All=optical Networks

Ra) Jain

r/'_

\.

_"\\.\‘

Raj Jain 1s now at

Washington University in Saint Louis

Jain@cse.wustl.edu

http://www.cse.wustl.edu/~jain/

TheOhio State University

Ra] Jain


Raj Jain
jain@cse horizontal


e Ohio gtate University

!
|

hitecturesand Examples

Ra] Jain




Electr o-optic Bottleneck

2 Bandwidth of Fiber = 25 THz/window

2 Bandwidth of electronics=1 GHz
D One node cannot use all bandwidth
D Divideinto parallel channels
b WDM, TDM, SDM
2 Optical switchinglimited
b Useelectronic switching
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Gener ationsof Networ ks

2 Electronic point-to-point

2 Electronic multipoint
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2 Opticversion of electronic networks

2 All-optical with electronic controls

o

2 All-optical with optical controls
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Key Technologies

2 Tunable Lasers

2 Fasttuning recelvers

2 Frequency converters
2 Amplifiers

2 Splitters, Combiners
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Directional Couplers
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Control Control Control

2 Can be used in bus networks:;
O . . .

2 Larger switchescan be
built out of 2" 2 switches :><:
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Star Couplers

— Star —
— | Coupler [~
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2 N iNputs, n outputs = 2n ports
2 Power divided nways
2 non-uniform division+excess |0ss
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Waveength Router
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Physical Topologies

a Bus
a Star
a Tree
2 Mesh
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Physical Topology: Bus
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2 Broadcast b More power lossthan star
o P Tunabletapsor amplifiers
2 Currently star preferred over bus
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Physical Topology: Star
T|R
L
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4 R
T|R
2 Non-tunable transmitters and receivers
Tunabletransmitterss P Spacedivision switch

Tunablereceiversb Allowsmulticasts
Bothtunable P Allowsmorenodesthan wavelengths

2 Broadcast P Power wasted (No shortage of bandwidth but
shortage of photons. Opposite of el ectro-opticsnetworks)
o P Amplifiersjust beforethereceiver filter

T
R
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Star Example: IBM'sRainbow

2 32 hodes max

2 300 MDb/sper node, Circuit switched
2 Fixedtransmitter, Tunablereceiver

2 Circular search: Scanli, 12, ..., In

a Transmitter | | wanttotalk tom..."
2 Transmitter m:  Let'stalk”

2 Used PC'sindemo

2 Multipleboardsfor bridges
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DEC-AT& T-MIT AON

Q Star coupler for LAN
Wavelengthroutersfor MAN
Spacedivisionfor WAN

Q Each User hasadedicated wavelength address
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AON Leve O

L ocal
bypass

Splitter
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| ssuesin Optical Networking

2 Lower cost
2 Sources:

o Fast tunablelasers:
Tunableover 10nmin 1-2ns

L argetunbng ranges:
Tunableover 200 nminms

o Stable frequency
2 Optical wavelength converters
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2 Optical Storage

2 Optical recognition of headers

2 Scalability

2 Lower power dissipation

2 TDM: Clock synchronization/distribution
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Scalability

2 No morethan 200 one-Gbps channels
dueto amplifiers

o Required spacing=6" bandwidth
>WDM hasascalability problem
2 Solutions;

o> Wavelength reuse
P Wavelengthallocation

o> Wavelength conversion
o> Multihop
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Protocol Design I ssues

2 Channel assignment
Channel=Space, Time, Wavelength

1 End-user access

2 Moveswitching functionsat intermediate
nodesto optical domain

2 Minimize and moveall protocol processing
toend-nodes

TheOhio State University




Attenuation and Dispersion
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Solitons

2 Light velocity isafunction of amplitude
P Index of dispersion isnon-linear:

o n=n,+ n,E?, Where, E=field strength
o> No dispersion if the pulse i1ssech(t)
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2 Need high amplitude pulses (100 mwW) and
high non-linearity

1 Solitons have no distortion but must be
amplified periodically (10 km)

2 Erbium doped fiber amplifiersare used

2 Can bevery short duration 10 ps
P High bit rate
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2 All-optical=No electronic conversion of data
2 Based on star coupler, wavelength routers

2 WDM hasscability problem

2 TDM hasclock synchronization problem

2 Solitonsfor long-distance and high-speed
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2 IBM Optical Networking
o http://www.watson.ibm.com/xw-d902-reason.htmi
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Recent Advancesin
Networ king and Telecommunications

Seminar Series1996: TentativeDates
L ast Tuesday of the month (mostly), 3:45-5:15 PM

January 30, 1996
February 27, 1996
March 26, 1996
April 30, 1996

May 28, 1996

June 18, 1996
August 27, 1996
September 24, 1996
October 15, 1996

2 November 26, 1996

TheOhio State University

o0 o0 0000 0




Potential Topicsfor 1996

| Png: Next Generation Internat Protocol

Frame Relay

SMDS

Gigabit Networking Standards:. Fiber Channel and HIPPI
Technologiesfor 6 Mb/sto Home: ADSL, HDSL
Integrated services(Multimedia) onIP

Wirdess ATM

Multiprotocol over ATM

ISDN

GPSA pplicationsto Networking

Suggestionsfor topicswelcome
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Thank Y ou!

2 Wewould liketothank AT& T Columbusfor
sponsoring thisseminar seriesfor 1995.

2 If your company would liketo sponsor
partly, please contact Jain@cis.ohio-
state.edu

2 Slidesof all past seminarsand all our papers
and reports can be obtained on-line:
http://www.cis.ohio-state.edu/~jain/

2 Togetonour list, (if not already on), email
reguests to netsem@cis.ohio-state.edu
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