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makefile : WinAvr
MCU Type: mega8
Optimization level: s

Debug format :AVR-COFF

C/C++ source file:

#include <avr/io.h>
void funl(void)
{
unsigned char i=0;
while(1)
{
PORTB=i++;
PORTC=0x01<<(i%8);
}
}

int main(void)
{
fun1();

}

Mfile

No!

9.5



#include <avr/io.h>
void funl(void)
{
unsigned char i=0;
while(1)
{
PORTB=i++;
PORTC=0x01<<(i%8);
}

}
void (*pfun)(); //

int main(void)

{

pfun=funl; //
(pfun)(); 1/
}

#include <avr/io.h>
void funl(void)
{
unsigned char i=0;
while(1)
{
PORTB=i++;
PORTC=0x01<<(i%8);
}
}



void RunFun(void (*pfun)()) //
{
(*pfun)(); /' RunFun

}

int main(void)

{
RunFun(funl); /1l

: ? RTOS

GCC

main() RunFun(funl);
Idi r24,108(pm(funl))
Idi r25,hi8(pm(funl))

rcall RunFun

void RunFun(void (*pfun)())
/*void RunFun(void (*pfun)())*/
I*(*pfun)();*/
.LM6:
movw r30,r24
icall

ret

void RunFun(void (*pfun)()) funl r24  r25 RunFun() RT



(ON)

PC
rcall
icall
ret

reti

ret reti PC

reti

#include <avr/io.h>
void funl(void)
{
unsigned char i=0;
while(1)
{
PORTB=i++;
PORTC=0x01<<(i%8);
}
}

unsigned char Stack[100]; / 100

void RunFuninNewsStack(void (*pfun)(),unsigned char *pStack)
{

*pStack--=(unsigned int)pfun>>8; //

*pStack--=(unsigned int)pfun; Il

SP=pStack; Il

__asm___ volatile ("RET \n\t"); // , funl()



int main(void)

{
RunFuninNewStack(funl,&Stack[99]);
}
RunFunInNewStack(), unsigned char Stack
SEA "ret" SE PC funl()
funl().
RunFuninNewStack() "ret", RunFuninNew
Stack() "ret" "ret" funl()
GCC
AVR RTOS
__asm___ volatile_ ("PUSH RO \n\t");
__asm___ volatile_ ("PUSH R1 \n\t");
__asm____ volatile_ ("PUSH R31 \n\t");
__asm___ volatile_ ("POP R31\n\t");
__asm____ volatile_ ("POP R1 \n\t");
__asm____ volatile_ ("POP RO \n\t");
SRE
G



small rots51,

Win AVR avr-libc Manual Related Pages Frequently Asked Questions,

"What registers are used by the C compiler?"

1 Call-used registers (r18-r27, r30-r31):

2 Call-saved registers (r2-r17, r28-r29): , r28 r29

3 Fixed registers (r0, rl): ro rl 0

"How to permanently bind a variable to a register?",

RTOS

"Inline Asm" "C Names Used in Assembler Code" ,

( *lst )

#include <avr/io.h>

unsigned char add(unsigned char b,unsigned char c,unsigned char d)

{

return b+c*d;



int main(void)

{
unsigned char a=0;
while(1)
{

at++;
PORTB=add(a,a,a);
}

}

"add(a,a,a);"
mov r20,r28
mov r22,r28
mov r24,r28

rcall add

#include <avr/io.h>

unsigned char add(unsigned char b,unsigned char c,unsigned char d)

{

return b+c*d;

register unsigned char a asm("r20"); // r20 a

int main(void)

{

while(1)






#include <avr/Interrupt.h>
#include <avr/signal.h>

unsigned char Stack[200];

register unsigned char OSRdyTbl asm("r2"); /I

register unsigned char OSTaskRunningPrio asm("r3");

#define OS_TASKS 3 Il
struct TaskCtrBlock 1l
{
unsigned int OSTaskStackTop; //
unsigned int OSWaitTick;  //

} TCB[OS_TASKS+1];

I

register unsigned char tempR4 asm('r4");
register unsigned char tempR5 asm('r5");
register unsigned char tempR6 asm('r6");
register unsigned char tempR7 asm("r7");
register unsigned char tempR8 asm('r8");
register unsigned char tempR9 asm("r9");
register unsigned char tempR10 asm("r10");
register unsigned char tempR11 asm("r11");
register unsigned char tempR12 asm("r12");
register unsigned char tempR13 asm('"r13");
register unsigned char tempR14 asm('"r14");
register unsigned char tempR15 asm('"r15");
register unsigned char tempR16 asm("r16");

register unsigned char tempR16 asm("r17");

1l

1
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void OSTaskCreate(void (*Task)(void),unsigned char *Stack,unsigned char TaskID)

{

unsigned char i;

*Stack--=(unsigned int)Task>>8; //

*Stack--=(unsigned int)Task; /l
*Stack--=0x00; /IR1 __zero reg__
*Stack--=0x00; /RO __tmp_reg__
*Stack--=0x80; /ISREG

for(i=0;i<14;i++) /I avr-libc FAQ What registers are used by the C compiler?

*Stack--=i; Il
TCBJ[TaskID].OSTaskStackTop=(unsigned int)Stack; //
OSRdyThl|=0x01<<TaskID; /I

I :

void OSStartTask()

{
OSTaskRunningPrio=0S_TASKS;
SP=TCB[OS_TASKS].OSTaskStackTop+17;

__asm___ volatile ( ‘"reti" “\n\t" );

Il

void OSSched(void)

{
I
__asm___ volatile  ("PUSH __ zero reg__ \n\t"); //IR1
__asm___ volatile_ ("PUSH __tmp_reg___ \n\t"); //RO
_asm___ volatile_ ("IN __tmp_reg_, SREG__ \n\t"); //
__asm___ volatile  ("PUSH _tmp reg \n\t");

__asm___ volatile ("CLR __ zero reg_ \n\t"); //RO

SREG

11



__asm___ volatile_ ("PUSH R18 \n\t");

__asm___ volatile_ ("PUSH R19 \n\t");
__asm___ volatile ("PUSH R20 \n\t");
__asm___ volatile  ("PUSH R21 \n\t");
__asm___ volatile  ("PUSH R22 \n\t");
__asm___ volatile  ("PUSH R23 \n\t");
__asm___ volatile_ ("PUSH R24 \n\t");
__asm___ volatile_ ("PUSH R25 \n\t");
__asm___ volatile  ("PUSH R26 \n\t");
__asm___ volatile  ("PUSH R27 \n\t");
__asm___ volatile_ ("PUSH R30 \n\t");
__asm___ volatile_ ("PUSH R31 \n\t");
__asm___ volatile_ ("PUSH R28 \n\t"); //R28 R29
__asm___ volatile  ("PUSH R29 \n\t"); //
TCB[OSTaskRunningPrio].OSTaskStackTop=SP; Il
unsigned char OSNextTaskID; Il

for (OSNextTaskID = 0; Il

OSNextTaskID < OS_TASKS && (OSRdyTbl & (0x01<<OSNextTaskID));
OSNextTaskID++);

OSTaskRunningPrio = OSNextTaskID ;

cli(); //
SP=TCB[OSTaskRunningPrio].OSTaskStackTop;

sei();

1

__asm____ volatile_ ("POP R29 \n\t");
__asm__ _ volatile  ("POP R28 \n\t");

__asm___ volatile ("POP R31 \n\t");



__asm_____ volatile_ ("POP R30 \n\t");

__asm____ volatile_ ("POP R27 \n\t");
__asm___ volatile  ("POP R26 \n\t");
__asm__ _ volatile  ("POP R25 \n\t");
__asm___ volatile  ("POP R24 \n\t");
__asm__ _ volatile  ("POP R23 \n\t");
__asm____ volatile_ ("POP R22 \n\t");
__asm___ volatile_ ("POP R21 \n\t");
__asm___ volatile  ("POP R20 \n\t");
__asm___ volatile_ ("POP R19 \n\t");
__asm___ volatile  ("POP R18 \n\t");
__asm___ volatile_ ("POP __ tmp_reg__ \n\t");  /ISERG

__asm___ volatile_ ("OUT __ SREG__, tmp_reg__ \n\t"); /I
__asm___ volatile  ("POP _ tmp_reg_ \n\t"); //RO
__asm___ volatile ("POP _ zero reg \n\t"); //IR1

I

void OSTimeDly(unsigned int ticks)
{
if(ticks) I
{
OSRdyThbl &= ~(0x01<<OSTaskRunningPrio);
TCB[OSTaskRunningPrio].OSWaitTick=ticks;

0SSched(); I
}

}

void TCNOInit(void) // 0

{

TCCRO = 0;



TCCRO |= (1<<CS02); // 256
TIMSK |= (1<<TOIEOQ); // TO
TCNTO = 100; I

SIGNAL(SIG_OVERFLOWO)
{
unsigned char i;
for(i=0;i<OS_TASKS;i++) Il
{
if(TCBIi].OSWaitTick)
{
TCBIi].OSWaitTick--;
if(TCBIi].OSWaitTick==0) // :
{
OSRdyTbl |= (0x01<<i); //
}
}
}
TCNTO0=100;

}

void TaskO()
{
unsigned int j=0;
while(1)
{
PORTB=j++;
OSTimeDly(2);
}

14



void Task1()
{
unsigned int j=0;
while(1)
{
PORTC=j++;
OSTimeDly(4);
}
}

void Task2()
{
unsigned int j=0;
while(1)
{
PORTD=j++;
OSTimeDly(8);
}
}

void TaskScheduler()
{
while(1)

{
OSSched(); 1/



int main(void)

{
TCNOInit();
OSRdyTblI=0;
OSTaskRunningPrio=0;
OSTaskCreate(Task0,&Stack[49],0);
OSTaskCreate(Task1,&Stack[99],1);
OSTaskCreate(Task2,&Stack[149],2);
OSTaskCreate(TaskScheduler,&Stack[199],0S TASKS);

OSStartTask();
}
TaskScheduler() CPU
oS
1
2 ( )
3

#include <avr/io.h>
#include <avr/Interrupt.h>
#include <avr/signal.h>

unsigned char Stack[400];

register unsigned char OSRdyTbl asm("r2"); /I

CPU

16



register unsigned char OSTaskRunningPrio asm("r3"); //

#define OS_TASKS 3 Il
struct TaskCtrBlock
{
unsigned int OSTaskStackTop; //
unsigned int OSWaitTick;  //

} TCB[OS_TASKS+1];

I

register unsigned char tempR4 asm('r4");
register unsigned char tempR5 asm('r5");
register unsigned char tempR6 asm('r6");
register unsigned char tempR7 asm("r7");
register unsigned char tempR8 asm('r8");
register unsigned char tempR9 asm("r9");
register unsigned char tempR10 asm("r10");
register unsigned char tempR11 asm("r11");
register unsigned char tempR12 asm('"r12");
register unsigned char tempR13 asm("r13");
register unsigned char tempR14 asm('"r14");
register unsigned char tempR15 asm('"r15");
register unsigned char tempR16 asm("r16");

register unsigned char tempR16 asm("r17");

I
void OSTaskCreate(void (*Task)(void),unsigned char *Stack,unsigned char TaskID)
{

unsigned char i;

*Stack--=(unsigned int)Task>>8; //

*Stack--=(unsigned int)Task; /l

17



*Stack--=0x00; /IR1 __zero reg_
*Stack--=0x00; /[RO __tmp reg
*Stack--=0x80;

IISREG

for(i=0;i<14;i++) /I avr-libc FAQ What registers are used by the C compiler?

*Stack--=i; 1
TCB[TaskID].OSTaskStackTop=(unsigned int)Stack; //
OSRdyThl|=0x01<<TaskID; //

}

I ,

void OSStartTask()

{
OSTaskRunningPrio=0S_TASKS;
SP=TCB[OS_TASKS].OSTaskStackTop+17;

__asm__ _ volatile ( "reti" “\n\t" );

Il

void OSSched(void)

{
Il
__asm___ volatile ("PUSH __ zero reg_ \n\t"); //IR1
__asm___ volatile  ("PUSH _tmp reg \n\t"); //RO

__asm___ volatile_ ("IN __tmp reg_ , SREG__\n\t"); //

__asm___ volatile  ("PUSH __tmp reg_ \n\t");
__asm___ volatile_ ("CLR __zero reg___ \n\t"); //RO
__asm___ volatile_ ("PUSH R18 \n\t");
__asm___ volatile  ("PUSH R19 \n\t");
__asm___ volatile ("PUSH R20 \n\t");

SREG
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__asm___ volatile_ ("PUSH R21 \n\t");

__asm__ _ volatile_ ("PUSH R22 \n\t");
__asm___ volatile  ("PUSH R23 \n\t");
__asm___ volatile  ("PUSH R24 \n\t");
__asm___ volatile  ("PUSH R25 \n\t");
__asm___ volatile  ("PUSH R26 \n\t");
__asm___ volatile_ ("PUSH R27 \n\t");
__asm___ volatile_ ("PUSH R30 \n\t");
__asm___ volatile  ("PUSH R31 \n\t");
__asm___ volatile  ("PUSH R28 \n\t"); //R28 R29
__asm___ volatile ("PUSH R29 \n\t"); //
TCB[OSTaskRunningPrio].OSTaskStackTop=SP; Il
unsigned char OSNextTaskID; Il

for (OSNextTaskID = 0; Il

OSNextTaskID < OS_TASKS && (OSRdyTbl & (0x01<<OSNextTaskID));
OSNextTaskID++);

OSTaskRunningPrio = OSNextTaskID ;

cli(); //
SP=TCB[OSTaskRunningPrio].OSTaskStackTop;

sei();

1

__asm___ volatile ("POP R29 \n\t");
__asm___ volatile  ("POP R28 \n\t");
__asm___ volatile_ ("POP R31 \n\t");
__asm___ volatile_ ("POP R30 \n\t");
__asm___ volatile_ ("POP R27 \n\t");
__asm___ volatile  ("POP R26 \n\t");

__asm___ volatile  ("POP R25 \n\t");



__asm____ volatile_ ("POP R24 \n\t");

__asm____ volatile_ ("POP R23 \n\t");

__asm___ volatile ("POP R22 \n\t");

__asm___ volatile ("POP R21 \n\t");

__asm___ volatile  ("POP R20 \n\t");

__asm___ volatile  ("POP R19 \n\t");

__asm____ volatile_ ("POP R18 \n\t");

__asm___ volatile_ ("POP __ tmp_reg__ \n\t");  //ISERG
__asm___ volatile  ("OUT _ SREG_, tmp reg__ \n\t"); //
__asm___ volatile  ("POP _ tmp_reg_ \n\t"); //RO
__asm___ volatile ("POP _ zero reg \n\t"); //IR1

I

T T
I
void OSTaskSuspend(unsigned char prio)
{
TCB[prio].OSWaitTick=0;
OSRdyThbl &= ~(0x01<<prio); //
if(OSTaskRunningPrio==prio) //
OSSched(); 1l

Il OSTaskSuspend  OSTimeDly
void OSTaskResume(unsigned char prio)
{
OSRdyTbl |= 0x01<<prio; //
TCBJprio].OSWaitTick=0; I 0,
if(OSTaskRunningPrio>prio) //
OSSched(); I I

20



I
void OSTimeDly(unsigned int ticks)
{
if(ticks) Il
{
OSRdyThbl &= ~(0x01<<OSTaskRunningPrio);
TCB[OSTaskRunningPrio].OSWaitTick=ticks;
OSSched(); Il

}
}

I

struct SemBIk

{
unsigned char OSEventType; // 0, 1
unsigned char OSEventState; // 0, 1,
unsigned char OSTaskPendTbl; //

} Sem|[10];

Il
void OSSemCreat(unsigned char Index,unsigned char Type)
{
Sem[Index].OSEventType=Type; // 0, 1
Sem[Index].OSTaskPendThbl=0;

Sem[Index].OSEventState=0;
}

1l ,

unsigned char OSTaskSemPend(unsigned char Index,unsigned int Timeout)

21



/lunsigned char i=0;

if(Sem[Index].OSEventState) 1

{
if(Sem[Index].OSEventType==0) Il
Sem[Index].OSEventState = 0x00; Il

}

else

{ Il
Sem[Index].OSTaskPendThbl |= 0x01<<OSTaskRunningPrio;
OSRdyTbl &= ~(0x01<<OSTaskRunningPrio); //
TCB[OSTaskRunningPrio]. OSWaitTick=Timeout; //
0SSched(); //
if(TCB[OSTaskRunningPrio].OSWaitTick==0) return O;

}

return 1;

}

/l
void OSSemPost(unsigned char Index)

{
if(Sem[Index].OSEventType) 1l

{
Sem[Index].OSEventState=0x01; Il

OSRdyTbl [=Sem [Index].OSTaskPendTbl; //

Sem[Index].OSTaskPendThI=0; 1l
}
else 1l
{

22



unsigned char i;

for (i=0; i< OS_TASKS && !(Sem[Index].OSTaskPendThl & (0x01<<i)); i++);

if(i < OS_TASKS) 1

{
Sem[Index].OSTaskPendTbl &= ~(0x01<<i); //
OSRdyTbl |= 0x01<<i; I

}

else

{
Sem[Index].OSEventState =1; Il

}

}

}

1l

void OSTaskSemPost(unsigned char Index)

{
OSSemPost(Index);

OSSched();
}

I ,
I

void OSSemClean(unsigned char Index)

{
Sem|[Index].OSEventState =0; Il

}

void TCNOInit(void) // 0
{

23



TCCRO = 0;
TCCRO |= (1<<CS02); // 256
TIMSK |= (1<<TOIEOQ): // TO
TCNTO = 100; I

SIGNAL(SIG_OVERFLOWO)
{
unsigned char i;
for(i=0;i<OS_TASKS;i++) 1l
{
if(TCBIi].OSWaitTick)
{
TCBIi].OSWaitTick--;
if(TCBIi].OSWaitTick==0) //
{
OSRdyThbl [= (0x01<<i); //
}
}
}
TCNTO0=100;

}

void TaskO()
{
unsigned int j=0;
while(1)
{
PORTB=j++;
OSTaskSuspend(1); //

24



OSTaskSemPost(0);
OSTimeDly(50);
OSTaskResume(1); /I
OSSemClean(0);
OSTimeDly(50);

void Task1()
{
unsigned int j=0;
while(1)
{
PORTC=j++;
OSTimeDly(5);
}
}

void Task2()

{
unsigned int j=0;
while(1)
{

OSTaskSemPend(0,10);
PORTD=j++,
OSTimeDly(5);

}
}

void TaskScheduler()

25



{
while(1)

{
OSSched();  //

int main(void)

{
TCNOInit();
OSRdyTblI=0;
OSSemCreat(0,1); //
OSTaskCreate(Task0,&Stack[99],0);
OSTaskCreate(Task1,&Stack[199],1);
OSTaskCreate(Task2,&Stack[299],2);
OSTaskCreate(TaskScheduler,&Stack[399],0S TASKS);
OSStartTask();

Round-Robin Sheduling

=

N

"RIMP Int_OSSched"

@)

* Ist

w

GCC AVR
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#include <avr/io.h>
#include <avr/Interrupt.h>
#include <avr/signal.h>

unsigned char Stack[400];

register unsigned char OSRdyTbl asm("r2"); [l

register unsigned char OSTaskRunningPrio asm("r3");

#define OS_TASKS 3 Il
struct TaskCtrBlock
{
unsigned int OSTaskStackTop; //
unsigned int OSWaitTick;  //

} TCB[OS_TASKS+1];

I

register unsigned char tempR4 asm('r4");
register unsigned char tempR5 asm('r5");
register unsigned char tempR6 asm('r6");
register unsigned char tempR7 asm("'r7");
register unsigned char tempR8 asm('r8");
register unsigned char tempR9 asm("r9");
register unsigned char tempR10 asm("r10");
register unsigned char tempR11 asm("r11");
register unsigned char tempR12 asm('"r12");
register unsigned char tempR13 asm('"r13");
register unsigned char tempR14 asm('"r14");
register unsigned char tempR15 asm('"r15");
register unsigned char tempR16 asm("r16");

register unsigned char tempR16 asm("r17");

I
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1l
void OSTaskCreate(void (*Task)(void),unsigned char *Stack,unsigned char TaskID)
{

unsigned char i;

*Stack--=(unsigned int)Task>>8; //

*Stack--=(unsigned int)Task; I
*Stack--=0x00; /IRl zero reg
*Stack--=0x00; /[RO __tmp reg

*Stack--=0x80;

IISREG

for(i=0;i<14;i++) /I avr-libc FAQ What registers are used by the C compiler?

*Stack--=i; Il

TCB[TaskID].OSTaskStackTop=(unsigned int)Stack; //

OSRdyThl|=0x01<<TaskID; //

}

Il :

void OSStartTask()

{
OSTaskRunningPrio=0S_TASKS;
SP=TCB[OS_TASKS].OSTaskStackTop+17;

__asm___ volatile ( ‘"reti" “\n\t" );

I
void OSSched(void)
{

Il

__asm___ volatile ("PUSH __ zero reg_ \n\t"); //IR1



__asm___ volatile_ ("PUSH __tmp_reg___ \n\t"); //RO
_asm___ volatile_ ("IN __tmp_reg_, SREG__ \n\t"); //
__asm___ volatile  ("PUSH __tmp reg \n\t");
__asm___ volatile ("CLR __ zero reg_ \n\t"); //RO
__asm___ volatile  ("PUSH R18 \n\t");

__asm___ volatile  ("PUSH R19 \n\t");

__asm___ volatile_ ("PUSH R20 \n\t");

__asm___ volatile_ ("PUSH R21 \n\t");

__asm___ volatile  ("PUSH R22 \n\t");

__asm___ volatile  ("PUSH R23 \n\t");

__asm___ volatile  ("PUSH R24 \n\t");

__asm___ volatile_ ("PUSH R25 \n\t");

__asm___ volatile_ ("PUSH R26 \n\t");

__asm___ volatile  ("PUSH R27 \n\t");

__asm___ volatile  ("PUSH R30 \n\t");

__asm___ volatile  ("PUSH R31 \n\t");

__asm____ volatile_ ("Int_OSSched: \n\t"); //
__asm___ volatile  ("PUSH R28 \n\t"); //R28 R29
__asm___ volatile  ("PUSH R29 \n\t"); //
TCB[OSTaskRunningPrio].OSTaskStackTop=SP; Il

if(++OSTaskRunningPrio>=0S_TASKS) //

OSTaskRunningPrio=0;

Ieli(); 1

SP=TCB[OSTaskRunningPrio].OSTaskStackTop;

IIsei();

1

_asm__

__volatile_ ("POP R29

\n\t);

SREG
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_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

__asm

I

__volatile_ ("POP R28 \n\t");

__volatile_ ("POP R31 \n\t");
_____volatile_ ("POP R30 \n\t");
__volatile_ ("POP R27 \n\t");
__volatile_ ("POP R26 \n\t");
_____volatile_ ("POP R25 \n\t");
__volatile_ ("POP R24 \n\t");
__volatile_ ("POP R23 \n\t");
_____volatile_ ("POP R22 \n\t");
__volatile_ ("POP R21 \n\t");
__volatile_ ("POP R20 \n\t");
_____volatile_ ("POP R19 \n\t");
__volatile_ ("POP R18 \n\t");
__volatile_ ("POP __ tmp _reg_ \n\t");

__volatile_ ("POP __ tmp _reg_ \n\t");
__volatile_ ("POP __ zero reg_ \n\t");
_____volatile_ ("RETI \n\t");  //

void IntSwitch(void)

{

asm__

asm__

asm

__volatile_ ("POP R31 \n\t"); //

__volatile_ ("POP R31 \n\t");

_____volatile_ ("RIJMP Int_OSSched \n\t"); //

IISERG

____volatile_ ("OUT _ SREG__, tmp_reg__ \n\t");

//IRO
//IR1

RE
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void TCNOInit(void) //

{

TCCRO = 0;

TCCRO |= (1<<CS02); /I 256
TIMSK |= (1<<TOIEO); // TO
TCNTO=100; /I

SIGNAL(SIG_OVERFLOWO0)
{

TCNTO0=100;

IntSwitch(); I

}

void TaskO()
{
unsigned int j=0;
while(1)
{
PORTB=j++;
//OSTimeDly(50);
}
}

void Task1()
{
unsigned int j=0;
while(1)
{
PORTC=j++;
//OSTimeDly(5);



void Task2()
{
unsigned int j=0;
while(1)
{
PORTD=j++;
//OSTimeDly(5);
}
}

void TaskScheduler()
{
while(1)

{
OSSched();  //

int main(void)

{
TCNOInit();
OSRdyTblI=0;
OSTaskCreate(Task0,&Stack[99],0);
OSTaskCreate(Task1,&Stack[199],1);
OSTaskCreate(Task2,&Stack[299],2);

OSTaskCreate(TaskScheduler,&Stack[399],0S TASKS);
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OSsStartTask();
}

Preemptive Multitasking

#include <avr/io.h>
#include <avr/Interrupt.h>
#include <avr/signal.h>

unsigned char Stack[400];

register unsigned char OSRdyTbl asm("r2"); [/

register unsigned char OSTaskRunningPrio asm("r3"); //

register unsigned char IntNum asm("r4"); I/

1l 0

register unsigned char OSCoreState asm("r16"); // ,R16
Il R15 LDI R16,0x01

//0x01 0x02

#define OS_TASKS 3 Il
struct TaskCtrBlock
{
unsigned int OSTaskStackTop; //
unsigned int OSWaitTick;  //

} TCB[OS_TASKS+1];
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I

/Iregister unsigned char tempR4 asm("r4");
register unsigned char tempR5 asm('r5");
register unsigned char tempR6 asm('r6");
register unsigned char tempR7 asm('r7");
register unsigned char tempR8 asm('r8");
register unsigned char tempR9 asm("r9");
register unsigned char tempR10 asm("r10");
register unsigned char tempR11 asm("r11");
register unsigned char tempR12 asm('"r12");
register unsigned char tempR13 asm('"r13");
register unsigned char tempR14 asm("r14");
register unsigned char tempR15 asm('"r15");
/Iregister unsigned char tempR16 asm("r16");

register unsigned char tempR16 asm("r17");

I

void OSTaskCreate(void (*Task)(void),unsigned char *Stack,unsigned char TaskID)
{

unsigned char i;

*Stack--=(unsigned int)Task>>8; //

*Stack--=(unsigned int)Task; I
*Stack--=0x00; /IRl __ zero reqg
*Stack--=0x00; /[RO __tmp reqg

*Stack--=0x80;

IISREG
for(i=0;i<14;i++) /I avr-libc FAQ What registers are used by the C compiler?
*Stack--=i; Il
TCB[TaskID].OSTaskStackTop=(unsigned int)Stack; //



OSRdyThl|=0x01<<TaskID; //
}

I :

void OSStartTask()

{
OSTaskRunningPrio=0S_TASKS;
SP=TCB[OS_TASKS].OSTaskStackTop+17;

__asm___ volatile ( ‘"reti" “\n\t" );

1l
void OSSched(void)

{
__asm___ volatile  ("LDI R16,0x01 \n\t");
Il :
__asm___ volatile_ ("SEI \n\t");
Il , ;
Il
__asm___ volatile ("PUSH __ zero reg_ \n\t"); //IR1
__asm___ volatile  ("PUSH __tmp reg \n\t"); //RO

__asm___ volatile_ ("IN __tmp_reg_, SREG__ \n\t"); //

__asm___ volatile_ ("PUSH __tmp_reg___ \n\t");
__asm___ volatile ("CLR __ zero reg_ \n\t"); //RO
__asm___ volatile  ("PUSH R18 \n\t");
__asm___ volatile  ("PUSH R19 \n\t");
__asm___ volatile_ ("PUSH R20 \n\t");
__asm___ volatile_ ("PUSH R21 \n\t");
__asm___ volatile_ ("PUSH R22 \n\t");
__asm___ volatile  ("PUSH R23 \n\t");
__asm___ volatile  ("PUSH R24 \n\t");

SREG
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1l

__asm___ volatile_ ("PUSH R25 \n\t");

__asm___ volatile_ ("PUSH R26 \n\t");
__asm___ volatile  ("PUSH R27 \n\t");
__asm___ volatile  ("PUSH R30 \n\t");
__asm___ volatile  ("PUSH R31 \n\t");
__asm____ volatile_ ("Int_OSSched: \n\t"); //
__asm___ volatile_ ("SEI \n\t");

__asm___ volatile  ("PUSH R28 \n\t"); //R28 R29
__asm___ volatile ("PUSH R29 \n\t"); //
TCB[OSTaskRunningPrio].OSTaskStackTop=SP; Il
unsigned char OSNextTaskPrio; /I

for (OSNextTaskPrio = 0; Il

OSNextTaskPrio < OS_TASKS && (OSRdyTbl & (0x01<<OSNextTaskPrio));
OSNextTaskPrio++);

OSTaskRunningPrio = OSNextTaskPrio ;

cli(); //
SP=TCB[OSTaskRunningPrio].OSTaskStackTop;

sei();

Il

__asm___ volatile ("POP R29 \n\t");
__asm___ volatile  ("POP R28 \n\t");
__asm___ volatile_ ("POP R31 \n\t");
__asm___ volatile_ ("POP R30 \n\t");
__asm___ volatile_ ("POP R27 \n\t");
__asm___ volatile  ("POP R26 \n\t");
__asm___ volatile  ("POP R25 \n\t");
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__asm____ volatile_ ("POP R24 \n\t");

__asm____ volatile_ ("POP R23 \n\t");
__asm___ volatile ("POP R22 \n\t");
__asm___ volatile ("POP R21 \n\t");
__asm___ volatile  ("POP R20 \n\t");
__asm___ volatile  ("POP R19 \n\t");
__asm____ volatile_ ("POP R18 \n\t");
__asm___ volatile_ ("POP __ tmp_reg__ \n\t");  //ISERG

__asm___ volatile  ("OUT _ SREG_, tmp reg__ \n\t"); //

__asm___ volatile  ("POP _ tmp_reg_ \n\t"); //RO
__asm___ volatile ("POP _ zero reg \n\t"); //IR1
Il

__asm___ volatile_ ("CLI \n\t"); //

__asm___ volatile  ("SBRC R16,1 \n\t"); //SBRC
I 0x02

__asm___ volatile  ("RIMP OSSched \n\t"); //
__asm___ volatile_ ("LDI R16,0x00 \n\t");

Il ;

__asm___ volatile ("RETI \n\t"); //

Il
void IntSwitch(void)
{
Il
if(OSCoreState == 0x02 && IntNum==0)

{

Il SREG RO,R1,R18~R27,R30,R31
__asm___ volatile_ ("POP R31 \n\t"); //
__asm___ volatile  ("POP R31 \n\t");
__asm___ volatile_ ("LDI R16,0x01 \n\t");

RE
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1 ;
__asm____ volatile_ ("RIMP Int_OSSched

I
void OSTimeDly(unsigned int ticks)
{
if(ticks) I
{
OSRdyThl &= ~(0x01<<OSTaskRunningPrio);
TCB[OSTaskRunningPrio]. OSWaitTick=ticks;

OSSched(); I
}
}
void TCNOInit(void) // 0
{
TCCRO = 0;

TCCRO |= (1<<CS02); // 256
TIMSK |= (1<<TOIEOQ); // TO
TCNTO = 100; I

SIGNAL(SIG_OVERFLOWO)
{

IntNum++; ~ // +1

sei(); //

\n\t™); //
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unsigned char i,j=0;
for(i=0;i<OS_TASKS;i++)
{
if(TCBIi].OSWaitTick)
{
TCBI[i].OSWaitTick--;
if(TCBIi].OSWaitTick==0)
{
OSRdyThbl [= (0x01<<i);
OSCoreState|=0x02;
}
}
}
TCNTO0=100;
cli);
IntNum--; Il

IntSwitch(); ~ //

void TaskO()
{
unsigned int j=0;
while(1)
{
PORTB=j++;
OSTimeDly(50);
}
}

void Task1()
{

unsigned int j=0;



while(1)
{
PORTC=j++;
OSTimeDly(20);
}
}

void Task2()
{
unsigned int j=0;
while(1)
{
PORTD=j++;
OSTimeDly(5);
}
}

void TaskScheduler()
{
OSSched();
while(1)
{
//0OSSched();  //

int main(void)

{
TCNOInit();



OSRdyTblI=0;

INtNum=0;

OSTaskCreate(Task0,&Stack[99],0);
OSTaskCreate(Task1,&Stack[199],1);
OSTaskCreate(Task2,&Stack[299],2);
OSTaskCreate(TaskScheduler,&Stack[399],0S TASKS);
OSStartTask();

#include <avr/io.h>
#include <avr/Interrupt.h>
#include <avr/signal.h>

unsigned char Stack[400];

register unsigned char OSRdyTbl asm("r2"); |/l
register unsigned char OSTaskRunningPrio asm("r3"); //
register unsigned char IntNum asm("rd"); I

Il 0

register unsigned char OSCoreState asm("r16"); //

1l R15 LDI R16,0x01
//0x01 0x02
#define OS_TASKS 3 Il

,R16
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struct TaskCtrBlock

{
unsigned int OSTaskStackTop; //
unsigned int OSWaitTick;  //

} TCB[OS_TASKS+1];

I

/Iregister unsigned char tempR4 asm("r4");
register unsigned char tempR5 asm('r5");
register unsigned char tempR6 asm('r6");
register unsigned char tempR7 asm('r7");
register unsigned char tempR8 asm("r8");
register unsigned char tempR9 asm("r9");
register unsigned char tempR10 asm("r10");
register unsigned char tempR11 asm("r11");
register unsigned char tempR12 asm("r12");
register unsigned char tempR13 asm("r13");
register unsigned char tempR14 asm('"r14");
register unsigned char tempR15 asm("r15");
/Iregister unsigned char tempR16 asm("r16");

register unsigned char tempR16 asm("r17");

Il
void OSTaskCreate(void (*Task)(void),unsigned char *Stack,unsigned char TaskID)
{

unsigned char i;

*Stack--=(unsigned int)Task>>8; //

*Stack--=(unsigned int)Task; I

*Stack--=0x00; /IR1 __ zero reg

*Stack--=0x00; /[RO __tmp reqg



*Stack--=0x80;

IISREG

for(i=0;i<14;i++) /I avr-libc FAQ What registers are used by the C compiler?

*Stack--=i; Il
TCB[TaskID].OSTaskStackTop=(unsigned int)Stack; //
OSRdyThl|=0x01<<TaskID; //

}

I :

void OSStartTask()

{
OSTaskRunningPrio=0S_TASKS;
SP=TCB[OS_TASKS].OSTaskStackTop+17;

__asm___ volatile ( ‘"reti" “\n\t" );

1l
void OSSched(void)

{
__asm___ volatile_ ("LDI R16,0x01 \n\t");
Il ;
__asm___ volatile_ ("SEI \n\t");
Il , ;
I
__asm___ volatile ("PUSH __ zero reg_ \n\t"); //IR1
__asm___ volatile  ("PUSH __tmp reg_ \n\t"); //RO

__asm___ volatile_ ("IN __tmp_reg_, SREG__ \n\t"); //

__asm___ volatile_ ("PUSH __tmp_reg___ \n\t");
__asm___ volatile ("CLR __ zero reg_ \n\t"); //RO
__asm___ volatile  ("PUSH R18 \n\t");

SREG
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__asm___ volatile_ ("PUSH R19 \n\t");

__asm___ volatile_ ("PUSH R20 \n\t");
__asm___ volatile  ("PUSH R21 \n\t");
__asm___ volatile  ("PUSH R22 \n\t");
__asm___ volatile ("PUSH R23 \n\t");
__asm___ volatile  ("PUSH R24 \n\t");
__asm___ volatile_ ("PUSH R25 \n\t");
__asm___ volatile_ ("PUSH R26 \n\t");
__asm___ volatile ("PUSH R27 \n\t");
__asm___ volatile ("PUSH R30 \n\t");
__asm___ volatile  ("PUSH R31 \n\t");
__asm____ volatile_ ("Int_OSSched: \n\t"); //
__asm___ volatile_ ("SEI \n\t");

1 :
__asm___ volatile  ("PUSH R28 \n\t"); //R28 R29
__asm___ volatile ("PUSH R29 \n\t"); //
TCB[OSTaskRunningPrio].OSTaskStackTop=SP; Il
unsigned char OSNextTaskPrio; Il
for (OSNextTaskPrio = 0; Il

OSNextTaskPrio < OS_TASKS && (OSRdyTbl & (0x01<<OSNextTaskPrio));
OSNextTaskPrio++);

OSTaskRunningPrio = OSNextTaskPrio ;

cli(); //
SP=TCB[OSTaskRunningPrio].OSTaskStackTop;

sei();

I

__asm___ volatile_ ("POP R29 \n\t");



_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

__asm

_asm__

_asm__

I

_asm__

_asm__

I

_asm__

_asm__

I

_asm__

I

__volatile_ ("POP R28 \n\t");

__volatile__("SBRC R16,1 \n\t"); //SBRC

0x02
__volatile_ ("RIMP OSSched \n\t"); //
__volatile_ ("LDI R16,0x00 \n\t");
__volatile_ ("RETI \n\t"); //

void IntSwitch(void)

{

I

__volatile_ ("POP R31 \n\t");
_____volatile_ ("POP R30 \n\t");
__volatile_ ("POP R27 \n\t");
__volatile_ ("POP R26 \n\t");
_____volatile_ ("POP R25 \n\t");
__volatile_ ("POP R24 \n\t");
__volatile_ ("POP R23 \n\t");
_____volatile_ ("POP R22 \n\t");
__volatile_ ("POP R21 \n\t");
__volatile_ ("POP R20 \n\t");
_____volatile_ ("POP R19 \n\t");
__volatile_ ("POP R18 \n\t");

__volatile_ ("POP __ tmp _reg_ \n\t"); /ISERG
_____volatile_ ("OUT _ SREG__, tmp_reg__ \n\t"); //
__volatile_ ("POP __ tmp _reg_ \n\t"); //RO
__volatile_ ("POP __ zero reg_ \n\t"); //IR1

__volatile_ ("CLI \n\t"); //
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if(OSCoreState == 0x02 && IntNum==0)
{

Il SREG RO,R1,R18~R27,R30,R31
__asm___ volatile  ("POP R31 \n\t"); //
__asm___ volatile  ("POP R31 \n\t");
__asm___ volatile_ ("LDI R16,0x01 \n\t");

1 ,

__asm____ volatile_ ("RIJMP Int_OSSched \n\t"); //

}

}
T

I
void OSTaskSuspend(unsigned char prio)
{
TCB[prio].OSWaitTick=0;
OSRdyThbl &= ~(0x01<<prio); //
if(OSTaskRunningPrio==prio) //
OSSched(); 1l

1l OSTaskSuspend  OSTimeDly
void OSTaskResume(unsigned char prio)
{
OSRdyTbl |= 0x01<<prio; //
TCB[prio].OSWaitTick=0; 1l 0,
if(OSTaskRunningPrio>prio) //
OSSched(); I I

I

void OSTimeDly(unsigned int ticks)
{

46



if(ticks) Il

{
OSRdyThbl &= ~(0x01<<OSTaskRunningPrio);
TCB[OSTaskRunningPrio].OSWaitTick=ticks;
OSSched(); Il

}

Il

struct SemBIk

{
unsigned char OSEventType; // 0, 1
unsigned char OSEventState; // 0, 1,
unsigned char OSTaskPendTbl; //

} Sem[10];

Il
void OSSemCreat(unsigned char Index,unsigned char Type)
{
Sem[Index].OSEventType=Type; // 0, 1
Sem|[Index].OSTaskPendThbl=0;

Sem[Index].OSEventState=0;

}

/I ,
/I Timeout==0xffff

unsigned char OSTaskSemPend(unsigned char Index,unsigned int Timeout)

{

/lunsigned char i=0;

if(Sem[Index].OSEventState) I
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{

if(Sem[Index].OSEventType==0) 1l
Sem[Index].OSEventState = 0x00; Il
}
else
{ I

Sem[Index].OSTaskPendThbl |= 0x01<<OSTaskRunningPrio;
TCB[OSTaskRunningPrio]. OSWaitTick=Timeout; // 0
OSRdyThbl &= ~(0x01<<OSTaskRunningPrio); Il
OSSched(); //
if(TCB[OSTaskRunningPrio]. OSWaitTick==0) //

return O;

}

return 1;

}

1l
void OSSemPost(unsigned char Index)

{
if(Sem[Index].OSEventType) 1l
{
Sem[Index].OSEventState=0x01; 1l
OSRdyTbl [=Sem [Index].OSTaskPendTbl; //

Sem[Index].OSTaskPendTbI=0; Il
}
else 1l
{

unsigned char i;
for (i=0; i< OS_TASKS && !(Sem[Index].OSTaskPendThl & (0x01<<i)); i++);
if(i < OS_TASKYS) 1l
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{
Sem[Index].OSTaskPendTbl &= ~(0x01<<i); //

OSRdyTbl |= 0x01<<i; I
}
else
{
Sem[Index].OSEventState =1; 1l
}
}

}

I

void OSTaskSemPost(unsigned char Index)

{
OSSemPost(Index);

OSSched();
}

1l ,
1l

void OSSemClean(unsigned char Index)

{
Sem[Index].OSEventState =0; Il

}

void TCNOInit(void) // 0
{

TCCRO = 0;

TCCRO |= (1<<CS02); /I 256
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TIMSK |= (1<<TOIEO); // TO
TCNTO = 100; I

SIGNAL(SIG_OVERFLOWO)
{
IntNum++; ~ // +1

sei(); //

unsigned char i;
for(i=0;i<OS_TASKS;i++) Il
{
if(TCBJi].OSWaitTick && TCBJi].OSW aitTick!=0xffff)
{
TCBIi].OSWaitTick--;
if(TCBIi].OSWaitTick==0) I ,
{
OSRdyThbl [= (0x01<<i); Il
OSCoreState|=0x02; 1l
}
}
}
TCNTO0=100;
cli);
IntNum--; Il -1

IntSwitch(); ~ //

unsigned char __attribute__ ((progmem)) proStrA[]="Task
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unsigned char strA[20];

SIGNAL(SIG_UART_RECV) /I

{
strA[0]=UDR;

}

M

unsigned char *pstr_ UART _Send;

unsigned int nUART_Sending=0;

void UART_Send(unsigned char *Res,unsigned int Len) //

{
if(Len>0)

{
pstr_ UART_Send=Res; //

NUART_Sending=Len; //

UCSRB=0xBS; Il

/ISIGNAL

SIGNAL(SIG_UART_DATA) /I
{

IntNum++; ~ // +1,

if(NUART _Sending) Il
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{
UDR=*pstr UART_Send; Il

pstr_ UART_Send++; 1l
NUART _Sending--; Il
}
if(NUART _Sending==0) Il
{
OSSemPost(0);

OSCoreState|=0x02; Il
UCSRB=0x98;
}
cli(); 1
IntNum--;

IntSwitch(); //

void UARTInit() //
{

#define fosc 8000000 // 8 MHZ UBRRL=(fosc/16/(baud+1))%256;

#define baud 9600 //
OSCCAL=0x97; Il
/IUCSRB=(1<<RXEN)|(1<<TXEN);//
UCSRB=0x98;
/[UCSRB=0x08;
UBRRL=(fosc/16/(baud+1))%256;
UBRRH=(fosc/16/(baud+1))/256;
UCSRC=(1<<URSEL)|(1<<UCSZ1)|(1<<UCSZ0);//8
UCSRB=0xB8;

UDR=0;

+1

STOP
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/1 unsigned int 00000
void strPUT _ulnt(unsigned char *Des,unsigned int i)
{
unsigned char j;
Des=Des+4;
for(j=0;j<5;j++)
{
*Des=i%10+'0’;
i=i/10;

Des--;

void strPUT_Star(unsigned char *Des,unsigned char i)

{

unsigned char j;

for(j=0;j<i;j++)

{
*Des++="*"
}
*Des++=13;
}

unsigned int strPUT_TaskState(unsigned char *Des,
unsigned char TaskID,

unsigned char Num)

/lunsigned int i=0;
*(Des+4)="0'+TaskID;
strPUT _ulnt(Des+6,Num);

strPUT_Star(Des+12,TasklID);

53



return 12+TaskID+1;

}

void TaskO()
{
unsigned int j=0;
while(1)
{
PORTB=j++;
if(OSTaskSemPend(0,0xffff))
{
unsigned int m;
m=strPUT_TaskState(strA,0STaskRunningPrio,));
UART _Send(strA,m);
}
OSTimeDly(200);
}
}

void Task1()
{
unsigned int j=0;
while(1)
{
PORTC=j++;
if(OSTaskSemPend(0,0xffff))
{
unsigned int m;
m=strPUT_TaskState(strA,O0STaskRunningPrio,));
UART _Send(strA,m);

}
OSTimeDly(100);

54



void Task2()
{
unsigned int j=0;
while(1)
{
if(OSTaskSemPend(0,0xffff))
{
unsigned int m;
m=strPUT_TaskState(strA,0STaskRunningPrio,j);
UART_Send(strA,m);
}
PORTD=j++;
OSTimeDly(50);
}
}

void TaskScheduler()
{
OSSched();
while(1)
{
}
}

int main(void)

{
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stricpy_P(strA,proStrA,20);
UARTInit();

TCNOINit();

OSRdyTblI=0;

INtNum=0;

OSTaskCreate(Task0,&Stack[99],0);
OSTaskCreate(Task1,&Stack[199],1);
OSTaskCreate(Task2,&Stack[299],2);
OSTaskCreate(TaskScheduler,&Stack[399],0S TASKS);
OSStartTask();

WInAVR  Proteus
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