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#ifndef __UCONTEXT__ 
#define __UCONTEXT__ 

typedef struct stack_t { 
        char *ss_sp; 
        //size_t ss_size; 
        long ss_size; 
        int ss_flags; 
} stack_t; 

typedef struct mcontext_t { 
        int regPC; // program counter 
        int regSP; // stack pointer 
        int regSR; // status register 
        int regR4; 
        int regR5; 
        int regR6; 
        int regR7; 
        int regR8; 
        int regR9; 
        int regR10; 
        int regR11; 
        int regR12; 
        int regR13; 
        int regR14; 
        int regR15; 
} mcontext_t; 

typedef struct ucontext_t { 
 struct ucontext_t *uc_link; 
 //sigset_t uc_sigmask; 
 stack_t uc_stack; 
 mcontext_t uc_mcontext; 
        int func; 
        int initialized; 
} ucontext_t; 

int getcontext(ucontext_t *); 
int setcontext( ucontext_t *); 
void makecontext(ucontext_t *context, int bodyAdress, int n_parms, char 
*parm); 
//void makecontext(ucontext_t *context, int (*body)(), int n_parms, char 
*parm); 
//void makecontext(ucontext_t *context, int (*body)(), int, char *); 
void setgearclock(int); 
int swapcontext(ucontext_t *,  ucontext_t *); 

#endif 

�
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#include "ucontext.h" 

extern int flag; 
extern int memPC; 

int r; 

int getcontext(ucontext_t *context) 
{ 
  asm 
  ( 
    "MOV SR, r" 
  ); 
  context->uc_mcontext.regSR = r; 
  asm 
  ( 
    "MOV R4, r" 
  ); 
  context->uc_mcontext.regR4 = r; 
  asm 
  ( 
    "MOV R5, r" 
  ); 
  context->uc_mcontext.regR5 = r; 
  asm 
  ( 
    "MOV R6, r" 
  ); 
  context->uc_mcontext.regR6 = r; 
  asm 
  ( 
    "MOV R7, r" 
  ); 
  context->uc_mcontext.regR7 = r; 
  asm 
  ( 
    "MOV R8, r" 
  ); 
  context->uc_mcontext.regR8 = r; 
  asm 
  ( 
    "MOV R9, r" 
  ); 
  context->uc_mcontext.regR9 = r; 
  asm 
  ( 
    "MOV R10, r" 
  ); 
  context->uc_mcontext.regR10 = r; 
  asm 
  ( 
    "MOV R11, r" 
  ); 
  context->uc_mcontext.regR11 = r; 
  asm 
  ( 
    "MOV R12, r" 
  ); 
  context->uc_mcontext.regR12 = r; 
  asm 
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  ( 
    "MOV R13, r" 
  ); 
  context->uc_mcontext.regR13 = r; 
  asm 
  ( 
    "MOV R14, r" 
  ); 
  context->uc_mcontext.regR14 = r; 
  asm 
  ( 
    "MOV R15, r" 
  ); 
  context->uc_mcontext.regR15 = r; 
  asm 
  ( 
    "MOV SP, r" 
  ); 
  context->uc_mcontext.regSP = r; 
//  asm 
//  ( 
//    "MOV PC, r" 
//  ); 
//  if(!flag) 
//  context->uc_mcontext.regPC = r;   // Com salvamento em ASM 
  context->uc_mcontext.regPC = memPC; 

  return 0; 
} 

int setcontext( ucontext_t *context) 
{ 
  r = context->uc_mcontext.regSR; 
  asm 
  ( 
  "MOV r, SR" 
  ); 
  r = context->uc_mcontext.regR4; 
  asm 
  ( 
  "MOV r, R4" 
  ); 
  r = context->uc_mcontext.regR5; 
  asm 
  ( 
  "MOV r, R5" 
  ); 
  r = context->uc_mcontext.regR6; 
  asm 
  ( 
  "MOV r, R6" 
  ); 
  r = context->uc_mcontext.regR7; 
  asm 
  ( 
  "MOV r, R7" 
  ); 
  r = context->uc_mcontext.regR8; 
  asm 
  ( 
  "MOV r, R8" 
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  ); 
  r = context->uc_mcontext.regR9; 
  asm 
  ( 
  "MOV r, R9" 
  ); 
  r = context->uc_mcontext.regR10; 
  asm 
  ( 
  "MOV r, R10" 
  ); 
  r = context->uc_mcontext.regR11; 
  asm 
  ( 
  "MOV r, R11" 
  ); 
  r = context->uc_mcontext.regR12; 
  asm 
  ( 
  "MOV r, R12" 
  ); 
  r = context->uc_mcontext.regR13; 
  asm 
  ( 
  "MOV r, R13" 
  ); 
  r = context->uc_mcontext.regR14; 
  asm 
  ( 
  "MOV r, R14" 
  ); 
  r = context->uc_mcontext.regR15; 
  asm 
  ( 
  "MOV r, R15" 
  ); 
   
  if(!context->initialized) 
  { 
    r = (int)context->uc_stack.ss_sp; 
    asm 
    ( 
    "MOV r, SP" 
    ); 
    r = (int)(context->func); 
    context->initialized = 1; 
    asm 
    ( 
    "MOV r, PC" 
    ); 
  } 
  else 
  { 
      flag = 1; 
      r = context->uc_mcontext.regSP; 
      asm 
      ( 
      "MOV r, SP" 
      ); 
      r = context->uc_mcontext.regPC; 
      asm 
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      ( 
      "MOV r, PC" 
      ); 
       
  } 
  return 0; 
} 

void makecontext(ucontext_t *context, int start_routine, int n_parms, char 
*parm) 
{ 
  context->func = start_routine; 
} 

int swapcontext(ucontext_t *saida,  ucontext_t *entrada) 
{ 
    getcontext(saida); 
    setcontext(entrada); 
     
    return 0; 
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#ifndef __TASKLIST__ 
#define __TASKLIST__ 

#ifndef NULL 
#define NULL ((void *) 0) 
#endif 

#include "task.h" 

void list_append (task_t **list, task_t *task); 

task_t *list_remove (task_t **list, task_t *elem); 

void list_print (char *name, task_t *list); 

int list_size (task_t *list); 

#endif 
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#include<stdio.h> 

#include "tasklist.h" 

void list_append (task_t **list, task_t *task) 
{ 
    if(!task) // Verifica se a tarefa existe 
    { 
        printf("Erro. Tarefa inconsistente.\n"); 
        return; 
    } 
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    if(task->next || task->prev) // Verifica se a tarefa jÃ¡ pertence Ã  
outra lista 
    { 
        printf("Erro. Tarefa jÃ¡ iniciada.\n"); 
        return; 
    } 

    task->next = task->prev = task; 

    if(! *list) // Verifica se a lista de tarefas existe. Se nÃ£o, cria 
        (*list) = task; 

    task_t *last; 
    last = (*list)->prev; 

    task->prev = last; 
    last->next = task; 
    task->next = (*list); 
    (*list)->prev = task; 
} 

task_t *list_remove (task_t **list, task_t *elem) 
{ 
    if(!elem) // Verifica se a tarefa existe 
    { 
        printf("Erro. Tarefa inconsistente.\n"); 
        return NULL; 
    } 

    if(! *list) // Verifica se a lista de tarefas existe 
    { 
        printf("Erro. Lista inconsistente.\n"); 
        return NULL; 
    } 

    task_t *aux; 
    for(aux = *list; aux != elem; aux = aux->next) // Verifica se a tarefa 
pertence Ã  lista indicada 
    { 
        if(aux == (*list)->prev) 
        { 
            printf("Erro. Tarefa nÃ£o encontrada.\n"); 
            return NULL; 
        } 
    } 

    if(aux->next == aux) 
    { 
        (*list) = NULL; 
        aux->next = aux->prev = NULL; 
        return aux; 
    } 
    if(aux == (*list)) 
        (*list) = aux->next; 

    task_t *before, *after; 
    before = aux->prev; 
    after = aux->next; 
    before->next = after; 
    after->prev = before; 
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    aux->next = aux->prev = NULL; 

    return aux; 
} 

void list_print (char *name, task_t *list) 
{ 
    task_t *aux; 
    aux = list; 

    printf("%s: [ ", name); 
    do 
    { 
        if(!aux) 
            break; 
        printf("%i<%i>%i ", aux->prev->id, aux->id, aux->next->id); 
        aux = aux->next; 
    } while(aux != list); 
    printf("]\n"); 
} 

int list_size (task_t *list) 
{ 
    if(!list) 
        return 0; 

    int size; 
    task_t *aux; 

    for(size = 1, aux = list; aux != list->prev; aux = aux->next, size++); 

    return size; 
} 
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#ifndef __TASK__ 
#define __TASK__ 

#ifndef NULL 
#define NULL ((void *) 0) 
#endif 

#include "ucontext.h" 

//#define STACKSIZE   32768 
//#define STACKSIZE   16384 
//#define STACKSIZE   16384 
//#define STACKSIZE   4096 
#define STACKSIZE   16 

#define QUANTUM  10 

typedef enum Status 
{ 
    Nova, 
    Pronta, 
    Rodando, 
    Suspensa, 
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    Terminada 
} Status; 

typedef struct task_t 
{ 
   unsigned int id; 
   struct task_t *prev; 
   struct task_t *next; 
   ucontext_t context; 
   Status status; 
   unsigned int ticks_left; 
   unsigned int tick_start; /* Indica o tick inicial da tarefa. */ 
   unsigned int tick_finish; /* Indica o tick final da tarefa. */ 
   unsigned int ticks_run; /* Indica o tempo, em ticks, de precessamento da 
tarefa. */ 
   unsigned int activations; /* Indica o numero da ativacoes da tarefa. */ 
} task_t; 

int systime (); 

void task_init (); 

//int task_create (task_t * task, void (*start_routine)(void *),  void * 
arg); 

void task_exit (int exit_code); 

int task_yield (task_t *task); 

int task_id (); 

#endif 
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#include <stdio.h> 
#include <stdlib.h> 
#include <signal.h> 

#include "time.h" 
#include "task.h" 
#include "tasklist.h" 
#include "ucontext.h" 
#include "msp430x44x.h" 

extern int flag; 
task_t  main_task, 
        *curr_task, 
        dispatcher_task; 

task_t  *ready_tasks; 

unsigned int    id_cont = 0; 

int    kernelMode = 0; 

int    memPC = 0; 



� ���

unsigned long int   clkTickCounter = 0; /* Contador de ticks. */ 

int systime() 
{ 
 return clkTickCounter; 
} 

int flag; 

#pragma vector = TIMERA1_VECTOR 
__interrupt void ticks_handler() 
{ 
    TAR = 65503; // contador 1ms 

    clkTickCounter++; 
    curr_task->ticks_run++; /* Incremeta o tempo de processamento da tarefa 
atual. */ 

    TACTL &= 0xFFFE; // baixa flag interrupção 

    if(kernelMode == 1) 
        return; 

    if(curr_task->ticks_left == 0) 
    { 
        task_yield(NULL); 
    } 
    else 
        curr_task->ticks_left--; 
} 

task_t* scheduler_fifo() 
{ 
    task_t *aux; 
    aux = ready_tasks; 

    if(aux != NULL) 
        ready_tasks = ready_tasks->next; 

    return aux; 
} 

int dispatcher () 
{ 
    kernelMode = 1; 

    task_t *next; 
    while((next = scheduler_fifo())) 
    { 
        next->ticks_left = QUANTUM; 
        task_yield(next); 
        switch(next->status) 
        { 
            case Terminada: list_remove(&ready_tasks, next); 
                            free(next->context.uc_stack.ss_sp); 
                            break; 
            default:        break; 
        } 
    } 
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    #ifdef DEBUG 
    printf("Dispatcher sendo encerrado.\n"); 
    #endif 

    task_exit(0); 
    return 0; 
} 

void setgearclock(int msec) 
{ 
  // Configure TIMER_A for generating interrupts every 1 second 
  // TIMER_A count frequency == ACLK/8 == 32768/8 == 4096 

    TACCR0 = 32;      // TIMER A 32 LIMITE 
     
    TACTL = 274;      //MUDAMOS O ID DE 11 PARA 00 POIS DIVIDE POR 1 PARA 
1ms 
                                  // TACTL = 466; // 000000 TASSEL 01 ID 
11  UP Contator 01 0 0 Interrupt Enable 1 0 
                  // CLOCK = ACLK 
                  // DIVIDER = /8 
                  // UP MODE (THE TIMER COUNTS UP TO TACCR0) 
                  // INTERRUPT ENABLED 
                  // NO TIMER_A INTERRUPT PENDING 
   
    FLL_CTL1 |= 24;  // MASTER CLOCK == ACLK (32768Hz) 
    _BIS_SR(GIE); // GENERAL INTERRUPT ENABLE 
} 

void task_init () 
{ 
    kernelMode = 1; 

//    setvbuf (stdout, 0, _IONBF, 0); 

    if(getcontext(&main_task.context) != 0) 
        return; 

    char *stack; 
    stack = malloc (STACKSIZE); 
    if (stack) 
    { 
        main_task.context.uc_stack.ss_sp = stack; 
        main_task.context.uc_stack.ss_size = STACKSIZE; 
        main_task.context.uc_stack.ss_flags = 0; 
        main_task.context.uc_link =  0; 
        main_task.id = 0; 
        main_task.status = Rodando; 
        main_task.ticks_left = 0; 
        main_task.tick_start = systime(); 
        main_task.activations = main_task.ticks_run = 0; 
    } 
    else 
    { 
        perror ("Erro na criaÃ§Ã£o da pilha: "); 
        exit (1); 
    } 

    curr_task = &main_task; 

    #ifdef DEBUG 
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    printf("task_init: tarefa main iniciada com sucesso.\n"); 
    #endif 

    task_create(&dispatcher_task, &dispatcher, NULL); 
    dispatcher_task = *list_remove(&ready_tasks, ready_tasks); 

    setgearclock(1); 
    kernelMode = 0; 
} 
//int task_create(task_t* task, int (*start_routine)(),  void* arg) 
int task_create(task_t* task, int start_routine,  void* arg) 
{ 
    if(!task) 
        return -1; 

    if(getcontext (&task->context) != 0) 
        return -1; 

    kernelMode = 1; 

    task->status = Nova; 

    char *stack; 
    stack = malloc (STACKSIZE); 
    if (stack) 
    { 
        task->context.uc_stack.ss_sp = stack; 
        task->context.uc_stack.ss_size = STACKSIZE;
        task->context.uc_stack.ss_flags = 0; 
        task->context.uc_link =  0; 
        task->id = ++id_cont; 
        task->ticks_left = 0; 
        task->tick_start = task->tick_finish = systime(); 
        task->activations = task->ticks_run = 0; 
         
        task->context.initialized = 0; 
    } 
    else 
    { 
        perror ("Erro na criaÃ§Ã£o da pilha: "); 
        exit (1); 
    } 

    //makecontext (&task->context, *start_routine, 1, arg); 
    makecontext (&task->context, start_routine, 1, arg); 

    #ifdef DEBUG 
    printf("task_creat: criou tarefa %i.\n", task->id); 
    #endif 

    list_append(&ready_tasks, task); 
    task->status = Pronta; 

    kernelMode = 0; 
    return task->id; 
} 

void task_exit (int exit_code) 
{ 
    kernelMode = 1; 
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    #ifdef DEBUG 
    printf("task_exit: tarefa %i sendo encerrada.\n", task_id()); 
    #endif 

    curr_task->tick_finish = systime(); 

    printf("Task %02i exit: %04ims run time, %04ims CPU time, %03i 
activations.\n", 
        task_id(), (curr_task->tick_finish - curr_task->tick_start), 
curr_task->ticks_run, curr_task->activations); 

    task_t *next; 

    if (curr_task == &dispatcher_task) 
        next = &main_task; 
    else 
        next = &dispatcher_task; 

    task_t *old; 
    old = curr_task; 
    curr_task = next; 

    old->status = Terminada; 
    next->status = Rodando; 

    swapcontext(&old->context, &next->context); 

    if(curr_task == &dispatcher_task) 
        kernelMode = 1; 
    else 
        kernelMode = 0; 
} 

int task_yield (task_t *task) 
{ 
    kernelMode = 1; 

    if(task == NULL) 
        task = &dispatcher_task; 

    #ifdef DEBUG 
    printf("task_yield: trocando contexto %i -> %i.\n", task_id(), task-
>id); 
    #endif 

    task_t *old; 
    old = curr_task; 
    curr_task = task; 

    old->status = Pronta; 
    curr_task->status = Rodando; 

    curr_task->activations++; 

    kernelMode = 0; 
    // salvar pc aqui move de memPC pra PC ou de PC pra memPC? 
    asm 
    ( 
      "mov PC,memPC" 
    ); 
    // testar flag aqui 
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    if(!flag) // !flag = 0 
      return swapcontext(&old->context, &task->context); 
    else 
      flag = 0;     
} 

int task_id () 
{ 
    return curr_task->id; 

} 

������
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#include "io430.h" 
#include "task.h" 

task_t Ping, Pong; 

void ping(void* arg) 
{ 
  while(1) 
  { 
    P2OUT = 0x01; 
  } 
} 

void pong(void* arg) 
{ 
  while(1) 
  { 
    P2OUT = 0x00; 
  } 
} 

int main ( void ) 
{ 
  WDTCTL = WDTPW + WDTHOLD; // desliga watchdog 
   
  P2DIR = 0x01; // configura P2.0 como saida 
   
  task_init(); 
   
  task_create(&Ping, ping, NULL); 
  task_create(&Pong, pong, NULL); 
   
  task_yield(NULL); 
} 

�
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