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2.2 Operations of the computer hardware

add a, b, c

b c a

a

b

c

 add a, b, c

36

5 3641
41

5+
a

b
add a, a, b

+
3

4

7
3 47
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b c d e a

add a, b, c   # The sum of b and c is placed in a

add a, a, d   # The sum of b, c, and d is now in a

add a, a, e   # The sum of b, c, d, and e is now in a

a

b

c

5

1

add a, a, d    # The sum of b, c, and d is now in a

add a, a, e    # The sum of b, c, d, and e is now in a

add a, b, c    # The sum of b and c is placed in a

d

e

2

7

15

2

7

6

8

15

6? 8 15

6

8
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sub a, b, c

add a, b, c
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add t, d, c

add a, t, c

sub t, c, b

add a, t, d

a

b

c

d

e

a = b + c;

add a, b, c

# register d contains a - e

# register a contains b + c

sub d, a, e

d = a - e;

2 6

8 3

2

6

3

8

8

5

5
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f

g

h

i

j

t0

t1

f  =

add t0, g, h

# temp t1 contains i + j 

sub f, t0, t1 

# temp t0 contains g + h

add t1, i, j 

# f gets t0 - t1, which is (g + h) - (i + j)

(g + h) - (i + j);

4 5

2 1

4

5

2

1

9

9

3 3

9 3

6

6
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1

2

3



add t0, b, c sub a, t1, e add t1, t0, d

add  t0, c, d

add  t0, t0, b

sub  a, e, t0
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add b b c

add e e d

--- b b c

--- b b c

--- b b c

--- b b c

1 (Requires most lines)

2

3 (Requires fewest lines)


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$s0..$s7, $t0..$t9, $zero, 

$a0..$a3, $v0..$v1, $gp, $fp, 

$sp, $ra, $at 

$zero

$at
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add $s1, $s2, $s3 $s1 = $s2 + $s3

sub $s1, $s2, $s3 $s1 = $s2 - $s3
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addi $s1, $s2, 20 $s1 = $s2 + 20

lw $s1, 20($s2)
$s1 $s2

sw $s1, 20($s2)
$s2

$s1

lh $s1, 20($s2)
$s1 $s2

lhu $s1, 20($s2)
$s1 $s2

sh $s1, 20($s2)
$s2

$s1

lb $s1, 20($s2)
$s1 $s2

lbu $s1, 20($s2)
$s1 $s2

sb $s1, 20($s2)
$s2

$s1

ll $s1, 20($s2)
$s1 $s2
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sc $s1, 20($s2)
$s2

$s1 $s1

lui $s1, 20 $s1

and $s1, $s2, $s3 $s1 = $s2 & $s3

or $s1, $s2, $s3 $s1 = $s2 | $s3

nor $s1, $s2, $s3 $s1 = ~($s2 | $s3)

andi $s1, $s2, 20 $s1 = $s2 & 20

ori $s1, $s2, 20 $s1 = $s2 | 20

sll $s1, $s2, 10 $s1 = $s2 << 10

srl $s1, $s2, 10 $s1 = $s2 >> 10
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beq $s1, $s2, 25
$s1 == $s2

bne $s1, $s2, 25
$s1 != $s2

slt $s1, $s2, $s3
$s2 $s3 $s1

$s1 beq

bne

sltu $s1, $s2, $s3
$s2 $s3 $s1

$s1

slti $s1, $s2, 20
$s2 $s1

$s1

sltiu $s1, $s2, 20
$s2 $s1

$s1

j 2500

jr $ra $ra

jal 2500
$ra
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add $s1, $s2, $s3

addi $s1, $s3, 50

lw $s1, 20($s8)

jump 2500

2.3 Operands of the computer hardware
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Clock ClockRegisters

Clock frequency: 1.4 GHz

Clock frequency: 1.2 GHz
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add a, b, c
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f = (g + h) - (i + j);

f g h i j $s0 $s1 $s2 $s3 $s4

add $t0, $s1, $s2   # register $t0 contains g + h

add $t1, $s3, $s4   # register $t1 contains i + j

sub $s0, $t0, $t1   # f gets $t0 - $t1, which is (g + h) - (i + j)
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Start

Compute: $s4 = $s5 + $s6

add $s4 , $s4 , $s4

2 3 4 5

Registers

$s4 0
$s5 44
$s6 16

Check Next

1
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lw

Registers

Memory

5009

5008

5007

5006

5005

5004

5003

5002

5001

5000

4999

$s1

$s2

$s3

$t0

g

h

A's base addr5000

A

(100 words)

A[8]25

g = h + A[8]; 

# Temporary reg $t0 gets A[8]

# g = h + A[8]

35

60

50008 + 

25

lw    $t0, 8($s3)

add   $s1, $s2, $t0 2535 +
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lw $t0, 2($s3)

lw $t0, 0($s3)

lw $t1, 2($s3)

lw $t2, 1($s2)
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Processor

0

4

8

12

1

101

10

100

Memory

Byte 
address

Data

. . .

. . .

0

4

8

12

1

5

9

13

2

6

10

14

3

7

11

15

Showing all 
byte addresses
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$s3

A[8] A[8/4]
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lw $t0, 3($s3)

sw

5048

5044

5040

5036

5032

5028

$s1

$s2

$s3

$t0

h

A's base addr5000
(100 words)

A[8]25

A[12] = h + A[8]; 35

A[12]

25 60

60
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sw $t0, 20($s3)

sw $t0, 4($s3)
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$s3

  

lw   $t0, AddrConstant4($s1)   # $t0 = constant 4

add  $s3, $s3, $t0             # $s3 = $s3 + $t0 ($t0 == 4)

$s1 + AddrConstant4

addi $s3

  

addi $s3, $s3, 4               # $s3 = $s3 + 4

$zero
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Start

Compute: $t1 = Memory[7064]

lw $t0 , 0 ( $t0 )

2 3 4 5

Registers

$t0 7000
$t1 0

Memory

7064 293

Check Next

1
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2.4 Signed and unsigned numbers

two1 0 1 1
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→ →
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  1000 1111 0000 0000 0000 0000 0000 0000
+ 1000 0000 1111 1111 1111 1111 0000 0000
-----------------------------------------
  0000 1111 1111 1111 1111 1111 0000 0000

  0000 1111 0000 0000 0000 0000 0000 0000
+ 0111 0000 0000 0000 0000 0000 0000 0000
-----------------------------------------
  0111 1111 0000 0000 0000 0000 0000 0000

  0111 0000 0000 0000 0000 0000 0000 0000
+ 1111 0000 0000 0000 0000 0000 0000 0000
-----------------------------------------
  0110 0000 0000 0000 0000 0000 0000 0000
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lb

lbu

lbu

int

unsigned int

signed int

̄
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̄ ̄ ̄
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0000 0000 0000 0010 ten=two 2

0000 0000 0000 0010 ten=
two

20000000000000000

1111 1111 1111 1110 ten=two -2

1111 1111 1111 1110 ten=
two

-21111111111111111

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

48 of 268 5/16/2025, 11:10 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

49 of 268 5/16/2025, 11:10 PM



̄

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

50 of 268 5/16/2025, 11:10 PM



©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

51 of 268 5/16/2025, 11:10 PM



2.5 Representing instructions in the computer

$s0 $s7

$t0 $t7 $s0 $s1

$s2 $t0 $t1

add
(part 2)$t0$s1 $s2

017 18 80 32

add
(part 1)

add $t0 $s1 $s2

unused

0000010001 10010 01000000000 100000

6 bits 5 bits5 bits5 bits 6 bits5 bits
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add $t1, $s4, $s3 

Field 1

Field 2

Field 3

Field 4

Field 5

Field 6


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Start

Check Next
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lw   $t0, 32($s3)   # Temporary reg $t0 gets A[8]

$s3 $t0

Instruction

add $t0, $s2, $s3

Constant or address

(R-type)

(I-type)

add

sub

add immediate

lw

sw

(subtract)

(load word)

(store word)

Format

R

R

I

I

I

op

0

0

8

35

43

rs

reg

reg

reg

reg

reg

rt

reg

reg

reg

reg

reg

Instruction formats
rd

reg

reg

constant

address

address

shamt

0

0

funct

32

34

Sample instructions

sub $s1, $s2, $s3

addi $s1, $s2, 20

lw $t0, 1200($t1)

sw $t0, 1200($t1)

0

0

8

35

43

18

18

18

9

9

19

19

17

8

8

8

17

20

1200

1200

0

0

32

34 $t0

$s1

$s2

Register locations

$s3

$t1

8

17

18

19

9
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$t1 A $s2 h

  

A[300] = h + A[300];

  

lw  $t0, 1200($t1) # Temporary reg $t0 gets A[300]

add $t0, $s2, $t0  # Temporary reg $t0 gets h + A[300] 

sw  $t0, 1200($t1) # Stores h + A[300] back into A[300]
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lw

$t1

$t0 A[300]

add

$s2 $t0 $t0

sw

lw
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Opcode for a load word instruction.

$t1, containing a base address.

An offset

$s2

Combined with opcode, indicates
an add instruction.

addi $t7, $t4, 5


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sub $t0, $t1, $t2

add $t2, $t0, $t1

sub $t2, $t1, $t0

sub $t2, $t0, $t1
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2.6 Logical operations

sll $t2, $s0, 4    # reg $t2 = reg $s0 << 4 bits 
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shift left by 4
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sll srl

$s0

$t2

sll $t2, $s0, 4   # reg $t2 = reg $s0 << 4 bits 

sll $t2

$s0

sll

0000 0000 0000 0000 1111 0001
0000 0000

0000 0000 0011 0000 0000 0000
0000 0000

1100 0000 0000 0000 0000 0011
1100 0100

0110 0000 0000 0000 0000 0001
1110 0010


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0000 0000000000000000 11001101 0000

and $t0, $t1, $t2

0000 0011000000000000 00001100 0000

# reg $t0 = reg $t1 & reg $t2

AND

0000 0000000000000000 00001100 000011

$t2

$t1

$t0
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$t1

$t2

or $t0, $t1, $t2   # reg $t0 = reg $t1 | reg $t2 

$t0

0000 0000 0000 0000 0011 1101 1100 0000

̄
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$t1 $t3

nor $t0, $t1, $t3   # reg $t0 = ~ (reg $t1 | reg $t3) 

$t0

1111 1111 1111 1111 1100 0011 1111 1111

0000 0000 0000 0000 0000 0000
1111 0001

0011 0000 0000 0000 0000 0000
1111 1111

1100 1111 1111 1111 1111 1111
0000 1110

1100 1111 1111 1111 1111 1111
0000 0000


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andi ori

and or

sll srl
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 $s3, $s3, 1

 $s3, $s3,

sll $s2, $s2,
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Start

Compute: $s3 = ($s4 >> 4) & 7

srl $s3 , $s3 , 0

andi $s3 , $s3 , 0

2 3 4 5

Registers

$s3 0
$s4 0..01111110100000
$s5 0

Check Next

2.7 Instructions for making decisions

beq register1, register2, L1

L1 register1

register2

bne register1, register2, L1

1
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L1 register1

register2 bne

if (i == j) f = g + h; else f = g - h;

bne $s3, $s4,

add $s0, $s1, $s2    # f = g + h

j

sub $s0, $s1, $s2   # f = g - h

Exit:

i == j?

f = g + h f = g - h

Exit:

i == j i ≠ j

Else:

(skipped if i ≠ j)

(skipped if i == j)Else: 

# go to Else if i ≠ jElse

# go to ExitExit

̸

̸
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      bne $s3, $s4, Else 

      add $s0, $s1, $s2

      j Exit

̸
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Else: sub $s0, $s1, $s2

Exit:

j Exit

add $s0, $s1, $s2

sub $s0, $s1, $s2

      _____ $s3, $s4, Exit

      add   $s0, $s1, $s2

Exit:
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• 

• 

• 

Start

Convert pseudocode to MIPS:
if ($t0 != $t1)
   $t2 = $t2 + $t2;

add $t2 , $t2 , $t2

add $t2 , $t2 , $t2

L1: # Code ends here

2 3 4 5

Check Next

Loop: bne $s0, $s1, Exitwhile (x == y) {

// Loop body

}

# Loop body

j Loop

Exit:

1
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while (save[i] == k)

      i += 1;

i k $s3 $s5

$s6

save[i] save[i]

i

save i

Loop

Loop: sll $t1, $s3, 2      # Temp reg $t1 = i * 4

save[i] $t1 $s6

      add $t1, $t1, $s6    # $t1 = address of save[i]

save[i]

      lw $t0, 0($t1)       # Temp reg $t0 = save[i]

save[i] ≠ k

      bne $t0, $s5, Exit   # go to Exit if save[i] ≠ k

i

      addi $s3, $s3, 1     # i = i + 1

Exit

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

85 of 268 5/16/2025, 11:10 PM



      j     Loop           # go to Loop

Exit:
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Loop: _____  $s0 $s1 Exit 

      # Loop body

      j Loop

Exit:

slt

slt  $t0, $s3, $s4   # $t0 = 1 if $s3 < $s4

$t0 $s3 $s4

$t0

$s2

slti $t0, $s2, 10    # $t0 = 1 if $s2 < 10

slt slti beq bne

$zero
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slt  $t0, $s0, 9

slti  $t0, $s0, 9

slti  $t0, $s0, 0

slti  $t0, 10, 50

slti  $t0, 10, $s0

Loop: slt   $t3, $s0, $s1

      _____ $t3, $zero, 

Exit

      # Loop body

      j Loop

Exit:
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slt slti

sltu sltiu

Start

Convert pseudocode to MIPS:
while ($s1 != $s2){
   $s1 = $s1 << 1;
}

Loop: sll $s1 , $s1 , 1

sll $s1 , $s1 , 1

sll $s1 , $s1 , 1

Exit:

2 3 4 5

Check Next

1
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$s0

1111 1111 1111 1111 1111 1111 1111 1111

$s1

0000 0000 0000 0000 0000 0000 0000 0001

$t0 $t1

slt   $t0, $s0, $s1   # signed comparison

sltu  $t1, $s0, $s1   # unsigned comparison

$s0

$s1

$t0 $t1

IndexOutOfBounds

$s1 ≥ $t2 $s1

u

sltu $t0, $s1, $t2                  # $t0 = 0 if $s1 >= length or $s1 < 0

beq  $t0, $zero, IndexOutOfBounds   # if bad, goto Error
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 slt $t0, $s0, $s1 

 sltu $t0, $s0, $s1 

L2

_____ $t0, $s0, $s1 

beq   $t0, $zero, L2
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jr

jr
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2.8 Supporting procedures in computer
hardware
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$ra

▪ $a0 - $a3

▪ $v0 - $v1

▪ $ra

$ra jal

jal ProcedureAddress

$ra
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$ra

jr

jr $ra

$ra

$a0 - $a3

jal X X

$v0 $v1 jr $ra

jal $ra

Main program:

InstrA

InstrB

Call ProcX with f, g

Instr operating on r

...

MIPSIdea

InstrA

Main program:

InstrB

Set $a0-$a3

jal ProcXAddress

Instr operating on $v0-$v1

(sets $ra to next Instr's address)
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add $a0, $s0, $zero

add $a1, $s1, $zero
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add $s0, $a0, $zero

add $s1, $a1, $zero

add $v0, $s0, $zero

add $v1, $s1, $zero

jal 

Power

jr Caller

jr $ra
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$sp

jal $ra

$sp

int leaf_example (int g, int h, int i, int j)
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{

      int f;

   

      f = (g + h) - (i + j);

      return f;

}

g h i j $a0 $a1

$a2 $a3 f $s0

leaf_example:

 $s0 $t0 $t1

addi $sp, $sp, -12     # adjust stack to make room for 3 items

sw $t1, 8($sp)         # save register $t1 for use afterwards

sw $t0, 4($sp)         # save register $t0 for use afterwards 

sw $s0, 0($sp)         # save register $s0 for use afterwards

add $t0, $a0, $a1     # register $t0 contains g + h

add $t1, $a2, $a3     # register $t1 contains i + j

sub $s0, $t0, $t1     # f = $t0 - $t1, which is (g + h)-(i + j)

add $v0, $s0, $zero   # returns f ($v0 = $s0 + 0)

lw $s0, 0($sp)        # restore register $s0 for caller

lw $t0, 4($sp)        # restore register $t0 for caller
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lw $t1, 8($sp)        # restore register $t1 for caller

addi $sp, $sp, 12     # adjust stack to delete 3 items

jr $ra                # jump back to calling routine
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▪ $t0 - $t9

▪ $s0 - $s7

$t0 $t1

$s0
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$a0

$a0

$a0

$ra

$a0 - $a3

$t0 - $t9

$ra $s0 - $s7 $sp
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int fact (int n)

{

      if (n < 1) return (1);

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

}

$a0

$a0

Fact:

addi  $sp, $sp, -8   # adjust stack for 2 items

      sw    $ra, 4($sp)    # save the return address

      sw    $a0, 0($sp)    # save the argument n

fact sw fact

n L1 n ≥ 1

slti  $t0,$a0,1      # test for n < 1

beq   $t0,$zero,L1   # if n >= 1, go to L1

n fact

$v0

addi  $v0,$zero,1   # return 1

addi  $sp,$sp,8     # pop 2 items off stack

jr    $ra           # return to caller

$a0 $ra $a0
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$ra n

n n fact

L1: addi $a0,$a0,-1   # n >= 1: argument gets (n - 1)

    jal fact          # call fact with (n -1)

fact

lw   $a0, 0($sp)   # return from jal: restore argument n 

lw   $ra, 4($sp)   # restore the return address

addi $sp, $sp, 8   # adjust stack pointer to pop 2 items

$v0 $a0

mul $v0, $a0, $v0   # return n * fact (n - 1)

fact

jr $ra              # return to the caller

$gp
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$sp

$sp $sp
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$fp

$sp

$sp

$sp $fp
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$fp

$fp

$sp
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7fff fffc

0040 0000

1000 0000

$gp

1000 8000

1000 0000 1000 ffff

$gp
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malloc()

free()
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$at $k0

$k1
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$a0 $a3

$s8

int sum (int n, int acc) { 

   if (n > 0)

      return sum(n - 1, acc + n); 

   else

      return acc; 

}

sum(3, 0)

sum(2, 3) sum(1, 5) sum(0, 6)

$a0 = n

$a1 = acc
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sum: slti $t0, $a0, 1            # test if n <= 0 

     bne  $t0, $zero, sum_exit   # goto sum_exit if n <= 0 

     add  $a1, $a1, $a0          # add n to acc

     addi $a0, $a0, -1           # subtract 1 from n 

     j sum                       # go to sum

sum_exit:

     add $v0, $a1, $zero         # return value acc

     jr $ra                      # return to caller

2.9 Communicating with people
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lb

sb

lb $t0, 0($sp)   # Read byte from source

sb $t0, 0($gp)   # Write byte to destination

lb $t2, 0($t1)

lb $t2, 0($t1)
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lw $t2, 0($t1)

sb $t2, 0($t1)

strcpy y x

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

{

    int i;

    i = 0;

    while ((x[i] = y[i]) != '\0') /* copy & test byte */ 

        i += 1;

}
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x y $a0 $a1 i $s0 strcpy

$s0

strcpy:

    addi $sp, $sp, -4       # adjust stack for 1 more item 

    sw   $s0, 0($sp)        # save $s0

i $s0

$s0

    add $s0, $zero, $zero   # i = 0 + 0

y[i] i y[]

L1: add $t1, $s0, $a1       # address of y[i] in $t1

i y

y[i]

$t2

    lbu $t2, 0($t1)         # $t2 = y[i]

x[i] $t3

$t2

    add $t3, $s0, $a0       # address of x[i] in $t3 

    sb  $t2, 0($t3)         # x[i] = y[i]

    beq $t2, $zero, L2      # if y[i] == 0, go to L2

i

    addi $s0, $s0, 1        # i = i + 1 

    j    L1                 # go to L1

$s0
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L2: lw   $s0, 0($sp)        # y[i] == 0: end of string. 

                            # Restore old $s0

    addi $sp, $sp, 4        # pop 1 word off stack 

    jr   $ra                # return

i

strcpy i

$s0 $t

(x[i] = y[i])

strcpy
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L1: add $t1, $s0, $a1

j L1
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lh

lh

lhu

lhu sh

lhu $t0, 0($sp)   # Read halfword (16 bits) from source

sh  $t0, 0($gp)   # Write halfword (16 bits) to destination
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lw sw

char
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01100010 01100001 01010000 00000000
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011000 10011 00001 01010 00000 000000

mult, $t2, $s3, $at

2.10 MIPS addressing for 32-bit immediates
and addresses

lui
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$at

addi
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ori

lui

lui $s0, 7

lui $s0, 7

lui $s0, 7

ori $s0, $s0, 8
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j 10000   # go to location 10000

10000

bne $s0, $s1, Exit   # go to Exit if $s0 ≠ $s1
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Loop: sll  $t1, $s3, 2      # Temp reg $t1 = 4 * i

      add  $t1, $t1, $s6    # $t1 = address of save[i]

      lw   $t0, 0($t1)      # Temp reg $t0 = save[i]

      bne  $t0, $s5, Exit   # go to Exit if save[i] ≠ k

      addi $s3, $s3, 1      # i = i + 1

      j    Loop             # go to Loop

Exit:
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bne

Loop

$s0 $s1

beq $s0, $s1, L1
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      bne $s0, $s1, L2

      j   L1

L2:                   

addi add
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
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The operand is a constant within
the instruction itself.

The operand is a register.

The operand is at the memory
location whose address is the sum
of a register and a constant in the
instruction.

The branch address is the sum of
the PC and a constant in the
instruction.

The jump address is the 26 bits of
the instruction concatenated with
the upper bits of the PC.

R-format

subtract
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floating point

Bltz/gez

bltz, bgez, bltzal, bgezal
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00af8020hex

(Bits: 31 28 26                        5   2 0)

       0000 0000 1010 1111 1000 0000 0010 0000

op        rs       rt       rd       shamt    funct

000000    00101    01111    10000    00000    100000

add

$a1 $t7 $s0

add $s0, $a1, $t7
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2.11 Parallelism and instructions:
synchronization
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$s1

again: add  $t0, $zero, $s4    #copy locked value

       ll   $t1, 0($s1)        #load linked

       sc   $t0, 0($s1)        #store conditional

       beq  $t0, $zero, again  #branch if store fails

       add  $s4, $zero, $t1    #put load value in $s4

ll sc
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sc $t0

$s4 $s1

ll sc

sc
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2.12 Translating and starting a program

x.c x.s

x.o x.a x.so

a.out

.C, .ASM, .OBJ, .LIB, .DLL, .EXE
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$zero

$zero
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$zero $zero

move $t0, $t1         # register $t0 gets register $t1

add $t0, $zero, $t1   # register $t0 gets 0 + register $t1

blt slt

bne bgt bge ble

$at

▪ 

▪ 

▪ 

▪ 
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▪ 

▪ 
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A

B X Y

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

148 of 268 5/16/2025, 11:10 PM



A X

B jal

B Y

A jal

40 0000 1000 0000

A

A 100 20

B 40 0100

1000 0020
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jal jal

40 0004 40 0100 B

jal 40 0104 40 0000 A

$gp

1000 8000 1000 0000 X

8000 lw 40 0000 lw

8000 FFFF 8000 -32768

8020 sw 40 0100

1000 0020 Y

jal

jal

10 0040 40 0100
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exit
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▪ 
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2.13 A C sort example to put it all together

 

void swap(int v[], int k)

{

    int temp;

    temp = v[k];

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

}

swap

swap

swap

swap

$a0 $a1 $a2 $a3

v k $a0 $a1

temp $t0

swap

temp = v[k];

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

v[k + 1] = temp;

k

v[k] k

sll   $t1, $a1, 2     # reg $t1 = k * 4

add   $t1, $a0, $t1   # reg $t1 = v + (k * 4)

                      # reg $t1 has the address of v[k]
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v[k] $t1 v[k+1] $t1

lw    $t0, 0($t1)     # reg $t0 (temp) = v[k]

lw    $t2, 4($t1)     # reg $t2 = v[k + 1]

                      # refers to next element of v

$t0 $t2

sw    $t2, 0($t1)     # v[k] = reg $t2

sw    $t0, 4($t1)     # v[k + 1] = reg $t0 (temp)

swap

swap

• 

• 

• 
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• 

sll 

$t1, $a1, 2 

 add 

$t1, $a0, $t1 

lw $t0, 0($t1)

lw $t2, 4($t1) 
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sw $t2, 

0($t1)

sw $t0, 

4($t1)

sort

 

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); 

        }

    } 

}
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sort

sort v n $a0 $a1

$s0 i $s1 j

sort

swap

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

i

move $s0, $zero          # i = 0

move

i

addi $s0, $s0, 1         # i += 1

i < n i ≥ n

$t0 $s0 < $a1

$s0 ≥ $a1 $t0

for1tst: slt $t0, $s0, $a1        # reg $t0 = 0 if $s0 ≥ $a1 (i ≥ n) 

         beq $t0, $zero, exit1    # go to exit1 if $s0 ≥ $a1 (i ≥ n)

         jal x0, for1tst               # jump to test of outer loop

exit1:

         move $s0, $zero          # i = 0

for1tst: slt  $t0, $s0, $a1       # reg $t0 = 0 if $s0 ≥ $a1 (i ≥ n)

         beq  $t0, $zero, exit1   # go to exit1 if $s0 ≥ $a1 (i ≥ n) 

            ...
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            (body of first for loop)

            ...

         addi $s0, $s0, 1         # i+=1

         jal x0, for1tst                 # jump to test of outer loop

exit1:

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

addi $s1, $s0, -1        # j = i - 1

j

addi $s1, $s1, -1        # j -= 1

j

for2tst: slti $t0, $s1, 0         # reg $t0 = 1 if $s1 < 0 (j < 0)

         bne  $t0, $zero, exit2   # goto exit2 if $s1 < 0 (j < 0)

j

v[j] > v[j + 1] v[j] ≤ v[j + 1]

j

v

sll $t1, $s1, 2          # reg $t1 = j * 4

add $t2, $a0, $t1        # reg $t2 = v + (j * 4)

v[j]

lw $t3, 0($t2)           # reg $t3 = v[j]

$t2 v[j + 1]

lw $t4, 4($t2)           # reg $t4 = v[j + 1]

v[j] ≤ v[j + 1] v[j + 1] ≥ v[j]
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slt $t0, $t4, $t3        # reg $t0 = 0 if $t4 ≥ $t3

beq $t0, $zero, exit2    # go to exit2 if $t4 ≥ $t3

jal x0, for2tst                # jump to test of inner loop

         addi $s1, $s0, -1        # j = i - 1 

for2tst: slti $t0, $s1, 0         # reg $t0 = 1 if $s1 < 0 (j < 0)

         bne  $t0, $zero, exit2   # goto exit2 if $s1 < 0 (j < 0)

         sll  $t1, $s1, 2         # reg $t1 = j * 4

         add  $t2, $a0, $t1       # reg $t2 = v + (j * 4)

         lw   $t3, 0($t2)         # reg $t3 = v[j]

         lw   $t4, 4($t2)         # reg $t4 = v[j + 1]

         slt  $t0, $t4, $t3       # reg $t0 = 0 if $t4 ≥ $t3

         beq $t0, $zero, exit2    # go to exit2 if $t4 ≥ $t3

            ...

            (body of second for loop) 

            ...

         addi $s1, $s1, -1        # j -= 1

         jal x0, for2tst                # jump to test of inner loop 

exit2:

sort

swap(v, j);

jal swap

sort

sort

$a0 $a1

sort

$a0 $a1 swap
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$a0 $a1 $s2 $s3

move $s2, $a0   # copy parameter $a0 into $s2

move $s3, $a1   # copy parameter $a1 into $s3

swap

move $a0, $s2   # first swap parameter is v

move $a1, $s1   # second swap parameter is j

sort

$ra sort sort

$s0, $s1, $s2, $s3

sort

addi $sp, $sp, -20   # make room on stack for 5 registers

sw   $ra, 16($sp)    # save $ra on stack

sw   $s3, 12($sp)    # save $s3 on stack

sw   $s2, 8($sp)     # save $s2 on stack

sw   $s1, 4($sp)     # save $s1 on stack

sw   $s0, 0($sp)     # save $s0 on stack

jr

sort

$a0 $a1 $s2 $s3

sort
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jal

swap

swap
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move $s0, $zero

addi $s0, $s0, 1

slt $t0, 

$s0, $a1

move
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$sp

vararg

vararg

2.14 Arrays versus pointers
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clear1 clear2

&

* array p

clear2

array p

array

p

p

clear1(int array[], int size)

{

    int i;

    for (i = 0; i < size; i += 1)

        array[i] = 0;

}

    

clear2(int *array, int size)

{

    int *p;

    for (p = &array[0]; p < &array[size]; p = p + 1)

        *p = 0;

}

clear1
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array size

$a0 $a1 i $t0

i

       move $t0, $zero           # i = 0 (register $t0 = 0)

array[i] i

loop1: sll $t1, $t0, 2           # $t1 = i * 4

array[i]

       add $t2, $a0, $t1         # $t2 = address of array[i]

       sw $zero, 0($t2)          # array[i] = 0

i

       addi $t0, $t0, 1          # i = i + 1

       slt  $t3, $t0, $a1        # $t3 = (i < size)

       bne  $t3, $zero, loop1    # if (i < size) go to loop1

       move  $t0,$zero           # i = 0

loop1: sll   $t1, $t0, 2         # $t1 = i * 4

       add   $t2, $a0, $t1       # $t2 = address of array[i] 

       sw    $zero, 0($t2)       # array[i] = 0

       addi  $t0, $t0, 1         # i = i + 1

       slt   $t3, $t0, $a1       # $t3 = (i < size)

       bne   $t3, $zero, loop1   # if (i < size) gotoloop1

size
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array size

$a0 $a1 p $t0

p

       move $t0, $a0           # p = address of array[0]

p

loop2: sw $zero, 0($t0)        # Memory[p] = 0

p

       addi $t0, $t0, 4        # p = p + 4

p

array

size

       sll $t1, $a1, 2         # $t1 = size * 4

       add $t2, $a0, $t1       # $t2 = address of array[size] 

p array

       slt  $t3, $t0, $t2      # $t3 = (p < &array[size])

       bne  $t3, $zero, loop2  # if (p < &array[size]) go to loop2

       move $t0, $a0           # p = address of array[0]

loop2: sw $zero, 0($t0)        # Memory[p] = 0

       addi $t0, $t0, 4        # p = p + 4

       sll $t1, $a1, 2         # $t1 = size * 4

       add $t2, $a0, $t1       # $t2 = address of array[size]

       slt $t3, $t0, $t2       # t3 = (p < &array[size]) 

       bne $t3, $zero, loop2   # if (p < &array[size]) go to loop2

size
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       move $t0, $a0           # p = address of array[0]

       sll $t1, $a1, 2         # $t1 = size * 4

       add $t2, $a0, $t1       # $t2 = address of array[size]

loop2: sw $zero, 0($t0)        # Memory[p] = 0

       addi $t0, $t0, 4        # p = p + 4

       slt $t3, $t0, $t2       # $t3 = (p < &array[size])

       bne $t3, $zero, loop2   # if (p < &array[size]) go to loop2

i

p

size

slt
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move $a0, $t0

addi $t0, $t0, 1

slt $t3, $t0, $t2

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

173 of 268 5/16/2025, 11:10 PM



2.15 Advanced material: Compiling C and
interpreting Java

while (save[i] == k)

      i += 1;
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Reads in a source program and
translates the program to an
intermediate representation.

Relatively-big changes to a program
that yield the same function, but
may optimize a program's
performance or other metric.

Global and local optimizations.

Converts the optimized
intermediate representation into a


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processor's machine instructions.

while ( save [ i ] == k ) i += 1 while

save i j 1
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save i k

save[i]

RXX
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y = x + 1;

y = x 

+ 1;
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for (int i = 0; i < 3; ++i) { 
   x[i] = i * i;
}

x[0] = 0 * 0;
x[1] = 1 * 1;
x[2] = 2 * 2;

a = max(b, c);
d = max(e, f);
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a = (b > c) ? b : c;
d = (e > f) ? e : f;

x[i] = x[i] + 4

x[i]

x i

R100
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# x[i] + 4               # x[i] + 4

li R100, x               li R100, x

lw R101, i               lw R101, i

mult R102, R101, 4       mult R102, R101, 4

add R103, R100, R102     add R103, R100, R102

lw R104, 0(R103)         lw R104, 0(R103)

#                        # value of x[i] is in R104

add R105, R104, 4        add R105, R104, 4

li R106, x               sw R105,0(R103)

lw R107, i               

mult R108, R107, 4       

add R109, R106, R108

sw R105, 0(R109)

• 

• 

• 

• 
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li x

li

R106 R101

i LW

R107 R101

mult R108

R102

add R100 R102

R109 R103

li, lw, mult add

• 

ADD Rx, R20, R50

R20 R50

R20 R50

• LWlw i R107

R107
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• k

k

k

mult sll
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li save lw k

i i i

i
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k

k i
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i

$t2

i
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A compiler replaces x = 2 * 3

with x = 6.

A loop that uses i to iterate from 0

to 9 has a �rst statement of x = 6.

A compiler moves the x = 6 to

just before the loop.

The statement x = y + z

originally uses three registers in the
intermediate representation:
add t0, t1, t2. A compiler

decides that t0 is not needed after

that operation, and thus modi�es
the operation to:
add t1, t1, t2.


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x.y x y

new free

main
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i a s

b I8 I16

TOS

NOS TOS NNOS NOS TOS

TOS NOS *NOS *NNOS

Const[] Frame[]

nor andi ori slti lui
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while (save[i] == k)

   i += 1;

i k save
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0 aload_3            # Push local variable 3 (save[]) onto stack

1 iload_1            # Push local variable 1 (i) onto stack

2 iaload             # Put array element (save[i]) onto stack

k

3 iload_2            # Push local variable 2 (k) onto stack

4 if_icompne, Exit   # Compare and exit if not equal

7 iinc, 1, 1         # Increment local variable 1 by 1 (i+=1)

10 go to 0           # Go to top of Loop (byte address 0)
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lw $t2, 4($s6)                     # Temp reg $t2 = length of array save

i

Loop: slt $t0, $s3, $zero          # Temp reg $t0 = 1 if i < 0

$t0 $t0

i slt

bne $zero

bne $t0 $zero

bne $t0, $zero, IndexOutOfBounds   # if i < 0, goto Error

i

i

￼

slt $t0, $s3, $t2                  # Temp reg $t0 = 0 if i >= length 
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beq $t0, $zero, IndexOutOfBounds   # if i >= length, goto Error

sll $t1, $s3, 2                    # Temp reg $t1 = 4 * i 

add $t1, $t1, $s6                  # $t1 = address of save[i]

lw $t0, 8($t1)                     # Temp reg $t0 = save[i] 

bne $t0, $s5, Exit                 # go to Exit if save[i] ? k

add $s3, $s3, 1                    # i = i + 1

j Loop                             # go to Loop

Exit:
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v.length v

sort public static swap

protected static sort

swap
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v Comparable

v[j] > v[j + 1] compareTo v

compareTo
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Comparable

compareTo Comparable

compareTo Comparable

swap

swap: beq $a0, $zero, NullPointer   # if $a0 == 0,goto Error 

k

lw $t2, 4($a0)                      # Temp reg $t2 = length of array v 

slt $t0, $a1, $zero                 # Temp reg $t0 = 1 if k < 0

bne $t0, $zero, IndexOutOfBounds    # if k < 0, goto Error 

slt $t0, $a1, $t2                   # Temp reg $t0 = 0 if k >= length 

beq $t0, $zero, IndexOutOfBounds    # if k >= length, goto Error

k + 1

addi $t1, $a1, 1                    # Temp reg $t1 = k + 1

slt $t0, $t1, $zero                 # Temp reg $t0 = 1 if k + 1 < 0

bne $t0, $zero, IndexOutOfBounds    # if k + 1 < 0, goto Error 

slt $t0, $t1, $t2                   # Temp reg $t0 = 0 if k + 1 >= length 

beq $t0, $zero, IndexOutOfBounds    # if k + 1 >= length, goto Error
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sort

v.length

$s3

compareTo
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v

    beq $a0, $zero, NullPointer        # if $a0 == 0, goto Error

$s3

    1w $s3, 4($aO)                     # $s3 = length of array v

j

    slt $t0, $s1, $s3                  # Temp reg $t0 = 0 if j >= length

    beq $t0, $zero, IndexOutOfBounds   # if j >= length, goto Error

j + 1 k + 1 swap

compareTo

    lw $t5, 0($a0)                     # $t5 = address of method table

compareTo Comparable

    lw $t5, 8($t5)                     # $t5 = address of third method

compareTo

compareTo

    move $a0, $t3                      # 1st parameter of compareTo is v[j]

    move $a1, $t4                      # 2nd parameter of compareTo is v[j + 1]
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compareTo

la

    la $ra, L1                         # load return address 

    jr $t5                             # to code for compareTo

$v0 $v0 > 0

v[j] > v[j + 1] swap swap if$v0 ð 0

0 š $v0

L1: slt $t0, $zero, $v0                # reg $t0 = 0 if 0 š $v0

    beq $t0, $zero, exit2              # go to exit2 if v[j + 1] š v[j]

compareTo

sort swap
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Comparable v

Comparable

Comparable

Comparable

Comparables
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2.16 Real stuff: ARMv7 (32-bit) instructions

lsr
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$zero
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
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Divide instruction (MIPS only).

ARM comparison instruction.

Dedicated register for 0 (MIPS
only).

ARM shift left logical instruction.

MIPS comparison instruction.

Instruction set architecture with 32
registers and 3 addressing modes.

Instruction set architecture with 16
registers and 9 addressing modes.

2.17 Real stuff: ARMv8 (64-bit) instruction set

▪ 

▪ 

▪ 
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▪ 

▪ 

▪ 

▪ 

▪ 
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2.18 Real stuff: RISC-V instructions

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 
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2.19 Real stuff: x86 instructions

• 

• 
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• 

• 

• 

• 

• 

• 

• 
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• 

• 

• 

• 

• 
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lui

add $s1
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Load ES register and a GPR from
memory

Unconditional jump

Copy string from source to
destination

Jump if not zero

Move data between two registers

Load a byte, word, or doubleword of
a string into the EAX register


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d MOV

ADD

TEST
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2.20 Going faster: Matrix multiply in C

C A B

v sd

1  void dgemm (int n, double* A, double* B, double* C)

2  {

3        for (int i = 0; i < n; ++i)

4                for (int j = 0; j < n; ++j)

5                  {

6                     double cij = C[i+j*n]; /* cij = C[i][j] */

7                        for (int k = 0; k < n; ++k)

8                           cij += A[i+k*n] * B[k+j*n]; /* cij += A[i][k]*B[k][j] */

9                   C[i+j*n] = cij; /* C[i][j] = cij */
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10                }

11  }

 1 vmovsd       (%r10),%xmm0              # Load 1 element1 of C into %xmm0

 2 mov          %rsi,%rcx                 # register %rcx = %rsi

 3 xor          %eax,%eax                 # register %eax = 0

 4 vmovsd       (%rcx),%xmml              # Load 1 element of B into %xmm1

 5 add          %r9,%rcx                  # register %rcx = %rcx + %r9

 6 vmulsd       (%r8,%rax,8),%xmm1,%xmm1  # Multiply %xmm1, element of A

 7 add          $0x1,%rax                 # register %rax = %rax + 1

 8 cmp          %eax,%edi                 # compare %eax to % edi

 9 vaddsd       %xmm1,%xmm0,%xmm0         # Add %xmm1, %xmm0

10 jg           30 <dgemm+0x30>           # jump if %eax > %edi

11 add          $0x1, %r11                # register %r11 = %r11 + 1

12 vmovsd       %xmm0, (%r10)             # Store %xmm0 into C element
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2.21 Fallacies and pitfalls
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int* GetElement()
{

// Local array
int array[3] = {15, 37, 42};

// Point to array's first element
int* p = &array[0];

// Return pointer
return p;

}

int main()
{

// Call procedure GetElement()
int* arrayElement = GetElement();

// Print value of array's first element
printf("%d", *arrayElement);

}

Memory

p no longer points to array

p
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2.22 Concluding remarks
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2.23 Historical perspective and further reading
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Reduced instruction set computer
architecture

Register-register architecture

Programming language-based
architecture

Single register architecture

No registers architecture


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lex yacc
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2.24 Self study

#include <string.h>

void copyinput (char *input)

{

   char copy[10];

   strcpy(copy, input); // no bounds checking in strcpy

}

int main (int argc, char **argv)

{

   copyinput(argv[1]);

   return 0;

}

Loop: sll $t1,$s3,2             # Temp reg $t1 = i * 4

      add $t1,$t1,$s6           # $t1 = address of save[i]

      lw $t0,0($t1)             # Temp reg $t0 = save[i]

      bne $t0,$s5, Exit         # go to Exit if save[i] ≠k
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      addi $s3,$s3,1            # i = i + 1

      j Loop                    # go to Loop

Exit:

sll $t0, $s0, 2           # $t0 = f * 4

add $t0, $s6, $t0         # $t0 = &A[f]

sll $t1, $s1, 2           # $t1 = g * 4

add $t1, $s7, $t1         # $t1 = &B[g]

lw $s0, 0($t0)            # f = A[f]

addi $t2, $t0, 4          #

lw $t0, 0($t2)            #

add $t0, $t0, $s0         #

sw $t0, 0($t1)            #

f g h i j $s0 $s1 $s2 $s3 $s4

A B $s6 $s7

add t1, t2, t3
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save[i] == k i

     sll $t1,$s3,2                 # Temp reg $t1 = i * 4

      add $t1,$t1,$s6         # $t1 = address of save[i]

      lw $t0,0($t1)                 # Temp reg $t0 = save[i]

      bne $t0,$s5, Exit         # go to Exit if save[i] ≠k

Loop: addi $s3,$s3,1         # i = i + 1

      sll $t1,$s3,2                 # Temp reg $t1 = i * 4

      add $t1,$t1,$s6         # $t1 = address of save[i]

      lw $t0,0($t1)                 # Temp reg $t0 = save[i]

      beq $t0,$s5, Loop         # go to Loop if save[i] = k

Exit:

sll $t0, $s0, 2         # $t0 = f * 4

add $t0, $s6, $t0         # $t0 = &A[f]

sll $t1, $s1, 2         # $t1 = g * 4

add $t1, $s7, $t1         # $t1 = &B[g]

lw $s0, 0($t0)         # f = A[f]

addi $t2, $t0, 4         # $t2=$t0+4 => $t2 points to A[f+1] now

lw $t0, 0($t2)         # $t0 = A[f+1]

add $t0, $t0, $s0         # $t0 = $t0 + $s0 => $t0 is now A[f]+A[f+1]

sw $t0, 0($t1)         # store the result into B[g]

B[g] = A[f] + A[f+1];
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2.25 Exercises

la

li move



f g h $s0

$s1 $s2

f = g + (h − 5);



add  f, g, h

add  f, i, f








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

f g h i j $s0 $s1 $s2

$s3 $s4 A B

$s6 $s7

B[8] = A[i − j];



f g h i j $s0 $s1 $s2

$s3 $s4 A B

$s6 $s7

sll  $t0, $s0, 2     # $t0 = f * 4

add  $t0, $s6, $t0   # $t0 = &A[f]

sll  $t1, $s1, 2     # $t1 = g * 4

add  $t1, $s7, $t1   # $t1 = &B[g]

lw   $s0, 0($t0)     # f = A[f]

addi $t2, $t0, 4

lw   $t0, 0($t2)

add  $t0, $t0, $s0

sw   $t0, 0($t1)












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

0xabcdef12



f g h i j

$s0 $s1 $s2 $s3 $s4

A B $s6 $s7

A B

B[8] = A[i] + A[j];



f g h i j

$s0 $s1 $s2 $s3 $s4

A B $s6 $s7

addi $t0, $s6, 4

add  $t1, $s6, $0

sw   $t1, 0($t0)

lw   $t0, 0($t0)

add  $s0, $t1, $t0


















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

$s0 $s1 0x80000000 0xD0000000

$t0

add $t0, $s0, $s1

$t0

$s0 $s1

$t0

sub $t0, $s0, $s1

$t0

$s0 $s1

$t0

add $t0, $s0, $s1

add $t0, $t0, $s0

$t0














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

$s0

add $t0, $s0, $s1 $s1

sub $t0, $s0, $s1 $s1

sub $t0, $s1, $s0 $s1



0000 0010 0001 0000 1000 0000 0010 0000



sw $t1

32($t2)


















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

op = 0, rs = 3, rt = 2, rd = 3, shamt = 0, funct = 34



op = 0x23, rs = 1, rt = 2, const = 0x4





$t0 = 0xAAAAAAAA, $t1 = 0x12345678

$t2












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sll $t2, $t0, 4

or  $t2, $t2, $t1

$t2

sll  $t2, $t0, 4

andi $t2, $t2, −1

$t2

srl  $t2, $t0, 3

andi $t2, $t2, 0xFFEF



$t0

$t1 $t0 $t1

$t0 = 0 $t1 = 0xffffffff



not $t1, $t2      // bit-wise invert



$t0 = A $s0






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A = C[0] << 4;



$t0 0x01010000 $t2

      slt  $t2, $0, $t0

      bne  $t2, $0, ELSE

      j    DONE

ELSE: addi $t2, $t2, 2 

DONE:



0x20000000

jal

beq



rpt

rpt $s0, loop

if (x29 > 0) { 

    x29 = x29 - 1; 

    goto loop

}






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

LOOP: slt  $t2, $0,  $t1

      beq  $t2, $0,  DONE

      subi $t1, $t1, 1

      addi $s2, $s2, 2

      j    LOOP

DONE:

$t1

$s2 $s2

$s1 $s2 $t1 $t2 A B i temp

$t1



a b i j $s0 $s1 $t0

$t1 $s2

D

for(i = 0; i < a; i++)

   for(j = 0; j < b; j++)

      D[4 * j] = i + j;






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

a b



i

$t1 $s2 result $s0

MemArray

      addi $t1, $0, 0

LOOP: lw   $s1, 0($s0)

      add  $s2, $s2, $s1

      addi $s0, $s0, 4

      addi $t1, $t1, 1

      slti $t2, $t1, 100

      bne  $t2, $0, LOOP



i



int fib(int n){

   if (n == 0)











©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:10 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/2/print

261 of 268 5/16/2025, 11:10 PM



      return 0;

   else if (n == 1)

      return 1;

   else

      return fib(n − 1) + fib(n − 2);

}



0x7ffffffc



f $t0

$t7

func "int func(int a, int b);" f

int f(int a, int b, int c, int d){

   return func(func(a, b), c + d);

}



f



f








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$t5 $s3 $ra $sp

f func



$a0

$v0

$v0 $t0

$v0



lbu $t0, 0($t1)

sw  $t0, 4($t1)

$t1 0x1000 0000

0x11223344

0x10000004

0x10000004



ll

$t1






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

lI/sc shvar

x x

void setmax(int* shvar, int x){

   // Begin critical section

   If (x > *shvar)

      *shvar = x;

   // End critical section

}










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




















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2.26 MIPS Simulator

• 

◦ 

• 

◦ 

• 

◦ 

sub $s4, $t1, $t0

ENTER SIMULATION STEP RUN

add $t0, $s0, $s1
add $t1, $s2, $s3
sub $s4, $t0, $t1

0

0

5

4

3

2

1

+

+

Line 1
Line 2
Line 3
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sw $t2, 8($s0)

ENTER SIMULATION STEP RUN

lw $t0, 0($s0)    # Load M[4000]
lw $t1, 4($s0)    # Load M[4004]
add $t2, $t0, $t1 # Add M[4000] and M[4004]

0

0

0

4000

+

+

Line 1
Line 2
Line 3
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ENTER SIMULATION STEP RUN

add $t0, $zero, $zero

loop:
   slt $t1, $t0, $s0
   beq $t1, $zero, exit
   addi $t0, $t0, 1
   j loop
exit:

0

0

2

+

+

Line 1
Line 2
Line 3
Line 4
Line 5
Line 6
Line 7
Line 8
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