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Revised Pipelined Datapath with Forwarding Logic
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Other Forwarding Cases?

= What about signed-immediate input to ALU for loads and stores?
= Forwarding to a store:

— Case 1: add $1, $2, $3
SW $1, 0($4)

— Case 2: add $1, $2, $3
SW $4, 0(S1)

=  What about load followed by a store?

— Case 1: 1w $1, 0($2)
sw $1, 0($3)
— Case 2: 1w $1, 0($2)
sSwW $3, 0($1)
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Dealing with Immediates
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Forwarding to Stores
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Load-Use Data Hazard

= What about if producer is a load? Forwarding doesn’t solve the stall problem

completely
Time (in clock cycles)
CC1 CC2 CC3 CC4 CC5 CCé6 CC7 cCs CC9
Program
execution
order
(in instructions)
and $4, $2, $5
-1
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dd $9, $4, $ DM Reg!
add $9, $4, $2 T _|:eg|
r— — -
slt $1, $6, $7 IM— —HReg| || 2 DM Reg|
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Stalling the Pipeline

= Such hazards must be detected using a hazard detection unit.

= Load-Use Hazard Detection
— Check when consumer instruction is decoded in ID stage
— ALU operand register numbers in ID stage are given by
* |IF/ID.RegisterRs
* |F/ID.RegisterRt

=  Condition for a hazard that needs a stall:
ID/EX.MemRead = 1 &&

(ID/EX.RegisterRt = IF/ID.RegisterRs | |
ID/EX.RegisterRt = IF/ID.RegisterRt)

= |f detected, stall and insert bubble
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How to Stall the Pipeline?

1. Insert a bubble in the EX pipeline stage by changing all nine control signals in the
EX, MEM, WB control fields in the ID/EX pipeline register to O.

— This achieves a “do nothing effect”
— (Do we really need to reset all nine signals?)

ND
2. Prevent PC register and IF/ID pipeline register from changing
— Consumer instruction is decoded again
— Following instruction is fetched again
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Stalling the Pipeline
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Stall/Bubble in the Pipeline
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Revised Datapath with Hazard Detection Unit Added
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Example: Clock 2
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Example: Clock 3
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Example: Clock 4
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Example: Clock 5
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Example: Clock 6

after<1>

i
4 —v‘
2 T

add $9, $4, $2

IE/ID

and $4, . ..

bubble

n
E 2
|
i n
Instruction .
memory

Data
memory

MEM/WB
o
WB

1w $2, 20($1)
and $4, $2, $5
or $8, $2, $6
add $9, $4, $2
slt 51, or%é, ’$4,$$Z
IDEEX
| 10 [T 10
WB
||
Control u M
| =
$4 $4 ™\
Registers S
ol e || 51 o™
] |V
g
4 4
| [T
9 4 ‘@

ID/EX.RegisterRt

| Forwarding

unit

Clock 6

Prof. M. Mansour

EECE 321: Computer Organization

17



Example: Clock 7
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Reducing the Delay of Branches

= Improve branch performance by reducing the penalty in case a branch is taken by
moving the branch execution earlier in the pipeline.
= Can move branch execution into ID stage, reducing penalty to one instruction.
— Move adder to do BTA computation to ID stage
— For comparison, don’t need a full ALU, just XOR gates
=  Forwarding and hazard detection are a bit more complicated now.
— May need to forward operands to a branch from EX/MEM and MEM/WB registers

— A data hazard may occur in case an instruction immediately before branch produces one
of the operands.

sub $10, $4, S8
beqgq $1, S$3, L

— Hazard detection unit must stall the pipeline in this case due to data hazard
= To handle now the control hazard (case when branch is taken), need only to flush
the instruction in the IF stage by resetting the instruction field in the IF/ID pipeline

register.
— This must be also be done by the hazard detection unit.
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Reducing the Delay of Branches

Assumption: Branches are resolved in ID. Hence need to flush IF stage in case we fetch from wrong target
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