Operation of a Pipeline

Each stage of a pipeline must be controlled
independently of the other stages ... pipeline registers
make this happen
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ID/EX EXIMEM MEMAWB.




Stage 1

L, LW

w
Instruction fetc

(]
M
u
x
g
IFND
4
PC| Address 2 register 1
8 Rea
i £ register 2
Instruction L] B e
merieng Write
register
Wiite
] data

Stage 2, LW

Iw
Instruction decode

IFAD.

POl Address

Instruction
mermary

Read
register 1

Instruction

Read
register 2
Wite
register

Wite
data

Add
Add rosutt

= Registérs Read|
2




Stage 3, LW

~xcz®

I—'W
Execution

IFID

ID/EX

Address

Instruction

Instruction
memol

Read
register 1 e

Read data 1

register 2

Registers Read
ke data 2
register

Wite
data

16 32

—

Shift
left2

MEMMEB

Sxecz =

Stage 4, LW

MEMANB

Iw
(] |—|
M Memory
u
X
1
IFD IDEX EXMEM
4
< Read
PC| Address 2 register 1 e
Ei b
H - data 1 R
H register 2
ton Registers Read
Ty Wite data2 [ Address Read
register %R
| wiite memory
data




EXMEM

FAD IDEX
4
< Read
PC{mbmb Address H register 1 Jedl
£ Read o
) H register 2
\"r;.;un::un N Registers Reag
ry Wite data2 [
egister
Wite
] cata

T
Write back

MEMMB

Read

(]
M
u
X
1
IF/ID ID/EX EXMEM MEMANB.
4
s Read
3 Address £ register 1 o
£ o datat [
R a— [
i £ register 2
Instruction L T
mernory Wiite — Read g
"1 register o
Wite u
[ data =
6 a2
Sign
extend




SW

sw
Memory

IFAD

IDEX.

EXMEM MEMMWB

4
Pe| Address 2 register 1 Read
g —|
£ Read data 1
Instruction £ register 2 g
oo Registers Read
Y Wite data2 [ | Address ReadL_) 1
register data \
Data |
| Wite memory L
data ;
Wite
data
| sub$11,$2 83 Iw $10, 20(31) A |
| i
I Instruction fetch Instruction decode | |
| |
i |
p | |
u | |
x ! |
b
* 3
| |
|
IF/ID EXA‘\/IEM MEN‘I/II\IB
4
|_| Address é register 1 Read
H — datat [
2 tor 2
mermory. Wite a2 7
register M
Write -
| data ux
sign
extend
Clock 2 = L= =

H
LT




Advance Instructions: 2,3
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Advance Clock: 4,5
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