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Pipelined Datapath

Lesson 36

Overview

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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Instructions & Data Move Left to Right

One exception is the branch 
target address – this leads to 

control hazards

Another is the write back 
stage which puts the result 
of a lw or r-type instruction 

to the register – this leads to 
data hazards.

The Four Pipeline Registers
First – fond memories of the multi-cycle datapath
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These registers allowed us to 
share various functional units 

across steps of the multi-
cycle datapath.

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.
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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 read.

Signifies a register write.

The Five Pipeline Stages
lw - Instruction Fetch
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The instruction & PC+4 are 
written to the IF/ID register

Why?

PC+4 is calculated and 
written back to the PC

The instruction is read from 
instruction memory.

lw – instruction fetch
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The Five Pipeline Stages
lw - Instruction Decode and Register File Read
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ID/EX EX/MEM IF/IDIF/ID Both rs and rt are read from 
the register file into the 
ID/EX pipeline register.

The sign extended 16 bit 
immediate field is also read 

into the ID/EX register

The instruction and PC+4 
are passed into the ID/EX 

as well.

lw – instruction decode

The Five Pipeline Stages
lw - Execute or address calculation.
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The base register (rs) is 
added to the 16-bit offset to 
compute the load address

What info should we write 
to the EX/MEM register?

Read registers?
Instruction?
16-bit sign extended offset?
load address?

lw – addr calculation
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The Five Pipeline Stages
lw - Memory Access.
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The contents of the computed 
address are read from data 

memory into the IF/ID pipeline 
register.

lw – memory access

The Five Pipeline Stages
lw - Write Back.
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The read data is send forward 
to the register file to be written 

to the write register.

lw – write back
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The Five Pipeline Stages
lw – What about the Write Reg?
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ID/EX EX/MEM IF/IDIF/ID Write reg is overwritten by the 
next instruction, but lw needs 

the write reg in stage 5.  
What to do?

Save the write reg in the 
pipeline register too!

The Five Pipeline Stages
sw – Instruction Fetch.
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Same as lw
sw – instruction fetch
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The Five Pipeline Stages
sw - Instruction Decode and Register File Read.
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Same as lw
sw – instruction decode

The Five Pipeline Stages
sw – Execute or address calculation..
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The base register.

The offset.

base register + offset = 
write address

What information is 
carried on this path?

The pipeline register 
gets the read data & 

the address in memory 
to store the read data.

sw – addr calculation
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The Five Pipeline Stages
sw – Memory Access.
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Get the memory address 

and read data from the last 
step & write the word to 

memory.

sw – memory access

The Five Pipeline Stages
sw – Write Back.
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Same as lw?
Nope.  The sw is complete at this point.

Nothing happens in stage 5.
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Executing Multiple Instructions

The pipeline really executes multiple 
instructions at a time.
Let’s try simulating the execution of the 
following instruction sequence using the 
single cycle datapath view

lw $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
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lw $10, 20($1)
Instruction Fetch

Instruction, PC+4 saved to 
IF/ID register
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The Five Pipeline Stages
Clock Cycle 2

sub $11, $2, $3
Instruction Fetch

lw $10, 20($1)
Instr Decode/Reg Read
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sub $11, $2, $3, CC2 PC+4 
written to IF/ID register
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read data #1 & offset, write 
reg written to ID/EX register

in preparation for 
address calculation

The Five Pipeline Stages
Clock Cycle 3

beq $5, $6, test
Instruction Fetch

sub $11, $2, $3
Instr Decode/Reg Read

lw $10, 20($1)
Exec/Addr Calc
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lw $10, 20($1), read from 
ID/EX

sub $11, $2, $3, read data 
#1 & #2, write reg written to 

ID/EX register
lw $10, 20($1), read 

address,  write reg written 
to EX/MEM register

What are these functional 
units doing at this point?

Will these values of write 
reg be used?



Charlie Shub - Pipelines Fall, 2008

CS - 216 11

The Five Pipeline Stages
Clock Cycle 4

sw $12, 20($5)
Instruction Fetch
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Instr Decode/Reg Read

sub $11, $2, $3
Exec/Addr Calc

IF/ID

PC

Add

Instruction
Memory

Read
Address

Instruction

4

Registers
Read 
Reg #1

Read
Reg #2

Write
Reg

Write
Data

Read
Data #1

Read
Data #2

ALU
Result

Zero

Sign
Extend16

M
u
x

32

Data Memory

Address

Write
Data

Read
Data M

u
x

Add
Shift
Left
2

M
u
x

EX/MEMIF/ID ID/EX IF/ID

lw $10, 20($1)
Memory Access

The Five Pipeline Stages
Clock Cycle 5

<next instr>
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sub $11, $2, $3
Memory Access

lw $10, 20($1)
Write Back

sw $12, 20($5)
Instr Decode/Reg Read
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The Five Pipeline Stages
Clock Cycle 6
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The Five Pipeline Stages
Clock Cycle 7
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The Five Pipeline Stages
Clock Cycle 8
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The Five Pipeline Stages
Clock Cycle 9
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End of Slide Show


