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Test 2:

 Chapter 4
 ALU design

 Chapter 5
 Design of data path and 

control
 Pipelined processor
 Correcting for various 

hazards
 Advanced pipeline 

concepts



Exception

 Exception: Also called interrupt. An unscheduled event that disrupts program execution; 
used to detect overflow.

 Interrupt: An exception that comes from outside of the processor. (Some architectures use 
the term interrupt for all exceptions.)

 Vectored interrupt: An interrupt for which the address to which control is transferred is 
determined by the cause of the exception



Exception Example

Exception on add in
40 sub  $11, $2, $4
44 and  $12, $2, $5
48 or   $13, $2, $6
4C add  $1,  $2, $1
50 slt $15, $6, $7
54 lw $16, 50($7)
…

Handler
80000180 sw $25, 1000($0)
80000184 sw $26, 1004($0)
…



Exception Example



Exception Example







7. Show what happens in the pipeline if an overflow exception occurs in 
the sub instruction.

or $13, $2, $6               sub $12, $2, $5                    and $11, $2, $4



Show what happens in the pipeline if an overflow exception occurs in the sub instruction.

add                      or $13, $2, $6                sub $12, $2, $5          and $11, $2, $4



MIPS with Static Dual Issue





Scheduling Example
 Schedule this for dual-issue MIPS

Loop: lw   $t0, 0($s1)      # $t0=array element
addu $t0, $t0, $s2    # add scalar in $s2
sw   $t0, 0($s1)      # store result
addi $s1, $s1,–4      # decrement pointer
bne  $s1, $zero, Loop # branch $s1!=0

ALU/branch Load/store cycle
Loop: nop lw   $t0, 0($s1) 1

addi $s1, $s1,–4 nop 2

addu $t0, $t0, $s2 nop 3

bne  $s1, $zero, Loop sw   $t0, 4($s1) 4

 IPC = 5/4 = 1.25 (c.f. peak IPC = 2)



9. Show how the following loop can be scheduled on a static two-issue pipeline for MIPS?

Loop: lw $t0, 0($a1)
add $t0, $t0, $a3
sw $t0, 0($a1)
addi $a1, $a1, -12
bne $a1, $0, Loop

Computer the overall IPC.

ALU/Branch Load / Store

nop lw $t0, 0($s1)
nop
add $t0, $t0, $a3 sw $t0, 0($a1)
addi $a1, $a1, -12
bne $a1, $0, Loop

 IPC = 5/5 = 1

Loop



9. Show how the following loop can be scheduled on a static two-issue pipeline for MIPS?

Loop: lw $t0, 0($a1)
add $t0, $t0, $a3
sw $t0, 0($a1)
addi $a1, $a1, -12
bne $a1, $0, Loop

Reorder the instructions to avoid as many pipeline stalls as possible.  Computer the overall IPC.

ALU/Branch Load / Store

nop lw $t0, 0($s1)
addi $a1, $a1, -12
add $t0, $t0, $a3
bne $a1, $0, Loop sw $t0, 12($a1)

Loop

 IPC = 5/4 = 1.25



lw $t0, 0($s1)
addu $t0, $t0, $s2 
sw $t0, 0($s1)
addi $s1, $s1,–4

lw $t0, 0($s1)
addu $t0, $t0, $s2 
sw $t0, 0($s1)
addi $s1, $s1,–4

lw $t0, 0($s1)
addu $t0, $t0, $s2 
sw $t0, 0($s1)
addi $s1, $s1,–4

lw $t0, 0($s1)
addu $t0, $t0, $s2 
sw $t0, 0($s1)
addi $s1, $s1,–4

lw $t0, 0($s1)
addu $t0, $t0, $s2 
sw $t0, 0($s1)
addi $s1, $s1,–16

lw $t0, 12($s1)
addu $t0, $t0, $s2 
sw $t0, 12($s1)

lw $t0, 8($s1)
addu $t0, $t0, $s2 
sw $t0, 8($s1)

lw $t0, 4($s1)
addu $t0, $t0, $s2 
sw $t0, 4($s1)

lw $t0, 0($s1)
addu $t0, $t0, $s2 
sw $t0, 0($s1)
addi $s1, $s1,–16

lw $t1, 12($s1)
addu $t1, $t1, $s2 
sw $t1, 12($s1)

lw $t2, 8($s1)
addu $t2, $t2, $s2 
sw $t2, 8($s1)

lw $t3, 4($s1)
addu $t3, $t3, $s2 
sw $t3, 4($s1)

Loop Unrolling Example



Loop Unrolling Example

 IPC = 14/8 = 1.75
 Closer to 2, but at cost of registers and code size

ALU/branch Load/store cycle
Loop: addi $s1, $s1,–16 lw   $t0, 0($s1) 1

nop lw   $t1, 12($s1) 2

addu $t0, $t0, $s2 lw   $t2, 8($s1) 3

addu $t1, $t1, $s2 lw   $t3, 4($s1) 4

addu $t2, $t2, $s2 sw   $t0, 16($s1) 5

addu $t3, $t4, $s2 sw   $t1, 12($s1) 6

nop sw   $t2, 8($s1) 7

bne  $s1, $zero, Loop sw   $t3, 4($s1) 8



15)  Show would the following loop unrolling and register renaming can be used for 4 iteration of the 
following on a static two-issue pipeline for MIPS? Computer the overall IPC.

Loop: lw $t0, 0($a1)
add $t0, $t0, $a3
sw $t0, 0($a1)
addi $a1, $a1, -12
bne $a1, $0, Loop

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 0($a1)
addi $a1, $a1,–12

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 0($a1)
addi $a1, $a1,–12

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 0($a1)
addi $a1, $a1,–12

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 0($a1)
addi $a1, $a1,–12

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 0($a1)
addi $a1, $a1,–48

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 36($a1)

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 24($a1)

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 12($a1)

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 0($a1)
addi $a1, $a1,–48

lw $t1, 0($s1)
add  $t1, $t1, $a3 
sw $t1, 36($a1)

lw $t2, 0($s1)
add  $t2, $t2, $a3 
sw $t2, 24($a1)

lw $t3, 0($s1)
add  $t3, $t3, $a3 
sw $t3, 12($a1)



Loop Unrolling Example

 IPC = 14/8 = 1.75
 Closer to 2, but at cost of registers and code size

ALU/branch Load/store cycle

Loop: addi $s1, $s1,–48 lw   $t0, 0($s1) 1

nop lw   $t1, 12($s1) 2

add $t0, $t0, $a3 lw   $t2, 8($s1) 3

add $t1, $t1, $a3 lw   $t3, 4($s1) 4

add $t2, $t2, $a3 sw   $t0, 48($s1) 5

add $t3, $t3, $a3 sw   $t1, 36($s1) 6

nop sw   $t2, 24($s1) 7

bne $a1, $zero, Loop sw   $t3, 12($s1) 8

lw $t0, 0($s1)
add  $t0, $t0, $a3 
sw $t0, 0($a1)
addi $a1, $a1,–48

lw $t1, 0($s1)
add  $t1, $t1, $a3 
sw $t1, 36($a1)

lw $t2, 0($s1)
add  $t2, $t2, $a3 
sw $t2, 24($a1)

lw $t3, 0($s1)
add  $t3, $t3, $a3 
sw $t3, 12($a1)


