Gigabit Ethernet

» 1000 Base LX
» 1000 Base SX
» 1000 Base CX
» 1000 Base T
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Gigabit Ethernet - Introducao (1)

Objectivos:
» Manter o mesmo protocolo de nivel MAC da FastEthernet

® Para detectar colisdes € necessario que o comprimento minimo da
trama seja suficiente para encher de bits todo o comprimento da rede
duas vezes (slot time)

» Aumentar a velocidade de transmissao para 1000Mbps

® O comprimento ocupado por um bit no meio diminui 10 vezes

Alternativas:

» Aumentar o comprimento minimo da trama
® De 64 na FastEthernet para 640 bytes - Perda de rendimento
» Diminuir o comprimento maximo da rede

® De 205m e 2 repetidores na FastEthernet de um factor de 10
- muito curto
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Gigabit Ethernet - Introducao (2)

Opc¢oes:
» Diminuir o comprimento maximo da rede

® visto que com a tendéncia para a utilizagdo de topologias em estrela
baseadas em hubs e cabos UTP as limitacdes de distancias ja eram na
ordem dos 100m entre Hub e maquina ou seja extensdes de rede de
200m

» Aumentar o comprimento minimo da trama

® Carrier extension - quando a rede tem que enviar uma trama inferior
a 512 bytes a estacdo continua a transmitir um sinal especial até fazer
fazer o tempo dos 512 bytes

® Aproveita a margem de seguranga que existia nas normas anteriores
para ndo ter um comprimento minimo de trama de 640 bytes

® SO ¢ permitido um repetidor entre duas maquinas - 200m
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Gigabit Ethernet - Cronologia
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Gigabit Ethernet

Objectivos:
» Ligagdo entre equipamentos activos (switches)
» Ligacdo a estacoes de trabalho de alto desempenho

Caracteristicas

» Definido na norma IEEE 802.3z (1998/06)
e na norma IEEE 802.3ab (1999) para UTP5

» Define modo Shared e Full-Duplex

® Na pratica so se usa Full-Duplex
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Gigabit Ethernet
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Gigabit Ethernet

Camada MAC
Camada de convergéncia (GMII)
Meios fisicos (PMD)

B Fiber Channel Technology

E New Technology
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Gigabit Ethernet - GMII

GMII Signals

Sinais da interface

Caracteriticas

» Comunicacao
paralela de 8 bit
a 125Mhz

RS

» Apenas ligagdes
internas (circuito
impresso)

» Nao suporta
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Gigabit Ethernet - Formato da trama

7bytes el Gbytes 6 bytes byf“ 46 - 1500 bytes b:tes 0 - 448 bytes
' s o
PREAMBLE Destination Source TYPE/
- II; Address Address LENGTH| DATA/PAD FCS EXTENSION
“ 64-byte minimum
| 512-byte minimum |
| (
l, FCS Coverage |
| "
— Duration of Carrier Event |
) "
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Eficiéncia

No pior caso temos tramas de 64 bytes (512 bits) que sao
enviados com carrier extention (4096 bits), preambulo
(64 bits) e um inter-frame gap (96 bits)

N =512/ (4096 + 96 + 64) ~ 12 %
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Gigabit Ethernet - Bursting

Distribui¢cao do comprimento das tramas geradas
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Gigabit Ethernet - Bursting

Objectivo

» Melhorar a baixa eficiéncia da Gigabit Ethernet para tramas
menores que 512 bytes (aprox. 50%)

Funcionamento

» A primeira trama ¢ enviada normalmente com carrier
extension se for necessario

® Evita a retransmissao de varias tramas no caso de colisdo

» As restantes tramas sao enviadas a seguir separadas por um

inter-frame gap especial e sem carrier extension até expirar
o burst timer (65536 bt)

Transmit
data | Packet #1

Packet #4 [

2000 ISEL - DEEC - RCD Gigabit Ethernet 13




Gigabit Ethernet - Bursting

Carrier
sense

Transmit
data

Burst time
| IPG
Slot time :
(512 bytes) >

Packet #1
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Gigabit Ethernet - Bursting
Fluxograma da
Transmissao
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Eficiéncia (com Bursting)

No pior caso temos tramas de 64 bytes (512 bits) que sdo
enviadas num burst (65536 bits) com preambulo (64 bits)

e um inter-frame gap (96 bits). A primeira trama leva
carrier extention (4096 bits).

Tramas no Burst = | + (65536 - 4096) / (512 + 96 + 64)
~ 93

N =93 *512 /(4096 + 92 * (512 + 96 + 64)) =~ 72 %
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Eficiéncia

Eficiéncia em fun¢ao do comprimento do burst

Throughput Efficiency vs BurstLimit
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Parametros operacionais para 1000 Gbps

Parameters Vslu;“
slotTime 4096 bit times
inter-framegap T 0.006 s
attemptLimi 1
backofiLimit 10 T
jamsize 32 bits
maxFrameSize 1518 octels
minFrameSize 512 bits
"~ burstLimi 85,636 bis
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Gigabit Ethernet - Meios fisicos

1000BASE-LX (Long Wavelength) (IEEE 802.3z)

» Ligacoes entre campus (switch a switch)
» Até 5Km usando fibra monomodo

1000BASE-SX (Short Wavelength) (IEEE 802.37)

» Backbones dos Campus, Backbones entre andares (switch a switch)
» Até 550m usando fibra multimodo

1000BASE-CX ( Short Haul Copper) (IEEE 802.3z)

» Clusters de servidores e ligacdes entre switches
» Até 25m usando COAX (twinax)

1000BASE-T (Long Haul Copper) (IEEE 802.3ab)

» Ligacdes de switches a estacdes e servidores (futuro)
» Até 100m usando CATS5 UTP

Gigabit Ethernet
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Gigabit Ethernet - Interfaces fisicas

Distancias maximas (Full-Duplex)
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Gigabit Ethernet - 1000 Base LX

Caracteristicas:

» 2 fibras oOpticas

» Distancia méxima switch - maquina: SKm
» Velocidade de sinaliza¢ao 125MBaud

» Codificagao: 8B10B AR
» Conector: SC e

Duplex SC connector

IEC 61076-3-103 connector
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Gigabit Ethernet - 1000 Base SX

Caracteristicas:
» 2 fibras oOpticas

» Distancia maxima switch - maquina: 550m
» Velocidade de sinaliza¢ao: 125MBaud

» Codificacao: 8B10B

» Conector: SC

IEC 61076-3-103 connector
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Gigabit Ethernet - 1000 Base CX (1)

Caracteristicas:
» 2 cabos twinax (cada com 2 cabos coaxiais balanceados 150€2)
» Distancia méxima switch - maquina: 25m
» Velocidade de sinalizacdo: 125MBaud
» Codificacao: 8B10B
» Conector: HSSC ou DB9
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Codificacao 8B/10B

Caracteristicas
» Uma codificacao 5B/6B e outra 3B/4B
» Boa densidade de transi¢des para recuperacao do clock

» Bom balanceamento DC

» Partindo de 8 bit (ABCDEFGH) gera Codigos /Zx.y/
® x = EDCBA (0..31) e y = HGF (0..7)

» Dois tipos de cddigos (Z): D (Data) e K (Special)
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Codificacao 8B/10B

TXD<7:0> RXD<7:0> ~
or Aute-Negotiation or Auta-Negotiation
Configuration Word Configuration Word
C ~ d  Cony RageD1 508 e Cami Fago15 0o
onvencgoes de T Tes 43210
~
ordenacdo na ... ‘ l \ ’ ‘ n
and (125 milimdoclow:)
. ~ GMIi Management GMIl Management
codificacado e | L ||
. ~
v
descodificacao s s
ENCOBE fanction HGFEDCBA HGFEDCBA DECODE huncton
PCS ENCODE 88/108 88/108 n?“:g%'?ns
function Encoder Decoder
Ot.u;Euto abcdeitghj abcdeifghj oac&pglrm
ENGODE function
10 ©

PMA Service Interface
o {125 milliony
{125 million ) code-groups/s)
x_code-group<9:0> :_e[odo—gowéo»

012 34 5678239 0t 2 34 567839
PMD Service intetace PMD Sarvica Interface
(1250 million tx_bita/s) (1250 million rx_bita/s)
bit0 i transmatied first bt 0 is recewad frat
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Codificacao 8B/10B

Exemplos de codigos de dados (D) e especiais (K)

gr%?:: Octet Bits Octet Current. RD-- Current_ RD+ _

Name HGF EDCBA | Value abcdeifghj abcdei fghj Notes
K285| 10111100 BC 0011111010 1100000101 1
D56 | 11000101 C5 1010010110 1010010110 2
D22 | 01000010 42 1011010101 0100100101 3
D215] 10110101 B5 101010110 1010101010 2

Source: IEEE 802.3z—Media Access Control (MAC) Parameters, Physical Layer, Repeater and
Management Parameters for 1000 Mb/s Operation, Clause 36.

Notes:

1./K28.5/ is the only code-group containing a comma used-for Gigabit Ethernet.

2. Code-groups with identical RD+ and RD- encodings and neutral disparity subblocks.

3. Code-groups containing nonneutral disparity subblocks which change the current running disparity.
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Codificacao 8B/10B

Defini¢ao dos conjuntos-ordenados

Number of :
Ordered-set Code-groups Encoding
ontiguration 4 K28.5/D onfig_Reg

JK28.5/D2.2/Config_Reg/
orrectin , Preservin

/C2/ Configuration 2 4

JK28.5/D16.2/

757 | Start_of Packel 7 K57 77
7T/ | End_of_Packet 1 /K29.7/
“NI__ | Error_Propagation 1 /K30.7/

2Source: IEEE 802.3z—Media Access Control (MAC) Parameters, Physical Layer, Repeater
and Management Parameters for 1000 Mb/s Operation, Clause 36.
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Encapsulacao PCS duma trama MAC

GTX_CLKWW
TX_EN I \_
L
oo | X COOEOC S O0O0OEEE
>

20000008083 00000800000
tx_code- A N\
group

CRS l;; &_

coL
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Gigabit Ethernet - 1000 Base T (1)

Caracteristicas:
» 4 Pares de fio (UTP classe 5 100€2)

® 4 para transmissao e para recepg¢ao (cancelamento de eco)
» Distancia maxima switch - maquina: 100m
» Velocidade de sinalizagdo: 125MBaud (250Mbps x 4)
» Codificagdo: PAMS - Trellis 4D 8-state - pulse shaping
» Uso massivo de DSP

Definido no standard IEEE802.3ab (1999)
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Gigabit Ethernet - 1000 Base T (2)

Uso de varios DSP (Digital Signal Processor) para cada par

Tx Magnetics
N ksﬁggigvb DAC -—-> “ Rﬁf,’g:’,f%é% Pair A
! el lggfﬂlon PCS. ‘; \ _éfg’/ air
4— Neag Transmit o {‘: synch 4 AD 4— __f;% e
K I | A 5 e
‘ Y~~~ T
s | el o] T E L&
. |
e
v
b Delay g e 4
L Viterbi | T
Repcifve 4 Degc;téer/ :;‘
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Gigabit Ethernet - 1000 Base T (3)
Interface de ligagdo entre
0 hub e a placa de rede
1 | =4 BLDA+ ——s 1
7 |- BI_DA- « 2
3 | » BILDB+ = 3
65 | =1 BLDB- = ; §
4 | = BIDC+ = 4
| E|lw BIDC- —— ¢
M 7 |- Bl_DD+ - 7
. B » Bl_DD- « 0
. L |
(TARRANE
12345678 87654321
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Delays maximos na rede

Media Maximum Collision Diameter
Point-to-Point, Half-Duplex
1000BASE-CX node-node or switch-switch! 25m
1000BASE-T node-node or switch-switch? 100m
1000BASE-5X or LX node-node or 316m
switch-switch! ,
One Repeater Segment
1000BASE-CX 50m
1000BASE-TZ 200m
T000BASE-SX or LX 220m

T Remember these distances are half-duplex. For full-duplex operation, see Table 3.9,
2 Mixed-media repeater limitations are 210 meters for UTP fiber, 220 melers for twinax/fiber.
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Delays maximos na rede

Delay maximo de um segmento F.O. =1111bt=110m
Delay maximo de um segmento Coax. =253 bt =25 m
Delay maximo de um segmento UTP 5=1112 bt =100 m

Delay maximo de um repetidor >> Dr =488 bt

Delay méximo de um DTE >> Dd =217 bt
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IEEE 802.3ab - Calculo do Slot Time

Comprimento maximo de um segmento >> L. = 100m
Comprimento maximo da rede >> 2 Seg + 1 Repet

Vel. Transmissdo >> Vt = 1000Mbps = 10° bps

Tempo de bit >> bt = 1/Vt =10 = 0,001 pus

Vel. Propagagao >> Vp =C x 2/3 = 3x108x 2/3 = 2x108m/s
Tempo de Propagacdo num segmento >>L / Vp = 0,5 us = 500 bt
Espaco de bit>>Lb=Tb x Vp=10"x 2x10¥=0,2 m

Delay maximo de um repetidor >> Dr = 488 bt

Delay maximo de um DTE >> Dd =217 bt

Slot time = 2 x Bits na rede + margem de seguranca = 4096 bits

M1 Sl R1 S2 M2
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Auto-Negociacao

Caracteristicas
» Definido para todos os meios fisicos

» Usa palavras do codigo 8B/10B para trocar a informacao da
Base Page e Next Page

> Define o uso de PAUSE simétrico e assimétrico

» Suporta a indicagao de falhas remotas
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Auto-Negociacao

Definicao da Basic Link Code Word

LSB MSB
D0 Dt D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15
R IRIR|R|R|FD|HD|PS1|PS2]| R | R | R |RF1|RF2|Ack | NP
FD e HD - Full / Half Duplex Bits
PS1 e 2 - Definem o funcionamento do PAUSE
RF1 e 2 - Remote Fault PAUSE | ASM.DR
P31 ps2 Capability

Ack - Acknowledge
NP - Next Page

(07)

(07)

0

0

No PAUSE

Asymmetric PAUSE toward link partner

Symmelric PAUSE

0
1
1

1
0
1

Both symmatric and asymmetric PAUSE toward local device
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Auto-Negociacao

Codificacao dos bits PS1 ¢ PS2 - PAUSE

PAUSE ASM_DIR
PS1 Ps2 Capability
(D7) (D7)
0 0 No PAUSE
0 1 Asymmetric PAUSE toward link partner
1 0 Symmetric PAUSE
1 1 Both symmeatric and asymmetric PAUSE toward local device
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Auto-Negociacao

Codificagdo da “Next Page - Message Page”

Do Dt D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

MO | Mt | M2| M3| M4 | M5 | M6 | M7 | M8 | M9 (MO | T Agk MP | Ack | NP

A A

-
>

Message code field

0 = 1 in previous LCW, 1 = 0 previous LCW
0 = cannot comply with message, 1 = will comply with message
0 = Unformatted Page, 1 = Message Page
0 = page not received 1 = page received
0 = last page, 1 = additional page(s)
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Auto-Negociacao

Codificagdo da “Next Page - Unformatted Page”

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 Di4 D15

Ack | NP

Uo U1 | U2 U3| U4 | US |Us {U‘? IUB U9 juto | T A%k’ MP

A

> A A
Unformatted code field

0 = 1in previous LCW, 1 = 0 previous LCW
0 = cannot comply with message, 1 = will comply with message
0 = Unformatted Page, 1 = Message Page
0 = page not received 1 = page received
0 = last page, 1 = additional page(s)
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Gigabit Ethernet - Limitacoes das Maquinas

Bus das maquinas
» [1980] PCs com bus ISA 16-bit / 8Mhz
@® tem uma capacidade de 64Mbps (1 ciclo Addr/ 1 Data)

> [1990] WS e [1996] PCs com bus PCI 32-bit / 33MHz
@® tem uma capacidade de 1056Mbps (1 ciclo Addr / n Data)

» [2000] PCs e Workstations com bus PCI 64-bit / 33MHz
® tem uma capacidade de 2112Mbps (1 ciclo Addr / n Data)

Sistemas Operativos

» Desenhados com o objectivo de serem modulares,
comprometem o desempenho e a laténcia

Capacidades observadas nos sistemas actuais (1997)
sao da ordem de 300 a 500 Mbps
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Gigabit Ethernet - Alternativas

V/ V/ V/ /
Topology | Objective Modes Media Connection
Applications
* High * Full duplex | * Multimode » Campus backbone
throughput | | Half duplex | < Singlemode | ¢ Building backbone
Switched | - :;?sr:gnce * Copper * Wiring closet uplinks
* Servers
* Low cost * Half duplex | ¢ Multimode * Servers
* Short “Classic * Copper * Desktops (long-term)
distance repeater”
Shared ............................................................................................................................................
* Low cost * Full duplex * Multimode * Servers
*Long “Buffered * Copper * Desktops (long-term)
distance distributor”
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Comparacao dos modelos Ethernet

PLS = Physical coding sublayer

PMA = Physical medium
attachment sublayer

Medium
10Mbps

MDI

MDI

Medium

100Mbps

Medium
1 Gbps
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Comparacao das Ethernet n BASE T

Parameter

10BASET

100BASET

1000BASET

Transmission madinm

Signaing technigue

Date rate {Mbps)
Maximum segment length (m)
Netwinrk span (m)
Nodes per segment
Node spacing (m)
Cabhle diamater (mm)
slatTime (bit times;
mnterFrameGap (ps)
attemptLimit
backoffLimit

JemsSize (bits)

max FrameSize (octels)
minkFrameSize (octels)

Unshicldec
twisied pair

Baseband
{Manchester)

1t

Y (arep)
500

4

0.4-0.6

312
9h

16
(1]
32
1518
Ad

Unshicldec
twisied pair

Basgband
(4556 MLT3)
100
100
205
"

(2 cLlrep.)

—_

1.4-0.6

S
[R=]

0.96
16
[0
32
ISI8
hd

Unshiclded
tadsied pair

Baseband

(8BIOR)

1004
100
200

~

(lrep.)

0.4-0.6
4096
0.096
16
o
32
1518 (burst 65336}
Ad (ext.312)
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Comparacao das Ethernet n BASE T

Espectros de frequéncia

20.0
0.6+ i
Catagary 3 Limi i —— 1DBASE-T
o Calegey 8§ Limit .- {DOBASE-T2
= m 4] =T
ity 1:E$:EE:
E hﬁhﬁ‘ﬁ"lr pRsu
o =210 ke O] LT
€ b "._ i
k * L e
-:',:Il:' "l-_";h Il::._, nﬂ"ﬁ'*-ﬁ‘h'l‘:‘-n
L .
400+ i il il
s Ly
'!\.EDI:] T T T 1II. T f T T T T l..
o g 1l A0 Gl Ll 106 LA R 160 800 2000 2 Bl

fiHz
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Ethernet - Custo / Desempenho
Shared networks Switched networks
1000 Mbps
Switched
*
Distributor
1000 Mbps Shared
\
g /
£ ‘
&
Cost i
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Evolucao das LANs (1)

Instalacoes existentes actualmente

10/100 Switch

Utilizador exigente

Utilizador tradicional J 100Mbps
10Mb Partilhados
(Interfaces 10/100)
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Evolucao das LANs (2)

Novas instalagoes

Lig. Exterior e Servidores
100Mbps, Gbps, ATM

100/Gb Switch

100Mbps

100Mbps
Hub

Switch

, Utilizador exigente

Utilizador tradicional J 100Mbps
100Mb Partilhados
(Interfaces 10/100)
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Evolucao das LANSs (3)

Futuro das Redes Locais

Lig. Exterior e Servidores
Gbps, 622 ATM

Bl Switch

100Mbps

Gbps or ATM

Gbps

Switch R I e Switch

Utilizador tradicional Utilizador exigente
100Mbps Gbps
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$7,000 $35
$6,500
$32
$6,000 + $30
$5,000 + $25
C
ie] »
..6 Q.
@  $4,000 lso o
c =
S 5
© 53,000 1315
@ 7
5 5
8 s2,000 1 10
@) .
- $1,000 $688 + $5
$320 .
o | N , , 50
Ether net ATM FDDI ATM Fast Gigabit
155 622 Ether net Ether net
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