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What would Beethoven have said?

* What is Bandwidth?

* Why would | care?

* ' m a composer!

* You'd better listen to my music!

* You're wasting your time!
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s there a demand?
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What is the supply?

* 10 years from now

* Internet has an optical core

—Optical fibers
—Optical switches
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Optical fibers

_——— Loose tube

- Optical fiber
“Filling gel
Flooding compound
CSM-stool wire
Filler rod
~Corrugated steel tape
PE sheath
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Optical fibers
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Laying of fiber near/at Science Park Amsterdam
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SURFnet6 on dark fiber
=

soningen - " SURFnNet6 is entirely based on
SURFnet owned managed dark
fiber via the customer
premises

= Over 5300 km fiber pairs
available in 2004; average price
paid for 15 year IRUs:

Denizacl < 6 €/meter per pair
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Slide by Erik-Jan Bos - SURFnet
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Common Photonic Layer (CPL) in SURFnet6

Den Helder

Dwingeloo1

Subnetwork 4:

Beilen1 Emmen1

Emmeloord [/ Hoogeveent

Purple

Meppel1
Lelystad2 e
»

/ Alkmaar1

Haarlem1

Apeldoorn1

" |Enschede1

__J Hilversum1 Arnhem

Subnetwork 1:
Green

"\ Zutphen1

__JRotterdam1

" JDordrecht1 /' Venlo1 .
Bergen-op- ™Y Den Bosch1 Subnzl'wor'k 5:
Zierikzee  Zoom o [¥®] Subnetwork 2: il [ETN rey
Middelburg Dark blue I /" Heerlen1 Slide by Erik-Jan Bos
vMaasbracht1
. Tilburg1 Heerlen1 SURFnet
Vlissingen  Krabbendijke
Maastricht1

Information Society S E7 AA \‘A‘N"CS

(=
el \.1.6

Technologies



Potential optical fiber capacity

» Single wavelength (lambda):
— Current: 10-40 Gbps
— Lab: 160 Gbps
— 10 years: 1 Tbps?

 Number of wavelengths per fiber:
— Current: up to 160
— 10 years: 10007

 Number of fibers per cable:

— Current: 64 (long distance)
— 10 years: 10007

. Ntfzrpber of cables per duct:
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Potential optical fiber capacity

e current:
40 x10°x 160 x64 x 12=5x 101
5 Pbps
o future:

102 x 103 x 103 x 12 =101



Potential optical fiber capacity

 Example: the Netherlands
— 5 Million houses
— Each using by 1 Gbps
— Required capacity: 5 x 10°

 Backbone in the Netherlands
— Total length: 5000 Km
— 10 to 100 Euro / meter
— Total costs: 50 to 500 Million Euro
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Optical fibre: costs

The fibers
for a nation-wide
optical backbone
would cost the same
as a few kilometers of
highway

Technologies



Optical switching

Now:
* Lambda switching

Future:
» Optical burst switching

» Optical packet switching
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Global Lambda Interconnection Facility




Global Lambda Interconnection Facility
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Optical Switches

From Computer Desktop Encyclopedia

@ 2002 The Computer Language Co. Inc.
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Optical Switching

» Costs will be determined
by lasers / receivers

* What happened
to the price of lasers
in CD players?
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What if ...

The optical network core would consist of
* small number of core routers
* nearly fully connected

 core routers connected via rings
— data keeps circling on the ring
— until receiver is able to accept it
— flow control for free
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Would bandwidth be used?

e Sure!
« Paradigm shift:

— Offload the servers / load the network

— From client-server to P2P
— P2PTV
— P2P Email

— P2P Storage of (localized) shared data
- P2P ..

 But

— Users demand applications
— Users do not demand bandwidth
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Summary

« Bandwidth is cheap
— Unlike oil, gas, food etc:

* There will be enough for every one
— unlike capacity of highways

 Bandwidth, once available, will be used
 But users don’t care about bandwidth
* Users care about applications

« Users might hardly be willing to pay for bandwidth
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Conclusion

BANDWIDTH ON DEMAND
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