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Overview

m Today we're going to...

— Learn the purpose and inner workings of
each of the five pipeline stages.

— Describe pipeline registers

— Trace instruction execution through all five
pipeline stages.
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The Pipelined Datapath

High level view of a simple datapath implementation
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The Four Pipeline Registers

First — fond memories of the multi-cycle datapath

These registers allowed us to
share various functional units
across steps of the multi-
cycle datapath.
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Register #
Registers L_»| ALUOUL
Register #
B T—P

Memory
Instruction[ |
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Memory
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Pipeline registers will allow use to share the datapath across several instructions
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The Four Pipeline Registers

Pipeline registers store instruction state throughout its execution.

IF: Instruction Fetch

ID: Instruction Decode/
Register File Read .y Ea\)&idress calculation

EX: Execute/ MEI

EX/MEM

WB: Write

Back
MEM/WB

M: Memory Access

IF/ID
M
m i
x Signifies a register read. N
Add

PC Read
Address
Instruction

Instruction
Memory

These registers keep track of
each instruction’s state as it
moves to the next stage
leaving the previous stage
available for the next
instruction.

Signifies a register write.

Read

Data Memory

Address
Read
Data

16

The Five Pipeline Stages

Iw - Instruction Fetch

lw — instruction fetch

XIME

PC+4 is calculated and
written back to the PC

The instruction is read from
instruction memory.

Data Memory
Address

The instruction & PC+4 are
written to the IF/ID register

Pr—
ron /
—
Address ] Registers
[ | Read
Reg #1 Read
i >
Instructio Read Data #1
Memory Reg #2
—» Write >
Reg Read
) Data #2
—>] \I!\Vr:te

16

Sign
Extend/ 32

Why?
il
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The Five Pipeline Stages

lw - Instruction Decode and Register File Read

|w — instruction decode,

o ID/EX /| Both rs and rt are read from
M 1 [ | the register file into the
. ID/EX pipeline register.
1 ||
The sign extended 16 bit
immediate field is also read
Add into the ID/EX register
—— 1
L The instruction and PC+4
are passed into the ID/EX

as well.

PC Read
Address
Instruction

Instruction
Memory

Data Memory

Address
Read M
Data

X
Write
Data

The Five Pipeline Stages

Iw - Execute or address calculation.

Ilw — addr calculation
P—

IF/ID ID/EX EX/MEM IF/ID
M [1
. The base register (rs) is
added to the 16-bit offset to
compute the load address
Add
4—'1/

PC Read
Address Registers
Read

—>
Instruction Reg #1 Read |
Instruction Read Data #1 >
Memory Reg #2 Data Memory
¥ Write Address
—==g Read M

What info should we write | === Bea
Write fomtey

Data
to the EX/MEM register? [*| ban x
Read registers? B J—>

Instruction? ]
16-bit sign extended offset? h extena 351 L

load address?
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The Five Pipeline Stages

Iw - Memory Access.

Iw — memory access

IF/ID ID/EX EX/MEM IF/IE)
M
u
X
The contents of the computed
address are read from data
memory into the IF/ID pipeline
= register. >
PC Read
Address Registers
. *| Read
Instruction Reg #1 gef"d#]_
Instruction R ata
Memory RSSd#z Dat
—» Write Address
Reg Read M
Data #2]
i u
mabiity —{x
= _ I _

The Five Pipeline Stages

Iw - Write Back.

Iw — write baci

IF/ID ID/EX EX/MEM IF/ID
] 1
M
X The read data is send forward
to the register file to be written
to the write register.
Add
4 —'l/

PC Read
Address

Instruction

Instruction >
Memory Data Memory
Address
Read
Data
Write
Data
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The Five Pipeline Stages

Iw — What about the Write Reg?

IFND Write reg is overwritten by the IF/ID
M next instruction, but lw needs
. the write reg in stage 5.
What to do?
Add
4 —Fl/
—-B Read
Address . .
ave the write reg in the
 Instruction pipeline register too!
Instruction
Memory Data Memory
Address
Read
Data
Write
Data

sw — instruction fetch

The Five Pipeline Stages

sw — Instruction Fetch.

ID/EX EX/MEM IF/ID

H | H
as 1w

reg #1 Bead#l
Read ata
Reg #2 Data Memory
\&gge Read Address
eal
Data #2 Bgf‘ad M
Write u
| Data X
Write
Data

Sign L L]
16 Extend/ 32
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The Five Pipeline Stages

sw - Instruction Decode and Register File Read.

sw — instruction decode

ID/EX EXIMEM

|

IF/ID

|

.Same as 1w

Reg #1

Read
Reg #2

Write
Reg

Write
| Data

Sign
16 Extend/ 3.

Read
Data #1

Read
Data #2

Data Memory

Address
Read
Data M

X
Write
Data

The Five Pipeline Stages

sw — Execute or address calculation..

The base register.

M
u
X

sw — addr calculation
P——

ID/EX EX/MEM

base register + offset =
write address

The offset.

N\

Add
4 —>

ADE Read
el

What information is
carried on this path?

?

Memory

The pipeline register
gets the read data &
the address in memory
to store the read data.

Registers

\\
#1\\

Data Memory

Address

Read
Data M
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The Five Pipeline Stages

sw — Memory Access.

SW — memory access

ID/EX EXIMEM IFID
Get the memory address
and read data from the last
step & write the word to
memory.
Add |
4 ——>|
PC Read
Address Registers
. *| Read
Instruction Reg #1 Read |
instruction Read Data #1
Memory Reg #2
— Write
Reg Read M
Data #2)
il u
mabiity —{x
= _ _ I

The Five Pipeline Stages

sw — Write Back.

IF/ID IDIEX EX/MEM IF/ID

| I | |

Instruction reg #1 Read
Instruction Read Data #: Zero
Memory Reg #2 ALU Data Memory

Nope. The sw is complete at this point. g v
Nothing happens in stage 5. x
Data J—>

[ |
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Executing Multiple Instructions

m The pipeline really executes multiple
instructions at a time.

m Let’s try simulating the execution of the
following instruction sequence using the
single cycle datapath view

Iw $10, 20(%$1)
sub $11, $2, $3
beq $5, $6, test # assume branch not taken

sw $12, 20($5)

The Five Pipeline Stages

Clock Cycle 1

Iw $10, 20($1)
Instruction Fetch

IF/ID ID/EX EX/MEM IFID

) —

Read
Address| Registers

=t
iy

Read |
Data #1 Zero |7 [

o Se?d#z_ L (m Result
e e ( P
L5\
Instruction, PC+4 saved to

IF/ID register -

Instruc
Memor

Data Memory

Qp QA
Pt

N

>

—

[

} ]

Address
Read
Data

g= 7= 22 23
5% 3%

e
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sub $11, $2, $3

The Five Pipeline Stages

Clock Cycle 2

Instruction Fetch

o Instr Decode/Reg Read o

IF/ID

Iw $10, 20($1)

‘/ sub $11,

) Iw $10, 20($1), CC1PC+4 | o
read from IF/ID register

written to IF/ID register

$2, $3, CC2 PC+4

1w $10, 20($1), CC1l PC+4,
read data #1 & offset, write
reg written to ID/EX register
in preparation for
address calculation

Zero
ALU

Result

Data Memory
Address
Read
Data M
u
X
Write
Data

beq $5, $6, test
N Instruction Fetch

The Five Pipeline Stages

Clock Cycle 3

Iw $10, 20($1), read

to EX/MEM register

sub $11, $2, $3

address, write reg written

é Iw $10, 20($1), read from
ID/EX

sub $11, $2, $3, read data
#1 & #2, write reg written to
ID/EX register

LB

What
units

are these functional
doing at this point?

Will these values of write

reg be used?

Data Memory
Address

Read
Data M

X
Write

Fall, 2008
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Clock Cycle 4

sw $12, 20($5) beq $5, $6, test sub $11, $2, $3 1w $10, 20($1)

Instruction Fetch o—Instr Decode/Reg Read o Exec/Addr Calcl Memory Access o

IF/ID ID/EX EXIMEM IF/ID

4 —

Read

Address

instruc
Memor

The Five Pipeline Stages

Clock Cycle 5

<next instr> sw $12, 20($5) beq $5, $6, test sub $11, $2, $3 Iw $10, 20($1

PC Read
Address

Instruction Fetch Instr Decode/Reg Read Exec/Addr Calc, Memory Access \Write Back
IF/ID ID/EX EX/MEM IF/ID
M
u
X
Add

Instructig
Instruction
Memory

Data Memory

Address
Read
Data
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The Five Pipeline Stages

Clock Cycle 6

<next instr> <next instr> sw $12, 20($5) beq $5, $6, test sub $11, $2,

N Instruction Fetch o—Instr Decode/Reg Read Exec/Addr Calc Memory Access Write Back
IF/ID ID/EX EX/MEM IF/ID
M
u
X
Add
4—>l/
pC Read N
Address Registers
. Read
Instructic Reg #1 Read
Instruction Read bata #]
Memory Reg #2 Data Memory
\é\/rite Read Address
eg eal
Data #2 ggtag
Write
Data
Clock Cycle 7
<next instr> <next instr> <next instr> sw $12, 20($5) beqg $5, $6, teg
Instruction Fetch Instr Decode/Reg Read . __Exec/Addr Calc, Memory Access lWrite Back R
IF/ID ID/EX EXIMEM IF/ID
M
u
X
Add
Add
4—'1/
>
PC Read
Address Registers
) | Read
Instructign Reg #1 Betad#l >
instruction R ata Zero
| »| Read
Memory Reg #2 ALU emory
—> \glerite Read Result
ea M
9 Data #2] u B&aad M
Write u
| Data X
Sign
16 Extend/ 3;
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The Five Pipeline Stages

Clock Cycle 8

<next instr>

<next instr> <next instr> <next instr> sw $12, 20($5)

Instruction Fetch o—nstr Decode/Reg Read o Exec/Addr Calcv, Memory Access Write Back
IF/ID ID/EX EXIMEM IF/ID
M
u
X
Add
Add
4 —>l/
>
pC Read N
Address Registers
. *| Read
Instructi Reg #1 Se?d#l
instruction | Read aa zero
Memory Reg #2 ALU Data Memory
—>| Write Result Address
Reg Read M Read M
Data #2 u Data u
Write
| Data X
Write
Data
16
he Five Pipeline St
Clock Cycle 9
<next instr> <next instr> <next instr> <next instr> <next instr>
Instruction Fetch Instr Decode/Reg Read . ___Exec/Addr Calc, Memory Access lWrite Back R
IF/ID ID/EX EX/MEM IFID
M
u
X
Add
Add
4 —'l/
>
PC Read
Address Registers
) | Read
Instructign Reg #1 Read >
instruction Read Data #1 Zero
Memory Reg #2 ALU Data Memory
—| Write Result Address
Reg Read M Read M
Data #2| u Data
Write u
| Data X
Write
Sign Data
16 Extend/ 3;
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