
A
dvanced Topics

C
hapter 18

Pipelining

C
S250 -- Part V

1
D

r.R
ajesh Subram

anyan, 2005



Topics

•
Introduction

•
C

oncept of Pipelining

•
Pipeline C

haracteristics

•
Softw

are Pipelining

•
Softw

are Pipeline Perform
ance A

nd O
verhead

•
H

ardw
are Pipeline

•
Instruction and D

ata Pipeline

•
H

ardw
are Pipeline and Perform

ance Im
provem

ent

C
S250 -- Part V

2
D

r.R
ajesh Subram

anyan, 2005



Topics

•
W

hen Pipelining
C

an B
e U

sed ?

•
Pipeline vs Parallel

•
Pipeline A

rchitectures

•
Pipeline Setup, Stall, and Flush T

im
es

•
Superpipeline A

rchitecture

C
S250 -- Part V

3
D

r.R
ajesh Subram

anyan, 2005



Introduction

•
R

ecall

−
E

arlier parts: on processors, m
em

ory,I/O
 as basic

functional units

−
L

ast chapter: parallelism
 to increase perform

ance

−
N

ow
:pipelining to increase perform

ance

•
C

hapter covers

−
M

otivation

−
W

ays of using pipelining

−
H

ow
 pipelining increases perform

ance?
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C
oncept of P

ipelining

•
A

n
architecture in w

hich digital inform
ation flow

s through a
series of processing com

ponents

•
Pipeling is a concept used in several situations

•
Softw

are pipelining exists

stag
e 1

stag
e 2

stag
e 3

stag
e 4

inform
ation

arrives
inform

ation
leaves

Illustration of the pipeline concept. T
he exam

ple has four
stages, and inform

ation flow
s through each stage.
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P
ipeline C

haracteristics

•
H

ardw
are or softw

are im
plem

entation

−
pipelining can be used w

ith hardw
are or softw

are

−
e.g. of softw

are pipeline: U
nix pipe com

m
and

•
L

arge or sm
all scale

−
stations can be sim

ple or pow
erful

−
stages can be few

or
m

any
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P
ipeline C

haracteristics

•
Synchronous or asynchronous com

m
unication

−
synchronous is like

an
assem

bly,all stations
sim

ultaneously m
ove data forw

ard

−
asynchronous allow

s forw
arding at any

tim
e; dow

nside
stalling.

•
B

uffered or unbuffered pipelines

−
buffer betw

een stages, helpful w
ith asynchronous

pipeline
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P
ipeline C

haracteristics

•
Finite chunks or continuous bit stream

s

−
finite chunks e.g. Packets

−
autom

atic data feed or m
anual data feed

−
e.g. separate m

echanism
 to m

ove inform
ation

•
Serial or parallel path

−
betw

een stages data can be m
oved

in
single serial path or

sim
ultaneously in parallel

•
H

om
ogenous or heterogeneous stages

−
heterogeneous: U

se hardw
are suitable for each stage
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Softw
are

P
ipelining

•
A

llow
s large com

plex
task to be broken to sm

aller pieces

•
U

se U
nix pipe "|" com

m
and to feed output of one com

m
and

as input to another com
m

and

•
Softw

are pipelining does not need underlying hardw
are

pipeline

•
D

oes softw
are pipeline perform

 better or w
orse than a single

program
?

−
depends

−
softw

are pipeline is used to reduce com
plexity but in

certain cases it can im
prove perform

ance
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H
ardw

are
P

ipelining

•
C

an reduce com
plexity,break com

plex
task to sm

aller
m

anageable pieces

•
M

aybe able to reuse pieces other designs

•
H

ardw
are pipelining offers higher perform

ance
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Instruction and D
ata P

ipeline

•
Instruction pipeline

−
m

achine instructions are executed using a pipeline,

−
each stage is responsible for a part of the overall fetch-
decode-execute cycle m

ost m
odern processors have

instruction

−
pipeline

•
D

ata pipeline

−
data is passed in pipeline, stage to stage.
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H
ardw

are
P

ipelining and P
erform

ance Im
provem

ent

A
data pipeline passes through a series of stages

that each
exam

ine or m
odify the data. If it uses the sam

e speed processors
as a non-pipeline architecture, a data pipeline w

ill not im
prove

the overall tim
e needed to process a given data item

E
ven if a data pipeline uses the sam

e speed processors
as

a
non-

pipeline architecture, a data pipeline has higher overall
throughput (i.e.num

ber of data item
s processed per second

verify
in

teg
rity

ch
eck

fo
r

lo
o

p
s

ro
u

te
p

acket
p

rep
are fo

r
tran

sm
issio

n
packets
arrive

packets
leave

A
pipeline used in place of a single processor in an Internet

router.
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W
hen P

ipelining C
an B

e U
sed ?

•
Itm

ust be possible to partition processing into independent
stages

•
O

verhead to m
ove data betw

een stages m
ust be insignificant.

•
Processing perform

ed at each stage m
ust take

approxim
ately

the sam
e

tim
e as the processing perform

ed at other stages

•
T

hroughput of pipeline is lim
ited by the slow

est stage
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P
ipeline vs P

arallelh
( )

g
( )

f( )
f( )
g

( )
h

( )

(a)
(b

)

(a) Processing on a conventional processor,and (b) equivalent
processing in a data pipeline. T

he functions perform
ed in

sequence are divided am
ong stages of the pipeline.
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P
ipeline vs P

arallel

•
Pipeling divides a series of sequential operations into
separate groups that are each handled by a separate stage of
the pipeline.

•
Pipeline allow

s each stage to operate in parallel.

•
H

ow
ev er, unlike

a
parallel architecture, data has to pass all

stages
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P
ipeline A

rchitectures

•
T

he term
 pipeline architecture is used w

hen it is the central
paradigm

 around w
hich the system

 is built.

•
Pipelined system

s re dedicated to special purpose functions,
e.g. netw

ork system
 w

here high data rates are used.

•
G

eneral purpose com
puters restrict pipeline hardw

are to
instruction pipeline in the processor or special purpose
pipeline in an I/O

 device.

−
not m

any
applications can be decom

posed into
independent operations that can be applied sequentially.
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P
ipeline Setup, Stall, and F

lush T
im

es

•
Setup tim

e

−
am

ount of tim
e to start a pipeline after an idle period

•
Flush tim

e

−
am

ount of tim
e betw

een input being unavailable and the
pipeline finishes current processing

•
Stalls

−
stage delays because it cannot com

plete processing
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Superpipeline A
rchitecture

•
G

iv en
pipeline stage is subdivided into m

ultiple partial stages

•
E

xam
ple instruction pipeline has

−
instruction fetch

−
instruction decode

−
operand fetch

−
A

L
U

 operation

−
store

C
S250 -- Part V

18
D

r.R
ajesh Subram

anyan, 2005



Superpipeline A
rchitecture

•
T

he third stage, i.e. operand fetch can be subdivided into

−
decode operand

−
fetch im

m
ediate value or register value

−
fetch value from

 m
em

ory

−
fetch indirect operand values

•
Superpipeling increases throughput
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Sum
m

ary

•
Pipelining is a fundam

ental concept that is used w
ith both

hardw
are and softw

are.

•
D

ata pipeline does not decrease overall tim
e to process a

single data item
, it increases overall throughput (item

s
processed/second)

•
T

he pipeline stage requiring the m
ost tim

e to process an item
lim

its the throughput of the pipeline.
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