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Physical / Virtual Computing Physical / Virtual Computing
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nakreslime, aby sme videll ako vyzera

Jean Jennings, Marlyn Wescoff a Ruth Lichterman programuj poéitat ENIAC na Pennsylvanske] univerzie v USA, 1946,

Vyvoj HW

L (ANE) (100% (340 (k) +10), €37

printf("nlacm!
_delay ms(300)

)
return 0;
} % mnd

from microbit import *

—
4+1 avd oo a-1n prossect) waa putton . dn presss | (o=
1 MB pamate 6000 X 6 GB RAM + 64 GB sd T . ¥ |
550 W 100 x 5w e e T '
29 kg 150 x 191 g e e e ‘
1,2 MIPS 8000 x 10 000 MIPS

. Vyvoj programovacich jazykov: Asembler,jazyk C, Pythona

Miniaturizécia Miniaturizécia
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Moorov zakon Embedded Computing / vnorené systémy
Ak by sa rovnako rozvijal automobilovy priemysel:

300 000 km/h 850 000 km / liter 0,04 $/ks
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Embedded computer Embedded computer / FEI STU
Embedded computer
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; Architektidra Von Neumann (Princetonsk&
Mikroprocesor ‘& 3 ( )
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Mikroprocesor i Mikroprocesor
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MEMORY program + data  [GTA']
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Harvardské architektira (Aiken)

Mikroprocesor
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OUTPUT
vystupy

ROM
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Opakovanie:

« Vyber instrukcie z paméate

. Dekédovanie instrukcie
« Vyber operandov

« Vykonanie poZadovanej operacie
« Zapis vysledkov do pamate

21

cisc

Z ROZKLAD
INSTRUKCIA (g s | INSTRUKCIE |
MULTA, B

SPRACOVANIE

CIsC: mélo

&

Instrukény cyklus

InStrukény cyklus

DECODE

EXECUTE

RISC

. SPRACOVANIE

LOAD 1, A
LOADr2,B

MULT 1, r2
STORE

(4-100)

execution time = pocet inStrukcii x CPI x frekvencia

RISC: vela
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Struktara poéitaca

BUS / Zbernice
Control
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Mikroprocesor

MEMORY
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MEMORY

pamat

POWER
napajanie
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Paralelizmus: pipeline

DECODE

EXECUTE
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3-stupiova pipeline

DECODE

EXECUTE

DECODE

EXECUTE

Historické okienko

1952
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C. Shannon - Theseus:
Maze-Solving Mouse (1952)

Source: http://cyberneticzoo.com
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From CPU to software,the
8080 Mi puterish
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1974

50-07 bisractional Data Bus

Intel 8080

B it Dot Bt

Stack Peinter

Program Counter

BUS / Zbarnics
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14.

Building the Future
With AVR MCUs

=
S Microckm

ATtiny4

B Micsoce
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1995 AVR architektira: Alf-Egil Bogen a Vegard Wollan,
studenti na gian Institute of

Alf and Vegard's RISC processor
Advanced Virtual RISC processor

original AVR MCU -- local ASIC house in Trondheim, Norway
(now Nordic Semiconductor)

1996 technology was sold to Atmel from Nordic VLSI
further developed by Bogen and Wollan at Atmel Norway

jeden z prvych bol AT90S8515, 40-pin DIP pinout as an 8051
(polarity of the RESET line was opposite).

1997 zacala vyroba

len do r. 2003, Atmel had shipped 500 million AVR
2019 Atmel -> Microchip Technology

Procesor optimalizovany pre jazyk C

+ RISC: vagsina inStrukcii trva 1SC
+ FLASH: rapidne zrychlenie a zlacnenie vyvoja
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Mikrokontrolery AT AVR maju
zabudované nielen SPI cPU PWN
klasické periférie,

ale aj
\
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Pomocou AT AVR mikroprocesorov mozno realizovat jednocipové rieSenie

ADC TIMERS RTC

™ USART PWN

EEPROM

AVR families

tinyAVR

megaAVR

XMEGA (real time, USB, comm)
AVR UC3 L3 (battery, low power)

avr32

Microchip Technology ATtiny102/104 AVR 8-Bit Microcontrollers

38

AVR® Overview — Available Now!

Flash
1288

64K8

488

3258

16K8
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Pomocou AT AVR mikroprocesorov mozno realizovat jedno¢ipové riesenie

ADC TIMERS RTC

sPI U PO

™ USART P

FLASH RAM EEPROM

Brown-0ut Pullge o
Detector on demand

— 08 L
Circuitry outputs 4.—'
Progrmmanie Calbrated

Wiatchdog : On-Chip OSC

QCD/JTAG ISP

[ avssavess I avacions: il avmssonss J avmsronca |

| Catmcgsson | (wimeguo )| ( Armegssn

O TR () () ()
[nsioun J smons, Jl sron \

gt Comgn | (i) i | ol
o ETe e
[ amvepen | [ amimpeon ATumpaos.
=
(Conmem ) [Camiogior
8 14 ! 20 24 28 32 a8 5 64 Pins
XMEGA 128 kB FLASH
8 kB boot
8 kB SRAM
2 kB EEPROM

42

Microchip Technology AVR® XMEGA® 8/16-bit Microcontroller 128B1
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AVR32

SAM -> nie je AVR!

256 kB FLASH
64 kB SRAM
SDcard

Microchip AVR® 32-bit AVR UC3

Microchip Technology ATSAMD21
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ATMEGA128

ATmega328 g - m;nl

Microchip Technology ATmega328 AVR 8-Bit Microcontrollers:

45 46

Vstupy a vystupy (I/O)

PORT A PORT B.0 — " insideAVR
PORT B PORT B.1 [ DDRxn |
PORT C PORT B.2 —_—
PORT D PORT B.3 Bl >, .
PORT E PORT B.4 | 12Gese vio Ofpoln ,%
PORT F PORT B.5 *
PORT B.6 R
PORT B.7 T T

[PNkn J«——

13.4.2 PORTB - The Port B Data Register

Bit 7 1] 5 4 3 2 1 1]
g 0105 (0:25) rorTs
VSt u py a VySt u p y Read/Write RW RW RW RW RrRW RW Rw RW
Initial Value ] 0 0 0 L] 0 o 0
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Figure 13:2. Gansesl DigHs VO

b
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1/0 Pin Block Diagram: Input

N DDRxn Pull-Up
PORTXN :
v
PINxn .
Physical Pin
A 4 —_—
DDRxn 1o PORTXn PUD Pull-up Poznamka
(MCUCR)
0 In 0 X No Tri state (Hi-Z)
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1/0O Pin Block Diagram: Input

IN DDRxn Pull-Up
PORTxn '
v
T
PINXn
Physical Pin
ﬂ
v _
DDRxn e} PORTxn PUD Pull-up Poznamka
(MCUCR)
0 In 1 1 No Tri state (Hi-Z)

53

AT

C
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1/0 Pin Block Diagram: Input

N DDRxn

r..r.;:l' e
mm—!ﬂ]
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THE
DEFNTIVE

ARDUINO

PINOUT DIAGRAM

Pull-Up

Physical Pin

— ] X

A 4 —_—
DDRxn | 1/ PORTXn PUD Pull-up Poznamka

(MCUCR)
0 In 1 0 Yes Zdroj prudu (malého),
51 h 52
ak ,pulled down'
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1/0O Pin Block Diagram: Output

N DDRxn Pull-Up
DRy S
PORTXN '
v
15
PINXN ) 0
Physical Pin ¥ <20mA
A 4 —_—
DDRxn 1o PORTXn PUD Pull-up Poznamka
(MCUCR)
53 1 Out 0 X No Out- L (Sink) 54

54
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WATMEL AVR*  ,Microchip PIC*

1/0O Pin Block Diagram: Output 1/0 Port — zapojenie vstupného pinu

|
|
} '— Programovatelny
| Pull up odpor
| 20 az 50 kQ
Py
|
=} l : Logic
|
PN I oo Figurm
Physical Pin | *General Digital 0" for
U=5v L 1 ‘L Details

2?2 U,

/

Pull-Up

e

boin > Vee 27

DDRxn PORTXn PUD 1o Pull-up Poznamka it)

wreuer) o

1=0ut | 1=Pull-Up(of) | X out | No | Out-H (Source) s
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1/0 Port — novsia architektdra portu: . X .
R Programovanie I/O bitov v Arduino C
RD/RW f* PUDﬂ .

DDRx L0
P

PORTX RD/WR 3 I DDRx // initialize digital pin LED BUILTIN as an output.

PR g1 = out o F—
PINX RDI(WR) oo T Togo=in pinMod . TRUT) ;
pullup - - )

X=AB,.F rezistor :

Nov. ver.

RN2A

§ ll
ATMEGAI2E
YELLOMW

L

LMU3S8I06KR
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Programovanie I/O bitov v assembleri Programovanie I/O bitov v jazyku C

LED_BUILTIN as an output.
)i DDRB |= (1 << DDRBS);

// initialize digital pin

START: SBI 0x04,5 ;5 DDRB.5 = 1 (t.j. Output) pinMode [LED_BUILTIN, (¢

LOOP: SBI 0x05,5 ; PORTB.5 = 1 (t.j. High, rozsviet LED)
CBI 6x05,5 ; PORTB.5 = @ (t.j. Low, zhasni LED)

s the voltage level)
GH) ; PORTB |= (1 << PORTB5);

// turn the LED off by making the voltage LOW
iigitalWrite (LED BUILTIN, LOW); PORTB &= ~(1 << PORTBS5);

1142 PORTE - The Pom b Daes Regte
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ATMEGAR28

]
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Programovanie I/O bitov v jazyku C Zhrnutie
DDRB |= (1 << DDRBS); PORTB &= ~(1 << PORTBS);

DDRB = FJDRB | (1<« DDRBS),’V PORTB = PORTB & ~(} << PBS); * Vnorené (embedded, jednocipové) mikropogitace

DDRB [» [x[» x [x[x] 0] PORTB [ [
OR ofo1]oo[o]o]0] FAERERC I ERERERERE
= = « Univerzalne vstupy a vystupy
x| x [ [x [x [ x[o]1] xx Jofx [x [x[o]1] (Struktura, ovladanie cez register)

« Z&kladna architektira RISC procesorov rodiny AVR

1<< 5 « Programovanie po bitoch v assembleri a v jazyku C
8)jos oo fofor fanl [efo[T]oJofo o]0
1<< 5 ~(1<<5)
| CNRREREN G KB CIEIENERERE]

https://senzor.robotika.sk/sensorwiki/index.php/AVR_Bit_Magic

61 62
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