Computer Structure

Exercise Number 5
MIPS Assembly
SPIM MIPS Simulator  
You will use the SPIM MIPS Simulator to run and debug your program.
Resources:

You should read the following documentation on the SPIM simulator:

· Appendix A: Assemblers, Linkers, and the SPIM Simulator (PDF). An overview and reference manual for spim and the MIPS32 instruction set.
You can read the whole document, however these are the important parts that are necessary for doing the exercise:
· A.1 : Introduction (specifically: assembly directives and labels)

· A.2: Local and Global Labels

· A.5 Memory Usage

· A.6 Procedure Call Convention - we covered this in the recitation, but you might want to review it again.

· A.9 SPIM: read the whole section, pay special attention to System Calls 

· A.10 MIPS R2000 Assembly Language:

Assembler Syntax (page A-47)
List of all Instructions - Use it as a reference, for example to find out what are is la (load address) and li (load immediate) 

· Getting Started with spim (PDF). Overview of the console version of spim (both Unix and Windows)  OR 

· Getting Started with xspim (PDF). Overview of the X-windows version of spim. 

Running the simulator 

Note: you can choose what version to use – the console version (spim) or the X-windows version (x-spim). 
You can run the simulator from any station in the lab (as well as if you connect from home)
The SPIM Simulator is run with flag -noexception (Do not load exception handler)

To run it:
        xspim -noexception
              or
        spim -noexception

Questions:
1) Implement Bubble Sort algorithm over an array A of size ‘n’
Your assembly file should include the following:

· a main function (a global label that should appear in the beginning of the file) that: 

· Reads the size of the array from the user. If the size is less than 2, you should print an error message and try to read the size again.

· Reads the array elements from the user

· Calls the function “b_sort” to perform the bubble sort (do all that is required from a procedure call)
· Print the sorted array. Before printing the array, use the string: .asciiz “\nThe sorted array is: ” (this string should be defined in .data segment). There should be exactly one space “ “ between each array element and the elements should be printed in ascending order
Note: to perform these actions, you should use system calls (described on pages A-43 - A-45)
· A “b_sort” function that performs bubble sort over the array A . It should receive as arguments the base address of array A (in $a0) and the size of the array ‘n’ (in $a1). It should change the given array and not return any value. 
2) Write a procedure in MIPS Assembly language to convert an ASCII decimal string to an integer called “convert”. Your procedure should expect register $ao to hold the address of a null-terminated string containing some combination of the digits 0 through 9. Your program should compute the integer value equivalent to this string of digits, then place the number in register $v0. Your procedure need not handle negative numbers. If a non-digit character appears, anywhere in the string, your procedure should return the value -1 in register $v0. In order to test your procedure, use system calls for the input of the string and the output of the result. Remember that in the ASCII table the digit characters are assigned to codes 48 (for ‘0’) to 57 (for ‘9’). You should not submit any testing code.
How and What to Submit

· You should submit two files:
· “sort.s” for the first question with ‘main’ and ‘b_sort’ functions

· “convert.s” for the second question with ‘convert’ function
· The names of the functions and strings should be exactly as specified 

· You may use additional functions to the ones required
· The assignment must be submitted in electronic form. It should include the user name of the student and id on the top. The files should all be placed in the user's


“~/compstruct08f” directory (lowercase letters).


Important: set the directory permissions to 705 and the files within it to 604.

Do not email the files anywhere.
General Guidelines

· Debugging: Debugging is VERY important. Use the commands listed in ‘Getting Started with spim /xspim’ (see resources section above) to debug your program
· Follow the submission guidelines carefully. Points will be taken for improper submission.
