AIAXYTA KAl EN2ZOMATOMENA 2Y2 THMATA

Eicaywyn 0Toug HIKPOETTECEPYAOTES

AIDAOKWV:
MavayiwTtng Kapkalc



D
[lepiypapppa

- EvowpaTtwpéva ouoTtryaTa

- ApXITEKTOVIKI) MIKPOETTECEPYAOTWV

Non Newman
Harvard
RISC vs

- Assembly

- MikpoeTtre€epyaoTEC VS MIKPOEAEYKTEC



EvowpatwuEva cuoTnuaTa |

- YTTOAOYIOTIKG CUCTAMATA TTAVTOU
- OI TTEPICOOTEPOI AVAPEPOVTAI OE UTTOAOYIOTEC:
- [1pOOWTTIKOUG UTTOAOYIOTEG
- ®opnTOoUC UTTOAOYIOTEC
- YTTEP-UTTOAOYIOTEG
- ECuttnpeTnTEC

EVOWHATWHEVO UTTOAOYIOTIKO oUCTNMO opileTal OTTOIAONTTOTE
OUOKEUN N otroia TrepIAapBAvel Eévav TTPOoypPapMATI{OMEVO
UTTOAOYIOTI), O OTT0iog D&V gival UTTOAOYIOTAG YEVIKOU OKOTTOU



Evowpatwueva cuotnuaTa

- YTTOAOYIOTIKA OUCTAMATA EVOWMOATWHEVA PUE NAEKTPOVIKEG
OUOKEUEC

- AIOEKATOUMUPIA JOVADEC TTAPAYOVTAI ETNCIWG, EVAVTI TWV
EKATOMMUPIWY HOVADWYV ETTITPATTECIWY UTTOAOYIOTWV

[MapadeiyuaTa:
- Kivnta TnA£Qwva
- EKTUTTWTEC

- Autokivnta (~100 cpus, e.g. 16/32bit: Engine, ABS, ESP, 4-bits:
seat belts)

- AgpottAdva (Navionics, flight control, communications etc)
- Biounxavikoi autouaTtiopoi
- OIKIOKEC OUOKEUEC (~50 OUOKEUEC avA OTTITI)



EVoOwPaTWUEVO YTTOAOYIOTIKO oUCTNUO




XAPOKTNPIOTIKA TwV E2.

- BeATioTotroinon TG oxediaong pe BAon Ta XapakTNPIOTIKA TG EPAPHOYAS
- EkTeAoUV €va TTpoypappa (ETTaVAANTITIKA)

- [leplopiopévwv duvaToTATWV
(XapnAG KOOTOC, MIKPN ETTECEPYAOTIKNA 1I0XU, XOUNAN KATAVAAWON 1I0XU0C, UIKPEC
OIaTACEIC KQ)

- 2UveXN AsiToupyia - agloTmoTia

- AgIToupyia o€ TTPAYPATIKO XPOVO
- EAaxioTotroinon Tou time-on-market

- Ao@aAcia (ouvETTeleg atTd TNV duoAsiToupyia Twv EZ o€ Eva agpoTTAGvo)



Movada eTrecepyaaiag

Eival N ouvekTIK) yovada TTou CUuoTAPATOS TToU XEIpideTal OAQ Ta
TTEPIPEPIKA UTTOOUCTAMATA.

H emAoy) Tou e€TTeCepyacTry €ival TTOAU KpioIiun Kol KaBwg
eTNPEeadel aueoa:

- To KOOTOC

- AuvatoTtnTa UAOTTOINONG OIA@OPWYV EQPAPHOYWV

- Tnv atmrédoon

- TNV KatavaAwaon eveépyelag



MIKPOETTECEPYAOTEC

- MIKPOEAEYKTEC
- repIAapBavouy /O interfaces
© EVOWMATWHEVN MVAUN

- ETrecepyaoTtéc wnolakou onuatog (DSP):
- E10Ikr} oxediaon yia TNV yn@Ilokn ETTECEPYATIA OI)UATOC

. MéyeBoc «A&Enc»: 8-bit, 16-hit, 32-hit

- OI MIKPOETTECEPYAOTEC €ival TTOAU ATTOOOTIKOI KOl KAVOUV
EUKOAOTEPN TNV oOXediaon TTAPEPPEPWY  TTPOIOVTWYV
(FPGA)



MIKPOEAEYKTNC

O1 tmAgiovoTNTa TWV KOPPBWYV BaoileTal o€ UAOTTOINOEIC MIKPOEAEYKTWV
OIOTI TIPOCTPEPOUV:

» 2upmayn Kkaraokeun (I1C) e —————
o Mle(’) ”évgeog Packaging 28 Pin POIP 28 pin POIP

- XapnAn karavaAwon

- XapNnAG KO6OTOC

Register 8 Bit 16 Bit
V4 . 4 Program Memory 16 KByte 16 KByte
To IC evog microcontroller TrepIAauBAver: |gseded o
] Price usD 2.70 UsD 2.41
Development Tools Microchip MPLAB and Microchip Microchip MPLAB and Microchip

€18 or Microchip HI-TECH C for €30, Microchip HI-TECH C for

+ CPU core (4 — 64bit processor) g
. RAM for data storage — T T ) —
EPROM, EEROM, Flash Memory for program code

I/O interfaces

Communication interfaces (UART, I°C, SPI etc)
Clock generator Assemb Iy

A/D converters ANSI C

wv
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EtrecepyaoTtnc wnolakou onuartoc (DSP)

DSP cival €évag €CEIDIKEUPEVOG MIKPOETTECEPYAOTAG TIOU EXEI
oxedlaoTel yiIa va TNV ETMeCEpyacnia  OIAKPITWY  ONUATWY,
EKTEAWVTAG OUVOETEC MPABNUATIKEC AEITOUPYIEC OE ECAIPETIKA
uynAn armrédoon.

H emreCepyaoia yn@lakou OrUaTog, o€ avtiBeon PE TO avaAoyiko,
OeV aTTaITEl TTOAUTTAOKQO £€QPTAMATA UAIKOU.

H xprnon DSP ptropei va dwaoel AUCEIC KOPPBOoUG, OTToU aTtTaITeiTal
ETTECEPYATIA ONUATOC NXOU Kal €IKOVAG N o€ TTEPIBAAAOvVTa TTOU
TTapoucialouv nAekTpouayvnTikO B0pufo kal TTapeUBOAEG.



OAOKANPWHEVA KUKAWUATA EIOIKWYV EQOPUOYWV
Application-Specific Integrated Circuit (ASIC)

ASIC civai  €va  oAokAnpwpévo  KUKAwpa  (IC)  T1TOU
KAaTaoKeuaAdeTal Pe PAon TIC ATTATACEIC MIAC OUYKEKPIMEVNC
epappoyns. Me €upaon Tnv PeATIOTOTTOINON TNG ATTOdOC0NG KAl
TNG dlaxeiplong evEPYEIQC

MelovekTruara:

- AuokoAia otov oxedlaouo

- Agv gTavartrpoypapuaridovral
- YWnAO KOOTOG avATITUENG

O poho¢ Twv ASIC oT1ic epappoyéc WSN dev  gival va
QVTIKOTAOTAOOUV TOUG MIKPOEAEYKTEC 1 DSP, aAAd og €IDIKEC
TTEPITITWOEIC VA TOUG OCUMTIANPWOOUV.



Aiaracn TTPoYPAUMATICOMEVWY TTUAWY TTEDIOU
Field Programmable Gate Array (FPGA)

Ta FPGA xpnoidoTtroiouvTal yid VO UAOTTOINOOUV E€PAPUOYEG
€I0IKOU OKOTTOU, OAAG Trapéxouv Kal TNV  OuvaTtoTNTa TOU
ETTAVATIPOYPOANUATIONOU.

1/O board Radio boards Mother board .
Configurable

Logic
Blocks

110
Blocks

Block
RAMs

A SEAEANOOE SN0 0

- MeyaAutepo bandwidth amré DSP

- E@apuoyEc TapdAAnAou TTpoypaupaTIouOoU

- Agv TTApEXOUV EVOoWUATWHEVA TTEPIPEPIKA (A/D)

- ATTaIToUV yvwaon YAwooag TTPOYPAUMATIOHNOU UAIKOU
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[1pOoKANOE€IC OTO OXEQIQONO E2

- [1600 UAIKO XpelalOuaOTE;
- ETre€epyaaTikn 10xU (cpu)
- Mvun (RAM/ROM)

- [Mw¢ IKavoTTolouuE TIC TTPoBeoiec oTa EZ TTpaypaTtikou
XPOVOU,;
- TaxuTtepo UAIKO ) EEUTTVOTEPO AOYIOMIKO;

- [Tw¢ eAaXIOTOTTOIOUME TNV KATAVAAWGON 10XUOC;
- Karapynon tng mmepITTAS AOYIKAG
- Meiwon Twv TTPpooBACEWY OTN YVAUN

- ‘EAgyxo¢ KaAng Asitoupyiag

- ETnIAOyr TTAQT@OPUAG AVATITUENG



2TOXOI OXEO0IQOUOU

- ATT0000N
- 2UVOAIKNA TaxUTNTa, TTPOBECHIEC

- A\EITOUPYIKOTNTA KAl OlaouvOECN PE TO XPNOTN

- KOTaoKeEUAOTIKO KOOTOG
- KatavaAwaon 1oxuog

- ANeC aTTAITAOEIC (PUOIKO MEYEDOC, K.ATT.)



2. XEOIOOTIKEC TTIPOCEVYIOEIC

OTTOLTNOELS
TPOJLAY POUPES

OPYLTEKTOVIKT

oyedilooT TOV
EMUEPOVG GTOLYEIMV

olokAnpwon tov EX




ATTAITNOEIC

- ATTAN TTEPIYPOAPN TWV ATTAITACEWY TOU TTEAATN

- \EITOUPYIKEC

- Mepiypagn €COdWV oav ouvapTnaon Twv £I000wWV

- Mn AgIToupyIKES
- XPOVOC €TTECEPYOATINC
- QUOIKEG DIOOTACEIG
- TTEPIBAAAOV AcIToupyiag
- a¢loTTIOTIO
- KatavaAwaon 1o0xXU0¢
- EKTTOMTTEC BEPUOTNTAC K.QL.



APXITEKTOVIK MIKPOETTECEPYAOTWV

- ApxiTekTovikn von Neumann
- Apxitektovikn Harvard

- RISC vs. CISC

- Assembly



ApxiTekTovikn von Neumann |

- 2TNV id1a pvAun ammobnkeuovTal OEDOUEVA KAl EVTOAEG

- H CPU avakaAgi TIC EVTOAEC ATTO TNV PVAUN KAl TIC EKTEAEI

- CPU CexwpIoTh aT1ro TNV MvAuNn

- Kataxwpnoec CPU:
- Program counter (PC)

Baoikd XapakTnpIoTIKO TNG APXITEKTOVIKAG
Karadeikvuel Tnv B€on yvApnG oTnv otroia BPIioKETal N ETTOMEVN EVTOAN

- Instruction register (IR)
- General purpose registers



Apxitektovikn von Neumann ||

address

P

memory . data : i—.

ADD r5,r1,r3




ApPXITEKTOVIKN Harvard

O1 evioAéc kal T1a OedopEva dlatnpouvTal OIAPOPETIKEC
MVNHES

address

data memory data

address

program memory

data




von Neumann vs. Harvard

- 2TNV apXITEKTOVIKN Harvard eivar OUOKOAn n ouvtagn
«OUTOTPOTTOTTOIOUMEVWV» TTPOYPAUMATWYV

- H apyitektoviky Harvard utrootnpiel TNV TOUTOXPOVN
TTPOCTTEAQCN TWV UVNHWYV

- O1 TreploocoTepol DSP 1Tou diaxeipidovral PoEC DEDOUEVWV
uAoTTolouv Harvard
- MeyaAuTepo eUpog {wvng MvMNG
- EukoAGTepa TTPOBAEWIHO eUpOC (WVNG



RISC vs CISC

- Reduced Instruction Set Computer
- 'Eygaon oT1o AoyIouIKO
- Load/Store
- Pipeline instructions
- Apxika ol RISK Atav 110 yprjyopol

- Complex Instruction Set Computer

- [TpwIKPN APXITEKTOVIKN
- 'Epgaon oto UAIOJIKO
- [oAAoi TpoTTOI d1EUBUVO100OTNONG

- TTOAAEG AsiToUpyieg




XAPAKTNPIOTIKA EVTOAWY

- MnKog evTOANg
- 2TaBEPO
- MeTaBANTO

- TpdTTOG dIEUBUVOI000TNONG
- ApIBUOG TEAEOTWV

- TUTTOI TEAEOTWV
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Assembly

- O1 evTOAEG ekTEAOUVTAI DIODOXIKA

- XApOKTNPIOTIKA:
- Mia evToAr ava ypauun TTpoypanuaTOg
- O1 eTikéTEC (labels) TTapéxouv Ta ovouata yia TI dIEUBUVOEIC
- O1 evToA£G (instructions) akoAouBoUV TIC ETIKETEC

labell ADR r4,c
LDR r0, [rd4d] ; a comment
ADR r4,d
LDR rl, [r4d]
SUB r0,r0,rl1l ; comment



MiKpOEAEKTEC/MIKPOETTECEQYAOTEC

- Central Processing Unit
- 1/O: DIETTAPEC EI000WV/ECOOWV

- Buses:
- Address bus
- Data bus

- Memory:
- RAM,ROM,EEPROM

- Timers, Counters

- Interruptus (sw/hw)

- Communication Ports (Serial, Parallel)
- ADC and DAC
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MIKPOETTECEQYAOTEC YEVIKNG XPNONG

AI0@OPETIKA OAOKANPWHEVA KUKAWMATO

Serial
G | /o
Pfrgife RAM ROM port Timer COM

Microprocessor port

(CPU)

Address bus

Motherboard



MIKPOEAEKTEC

- A single-chip computer
- E.g.: Motorola 6811, Intel 8051, Zilog Z8 and PIC 16X

=

CPU | RAM | ROM

| 1o Serial
Timer | COM
port Dot
b

(Single chip)



Microprocessor vs Microcontroller

Microprocessor Microcontroller
CPU is stand-alone, RAM, ROM, I/0, - CPU, RAM, ROM, I/O and timer are all
timer are separate on a single chip
designer can decide on the amount «  fixed amount of on-chip ROM, RAM, I/O
of ROM, RAM and I/O ports. ports
expensive - for applications in which cost, power and
versatility space are critical
general-purpose * single-purpose (control-oriented)
High processing power * Low processing power
High power consumption *  Low power consumption
Instruction sets focus on processing- °  Bit-level operations
intensive operations * Instruction sets focus on control and bit-
Typically 32/64 — bit level operations
Typically deep pipeline (5-20 stages) * Typically 8/16 bit

+  Typically single-cycle/two-stage pipeline
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ANUOPIAEIC MIKPOEAEYKTEC

- Intel 8051
- Microchip Technologies PIC

- Atmel AVR
- Texas Instruments MSP430

ATX Mega ATmega 328P

PIC 18F877A 8051
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Intel 8051 (1981)

- 40 pin 8 bit microcontroller
- 128 bytes of RAM and 4KB of built in ROM (64 KB external memory)

- A crystalline oscillator is embedded on this microcontroller which
comes with a frequency of 12 MHz.

- Two 16 bit timers are integrated can be used as a timer as well as a
counter.

- 5 interrupts
- External interrupt 0,1
- Timer interrupt 0,1
- Serial port interrupt.

- It also consists of four 8 bits programmable ports
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Microchip PIC

- Harvard architecture

- It consists of ROM, CPU, serial communication, timers and counters,
oscillators, interrupts, 1/O ports and set of registers

- Low power consumption

- Micro-chip Technology is very concerned with the needs and
requirements of the customers

- Low specification computer is enough to run the software that is
capable of programming the PIC microcontroller circuit

- Serial port or USB port is used to connect he computer with the
microcontroller
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AVR (Advances Virtual RISC)

- Harvard Architecture

- AT90S51200 was the first AVR microcontroller that was
commercially available in 1997

- The flash, EEPROM and SRAM all are integrated on a
single chip, which removes the possibility of joining any
external memory with the controller

- This controller has a watchdog timer and many power
saving sleep modes that make this controller reliable and
user-friendly



Millions of Instructions Per Second

clock frequency 1
X

MIPS =
CPI 106
[Mapdadeiyua:

. i Operation Frequency | CPI

Freq' S0MHz ALU Operations 43% 1

- Cycles Per Instruction: 1.57 Loads 21% 2

i Stores 12% 2

- Power consumption: 600mwW branches 94%, 9

MIPS= (600MHz/157)/10"6=31.85
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EpwTnon

[Tole¢  €ival ol  KUPIEC  OIOQPOPEC  METAEU  €VOGC
UIKPQOETTECEPYAOTN KAl EVOC UIKPOEAEYKTH) OO0V apopa TNV
- APXITEKTOVIKI)

- Epappoyeg
- 2UVOAO 00nyIwv
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KaAo diaBaocua



