

Transmission gear '

Thermoelectric Ambient
Energy Harvester [PNNL]




DI T ~w, Take 2:
Corollary W vsof Scale

f Ny ._"?4§|
|
|8
Quad-Core Intel® Xeon® processor
Quad-Core Intel® Core™2 Extreme processor
Introduced 2006
Intel® Core™2 Quad processors

Introduced 2007
Initial clock speed

2.66 GHz

Number of transistors

582,000,000

Manufacturing technology

65nm
Intel® 4004 processor

Infrodticed397t: @@ =00 092 I GAa s o e R N

Initial clock speed & o B

54
108 KHz =
]

r
"
-
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I bt el Ve VA

i om0
Y e—

Number of transistors NI |
2 30 O _____ SystemBus | .. ||

’ imer Temperature | o4 j i
Manufacturing technology Sensor | -

< o T —
1 Ou eo a ’. P Jpatially gated [ Not gated
e UMich Phoenix Processor

Introduced 2008
Initial clock speed

106 kHz @ 0.5V Vdd

Number of transistors

: o 92,499
Photo credits: Intel, U. Mlchlgan Manufacturing technology
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Design Questions

Learning happens when assumptions
are challenged and invalidated, so...




350000

300000

250000

200000

150000

100000

S0000

0

Mobile phones: the most successful

technology ever

U.S. Cell Phone Subscriber Growth 1990-2015
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What happened elsewhere now happens on

the phone
Preferred Cell Phone Services

e 379
h 1 584
TV Viewing h 11%0
News,/Sports. . || I 28%
_oncierge Services H 23%
S 12%
— g u 2007

Music Downloading
Ar/FM Receiver

Internet Browsing

Audio Streaming
Music Playbadk
Text Messaging

‘Weather Reports

Traffic Reports — 3904

i@ Bridge Ratings Oa 2004 4090 &0%%
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