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Lecture 34, Pipelined Datapath



RECALL...

Program
execution Time 200 400 600 800 1000 1200 1400 1600 1800
Order | | | | | | | | | 4
(in instructions)

Instructi Dat
lw $1, 100($0) | " |Reg| ALU roema | Reg

) "|Instructi Dat
lw $2, 200($0) 800 ps Metch | |Rea| ALU | 7% | Reg

- " |Instruction
lw $3, 300($0) 800 ps fetch
800 ps
Program
execution —. 200 400 600 800 1000 1200 1400
Time T T T | T | T -

order
(in instructions)

Instructi Dat
W $1’ 1OO($O) nsf;ltjghlon Reg| ALU ac:ezs Reg
W $2,200(80) 200 ps " [res| A | 252 freg
w $3, 300($0) 200 ps | "recton| |Reg| ALU | 0% IReg

Y

200 ps 200 ps 200ps 200 ps 200 ps



RECALL...

« Structural Hazards
« Data Hazards

@ ehitkel=azards



SINGLE-CYCLE DATAPATH

IF: Instruction fetch

ID: Instruction decode/

register file read

EX: Execute/
address calculation

Y

PC

> Add

4—

—@—» Address

Instruction

Instruction
memory

Y

Shift
left 2

>\
> ADD Add
result

MEM: Memory access

Read Read >\
register 1 data 1
Zero >
Read
ALU I
register 2 > ALLIJt e
resu
Registers
Write Read
register data 2
Write
data
1
" Sign- 42

Y extend

\

Address

Data
Memory

Write
data

Read
data

WB: Write back




LEFT TO RIGHT

IF: Instruction fetch

register file read

ID: Instruction decode/

EX: Execute/
address calculation

Y

PC

> Add

4—

—@—» Address

Instruction

Instruction
memory

Shift
left 2

>\
Add

ADD
>}

MEM: Memory access

Address

Data
Memory

Write
data

Read
data

WB: Write back

Read Read >\
register 1 data 1 Zero frp——»
Read
ALU '
register 2 > ALLli
resu
Registers
Write Read
register data 2
»| Write

data

1

5 Sign- "

Y extend

\




EXCEPIL. LEFT-TO-RIGHT

- Writing back to the register file (what kind of hazard?)

» Selecting the value of PC (what kind of hazard?)

Note that data flowing R-to-L. doesn't affect the current
instruction.




PIPELINED EXECUTION

(PRETEND)

Time (in clock cycles)

— — — — — — — — — — — — — — — — — — — — — — — — — — — —
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PIPELINE REGISTERS

64 bits

| 28 bits

9/ Bins

>Add

PC —@—»{ Address

Instruction
memory

IF/ID ID/EX
> —
Shift
left 2
&
B Read
2 register 1 Read |__,,
@ data 1
T Read
register2 |
— Registers p..q
register
| Write
data
16 g
X Sign- 32
extend

EX/MEM

64 bits

Write

data

> Zero p—p- P
ALU
ALU
resuft P —@—>| Address
/ Data
memory

MEM/WB
Read
data ™0

>




EXAMPLE

Five stages of a 1w Instruction.

Note:
shaded on the right: reaad
shaded on the left: write



[w

Instruction fetch

PC

>Add

4 —

IF/ID

—@-»-| Address

Instruction
memory

ID/EX

Instruction

Read
register 1 Read —
data 1
Read
register %
egisters poaq
Write data2[ |
register
Write
data
16 i
X Sign- 32
< extend

Shift
left 2

EX/MEM

> VA1) —
ALU
ALU > o
result
.. -

Address

Write
data

Data
memory

Read
data

MEM/WB




Iw

Instruction decode

PC

>Add

—@-»| Address

Instruction
memory

IF/ID ID/EX
o
% Reed Read
register 1 -
% g data 1
= Read
register %
egisters Read
Write o
register
Write
data
16 : 32
2 Sign-

\ extend

Shift
left 2

Zero
>AL” ALU

result

EX/MEM

Y

Address
Data
memory
Write
data

Read
data

MEM/WB




lw

Execution

PC

> Add

—&—>| Address

Instruction
memory

IF/ID ID/EX
B
c Read
2 register 1 ] —
S data 1
E Read
2 register 2
Registers
Write Read >
register data 2
—p-| Write
data
16 i
2 Sign- 32
N extend

—_—
AddAdd
Shift result
left 2
.
YALU
-

Zero
ALU

EX/MEM

result

Address

m

Write
data

Data
emory

Read
data

MEM/WB

“x ¢ 2°




Memory
IF/ID ID/EX EX/MEM MEM/WB
>
>Add = —_—
4 —p
Shift
left 2
[ =g
Address 2 Read
3 reai Read
gister 1 . -
‘g‘ data 1
- Read > Zero f——p —
Instruction register2 ALU AU Read
memory . Flegisters Read | (0 result| * | [§| Address data [
Write data 2 M
register u Data
Write X memory
data 1
Write
b - data
16\ Sign- 32 -
| extend




PC —@»|Address

Instruction
memory

IF/ID i,
&
B Reaq Read
3 register 1 0
3 g data 1
= Read
register 2R i
egisters Reaqg >
Write data 2
register
Write
data
16 Sign- | 32
A extend

—
Shift
left 2
0
M

result

EX/MEM

?

Address

Write
data

Data
memory

lw
| |

| Write-back |

MEM/WB
Read
— 0
data M
u
X
1
.-




HOMEWORK

» Reading 29

| zombes.



