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A (Short) History of Bandwidth Trading

Electronic marketplaces for trading bandwidth emerged since the
late 19900 s

AMarket mechanisms were developed to allow companies to trade
bandwidth just as other commodities

AE.g. E n r oBabdwidth Trading Market

Seriously hit by the economic downturn in 2001

ATrading markets disappeared with the bursting of the telecom
bubble

Today, bandwidth normally provided under the umbrella of long-
term bilateral agreements

© David Hausheer, 2009 08.02.2010 / 2



Network Virtualization as a Key Driver for
Bandwidth on Demand

Rapid technological progress

Transparent sharing of physical equipment
A Optical fibres, virtual routers, ...

Benefits: isolation, flexibility
Drawback: potential inefficiencies

Global Lambda Integrated Facility (GLIF)

But: Transport costs are lower in the optical layer

A The cost and power consumption per bit of optical layer devices is 1/3
to 1/5 of IP layer devices

AOfro_ading IP traffic to optical layer can reduce router capacity
requirements in the core network by 25-50% oo et Unifod dicarch
ource: Auawel. Unire Ispatching

U Hybrid solutions can reduce overall networking costs of the IP and optical layers

Challenging design of suitable allocation policies and business models
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Bandwidth on Demand i
A Definition

ABandwi dth on demand I s a data col
providing additional capacity on a link as necessary to

accommodate bursts in data traffic, a videoconference, or other

special requirements. The technique is commonly used on dial-up

lines and wide area networks (WANSs) to temporarily boost the

capacity of a link. Some call it "rubber bandwidth" because the

capacity can be increased or decreased as needed. It is also called
dynamic bandwidth allocation or load balancing. 0

AExample: Home users with ISDN connections can aggregate
two 64-Kbit/sec lines into a single 128-Kbit/sec line on demand.

Source: Tom Sheldon's Encyclopedia of Networking and Telecommunications
http://www.linktionary.com/b/bandwidth_on_demand.html
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BoD Dimensions

On demand versus reservation
A Dynamic bandwidth allocation: e.g. ISP-to-ISP, ASPs
A Fixed reservation ahead of time: e.g. Sporting events, research

What time-scales matter for setup and duration?
AOnce a year, mont h, week, day, hour

What is the requested item? Quantity vs quality, guarantees necessary?
A Bandwidth, delay, jitter, error-rate, availability, single link vs end-to-end

Resource association
A Light paths (lambdas), IP packets (queues), ports, ...

Interacting roles
A 1SP-to-ISP versus ISP-to-end user

Source: Burkhard Stiller, University of Zurich (partially)
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Dagstuhl Seminar on Bandwidth on
Demand, February 9-11, 2009

\\\\\

Held in the beautiful Dagstuhl castle

By invitation only

Talks, position statements, work groups
21 participants

A Academia: 16, Industrial Research: 5

A Europe: 19, Asia-Pacific: 2

A Technical: 7, Economic: 7,
Legal/regulatory: 4, Technological: 3
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BoD Challenges

Wh a 't does NABoDO

Which Applications require BoD?

When, Where,
How often?

Responsiveness
(on Demand vs Reserva'

BoD applications, BoD vs BnD

ISP-to-ISP \

Overprovisioning!?
ISP-to-end-ust

Bandwidth no Demand?

Timescales for BoD mechanisms

Decentralized
BoD management
Technical / management aspects,
P2P, wireless BoD

Measurement of BoD services

Intelligent resource management P2P bandwidth allocation

Scalability of BoD solutions Multihoming

Wireless Mesh
Networks

Business Models

Billing/charging models for BoD

Bandwidth Auctions Costs of BoD

Economic mechanisms, service aspects

Incentives for distributed (P2P) facilities

Infrastructure / Service Separation

BoD contracts / SLAs
Privacy issues Net Neutrality

Legal / regulatory issues,
environmental / social aspects

Is BoD environment-friendly? Social Impacts

Energy-efficient
Bandwidth Allocation

£ Conrats




© 9 University of Zurich

\\\\\

Support for data-intensive applications
AE.g. Remote backup, HDTV §
Layer-1 paths using GMPLS o\ 2 P o

Web-based reservation interface o

AUsers can select:
A Source/destination, start/end time (15 min interval),
ABandwi dth (150 Mbps interval), rou

APath setup/release time: ~1-5 minutes, based on path length

Japan’s first 40 Gbps (STM256) lines

Avalilable bandwidth for BoD differs based on L2/L3 traffic pattern
ABoD services allocated in a first-come-first-serve manner
AFair admission control scheme currently under study

Source: Shigeo Urushidani, National Institute of Informatics (NII)
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Bandwidth no Demand?

Bandwidth is cheap (Example: the Netherlands)
A Optical backbone: 10-100 G / meter

A Nation-wide optical backbone (5000 km) costs about
the same as a few kilometers of highway: 50-500 mu

There is enough for everyone (unlike highways)
A The Netherlands: 5 m houses x 1 Gbps = 5 Pbps

A Current optical fibre capacity: 40 Gbps x
160 | ambdas x 64 fibres x 12 cabl es

Bandwidth will be used
A Paradigm shift: offload servers / load the network

But users demand applications not bandwidth!
A Users might hardly be willing to pay for bandwidth

Source: Aiko Pras, University of Twente (UT)
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QoS/QoE Viewpoint

Us er doesnot care for bandwi dt |
U QoX-on-Demand (QoD)
AFeedback-based charging: User signals lack of satisfaction and
Wi”ingneSS tO pay Source: Peter Reichl, FTW
BoD has been deeply investigated for ATM and MPLS

AlLead to under-utilization of reserved bandwidth even at peak
hours

ANo known deployment, thus real need for BoD is questionable
AVPNs with statistical quarantees sufficient in practice
BoD with deterministic QoS only for minor cases, e.g. research
BoD is relevant answer to infrastructure/service separation
ABut probably leads to sub-optimal infrastructure optimization

Source: Isabelle Hamchaoui, Orange Labs
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Some Misconceptions

ACAPEX is not an i1 ssueo
A Dark fibre may be cheap, but optical switches are not a commaodity

AThere can be plenty of capacitybo
A There may be plenty of dark fibre, but it is dark
A We are not time travellers and we need to offer bandwidth now

ANnCore networ ks -paroevialiwanyesd cavedr do not
A True, but how does the network remain over-provisioned?

AThere -aserendnd network providerso
A There is actually a food chain

A Transport network operators support (and compete for) multiple
access network providers

A Change in capacity requirement can be a big thing

Source: Adrian Farrel, Old Dog Consulting
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Some (diverging) Conclusions

AABoD more feasible in wireless d
AAKey di ff er enc do-I$PsanddSPitow eSePii u s e r
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AAUsers request for se
mu s t how t hese s

cC e
car e i C
AAThe users know best t
stan
| S

-~ O

under d *oDn

AABo D
for new solutions i

i
n
AAl n the e
energy pr

mp o r -toASPK trelatformand thele & a heSdP
i ~

P

thisinter-domai n contextn
e
V

rgy sector 1t 1 s-to-mor e

n
ovider |l nteracti onhn

AAl't is now clear now that it 1is

© David Hausheer, 2009 08.02.2010 / 12



3rd IFIP/IEEE Intl. Workshop on

Bandwidth on Demand and
Federation Economics 2010

BoD 2006 took place in Nov 2006 at San Francisco,
USA, in conjunction with IEEE Globecom.

BoD 2008 took place in April 2008 at Salvador da Bahia,
Brazil, in conjunction with IEEE/IFIP NOMS.

IEEE
BoD 2010 will take place on April 23 in Osaka, Japan é ESE"E'T"\T'CAT'ONS
In conjunction with IEEE/IFIP NOMS 2010

o o o e

2010IEEE//IFIP/Network Operatlons and Management Symposnum

19-23 April 010 v\ _' :
Osaka, Jdpan i .
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BoD 2 0SQcéable and

Economic Bandwidth Allocation

I N t he Futur e

A General topics
I Technical design of scalable and robust bandwidth allocation mechanisms
I Economic and cost-effective bandwidth allocation schemes
I Federation policies in multi-domain virtual networks
I Industrial developments of new technologies enabling bandwidth on demand
I Legislative and regulatory issues

A Program

I Presentations and discussions of technical papers
I Invited talks

A Important dates

i Deadline: January 4, 2010
i Notification: February 8, 2010
i Workshop: April 23, 2010

A Website: http://www.csg.uzh.ch/events/bod10/
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Thank you for your attention!
Questions?

hausheer@[berkeley.edu, ifi.uzh.ch]
http://www.eecs.berkeley.edu/~hausheer/

Thanks to all BoD Dagstuhl seminar participants!
http://www.dagstuhl.de/09072
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Objectives / Topics of Interest

Technical design of scalable, robust, cost-effective bandwidth
allocation/provision

A Fully decentralized and market-based mechanisms (auctions)

Economic studies, market and business models in carrier/service
provider networks

A Cost and revenue models, game theoretical BoD models

Resource allocation and provision in non-profit systems

A Neighborhood wireless mesh networks, testbed infrastructures
(GENI or PlanetLab)

Industrial developments of new technologies facilitating BoD
A Network virtualization technologies, wireless mesh technologies

Legislative and regulatory issues
AE.g. legal issues of P2P trading infrastructures
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Non-profit Network Facilities

(Size ~ a bandwidth)
Collaborative provision and use
of network resources
A E.g. neighborhood wireless mesh networks

Interesting case: PlanetLab

A Small percentage of slices
consumes majority of resources

A But many inactive contributors
A Not really fair for short-term slices T
o . Others
How to protect the Asmall i users?

A Possible approach: small slices should have a larger share of
resources in case of congestion than big ones (fairness in time)

Federation makes fair resource allocation even more challenging
A Hybrid approach (public good & market) may be needed

Source: Panayotis Antoniadis, LIP6
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