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Overview

¨ This lecture
¤ Dealing with characters
¤ Large constants
¤ Binary representation
¤ Negative numbers
¤ Signed vs. unsigned



The Big Picture So Far

¨ Functional units, register file, and memory
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Dealing with Characters

¨ Instructions are also provided to deal with byte-sized 
and half-word quantities: lb (load-byte), sb (store-byte), 
lh (load-half-word), sh (store-half-word)

¨ These data types are most useful when dealing with 
characters, pixel values, etc.
¤ e.g., printf(“Hello World!”);

¨ C employs ASCII formats to represent characters – each 
character is represented with 8 bits and a string ends in 
the null character
¤ e.g., null is 0, A is 65, a is 97



Dealing with Characters

¨ ASCII: American Standard Code for Information 
Interchange



Example: String Copy

¨ Convert to Assembly

void strcpy (char x[], char y[])
{

int i=0;
while  ((x[i] = y[i]) != `\0’)

i += 1;
}



Example: String Copy

¨ Convert to Assembly

void strcpy (char x[], char y[])
{

int i=0;
while  ((x[i] = y[i]) != `\0’)

i += 1;
}

$a0 $a1

$s0

Callee saves $s0-$s7



Example: String Copy

¨ Convert to Assembly

void strcpy (char x[], char y[])
{

int i=0;
while  ((x[i] = y[i]) != `\0’)

i += 1;
}

strcpy:
addi $sp, $sp, -4
sw $s0, 0($sp)
add  $s0, $zero, $zero

$a0 $a1

$s0



Example: String Copy

¨ Convert to Assembly

void strcpy (char x[], char y[])
{

int i=0;
while  ((x[i] = y[i]) != `\0’)

i += 1;
}

strcpy:
addi $sp, $sp, -4
sw $s0, 0($sp)
add  $s0, $zero, $zero

while:  add  $t1, $s0, $a1
lb $t2, 0($t1)
add  $t3, $s0, $a0
sb $t2, 0($t3)

$a0 $a1

$s0



Example: String Copy

¨ Convert to Assembly

void strcpy (char x[], char y[])
{

int i=0;
while  ((x[i] = y[i]) != `\0’)

i += 1;
}

strcpy:
addi $sp, $sp, -4
sw $s0, 0($sp)
add  $s0, $zero, $zero

while:  add  $t1, $s0, $a1
lb $t2, 0($t1)
add  $t3, $s0, $a0
sb $t2, 0($t3)
beq $t2, $zero, exit
addi $s0, $s0, 1
j    while

exit:

$a0 $a1

$s0



Example: String Copy

¨ Convert to Assembly

void strcpy (char x[], char y[])
{

int i=0;
while  ((x[i] = y[i]) != `\0’)

i += 1;
}

strcpy:
addi $sp, $sp, -4
sw $s0, 0($sp)
add  $s0, $zero, $zero

while:  add  $t1, $s0, $a1
lb $t2, 0($t1)
add  $t3, $s0, $a0
sb $t2, 0($t3)
beq $t2, $zero, exit
addi $s0, $s0, 1
j    while

exit:   lw $s0, 0($sp)
addi $sp, $sp, 4
jr $ra

$a0 $a1

$s0



Large Constants

¨ Immediate instructions can only specify 16-bit constants
¤ Recall: I-Type

¨ The lui instruction is used to store a 16-bit constant into the upper 16 bits 
of a register… combine this with an OR instruction to specify a 32-bit 
constant
¤ lui $t0, 9
¤ ori $a0, $t0, 64497

¨ The destination PC-address in a conditional branch is specified as a 16-bit 
constant, relative to the current PC

¨ A jump (j) instruction can specify a 26-bit constant; if more bits are 
required, the jump-register (jr) instruction is used



Example: Sort Algorithm

¨ Convert to assembly

(1) Allocate registers to program variables
(2) Produce code for the program body

(3) Preserve registers across procedure invocations

void sort (int v[ ], int n)
{

int i, j;
for (i=0; i<n; i+=1) {

for (j=i-1; j>=0 && v[j] <= v[j+1]; j-=1) {
swap (v,j);

}
}

}

void swap (int v[ ], int k)
{

int temp;
temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;

}



Example: Sort Algorithm

¨ Convert to assembly

void swap (int v[ ], int k)
{

int temp;
temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;

}
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Callee saves $s0-$s7



Example: Sort Algorithm

¨ Convert to assembly

void swap (int v[ ], int k)
{

int temp;
temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;

}

swap: sll $t1, $a1, 2
add  $t1, $a0, $t1 
lw $t0, 0($t1)    
lw $t2, 4($t1)    
sw $t2, 0($t1)   
sw $t0, 4($t1)
jr $ra

No need for saves and restores as we’re not using $s0-$s7
No need to re-use $a0 and $a1)

$a0 $a1 

$t0 



Example: Sort Algorithm

¨ Convert to assembly

void sort (int v[ ], int n)
{

int i, j;
for (i=0; i<n; i+=1) {

for (j=i-1; j>=0 && v[j] <= v[j+1]; j-=1) {
swap (v,j);

}
}

}

$a0 $a1 

$s0, $s1



Example: Sort Algorithm

¨ Convert to assembly

Need to store $a0 and $a1
Note the use of pseudo-instructions

void sort (int v[ ], int n)
{

int i, j;
for (i=0; i<n; i+=1) {

for (j=i-1; j>=0 && v[j] <= v[j+1]; j-=1) {
swap (v,j);

}
}

}

$a0 $a1 

$s0, $s1
move $s0, $zero

loopbody1: bge $s0, $a1, exit1
… body of inner loop …

addi $s0, $s0, 1
j    loopbody1

exit1: 



Example: Sort Algorithm

¨ Convert to assembly

addi $s1, $s0, -1
loopbody2: blt $s1, $zero, exit2

sll $t1, $s1, 2
add  $t2, $a0, $t1
lw $t3, 0($t2)
lw $t4, 4($t2)
bgt $t3, $t4, exit2

… body of inner loop …
addi $s1, $s1, -1
j    loopbody2

exit2: 

for (j=i-1; j>=0 && v[j] <= v[j+1]; j-=1) {
swap (v,j);

}



Example: Sort Algorithm

¨ Convert to assembly

Use $s2 and $s3 instead of $a0 and $a1 in the rest of “sort”
Save $ra at the start of “sort”

Save $s0-$s3 so “sort” does not overwrite something that belongs to its caller

void sort (int v[ ], int n)
{

int i, j;
for (i=0; i<n; i+=1) {

for (j=i-1; j>=0 && v[j] <= v[j+1]; j-=1) {
swap (v,j);

}
}

}

void swap (int v[ ], int k)
{

int temp;
temp = v[k];
v[k] = v[k+1];
v[k+1] = temp;

}

$a0 $a1 
$a0 $a1 

$s0, $s1 $t0 



Example: Sort Algorithm

¨ Saves and restores
sort:   addi $sp, $sp, -20

sw $ra, 16($sp)
sw $s3, 12($sp)
sw $s2, 8($sp)
sw $s1, 4($sp)
sw $s0, 0($sp)
move $s2, $a0
move $s3, $a1

…
move $a0, $s2        # the inner loop body starts here
move $a1, $s1
jal swap

…
exit1:  lw $s0, 0($sp)

…
addi $sp, $sp, 20
jr $ra


