EEM489 - Microprocessors II

LAB 3

3. INTRODUCING GCC
3.1 Installation of GNU C Cross Compiler 

GCC is a general and open source set of embedded software libraries in C, C++ and Assembler for robotics programming, targeting controllers using Motorola 68K/ColdFire & PowerPC micros. You can download its various OS-compatible versions from the following link:

http://sourceforge.net/project/showfiles.php?group_id=39827
The IDE68K tool also has C-support for C-based development (you can also use it), but it is recommended to learn how to use this gcc library. Because it gives the ability to handle programming a wide range of processors. In other words, you will not be limited to 68k.

3.2 GNU Assembler

The gcc assembler syntax is a bit more complicated than the syntax used by as68k. Please refer to the documentation (at end of this lab manual). We will become familiar with the basics by working with examples and studying the assembly code produced by the gcc C compiler. 
/* The file ‘clab50s.s’ for lab 5 */

      .text

      .even

      .global  main

main:                        /* start of main program */

      clr.w    sum           /* clear variable sum */

      move.w   count,%d0     /* load count value */

loop: add.w    %d0,sum       /* add d0 to sum */

      sub.w    #1,%d0        /* decrement counter */

      bne      loop          /* loop if counter not zero */

      move.w   sum,%d7

      rts                    /* return to caller */     

sum:    .space 2

count:  .word 25
This is a version of our lab program for the gcc assembler, m68k-coff-as. Note the following points: 

· The syntax is closely related to C syntax. 

· The program begins with a label called main, and this label is global so that it is visible to the linker m68k-coff-ld. 

· main will be called by the startup routine which will be linked in. The startup routine crt0.o sets up reset values for PC, SP, etc. 

· Registers must always have a percent (%) in front. 

· Note how variables and constants are set up. 

· At completion, the program returns control to the startup routine using rts.
3.3 Assembling and Linking

In order to assemble or compile programs for lab boards with the gcc tools, you will need to download and save in your working directory the startup object file crt0.o and the linker script lab.ld These two files together with the assembly program should all be in the same directory. 

1. First, check with your tutor that the environment on your computer has been set up correctly. 
2. Run the assembler in the DOS window : 

m68k-coff-as clab50s.s -o clab50s.o -m68000 -ahls=clab50s.lst 

This will produce an object file clab50s.o and a listing file clab50s.lst 
3.     
Next, run the linker: 

m68k-coff-ld clab50s.o -o clab50s.s19 -L. -Tlab.ld
This will produce a Motorola s-record clab50s.s19 which can be read by the lab board. This linking process links in the startup routine and any other required routines from the standard C libraries. 

Exercise 0:
1. Start the lab board and load the program executable clab50s.s19. Run the code and check for correct operation. 

2. Find the memory location where the variable sum is stored, and check its contents. 

3. Examine the program listing in the memory viewer. Notice that the code which has been loaded into memory includes the startup routine and so your user program appears in the middle of this (translated). Closely examine the listing and memory contents. Explain. What addressing modes are used, and what offsets have been used in referring to count and sum.
3.4 First Example 

Copy the C program clab51c.c : 

/* clab51c.c */

int main() 
{

int i,j;

i = 1;

j = 2;        

return i + j;

}
Examine the syntax, and determine what the program does. You can compile, assemble and link this program by typing the following commands in DOS window: 

m68k-coff-gcc -S clab51c.c -o clab51c.s -m68000 

m68k-coff-as clab51c.s -o clab51c.o -m68000 -ahls=clab51c.lst 

m68k-coff-ld clab51c.o -o clab51c.s19 -L. -Tlab.ld 

Exercise 1:

1. Load the program clab51c.s19 into the lab board. Run the code and check for correct operation. 

2. Examine the assembly code produced by the compiler in the file clab51c.s (or in the listing file clab51c.lst). What is the size of the int variables? How are they stored and manipulated? How is the stack frame used? 

3. Edit the variable declaration line as follows: 

register      int i,j;

Recompile, assemble and link. Run the code and check for correct operation. How are the variables stored now? How is the stack frame used? 

Subroutines 

In CLAB5 we learnt about assembly language subroutines, parameter passing, and stack frames. We now look at some C programs with subroutines and see how the C compiler handles them. 

Download (or copy) the C program clab52c.c: 

/* clab52c.c */

int adder(int x, int y)

{

     return x + y;

}

int main()

{

  int a, b, c;

  a = 1; b =  2;

  c = adder(a, b);

}
Exercise 2:

1. Compile, assemble and link this program. 

2. What does this program do? 

3. Load the program clab52c.s19 into the lab board. Run the code and check for correct operation. 

4. Examine the assembly code produced by the compiler in the file clab52c.s (or in the listing file clab52c.lst). How are the variables stored in main and adder? 

5. How are parameters passed to the subroutine? What are they? Are they passed by value or reference? 

Pointers 

We saw in previous lectures how parameters can be passed by value or reference. C uses pointers to pass parameters by reference. We look at several examples. Copy the C program as clab53c.c: 

/* clab53c.c */

#define number 12

int adder(int x, int *py)

{

     return x + *py;

}

int main()

{

  int a, b, c;

  a = 1; b = number;

  c = adder(a, &b);

}

Exercise 3:
1. What does this program do? Which variables are pointers? 

2. Compile, assemble and link this program. 

3. Load the program clab53c.s19 into the board. Run the code and check for correct operation. 

4. Examine the assembly code produced by the compiler in the file clab53c.s (or in the listing file clab53c.lst). How are the variables stored in main and adder? 

5. How are parameters passed to the subroutine? What are they? Are they passed by value or reference? 

The following program gives an example of a subroutine which attemps to swap numbers in variables. Copy the C program as swap1c.c: 

/*    swap1c.c */

void  swap(int a, int b)

{

  int temp;

  temp = a;

  a = b;

  b = temp;

}

int main()

{

  int x = 2, y  = 3;

  swap(x, y);

  return 0;

}

Exercise 4: 

1. What does this program try to do? Are there any pointers? 

2. Compile, assemble and link this program. 

3. Load the program swap1c.s19 into the BSVC simulator. Run the code and check for correct operation. 

4. Examine the assembly code produced by the compiler in the file swap1c.s (or in the listing file swap1c.lst). How are the variables stored in main and swap? 

5. How are parameters passed to the subroutine? What are they? Are they passed by value or reference? 

6. Why doesn't this program work? 

Copy the C program swap2c.c: 

/* swap2c.c  */

void  swap(int *a, int *b)

{

  int temp;

  temp = *a;

  *a = *b;

  *b = temp;

}

int main()

{

  int x = 2, y  = 3;

  swap(&x, &y);

  return 0;

}
This program does what we want correctly. 

Exercise 5:
1. What does this program do? Are there any pointers? 

2. Compile, assemble and link this program. 

3. Load the program swap2c.s19 into the lab board. Run the code and check for correct operation. 

4. Examine the assembly code produced by the compiler in the file swap2c.s (or in the listing file swap2c.lst). How are the variables stored in main and swap? 

5. How are parameters passed to the subroutine? What are they? Are they passed by value or reference? 

6. Why does this program work?
