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Overview
"

This lecture

O Pipeline Hazards

Structural
Data

Control



Pipeline Hazards
-

: multiple instructions compete for
the same resource

: a dependent instruction cannot
proceed because it needs a value that hasn’t been
produced

Control hazards: the next instruction cannot be
fetched because the outcome of an earlier branch is
unknown



Control Hazards

Sample C++ code
for (i=100; i 1= 0; i--) {

sum = sum T i;

}

total = total + sum;

How many branches in this code?



Control Hazards

Sample C++ code
for (i=100; i 1= 0; i--) {

sum = sum T i;

total = total + sum;

addi $1, $0, 100

for: beq $0, $1, next

add $2, $2, $1

addi $1, $1, -1

J for

next: | add $3, $3, $2

What are possible target instructions?



Control Hazards

Sample C++ code
for (i=100; i 1= 0; i--) {

sum = sum + i;

total = total + sum;

addi $1, $0, 100 IM e | [ 1AW [T T [LRee
for; beq $0, $1, next M —@: | /:T DM /: Reg
add $2, $2, $1 m : &/:. o : o /: ”
addi $1, $1, -1 M --—@- AW 5l bm |
Sl
next: | add $3, $3, $2 M —: E

What happens inside the pipeline?



Control Hazards

The outcome of the branch

IF: Instruction fetch

ID: Instruction decode/

register file read

EX: Execute/
address calculation

MEM: Memory access
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Handling Control Hazards

1. introducing stall cycles and delay slots

O How many cycles/slots?

O One branch per every six instructions on averagel!!

addi $1, $0, 100

for: beq $0, $1, next

add $2, $2, $1

addi $1, $1, -1

J for

Reg

Reg

2 additional delay slots per 6 cycles!




Handling Control Hazards

00000000
1. introducing stall cycles and delay slots
O How many cycles/slots?

O One branch per every six instructions on averagel!!

addi $1 , $0, 100 IM Reg ALU DM Reg
| i A
for: beq $0, $1, next IM |'_ Reg h E‘- DM pl Reg
add $2, $2, $1 IM | |'_ Reg In ALU | DM
addi $1, $1, -1 IM —- : Reg | ALU
J for M  Reg

1 additional delay slot, but longer path




Handling Control Hazards

1. introducing stall cycles and delay slots
O How many cycles/slots?

O One branch per every six instructions on averagel!!

addi $1 , $0, 100 IM Reg ALU DM Reg
| A A
for: beq $0, $1, next IM | Reg IE B‘/- DM pl Reg
add $2, $2, $1 IM | |'_ Reg In ALU yl DM
J for M [ Reg_r ALU
|| e T
addi $1, $1, -1 IM  Reg

Reordering instructions may help
next: [ add r3,r3, r2




Handling Control Hazards

s
Strategies for filling up the branch delay slot

O (a) is the best choice; what about (b) and (c)¢

a. From before b. From target c. From fall-through
add $s1, $s2, $s3 sub $t4, $t5, 5t6 add $s1, $s2, $s3
if $s2 = 0 then —— ce if $s1 =0 then

Delay slot add $s1, $s2, $s3 Delay slot
if $s1 = 0 then
-— | Delay slot | sub $t4, St5, St6

Becomes Becomes Becomes

add $s1, $s2, $s3

-

if $s2 = 0 then if $s1 = 0 then
add $s1, $s2, $s3

| add $s1, $s2, $s3 | | sub $t4, t5, $t6 |

if $s1 = 0 then ——

- sub $t4, $t5, $t6 -




Handling Control Hazards

1. introducing stall cycles and delay slots
O How many cycles/slots?

O One branch per every six instructions on averagel!!

addi $1 , $0, 100 IM Reg ALU DM Reg
| i A
for: beq $0, $1, next IM |'_ Reg IE B‘- DM pl Reg
add $2, $2, $1 IM | |'_ Reg In ALU yl DM
J for M [ Reg_r ALU
|| LA
addi $1, $1, -1 Jump and function calls can be wm H [Tk

next:  add r3, 3, r2 resolved in the decode stage.




Handling Control Hazards

00000000
1. introducing stall cycles and delay slots

2. predict the branch outcome

simply assume the branch is taken or not taken

predict the next PC

addi $1 , $0, 100 IM Reg ALU DM Reg
: , | A i
for: beq $0, $1, next IM |'_ Reg e B‘/_ DM pl Reg
“add $2, $2, $1 7 M __—@_ A T DM yl Reg
addi $], $], -1 IM | | Reg = ALU pl DM
,J for 7 IM —-M- ALU
next: | add r3,r3, r2 M —rﬁ

May need to cancel the wrong path




Handling Control Hazards
-

Pipeline without branch predictor

> IF (br) > > Reg Read ™ >
Compare
PC Br-target
— PC+4




Handling Control Hazards
-

Pipeline with branch predictor

> IF (br) > > Reg Read T >
Compare
PC
Branch Br-target
5 Predictor

1 | 1




Handling Control Hazards

The 2-bit branch predictor

Not taken

Predict taken )

Taken

Not taken

Taken

Not taken

Predict taken

Not taken\ ‘ Taken

Predict not taken




Summary of the Pipeline

IF.Flush

4 -

Instruction

memory

Iixl MEM
WBH——

unit

2
/

/ Hazard A
detection
>\ unit  /
ID/IEX
/7 \ WR
/[ Y e MEM/WB
( '\ M
Control > u M WB
l‘\ ’AJ 0+ X
\_/ EX M
Shift Y
left 2 M
M
— u
x
Registers / Data
t ALU L.
memory
:
M
u
x| |1
/\ \_J
A
Sign- 1
W
()
u
X — —
\J*‘/Fowarding >

-

xc=




