ECE 473 - Embedded Systems 
Homework #3

Solutions

Chapter 2

Problem 2.1

FUZZY subroutine:

*  Inputs  Th, In 8 bit unsigned integers on stack

*  Output  Out 8 bit unsigned integer in Reg B

Th16
   equ     0  16 bit unsigned Th

In
   equ     4   8 bit unsigned

Th
   equ     5   8 bit unsigned

FUZZY  pshx        Allocate Th16


   tsx


   ldaa    In,x

               cmpa  Th,x



   bhs
  Make0   if In>=Th  Out=0

*  If  In<Th
Out = (255*(Th-In))/Th

Calc  
  clra


  ldab   Th,x  RegD is 16 bit


  std     Th16,x

              subb  In,x   RegB=Th-In


  ldaa   #255

              mul

* RegD=255*(Th-In)

              ldx     Th16,x


  idiv


  xgdx

* RegB=(255*(Th-In))/Th


  bra     Done

Make0
  clrb

Out=0

Done
  pulx

Deallocate


  rts

Problem 2.5

Part a)





global RAM

stack RAM

EEPROM

object

0x0000-…

…-0x00FF

0xE000 to 0xFFFF


x1

      xx


x2

      xx


x3








xx


y1




         xx


y2




         xx


z1




         xx


z2




         xx


add3








xx


main








xx

Part b)                                                                


        
data area
   RAM

       stack area
         RAM

	                          

	        x2                 

	        x1

	

	

	y1 of sub

	z1

	return addr

	z2

	z3

	y2 of main


               
           SP 

   


                                                                                                                                            


       
 text area            ROM        

	

	        x3

	

	_add 3

_main


Chapter 3

Problem 3.1

Part a) 


data
equ
2
8 bit ASCII character, call by value on stack


Pa
equ
0
relative address of port A


Pb
equ
4
relative address of port B


Start
equ
$10
connected to bit 4


Ack
equ
$01
connected to bit 0


Output
tsy

                 RegY is stack frame pointer



ldaa
data,y

     retrieve data from stack



ldx
#$1000
     RegX points to I/O block



staa
Pb,x

     1) Output data



bset
Pa,x Start 
     2) Pulse Start



bclr
Pa,x Start


Wait
brclr
Pa,x Ack Wait
     3) wait for Ack pulse




rts

Part b)
there are 4 cycles or 0.5μs between when Start is set (the last cycle of the bset instruction), and when it is cleared (the last cycle of the bclr instruction).

Problem 3.3

1) blind cycle: the software simply waits a fixed amount of time & assumes the I/O will 
  



complete.

2) gadfly or busy waiting: checks the I/O status waiting for the done state.

3) interrupt: use hardware to cause software execution.

4) periodic polling: uses a clock interrupt to periodically check the I/O status

5) DMA: transfer data directly to/from memory.

Problem 3.10

Saving context means all registers, except the SP itself, will be saved on the stack.

The PC is incremented so that the address of the next instruction will be stored onto stack ($E011)

Top

CCR

$04



B

$66



A

$55



X (msb)
$AB




X (lsb)

$12



Y (msb)
$CD



Y (lsb)

$34



PC (msb)
$E0

Bottom
PC (lsb)
$11

Chapter 4

Problem 4.1

Part a) Show bit by bit your choice (what and why) for the parallel I/O control register.

	PIOC bit
	Value (what?)
	Meaning (why?)

	7
	X
	read only bit

	6
	1
	interrupts

	5
	X
	CWOM affects output only

	4
	1
	Handshake

	3
	0
	Input Handshake

	2
	1
	STRB Pulse

	1
	1
	rising edge of STRA

	0
	1
	positive STRB pulse


Part b)

void ritual(void)

{unsigned char dummy;

 asm("sei"); 



// make ritual atomic


DDRC=0; 


// PortC are inputs


PIOC=0x57;


IRQvector=&IRQhandler; 
// 6811 EVB vector initialization


InitFifo();


dummy=PIOC;

 // Read PIOC part of acknowledge


dummy=PORTCL;

// Read PORTCL part of acknowledge

asm("cli");

}

*assembly solution

STAF
equ
$80

is set on the rise of STRA=STATUS

RIT
sei


Make this atomic


ldaa
#$00


staa
DDRC

PC7-0 inputs


ldaa 
#$57




staa 
PIOC


jsr
InitFifo


ldaa
PIOC

Read PIOC, ReadCL clears STAF


ldaa 
PORTCL



cli


Interrupts occur when STRA rises


rts

Part c)

#pragma interrupt_handler IRQhandler()

void IRQhandler(void)

{unsigned char dummy;


dummy=PIOC;
// Read PIOC part of acknowledge 

  
put(PORTCL);}
// Read PORTCL part of acknowledge

*assembly solution

IRQHAN
ldaa
PIOC

STAF set on rise of STRA



ldaa
PORTC
read data, clears STAF, ACK interrupt



bsr
Put

Save data in FIFO



rti

Problem 4.2

Part a) Show bit by bit your choice (what and why) for the parallel I/O control register.

	PIOC bit
	Value (what?)
	Meaning (why?)

	7
	X
	STAF is read only 

	6
	1
	STAI Interrupt synchronization

	5
	0
	CWOM Normal Totem Pole Outputs

	4
	1
	HNDS, Output handshake

	3
	1
	OIN

	2
	0
	PLS, level mode (not pulse)

	1
	1
	EGA, rise of STRA sets STAF

	0
	1
	INVB, value of STRB after write CL


Part b)

unsigned char DONE;

// flag set when line output complete

unsigned char*PrintPt;
// Pointer to string

#define disarm HNDS+OIN+EGA+INVB

#define arm STAI+HNDS+OIN+EGA+INVB

void Print(unsigned char*pt){

if(*pt<>0){
// skip if null string

asm("sei");
// make ritual atomic

IRQvector=&PrintHan;
// 6811 EVB vector initialization


DDRC=0xFF;
// PC6-0 outputs connected to printer DATA


PIOC=arm;


PORTCL=*pt;
 // Start output of first character


PrintPt=pt+1;
// first interrupt will start 2nd character


DONE=0;
// initialize global data structures


asm("cli"); }

else


DONE=1;}
// finished if string is empty
#pragma interrupt_handler PrintHan()

void PrintHan(void){unsigned char data;


if((PIOC&STAF)==0)asm("swi");  // illegal interrupt


data=*PrintPt++;
// Next character to print


if(data)



PORTCL=data; // Output and Acknowledge by clearing STAF


else{


       DONE++;


       PIOC=disarm; }}

Problem 4.3

void wait(unsigned int time)

{ TOC2=TCNT+time;

  TFLG1=0x40


// clear OC2F

  while((TFLG1&0x40)= =0);

// wait for time delay


}

void ReceiveMode(void)

// place the keyboard system in receive mode

{ asm("sei");



// make ritual atomic


IRQvector=&STRAHan;


DDRC=0x00;


// Inially both are inputs


PIOC=0x60;

// bit 6 STAI=1 arm;

// bit 5 CWOM=1 open collector,

// bit 4 HNDS=0 simple latched mode, STRB not used

// bit 3 OIN=X not applicable when HNDS=0

// bit 2 PLS=X STRB not used

// bit 1 EGA=0 for all STRA means new data ready

// bit 0 INVB=X STRB not used


flag=0;

// 1 byte FIFO empty

asm("cli");

}

#pragma interrupt_handler STRAHan()

void STRAHan(void)

{unsigned int j, unsigned char dummy, frame;


dummy=PIOC; dummy=PORTCL; 

// clear STAF


frame=0;


for(j=0;j<8;j++){


  while((PIOC&0x80)= =0);


// wait for high to low Clock


  frame=frame>>1;



// bit 0 first



  frame=frame|(PORTCL&0x80);}

//shift in Data, clear STAF


while((PIOC&0x80)= =0);


// wait for high to low Clock, parity


dummy=PORTCL;



//clear STAF


while((PIOC&0x80)= =0);


// wait for high to low Clock, stop


dummy=PORTCL;



//clear STAF


if(flag==0){info=frame; flag=1;}


DDRC=0x01;




// Clock is output


PORTC=0x00;
// Clock is low

wait(80);

DDRC=0x00;}

void SendCommand(unsigned char command)}
// send command to the keyboard


unsigned int j, unsigned char frame=command; unsigned char dummy, odd;


PIOC=0x21;

// disable STRA interrupts, set STAF on rise


PORTC=0x81;
// Clock and Data high


DDRC=0x81;

// Clock and Data floating


while((PORTC&0x01==0);
// Waits for Clock to be high

// didn’t use STAF because it may already have been high


PORTC=0x80;
// Set clock low


wait(800);

// and wait for 400 μs


PORTC=0x00;
// Make Data low, while Clock still low


DDRC=0x80;

// Make clock an input, while Data is still an output


dummy=PIOC; dummy=PORTCL;
// clear STAF




odd=0x80  

// calculate odd parity=number of one’s in the 9 bits is odd


for(j=0;j<8;j++){


  while((PIOC&0x80)= =0);
// wait for low to high Clock


  if(frame&0x01) {



PORTC=0x80;



Odd^=0x80;}
// flip parity bit for each "1" in the frame


  else



PORTC=0x00;


  frame=frame>>1; }

// bit 0 first


while((PIOC&0x80)= =0);
// wait for 9th low to high Clock


PORTC=odd;


// send odd parity


DDRC=0x00; }

// leave both Clock and Data in input mode

Problem 4.5

Part a) the basic idea is to tie status to an input that can generate interrupts, we will use 

STRA. First we use input handshake to request an interrupt on the falling edge interrupt of status. Then we will use rising edge on STRA :

· status is tied to both  STRA to cause an interrupt on the fall and the rise

· ack is tied to PB0 as a simple output

· data is tied to Port C as eight inputs

Part b) 

PIOC bit
Value(what?)
Meaning(why?)

1

0

falling edge of STRA

void ritual void{ unsigned char dummy;

asm("sei");

// make ritual atomic


DDRC=0
// PortC are inputs


PIOC=0x00
// falling edge


IRQvector=&IRQhandler;
// 6811 EVB vector initialization


InitFifo();


dummy=PIOC;
// Read PIOC part of acknowledge


dummy=PORTCL;
// Read PORTCL part of acknowledge


PORTB=0x01;
// ack=1


asm("cli"); }

Part d)

#pragma interrupt_handler IRQhandler()

void IRQhandler(void) {unsigned char dummy;


dummy=PIOC;
// Read PIOC part of acknowledge 


if(PORTB&0x01){
// falling edge

  
  put(PORTCL);}
// Read PORTCL part of acknowledge


  PORTB=0x00
// ack=0


  PIOC=0x02;}
// next time rising edge


else { 
// rising edge


  dummy=PORTCL;
// Read PORTCL part of acknowledge


  PORTB=0x01;
// ack=1



  PIOC=0x00; }
// next time falling edge

0,X





2,X





6,X





8,X





not accessible





 X








