System Internals and Assembly Language: Assignment 3* v4.0 Fall 2006

Assignment 3 isateam project. | have created shared directories for each team, so you should find a second
directory on Q: with your last name as part of the directory name. Y ou may base your work on the Assignment
2 code from both teammates. Some of you already used subroutines on Assignment 2. That will make this
assignment easier. Y ou may consult on all parts of the assignment, as long as any author is given credit in the
comments of whatever routines he or she worked on. If both of your names are on all three parts, you will earn
the same grade, but if one of you does one of the subroutines by yourself, or the main program by yourself, then
the grades earned may not be the same.

This assignment is just as much about teamwork, style, format, and following instructions as it is about
being able to use subroutines properly in assembly language. Plan ahead so that your work will be clear as
well as accurate. | have put G in this handout at places so that you can use them as a checklist to make sure
that you have followed instructions.

Assignment 3: Modify the program of Assignment 2 so that it usestwo functions: i sPri me and get Dat a.

G The first function checks for primeness. It must do the same thing that the Java function pri vate
bool ean isPrime (int n) {...} woulddo. Thefunction takes asingle integer parameter n and
returns O if n isnot prime and 1 if n is prime (since assembly does not have a true boolean to return). The
returned value will then be used in the same way that the prime flag was used in Assignment 2.

G The second function will dialogue with the user to receive two numbers representing the range of numbers
(in either order) between which the primes should be listed, inclusively. The function should return the
two integers which the function asks the user for. It might correspond to the Javapri vate Pair
getData (){...} assumingthat Pair istwoi nts. (Read the checklist below if you need to be
reminded know how to return two integers instead of just one.)

G A working program may not earn an A if you do not adhere to conventions for writing functions.

G Notice from the example at the end of this assignment that a subroutine has its own author, date,
specifications, pseudocode, and register usage!

G Each procedure should haveitsown . dat a and . t ext sections for any RAM locations that only it uses,
although if any data must be “global” to all procedures, you must put that data in the main program.

G Each of the three functions (mai n, i sPrime, getData) mustbeinafileby itself, named respectively
Assignment 3. s, i sPrinme.s andgetData.s. Theywill beinyour joint directory on Q..

Y ou run your program by merging them with the batch file conbi ne. bat , which I will demo in class, before
submitting the result to SPIM. SPIM cannot load multiple files. Thisisthe first year that | am trying this, so
you may find it easier to do everything in one file and then separate them into three files just before you submit
your project.

I recommend that you save your code frequently under different names before the final version, like lab3-1gc.s,
lab3-2gc.s, 1ab3-3kp.s, and lab3-4kp.s so that if you make a mistake, you can “roll back” to an earlier version. |
also recommend that if each of you make changes to the same code at the same time, you avoid saving your
changes on top of each other, perhaps by incorporating your initials in the file names that you save when you
are working alone, as | did with “kp” and “gc” in those sample file names. Then merge correct pieces of code
soon and often when you are together. It is possible that you can work independently on each function, and
then just get together to figure out how to combine them into your program, but you are also welcome to
consult and copy from each other on everything from the very start.

If neither of you successfully solved Assignment 2, then with a 10% penalty, | will supply you with an
excellent working version of Assignment 2 if you ask a day in advance.

! Based on Lab 3 © 1998 Paul van Arragon. All rights reserved. Used with permission. v4 © 2006 G. Chase



Checklist for writing functions or procedures
A. In the main program before calling the procedure or function, you must—

1. save any registers if they are of type “temporary” if you need them again after the procedure or function
call. First adjust the stack pointer ($sp) by subtracting 4 for each register, then store your registersin
position 0($sp), 4($sp), ... If the only values you reuse are in saved registers, this step is unnecessary.

2. save also $ra on the stack so that the main program can jump back to the program that called it.

3. place parametersin $a0, $al, $a2, $a3, and on the stack if necessary because there are too many. By
convention, you may not use any other registers to pass values to the function or procedure.

4. then jal to the function or procedure.

B. After returning from the procedure or function:
5. restore the “temporary” registers and $ra and restore the original stack pointer.
6. if it was a function, assume the value is returned in $v0 and $v1 if necessary.

C. In the procedure or function that is called you must—

7. save any registersif they are of type “saved” if you will be using them. Save them on the stack by
adjusting the stack pointer as described above in Step 1.

8. do your calculation, assuming parameters are in $a0, $al, $a2, $a3, and the stack if necessary. By
convention, you may not use any other values from the calling program.

9. if you are afunction, place the value to be returned in $v0 and $v1 if necessary.

10. restore the “saved” registers and the stack pointer.

11. jr $rato get back to the calling program.

Appendix section A.6 saysthisagain. Your green “cheat sheet” has alist of MIPS register usage conventions.
Y our text says it yet another time.

Example: (See demo2.s. Parts of its code are on the next page.)

Consider demol.s. For the sake of illustration, suppose we wanted to do the multiplication in a separate
function. We must replace the line mul $t2, $s0, $t0 with all the steps of a function call. We would modify our
code as follows. The code appears below.

1. save $t0 and $t1 since they are temporary and get reused. Adjust the stack by - 8. We no longer need
$t2 at all, so it doesn’t get saved.

don’t bother saving $ra since this program doesn’t return anywhere.

put the parameters $t0 and $s0 in $a0 and $al so the function knows what to multiply.

jal to the function.

restore $t0 and $t1 and adjust the stack by 8.

assume the product isin $vO0, so that’s what we print instead of $t2.

suppose the function works with registers $t0 and $s1. It must save register $si first thing.
multiply the parameter valuesin $a0 and $al.

. put the result in $vO0.

10 restore register $s1.

11 jr $ra.
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Note two cases of intentional extrawork.

The calling program saves $t1 even though the function never uses $t1.

The function saves $sl even though the caller doesn’t use register $s1.
Why do we do it? Do you see the wisdom of the saving conventions? How would you write the code so that
this extrawork is unnecessary, and yet follow our conventions?

Thefollowing codeillustrates how function calling works. Itisin Q:\InstructorFiles\Chase Gene\assembly\
demo2.s. Note that demo2.s as found on Q: does not work, intentionally. Read the comments in the program to
see how to fix it. Assignment 3 has nothing to do with any multFunction. This example merely gives you
another model of how to call functions. Y ou are to modify Assignment 2, not demo2.s.

Here is how the function multFunction is called.



#Save $t0 and $t1, adjusting stack by -8
addi $sp, $sp, -8

sw $t1, 4($sp)

sw $t 0, O(S$sp)

# put the parameters from $t0 and $sO into $a0 and $al and jal to the function
move $a0, $tO

move $al, $sO

j al mul t Functi on

#restore $t0 and $t1, adjusting stack by 8
I w $t0, O($sp)
| w $t1, 4($sp)
addi $sp, $sp, 8

#print the multiple (which is in returned in $v0)

add $a0, $v0, S$zero #Load the integer to be printed in register $a0.
addi $vO0, $zero, 1 #Enter system call code 1 for printing integers.
syscal | #Print the integer

Here is the function:

mul t Functi on:
#Save $sl1, adjusting stack by -4
addi $sp, $sp, -4
sw $s1, 0($sp)

#Put the parameters in the registers that you want them
move $s1, $ao
move $t 0, $al

#The function body: multiply the parameters; place result in $v0 per convention

mul $v0, $t0, $si

#Restore $sl1, adjusting stack by 4, and return to calling code
| w $s1, 0($sp)

addi $sp, $sp, 4

jr $ra

Now what follows on page 4 is the demo that | will be doing on how to use conmbi ne. bat .

Thingsto note: The integers that should be entered should be positive and less than byte-sized, because we are
putting them into a byte-array. We don’t have a“read byte” command to execute, so negative integers don’t
have asign in bit 7 as they should if they were negative bytes.



This is version 1.2 of the file found at
g:\InstructorFil es\Chase_Gene\ Assenbl y\ swapDriver.s
Paul van Arragon 29 Sep 1994; nod: Gene B. Chase

27 Sep 2001 for style; 1 October 2006 for smal
corrections (text page number, spelling, comments)
Specification: Denonstrate use of procedure swap
The array is initialized in menory to be the bytes
0,1,2,3,...,10. That is, A[i] contains i
The user enters new values for A[4] and A[ 5] which
are then swapped.
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#mai n pseudocode

initialize array Ato [0,1,2,3,4,5,6,7,8,9,10].
read a value into A[4] and A[5] in place of the 4
and 5.

call swap(4), meaning swap A[4] with A[5]

print "The array values, after swapping are:

For i := 0 to 10 do print(A[i])

H O HHHH

#use of registers
# $tl1 for-loop counter

# $t2 for-loop final value

# $s0 array address

# $a0 is the parameter to pass the address of

# the array

# %$al is index (offset) of element to be swapped
# with its successor.

# The rest is as described in your text.

#
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.data

stri: .asciiz "Enter an integer for arrayl[4]

str2: .asciiz "Enter an integer for array[5]: "

str3: .asciiz "The array val ues, after swapping are:"

space: .asciiz " "

nl: .asciiz "\n"

# Note that we don't need to align the array, since

# we use bytes instead of words
array: . byte 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
. text
mai n:
# Put array address in $s0
la $s0, array

# pronpt for an integer

addi $v0, $zero, 4
la $a0, stril
syscal

# read an integer
addi $v0, $zero, 5
syscal

# put the integer from $vO0 in array|[4]
sb  $v0, 4(%$s0)

# pronpt for a second integer

addi $v0, $zero, 4
la $a0, str2
syscal

# read the second integer
addi $v0, $zero, 5
syscal
# put the second integer from $v0 in array[5]

sb  $v0, 5(%$s0)

# call the swap procedure

nmove $a0, $sO #argl is array address

addi $al, $zero, 4 #arg2 is subscript 4, to swap
# array[4] & array[5]

addi $sp, $sp, -4 #adj ust stack pointer

sw $ra, O0($sp) #save return address

j al swap #call the procedure

I w $ra, O($sp) #retrieve return address

addi $sp, $sp, 4 #readj ust stack

# print str3 (The array values are: )

addi $v0, $zero, 4
la $a0, str3
syscal |

print the array
For i =0 to 10 do print(array[i])

H* H*

# initialize for loop counter and end val ues

addi $t1, $zero, O

addi $t2, $zero, 10
# create address of array[i] in $t3
Loop:

add $t3, $t1, $sO
# print array[i]

addi $v0, $zero, 1

I'b $a0, 0O($t3)

syscal |

# print a space between nunbers

addi $v0, $zero, 4
la $a0, space
syscall

# increment and test part of the for |oop:

addi $t1, $t1, 1

bl e $t1, $t2, Loop
# print nl (new |line)

addi $v0, $zero, 4

la $a0, n

syscall

# return frommain to operating system
jr $ra
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File: swapFunction.s
Aut hor: Gene B. Chase, 1 October 2006. v1.1
Procedure swap. This one varies fromthe text
swap procedure in three inmportant ways
* We are swapping bytes k and k+1, not words, so
don’t nmultiply k by 4
* We use saved registers instead of tenporary
registers, so | can denmo saving them
* BIG a0 and al are the address of array and the
offset into array, not the two addresses of
el ements to be swapped as on text page 124!
pseudocode (Procedure gets its own specifications,
pseudocode, and register usage!)
load A[k] into templ
|l oad A[k+1] into tenp2
store templ into A[ k+1]
store templ into A[K]
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# save the callee-saved registers

swap:
addi $sp, $sp, -8
sw $s0, 4($sp)
sSw $s1, O($sp)
# create the address of A[4] in $t1
add $t1, $a0, $al
# swap the bytes using Ib (not Iw)
I'b $s0, O($t1)
I'b $s1, 1($t1)
sb $s1, 0($t1)
sb $s0, 1($t1)
# restore the registers
Iw $s0, 4($sp)
Iw $s1, 0($sp)
addi $sp, $sp, 8

# return to the caller of swap
jr $ra



