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Quando LA
Ns eram us

adas isolad
amente (al

go raro atu
almente), e

ram projet
adas para p

ermitir 
que os recu

rsos fossem
 compartil

hados entr
e os hosts. 

Como vere
mos em br

eve, hoje e
m dia, LAN

s 
são conect

adas umas
 às outras 

e com WA
Ns (discut

idas a segu
ir) para cri

ar comuni
cações em

 um 
nível mais

 amplo. 
Re

de
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 lo
ng

a d
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ân
cia

 
Uma rede

 de longa 
distância 

(WAN -W
ide Area N

etwork) é 
também um

a interligaç
ão de disp

o­
sitivos cap

azes de se
 comunica

r. No enta
nto, existe

m alguma
s diferença

s entre um
a LAN e u

ma 
WAN. A L

AN norma
lmente tem

 tamanho 
limitado, e

stendendo-
se por um

 escritório
, edificio 

ou 
ca

mp
us

, enquanto
 uma WAN

 tem uma 
extensão g

eográfica 
maior, abr

angendo u
ma cidade

, um 
estado, um

 país, ou m
esmo o mu

ndo. Uma 
LAN inter

liga hosts; 
uma WAN

 interliga d
ispositivos

 de 
conexão co

mo swilch
es

, roteadore
s ou mode

ms. Uma L
AN norma

lmente é p
ropriedade

 privada da
 

organizaç
ão que a u

tiliza; uma
 WAN, po

r sua vez, 
costuma s

er criada e
 operada p

or empres
as 

de comuni
cação e alu

gada por um
a organizaç

ão que a ut
iliza. Enco

ntramos do
is exemplo

s distintos d
e 

WANs hoj
e em dia: W

ANs ponto
 a ponto e 

comutadas
 (ou WAN

s de comut
ação). 

W
AN

 p
on

to
 a 

po
nt

o 
Uma WAN

 ponto a p
onto é um

a rede que
 conecta d

ois dispos
itivos de c

omunicaçã
o usando u

m 
meio de tr

ansmissão
 (cabo ou 

ar). Verem
os exempl

os dessas 
WANs qua

ndo discut
irmos as c

one­
xões entre

 as redes. A
 Figura 1.2

 mostra um
 exemplo 

de uma WA
N ponto a 

ponto. 
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Uma WAN
 comutada

 é uma red
e com mai

s de duas e
xtremidade

s. A WAN
 comutada

, como ver
e­

mos em br
eve, é util

izada no b
ac

kb
on

e 
das comun

icações gl
obais atua

is. Pode-se
 dizer que

 uma 
WAN com

utada é um
a combina

ção de vár
ias WANs

 ponto a p
onto que s

ão ligadas
 por meio 

de 
sw

itc
he

s. 
A Figura 1

.3 mostra u
m exemplo

 de uma W
AN comut

ada. 
Int
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xã
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e r

ed
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tern

etw
or

k
Atualment

e, é raro ve
r uma LAN

 ou WAN i
solada, poi

s elas são c
onectadas 

umas às ou
tras. Quand

o 
duas ou m

ais redes e
stão conec

tadas, elas
 criam um

a i11ternet
wo

rk
 ou intern

et
. Como ex

emplo, 
suponha q

ue uma or
ganização 

tem dois e
scritórios: 

um na cos
ta oeste e 

outro na c
osta leste 

dos 
Estados U

nidos. Cad
a escritóri

o tem um
a LAN qu

e permite 
que todos 

os funcion
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e os escritó
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et. 

---L
-, Capítulo1 Intr

odu
ção

 

P
ar

a 
o

u
tr

a 
re

d
e 

P
ar

a 
o

u
tr

a 
re

d
e 

Fig
ura

 1.
3 

WA
N 

co
mu

tad
a. 

P
ar

a 
o

u
tr

a
 

re
d

e 

P
ar

a 
o

u
tr

a
 

re
d

e 

L
e

g
e

n
d

a
 

[Ô
 sw

;,c
i, 

]
 

-
M

e;
o 

de
 c

on
ex

ao
 

WA
Ns

 se
rão

 di
sc

ut
ida

s e
m 

ma
is 

de
tal

he
s n

os
 Ca

pít
ulo

s 5
 e 

6. 

W
A

N
 

R
2 

p
o

n
to

 a
 p

o
n

to
 

L
 

r 
R

o
te

ad
o
r 

E
sc

ri
tó

ri
o
 n

a 
co

st
a 

o
es

te
 

Fig
ura

 1.
4 

fn
te

rn
et

w
or

k c
om

po
sta

 de
 du

as
 LA

Ns
 e 

um
a W

AN
 po

nto
 a 

po
nto

. 

E
sc

ri
tó

ri
o

 n
a

 c
o

st
a
 le

st
e 

L
A

N
 

Q
ua

nd
o 

um
 h

os
t n

o 
es

cr
itó

rio
 d

a 
co

sta
 o

es
te

 e
nv

ia
 u

m
a 

m
en

sa
ge

m
 p

ar
a 

ou
tro

 h
os

t n
o 

m
es

m
o 

es
cr

itó
rio

, o
 ro

te
ad

or
 b

lo
qu

ei
a 

a 
m

en
sa

ge
m

, m
as

 o
 s

wi
tc

h 
a 

di
re

ci
on

a 
pa

ra
 s

eu
 d

es
tin

o.
 P

or
 o

ut
ro

 
la

do
, q

ua
nd

o 
um

 ho
st

 n
a 

co
sta

 o
es

te
 e

nv
ia

 u
m

a 
m

en
sa

ge
m

 a
 u

m
 ho

st
 n

a 
co

sta
 le

ste
, o

 ro
te

ad
or

 R
 1 

en
ca

m
in

ha
 o

 p
ac

ot
e 

pa
ra

 o
 ro

te
ad

or
 R

2,
 e

 o
 p

ac
ot

e 
ch

eg
a 

ao
 se

u 
de

sti
no

. 
A

 F
ig

ur
a 

1.5
 m

os
tra

 o
ut

ra
 in

te
rn

et
 c

om
 v

ár
ia

s L
A

N
s 

e 
W

AN
s 

co
ne

ct
ad

as
. U

m
a 

da
s 

W
A

N
s é

 
um

a 
W

AN
 c

om
ut

ad
a 

co
m

 q
ua

tro
 sw

itc
he

s 

1.1
.2

 C
om

ut
aç

ão
 

D
iss

em
os

 q
ue

 u
m

a 
in

te
rn

et
 é

 u
m

a 
co

m
bi

na
çã

o 
de

 e
nl

ac
es

 (o
u 

lin
ks

) e
 s

wi
tc

he
s, 

co
m

o 
os

 s
wi

tc
he

s 
da

 c
am

ad
a 

de
 e

nl
ac

e 
e 

os
 r

ot
ea

do
re

s q
ue

 u
sa

m
os

 n
as

 se
çõ

es
 a

nt
er

io
re

s. 
N

a 
ve

rd
ad

e,
 u

m
a 

in
te

rn
et

 
é 

um
a 

re
de

 c
om

ut
ad

a 
na

 q
ua

l u
m

 s
wi

tc
h 

co
ne

ct
a 

pe
lo

 m
en

os
 d

oi
s 

en
la

ce
s. 

U
m

 s
wi

tc
h 

pr
ec

isa
 

en
ca

m
in

ha
r d

ad
os

 v
in

do
s 

de
 u

m
 e

nl
ac

e 
pa

ra
 o

ut
ro

 q
ua

nd
o 

ne
ce

ss
ár

io
. O

s d
oi

s t
ip

os
 m

ai
s 

co
m

un
s 

de
 re

de
s d

e 
co

m
ut

aç
ão

 sã
o 

as
 re

de
s d

e 
co

m
ut

aç
ão

 d
e 

ci
rc

ui
to

s e
 a

s r
ed

es
 d

e 
co

m
ut

aç
ão

 d
e p

ac
ot

es
, 

qu
e 

se
rã

o 
di

sc
ut

id
as

 a 
se

gu
ir.

 

Re
de

 de
 co

mu
taç

ão
 de

 ci
rc

uit
os

 
Em

 u
m

a 
re

de
 d

e 
co

m
ut

aç
ão

 d
e 

ci
rc

ui
to

s, 
um

a 
co

ne
xã

o 
de

di
ca

da
, c

ha
m

ad
a 

de
 c

irc
ui

to
, e

stá
 se

m
­

pr
e 

di
sp

on
ív

el
 e

nt
re

 o
s d

oi
s s

ist
em

as
 fi

na
is;

 o
 sw

itc
h 

ap
en

as
 at

iv
a o

u 
de

sa
tiv

a e
sta

 co
ne

xã
o.

 A
 F

ig
u­

ra
 1

.6
 m

os
tra

 u
m

a 
re

de
 co

m
ut

ad
a 

m
ui

to
 si

m
pl

es
 q

ue
 co

ne
ct

a q
ua

tro
 te

le
fo

ne
s e

m
 c

ad
a 

um
a d

e 
su

as
 

ex
tre

m
id

ad
es

. U
sa

m
os

 ap
ar

el
ho

s t
el

ef
ôn

ic
os

 e
m

 ve
z d

e 
co

m
pu

ta
do

re
s c

om
o 

sis
te

m
as

 fi
na

is 
po

rq
ue

, 



1.1 Visão 
geral da lnt

ernetj __
___

__
 _ 

W
A

N
 

M
od

e m
 ••

••
 _p

on
to

 a 
po

nt
o •

••
• ...

___
,.

---,
,...,.

�
 

Re
sid

ên
ci

a 
W

AN
 co

mu
tad

a 

W
A

N
 

Ro
tea

do
r 

� 
po

nt
o 

a p
on

to
 

W
A

N
 

� 
po

nt
o 

a p
on

to
 

Ro
tea

do
r 

Fig
ur

a 1
.5

 Rede hetero
gênea compo

sta por quatr
o WANs e trê

s LANs. 

Fig
ur

a 1
.6

 Rede de com
utação de cir

cuitos. 
no passado

, a comuta
ção de circ

uitos era m
uito comum

 nas redes 
telefônicas

, embora p
arte da red
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de telefoni

a atual seja
 uma rede 

de comuta
ção de pac

otes. 
Na figura 

anterior, o
s quatro te
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 cada lado

 são ligado
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ônico de u
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Vejamos d
ois casos. 
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o ocupado

s; quatro 
pessoas de
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o com qua
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ha grossa 

é 
totalmente

 utilizada.
 No segun

do caso, a
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aparelho t
elefônico 

de um lad
o está liga

do a 
um aparel

ho telefôn
ico do out
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 um quarto
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ha grossa 
é usado. Is

so 
significa q
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de de com

utação de 
circuitos é

 eficiente 
apenas qu
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com sua c
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aior parte 
do tempo,
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ciente porq
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a apenas c
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e parcial. 
A razão p

ela qual é 
necessário

 fazer com
 que a cap
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ssa 
seja quatr

o vezes a 
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enlace de 

voz é que
 não quere

mos que a
 comunica
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se
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 d
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he
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s d
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s d
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 d
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 c

on
ec

ta
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 te
le

fô
ni
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m
a 

ve
z 
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e 

a 
m
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ia
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de
 te

le
­

fo
ni
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á 
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 c
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te
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et
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m
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 c
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ex

ão
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a 
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dê
nc
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qu
en
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é 

tro
ca
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a 

de
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 c

en
tra
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ic
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 d
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m

 c
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m
 

m
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te

le
fô

ni
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er
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r d
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m
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oz
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­
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r f
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 u

m
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 p
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fô
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 p
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 p
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 C
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 d
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 c
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et

 c
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 d
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 c
on

su
m

id
or

es
 co

m
eç

ar
am

 a 
us

ar
 os

 s
er

vi
ço

s d
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 d
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s d
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 c
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m
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m
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a 
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r 
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te
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iç
o 
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m
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e d
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id
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 d
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úm

er
o 

de
 v
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D
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s d
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 c
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m
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 c
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A
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s d
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r c
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o d
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 c
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 s
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 f
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 d
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 p
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e c
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 c
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l d
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 d
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s d
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r c
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s p
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, p
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r c
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 d

e 
ha

rd
wa

re
 e

 so
ftw

ar
e 

sã
o 

co
or

de
na

da
s e

nt
re

 si
 u

sa
nd

o 
pro

to
co

lo
s e

m 
ca

ma
da

s. 

1.2
 

PR
OT

OC
OL

O 
EM

 C
AM

AD
AS

 
U

m
a 

pa
la

vr
a q

ue
 o

uv
im

os
 o

 te
m

po
 to

do
 q

ua
nd

o 
fa

la
m

os
 so

br
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 d
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s p
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 c
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a c
om

un
ic

aç
ão

 é 
co

m
pl

ex
a, 

ta
lv

ez
 se

ja
 

pr
ec

iso
 d
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 d
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 d
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 p
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 c
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 c
om
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a c
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 c
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 c
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 d
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 c
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e d
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a d
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r f
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, c
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og
o:

 a
m

ba
s d

ev
em

 te
r o

po
rtu
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 d
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 d
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m
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 m
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m
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o 
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r f
al

a 
a 

m
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 d
o 

te
m

po
, e
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et

o 
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an
do

 u
m

 a
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no
 te

m
 u

m
a 

pe
rg

un
ta

, s
itu

aç
ão

 n
a 

qu
al

 o
 p

ro
to

co
lo

 d
ita

 q
ue

 o
 a

lu
no

 d
ev

e 
le

va
nt

ar
 a

 m
ão

 e 
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ua
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ar
 p

en
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ão
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ar

a f
al

ar
. N
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te
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so
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a 

co
m

un
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ão

 c
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m
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 e
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m
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as

su
nt
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en
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ad
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N
o 
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ná
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, v
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 re

ce
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er
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 p
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 m
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 p
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e 
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 d
e 
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 c
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tin
ua
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m
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m

 p
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 p
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ne

gó
ci

o 
qu

an
do

 a
m

ba
s 

se
 a

po
se

nt
ar

em
. 

El
as

 d
ec
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 c
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 c
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a d
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a c
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m
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 d
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 d
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 d
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, d
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 c
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s c
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 c
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