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Introduction

•
Previous parts covered tw

o
m

ajor com
ponents

−
processor

−
m

em
ories

•
T

his part covers the third significant com
ponent

−
input and output (I/O

)
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Input and O
utput D

evices

•
E

xam
ples of old interfaces

−
m

anual sw
itches for input, sequence of lights for output

•
E

xam
ples of current interfaces

−
keyboard, m

ice, m
onitors, disks, printers, audio speakers
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C
ontrol of E

xternal D
evice

•
E

arly external devices

−
separate independent units housed separately

−
received

control signals from
 C

PU

−
received

separate pow
er supply

•
M

odern external devices

−
these also receive control signals from

 the processor
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C
ontrol of E

xternal D
evice

extern
al d

evice

p
ro

cesso
r

circu
it

. ..

to
 p

o
w

er so
u

rce

digital signals

electrical signalslights

E
xam

ple of an early external device: a set of lights controlled by
a

processor.T
he device contains circuitry that converts incom

ing
signals into the signals needed to operate the device.
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D
ata T

ransfer

•
Prim

ary function of external device is data transfer

•
Q

uestions regarding data transfer

−
how

 is
data com

m
unicated

−
how

 is
transfer controlled, w

ho initiates the transfer

−
w

hat m
echanism

s are needed for the highest speed
transfers

•
Interface controller

−
hardw

are that provides the interface to an external device

−
controllers are needed at both ends (processor and device)
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Serial and P
arallel D

ata T
ransfer

•
Parallel interface

−
allow

s transfer of m
ultiple bits of data sim

ultaneously

−
interface consists of m

any
w

ires

−
num

ber of parallel w
ires is called interface w

idth, e.g. 8
bit interface

•
Serial interface

−
one bit transferred at a tim

e

−
advantage: few

er w
ires, one for signal, one for ground

−
disadvantage: increased delay,slow

er transfer
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C
locks

•
Processors and I/O

 devices have ow
n clocks w

hich operate at
different rates

•
H

ow
 does the interface accom

m
odate difference in clock

rates?

•
Self clocking data

−
m

echanism
 w

here signals sent across interface contain
inform

ation that allow
s the receiver

to
determ

ine how
the

sender encoded the data
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F
ull-D

uplex and H
alf-D

uplex Interaction

•
Full duplex

−
bidirectional, sim

ultaneous transfer

−
tw

o parallel devices w
ith tw

o
independent set of w

ires.

−
one set to transfer in each direction.

•
H

alf duplex

−
transfer in one direction at a tim

e

−
single set of w

ires connecting processor and external
device m

ust be shared

−
need to negotiate direction, start and finish of transfer
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Interface L
atency and T

hroughput

•
L

atency

−
delay betw

een the tim
e a bit is sent and the tim

e the bit is
received

−
how

 long to transfer a single bit.

−
units is nanoseconds

•
T

hroughput

−
num

ber of bits that can be transferred per unit tim
e

−
units is M

egabits per second (M
bps), or M

egabytes per
second (M

B
ps)
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Interface L
atency and T

hroughput

T
he latency of an interface is a m

easure
ofthe tim

e required to
perform

 a transfer,the throughput of an interface is a m
easure

of
the data that can be transferred per unit tim

e.
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M
ultiplexing

•
W

ider parallel interface m
eans m

ore pins are needed

•
M

ore pins for interface m
eans few

er pins for other functions

•
Full-duplex

uses tw
ice the num

ber of pins as half-duplex

•
C

om
prom

ise - lim
ited parallelism

−
hardw

are breaks large data transfer into pieces and sends
one piece at a tim

e

−
m

ultiplexor and dem
ultiplexor are hardw

are at sending
and receiving ends
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M
ultiplexing

u
n

it 1
u

n
it 2

u
n

it 3
u

n
it 4

64 b
its o

f d
ata to

 b
e tran

sferred

m
u

ltip
lexin

g
 h

ard
w

are

d
em

u
ltip

lexin
g

 h
ard

w
are

u
n

it 1
u

n
it 2

u
n

it 3
u

n
it 4

d
ata reassem

b
led

 after tran
sfer

parallel interface
16 bits side

Illustration of the transfer of sixty-four bits of data over
a

sixteen
bit interface. M

ultiplexing hardw
are divides the data into sixteen

bit units and sends one unit at a tim
e.
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M
ultiplexing

M
ultiplexing is used to construct an I/O

 interface that can
transfer arbitrary am

ounts of data over a fixed num
ber of

parallel w
ires. M

ultiplexing hardw
are

divides the data into
blocks and transfers

each
block

independently.
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P
rocessor’s

V
iew

 of I/O

A
processor does not access external devices directly.Instead,

the processor uses a program
m

ing interface to pass requests to
an interface controller,w

hich
translates the requests into the

appropriate external signals
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Sum
m

ary

•
C

om
puter system

s interact w
ith external devices to control or

transfer data

•
Interface can be serial or parallel, the num

ber of bits in
parallel that can be sent sim

ultaneously is the w
idth

•
L

atency
and throughput m

easure interface perform
ance,

latency
is

the tim
e taken to transfer a bit, w

hile throughput is
the num

ber of bits sent per unit tim
e

•
E

xternal connections are not arbitrarily w
ide- this w

ould
need too m

any
pins

•
M

ultiple external device can attach to single external
connection, interface controller handles the com

m
unication
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