ECE 473
LAB #01 DOCUMENTATION
Olamide Adabonyan

Honor Code - “I have neither received nor given aid for this report”
LAB PROCTOR – Samer Fawaz (samfawas@umd.umich.edu)
Objective(s)
To write a program in both C and Assembly Language that will:
· Go into a function that continuously toggles PA4 as quickly as possible.  This function should continue to toggle PA4 until a key is pressed on the keyboard. 

· After a key is pressed, the program should call another function that first toggles PA4 and then prints out the message "Iteration Number n" where n is the number of times the message has printed.  This function should also continue until a key is pressed on the keyboard.  The function should never stop in the middle of a text string, but should print a complete message before exiting. 
Some abbreviations used in this documentation:

· ASM: Assmebly

· Main: Main function of program (i.e. where program starts from)
· PA4: Port A, pin 4

· SCSR - SCI status register
· RDRF – Receive data register full flag
Procedure

A code is written in both assembly language and C language to perform the objective stated above.  In both programs, Main prints out a text message to the screen saying “Toggling PA4… Push any key to continue”.  Main stays in a continuous loop toggling PA4 until it gets an input from the keyboard.  This is done by checking the RDRF bit in SCSR to see if it is high, if it is, then there has been an input from the keyboard.  If Main detects a function, it calls another function to obtain the second objective of program.

The second objective is achieved by a function (or subroutine for ASM) called iteration in both the C and the Assembly language codes.  This function loops continuously toggling PA4 and printing out the text “Iteration Number: n” (where n is the number of times it has looped), until it detects an input from the keyboard or it loops 32,335 times.
An Oscilloscope is used to measure the period at which PA4 toggles for both functions, for both the C and Assembly code.

Result(s)
C Code:
Size of .s19 file = 5416 bytes 
Period for 1st loop = 50 us (micro secs)

Period for 2nd loop = 18 ms (milli secs)

ASM Code:
Size of .s19 file = 966 bytes
Period for 1st loop = 20 us (micro secs)

Period for 2nd loop = 14 ms (milli secs)
From the above results, ASM code proves to be more efficient because the .s19 file size it produces is smaller that that of the C code.  Also the program written in ASM takes less execution time than that of the program written with C code. The ASM code is hence more efficient.  Also the ASM code does not need compiling (only assembling). 
Objective was successfully achieved.  All code and flowchart(s) used for program are in their respective section of this documentation.

Flowchart(s)…
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ASM Code...
***************************************************

* Term:

Fall 2003

* Course:
ECE 473

* Name:

Olamide Adabonyan

* E-mail:
o_mide@yahoo.com

*

* REVISION HISTORY

*

* First Draft:  9/19/02

*   -Progress:
-PA4 not toggling correctly

*

-Iteration # printing in Hex form

*
 date:
9/19/02

*

-PA4 issue corrected

*

-Iteration # converted to Dec form

*

-2nd loop not quiting when a key is pushed

*
 date:
9/27/02

*

-subroutine added to read input buffer (nb: buffalo's INPUT does not work for this)

*

-PROGRAM COMPLETE...

*

* Date Submitted: 
9/30/02

* Demo Approval: 
_______

*

* MEMORY MANAGEMENT

*

* Program starts at:
$2000

* Data starts at: 
$3000

* variables: 

$3200

* Page 0 usage: 
Not applicable

*

***************************************************

***************************************************

* EQUATES

***************************************************

* MONITOR EQUATES

INPUT

EQU
$FFAC

OUTSTRG

EQU
$FFC7

OUTCRLF

EQU
$FFC4

OUTRHLF

EQU
$FFB5

OUTA

EQU
$FFB8 
*4 DEBUGING PURPOSES

OUT1BSP

EQU
$FFBE 
*4 DEBUGING PURPOSES

OUT2BSP

EQU
$FFC1 
*4 DEBUGING PURPOSES

* REGS & I/O PORTS EQUATES

REGS

EQU
$1000

PORTA

EQU
$0

SCSR    
EQU     $102E

SCDR    
EQU     $102F

RDRF    
EQU     %00100000

TDRE    
EQU     %10000000

* MEMORY MAP EQUATE EQUATES

PROG

EQU
$2000

DATA

EQU
$3000

VARS

EQU
$3200

* CONSTANT EQUATES

EOT

EQU
$04

ESC

EQU
$1B

ENTER

EQU
$0D

SPACE

EQU
$20

SMALLO

EQU
$6F

CAPO

EQU
$4F

***************************************************

* PRELOADED INFO IN MEMORY / VARIABLE DECLARATION

***************************************************

* LOOKUP TABLES/MESSAGES TO DISPLAY




ORG
DATA

MSGCREDITS
FCC
'Olamide Adabonyan'



FCB
ENTER



FCC
' [ECE 473] | [lab #1-a] | [Sept 30, 2002]'



FCB
ENTER



FCB
EOT

MSG1

FCC
'Toggling PA4...  Press any key to continue'



FCB
ENTER



FCB
EOT

MSG2

FCB
ENTER



FCC
'Program Complete...'



FCB
ENTER



FCB
EOT

MSG3

FCC
'Iteration Number: '



FCB
EOT

MSGTEMP

FCC
' | '



FCB
EOT

* VARIABLES



ORG
VARS

ITERATION_NUM
RMB
2

VAR0

RMB
1

VAR1

RMB
1

VAR2

RMB
1

VAR3

RMB
1

VAR4

RMB
1

***************************************************

* NAME: MAIN

* PURPOSE: - TOGGLE PA4 TILL A KEY IS PUSHED

* ENTRY CONDITIONS: NONE

* EXIT CONDITIONS: NONE

* REGISTERS MODIFIED: ACCA, IX, CCR

***************************************************



ORG
PROG

*init vars/print out msg



LDAA
#$30



STAA
VAR0



STAA
VAR1



STAA
VAR2



STAA
VAR3



STAA
VAR4



LDX
#0



STX
ITERATION_NUM



LDX
#MSG1



JSR
OUTSTRG

LOOP

LDX
#REGS



LDAA
#%00010000



EORA
PORTA,X



STAA
PORTA,X



JSR
INPUT



CMPA
#0



BEQ
LOOP

*call iteration function

LOOP1

JSR
ITERATION



JSR
in_char



CMPA
#0



BNE
ENDPROG



LDD
ITERATION_NUM



CPD
#32335

*change this to small # to test...



BEQ
ENDPROG



BRA
LOOP1

ENDPROG

LDX
#MSG2



JSR
OUTSTRG



LDX
#MSGCREDITS



JSR
OUTSTRG



SWI

***************************************************

* NAME: ITERATION

* PURPOSE: TOGGLES PA4 AND INCREMENTS # OF ITERATION VARIABLES

* ENTRY CONDITIONS: NONE

* EXIT CONDITIONS: NONE

* REGISTERS MODIFIED: 

***************************************************

ITERATION
LDX
#REGS



LDAA
#%00010000



EORA
PORTA,X



STAA
PORTA,X



LDX
ITERATION_NUM



INX



STX
ITERATION_NUM



LDAA
VAR0



CMPA
#$39



BEQ
INCVAR1



INC
VAR0



BRA
ENDITERATION

INCVAR1

LDAA
#$30



STAA
VAR0



LDAA
VAR1



CMPA
#$39



BEQ
INCVAR2



INC
VAR1



BRA
ENDITERATION

INCVAR2

LDAA
#$30



STAA
VAR1



LDAA
VAR2



CMPA
#$39



BEQ
INCVAR3



INC
VAR2



BRA
ENDITERATION

INCVAR3

LDAA
#$30



STAA
VAR2



LDAA
VAR3



CMPA
#$39



BEQ
INCVAR4



INC
VAR3



BRA
ENDITERATION

INCVAR4

INC
VAR4

*print out iteration message

ENDITERATION
JSR
OUTCRLF



LDX
#MSG3



JSR
out_str



LDAA
VAR4



JSR
OUTRHLF



LDAA
VAR3



JSR
OUTRHLF



LDAA
VAR2



JSR
OUTRHLF



LDAA
VAR1



JSR
OUTRHLF



LDAA
VAR0



JSR
OUTRHLF



RTS

*********************************************

* out_str

*

* Purpose:  To print a string terminated by an

*   end of transmission character (04) to the

*   SCI port

*

* Inputs:  X register must point to start of string

*

* Outputs: None

*

* Registers Modified:  IX, ACCA

*

*********************************************

out_str

* Wait for SCI transmit data reg to be empty

        ldaa    SCSR       

        anda    #TDRE

        beq     out_str

* Get next character of string

next    ldaa    0,x

        cmpa    #04       Check for end of string

        beq     quit

        staa    SCDR      Write character out to SCI data port

* Wait for transmit data reg to be empty

wait    ldaa    SCSR

        anda    #TDRE

        beq     wait

* Increment pointer to next character and loop

        inx

        bra     next

quit    rts

*********************************************

* in_char

*

* Purpose:  To read an SCI input from the keyboard

*   if a character is available.  If no character

*   is available, in_char simply returns 0.

*

* Inputs:  None

*

* Outputs: ACCA holds either the ASCII value of the

*   character, or 0 if no character is available.

*

* Registers Modified:  ACCA

*********************************************

in_char

* Check SCI status register to see if a key has been pressed

        ldaa    SCSR

        anda    #RDRF      Check flag

        beq     nochar

        ldaa    SCDR       Read the character into ACCA

        bra     return

nochar  ldaa    #0         If no character, set ACCA to 0

return  rts
C Code... 
/***************************************************
* Term:   Fall 2003
* Course: ECE 473
* Name:
  Olamide Adabonyan
* E-mail: o_mide@yahoo.com
*
* REVISION HISTORY
*
* First Draft: 9/24-26/02
*   

   -while loops not working correctly because inchar()
*




functionstops program
*


 date: 9/27/02
*



   -function to check input buffer coded and running
*



   -PROGRAM COMPLETE...
*
* Date Submitted: 
9/30/02
* Demo Approval: 
________
***************************************************/

#include <hc11.h>

#define endProg() asm("swi")
#define iteration_max 300 //**max # of iterations

char InChar(void);
void iteration(void);

main()
{
 
char input=0, temp;

printf("Toggling PA4... Press any key to continue\n");


//RDRF set by default, so it must be cleared [chk pink book 4 instructions]

temp = SCSR;

temp = SCDR;



while (input == 0)

{


PORTA = PORTA^0x10;


input = InChar();

}


iteration();


printf("\nProgram Complete...");

printf("\n\nOlamide Adabonyan");

printf("\n[ECE 473] | [lab #1-b] | [Sept 30, 2002]");

endProg();
}


void iteration(void)
{
 
char input2 = 0;

unsigned short iteration_num=1;



while((iteration_num < (iteration_max + 1)) && (input2 == 0))

{


PORTA ^= 0x10;


printf("\nIteration Number: %d", iteration_num);


++iteration_num;


input2 = InChar();

}
}


char InChar(void)
{
 
char temp;
 


if((SCSR & 0x20))

 temp = SCDR;

else

 temp = 0;







return(temp);
}
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