Ethernet
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Circulo de tecnologia Eth




Ethernet technology is onipresente.

Mais de 85% de todas as conexdes

instaladas séo Eth (IDC-1997)

Isso significa mais de 118 milhdes de

PCs,workstations e servers.

,dAs conexdes restantes sdo uma combinacao
e

— Token Ring,

— Fiber Distributed Data Interface (FDDI),
— Asynchronous Transfer Mode (ATM)

— Qutras tecnologias
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A tecnologia dominante

Todos os sistemas populares e aplicagdes séo Ethernet-
compatible, como também sédo as camadas superiores
dos protocolos:

— Transmission Control Protocol/Internet Protocol (TCP/IP),

— IPX,

— NetBEUI

— DECnet.

O ano de 1998 foi marcante para o Eth no mercado de
NICs

86% das vendas
48 milhdes de unidades




* EMm termos de portas roram excedidas 4o
milhdes em hubs/switches.

* Em contraste, ATM, FDDI/CDDI e Token Ring

Combinados ficaram préximos de 5 milhdes
em1998, 10 % do total.

* Em termos de portas de concentradores
(hubs/switches) ATM, FDDI/CDDI e Token Ring
chegaram a 4 milhdes, 7 % do total.
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A banda e o eth

figure 1. Ethernet bandwidth evolution since 1973

Bandwidth Evolution

1xx Gbps

1994 100 Mbps




* NOVOS suplementos recebem uma.
designacao de letra quando s&o criados.

 Quando o suplemento tiver completado o
processo de padronizacao,
 ele se torna parte do padrao basico

* e nao € mais publicado como um documento
suplementar separado.

« Por outro lado, vocé as vezes encontrara
alguma literatura referindo-se ao
equipamento Ethernet

« com a letra do suplemento em que a
variedade foi desenvolvida inicialmente
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Suplementos IEEE

* (por exemplo, IEEE 802.3u pode ser
usado como referéncia ao Fast
Ethernet).

A Tabela relaciona diversos
suplementos e a que eles se referem.

» As datas indicam quando ocorreu a
aceitacao formal do suplemento ao
padrao.
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802.3a- 1985 10BASE?2 thin Ethernet

802.3c- 1985 10 Mbps repeater specifications, clause 9
802.3d- 1987 FOIRL fiber link

802.3i- 1990 10BASE-T twisted-pair

802.3)- 1993 10BASE-F fiber optic

802.3u- 1995 100BASE-T Fast Ethernet and Auto-
Negotiation

802.3x- 1997 Full-Duplex standard

802.3z- 1998 1000BASE-X Gigabit Ethernet

802.3ab- 1999 1000BASE-T Gigabit Ethernet over twisted-
pair

802.3ac- 1998 Frame size extension to 1522 bytes for VLAN
tag

802.3ad- 2000 Link aggregation for parallel links
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10BASE-2
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As subcamadas do Eth

Camada 7 Aplicativo

Camatab  Apsertogio.
Camatas  Sesson |
Camada l4 -----------------

[EEEEE [ Especifico do Ethernet

Subcamada Logical
Link Contral (LLC)




DATA LINK LAYER

Other Sublayers

Medium Access Control (MAC) Sublayer

PHYSICAL LAYER
Part that does not depend on the medium

Translate to and from a special encoding (4B/5B).
Provide logic for transmit, receive,
and collision detection functions.

Part that depends on the medium

Send/receive physical signals onto the medium.
Implement physical connectivity
via specified plugs and jacks.

J
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Application Layer

Presentation Layer

Session Layer

Transport Layer

Network Layer

Data Link Layer

Nome das PDUSs

"Messages"

TCP Segment(s)

|P Datagram or Packet

Frame




Bit stream

(a) Binary encoding

{¢) pitterantial

Manchester encoding

Ethernet does not use diiferential\

Manchester encoding, but other

Al EUIElTIel sSystcillio ust lviallulicestiel clituuinly
due to its simplicity.

The high signal is + 0.85 volts and the low signal
is - 0.85 volts, giving a DC value of 0 volts.

() Manchester encoding I | ) | J

L

Transition hare

LT L

1]

mli

Lack of transition here

LANs (e.g., the 802.5 token ring) do indicates a 0 indicates a 1
use |t At bt bbbt KM 15
O frame
7bytes 1byte 6 bytes G bytes 2bytes  46-1500 bytes 4 bytes
Preamble | Startof | Destination | Source |Length Data Field Frame
Frame Mac Magc of Check
Delimiter|  Address Address | Data Seguence
[SFD) Field (FCS)
(cyelical
redundancy
check)

minimum of 64 bytes, maximum of 1518 bytes

O tamanho do campo de dados € usado agora, ao contrario do eth
original, para especificar quanto de dados existe no campo a

seguir

Ouando forem 1500 ou menos. o campo é usado para desianar o




7hbytes 1byle 6Dbyles 6byles 2 byles J4-1484 Dytes 4 byles
(depending on
Control field length)
Preamble | Startof | Destination | Source |Length| Data Field Frame
Frame Mac Mac of Check
Delimiter| Addrass | Address | Data Sequence
(SFD) Fiel FCS)
DSAF | SSAP [Control (Cyclical
redundancy
check)
1 byte lor2
each bytes each

minimum of €4 bytes, maximum of 1518 bytes

Source
Address

Destination

Preamble Address

Type/Length LLC

Vendor User Value DSAP SSAP Conttrol
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DSAP
(1 byte)

SSAP
(1 byte)

Control
(1 or 2 bytes)
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Campo de dados
(46 a 1500 bytes)

Esse campo carrega o
datagrama
A unidade maxima de
transferéncia (MTU) da Ethernet
€ 1500 bytes.

Isso significa que, se o
datagrama IP exceder 1500
bytes,

O host tera de fragmentar o
datagrama,

0 tamanho minimo do campo de
dados é 46 bytes.

Isso significa que, se um
datagrama IP tiver menos do
gue 46 bytes,




 Quando se usa enchimento, os dados
passados a camada de rede contém o
recheio, bem como um datagrama IP.

» A camada de rede usa o0 campo de
comprimento do cabecalho do
datagrama IP para remover o
enchimento.
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Endereco de destino

* (6 bytes). Esse campo contém o endereco de
LAN do adaptador de destino,

* OuU seja, BB-BB-BB-BB-BB-BB.

* Quando o adaptador B recebe um quadro
Ethernet com um endereco de destino que
nao é seu proprio endereco fisico, BB-BB-
BB-BB-BB-BB

* nem o endereco de broadcast da LAN
(FFFFFFFFFFFF)

* ele descarta o quadro.

P o Y B A [ T AR [




(b bytes)

Esse campo contém o endereco de LAN
do adaptador

gue transmite o quadro para a LAN,

Ex: AA-AA-AA-AA-AA-AA.
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Campo de tipo

(2 bytes). 0 campo de tipo permite que a Ethernet 'multiplexe’ os
protocolos de camada de rede.

os hosts podem usar outros protocolos de camada de rede
além do IP.

De fato, um dado host pode suportar multiplos protocolos de
camada de rede e usar diferentes protocolos para diferentes
aplicacdes.

Por essa razédo, quando o quadro Ethernet chega ao adaptador
B, este precisa saber para qual protocolo de camada de rede
ele deve passar (isto €, demultiplexar) o contetido do campo de
dados.

0 IP e outros protocolos de camada de rede (por exemplo,
Novell IPX ou AppleTalk) tém seu préprio nimero de tipo
padronizado.

Além disso, o protocolo ARP tem seu préprio nimero de tipo.
Note que o campo de tipo é analogo ao campo de protocolo no
dataarama de camada de rede e aos campos de numero de




DLZ: Frame 1 arrived at 12:09:34 0000; frame =size 1=z &0
(003C hex) hytes.
DLC: Destination = BROADCAST FFFFFFFFFFFF, EBroadcast
DLC: dource = gtation ExcelnZ0l98Z
DLC: Ethertwe = 08046 (ARP)
DLC:
ARP: ———-- ARP/RARE frame —-——--—
ARF
(28 byte ARP message)
ARP
ARF: 18 bytes frame padding
ARP
HEX
£f ££f £f £f ££ ££f 08 00 14 20 19 82 08 05 00 01
08B 00 06 04 00 01 08 00 14 20 19 82 81 h4 19 02
00 00 00 00 00 00 B1 54 19 fe 01 01 00 00 26 3d
23 d9 00 00 00 00 6k 69 6o g 6a 6f
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Hex Value Decimal Value Content of the Data
Field
o800 2048 IP datagram
08-06 2054 Address Resolution
Protocol (ARP)
message
0B-AD 2989 Banyan VINES
80-9B 32923 AppleTalk data units
80-D5 32981 IBM SNA services over
Ethernet
81-37, 81-38 33079, 33080 NetWare data units
86-DD 34525 IP Version 6 datagram
60-03 24579 DECnet Phase IV




(4 bytes). inalldade do campo de CRC e
permitir que o adaptador receptor, o adaptador
B,

detecte se algum erro foi introduzido no quadro,
isto &, se 0s bits do quadro foram trocados.

Dentre as causas de erro nos hits estao
— a atenuacao da forga do sinal

— e a energia eletromagnética ambiente que perpassa
os cabos e as placas de interface Ethernet.
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Processo de deteccéo

Quando o hospedeiro A monta o quadro Ethernet, ele calcula
um campo de CRC,

gue é obtido com base em um mapeamento dos outros bits
presentes no quadro (exceto os bits do predmbulo).

Quando o host B recebe o quadro, ele aplica 0 mesmo
mapeamento ao quadro

e verifica se o resultado do mapeamento é igual ao que esta no
campo de CRC.

Essa operacdo é chamada, no hospedeiro receptor, de
verificac8do de CRC.

Se a verificagdo de CRC falhar (isto é, se o resultado do
mapeamento ndo for igual ao contetdo do campo de CRC),

0 hospedeiro B sabera que h&a um erro no quadro.
O quadro é dropado

O emissor n&o é avisado

— Sem conexao,
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Tipos de erros
| Bad FCS e Misaligned Frames |

Frame Check Sequence (FCS) error.

A camada MAC computa um valor de cyclic redundancy
check (CRC),

Baseado no contetdo do frame
E toca o valor no campo FCS

E possivel que o valor tenha saido errado da origem,
devido a problemas de HW

Também é possivel que o NIC que manda o frame nédo
esteja transmitindo corretamente os bits.

Mas a maioria dos erros € devida a ruidos,
interferencias e outros

Quando voce estiver monitorando o nivel de BAD FCS e
essa coisa passar de 2 a 3% da banda utilizada, vocé

v a1 vt o~ EFAamtA~s A AaA A N v e




ulh rdnt e uin Irarme €t rmenor gue o talmanmno mirmimao
de 64 bytes

Lembre-se que uma NIC deve transmitir um pacote por
um periodo de tempo igual ao RTT antes de parar a
transmissao

Caso contrario, a NIC ndo pode detectar a colisao

O tempo maximo de propagacéo para o eth € de 51.2
microssegundos

Que é o total de tempo necessario para transmitir 64
bytes
O preambulo nao esta computado nesse calculo
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Razoes para o Runt

Colisoes
Placas histericas
Portas detonadas

Erros de
topologia

\




» Algumas vezes a NIC
produz frames
maiores que o
m’aximo permitido

* O giant frame error

eh o oposto ao runt
error
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Razoes para o gigante

» A defective NIC that is transmitting
continuously.

» Os bits que indicam o tamanho do frame
podem estar errados

* Ruido no cabo pode ser interpretado como
parte do frame, mas isso hormalmente eh
detectado pelo FCS




¢ U IElhmo jaboerl € ITditas VveZEs susall pal

referenciar frames muito grandes

Mas na real, ‘e um termo gen’erico para indicar
um dispositivo mal comportado (not following
the rules)

Uma placa pode mandar os frames muito
grandes

Ou mandar ininterruptamente,

Esse tipo de erro pode derrubar qualquer rede,
porque as placas boas ficam esperando
Indefinidamente pelo acesso

Unisul - Redes de Computadores CERUTTT
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Preambulo

(8 bytes). 0 quadro Ethernet comeca com um campo de
preambulo de 8 bytes.

Cada um dos primeiros 7 bytes do preambulo tem um
valor de 10101010;

o ultimo byte é 10101011.

Os primeiros 7 bytes do preadmbulo servem para
“despertar' os adaptadores receptores e sincronizar o
relogio deles com o relogio do remetente.

Por que os reldgios poderiam estar fora de
sincronizacao?

Tenha em mente que o adaptador A visa a transmitir o
gua_droc? 10 Mbps, 100 Mbps ou 1 Gbps, dependendo
o tipo de




Dependendo da ferramenta usada para
monitorar a rede

O numero de erros tipos diferentes pode
variar

Por exemplo, erros de frame desalinhado
usualmente possuem tambem FCS errado.
Alguns analizadores podem computar 2 erros
para 0 mesmo evento

Enquanto outros podem computar somente
um ou somente outro

Leia o manual da ferramenta, se voce for
capaz!!!
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Broadcast Storms

Broadcast storms ocorrem quando algum
dispositivo da rede gera trafego

Que induz os demais a gerar mais trafego ainda

Embora esse trafego adicional possa ser devido
a falhas fisicas,

Nos dispositivos ou no cabeamento,

Normalmente eles sao causados pelos
protocolos de nivel mais alto




vllia vivauuaost owWwilil © Luloa
feia...

O maior problema para
detectar é ter acesso a rede

Broadcast storms deixam a
rede lenta, e podem derrubar
a miseravel

Um trafego normal de
broadcast é de 100 frames por
segundo ou menos

Quando esse valor aumenta
para mais de 100
frames/segundo, pode haver
um problema

Uma placa precisa ser
derretida

Ou o dominio de colisao
precisa ser motosepragdoredes de Computadores  CeguTTT a7

Monitorando os Erros

» Existem varias ferramentas para monitorar
erros

* Um network analyzer, por exemplo, Network
Sniffer from Network General,

* Mostra informacdes dos contetudos
— dos frames que contem erros,
— runts,
— jabbers
— CRC,
— E alignment errors.

» Para geréncia centralizada em uma rede
séria, nada melhor que o SNMP e o RMON




Prego Ratio 2.0 15
dos eth

Switch PerPort Average Price 1996 1998
Ethemet 5440 5215
Fast Ethernet 5716 5432
Ratio 1.6 2.0
MIC Per-Port Average Price 1996 1998
Ethamst 5 68 § 35
Fast Ethernet 5122 5 T4
Ratio i8 2.2

unisul - Reaes de computaaores =1
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Algoritmo do CSMA/CD

Carrier Sense Multiple Access / Collision Detection

« E um método de acesso ao meio com
contencao (quando detecta coliséo,
contém a transmissao)

» Perde até 40% da eficiéncia em grandes
trafegos

* Nao utiliza niveis de prioridade




Um sistema que queira transmitir precisa esperar até que o barramento

esteja em siléncio

Ou seja, ninguém mais esta transmitindo

Somente € permitido a um frame atravessar o barramentto em um dado
instante.
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C transmits frame addressed o A

IBDIBEF

Frame is not addressed to B; B ipnores il

B
2 B
5 B B




colidir

E cada uma delas devera
esperar um tempo
aleatorio

Antes de tentar novamente
Esse conjunto de regras é
o Carrier Sense Multiple
Access with Collision
Detection (CSMA/CD).

nauv

R YW W

A's fransmission E E’

C's transmission

Signal on bus Fr7A
TIME 1,
Als i i @ _./i
C's transmission E §
Signal on bus ~ F7r #Z I NNINN |
TIME t,
Alstr jssi @ 7 A
T A S
Signal on bus [, T TIVTEN |
TIME ty
Als i i @ 7 4
—

Todos os sistemas ouvem 0 meio e
percebem cada frame que esta sendo

transmitido.

Cada frame possui em seu cabecalho os
enderecos de origem e destino




] &}
51 S1 start transmission, 52
just bafora tima t, + X
(L 8]
St 52
Bils have nt quite reached $2.
S2 starts transmission.
limet, + X >
l O
St - 2
$2 detects that collision has occurmed.
lmet, + 5
e
S o
51 Half the stations delect that =
colision has occurred.
lime t,+2X

utadores CERUTTT

45

Algoritmo do CSMA/CD




a7

10BASE?2 Collision Domain Parameters

Parameter or Characteristic

Value

Topology Branching bus
Type of segment cable Thin 50-ohm coax
Connector BNC
Maximum length of a segment 185 meters
Maximum propagation delay for a segment 950 nanoseconds
Maximum number of nodes (stations and repeaters) that | 30
can be attached to a segment
Minimum distance between two nodes .5 meter
Maximum collision domain diameter 925 meters
Maximum number of cable segments traversed between |5
a source and destination

4

Maximum number of repeaters between a source and




* O padrao eth original, com cabo coaxial,
SO conseguia transmissao half duplex.

* Isso pq o sinal em banda basica ocupava
toda a banda passante.
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10Mbps Twisted-Pair Transmission

e 10Base-T carries data across two twisted pairs of wire. Data is transmitted
from a system on one pair and is received on the other pair. The term
twisted-pair refers to two wires wrapped around each other. For 10BASE-T,
the same signal is sent across both of the wires in a pair but with reverse
polarity. This means that when a positive voltage is placed on one wire, an
equal negative voltage is placed on the other.

e There is a good reason for this. A current sent down a copper wire creates
an electromagnetic field that induces currents in nearby wires. Some people
experience this effect (called crosstalk) during a telephone call when they
suddenly begin to hear a conversation taking place on another set of wires.

* When two wires carrying these reversed signals are twisted around one
another, the electromagnetic fields around each wire come very close to
canceling each other out. The arrangement is called abalanced cable. The
more twists per foot, the better this works. The number of twists ranges from
2 to 12 per foot. Figure 6.14 illustrates the relationship between the pairs.
The wire labeled Tx+ carries the transmitted signal, and Tx- carries the
inverted transmit signal. The wire labeled Rx+ carries the signal that was
transmitted from the remote end, and Rx- carries the inverted signal.




Send —»
Tx+: i :
Tx-
Rx.  Leceive <«———
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* There is another good reason for this
paired transmission. If a noise spike
occurs along the way, both signals in a
pair will be subjected to the same spike.
On reception, the inverted signal on the
incoming Rx- cable is inverted again. This
causes the noise spike to be inverted. The
inverted Rx- signal then is added to the
Rx+ signal, and the result is that the noise
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This plug has eight contacts, numbered 1 to 8.
Only four are needed, and the ones that are used are:

Tx+
TX-
Rx+
RX-

OIWIN|F
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Pin, wire, and jack connections.

Name of Name of
Pin Signal Signal Pin
1 TX+ TX+ 1
2 TX- TX- 2
3 RX+ RX+ 3
6 RX- RX- 6




CABLE TYPE sﬁmrmnm TC#EIhECTOR STANDART: STATUS TESTING  COMMENT

Cawegory s |100 RJ-45 Inskallartion defined in| TSB67 Rt definad in 1991, mdefined
AMS/TIAEIAGSB-A: | TSEYS in 1995, Cabla mhms inskalled
1995, befors 1995 contain non-
Teafing defined by stondard hardware.
TSBAY ond TSE9S Bacnuse ANS|/TIA/HASS8-A:
fin fingl review) 1995 doel et vpaciy retum
losc and IIJ'FEL podfom anes,
corei u'm.q b
or IEEER(Z.3ab.
Cenagory 5-a 100 RI-45 In devalopment by | Wil ba Recommandacd for new
[mnhoncad] TIA TR-42 oy Addendum | installotion o insurs that
Stondards Fropowd | 5to installers incorporate Reham
4195-B. Wil bs TWEIA | Loss and ELFEXT requiremants
Addendum 5 o E6B-A. in their cartification.
TIAVEIASS8-A.
Coamgary & | 250 RJ-45 In devalopment by Produds labeled Category 6
TATR-42.7.1 and taday may not be in compliance
ISOAEC/SC25/WG3 with tha final spacification.
Ceagory 7 | 600 RI-45 (2 pr} | In developmant by Expacind in ISOAEC
4 pr TBD ISOAEC/5C25/WGY 11801-2000
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Crossover cable wires.
Tx+
Tx- ===?
RX- ===

Rx+




* An ordinary garden-variety port that
transmits on pins 1 and 2 and receives on
pins 3 and 6 is called a medium
dependent interface (MDI) port.

 Stations have MDI ports.
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* You might expect that a crossover cable would be needed between
a station and a hub, but hub ports are structured so that the
crossover is performed inside the port. These ports are said to be of
type medium dependent interface crossover (MDI-X). A straight-
through cable is used between an MDI port in an end system and an
MDI-X port in a hub.

« What do you do when a hub has to be connected to another hub? A
straight-through cable won't work between two MDI-X ports.
Transmit would be connected to transmit and receive to receive.
Fortunately, most hubs have a special MDI port that is provided for
this purpose. A straight-through cable is used to connect an MDI
port on one hub to an MDI-X port on the other hub.

« Users prefer not to waste a port on a hub that does not need to be
connected to another hub. Many hubs have a special port that is
marked MDI/MDI-X. It can be set to MDI or MDI-X by pushing or
releasing a button or by moving a slider. Choosing MDI-X lets you
connect an end-user station to the port via a straight-through cable.
Choosing MDI enables you to connect to an MDI-X port on another




Hub
or
MDI MDI-X | Switch
e
Straight-through
Hub Hub
or or
Switch |pj MDI-x | Switch
Straight-through
Hub Hub
or ar
Switch |10 MDI-X | Switch
Crossover
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Splines

Alguns fabricantes de cabos de high-
performance Category 6 isolam os 4 pares de
cobre

Usando separadores chamados splines.

Os splines mantém o espagcamento entre os
pares

O uso de splines reduz a atenuacéo e os
crosstalk:

— near end crosstalk,

— far end crosstalk.
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Near end crosstalk (NEXT)

NEAR END CROSSTALK
Strong

i . e

YYYY
[@W:

Weak
Receive

l

1 Im anal farte Nna ecaida Aa 1ntarf ara




Um sina fraco chegando, mesmo assim introduz um
FEXT no par de cobre vizinho

FAR END CROSSTALK

Hub
"Flea:eive

g”
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Channel efficlancy

S AHEEEe rame
08 - \ 512-byte frames
0.7 —

256-byle frames
06— 2
05—

128-byte frames
0.4 —
0.3 &4-byte frames
0.2
01—

I | 1 1 1 I I ! .
0 1 2 4 8 16 a2 64 128 256

Mumber of stations trying to send
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Sinalizacdo em UTP cat 3

« Com o advento do par trangado, foi
possivel usar um par para transmitir e
outro para receber.

» Ainda néo foi possivel
transmitir em full-duplex,

* pois 0 padrao UTP cat 3 /I {ll\
emulava a transmissao en 10 4
banda basica (coax)




b

Um segmento de LAN deve ser limitado
para que o sinal seja sempre legivel

O tamanho da LAN pode ser aumentado
com o uso de repeaters

Um repeater recebe os zeros e ums de um
segmento e os propaga para dentro de
outros segmentos de cabo com forca
renovada

Um repetidor € um dispositivo de camada
fisica

Nota:

Hub ou concentradores sdo outros nomes
dos repeaters

Esses nomes sdo usados para repeaters
gue conectam mais de dois segmentos
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UTP e o hub

+ The change to twisted-pair cabling and a star topology gave hubs a central role. The
hub in Figure 3.3 repeats the bits in a frame transmitted by station A to all the other
stations connected to the hub.

* Figure 3.3. Propagating a frame to all stations.

* Animportant feature of this topology is that there are only two nodes on each cable
segment: a computer and the repeater. There are four segments in Figure 3.3, and
each connects a computer to the hub.

* Note

« All that the twisted-pair hub in Eigure 3.3does is to repeat bits from one segment onto
another. So, why isn't the device called a twisted-pair repeater?

* The answer is "marketing." Early repeaters connected two or three coax segments.
Vendors wanted to describe their products using a word that indicated that their
products were new. The "hub" products looked different and connected many twisted-
pair segments.

* Today, the term "hub" sometimes is used for a chassis that contains repeaters along
with other network devices. This is unfortunate because it causes confusion and
damages the meaning of a convenient piece of networking terminology.

« In this book, "hub" will be used to denote a repeater device.




Twisted-Pair Hub
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[

Improving Performance with Bridges

The Ethernet specifications allow 1,024 stations to be
attached to a LAN. But when Ethernet bandwidth is a
shared commodity, poor performance will make users
groan and gnash their teeth long before anywhere near
that number of systems has been attached to their LAN.
A bridge is a Layer 2 device that takes a lot of the pain
out of LAN growth.The three LAN segments in Figure 3.4
are connected by a bridge. Whenever possible, a bridge
blocks frames from reaching segments that have no
realneed to carry them.

Figure 3.4. Three segments connected by a bridge.




SEGMENT 3
Port 3

Port 2

E F
Port 1
=] I==c|

~ SEGMENT 1

SEGMENT 2

Unisul - Redes de Computadores CERUTTT

71

Collision Domains

The LAN segments in Eigure 3.2 and Eigure 3.3 are connected to one another by repeaters. For
either of these LANSs, a frame transmitted by any station on the LAN will be seen by all stations on
the LAN. If two stations send at the same time, their frames will collide. For this reason, a set of
segments connected by repeaters is called a collision domain.

Note

At any given time, one station (at most) in a collision domain can transmit a frame successfully. If
one station talks, the others should be listening. For this reason, CSMA/CD also is called half -
duplex Ethernet transmission.

The bridge in Eigure 3.4 splits its LAN into three separate collision domains. Frames with local
destinations do not need to be forwarded onto other segments. When a frame must be forwarded,
the bridge behaves like a good citizen of the destination collision domain: It listens to check
whether the destination medium is available before transmitting the frame. If the medium is busy,
the bridge can hold the frame in buffer memory until the medium becomes quiet again.
Administrators appreciated the fact that a bridge could be installed by hooking up the cables and
plugging in the power. A bridge eavesdrops on traffic originating on each segment to discover the
MAC addresses of the stations on the segment. The bridge creates a table that maps each MAC
address to the port through which it is reached. When a MAC address is listed in the bridge table,
the bridge will be capable of forwarding frames addressed to that MAC address onto the correct
segment. Chapters 12-17 contain a full description of what bridges do and how they do it.




Leapirng to mgner Ferfrormance witrlt switCres

* In 1993, a company named Kalpana introduced LAN
switches. This was an astonishing event, startling many
LAN experts who wondered why they had not thought of
it first. A switch is a multiport bridge that can forward
several frames at the same time.

» Eventually, LAN switches evolved into the popular Layer
2 switches in use today. Figure 3.5shows a set of
stations connected to a Layer 2 switch. Twisted-pair or
fiber optic cable are the media normally used with a
Layer 2 switch.
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is a separate segment that is bridged to all other

segments. The internal architecture of the switch allows

many frames to be in transit at the same time, which
greatly increases the LAN bandwidth.

* Note

» Just as "twisted-pair hub" is an up-market name for a
modern repeater, "Layer 2 switch" is an up-market name

for a modern bridge. A Layer 2 switch can have

numerous ports and uses better hardware technology

than the bridges of long ago, but functionally, it is a

bridge.
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10BASE-T Collision Domain Parameters
Parameter or Characteristic Value
Topology A tree of stars
Patch cords Up to 10 meters total
Type of segment cable 2 twisted pairs, Category 3
or better
Connector RJ-45 jack and plug
Maximum length of a segment 100 meters
Maximum number of nodes that can be attached | 2
to a segment
Maximum collision domain diameter 500 meters

Maximum number of cable segmentstraversed |5
between a source and destination

Maximum number of repeaters (hubs) between |4
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» Usando-se switch, conseguimas

transmitir em diferentes Switch Comutado
(com buffers)

dominios de colisédo.

 Isso porque cada quadro
de entrada € armazenado
em um buffer em uma
placa de linha no switch.




I'he advantages or using switches include
Full-duplex operation for each port

Bandwidth proportional to the number of
ports

No collisions
No 5-4-3 rule
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Collision Domain Bridge Collision Domain

Repeater Repeater




* Unindo Switch com UTP cat 5

* Os “Hubs” e placas ficam mais caros,
mas todas as estacdes podem
transmitir e receber ao mesmo tempo

« Além disso, a auséncia
de colisao permite uma
distancia maior
(até 2 Km com fibra).
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» Switches and Full-Duplex Operation

» The appeal of multiport switches was enhanced
by an addition to the 802.3 standard that gave
performance a big boost. As shown in Figure
3.6, when a single station is connected to a
switch port, the link between the station and the
switch can be used for full-duplex
communication. Both systems can transmit and
receive at the same time. For example, across a
100Mbps link, the station can transmit frames to
the switch at 100Mbps and receive frames from
the switch at 100Mbps.
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* The full-duplex Ethernet MAC protocol is very
simple: Either party can send a frame whenever
it pleases. CSMA/CD is not needed when full-
duplex communication is used.

* Note

 Full-duplex communication can be used
between any systems that are not repeaters. For
example, a full-duplex link can be set up
between two hosts, two switches (bridges), a
switch and a router, or a pair of routers.




e Serve pala baCKDornes

» LigacOes entre servidores de missao
critica

Requer upgrade de Hubs e Placas.
Upgrade também de cabos
paracategoriab
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Sharing the LAN

* LANSs are data communications workhorses. A
LAN frame can carry traffic that belongs to any
type of higher-layer protocol. It is not at all
unusual to see a mixture of protocols such as
TCP/IP, NetWare IPX/SPX, DECnet, and
AppleTalk happily sharing a LAN. Figure
3.7shows how higher-layer protocols ride on top
of Layer 1 and Layer 2 LAN protocols. Many
hosts send and receive traffic for several
different protocols through a single LAN adapter




TCP/
IP

IPX/
SPX

DEC
net

Apple
Talk

DATA LINK LAYER

PHYSICAL LAYER

Unisul - Redes de Computadores

CERUTTT 87

The Role of Routers

* |t did not take long before users wanted to
exchange information with servers located on
external LANs dotted across an enterprise—and,
with the advent of the Internet, with servers
located around the world. Routers make this
communication possible.

» Figure 3.8 shows two LANs connected by a
router. The router also connects these LANs to a
long-distance line. This could lead to another
site within a company or to the Internet.




Port 2
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router is a Layer 3 device.

A router is a Layer 3 device. Routers have lots of good features. To
mention just a few:

They can connect different types of LANs gracefully.

Unlike a bridge, a router does not forward LAN broadcast traffic or
local LAN multicasts. A sizeable amount of bandwidth can be saved.
This is particularly important when the peak load on one of the LANs
is close to the LANs capacity.

They can connect a set of LANs to a set of WAN links of
differenttypes—for example, dial-up, leased line, frame relay, or
Asynchronous Transfer Mode (ATM).

They can perform security screening and keep risky traffic off a LAN.
An important thing to keep in mind is that when data from a LAN
reaches a router, it has passed through a doorway and left the LAN.
The router strips off the MAC frame header and trailer. The protocol
data will be encapsulated in a new header and trailer before it is
forwarded.
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Classes de servigcos com ETH




Quadro IEEE 802.3 sem cabecalho de tag VLAN

) Endereco | Endere¢o |Tamanho/
Preadmbulo/SFD de destino | de origem tipo Dados FCS
Preambulo/SFp| Endereco | Endereo | ppy | ey | Tamanho/) g0 FCS
de destino | de origem tipo

Quadro IEEE 802.3 com cabecalho de tag VLAN com 4 bytes

Unisul - Redes de Computadores

CERUTTY

97

10baseT e os
segmentos




