
Pipelining Example

From Kris D. Schindler



Pipelined Datapath

Add

Add

Read
Data 1

Read
DataRead 

Data 2

Address

Read
Register 1

Address

Read
Register 2

Write
Register

Write
Data

Write
Data

Instruction
Memory

Registers

Data

Memory

4

PC

16 32

ALU
Result

Zero

Sign
Extend

Shift
Left

2

IF/ID

lw  $4, 20($18)

ID/EX EX/MEM MEM/WB

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

Add

Add

Read
Data 1

Read
DataRead 

Data 2

Address

Read
Register 1

Address

Read
Register 2

Write
Register

Write
Data

Write
Data

Instruction
Memory

Registers

Data

Memory

4

PC

16 32

ALU
Result

Zero

Sign
Extend

Shift
Left

2

IF/ID

add  $12, $14, $16 lw  $4, 20($18)

ID/EX EX/MEM MEM/WB

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

A d d

A d d

R e a d
D a t a  1

R e a d
D a t aR e a d  

D a t a  2

A d d r e s s

R e a d
R e g i s t e r  1

A d d r e s s

R e a d
R e g i s t e r  2

W r i t e
R e g i s t e r

W r i t e
D a t a

W r i t e
D a t a

I n s t r u c t i o n
M e m o r y

R e g i s t e r s

D a t a

M e m o r y

4

P C

1 6 3 2

A L U
R e s u l t

Z e r o

S i g n
E x t e n d

S h i f t
L e f t

2

I F / I D

s w   $ 1 7 ,  4 0 ( $ 1 9 ) a d d   $ 1 2 ,  $ 1 4 ,  $ 1 6 l w   $ 4 ,  2 0 ( $ 1 8 )

I D / E X E X / M E M M E M / W B

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

Add

Add

Read
Data 1

Read
DataRead 

Data 2

Address

Read
Register 1

Address

Read
Register 2

Write
Register

Write
Data

Write
Data

Instruction
Memory

Registers

Data

Memory

4

PC

16 32

ALU
Result

Zero

Sign
Extend

Shift
Left

2

IF/ID

beq  $8, $9, 100 sw  $17, 40($19) add  $12, $14, $16 lw  $4, 20($18)

ID/EX EX/MEM MEM/WB

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

Add

Add

Read
Data 1

Read
DataRead 

Data 2

Address

Read
Register 1

Address

Read
Register 2

Write
Register

Write
Data

Write
Data

Instruction
Memory

Registers

Data

Memory

4

PC

16 32

ALU
Result

Zero

Sign
Extend

Shift
Left

2

IF/ID

sub  $15, $14, $4 beq  $8, $9, 100 sw  $17, 40($19) add  $12, $14, $16 lw  $4, 20($18)

ID/EX EX/MEM MEM/WB

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

Add

Add

Read
Data 1

Read
DataRead 

Data 2

Address

Read
Register 1

Address

Read
Register 2

Write
Register

Write
Data

Write
Data

Instruction
Memory

Registers

Data

Memory

4

PC

16 32

ALU
Result

Zero

Sign
Extend

Shift
Left

2

IF/ID

sub  $15, $14, $4 beq  $8, $9, 100 sw  $17, 40($19) add  $12, $14, $16

ID/EX EX/MEM MEM/WB

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

A d d

A d d

R e a d
D a t a  1

R e a d
D a t aR e a d  

D a t a  2

A d d r e s s

R e a d
R e g i s t e r  1

A d d r e s s

R e a d
R e g i s t e r  2

W r i t e
R e g i s t e r

W r i t e
D a t a

W r i t e
D a t a

I n s t r u c t i o n
M e m o r y

R e g i s t e r s

D a t a

M e m o r y

4

P C

1 6 3 2

A L U
R e s u l t

Z e r o

S i g n
E x t e n d

S h i f t
L e f t

2

I F / I D

s u b   $ 1 5 ,  $ 1 4 ,  $ 4 b e q   $ 8 ,  $ 9 ,  1 0 0 s w   $ 1 7 ,  4 0 ( $ 1 9 )

I D / E X E X / M E M M E M / W B

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

Add

Add

Read
Data 1

Read
DataRead 

Data 2

Address

Read
Register 1

Address

Read
Register 2

Write
Register

Write
Data

Write
Data

Instruction
Memory

Registers

Data

Memory

4

PC

16 32

ALU
Result

Zero

Sign
Extend

Shift
Left

2

IF/ID

sub  $15, $14, $4 beq  $8, $9, 100

ID/EX EX/MEM MEM/WB

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



Pipelined Datapath

Add

Add

Read
Data 1

Read
DataRead 

Data 2

Address

Read
Register 1

Address

Read
Register 2

Write
Register

Write
Data

Write
Data

Instruction
Memory

Registers

Data

Memory

4

PC

16 32

ALU
Result

Zero

Sign
Extend

Shift
Left

2

IF/ID

sub  $15, $14, $4

ID/EX EX/MEM MEM/WB

M
U
X

M
U
X

M
U
X

1

1

1

0

0

0

David A. Patterson and John L. Hennessy, Computer Organization and Design: The 

Hardware/Software Interface, 4th edition, Elsevier, 2009, Figure 4.33, page 345



References

⚫David A. Patterson and John L. Hennessy, 

Computer Organization and Design, The 

Hardware/Software Interface, 4th Edition, 

Elsevier, 2009


