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Introduction

•
T

his chapter discusses

−
external connections betw

een processor and m
em

ory
system

−
bus, a fundam

ental architectural feature in all com
puter

system
s

−
m

otivation for a bus, basic operations

−
a

com
m

on bus shared betw
een m

em
ory and I/O

−
how

 bus defines address space
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D
efinition of a B

us

•
D

igital com
m

unication m
echanism

 that allow
s tw

o
or

m
ore

functional units to transfer control signals or data

•
E

xam
ples

−
m

em
ory bus connects processor and m

em
ory

−
I/O

 bus interconnects processor w
ith I/O

 devices

C
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D
efinition of a B

us

bu
s

p
ro

cesso
r

d
evice

Illustration of a bus used to connect a processor an external
device. B

uses are used for m
ost external connections.

A
bus is the digital com

m
unication m

echanism
 used w

ithin a
com

puter system
 to interconnect functional units. A

 com
puter

contains one or m
ore

buses that interconnect the processors,
m

em
ories and external I/O

 devices.
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P
roprietary and Standardized B

uses

•
Proprietary buses

−
design is ow

ned by private com
pany

via patents etc

•
Standardized buses

−
specifications available to any

com
pany

−
allow

s m
ulti-vendor devices to w

ork together

−
specifications, hardw

are, voltage, tim
ing of signals,

encoding, all m
ust be strictly adhered to.

C
S250 -- Part IV

9
D

r.R
ajesh Subram

anyan, 2005



Shared B
uses and A

ccess P
rotocol

•
Processor can connect to a set of I/O

 devices, or m
ultiple

processors can connect to single shared bus

•
A

ccess protocol

−
how

 attached device determ
ines if bus is available or busy

−
how

 devices take
turn in using the bus

C
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M
ultiple B

uses

•
C

om
puter System

s m
ay contain several buses, exam

ples

−
m

em
ory bus, I/O

 bus

−
special buses connecting coprocessors

•
R

easons: flexibility,convenience

•
Internal buses: not visible to com

puter ow
ner

C
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P
arallel P

assive M
echanism

•
B

us usually do not contain electronic com
ponents

•
D

evice connecting to bus contain circuits for com
m

unication

•
B

us are like
parallel w

ires to w
hich devices attach

C
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P
hysical C

onnections

•
B

us can consists of

−
tiny

w
ires etched in silicon on a single chip

−
cable containing m

ultiple w
ires

−
set of parallel m

etal w
ires on circuit board

•
C

om
puter’s

m
ain circuit board is also called the m

other board

−
sockets on m

other board connects to the bus.

−
sockets allow

devices to be plugged in or rem
oved

C
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B
us Interfaces

•
B

us interface or bus controller

−
additional circuit that attaches to bus and follow

s the bus
protocol

−
device interface have m

etal fi
ngers that touch m

etal
contacts of socket

C
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B
us Interfaces

circu
it b

o
ard

(d
evice in

terface)

m
other board

socket

Side view
of

a
m

other board illustrating how
a

printed circuit
board can plug directly into the socket of a bus. M

etal strips on
the circuit board press against m

etal contacts in the socket.
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L
ogical Structure

of
a

B
us

•
B

us w
ires are called lines.

•
Functions of different lines are

−
control line: control of bus

−
address line: specifi

cation of address inform
ation

−
data lines: transfer of data

•
L

ines need not be divided equally,control need few
er lines

C
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F
etch-Store

P
aradigm

L
ike

a
m

em
ory system

, a bus em
ploys the fetch-store

paradigm
;

all control or data transfer operations are
perform

ed as either
fetch

or
a

store

•
A

ll lines use
fetch or store operation

•
C

ontrol lines are used

−
to

ensure only one pair of devices com
m

unicate over
the

bus
atany tim

e

−
allow

tw
o com

m
unicating devices to interact

•
A

ddress lines are used to pass address

•
D

ata lines are used to transfer a value

C
S250 -- Part IV
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F
etch-Store

P
aradigm

F
etch1. U

se
the control lines to obtain access to the

bus
2. P

lace
an address on the address lines

3. U
se

the control lines to request a fetch
operation

4. Test the control lines to w
ait for the operation

to com
plete

5. R
ead

the value from
 the data lines

6. S
etthe control lines to allow

another device to
use the bus

S
to

re1. U
se

control lines to obtain access to the bus
2. P

lace
an address on the address lines

C
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3. P
lace

a
value on the data lines

4. U
se

the control lines to specify a store
operation

4. Test the control lines to w
ait for the operation

to com
plete

5. S
etthe control lines to allow

another device to
use the bus

T
he steps taken to perform

 a fetch or store operation over
a

bus,
and the group of lines used in each step.

C
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W
idth of a B

us

•
If

a
bus can transfer k bits of data at a tim

e (over
k

lines),
w

idth of bus is k.

•
E

xam
ple 32 bit bus

•
H

ow
 w

ide should bus be?

−
increasing w

idth increases throughput

−
greater w

idth, translates to
m

ore space and electronic
com

ponents

−
architect chooses com

prom
ise betw

een space, cost and
perform

ance

C
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M
ultiplexing

•
H

elps in reducing the num
ber of lines in a bus

•
D

ata m
ultiplexing

−
device divides data into blocks that are exactly as large as
the bus is w

ide.

−
device uses bus repeatedly,by

sending one block at a
tim

e.

C
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A
ddress and D

ata M
ultiplexing

•
U

se sam
e lines for address and data

•
E

xam
ple of address and data m

ultiplexing

−
send address on the line and receive data on the sam

e line
later

−
store operation: send address fi

rst follow
ed by data

•
C

om
m

only,few
 lines are kept for control and m

ost lines for
either address/data

C
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A
dvantages and D

isadvantages of M
ultiplexing

•
A

dvantages

−
architect can design a bus w

ith few
er lines

−
higher overall perform

ance for the sam
e num

ber of lines

•
D

isadvantages

−
m

ore tim
e m

ay be needed, exam
ple store takes tw

o
bus

cycles

−
m

ore sophisticated bus protocol, therefore m
ore com

plex
hardw

are

C
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B
us W

idth and Size of D
ata and A

ddress

•
C

hoose a single size for all of the follow
ing

−
bus w

idth

−
register size

−
data value

−
address

A
ddress and data values are

m
ultiplexed over a bus. To

optim
ize perform

ance of the hardw
are, an

arc hitect
chooses a single size for both data item

s and addresses.
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B
us A

ddress Space

•
E

xam
ple of a bus: m

em
ory bus

−
a

devices connected to bus via interface (here processor
and m

em
ories)

−
the interface im

plem
ents bus protocol, handles all

com
m

unication

−
the interface uses control lines to gain access to the bus,
sends addresses or data values as instructed by device
(processor or m

em
ory)

−
the interface alone understands bus details

C
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B
us A

ddress Space

bu
s

p
ro

cesso
r

m
em

o
r y

1
m

em
o

r y
N

...

bus
interface

Physical interconnections of a processor and m
em

ory using a
m

em
ory bus. A

 controller circuit in each device handles the
details of bus access.
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B
us A

ddress Space

•
Program

m
ing interface for bus has only fetch and store

operations

•
E

xam
ple

−
data to be m

oved
from

 m
em

ory to register,processor
issues fetch to bus interface

−
data to be m

oved
to

m
em

ory,processor issues store to the
interface

•
Single address space is divided am

ong different m
em

ories.
A

ll m
em

ory controllers receive the fetch or store, but only
one m

em
ory w

hose address ranges m
atches the request

address responds.
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B
us A

ddress Space

A
lthough an interface receives all requests that pass across the

bus, the interface only responds to requests that contain an
address for w

hich
the interface has been configured

C
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P
otential E

rrors

•
A

ddress conflict

−
B

us error occurs w
hen interfaces are m

isconfi
gured so

they
respond to the sam

e address.

•
Precaution: bus protocols include test for address conflicts

•
U

nassigned address

−
the processor attem

pts to access an address that has not
been confi

gured into any
interface

•
Precaution: bus protocols use tim

eout m
echanism

. If no
response is received

w
ithin a certain tim

e, the processor
hardw

are generates bus error

C
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A
ddress C

onfiguration and Sockets

•
M

em
ory is not installed to cover

all addresses, infact m
em

ory
bus

are designed to accom
m

odate m
em

ory expansion

•
U

se of special sockets helps in
avoiding m

em
ory

confi
guration problem

s

•
A

nother alternative is
to

allow
M

M
U

 to confi
gure socket

addresses w
hen the com

puter boots

To avoid m
em

ory configuration problem
s, architects can

place m
em

ory on sm
all circuit boards that each

plug into a
socketon

the m
other board. A

n ow
ner can install m

em
ory

w
ithout configuring the hardw

are
because each

socketis
configured w

ith the range
ofaddresses to w

hich
the m

em
ory

should respond

C
S250 -- Part IV

29
D

r.R
ajesh Subram

anyan, 2005



M
any B

uses or O
ne B

us?

•
H

igh perform
ance com

puters have m
any

buses, each
optim

ized for a specifi
c purpose

•
A

dvantage of single bus

−
L

ow
er cost and m

ore generality

•
D

isadvantage

−
m

ay not be optim
al for given

purpose

−
m

ay becom
e the bottleneck
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U
sing F

etch-Store
w

ith D
evices

•
B

us only provides transfer m
echanism

, not w
hat the bit

m
eans.

•
D

evice can interpret bits uniquely.E
xam

ple bits m
ay m

ean
control operation, or a data transfer .
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U
sing F

etch-Store
w

ith D
evices

•
Tu

rn
 th

e d
isp

lay
o

n
•

Tu
rn

 th
e d

isp
lay

o
ff

•
S

et th
e d

isp
lay

b
rig

h
tn

ess
•

Tu
rn

 th
e i statu

s lig
h

t o
n

 o
r o

ff

A
n exam

ple of functionality provided by an im
aginary hardw

are
device. B

efore the unit can be attached to a bus, control functions
m

ust be im
plem

ented using the fetch-store paradigm
.
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U
sing F

etch-Store
w

ith D
evices

A
d

d
ress 

O
p

eratio
n

M
ean

in
g

100 − 103
sto

re 
n

o
n

zero
d

ata valu
e tu

rn
s th

e d
isp

lay
o

n
,

an
d

 a zero
d

ata valu
e tu

rn
s th

e d
isp

lay
o

ff

100 − 103
fetch

retu
rn

s zero
if

d
isp

lay
is

cu
rren

tly
o

ff,
an

d
 n

o
n

zero
if

d
isp

lay
is

cu
rren

tly
o

n

104 − 107
sto

re 
C

h
an

g
e

b
rig

h
tn

ess. L
o

w
-o

rd
er fo

u
r b

its o
f

th
e d

ata valu
e sp

ecify b
rig

h
tn

ess valu
e

fro
m

 zero
(d

im
) th

ro
u

g
h

 sixteen
 (b

rig
h

t)

108 − 111
sto

re 
T

h
e

lo
w

o
rd

er sixteen
 b

its each
co

n
tro

l a
statu

s lig
h

t, w
h

ere zero
sets th

e co
rresp

o
n

d
in

g
lig

h
t o

ff an
d

 o
n

e sets it o
n

.

E
xam

ple assignm
ent of addresses, operations, and m

eanings for
the device control functions listed in the above fi

gure.

C
S250 -- Part IV

33
D

r.R
ajesh Subram

anyan, 2005



O
peration of an Interface

•
For a device address is just a set of bits

•
Test is done to see if bits m

atch

•
If

they
m

atch, interface enables circuits to a do fetch or store

C
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U
nified M

em
ory and D

evice A
ddressing

•
A

single bus provides access to both m
em

ory and I/O
 devices

•
I/O

 devices have to
be

giv en
unique addresses to avoid

conflict

•
M

em
ory obviously needs large address space, but isn’ta

single address suffi
cient to identify a device?

−
w

hy sixteen bytes for each device?

−
because, each address for device can be m

apped to a
different function.

C
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U
nified M

em
ory and D

evice A
ddressing

bu
s

p
ro

cesso
r

m
em

o
r y

1
m

em
o

r y
2

d
evice

1
d

evice
2

Illustration of a com
puter architecture that uses a single bus.

B
oth m

em
ories and devices attach to the bus.

C
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U
nified M

em
ory and D

evice A
ddressing

D
evice 

A
d

d
ress R

an
g

e
M

em
o

r y
1

0x000000 
th

ro
u

g
h

 
0x0

fffff
M

em
o

r y
2

0x100000 
th

ro
u

g
h

 
0x1

fffff
D

evice 1
0x200000 

th
ro

u
g

h
 

0x20000b
D

evice 2
0x20000c 

th
ro

u
g

h
 

0x200017

O
ne possible assignm

ent of bus addresses for the set of devices
show

n in the previous fi
gure.
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H
oles in the A

ddress Space

•
H

oles: if there are gaps in the addresses

•
Typically low

est addresses reserved for m
em

ory,and higher
for I/O

 devices

In a typical com
puter,the part of the address space available

to devices is sparsely populated - only a sm
all percentage of

the addresses are
used

C
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P
rogram

 Interface to a B
us

A
processor that has m

ultiple buses provides special instructions
to access each; a processor that has one bus interprets norm

al
m

em
ory operations as referencing locations in the bus address

space.
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B
ridging B

etw
een T

w
o B

uses

•
B

ridge interconnects tw
o

or
m

ore buses

•
U

nique range of addresses assigned for each bus

•
B

ridge translates address for request or reply received
on

one
bus

and forw
ards it to the other bus

•
B

ridge m
akes a set of address on one bus appear in the

address space of another: this is called m
apping

C
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M
ain and A

uxillary buses

•
To

the processor bridge is transparent, i.e. it doesn’tneed to
know

about the auxillary bus.

•
H

ow
ev er, softw

are m
ust understand about the m

apping

A
bridge

is
a

hardw
are

device that interconnects tw
o buses

and m
aps addresses betw

een them
. B

ridging allow
s a

com
puter to have one or m

ore
auxillary buses that are

accessed through the com
puter’s

m
ain bus.
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M
ain and A

uxillary buses

availab
le

fo
r

m
em

o
r y

0 availab
le

fo
r

m
em

o
r y

availab
le

fo
r

d
evices

ad
d

ress sp
ace

o
f m

ain
 bu

s

0

ad
d

ress sp
ace

o
f au

xiliary
bu

s

not
m

apped
m

apping the
bridge

supplies

M
apping that a bridge can provide betw

een the address space of
an auxillary bus and the address space of a m

ain bus. O
nly som

e
bus

addresses need to be m
apped.
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Sum
m

ary

•
B

us is a fundam
ental m

echanism
s to interconnect m

em
ory,

I/O
 devices, and processors w

ithin a com
puter system

.

•
E

ach bus defi
nes a protocol that devices use to access bus.

Fetch-store paradigm
 form

s the basis of the protocols

•
C

ontrol, data and address inform
ation is passed over

the bus,
w

ires m
ay be shared for better perform

ance

•
B

us defi
nes address space w

hich m
ay have holes.

•
M

ultiple buses m
ay be connected by bridge w

ith addresses
being m

apped betw
een the m

ultiple buses or m
ain and

auxillary bus.
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