
7.1 Introduction
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.data .globl

str: main:

.text

.data .align n

.align 2 .globl main

.asciiz
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7.2 Assemblers
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main loop

str

main

str la

la

str str

ble $t0, 100, loop

ble $t0 100

loop
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.asciiz "The sum from 0 .. 100 is %d\n"

.byte 84, 104, 101, 32, 115, 117, 109, 32

.byte 102, 114, 111, 109, 32, 48, 32, 46

.byte 46, 32, 49, 48, 48, 32, 105, 115

.byte 32, 37, 100, 10, 0

.asciiz

.asciiz "The quick brown fox jumps over the lazy dog"

.byte 84, 104, 101, 32, 113, 117, 105, 99

.byte 107, 32, 98, 114, 111, 119, 110, 32

.byte 102, 111, 120, 32, 106, 117, 109, 112

.byte 115, 32, 111, 118, 101, 114, 32, 116

.byte 104, 101, 32, 108, 97, 122, 121, 32

.byte 100, 111, 103, 0
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printf

$7

         .data 

int_str: .asciiz "%d"

         .text

         la $a0, int_str # Load string address

                         # into first arg

         mov $a1, $7     # Load value into 

                         # second arg

         jal printf      # Call the printf routine

.data

.text

print_int

         .data

int_str: .asciiz "%d"

         .text

         .macro print_int($arg)

         la $a0, int_str # Load string address into

                         # first arg

         mov $a1, $arg   # Load macro's parameter

                         # ($arg) into second arg
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         jal printf      # Call the printf routine

         .end_macro

print_int($7)

$arg

print_int $7

la  $a0, int_str

mov $a1, $7

jal printf

print_int print_int($t0) $t0

la  $a0, int_str

mov $a1, $t0

jal printf

print_int($a0)

la  $a0, int_str

mov $a1, $a0

jal printf

print_int $a0
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blt

slt bne

($at)
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7.3 Linkers

▪ 

▪ 

▪ 
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7.4 Loading
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main main

7.5 Memory usage
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$v0

lui $s0, 0x1001     # 0x1001 means 1001 base 16 

lw $v0, 0x0020($s0) # 0x10010000 + 0x0020 = 0x10010020

0x8000

lui

$gp

lw $v0, 0x8020($gp)
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malloc

malloc sbrk

7.6 Procedure call convention

$0

▪ $at $k0 $k1
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▪ $a0-$a3

$v0 $v1

▪ $t0-$t9

▪ $s0-$s7

▪ $gp

▪ $sp

$fp jal $ra

$sp
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▪ 

▪ 

▪ 

$fp $sp
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$v0

lw $v0, 0($fp)

$fp

$sp

$a0-$a3

$a0-$a3

$t0-$t9

jal
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$ra

$s0-$s7 $fp $ra

$fp

$ra

$sp

$fp

$v0

$sp

$ra

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/7/print

26 of 79 5/16/2025, 11:54 PM



main () 

{ 

   printf ("The factorial of 10 is %d\n", fact (10)); 

}

int fact (int n)

{ 

   if (n < 1)  

      return (1); 

   else  

      return (n * fact (n - 1)); 

}

fact

main

$fp $ra

$a0-$a3 $ra

$fp
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   .text 

   .globl main 

main: 

   subu      $sp, $sp, 32     # Stack frame is 32 bytes long 

   sw        $ra, 20($sp)     # Save return address 

   sw        $fp, 16($sp)     # Save old frame pointer 

   addiu     $fp, $sp, 28     # Set up frame pointer

main fact

main printf

fact

   li        $a0, 10          # Put argument (10) in $a0 

   jal       fact             # Call factorial function

   la        $a0, $LC         # Put format string in $a0 

   move      $a1, $v0         # Move fact result to $a1 

   jal       printf           # Call the print function

   lw        $ra, 20($sp)     # Restore return address 

   lw        $fp, 16($sp)     # Restore frame pointer 

   addiu     $sp, $sp, 32     # Pop stack frame 

   jr        $ra              # Return to caller

   .rdata 

$LC: 

   .ascii    "The factorial of 10 is %d\n\000"

$ra $fp

$a0

   .text  

fact:  

   subu      $sp, $sp, 32     # Stack frame is 32 bytes long  

   sw        $ra, 20($sp)     # Save return address  

   sw        $fp, 16($sp)     # Save frame pointer  

   addiu     $fp, $sp, 28     # Set up frame pointer  

   sw        $a0, 0($fp)      # Save argument (n)
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fact

fact(n-1)

   lw        $v0, 0($fp)      # Load n 

   bgtz      $v0, $L2         # Branch if n > 0 

   li        $v0, 1           # Return 1 

   jr        $L1              # Jump to code to return

$L2: 

   lw        $v1, 0($fp)      # Load n 

   subu      $v0, $v1, 1      # Compute n - 1 

   move      $a0, $v0         # Move value to $a0

   jal       fact             # Call factorial function

   lw        $v1, 0($fp)      # Load n 

   mul       $v0, $v0, $v1    # Compute fact(n-1) * n

$v0

$L1:                          # Result is in $v0 

   lw        $ra, 20($sp)     # Restore $ra 

   lw        $fp, 16($sp)     # Restore $fp 

   addiu     $sp, $sp, 32     # Pop stack 

   jr        $ra              # Return to caller
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fact(7) main

main fact(10)

fact

fact(10)

$s8

$sp

tak

int tak (int x, int y, int z) 

{ 

   if (y < x)  

      return 1+ tak (tak (x - 1, y, z),   

        tak (y - 1, z, x),    
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        tak (z - 1, x, y)); 

   else 

      return z; 

} 

int main ()

{ 

   tak(18, 12, 6); 

}

tak

$a0-$a2 $ra

   .text 

   .globl tak

tak: 

   subu      $sp, $sp, 40 

   sw        $ra, 32($sp)

   sw        $s0, 16($sp)   # x 

   move      $s0, $a0 

   sw        $s1, 20($sp)   # y 

   move      $s1, $a1 

   sw        $s2, 24($sp)   # z 

   move      $s2, $a2 

   sw        $s3, 28($sp)   # temporary

y < x L1

   bge       $s1, $s0, L1   # if (y < x)

y < x

   addiu     $a0, $s0, -1 

   move      $a1, $s1 

   move      $a2, $s2 

   jal       tak            # tak (x - 1, y, z) 

   move      $s3, $v0

$s3
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   addiu     $a0, $s1, -1 

   move      $a1, $s2 

   move      $a2, $s0 

   jal       tak            # tak (y - 1, z, x)

$s0

   addiu     $a0, $s2, -1 

   move      $a1, $s0 

   move      $a2, $s1 

   move      $s0, $v0 

   jal       tak            # tak (z - 1, x, y)

$v0

   move      $a0, $s3 

   move      $a1, $s0 

   move      $a2, $v0 

   jal       tak            # tak (tak(...), tak(...), tak(...)) 

   addiu     $v0, $v0, 1 

   j         L2

L1

z

   L1: 

      move      $v0, $s2

   L2: 

      lw        $ra, 32($sp) 

      lw        $s0, 16($sp) 

      lw        $s1, 20($sp) 

      lw        $s2, 24($sp) 

      lw        $s3, 28($sp) 

      addiu     $sp, $sp, 40 

      jr        $ra
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main tak

   .globl main 

main: 

   subu      $sp, $sp, 24 

   sw        $ra, 16($sp)

   li        $a0, 18 

   li        $a1, 12

   li        $a2, 6 

   jal       tak            # tak(18, 12, 6)

   move      $a0, $v0 

   li        $v0, 1         # print_int syscall 

   syscall

   lw        $ra, 16($sp) 

   addiu     $sp, $sp, 24 

   jr        $ra

7.7 Exceptions and interrupts
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mfc0

mtc0

interrupt mask
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interrupt enable
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exceptions.s

$at

$a0 $a1

$k1

$at save0 save1

.ktext 0x80000180

mov $k1, $at    # Save $at register

sw  $a0, save0  # Handler is not re-entrant and can't use

sw  $a1, save1  # stack to save $a0, $a1

                # Don't need to save $k0/$k1
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mfc0 $k0, $13

$k0 $k0 $k1

print_excp

mfc0 $k0, $13        # Move Cause into $k0

srl  $a0, $k0, 2     # Extract ExcCode field

andi $a0, $a0, Oxf    

bgtz $a0, done       # Branch if ExcCode is Int (0)

mov  $a0, $k0        # Move Cause into $a0

mfco $a1, $14        # Move EPC into $a1

jal  print_excp      # Print exception error message

$a0 $a1 $at eret

done:    mfc0    $k0, $14      # Bump EPC

         addiu   $k0, $k0, 4   # Do not re-execute

                               # faulting instruction

         mtc0    $k0, $14      # EPC

         mtc0    $0, $13       # Clear Cause register      

         mfc0    $k0, $12      # Fix Status register

         andi    $k0, Oxfffd   # Clear EXL bit

         

         lw      $a0, save0    # Restore registers

         lw      $a1, save1

         mov     $at, $k1

         

         ori     $k0, Ox1      # Enable interrupts
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         mtc0    $k0, $12

         eret                  # Return to EPC

         .kdata

save0:   .word 0

save1:   .word 0

EPC

rfe eret

7.8 Input and output

xspim PCSpim
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spim xspim -mapped_io

PCSpim
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7.9 SPIM

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/7/print

40 of 79 5/16/2025, 11:54 PM



nop
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spim

return

spim spim

spim

xspim xspim spim

PCspim

xspim

pcSpim spim
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.byte 0, 1, 2, 3
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syscall

$v0 $a0-$a3 $f12

$v0 $f0

"the answer = 5"

   .data 

str:  

   .asciiz   "the answer = "  

   .text

   li        $v0, 4         # system call code for print_str 

   la        $a0, str       # address of string to print  

   syscall                  # print the string

   li        $v0, 1         # system call code for print_int 

   li        $a0, 5         # integer to print 

   syscall                  # print it

print_int print_float

print_double

print_string

read_int read_float read_double

read_string

fgets

read_string

sbrk exit

exit2 exit2

print_char read_char open read write close
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7.10 MIPS R2000 assembly language
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c(rx) c

rx

lwl lwr swl swr

table

ld $a0, table + 4($a1)

lui $at, 4096 

addu $at, $at, $a1 

lw $a0, 8($at)

$at

$a1

$at
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#

_ .

        .data 

item:   .word 1 

        .text 

        .globl main      # Must be global 

main:   lw          $t0, item

"

▪ \n

▪ \t

▪ \"

.align n

.align 2

.align .half .word

.float .double .data

.kdata

.ascii str

.asciiz str

.byte b1,..., bn
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.data <addr>

.double d1,..., dn

.extern sym size

$gp

.float f1,..., fn

.globl sym

.half h1,..., hn

.kdata <addr>

.ktext <addr> .word

.set noat

.set at

$at

$at

.space n

.text <addr>

.word
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.word w1,..., wn

.data .rdata .sdata

j

op
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add

rs

imm
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rdest rsrc1 src2

add $v1, $a0, 0x55 addi $v1, $a0, 0x55

rsrc rdest

rs rt rd

rs rt
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rs rt rd

rs rt

rs

rd

rs rt lo hi

rsrc1 src2 rdest
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rs rt lo

hi

rs rt rd

rsrc1 src2 rdest

rs rt

lo hi
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rs rt

lo hi

rsrc rdest

rs rt rd

rsrc rdest

rs rt rd

rs rt
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rsrc1 rsrc2 rdest

rt shamt rs

rd rs sll sra srl
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rsrc1 rsrc2 rdest

rs rt rd

rs rt rd

rs rt

imm rt

imm rdest
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rd rs rt

rt rs

rdest rsrc1 rsrc2

rdest rsrc1 rsrc2
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rdest rsrc1 rsrc2

rdest rsrc1 rsrc2

rdest rsrc1 rsrc2

-bare -delayed_branch

beq beql

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/7/print

58 of 79 5/16/2025, 11:54 PM



rs rt

rs

rs

rs
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rs

rs

rs

rs

rt

rsrc

rsrc1

rsrc2

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/7/print

60 of 79 5/16/2025, 11:54 PM



rsrc1 src2

rsrc1 src2

rsrc1 src2

rsrc

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/7/print

61 of 79 5/16/2025, 11:54 PM



$ra

rs

rd

rs

rs rt

rs imm

rs rt

rs imm
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rs rt

rs imm

rs rt

rs imm
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rdest

rt lb lbu

rt lh

lhu

rt

ft

rt
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rdest rdest + 1

rdest

ulh ulhu

rdest

rt

sc

rt
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rt

rt

ft

ft ft + l

ft

rt

rsrc rsrc + 1

rt
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rt

rt

rt

rt

rsrc rdest

hi lo

hi lo rd
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rs hi lo

rd fs rt

frsrc1 frsrc1 + 1 rdest rdest + 1

rt rd fs

rs rd rt

rs rd rt

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/7/print

68 of 79 5/16/2025, 11:54 PM



rs rd

rs rd

$f0-$f31

bclf bclt

lwc1 swc1 mtc1

mfc1 ldcl sdcl

l.s l.d s.s s.d

fdest $f2

fs

fd

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/7/print

69 of 79 5/16/2025, 11:54 PM



fs ft

fd

fs

fd

fs ft

fs ft
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fs ft

fs

fd

fs

fd

fs

fd
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fs ft

fd

fs

fd

address fdest

fs fd
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fs fd

fs fd

fs fd rt

fs fd rt
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fs ft

fd

fs fd

fs

fd

fs fd

fdest
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fs ft

fd

fs

fd

$v0
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7.12 Exercises

fact

$k0 $k1
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▪ test_prime (n)

▪ main ()

/* move n smallest disks from start to finish using extra */

void hanoi(int n, int start, int finish, int extra){

   if(n != 0){

      hanoi(n-1, start, extra, finish);

      print_string("Move disk");

      print_int(n);

      print_string("from peg");

      print_int(start);

      print_string("to peg");

      print_int(finish);

      print_string(".\n");

      hanoi(n-1, extra, finish, start);

   }

} 
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main(){

   int n;

   print_string("Enter number of disks>");

   n = read_int();

   hanoi(n, 1, 2, 3);

   return 0;
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