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Fibra Optica

Cladding
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Multimode vs. Single Mode

Multi mode Single mode:
— Cablagem — Cablagem
* 62.5/125 microns * 8.3/125 microns
— Raios Multiplos — Raio simples
(éngulos) . rI\T/Ilgg;:lrdlspersao
* Alta dispersao modal — Distancias superiores
— Disténcia + 10Km~60Km & mais

* 2Km
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Dispersao em Fibras Opticas:
(a) e (b) — Multimodo (c) - Monomodo
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Atenuacéao por Comprimento de Onda (A)
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Atenuacao por frequéncia
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M e DWDM

*WDM: Wavelength Division Multiplexing
DWDM: Dense WDM
1 Uinico cabo em vez de 2 ou 4/8/16 ou mais!

WDM converter WDM converter

Single fiber

Twin fiber cable Twin fiber cable
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WDM e IP: Motivacao
Crescimento exponencial de trafego IP

Aparecimento de Routers com interfaces STM 8B
STM @&, Giga e Tera bit

Diferentes cenarios para redes de transporte de IP
em infraestruturas IP, ATM, SDH e WDM Inter
Networking

Necessidade de simplificar solugfes para IP sobre
WDM
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Mux/DeMux de Comprimentos de Onda

Fibpars af the ﬁ
focal points 2
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Histoéria
Fim anos 70
— Sistemas de Transmissdo Optica baseados em Fibra
Até 1995

— Basicamente um Unico canal 6ptico (high-speed)
— Multiplexagem electronica (TDM)

— Servicos de dados de 50Mb/s a 10Gb/s

Depois de 1996

— WDM permite transmissao simultanea de multiplos canais
high-speed usando diferentes frequéncias (~ 160
wavelengths )

— 40G por A (OC768)

— Capacidade Total do Link = 160 A *40G =6.4 Tbps
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OTNSs: Optical Transport Networks

1995-1998: Ponto-a-ponto WDM (G.692)
4,8,16,32et64? La2.5e 10 Gbhit/s

OMux ODemux Ontical A
— _ ptica mp.
— 1 640 Km E Al-hn

OADM ﬂ
Al
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IP backbone
e IP Packets
[ S

__ IP Packets

P LAN

Edge Router
Gigabit Switch Router

WAN :
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IP sobre WDM, porqué ?

Evolugdo da Capacidade de transporte IP e Optica

10°
104
103
102
101

Mbit/s

1985 1990 1995 2000

.STM-64
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IP Directament sobre WDM?

© Estabelecer ligacdes Opticas (high-speed lightpaths)
© Routers IP interligados através de comprimentos-de-
onda (lightpaths) e n&o directamente por fibra

. IP router

Wavelength
crossconnect
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P e outras tecnologias

Demand for
Virtual
Networks

Fundamental Demand
for Internet
Applications

Demand for
Ring Protection

SONET/SDH

Demand for
Raw Bandwidth

OPTICAL
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Overheads: Comparacao percentual

Encapsulation/ | Overhead Link
Framing capacity
Mb/s
IP/ATM/SDH 28% 1944
IP/PPP/SDH 6% 2335
IP/GbE 11% 902

Link STM-16 (16xSTM-1 = 16*155Mbps = 2.4 Gbps) para os 3 primeiros
métodos e GbE (line rate de 1.25Gb/s) para o ultimo.
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Multi-layer Routing

Routing IP € um gargalo (tempo!) na Internet actual

Solucdo: Encaminhar fluxos de longa duragédo nos layers
inferiores

L

|Router 1
L1

!\rtwprk gonyo

| Router 2| | Rofjtérl 3|
= LY

W DM IQ\]IQI"

Conventional packet routing
Optical bypass of intermediate routers for high volume traffic
End-to end (user-to-user) flow of entire file bypassing routers
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Comutar todos os pacotes no layer 6ptico?

Necessita inteligéncia no nivel optico

Necessita de armazenar pacote durante o
processamento do cabecalho

Buffers 6pticos sdo muito dificeis de implementar

— 1 pkt = 12 kbits @ 10 Gbps necessita de
* 1.2 us de atraso => 360 m de fibra!

Ainda um longo caminho.....................
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Futuro: integracao IP sobre WDM

Highly
Dynamic

Optical packet

switching
Optical label
itching
Dynamic WDM
neI routing
Static network

configuration
Static

Time




