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Elcaywyn atouc MikpoHmoAoy1GTES
— Evooupoatoueva 2votnuato

" IIpo-amoutovpeva:
v Elcay®yn 6Ta GUGTILLOTO VTOAOYIGTAOV
V' Eloaymyn 6TV apyLTEKTOVIKT VTOAOYIGTMV
v TIpoypoppaticpdg oe C
v @eeMOSELC YVAGEC YNPLOKNS AOYIKNG
v TIpoypoppatictog oe Yoo Assembly
0 ARM Instruction Set

0 Oa Ntav extBuunTn N YVOGCT KATOI0U AAAOD LOVTEPVOL
uikpoenecepyaotn (MIPS)

= [Tépmtn, 10 Mopiesoenn 3




Tt etvan ta Evoouoatougva Zvotnuata ?

" OtoNmoTE YPNOUOTOIEL EMEEEPYAOTT], AALA OEV ElVOL YEVIKOD
OKOTOU EMECEPYOOTNG :
v PDAs
v Set-top boxes
v’ Televisions
v' Video Games
v Refrigerators
v Cars
v’ Planes
v Elevators
v" Remote Controls
v" Alarm Systems

= O ypnotnc «PAEmey Eva “ECumvo” cuoaTNUA (E101KOV GKOTOV).

" O ypnomg csuvn@oog ogv BEleL 1) Ogv EMTPENETAL VOl
TPOTOTOINGEL 1] AvoaduUiceEl TO ECMTEPTKO TNG GLOKEVTG
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[ati elval onpovTikol ol WKPOETECEPYAUCTEC GTA
EVOOUATOUEVO GUGTNLLOTOL

= AOdyot engineering:
v Xperaletar £vog dopvedpoc Windows prompt ?
v' Xpetbleton 1o McDonald's POS (point-of-sale) teppoticé MacOS?

v Omowdnmote Guokevy oL Ypetdletat Eheyyo pmopel vo ypnoipomom et
£VO.C MICTOPTrocessor

= AdOym ¢ ayopdg
v H ayopd vmoloyiotdv yevikod ckomov givan o€ billions of US $
v" The embedded systems market is also in billions of $
v" To étoc 2000, about $2,700 160 awtoxiviitov goes to electronics
= Jlowoaymyuoi Adyot
v' HW vs. SW
= Ot unNYovIKol EVOOUATOUEVOV GUGTNUATOV TPETEL VO YV@PILOVV:
v" Hardware ko Software,
V' Tovdvaopd Oewpiog ELEyyov, SIKTO®V, GNUATOV
v Business models
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T 0o pabovpe

" Hardware

v" 1/0O, memory, busses, devices, control logic, interfacing hardware to
software

= Software
v" C and assembly, device drivers, low-level OS issues, scheduling
v" Concurrency

= AAMnAeniopaon Hardware/Software

v Where is the best place to put functionality - hardware or software?
v What are the costs:
0 Amddoon
0 Amaitmoelg og pvnun (RAM — ROM)
= OloxAnpwon hardware & software courses
v TIpoypopoTioLag, AOYIKY GXediaon, apyITEKTOVIKY
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ITov ce oonyet

2xe0100M ZVoTNUATOV AVTOKIVI|TOV
TnAemkovmvieg

HAextpovikd gupeioc KaTavaAmonc

v' cellular phones, MP3 devices, integrated
cellular/walkman/PDA/kitchen

v Set-top boxes and HDTV
v" Home appliances
v Internet appliances

Defense and weapon systems

Process control
v’ gasoline processing, chemical refinement

Automated manufacturing
v Supervisory Control and Data Acquisition (SCADA)

Space applications
V" Aopupopikéc EmKovmviec
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Evoopoatouivo 2uotnuoto.:
Eicaymyn

" Tietval Eva EVveOUATOUEVO GOGTNUA?
v Tleptocdtepo amd Vo LTOAOYIGTN

" Tixdvel Eva EVOOUATOUEVO GOUCTNUO VO €1Vl
OLOPOPETIKO?
V' Agrtovpyio Tpaylotikod xpovou
v "Bva. pey@Ao GUVOAO TEPLOPIGUAV GTN GYediaon:
0 MéyeBog
0 Kootog
0 Xpovoc
0 A&lomotia
0 Acopdiela og AdOn
0 Evépyewn
0 Security
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Tt etvat Eva EVOOUATOUEVO GOGTNUO

* "Evog emelepynotnc mov PpioKeTon 6€ KATO0 TUNLLO EVOG
ePYOAELOV/ECOTAIGLLOV

v Yuvnoc éyet dedicated software (iomg ko vo pmopei vo mapéppet o

TEMKOC YPNOTNG)
V' Zuyvé pMGLULOTOLEITOL Y10, VO OVTIKOTOGTGEL TPOTYOVLEVOL

NAEKTPOUYOVIKA LEPT
V' Aev mepthoppdvetar Tpoypaticd TANKTpoAdYo

V' Yoyva el mepropiopévo diplay.
= Kdafe cvotnua eival Hovoaotkd — eEopécelc.
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MikpoeneEepyastne: n cvvnonc
ATOYT TOL Y TOAOYIOT)

" Extiudron pe Baon v
v’ Anddoon - tayvTnTo

CPU
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H amoyn evog mpoympnuevov Mnyovikov
Y moAoylotmv

" Extiudron ma pe Baon v
v’ Anddoon — tayvTnTo
v Tuvektiunon kot Tov compiler

Cache [~ Mvnun

CPU
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Me mep1ocOTEPT AETTOUEPELOL

" Extiudron maa pe Baon v
v Anddoomn — tayvtnTa
v Tuvekrtipnon kot tov compiler kot tov AX.

Cache —— Mvwun

CPU > I/O
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H dmoyn evoc 6YE0100GTT] EVOMUOTOUEVOV
CUGTNUATOV

" Extipdron pe Bdon 1o KOGToc, 20voEGELS
I/0, Méyebog uvnung, Amodooon.

—— AD | CPU { pa —
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H dmoyn evoc oyedlaotny EAEYYOV
EVOOUATOUEVOV CUCTNUATOV
" Extwudron pe Baon 1o Kootog, Xpdvog yio tnv

Ayopd, Aettovpyikotnta, ZvvoEcelg I/0, Méyeboc
uvnune, Kootoc, Kostog

Mvnun
HIKPOEAEYKTNG Cafhe
| ' | actuat
(XI,GOT] , > A/D < CPU > D/A . . ors
mpee | T o e . A SO v et e e i
Aworyvootika MMI I/0 Bon Qnrmc’x
epyoreio Gvclrnua,w:
(1o0¢, yO&N)

HAextpounyovikd peépn
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H dmoyn tov meAdn

" Meuwuevo K0oTod,
= Avénuévn Asttovpykotnto

" Avénuévn Amoooon
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[Hopadeiypota Evoouatouévov Xuoetnudtmy

= Pocket remote control RF transmitter
v' 100 KIPS, water/crush-proof, fits in pocket, 5-year battery life
v Software hand-crafted for small size (less than 1 KB)
Industrial equipment controller (e.g., elevator; jet engine)
v' 1-10 MIPS for 1 to 10 CPUs, 1 - 8 MB memory
v’ Safety-critical software; real-time control loops
Military signal processing (e.g., Radar/Sonar)
v 1 GFLOPS, 1 GB/sec I/0, 32 MB memory
v Software hand-crafted for extremely high performance
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O1 EVeOUATOUEVOL VTTOAOYIOTEG
Kuplopyol TNV ayopa

= 80 Million PCs vs. ~3 Billion Embedded
CPUs annually

v'H ayopd Embedded Zvotnudrmv ivol
OVOTTTUGGOUEVT

v'H ayopd PC Seiyvel kopeopévn
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[ 0Tl elval OlapOPETIKA T
EVOOUATOUEVO GUGTNULATO

" TEOGEPELC YEVIKEC KATNYOPLEC EVOOUATOUEVDV
GUGTNUATOV:
v’ Tevik®v YTOAOYIGU®V
0 Egoappoyég mapopoteg pe avtég tov PC, 0Ard oe evompatopév
OLOKELN
0 Video games, set-top boxes, wearable computers, automatic tellers
v’ Yvotiuato EAéyyov
0 'EAeyy0oc¢ cUGTNUATOV TPOYUATIKOD YPOVOL
0 Vehicle engines, chemical processes, nuclear power, flight control
v' EneEepyaocio Iporoc
0 YToAOYIGLO1 GYETIKOL LLE UEYAAEC TOCOTNTES OEOOUEVDV
0 Radar, Sonar, video compression
v Emkowovieg kot Aiktdoon
0 Metaymyn kot UETAd00oT TANPOPOPIaC
0 Telephone system, Internet
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Katnyopiec Aettovpytamv
Evoouoatouevov 206Tnuatonyv

Kavoveg Conrol
v" PID control, Fuzzy Logic, ...
Axolovbrakn Aoy
V' Mnyavéc menepocpévov kotaotdosonv (FSMs),
V" EvaAloyn xatootaceov petald Control Laws
Enelepyacio Xuatog
v' Yvurieon dedopévov multimedia
v Ynoeokd gIATpapiopol
Eeldwcevpéveg otemapéc
v Kovpumd, p®Ta, GuVOYEPLOL, . ..
v Yyning tayotmrog 1I/0
Awayeipton Aabav
V' Aviyvevon xat emavopvdpon
v AlyvooTikd

Mépmn, 10 Mapdid8eenm 19




[o0tntec Evoopatouevov Zuetnudtmy

= Reactive: o1 vmohoyiouol £pYOVIaL MC ATOKPION € EEMTEPIKA YEYOVOTOL
v Tleprodikd yeyovoto (my. TepIoTPEPOLEVO Hydvnua, loops,...)
V" Mn meplodikd yeyovota (my. TETNLLO KOVUTLDY)
= Hpayuorcucoﬁ YPOVOL: N aKPIPELX GTO YPOVICUO GUVETAYETAL EVOL CMGTO
GUOTI LA
V' Amdrota Ipaypoatucod Xpdvoo:
0 AmoAivn mpobeouia mEPA TNE OMOLNC 1 ATOKPIoT Elvat Aypno
0 Mmnopei va mepthapfdvel Opila eAdy1oTov ¥POVOL 1 LEYIGTOL
v Ehaotikd Ipaypotikod Xpdvoo:
0 To va yaBei pia mpobecpio dev ivor KATAGTPOPIKO

0 H amdvtmon tov svotiunatog pbivel o a&lomiotioo 0G0 AMTOUAKPVVOUOOTE Amd TV
npobecpia

v' Topdderypo:
0 a train is entering an urban area...
0 e the railway gate in the city allows automotive traffic to go over the tracks
0 e« when should the railway gate close?
0 In general,
Real Time != “Real Fast”
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Tomikol Teplopiouol oe Eva
EVOOUOTOUEVO GUGTN UL
= Mwkpo péyeboc, ukpo Bapog

v Hhektpovikd yep1od

v MetapepOUEVES EQAPLOYES — YEVIKA TO Bépoc KooTilel o yprpo
= XounAnc KkatovaAmonc
v Toybdc pratopiog, cuvidwc 8 dpeg (laptops ~2)

v EAMam woén umopet va meplopicet Ty katoviAimon %
= AvokoAieg cuvOnkeg mepPariovtog =

v’ Zéotn, dovioelg

V' AvEopeinoelc wyvoc, mapepforéc RF, kepavvoi
v' Nepo, S16Bpwotn, puotKn KoTomdvnon
= Kpiowun Acepdireio

v Tlpénel vo. Asrtovpyel mévto cooTd
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Amoyn Xyediaonc Evoouatouevaov

2VOTNUATOV

" "BEvo oet oo moAvmioka tradeoffs:

v' BeATI0TOTOINGM Y10 TEPIGGOTEPA TPAYLLOTO OO OTAG TOY VT TOL
v Oempnon cav KATL TEPLEGOTEPO 0md £va amAd VITOAOYIOTH
v @edpnon kTt TeplocdTEPO amd Eva. apyLcd TPOTLTO, LAlIKO

TPOIOV.
Multi-Discipline Multi-Objective Multi-Phase
» Electronic Hardware * Dependability « Requirements
v Software » Aftordabality » Design
+ Mechanical Hardware X * Safety X » Manufacturing
» Control Algonithms * Securty * Deplovment
» Humans » Scalability » Logistics
» Society/Institutions * Timeliness « Retirement
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Epapuoyec Kpioiuec amottovv
Robustness

= Loss of Arianne inaugural flight in June, 1996
v" Lost a $400 million scientific payload (the rocket was extra)
" O poonddeleg Yo LELMGT TOL KOGTOVS OONYNGAV GTNV
amoTLY o
v' Emavaypnoyonoincm tov Aoyiopukod and tov Ariane 4
V' AdBoc yepiopdg eEaipeong mov mpokAndnke and Overflow

LETAPANTNC, AOY® TOV OTL £Y1VOV TEPLOPIGUEVEC TPOCOUEIDCELS (COst
— schedule)

v 64-bit float converted to 16-bit int assumed not to overflow
* Tivmpayuatikd covepn?
v’ Y1evi| Gmoyn: Ntav évo software bug

v' Tevikn| dmoyn: o TpoPAnue TpoxAndnke and peiopévn System
Robustness e cuvOnkeg mov dev glyav mpoPrepOet.
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To Aoyiouuko opiCel To avaykaio

4
KOKA®UOL
= To vAo givon Kupimg Evo KOGTOG
“emavVa-VTOAOYIGIUO™
v Eivol avéAoyo e To. KOLULATLOL TT0V

KOTOGKELALOVTOL
= To Aoyioko givon £vo, KOGTOG . USDmEmssss  SOFTWARE
. . COsT -~
“one-time” non-recurring m——
engineering design (NRE) -
v IIinpoveton pio gopd .

0 AopBwcelg tov bug, pmopel va ivarn
OLKplBég M (XSI'JV(XTSQ o / HA!:I:?)\;TRE
v Eivat AVOAOYO g TNV , A s—
TOAVTAOKOTNTA KOL TOV OPIOUO TOV "o s st 1m0 som so00 som 100
AELTOVPYIDOV S ———
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2NUOVTIKOC pOAOC TOv KDKAov ZmMG

" H emAoyn evoc CAD cvotuatoc yio eravacuvieon
TOV KUKAOUOTOC Yo PEATIOTOTTOINGT

v Xpnon énowwv Swdéciuav cuotatikdv sivar BEATIGTO
(pOnva, ce peydiec moGOTNTEC)
= Agv givan epapuoociun pedoooroyia yio pia
eQapLOYN automotive
v Embedded system &ygt kot avoroyikd tunpoto
v Kéo1og enova-eEacpdiong acedretoc, FCC

v BelTioTomoinon KukA®UATOC Y10 AE1Toupyio Kot adpdvela
(TO 0LTOKIVNTO UTOPEL VO UNV YPNGLUOTOLELTAL Y10, £VAL

unva...)
v Ot tipég méptovy pdvo Yo peyéAn mopoywyn components
V' Apyeto 20 ypovav ?
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[KovOTNTEC TOL XYEOIOGTN)
Evoouatouevov 206Tnuotmy

= Extiunomn 1ov ToAAATAD®V-010pOPETIKOV YOUPUKTINPIOTIKOV EVOS GUGTLLOTOC
— wkavotnteg 1o hardware & software
— KOTOVOT|GT| TOV GUGTNUOTOC TEPOL OO TNV YNPLOKN AOYIKT
— IKOVOTNTO OLEKTTEPOUMOTC EVOC EPYOL AT TI TPOOLAYPOPES EMG TNV TOPAYDYT

= Ixavomtec Emkotkoviag ko Opadikng 00vAELAg
— GLVEPYOGia LE AAAN TUNULOTO: KOTOUOKELAGTIKO, marketing

— GLVEPYOGI LE TEAATEC Y10 KOTOVONGT TOV TPAYULATIKOV TPOPATLOTOS TTOV
npémel va Avbel

— OMNUoVPYio KAA®V TaPOLCLAcCE®VY; even better -- write *“trade rag" articles

= Kot t€A0o¢, TeYVIKES YVOGEIG-IKOUVOTNTEG. ..
— Low-level: Microcontrollers, FPGA/ASIC, assembly language, A/D, D/A
— High-level: Object-oriented Design, C/C++, Real Time Operating Systems
— Meta-level: Creative solutions to highly constrained problems
— Likely in the future: Unified Modeling Language, embedded networks
— (Un)certain future: Java, Windows CE
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20Voym

" T etvan Eva evoOUOTOUEVO GOGTNUOL?

v Tlep1ocotepo amd Evay amhd VTOAOYIGTH — &Vl
TANPEC GVGTNO.
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