IMTEE

AVR Libc pokraéovani

interrupt.h

prace s prerusenim

povoleni / zakdzani pteruseni
o makro sei () = instrukce sei
o makro c1i () = instrukce cli

obsluzné funkce — vzdy tvar

ISR (JMENO_VEKTORU)

{
// obsluzny kod

}
o jména vektorl viz. interrupt.h, napi. pro ATmegal6:

externi pferuseni 0  INTO vect

pfeteeni Casovac 1 TIMER1 OVF vect
UART RX USART RXC vect
atd.

proménné a preruseni — pteruseni je casoveé asynchronni udalost:

o nelze predavat zadné parametry
o funkce nemuze vracet hodnotu
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o vSechny proménné pouzivané v prerusenich by mély byt deklarovany

s modifikatorem volatile (pro kompilator — nelze optimalizovat)

ptiklad: LED had na ATmega32

/*
bezici had 8 LED na portu B ATmega32
perioda posunu asi 0,52s na flck = 1MHz

blikani pres 16b casovac Tl s preddelickou /8
*/

#include <avr/io.h>

#include <avr/interrupt.h>

typedef unsigned char uchar;
// globalni promenne
volatile uchar Had = 0x01;

// deklarace funkci
void Setup (void) ;

int main (void)

{
Setup () ;
for(;;); // nekonecna smycka
return 0;

}

void Setup (void)
{

// nastaveni portu

DDRB = OxFF; // cely port jako vystupni

// nastaveni casovace T1

TCCR1B = (1<<CS11); // zapnuti Tl - zdroj osc/8
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// nastaveni preruseni
TIMSK = (1<<TOIE1l); // preruseni od preteceni T1
sei(); // globalni povoleni preruseni

}

ISR(TIMER]L OVF vect)
{
PORTB = Had;
if (Had == 0x80) {
Had = 0x01;
}

else {
Had <<= 1; // posun hada o 1 misto doleva

}

o jak byl cely program ptelozen (optimalizace -02, cely program 226 B, ve
vypisu chybi startup code 160 B)
@00000047: setup {

27 : DDRB = OxFF; // cely port jako vystupni
SER R24 Set Register

ouT 0x17,R24 Out to I/O location

28: TCCR1B = (1<<CS11); // zapnuti Tl - zdroj osc/8
LDI R24,0x02 Load immediate

ouT 0x2E,R24 Out to I/0 location

30: TIMSK = (1<<TOIE1l); // preruseni od preteceni T1
LDI R24,0x04 Load immediate

ouT 0x39,R24 Out to I/O location

31: sei(); // globalni povoleni preruseni
SEI Global Interrupt Enable

RET Subroutine return

@0000004F: main

17: {

LDI R28, 0x5F Load immediate

LDI R29,0x08 Load immediate

ouT 0x3E,R29 Out to I/0 location

ouT 0x3D,R28 Out to I/0 location

18: Setup () ;

CALL 0x00000047 Call subroutine

RJMP PC-0x0000 Relative Jjump

@00000056:  vector 9

35: {

PUSH R1 Push register on stack

PUSH RO Push register on stack

IN RO, Ox3F In from I/0O location

PUSH RO Push register on stack

CLR R1 Clear Register

PUSH R24 Push register on stack

36: PORTB = Had;

LDS R24,0x0060 Load direct from data space

ouT 0x18,R24 Out to I/0 location

37: if (Had == 0x80) {

LDS R24,0x0060 Load direct from data space

CPI R24,0x80 Compare with immediate

BREQ PC+0x05 Branch if equal

41: Had <<= 1; // posun hada o 1 misto doleva
LDS R24,0x0060 Load direct from data space

LSL R24 Logical Shift Left

RJMP PC+0x0002 Relative jump

38: Had = 0x01;

LDI R24,0x01 Load immediate
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STS 0x0060,R24 Store direct to data space
POP R24 Pop register from stack
POP RO Pop register from stack
ouT 0x3F, RO Out to I/O location

POP RO Pop register from stack
POP R1 Pop register from stack
RETT Interrupt return

e kratké rutiny — lepsi napsat v asm (viz. dale)
o __attribute__ ((naked)) ISR(vector) =,holé* pferuseni, ischovu/obnovu
registrli nutno napsat ru¢né

Run-Time model prekladace
e =jak pteklada¢ vyuziva zdroje CPU
e AVR-GCC jen na MCU s min 128B RAM — nutny stack

o VSechny lokéalni proménné
o Volani funkci

Pamétovy prostor

e (ROM, RAM, EEPROM) rozdélen do sekci (sections)

e Nejdulezitejsi sekce:
o .text — obsahuje program, dale se d¢li
o .data— inicializované globalni a statické proménné
o .bss — neinicializované globalni a statické proménné
o .eeprom — data umisténa do paméti EEPROM na ¢ipu AVR

e Se segmenty lze ru¢né pracovat, piiklad — proménna v paméti EEPROM

int prom __attribute_ ((section(".eeprom")));

e Piiklad rozloZeni paméti s ATmegal28

0x0100
0x10FF

0x1100
0xFFFF

on—-board RAM

external RAM

data
variables

! ! ! l— sP 1— RAMEND

brkwal (<= *5P —__mallec_margin)

) __mallec_heap start == __heap start
L——  bss end
__data_end == __bhss star
data start

o Lze zménit

Start-up code
e Automaticky vlozeno pieklada¢em pred main() — inicializace prostiedi (stack, atd.)
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Lze modifikovat — podrobnosti viz. doc. k prekladaci (section .init)
Velikost dle typu AVR — cca 200 B

JMP 0x00000045 Jump // tabulka vektoru preruseni
|

JMP 0x00000045 Jump

CLR R1 Clear Register // start-up code

ouT Ox3F,R1 Out to I/0 location

LDI R28,0x5F Load immediate

LDI R29,0x08 Load immediate

ouT Ox3E,R29 Out to I/0 location

ouT ox3D,R28 Out to I/0 location

LDI R17,0x00 Load immediate

LDI R26,0x60 Load immediate

LDI R27,0x00 Load immediate

LDI R30,0xF6 Load immediate

LDI R31,0x00 Load immediate

RIMP PC+0x0003 Relative jump

LPM RO,Z+ Load program memory and postincrement

ST X+,R0 Store indirect and postincrement

CPI R26,0x60 Compare with immediate

CPC R27,R17 Compare with carry

BRNE PC-0x04 Branch if not equal

LDI R17,0x00 Load immediate

LDI R26,0x60 Load immediate

LDI R27,0x00 Load immediate

RIMP PC+0x0002 Relative jump

ST X+,R1 Store indirect and postincrement

CPI R26,0x60 Compare with immediate

CPC R27,R17 Compare with carry

BRNE PC-0x03 Branch if not equal

JMP 0x00000065 Jump // volani main()

JMP 0x00000000 Jump // sem by se spravny prog. nemel nikdy dostat

Vyuziti registri

Pro sviij béh vyuziva program jisté skupiny registrtt — nelze svévolné ,,ru¢ni*
manipulaci (napi. v asm)
RO:
o Lze vyuzit v inline assembleru (v jednom asm volatile) jako pfechodné
ulozisté
R1:
o Musi byt vzdy 0
o Jako r0, ale nakonci nutno vynulovat (crl rl)
R2 - R17, R28, R29
o May be allocated by gcc for local data. Calling C subroutines leaves them
unchanged. Assembler subroutines are responsible for saving and restoring
these registers, if changed. r29:r28 (Y pointer) is used as a frame pointer
(points to local data on stack) if necessary
r18-r27, r30-r31
o May be allocated by gcc for local data. You may use them freely in assembler
subroutines. Calling C subroutines can clobber any of them - the caller is
responsible for saving and restoring
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Volani funkci

CPU -
1)
2)
3)
4)
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nema instrukei ,,call s parametry* — nutno ruc¢né (resp. piekladac):

naplnim dohodnuty prostor parametry
call funkce
funkce vi, kde lezi parametry a pracuje s nimi

konec funkce — navratova hodnota uloZena na dohodnuté misto

5) v ,hlavnim programu® z dohodnutého mista je manipulovano s navratovou

(@]

hodnotou
dohodnuté misto: registry nebo zasobnik

AVR GCC:
Argumenty zleva doprava do registri 125 az r8

o

o

©)
©)

Proménné = lichy pocet B — zaokrouhleno na sudy

v v

Pokud registry nesta¢i — do zasobniku
Funkce s PPP (napf. printf() — vyhradné zasobnik)

Navratova hodnota:

o 1B do r24 (125 zustane volny — zarovnavani)

o 2B do r25:r24 (LSB prvni — jako argumenty)

o 4Bdor25-r22

o 8Bdor25-rl8
Priklad volani funkce:
int funkce(char p1, int p2)
{

return pl+p2;

}
// ulozenl parametru (v pointeru Y) do registru
LDD R22,Y+4 // b
LDD R23,Y+5
LDD R24,Y+1 // a (note: zarovnavanil)
CALL 0x00000047 // volani fce
STD Y+3,R25 // vyzvednuti navratové hodnoty
STD Y+2,R24

Kombinace AVR-GCC - assembler

MozZnosti:

@)
@)

In-line assembler = instrukce ptimo v C-kédu
Samostatné funkce v asm

Inline assembler

= vyuziti instrukci procesoru v C kodu

Makro asm volatile(asm-template : output-operand-list : input-operand-list
: clobber-list);

o

chova se cca jako funkce s parametry input-operand-1list a vracenymi
hodnotami v output-operand-1ist — funkci vola GCC. Kod je v asm-template
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O clobber-list = seznam registri piepisovanych (ruéné programatorem)
assemblerem (info pro piekladac)
o kromé asm-template lze ostatni vynechat
U GCC prekladaci velmi nepfehledné — jen ukazky
kod nepodléha optimalizacim
Instrukce bez parametra
asm volatile ("nop");

4

ISR(TIMER1_OVF_vect)

{
asm volatile (
"tst %0 \n\t"
"brne hop \n\t"
"sec \n\t" %2
hop: rol %@ \n\t
"out %2, %0"
: "=r" (Had) : "@" (Had), "M" (_SFR_IO_ADDR (PORTB))
) ; o, 0,
} %0 %1

\n\t nutné — v asm 1 instrukce/radek
GCC automaticky kopiruje Had do registru %e a zpét (=r)
Bude pielozeno jako:

LDS R24,0x0060
TST R24

BRNE PC+0x02
SEC

ROL R24

ouT ox18,R24
STS 0x0060, R24
LDS R24,0x0060

Podrobné na http://www.nongnu.org/avr-libc/user-manual/inline asm.html

Funkce v ASM volané z C kédu

Nutno v samostatnych souborech (musi byt *.S) — jsou piekladany GNU-assemblerem
(GAS)

o vystup = standardni object file a pak ptipojeny k projektu linkerem
Dokumentace viz. http://www.gnu.org/software/binutils/manual/gas-2.9.1/

Ptiklad — funkce:
int Secti(char p1, int p2)
{

PORTB = p1l;
return pl + p2 + 10;

o Soubor neco.c
extern int Secti(char pl, int p2); // definovana v AsmFunkce.S

int main (void)

{
char a = 15;
int c;


http://www.nongnu.org/avr-libc/user-manual/inline_asm.html
http://www.gnu.org/software/binutils/manual/gas-2.9.1/
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c = Secti(a, 384);
for(;;); // nekonecna smycka
return 9;

}

o Soubor AsmFunkce.S

#include "avr/io.h"
workreg = 16 // = .def workreg = rilé6

.global Secti

.func Secti

// realizuje pl(char) + p2(int) + 10, na port B zapise pl, vraci int;
// pl bude v r25 (0) a r24

// p2 bude v r23 (HIGH(p2)) a r22 (LOW(p2))

// vysledek musi byt v r24 (LOW) a r25 (HIGH)

Secti:
push workreg // rlé nutno uschovat, rl8 az r27 nikoli
// PORTB = pl
out _SFR_IO_ADDR(PORTB), 24
// pl + p2
add 24, 22 // soucet nizsich B
adc 25, 23 // soucet vyssich B
// vysledek je tam, kde ma byt pro return
// + 1@
1di workreg, 10
add 24, workreg
adc 25, o
pop workreg
ret
.endfunc

// pripadne dalsi funkce
// .global DalsiFunkce
// .func ...

Ptistup ke globalnim proménnym
o Soubor neco.c

volatile unsigned char globProm;

o Soubor AsmFunkce.S

#include "avr/io.h"
.extern globProm // externe globalni promenna
.global Secti

.func Secti
// atd, mohu pouzit globProm



