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Gomulu sistem

Makine gliclinun gerceklestirdigi timu isleri bilgisayar denetiminde (Donanimsal ve
vazilimsal) kontrol eden sisteme otomasyon denir.

Sistemlerin ve makinelerin davranislarini izlemek ve yonetmek amaciyla, fiziksel
dinyadaki degisimlerin tespit edilerek, algilanarak ve dlcllerek gercek zamanli hesaplama
ve mantiksal islevleri gerceklestirecek olan otomasyon islevine ait tum verilerin Uzerinde
toplandigl 6zel tasarlanmis, mikroislemci tabanli bir donanim ve yazilim birimine de
gomulu sistem denir.

Bilgisayar sistemlerini olusturan temel elemanlar: Mikroislemci, bellek (Ram, Rom), I/O;
sistem bus (Veri haberlesmesi: Adres, Data, Control), clock ve timing(Es gadimlu veri
transferi ve isleme). Bu temel elemanlar normal bir bilgisayar sisteminde ayrik bulunur.
Gomuli sistemlerde ise bu temel elemanlar tek bir chip tizerinde bulunur. isletim ve
uygulama yazilimlari da icinde gomauluddar.

GOmaulu bir sistemin karmasikligi, tasarlandigi goreve bagl olarak 6nemli dlctide degisir.
Uretilen tiim mikroislemcilerin yiizde 98 kadari gdmiuli sistemlerde kullanilmaktadir.
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History of Embedded Operating Systems

Ilk modern, gercek zamanli gdmlu bilgi islem sistemi, 1960'larda Apollo Programi icin
Massachusetts Teknoloji Enstitlisi'nden Dr. Charles Stark Draper tarafindan gelistirilen Apollo
Rehberlik Bilgisayari idi. Apollo Kilavuz Bilgisayari, verileri otomatik olarak toplamak ve Apollo
Komuta Modulu ve Ay Modulu icin gorev acisindan kritik hesaplamalar saglamak Gzere
tasarlanmistir.

1971'de Intel, piyasada bulunan ilk mikroislemci birimi olan Intel 4004'G piyasaya surdu - destek
mantik devreleri ve harici bellek gerektiren ilklerden bir mikroislemcidir; 1978'de Ulusal Muhendislik
Imalatcilari Dernegi, programlanabilir mikro denetleyiciler icin bir standart yayinladi ve gomili
sistem tasarimini gelistirdi; ve 1980'lerin basinda, bellek, giris ve cikis sistemi bilesenleri islemciyle
ayni yongaya entegre edilerek bir mikro denetleyici olusturuldu.

Mikrodenetleyici tabanli gdmulu sistem, kredi karti okuyucularindan cep telefonlarina, trafik
Istklarindan termostatlara kadar tiuketicilerin glinlik yasamlarinin her yénine dahil edilmeye devam
edecek.

Mikrodenetleyiciler gomulu sistemlere donustu.



Future Trends in Embedded Systems

Sanayi — Otomasyon — Robot — Yapay Zeka

Yapay Zeka (Al), Sanal Gerceklik (VR), Interaktif etkilesim ve Artirilmis Gerceklik (AR), makine
ogrenimi, derin 6grenme ve Nesnelerin interneti'nin (IoT: Birbirleri ile iletisim ve etkilesim halinde
ortak zeka gelistiren otonom gezgin makineler) stirekli gelisimi ile gomull sistemler endistrisinin
hizla buyimeye devam etmesi bekleniyor. Bilissel gomuli sistem tim trendlerin merkezinde olacak:
azaltilmis enerji tiketimi, gomulu cihazlar icin gelistirilmis glivenlik, bulut baglantisi ve ag olusturma,
derin 6grenme uygulamalari ve gercek zamanli verilerle gorsellestirme araclari.

Otonom algoritmalar: Veri yiginindan kendine kendine 6grenerek insandan bagimsiz davranis
gelistiren algoritmalar ve matematiksel modeller.

GOomulu sistemler enddustrisi icin ktresel pazar 2020'de 70 milyar dolar olarak degerlendirildi ve
2025'in sonunda 110 milyar dolara yukselmesi bekleniyor.

Artificial Intelligence (Al),

Sanal Gerceklik (Virtual Reality - VR),

Artirtilmis, Bitlnlestirilmis Gerceklik (Augmented Reality - AR),
Makine Ogrenmesi (Machine learning ),

Derin Ogrenme (Deep learning),

Nesnelerin interneti (Internet of Things - 1oT).



Gomulu Sistem Disiplinleri

Bilgisayar Organizasyonu
Yazilim: Python, C++, Assemble, Matlab, Java Script

Elektronik ile ilgili, acik kaynakli bir mikrodenetleyici ve gomuli uygulama platformlari.
G/C (1/0) karti ve Processing/Wiring dilinin bir uygulamasini iceren gelistirme
ortamindan olusan bir fiziksel programlama platformu.

Sayisal tasarim
Elektronik devre elemanlari ve élcimler

Elektronik pasif devre elemanlari: Direncg, Kapiste, Endiktans

Elektronik aktif devre elemanlari: Transistor, Diyot, Op-Amp



Gomulu Mikroislemciler ve Mikrodenetleyiciler

e CPUislevleri

* CPU Mimarisi ve Organizasyonu
* Yapisal CPU tasarimi

* GOmullu Sistem Tasarimi

* Arayuz ve bitlnlestirme

* Sdrucu kartlar ya da sistemler



A Typical Embedded System

An Embedded Designer's View...
CPU: Performance, Compilers, Operating Systems, Cost.

And a customer’s view...:
Reduced Cost

Memory Size, |/O connections, peripherals, Cost.

: : : Increased Functionality
Functionality, Timetomarket, Cost & Cost.

Improved Performance
Memory Increased Dependability
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Gomulu Sistem Ekipmanlari

* Algilayicilar ve Olcerler

* AktUatoérler

e Dijital, Analog Giris- Cikis Birimleri
 Motor Sirlculer

e Saft kodlayicilari

* Fiziksel arayuz standartlari ve sistemleri
e Standart Protokolleri



Gomulu Sistemler icin Programlama

e Assembly
e C++
e Matlab

 Gercek Zamanli Sistemler

* Tek bir kod setinin birden fazla islemci tarafindan farkli yarutme
asamalarinda kullanilabildigi coklu is parcaciklari

* Veri Yapilari
* Programlama Teknikleri
e Cihaz Suruci Yazilimlar



Gomulu Sistem Bilesenleri

GOmula Sistem

Board Tasarimi
Aktlatorler
Algilayicilar

Kontrol Sistemleri
Haberlesme Sistemleri
Isaret Isleme

GOmulu sistemler uygulama yazilimlari



Sensing and actuation devices in embedded
applications

computer

wireless
temperature connection
sensor

LCD display R
RFID [——
reader / \

microphone A

E E m:ed:ed
‘\_> = = ‘—- 5 — system

N Embedded system il

tachometer for

processing and control speaker

sonar o Iﬁ j

- electric motor
switch

position sensor

Gomulu sistem, veri isler, kontrol eder ve
yonetir.






Bir bilgisayarin temel bilesenleri

CPU
Memory
/O

Haberlesme Yollari (System
Bus)

CPU

Memory

1/0

Farkli yongalar (chip) aym
board Uzerinde biitiinlesmistir.




Gomulu Mikrodenetleyiciler

Memory
ROM RAM

CPU

/0

Subsystems:
/ Timers, Counters, Analog
Interfaces, 1/O interfaces

A single chip




Operating System
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Cross Development Tools

* Preprocessor * Archiver
 Compiler * Simulator
* Assembler  Emulator
* Linker

* Libraries

* Loader

* Debugger



Predictable Computer Architecture

What we need:
— Timing Predictability
— Isolation
GOrecegimiz sey: bilgisayar mimarisi tasariminizin bu tur gereksinimleri karsilamak
icin nasil degismesi gerektigi.
Bu, mimarinin tium ana bilesenlerini icerir:

— Pipeline (Parelel ardisil islevler; CPU’nun ana komutsal islevleri: fetch, execute, ALU, I/O ve
other elements of the core, birden fazla komutlarin ana islevleri parcalarak ayni anda farkl
parcalari calistiriliyor.)

— On Bellekler (Caches)

— Ara Baglantilar (Interconnects)
— Memory controllers

— 1/0 Cevre Birimleri (Peripherals)



Classification

Embedded Systems
|

| |

Functionality Performance
E%%g%gfdggyﬁ%ms?ﬁemler (Stand-alone « Small scaled embedded system
Gercek zamanli gomiili sistemler: Donanimsal * Medium scaled embedded
gercek zamanli sistemler ve Yazilimsal gercek system
zamanli sistem
Aga bagli gomiilii sistemler (Networked * Large scaled embedded system.

embedded systems)

Gezgin GOomulu sistemler (Mobile Embedded
systems).



SINIFLANDIRMA

Stand-alone Embedded systems: Kendi kendine calisir. Bilgisayar gibi herhangi bir ana sistem gerektirmeyen
bagimsiz bir cihazdir - Ornegin: Sicaklik élciim sistemleri, MP3 calarlar, dijital kameralar ve mikrodalga firinlar.

Real-time embedded systems: Belirli bir zamanda (Zaman siniri) gerekli ¢iktiyi verir.

Soft Real-Time system: Zaman kisitlamalarinin ihlali yalnizca kalitenin dismesine neden olur, ancak sistem
calismaya devam edebilir. EX: Camasir makinesi, TV kumandasi

Hard Real-Time system: Zaman kisitlamalarinin ihlali, kritik arizaya ve can veya mal kaybina veya felakete
neden olacaktir. Or: Fuze kontrol gomulu sistemde son tarih, Gaz sizintisi sirasinda gecikmeli alarm, araba
hava yastigi kontrol sistemi

Networked embedded systems: Kaynaklara erismek icin ag arayuzlerine sahip bir ag ile ilgilidir. Bagh ag bir
LAN veya WAN veya Internet olabilir. Baglanti kablolu veya kablosuz olabilir. Ornegin: Ev glivenlik sistemi.

Mobile Embedded systems: Mobil ve cep telefonlari, dijital kameralar, MP3 oynaticilar, PDA. Sinirlama Bellek
ve diger kaynaklardir.

Kucuk olcekli gdmalt sistem: Yonga tzerinde RAM ve ROM ile 8-16 bitlik tek bir Mikroislemci tarafindan
desteklenir.

Orta 6lcekli gdmult sistem: Harici RAM ve ROM ile 16-32 bit Mikroislemci / Mikroislemci tarafindan
desteklenir.

Buyuk oOlgekli gomulu sistem: Dagitilmis isleri gerceklestirebilen 32-64 bit coklu yongalarla desteklenir.



Applications of embedded systems

Smart Missiles and
Cards Satellites

Z) >

L

- Mobile Computing - Banking - Defence
- Wireless - Telephone - Aerospace
- Networking - Security - Communication

(a) (b) c)

Telecom




Computer Networking
Systems and Peripherals

- Networking Systems
- Image processing
- Printers

- Networks Cards
- Monitors and

Displays

(d)

Digital
Consumer
Electronics

- DVDs

- Set top boxes

- High definition TVs
- Digital cameras

Applications of embedded systems

Automotive

b

- Motor Contro| System
- Cruise Control
- Engine/Body Safety

- Robotics in Assembly Line

- Car Entertainment

« Car Multimedia

= Mobile and E=Com
Access

(f)



Applications

Home Appliances: Dishwasher, washing machine, microwave, Top-set box, security system , HVAC system,
DVD, answering machine, garden sprinkler systems etc..

Office Automation: Fax, copy machine, smart phone system, modern, scanner, printers.

Security : Face recognition, finger recognition, eye recognition, building security system, airport security
system, alarm system.

Academia: Smart board, smart room, OCR, calculator, smart cord.

Instrumentation: Signal generator, signal processor, power supplier, Process instrumentation.
Telecommunication: Router, hub, cellular phone, IP phone, web camera

Automobile: Fuel injection controller, anti-locking brake system, air-bag system, GPS, cruise control.
Entertainment: MP3, video game, Mind Storm, smart toy.



Applications Conti...

Aerospace : Navigation system, automatic landing system, flight attitude
controller, space explorer, space robotics.
Industrial automation : Assembly line, data collection system, monitoring

systems on pressure, voltage, current, temperature, hazard detecting
system, industrial robot.

Personal : PDA, smart phone, palmtop, data organizer.

Medical : CT scanner, ECG , EEG , EMG ,MRI, Glucose monitor, blood
pressure monitor, medical diagnostic device.

Banking & Finance : ATM, smart vendor machine, cash register ,Share market
Miscellaneous : Elevators, tread mill, smart card, security door etc.



Gomulu Sistem Beklentileri

Belirli bir gorevi yerine getirmek icin tasarlanir.
Her zaman bagimsiz cihazlar degildir.

Sinirh bilgisayar donanimi kaynaklariyla ¢alisir: az bellek, kicuk
veya var olmayan klavye ve [ veya ekran.

Minimum boyut ve agirlik icin maksimum performans sunar
Verimlilik.

GuUvenilirlik.
Gergek zamanli kisitlamalarla galisir.



Microprocessor is heart of Computer svstem.

Micro Contreoller is a heart of embedded svstem.

It is just a processor. Memory and I/0 components
have to be connected externally

Micro controller has external processor along
with internal memory and i/ O components

Since memory and I/0 has to be connected
externally, the circuit becomes large.

Since memory and I/ 0 are present internall v,
the circuit is small.

Cannot be used in compact svstems and hence
inefficient

Can be used in compact svstems and hence it is
an efficient technique

Cost of the entire system increases

Cost of the entire system is low

Due to external components, the entire power
consumption is high. Hence it is not suitable to
used with devices running on stored power like
batteries.

Since external components are low, total power
consumption is less and can be used with devices
running on stored power like batteries.

Most of the microprocessors do not have power
saving features.

Most of the micro controllers have power saving
modes like idle mode and power saving mode.
This helps to reduce power consumption even
farther.

Since memory and I/0 components are all
external, each instruction will need external
operation, hence it is relativel v slower.

Since components are internal, most of the
operations are internal instruction, hence speed
i= fast.

Microprocessor have less number of registers,
hence more operations are memory based.

Micro controller have more number of registers,
hence the programs are easier to write.

Microprocessors are based on von Weumann
model/ architecture where program and data are
stored in same memeory module

Micro controllers are based on Harvard
architecture where program memoryv and Data
mMemory are separate

Mainly used in personal computers

Uzed mainly in washing machine, MP3 plavers



Components of Embedded Systems

Hardware: Processor/controller, Timers, Interrupt controller, I/O Devices,
Memories, Ports, etc

Application Software : Which may perform concurrently the series of tasks
or multiple tasks

RTOS (Real Time Operating System) : RTOS defines the way the system
work. Which supervise the application software. It sets the rules during the
execution of the application program. A small scale embedded system may
not need an RTOS.
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Gomuld Sistem Blok Semasi

Frequency
Reference ‘ T

I
g

interrupt TEN

control

counters

V

|
V

interrupt

Tx RX

Ports/IO/
ADD/Data bus



Embedded System Features

* The microcontroller is a processor

e The CPU can work on 8 bits of data at a time
e C(Clock

e The Embedded Systems has
* RAM and ROM
* Timers
* Serial ports
 |/O ports, each 8 bits wide
 External and internal interrupt sources
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Block Diagram

Extcrnal
Interrupts
- Timer 1 SO
Interrupet 4k 128 Counter
gl
Control =Ta 1Y, B AR Timer O Inputs
foag————
¢ 1T 3
CPU <:
Bus Four 'O Ports Serial
Osc Control Port
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|
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General-purpose processors

Programmable device used in a variety of
applications

— Also known as “microprocessor”
Features

— Program memory

— General datapath with large register file and
general ALU

User benefits

— Low time-to-market and NRE costs
— High flexibility

Examples

— Pentium, Athlon, PowerPC

Controller Datapath
Control Register
logic and file
State register
| | General
IR PC ALU
A
\ 4
Program memory Data
memory

Assembly code
for:

total = 0
fori1=1to ...




von Neumann and Harvard Architectures

von Neumann
CPU

Memory

Instructions
von Neumann
“bottleneck”

Address,
Data and
Status
Busses

Data

Instruction
memory

Harvard
CPU

Data
Memory

Instruction
Address,
Data and

Status
Busses

Data space
Address,
Data and

Status
Busses



Von Neumann Harvard

John von Neumann  Depolama ve veri icin ayri hafizalar.
Tek depolama bellegi (veri ve * Bellekten tam talimati ¢ikarmak igin
program). daha az bellek déngusu gerektirir.
Bellekten tam talimat ¢ikarmak igin »  Ozel "Tablo okuma" talimatlari
daha fazla bellek dénguisu gerektirir. gereklidir.

Ozel "Tablo okuma" talimatlari gerekli * Dogru stratejilerle (Pipelining)
degildir. ardisik diuzende komut isleme
Ardisik diizende komut isleme mUumkunddr.

miimkiin degildir (Pipelining is not * Daha verimli.

possible).

Daha az verimli.



Architecture

Memory

CPU

Address Bus 0
———————————

Data Bus
r—

2n

Program +
Data

CPU

Memory

Address Bus 0
——————————

Fetch Bus
——

Program

Address Bus 0
——————————————————

Data Bus
Cr—lp

\Von Neumann
Architecture

Harvard
Architecture

Data

RAM ve ROM bellek tipleri nasil ifade edilir?
* RAM: Data
* ROM: Program

Data Bellek: Hem yazilir, hem okunur.
Program bellek sadece okunur.

Harvard mimarisinde data bellekte data bus kac
yonliduar?
e Cift yonluddar.

Harvard mimarisinde program bellekte data bus kac

yonliaduar?
e tek yonludir.

Von Neumann Mimarisinde data bus kac¢ yonludir?
e ki yonludur.

Adres bus bellek ve bellek gozunu secer.



Princeton Architecture

Princeton, program ve verileri depolamak icin ortak bellek alaninin kullanildigi
"WVon Neumann" mimarisini sagladi.

Bellek birimi, talimatlarin okunmasi, islemci ve dahili yazmaclari (Registers) ile
verilerin ileri geri iletilmesi arasindaki bellek bosluguna keyfi erisimden
sorumludur.

Avantajlar: basit bellek arabirimi ve yonetimi.

Harvard, program depolama, islemci yigini ve degisken RAM icin ayri bellek
bankalari kullanan bir tasarim onerir.

Avantaj: Talimati Von Neumann'dan daha az déngtide yurutur.



Princeton architecture block diagram

instruction decode
program ROM

Data

memor
Variable RAM A Y

Ctrl

Processor and built-

interface unit

IEEHNES

»
—>

Stack RAM




Harvard architecture block diagram

Data

V'R instruction
o decode

program ROM Variable RAM

Processor and i
built-in g
ctrl

-— e e s -




* CISC ve RISC

—RISC, "Azaltilmis Komut Seti Bilgisayarlari” anlamina gelir. Talimatlar,
kullanicilarin kendi islemlerini tasarlamalarina izin vermek icin
olabildigince ciplaktir.

—GOomulu sistemlerde RISC mimari kullanilir.

—CISC, "Karmasik Komut Seti Bilgisayarlari" anlamina gelir. Her biri ayni
islemin farkl bir permitasyonunu gerceklestiren cok sayida talimat.



Sample Embedded system on Microcontroller

Full resistive

Vout a
amplifier

converter

MSP430

bridge sensor |

MCU

liquid
crystal

display

nalog-to-
digital

grams/ounces

LCD

LCD

con-

troller

set zero



~Mikrodenetleyiciler
(Microcontrollers)
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Embedded System General Block Diagram

SeNsor

sensor

SEeNsor

 GOomullu bir mikrodenetleyici, tim destek islevlerine (saat

Buiuonipuod 10suas

Microcontroller
(uC)

ayari ve sifirlama), bellege ve cihazda yerlesik olarak

bulunan G / C'ye sahip bir bilgisayar islemcisi olan bir

yongadir.

—» actuator

— s Indicator

sadejuaul IndinO

Control

Power dist
store

Reset

control
Clock and
timing

Processor

Microcontroller block diagram



the memory bus on a microcontroller

¢ Used to transfer data to and from processor Gomli sistem bir bilgisayar

« Various types of memory

sistemidir.
* [/O data as well
« Carries: address, data and control signals “Memory” Bus
L
R also does 1/0
L 2
R
The basic components of ik i | B,
a computer system I
: Processor
include processor, l : (1
Input < =] -— [nput

memory, and |/O. -~ - .

I ports ™7 External Physical signals

RAM l | circuits devices
* $— Output — - —> Outpu
b ports  — — — signals
ROM *
Y
Kl l Control
Data




Three criteria in Choosing a Microcontroller

* Bilgiislem ihtiyaclarini verimli ve uygun maliyetli bir sekilde karsilamak
— Hiz, ROM ve RAM miktari, G / C baglanti noktasi ve zamanlayici sayisi, boyut, paketleme, glic
tiketimi
— Yikseltme (upgrade), Guncelleme (Update) kolay
— birim basina maliyet
* Yazilim gelistirme araclarinin kullanilabilirligi
— Derleyiciler (assemblers),
— Hata ayiklayicilar (debuggers),
— Cderleyicileri,
— OykinUcl (emulator),
— Simulator,
— Teknik destek
 Mikrodenetleyicilerin genis kullanilabilirligi ve guvenilir kaynaklari



Embedded processors

Sistem Uureticisi tarafindan bir kez programlanir.
Birkac parametre ile tek bir programi (veya sinirli bir paketi) yuruatur.
Goreve 6zgu 6zel uygulama icin optimize edilebilir.
Cevre ile bircok sekilde etkilesime girer.
— dogrudan algilama ve sinyal kablolarinin kontroli
— cevre ve diger cihazlarla iletisim protokolleri
— gercek zamanli etkilesimler ve kisitlamalar

Mikrodenetleyici turleri:

— Gomuld: Uygulamayi calistirmak icin gerekli tim donanim cip tzerinde saglanmistir.
— Tipik olarak: gug, sifirlama, saat, bellek ve GC.

— Harici hafizabazi mikro denetleyiciler harici bellegin baglanmasina izin verir.



Microcontroller features

Clock/Oscillator
10 pins
Interrupts
timers
Peripherals
* ADC inputs
* DAC outputs
* PWM outputs

—

— Basic features

Acilimi Pulse Width Modulation yani Sinyal Genislik
Modulasyonu olan bu teknik, sinyal isleme ve sinyal
aktarma gibi bircok alanda

kullanilabilmektedir. Arduino kartlarimizin dijital
pinleri arasinda bazi piller yaninda dalgali bir
sembolle gosterilir, bu pinler PWM modulasyonu
kullanan bacaklar dir.



Comparing uC with uP

* General-purpose microprocessors contains
o No RAM
o No ROM
o Nol/O ports

* Microcontroller has
o CPU (microprocessor)

RAM

ROM

/O ports

Timer

O O O O O

ADC and other peripherals



Applications

= Home

» Appliances, intercom, telephones, security systems, garage door openers, answering machines, fax
machines, TVs, cable TV tuner, VCR, camcorder, remote controls, video games, cellular phones, musical

instruments, sewing machines, lighting control, paging, camera, pinball machines, toys, exercise
equipment.

= Office

» Telephones, security systems, fax machines, microwave, copier, laser printer, color printer, paging.
= Auto

» Navigation system, engine control, air bag, ABS, instrumentation, security system, transmission
control, entertainment, climate control, cellular phone, keyless entry.



Examples of 8-bit puC

Motorola’s 6811

Intel’s 8051 \

The 8051 family has the largest number of
diversified (multiple source) suppliers:

Zilog’s 78
Microchip’s PIC

O

O O O O O O

Intel (original)

Atmel

Philips/Signetics

AMD

Infineon (formerly Siemens)
Matra

Dallas Semiconductor/Maxim







Common Microcontrollers

«Atmel
«ARM
|ntel
«8-bit
«8XC42
*MCS48
*MCS51
*8xC251
«16-bit
*MCS96
*MXS5296
*National Semiconductor
+COP8
*Microchip
«12-bit instruction PIC
«14-bit instruction PIC
*PIC16F84
«16-bit instruction PIC
*NEC

*Motorola
*8-bit
*68HCO05
*68HCO08
*68HC11
«16-bit
*68HC12
*68HC16
«32-bit
*683XX
*Texas Instruments
*TMS370, 16/32 bit
*MSP430 , 16 bit
«Zilog
/8
«/86E02
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Bellek Adresleme ve Haritalama
Organizasyonu



Gomulu Sistemlerde Bellek Tipler;

 On Bellek
e Ram

* Flash Bellek: Uygulama yazilimlarinin saklandigi bellek.
Elektrik kesildiginde silinmez.

e Kontrol bellek



Gomulu Sistemlerde Kontrol Bellek Tipleri

—Program bellegidir.
—Onceden Yuklenir.

—Bu bellek alani, mikro denetleyiciye yuklenebilen uygulamanin
maksimum boyutudur ve uygulama ayrica bir uygulamayi yurutmek icin
gerekli tum dusuk duzeyli kodu ve cihaz arayuzunu icerir.

—Ucucu olmayan bellektir.

—5 farkl tipte kontrol bellek vardir: ROM, PROM, EPROM ve EEPROM /
Flash




Gomulu Sistemlerde Veri Degiskenleri Bellekleri

—4 cesit veri degiskenleri bellegi vardir:
= bits,
" registers,
= RAM,
= PC stack.
—They are implemented as SRAM.
—Program counter stack
= part of the RAM.
= LIFO memory.
" must be initialized by the starting address of the stack area.



Bellek Hiyerarsisi

CPU
Reglstar

RAM - volatile: Data Memory

ROM - non volatile: Code Memory _;:L",';_"g:_“"'
Areas
EPROM
Physical RAM Wirtual Memary

Flash/EEPROM ~

storage Device Types Parmanent

Ramavatli r:z::rur::tl — Storage

Dirlves Storage Areas

Input Sources

Scannagr/
Removable @ Camera, Ramali
Media Mic/ Source
Yideo

Ecyboard Maouse




Example memory

contents: Memory Address Memory
. A memory with 3 Binary Decimal Content
address bits & 8 000 0 10001111
data bits has: 001 1 ittt
010 2 10110001
’ 12{3==383;ddd¥e:s§s 50 011 3 00000000
100 4 10111001
labeled 0 to 7. 101 . 0000110
+ 23 =8 words of 8-bit 110 6 00110011
data 111 7 11001100




Ornek: Bellek g6z secmek

8 bit veri gézlerine, 4 bit adres hattina
sahip bir bellegin

Secilecek gz sayisi=2*n=16byte

Burada, n: bellek adres hatti sayisidir.
Secilecek gozlerin indislenmesi: 0O, ..., 2n-
1

0,1,2,...,15

Bellek Gozii Adresleri Bellek icerigi

Binary Ondahk Binary Hex
0 0 0 0 (O 1({0{1|1|0(0|1|0|B2h
0 0 0 1 |1 0{1(0|1|0{1|0|0]|54h
0 0 1 0 |2 110[{1(0|0|1|0|1]|A5h
0 0 1 1 |3 111(0(0|1|1|0|0|CCh
0 1 0 0 (4 O0(0|1(0|0|1|/0|0|24h
0 1 0 1 |5 1({1[{0|0|0(1|1|0]|C6h
0 1 1 0 |6 O(1(1(1|1|0|1|1]|7Bh
0 1 1 1 |7 O(O0|1(1|0|0|1]|1|33h
1 0 0 0 (8 1{1{0|1|1(1(1|0]|DEh
1 0 0 1 |9 1{0[{1|0|1|0|1|0]|AAR
1 0 1 0 |10 O(1/0(1|1|1|0]|1|5Dh
1 0 1 1 |11 1{1({1|0|1(0|0|0|E8h
1 1 0 0 |12 1({0{0|1|1(1[0|0]|9Ch
1 1 0 1 |13 110[{1(0|1|0|1|1]|ABh
1 1 1 0 |14 1{0({0(1(1|0|0(1]|99H
1 1 1 1 |15 111[{0(0|1|0|0|1]|C9N




Bellek Kapasitesi Gosterim Formati

Bellekler (D Boyut x N) formatinda gosterilir. D bellegin kapasitesini byte olarak gosterir.
(K:Kilobyte=2710byte, M:Megabyte=2"20byte, G:Gigabyte=2"30byte, T: Terabeyte=2"40byte,
P:Petabyte=2250byte). N ise data bus hat sayisini bit olarak verir. N=8 bit(byte), 16bit(word),
32bit(Longword), 64 bit(Quadword) olur.

Soru: Bir bellegin gosterim formati 16Kx8 ise bellegin veri saklama kapasitesini byte olarak, adres hatti
sayisi adet olarak ve data bus hat sayisini bit olarak bulunuz.

* Bellegin veri saklama kapasitesi=16Kbyte (16Kx8)

 Bellegin adres hatti sayisinin bulunmasi: Bellegin veri saklama kapasitesi=16KByte=2"14Byte’dir
(2724*2710). O halde 2 (zeri Us ifadesi bellegin adres hatti sayisini verir ki, adres hatti sayisi=14 adet
bulunur.

* Data bus hatti sayisi=8 bit’dir. (16Kx8)



CPU Bilesenleri ve Veri
Haberlesme Yollar:



Data bus & Address bus

Address Bus
CPU controlBus | Memory I/0

>

by address  value address vale
FFFF |11010111 FFF |00010000
0002 110110100 002 |1111111Y
0001 11100001 001 {11110101
0000 {01001101 000 |00000000
Data Bus

Address Bus : Adres bus, Giris cikis birimlerinde ya
da belleklerde fiziksel bir adres belirlemek icin

ayrilmis bilgisayar sistemi veri yolunun bir
parcasidir.

Adres bus’in hat sayisi 32 bit ise, 0 zaman kag¢
tane bellek konumunu isleyecektir?

4,294,967,296

Data Bus : Sistem haberlesme yollarindan veri
yolu basitce elektriksel olarak verileri tasir.



HP

System Bus

Control Lines

1 Interface

Memory

/O

* Adres Bus: Bellegin yazilip okunacak
gdziini secer ya da I/O secer. Bu goz
1 byte=8bit.

» Data Bus: Bellegin goziine ya da I/O
birimine yazilip okunacak veriyi tasir.

e Control Bus: Bellek ile CPU

arasindaki is akisini yonetir, izler, bilgi
verir: Yaz, Oku, Dur, Reset, Yeniden
baslat, ...
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adres ve data bus’da ortak hatlar

Lp

A15 - Aa

[ Higher Address Bus

AD? - ADU

)

< Lower Address/Data Bus :>

—_—

ALE

—_—

£

> JO/M

RD

—> WR

READY

Adres Bus: A15-A8; AD7-ADO
Data Bus: AD7-ADO

Adres bus hat sayisi nedir: 16,
Adres bus indislenmesi: A15.. A8 AD7 ... ADO
Adreslenecek fiziksel kapasite=2"16Byte=64Kbyte
Data hatti sayisi nedir? 8,
Data Bus insleme: AD7 ... ADO
Neden adres ve data bus’da ortak hatlar var? (AD7..ADO): Verinin
bellege yada giris-cikis birimlerine yazma veya okuma cevriminde
once adres bus uzeirinden ilgili birim secilir. Ardindan veri yazilir ya
da okunur.
Adres ve data bus’da ortak hatlarin olmasinin nedeni nedir? Pin
sayisi azaltma hedeflenir. Adres bus ve Data bus Uzerinde ayni anda
islem yapilmaz. Once bellegin ya da giris-cikis birimim adresi secilir.
Sonra secilen adrese veri yazilir ya da okunur.
Control Bus hatlari nelerdir?
* ALE: Bellek ya da I/O veri yazmaya hazir...
* |0/M’: 1 gelirse 1/0 secilir. 0 gelirse bellek secilir.
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D

ALE

Latch

Addre_ss
A A | Dot
A15-A8 =
! Aq- A, 1K Byte
AD7-ADO Latch A-A Memory
0 Chip
D7_ DO ’\
— - RD WR
MEMR .
- ME Ml
[ >

Chip Selection Circuit, adres dekoding
devresidir.

Adres dekoding devresinin giris sayisi 6
adettir. O halde cikis sayisi=2"26=64.
Toplam 64 adet bellekten birini secer.
Herbir bellegin kapasitesi=1Kbyte
Bellegin adres hatti sayisi=10 adettir.
2710=1Kbyte

Latch devresi: ALE cikisi aktif
oldugunda girisindeki degerleri cikisina
kurar. Bir sonraki ALE cikisi aktif olana
kadar cikislar durumlarini korur.
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HP

2 to 4 decoder

Address decoders

CS Memory 1
CS Memory 2
CS Memory 3
CS Memory 4

 CPU’dan cikan hat sayisi=13 adet.
Indisleme: A12...A0

* CPU’nun Toplam Bellek kapasitesi kac
Kbyte'dir? Kapasite=2"13 byte=8Kbyte

* Bir bellegin kapasitesi nedir? Indis:
A10..A0, 11 adet

* Bellegin Kapasitesi=2"11Byte =2KByte

* Al3 neisyapar? Adres Decoding
devresini enable eder. Cikisini onaylar,

aktif eder.
A12A,11:00 ise Bellek-1, 01 ise Bellek-2,

10 ise Bellek-3, 11 ise Bellek-4 secilir.

68



FFFF

0000

Example: Memory-register map

FFFF
up to 60 KB of
external ROM/
EPROM
up to 64 KB of
external 1000
EPROM/ ROM
or and
OFFF
4 KB of internal
ROM/ EPROM
0000 )

program memory

SF = Special Function

OOF8
21 SF registers
0080
007F
128 KB internal RAM
0000

up to 64 KB of
external RAM

FFFF

0000

f

RAM/data memory



Functional Block Diagram

Clock
System

5 MCLK

RISC CPU

.
'
.
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
-
'
'
.
L

Watchdog

Analog
Peripheral

Digital
Peripheral

-
R i
» SRR EEEEEEE---

—a




CPU

CPU and its supporting hardware, including the clock generator.

The main blocks are linked by the memory address bus (MAB) and memory data bus (MDB).
These devices have flash memory and RAM.

Include input/output ports

Serial interface and analog-to-digital converter are particular features of this device.

There are ground and power supply connections. Ground is taken to define OV.

The supply connection is VCC. For many years, the standard for logic was VCC =+5V but most
devices now work from lower voltages and a range of 1.8-3.6V.

Clocks for microcontrollers used to be simple. Usually a crystal with a frequency of a few
MHz would be connected to two pins.

It would drive the CPU directly and was typically divided down by a factor of 2 or 4 for the
main bus.



Usage Notes

A lot of slides are adopted from the presentations and documents published on internet by experts
who know the subject very well.

| would like to thank who prepared slides and documents.
Also, these slides are made publicly available on the web for anyone to use

If you choose to use them, | ask that you alert me of any mistakes which were made and allow me
the option of incorporating such changes (with an acknowledgment) in my set of slides.

Sincerely,
Dr. Cahit Karakus
cahitkarakus@gmail.com



