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Historical facts

 1983 : Research network for ~ 100 computers
Ð Internet, a Research network for researchers

 1992 : Commercial activity
Ð Exponential growth

 1993 : Exhaustion of the class B address space

 Forecast of network collapse for 1994!

 Yet another forecast for 1998!
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From the basis: IP = bottleneck!

 email  WWW  phone...

SMTP  HTTP  RTP...

TCP  UDP…

IP

  ethernet   PPP…

CSMA  async  sonet...

 copper  fiber  radio...

Steve deering, 'Watching the Waist of the Protocol HourglassÔ, IETF 51 London, 
http://www. i etf . org/proceedings/01aug/slides/plenary-1/index. htm��l

 IP on everything
Ð Adapt IP protocol on every layer 2

 Everything on IP
Ð  write application to use IP layer

(through L4: TCP, UDP,É )

 IP is very simple
Ð Forwards packet towards destination

 IP must facilitate network
interconnection
Ð Avoid ambiguities on addresses
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Emergency measures

 Allocate exceptionally class B addresses
 Re-use class C address space
 CIDR (Classless Internet Domain Routing)

Ð RFC 1519 (PS)

Ð network address = prefix/prefix length
Ð less address waste
Ð recommend aggregation (reduce routing table length)

 Private Address Space (RFC 1918)
Ð Use ALG / Proxies
Ð Use NAT / NAPT
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Public address space Private address space

Internet Company

10.1.1.1Proxy: 192.1.2.3

128.1.2.3

Emergency Measures: ALG / Proxies
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Internet Company

128.1.2.3 10.1.1.1

10.1.1.1->128.1.2.3

10.1.1.1 <=> 192.1.1.1

192.1.1.1->128.1.2.3

Emergency Measures:
Network Address Translation (NAT)

Public address space private address space

Routable address pool / Translation table
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NAT (continued)

 Advantages:
Ð Reduce the need of

official addresses
Ð Ease the internal

addressing plan
Ð Transparent to some

applications
Ð Security ?

 Disadvantages:
Ð Translation sometime

complex (e.g. FTP)
Ð Does not scale
Ð Introduce states inside

the network:
¥ Multihomed networks

Ð Breaks the end-to-end
paradigm

Ð Security with IPsec

=> Should be reserved for small sites in Client/Server mode
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Emergency Measures (continued)

 These emergency measures gave time to
develop a new version of IP, named IPv6

 IPv6 keeps principles that have made the
success of IP

 Corrects what was wrong with the current
version (v4)



  

 5

G6 Tutorial 9

BUT are emergency measures enough?

Source: http://www.potaroo.net/tools/ipv4/index.html (29 June 2008)
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IPv4 space depletion in 2011!

Source: http://www.potaroo.net/tools/ipv4/index.html (29 June 2008)
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Implications of IPv4 address
space depletion forecasts

 RIRs, ICANN, IETFÕs announcements/positions/statements:
Ð AfriNIC: http://www.afrinic.net/news/position-on-the-future-of-IP.htm
Ð APNIC: http://www.apnic.net/meetings/24/program/sigs/policy/presentations/wilson-

resolution.pdf
Ð ARIN: http://www.arin.net/announcements/archives/20070521.html
Ð LACNIC: http://lacnic.net/en/anuncios/2007_agotamiento_ipv4.html
Ð RIPE-Community: http://www.ripe.net/news/community-statement.html
Ð ICANN: http://www.icann.org/announcements/announcement-26oct07.htm
Ð IETF Internet-Draft: http://www.ietf.org/internet-drafts/draft-narten-ipv6-statement-00.txt

Ð Presentations at RIPE 55 (October 2007, Amsterdam):
¥ Geoff Huston: http://www.ripe.net/ripe/meetings/ripe-55/presentations/huston-ipv4.pdf
¥ Randy Bush:http://rip.psg.com/~randy/071022.v6-op-reality.pdf

Ð AndÉ  Watch/Listen to the great video/song ÒWhen the routers diedÓ:
¥ Video fro the secret group @RIPE 55: http://www.youtube.com/watch?v=_y36fG2Oba0
¥ The songÕs lyrics: http://www.secret-wg.org/Secret-Archive/RIPE55-SWG.htm
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 European Commission
Ð Press release (27 May 2008):

http://ec.europa.eu/information_society/policy/ipv6/docs/european_day/communicati
on_final_27052008_en.pdf

Ð IPv6 fact sheet:
http://ec.europa.eu/information_society/policy/ipv6/docs/ipv6_factsheet_en.pdf

Ð European IPv6 Day (30 May 2008):
http://ec.europa.eu/information_society/policy/ipv6/events/index_en.htm

 OECD
Ð Report: http://www.oecd.org/dataoecd/7/1/40605942.pdf (ÒInternet Address Space:

Economic Considerations in the Management of IPv4 and in the Deployment of
IPv6Ó)

Ð Declaration (OECD Ministerial Meeting on the Future of the Internet Economy, held
in Seoul, Korea, on 17-18 June 2008):
http://www.oecd.org/dataoecd/49/28/40839436.pdf

Implications of IPv4 address
space depletion forecasts (2)
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Why migrating from IPv4 to IPv6?

 IPv4 address pool exhaustion in 3-4 years
Ð All reports converge (eg:

http://www.potaroo.net/tools/ipv4/index.html,
http://www.tndh.net/~tony/ietf/IPv4-pool-combined-view.pdf, É )

Ð IANA pool, then RIR pool, thenÉ
Ð Some day after, e-companies will not be able to get assignments
Ð And current e-companies will not be able to get extra-

assignments

 IPv4 services deployment getting more and more
complex
Ð Lack of IPv4 routable (public) addresses
Ð NAT breaking e2e principle
Ð Even IPv4 private space (RFC 1918) is not sufficient for some

deployment scenarios (eg. ComcastÕs 100 M @ need)
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Overview of IPv6
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WhatÕs new with IPv6
 IPv6 address space is much larger than the IPv4 one

Ð IPv6 is an enabler

 Internet end-to-end communications possible again
Ð Applications development and deployment is much easier

 Aggregated routing architecture
Ð More scalability is expected

 Auto-configuration of hosts (stateless and stateful)

 Better handling of protocol headers and new options
Ð More features and more efficiency are expected in the long run

 Built-in multicast, security and mobility


