ECE 473
LAB #03 DOCUMENTATION
Olamide Adabonyan
Philip Lechowicz
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Objective(s)
· To implement a simple multi-threading application 

· To implement reentrant code used in inter-thread communication 

· To implement interrupts from C 

· To become familiar with writing programs for EEPROM (i.e. without Buffalo OS) 
Objective was successfully achieved.  All code used for program are in their respective section of this documentation.

Code... 
lab3.c code…

/************************************************************************

* Term:   Fall 2003

* Course: ECE 473

* Name:
  Olamide Adabonyan / Philip Lechowicz

* E-mail: o_mide@yahoo.com / phillech@aol.com

*

* Date Submitted: 
11/27/02

* Demo Approval: 
________

************************************************************************/

#include <hc11.h>

#include "vectors.c"
//locate TOC1 jmp addi from EEPROM

#define stacksize 150

#define switchtime 20000

#define endProg() asm("swi")

#define enableInt() asm("cli")

#define disableInt() asm("sei")

int displayFree;
//Semaphore used to share Display

char t1_iteration;

void Program01(void);

void Program02(void);

void Program03(void);

void Message1(char *NamePt, unsigned int num);

void Message2(char *NamePt, char *NamePt2);

void Message3(char *NamePt);

//===========================[.c header files]

#include "spin.c"

#include "fifo.c"

#include "lab3sci.c"

//============================

/*******************************************************

Name: TCB (Thread Control Block)...

Purpose: - data structure for TCB

********************************************************/

struct
TCB

{   


struct TCB *Next;      /* Link to Next TCB */


unsigned char *SP;     /* Stack Pointer  */


unsigned char Id;      /* 1,2 or 4 */


unsigned char MoreStack[stacksize];  /* additional stack */


unsigned char CCR;     /* Initial CCR */


unsigned char RegB;    /* Initial RegB */


unsigned char RegA;    /* Initial RegA */


unsigned int RegX;     /* Initial RegX */


unsigned int RegY;     /* Initial RegY */


void (*PC)(void);      /* Initial Program Counter */

};

typedef struct TCB TCBType;

typedef TCBType * TCBPtr;

TCBPtr RunPt;   /* Pointer to thread currently running */

/*******************************************************

Name: Threads 1, 2 & 3

Purpose: - create structure and initialize theads 1, 2, & 3 

********************************************************/

TCBType sys[3]=

{

  {  


 &sys[1],






/* Pointer to Next */


 &sys[0].MoreStack[stacksize-1],
/* Initial SP */


 1,








/* Id */


 { 0},


 0x40,0,0,0,0,





/* CCR,B,A,X,Y */


 Program01,






/* Initial PC */

  },

  {  


 &sys[2],






/* Pointer to Next */


 &sys[1].MoreStack[stacksize-1],
/* Initial SP */


 2,








/* Id */


 { 0},


 0x40,0,0,0,0,





/* CCR,B,A,X,Y */


 Program02,






/* Initial PC */

  },

  {  


 &sys[0],






/* Pointer to Next */


 &sys[2].MoreStack[stacksize-1],
/* Initial SP */


 3,








/* Id */


 { 0},


 0x40,0,0,0,0,





/* CCR,B,A,X,Y */


 Program03,






/* Initial PC */

  } 

};

/*******************************************************

Name: Programs 1, 2 & 3

Purpose: - output messages to screen depending on thread running

Inputs: none

Outputs: none

********************************************************/

void Program01(void)

{


//myId=RunPt->Id;

//debugger


char i, flag, temp, dummy, dummy1, dummy2;


char t1_msg1[] = "T1 has executed ";


char t1_msg2[] = " times";


while(1)


{



t1_iteration++;



Message1("Thread 1 Iteration #", t1_iteration);



for(i=0; i<16; i++)



{




flag = PutFifo(t1_msg1[i]);




if (flag == 0)





i--;



}



//convert # of T1 iterations to ascii



if (t1_iteration >= 10)



{




if(t1_iteration >=100)




{





temp = (t1_iteration/10);





dummy = (temp/10) + 0x30;





dummy1 = (temp%10) + 0x30;





dummy2 = (t1_iteration%10) + 0x30;





do 






flag = PutFifo(dummy);





while(flag == 0);
//FIFO full





do 






flag = PutFifo(dummy1);





while(flag == 0);
//FIFO full





do 






flag = PutFifo(dummy2);





while(flag == 0);
//FIFO full




}




else




{





dummy = 0x30;





dummy1 = (t1_iteration/10) + 0x30;





dummy2 = (t1_iteration%10) + 0x30;





do 






flag = PutFifo(dummy);





while(flag == 0);
//FIFO full





do 






flag = PutFifo(dummy1);





while(flag == 0);
//FIFO full





do 






flag = PutFifo(dummy2);





while(flag == 0);
//FIFO full




}



}



else



{




dummy = dummy1 = 0x30;




dummy2 = t1_iteration + 0x30;




do 





flag = PutFifo(dummy);




while(flag == 0);
//FIFO full




do 





flag = PutFifo(dummy1);




while(flag == 0);
//FIFO full




do 





flag = PutFifo(dummy2);




while(flag == 0);
//FIFO full



}



for(i=0; i<6; i++)



{




flag = PutFifo(t1_msg2[i]);




if (flag == 0)
//FIFO full





i--;



}


}

}

void Program02(void)

{


//myId=RunPt->Id;

//debugger


char i, flag;


char t1_msg1[25];


while(1)


{



for(i=0; i<25; i++)



{




flag = GetFifo(t1_msg1+i);




if(flag == 0)
//FIFO empty





i--;



}




Message2("Thread 2 recieved: ", t1_msg1);


}

}

void Program03(void)

{


//myId=RunPt->Id;

//debugger


char i;


while(1)


{



Message3("Thread 3 is printing");



for (i=0; i<150; i++)




asm("nop");


}

}

/*******************************************************

Name: Message

Purpose: - output proper message to screen depending


     on which thread is calling it

Inputs: none

Outputs: none

********************************************************/

void Message1(char *NamePt, unsigned int num)

{


Wait(&displayFree);


OutString(NamePt);


OutUDec(num);


OutString("\n\r");

  
Signal(&displayFree);

}

void Message2(char *NamePt, char *NamePt2)

{


Wait(&displayFree);


OutString(NamePt);


OutString(NamePt2);


OutString("\n\r");

  
Signal(&displayFree);

}

void Message3(char *NamePt)

{


Wait(&displayFree);


OutString(NamePt);


OutString("\n\r");

  
Signal(&displayFree);

}

/*******************************************************

Name: ThreadSwitcher

Purpose: - Switch threads in a round-robin manner

Inputs: none

Outputs: none

********************************************************/

#pragma interrupt_handler ThreadSwitcher()

void ThreadSwitcher()

{


//OutString("switch...");


  //debugger


asm(" ldx _RunPt\n"



" sts 2,x");


RunPt = RunPt->Next;


asm(" ldx _RunPt\n"



" lds 2,x");


TOC1 = TCNT + switchtime;  // Thread runs for 10 ms (i.e. if switchtime is 20000)


TFLG1 = 0x80;

}

/*******************************************************

Name: Main

Purpose: - initializes system



 - runs first thread

Inputs: none

Outputs: none

********************************************************/

main()

{ 


disableInt();

//disable interrupts


//init vars and FIFO...


OutString("\n\r\n\r::[473 lab3-start]::  .:mide & phil:. \n\r\n\r");


OutString("Initializing Variables and FIFO...\n\r");


t1_iteration = 0;


InitFifo();


//SCI config...


OutString("Initializing SCI...\n\r");


SCCR1=0;


SCCR2=0x0c;


// enable SCI


BAUD=0x30;


//OC1 config...


OutString("Initializing Thread Swithcher...\n\r");


//TOC1vector = &ThreadSwitcher;
//not needed here because we are using EEPROM


TMSK1 = 0x80;


TFLG1 = 0x80;


TOC1 = TCNT + (switchtime*2);


//Thread & Semaphore config...


OutString("Initializing Threads & Semaphore...\n\r");


displayFree = 1; 


RunPt=&sys[0];

//Specify first thread to run


asm("  ldx _RunPt\n"



"  lds 2,x\n");


OutString("\n\r::[System Initialization Complete]::\n\r\n\r");


enableInt();

//enable interrupts


asm("rti");


//launch first thread

}

spin.c code…

/*

-SPIN.C

-Spinlock semaphores

*/

void Wait(int *semaphore)

{


asm(" sei");  /* Test and set is atomic */


while((*semaphore)<=0)
/* disabled */


{      

         asm(" cli\n"

/* disabled */



     " nop\n"

/* enabled  */

             " sei");

/* enabled  */


}           


(*semaphore)--;


/* disabled */

    asm(" cli");


/* disabled */

}






/* enabled  */

void Signal(int *semaphore)

{


asm(" sei");  /* increment is atomic */


(*semaphore)++;


asm(" cli");

}

fifo.c code…

/*

-FIFO.C

*/

#define START_CRITICAL() asm(" tpa\n staa %SaveSP\n sei")

#define END_CRITICAL() asm(" ldaa %SaveSP\n tap")

char *PUTPT;


// Pointer of where to put next

char *GETPT;


// Pointer of where to get next

// FIFO is empty if PUTPT=GETPT

// FIFO is full if PUTPT+1=GETPT

char Fifo[FifoSize];
// The statically allocated fifo data

void InitFifo(void)

{


unsigned char SaveSP;

    START_CRITICAL();

// make atomic, entering critical section

    PUTPT=GETPT=&Fifo[0];
// Empty when PUTPT=GETPT

    END_CRITICAL();


// end critical section

}

int PutFifo(char data)

{


char *Ppt; // Temporary put pointer


unsigned char SaveSP;

    START_CRITICAL();
// make atomic, entering critical section

    Ppt=PUTPT;


// Copy of put pointer

    *(Ppt++)=data;








// cuz it writes data to a mem location that might have something valuable]

    if (Ppt == &Fifo[FifoSize])



Ppt = &Fifo[0]; // Wrap

    if (Ppt == GETPT )


{ 

        END_CRITICAL(); // end critical section

        return(0);

// Failed, fifo was full  [MIDE comments -this will like happen if u keep







// putting stuff in and not getting it out. PUTPT will loop round to meet GETPT]


}   

    else


{ 

        PUTPT=Ppt;

        END_CRITICAL();
// end critical section

        return(-1);

// Successful 

    }

}

int GetFifo(char *datapt)

{


unsigned char SaveSP;

    if (PUTPT == GETPT)



return(0);

// Empty if PUTPT=GETPT

    else


{ 

        START_CRITICAL();
// make atomic, entering critical section

        *datapt = *(GETPT++);

        if (GETPT == &Fifo[FifoSize])

            GETPT = &Fifo[0];

        END_CRITICAL();

// end critical section

        return(-1);

    }

}
sci11.c code…
/********************sci11.c stuff***************************/

void OutChar(char data)

{


while ((SCSR & TDRE) == 0);


SCDR = data;

}

void OutUDec(unsigned int number)

{


if (number>=10)


{



OutUDec(number/10);



OutUDec(number%10);


}


else



OutChar(number+'0');

}

void OutString(char *pt)

{


char letter;

    while (letter=*pt++)

       OutChar(letter);

}

/***************************************************************/

VECTORS.C code…

/*
-VECTORS.C

*/

extern void _start();
/* entry point in crt11.s */

extern void ThreadSwitcher();

#define DUMMY_ENTRY
(void (*)())0xF000

#pragma abs_address:0xffd6 //start address for vectors

void (*interrupt_vectors[])() =


{


DUMMY_ENTRY,
/* SCI */


DUMMY_ENTRY,
/* SPI */


DUMMY_ENTRY,
/* PAIE */


DUMMY_ENTRY,
/* PAO */


DUMMY_ENTRY,
/* TOF */


DUMMY_ENTRY,
/* TOC5 */


DUMMY_ENTRY,
/* TOC4 */


DUMMY_ENTRY,
/* TOC3 */


DUMMY_ENTRY,
/* TOC2 */


ThreadSwitcher,
/* TOC1 */


DUMMY_ENTRY,
/* TIC3 */


DUMMY_ENTRY,
/* TIC2 */


DUMMY_ENTRY,
/* TIC1 */


DUMMY_ENTRY,
/* RTI */


DUMMY_ENTRY,
/* IRQ */


DUMMY_ENTRY,
/* XIRQ */


DUMMY_ENTRY,
/* SWI */


DUMMY_ENTRY,
/* ILLOP */


DUMMY_ENTRY,
/* COP */


DUMMY_ENTRY,
/* CLM */


_start
/* RESET */


};

#pragma end_abs_address




























































































































