ITAPAAEIT'MA:
TA EIIIIIEAA YAIKOY - AOT'TXMIKOY
XE ENAN YIIOAOI'TXTH

~ = [T

—

COMPUTER
WINDOWS WINDOWS, MENUS,
BUTTONS, FIELDS
DOS Disc Operating System
BIOS Basic Input Output System

IAQXXA MHXANHX (MACHINE LANGUAGE) | Bytes (Hex) FE, 8A, DE, 23

AYAAIKH ANAITAPAXTAXH bits 100101101000101

HARDWARE (H/W) B » DQ@# -




MIKPOYIIOAOTIXTHE & AOTIZMIKO

Ot MIKPOUTIOAOYLOTEG E(vaL YNPLOKA CLOTAUOTA OV
«TIPOYPOUMUATICOVTAL» O TOV AVOPWTIO PE TNV XPON YAWTOWY
? /W{)aupartouou N €V YEVEL UE TNV XPAON Tou AOYLOULKOU 1§ Software

AMOTEAODY TO EMOUEVO «OTPWHO», TAVW ATE TO KATWTEPO Kl
MPWTOYEVEC «OTPWHO» TNC YNPLAKAC TEXVOAOYIaC.

H ynelakn Aoykr) dnuiovpyel TNy vrodoun ya va avantuxOel o
ULKPODTIOAOYLOTHC KOl TO AOYLOWULKO.

H emotAun tng MANPOQOPLIKAG AVATTUOOETAL MAVW TNV LTTOBoWr)
TIOL SNULOVPYOULVY Ol ULKPODTIOAOYLOTEC KOL TO AOYLOULKO.



MIKPOYIIOAOI'TXTHY & AOI'TXMIKO

AOTIEMIKO
(SOFTWARE -
ITPOIrPAMMA)

CPU M I/0

ATAYAOI AEAOMENQN -

AIEYOYNXZEQN & EAEI'XOY




E®PAPMOI'EX MIKPOYIIOAOTIEZTQN

CPU M /0 )[A' = 3ol T0
O0oelo o /

PLC
R

H‘H INDUSTRIAL

111 T CONTROLLER

COMMUNICATION
UNIT (Router, Switch, Hub)




OpLopol

* EvowpoTtTwuEVO oDoTNUO: KABE CLOKELN TIOL
MEPLAAUBAVEL EVAV TIPOYPAMMATICOMEVO VTTIOAOYLOTH KOl
rov d6ev €lval and pdévn TNC €VOC LTIOAOYLOTAC YEVLKOU
oKOTIOD.

* EKHETAAAEDOVTAL YAPOKTNPELOTIKA TNEC EQAPMOYNC YL
va BEATIWOEL 0 oxedloouodc tTouc:

* Ae xpeLtdlovtal OAQ TA TOPATIOVIOLA TWY LITOAOYLOTWY YEVLKOD
OKOTIOU.



TL eival péoa O€ £€VA EVOWHATWHUEVO OO TN,

KdBe evowpatTwpéVOo cOOTNUA anmoTEAE(TAL AMO MPOCAPUOTHEVO DALKO TIOL KATaoKeLATETaL
YOpWw amd pLa Kevtplkr povdda enegepyaoiac (CPU). Avtd To LALKS TEPLEXEL EMIONC TOLUT MVAUNG
OTO oToia POPTWVETOL TO AOYLOMULKO. To Aoyloptkd ov BplokeTal 0To TOLT HvNUNG ovopdleTal
eMONC «LALKOAOYLOULKO>.

To AELTOLPYLKO cVOTNHA TPEXEL TTIAVW OTIO TO VALKO KOL TO AOYLOMLKO €PAPUOYAC TPEXEL TAVW
ard To AELTOLPYLKO cuoTnUa. H (Bl apXLlTEKTOVIKNA LOXDEL YL OTIOLOVOMOTE LMOAOYLOTH
ouunepLAapBavopévou emtpanellov vrtoAoylotr. Qotdoo, LTIAPYXOUY CNUOVTIKEC BLaPOPEC. Agv
Vol LTIOXPEWTLKO va LTIAPXEL AELTOVPYLKO OUOTNUO O KABE EVOWUATWHEVO c0OTNUA.



Mapadelyuata

* [TPOOWTILKOG YnYLaKOG BonBog - Personal digital
assistant (PDA). -smartphones

* EKTUNMTWTAC.

* Kivntd tTnALpwvo.

* AvToK(vNTO: HNXOVN, PPEVA, Opyava EAEYXOL, KTA.
* TnAebpaon.

* OLKLOKEC OVOKEVLEC.

* MANKTPOAOYLO LTIOAOYLOTH (AVLYVEDEL TA TANKTPA).



XOPAKTNPLOTIKA TWY EVOWHATWHEVWY
OLOTNUATWY

* 20v0ETN AELTOLPYLKOTNTA.

« AeLTOLPYIO O€ TIPAYUATLKO XPOVvoO.
e XauNAS KOOTOC KATAOKELNC.

« XOUNAN KATAVAAWON EVEPYELAC.

« 2XEOLOOUEVA UE OVOTNPEC TIPoBeouiec amd ULKPEC
ouadec.



XauNAS KOOTOC KATAOKELNC -Mn AELTOVLPYLKEC
QTIOLTAOELC

* MOAAQ EVOWUATWHEVO CLOTAMOTA (VoL TIPOLOVTA
Lo CLKAC MapayWYNAC TIOL TIPETEL VO €XOLY XAUNAD
KOTOOKELOOTLIKO KOOTOC.

* MEpLOPLOPEVN MVAUN, MLKPOETIEEEPYAOTLKNA LOYVC, KTA.

* H KaTavdAwon evéEpyelac eival Kplowun o€ CLUOKEVEC TIOL
AELTOLPYOLV HE UTIOTOPLEC.
* YIEPBOALKA KATAVAAWGON EVEPYELOC QVEAVEL TO KOOTOC TOUL

OLOTAMATOC KOO KOL YLO OUOKEVEC TIOL NAEKTPOdOTODVTAL
arnd npila.



2VOTAMATA MIKPOETIEEEPYATTWY VS
EvowuaTtTwuEva ZUOTAMATA

* JV0TAMOTO MIKpoEMEEEPYAOTWVY

* [evikoD OKOTIOU LTIOAOYLOTIKG CLOTHMOTA

* ALVOATOTNTA EKTEAEONC MEYAADTEPOL EVPOUVC EPAPUOYWV
MeyaAOTEPN TIOLKIALQ SLapopewonc dlabEaiuov LALKOD
MeyaADTEPN EVEALELO ETTOVATIPOYPUUUATIOMOD - TOVTOXPOVNG
EKTEAEONC TIPOYPAMMATWY
I'I)?)\)\,éq POPEC OEV EKHETAAAELOPOOTE BEATIOTA TO SLaBETLUO
LDALKO
[TOAAEC POPEC O KWOLKAC OEV elval BEATLOTOC

Xpela(OUOOTE MEPLOCOTEPA KAL TILO APYX KUKAWMHOTA EAEYYOL YL
Vo guveEPyaoTolv Ta dLdgopa components



2VOTAMATA MIKPOETIEEEPYATTWY VS
EvowuaTtTwuEva ZUOTAMATA

* EVOWMATWHEVO ZLOTAMOTO
* EL81KOL OKOTIOL-£QOPOYNC LMTOAOYLOTLKA CLOTHHATA
. A\)O(T[TL')GOO,\)TO(E LE oTtéYOo TNV BEATIOTN andédoon o€ €va
OLYKEKPLUEVA EPYO
* To VALKO TIOL CLVOTIOTEAEL TO EVOWHATWHEVO cLOTNUA Elval
BEATLOTO yLa TO 0TOXO XPrONC TOL CLOTNUATOC

* To )\oytouLKé elval BEATLOTO yLa TO 0TOYO0 XProNG ToUu
OLOTAUATOC

* To o0OTNUA YLO TNV OLYKEKPLUEVN Epyaoia lval TILO YPYOPO-
aTodO0TIKO amd €va aAvTioOTOLXO0 OVOTNUA ULKPOETEEEPYOOTN

* [1LO OLKOVOMLKO



lotopla -EpapuoVEC

* Ta ALTOKIVNTO XPNOLHUOTIOLOOY EAEYKTEC UNXOVAC
BaolougEvoug o€ pkpoeneEepyaoTtéEC and to 1970.

« EAEyxoLVY TN UEN Kavolpov/agpa, TO XPOVIOUO TNC MNXAVAC
KTA.

* MToAAol TomoL Asttovpylac: Céotaua, TagEldL, avappliynon
AOQOUL, KTA.

e MapExeL YAUNAOTEPEC EKTIOUTIEC KOALOAEPLWY HEYAADTEPN
anédoon Twv KALGlUWV.



EvowuaTtTwEVa CLOTAUATO TNV
avToKlvnToBLounyovia

* Eva vpynAoD KOOTOUC ALTOKIVNTO CAUEPA UTIOPEL VO £XEL
LEXPL Kal 100 HLKPOETIEEEPYAOTEC:
* Evac uikpoeneEepyaotnc 4-bit eAéyyxetl tTn Cwvn.
* MIKPOETEEEPYAOTEC EAEYYOULY TLC OLOKEVEC TOL BOAQV.
* MikpoeneEepyaoTeC 16/32-bit eEAEyxoLv TN LNYaAvA.



Automobiles as distributed embedded
systems

MOST

| Vehicle computer | | Speaker‘

~J . T P

-

NETIY
: Window
Additional I 2 21 Heating | heating []
systems < Central Interior
body control light
Heating

Steering wheel
panel

Universal motor |
Il = ®)—{ Universal panel |

MOST |Speaker| I Mirr0r| {Speakerl

CAN Controller Area Network

GPS  Global Positioning System

GSM  Global System for Mobile Communications
LIN  Local Interconnect Network

MOST Media-Oriented Systems Transport




[MopadelypoTd EQAPUOYWV

* ATTAOC EAEYYOC: euPOOOLO TIAVEA €VOC POLPVOU
ULKPOKUUATWY, KTA.
 H Canon EOS 3 €x&L TPELC ULKPOETIEEEPYAOTEC.

* Mia RISC CPU 32-bit ekteAel To autofocus Kal T CLOTAUO T
EAEYXOL TOL HOTLOD.

* AvaAoylkn TV: emAoyn KOVOALWY, KTA.

* Unoplakn TV: npoypapuuatilopevec CPU + hardwired
AOYLKN.



How many do we use?

Average middle-class American home has 40 to 50 embedded processors in

1t Microwave, washer, dryer, dishwasher, TV, VCR, stereo, hair dryer, coffee maker, remote
control, humidifier, heater, toys, etc.

Luxury cars have over 80 embedded processors Brakes, steering, windows, locks,
ignition, dashboard displays, transmission, mirrors, etc.

Personal computers have over 10 embedded processors Graphics accelerator,
mouse, keyboard, hard-drive, CD-ROM, bus interface, network card, etc.



Why a microcontroller ?

A microcontroller is a single silicon chip with memory and all
Input/Output peripherals on it. Hence a microcontroller is also popularly

known as a single chip computer. Normally, a single microcomputer has
the following features :

= Arithmetic and logic unit

= Memory for storing program

= EEPROM for nonvolatile data storage

= RAM for storing variables and special function registers

= Input/output ports

= Timers and counters

= Analog to digital converter

= Circuits for reset, power up, serial programming, debugging
* |nstruction decoder and a timing and control unit

= Serial communication port

So, its no wonder to say that the microcontroller is the most sought after
device for designing an efficient embedded system.



Microcontrollers

Program | A—N Further
Power memory [N peripheral [~ 1
Data [ 4—N Further §
memory [N peripheral | 1+

g 40 yu 1

Digital |14
/O \1—:>
—4 ] Microprocessor | A—N
Reset, — /] core —
Interrupt(s)j Analog |
/O \1—j>
Internal data &
address buses
Clock Counters |~
& timers |1




LOTAMATA MIKPOETEEEPYATTWY VS
VOWMUOTWHEVO 2ZVOTAMATO

Kopue Mvrun

[TAnKTpoAOYLO, TOVTIK,
EKTUTOTNG, BioKOC, GLOKEVES
TOAVUEGOV KAT.

Zovdean oto Awdiktoo pe
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History of embedded computing

o MP3 player
applications

: auto engine
fly-by-wire control portable video

I
cell phones player

smartphones

rate-monotonic
analysis statecharts MW/ SV.V
co-design

techniques

RTOS dataflow
languages UML

ARM | _
CPUs | Whirlwind 4004 68000 pMips Slngl_e-chup
8080 DSP-16 Power PC multiprocessor

>

1950 1960 1970 1980 1990 2000 2010 UML



Cyber-physical and embedded
computing
* Cyber-physical system: a computer-controlled physical

machine.

 Computational control allows a wide range of control
strategies, more complex control.

* Physical plant ties the computation to real-world time
and energy.



Networks and embedded systems

* An increasing number of embedded systems connect to
the Internet.
* Resource management.
* Security.
* Many specialized networks have been developed for
embedded systems:

 Automotive and aerospace.
 Device control.



Classification of Embedded Systems

Based on functionality and performance requirements, embedded
systems are classified as :

e Stand-alone Embedded Systems

 Real-time Embedded Systems

 Networked Information Appliances

 Mobile Devices



Stand-alone Embedded Systems

As the name implies, stand-alone systems work in stand-alone mode.
They take inputs, process them and produce the desired output.

The input can be electrical signals from transducers or commands from a
human being such as the pressing of a button. The output can be
electrical signals to drive another system, an LED display or LCD display
for displaying of information to the users.

Embedded systems used iIn process control, automobiles, consumer
electronic items etc. fall into this category.



Real-time Systems

Embedded systems in which some specific work has to be done in a specific
time period are called real-time systems. For example, consider a system
that has to open a valve within 30 milliseconds when the humidity crosses a
particular threshold. If the valve is not opened within 30 milliseconds, a
catastrophe may occur. Such systems with strict deadlines

are called hard real-time systems.

In some embedded systems, deadlines are imposed, but not adhering to
them once in a while may not lead to a catastrophe. For example, consider
a DVD player. Suppose, you give a command to the DVD player from a
remote control, and there is a delay of a few milliseconds in executing that
command. But, this delay won’t lead to a serious implication. Such systems
are called soft real-time systems .



Networked Information Appliances

Embedded systems that are provided with network interfaces and
accessed by networks such as Local Area Network or the Internet are
called networked information appliances. Such embedded systems are
connected to a network, typically a network running TCP/IP
(Transmission Control Protocol/Internet Protocol) protocol suite, such as
the Internet or a company’s Intranet.




Mobile Devices

Mobile devices such as mobile phones, Personal Digital Assistants (PDAs),
smart phones etc. are a special category of embedded systems. Though
the PDAs do many general purpose tasks, they need to be designed just
like the ‘conventional’ embedded systems.

The limitations of the mobile devices - memory constraints, small size, lack
of good user interfaces such as full fledged keyboard and display etc. are
same as those found in the embedded systems discussed above. Hence,
mobile devices are considered as embedded systems.



Languages for Programming Embedded Systems

Assembly language was the pioneer for programming embedded systems till recently.
Nowadays there are many more languages to program these systems. Some of the
languages are C, C++, Ada, Forth, and Java together with its new enhancement J2ME.
The presence of tools to model the software is sufficient to indicate the maturity of
embedded software programming

The majority of software for embedded systems is still done in C language. Recent
survey indicates that approximately 45% of the embedded software is still being
done in C language.

C++ is also increasing its presence in embedded systems. As C++ is based on C
language, thus providing programmer the object oriented methodologies to reap the
benefits of such an approach.

C is very close to assembly programming and it allows very easy access to
underlying hardware. A huge number of high quality compilers and debugging tools
are available for the C language.



MIA ATA®OPETIKH AITIOYH ME BAXH TO
INPOI'PAMMATIXTIKO ITEPIBAAAON

L S/W

VISUAL TAQ2XEY ITPOI'PAMMATIZEMOY
VISUAL C, VISUAL BASIC

YWHAEX TAQZYEY [TPOTPAMMATIEMOY
C, C++, JAVA, BASIC, PASCAL

ASSEMBLY

I'AQYX>A MHXANHX (MACHINE LANGUAGE)

AYAAIKH ANAITAPAXTAXH

HARDWARE (H/W)

o8
= B
COMPUTER

WINDOWS, MENUS,
BUTTONS, FIELDS

if, then, while, when, include

Bytes (Hex) FE, 8A, DE, 23

bits 100101101000101
B P®» P

L@&®
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