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The Internet...

Has been a runaway success that
has transformed not just the
telecommunications sector, but
entire social structures are
being altered by the Internet!

And now we've used up most of the
Internet's 32bit address pool
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What did we do back in
19927
We bought some time by removing

the CLASS A, B, C address
structure from IP addresses
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What else did we do back
in 19927

And we started working on a new
Internet Protocol - to become
IPv6 - to replace 1Pv4

We left the task of transition
until after we had figured out
what this new protocol would 1loo0k
like
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For a while this did not look to
be an urgent problem...
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Meanwhile, we continued to build (IPv4) networks
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The rude awakening

Until all of a sudden the IPv4
address piggy bank was looking
extremely empty...
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ABOUT INTERNET GOVERNANCE TECHNICAL COORDINATION POLICIES STATISTICS

3 February 2011

Free Pool of IPv4 Address Space Depleted

IPv6 adoption at critical phase

Montevideo, 3 February 2011 - The Number Resource Organization (NRO) announced today that the free pool of available IPv4
addresses is now fully depleted. On Monday, January 31, the Internet Assigned Numbers Authority (IANA) allocated two blocks of IPv4
address space to APNIC, the Regional Internet Registry (RIR) for the Asia Pacific region, which triggered a global policy to allocate the
remaining IANA pool equally between the five RIRs. Today IANA allocated those blocks. This means that there are no longer any |IPv4
addresses available for allocation from the IANA to the five RIRs.

IANA assigns IPv4 addresses to the RIRs in blocks that equate to 1/256th of the entire IPv4 address space. Each block is referred to as
a "/8" or "slash-8". A global policy agreed on by all five RIR communities and ratified in 2009 by ICANN, the international body responsible
for the IANA function, dictated that when the IANA IPv4 free pool reached five remaining /8 blocks, these blocks were to be
simultaneously and equally distributed to the five RIRs.

"This is an historic day in the history of the Internet, and one we have been anticipating for quite some time,” states Raul Echeberria,
Chairman of the Number Resource Orgagg (NRO), the official representative of the five RIRs. “The future of the Internet is in IPv6.

All Internet stakeholders must now take W action to deploy IPv6.”
b q i |

q n higs

some time. But it means the adoption of IF para ti rtan

growth and foster the global innovation we've all come to expect.”

SL Rod Beckstrom, ICANN's President and Chief
munity has been planning for IPv4 depletion for quite
ince it will allow the Internet to continue its amazing

"This is truly a major turning point in the
Executive Officer. “Nobody was caugh

IPv6 is the "next generation™ of the Internet Protocol, providing a hugely expanded address space and allowing the Internet to grow into
the future. “Billions of people world wide use the Internet for everything from sending tweets to paying bills. The transition to IPv6 from
IPv4 represents an opportunity for even more innovative applications without the fear of running out of essential Internet IP addresses,”
said Vice President of IANA Elise Gerich.

Adoption of IPv6 is now vital for all Internet stakeholders. The RIRs have been working with network operators at the local, regional, and
global level for more than a decade to offer training and advice on |IPv6 adoption and ensure that everyone is prepared for the exhaustion
of IPv4.

“Each RIR will have its final full /8 from IANA, plus any existing IP address holdings to distribute. Depending on address space requests
received, this could last each RIR anywhere from a few weeks to many months. It's only a matter of time before the RIRs and Internet
Service Providers (ISPs) must start denying requests for IPv4 address space. Deploying IPv6 is now a requirement, not an option,”
added Echeberria. IPv6 address space has been available since 1999. Visit http://www.nro.net/ipvé/ for more information on IPv6, or




The rude awakening

And transition to IPv6 is
suddenly a very important topic!
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IPv4d to 1IPvé6
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The challenge often
lies in managing the
transition from one
technology to another

O




Option 1: Flag Day!

0,6 >
1ol /

hko&aw@eﬁo+wncﬁnﬁwvaﬂuwwxa\IR£ENawwmm£
A of the sore Fime! A\ over the Tnternet!



Option 1: Flag Day!

We ol agrke Yo fum oft TPV ond fum on TPvE EVERVIWHERE
B0t the some Yime! A\ over the Tnternet!



Option 2: Parallel Transition!

o

I
We shrt Yo e in TPV n parslld with Tpv/
MMW\\\/?MSQO\K\’IP\/G



Option 2: Parallel Transition!

Jize of JA/\Q wl‘d’

TP Podl Jize

Time
For ths Yo wWork wWe hove Yo stort ear\\/ ond finsh BEFORE
TPW oddcess oo\ exhoustion



Option 2: Parallel Transition!
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Hybrid IPv4
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Transition requires the network owner to undertake
capital investment in network service infrastructure to
support IPv4 address sharing/rationing.
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Transition requires the network owner to undertake
capital investment in network service infrastructure to
support IPv4 address sharing/rationing.

What lengths will the network owner then go to to
protect the value of this additional investment by
locking itself into this “transitional” service model
for an extended/indefinite period?



———

: YENS
TP «\’rw\S on.
/ ALGs
The Ade m Yhs ‘\’mnsr\’on S Yhot the Tnternet co\rr*mag

Prow&er heods off n a coo«?\e'\’e\\/ Ailkerent direction!



How can we "manage"™ this
transition?



How can we "manage"™ this
transition?

To enswe that the industry waintains
o colective focus on TPVE os the

ob&ec‘\’l\/e ok ths exercice!



How can we "manage"™ this
transition?

Jo enswe that the W\U\S'\’r\/
wontons o colective focus on TPVE
s Fhe obiective of Hhs exercisel

M Yo enswe Yhot e do not %g'\’ ckls‘\'mc\'erx
by ot\‘\'e(w?ﬁ% Yo o?'\’M'Zae. whot Were
wended Yo e '\'ex\«?om(\/ MeoSWreS



How can we "manage"™ this
transition?

Ths wWos a\NayS 8olncOL Yo e a very howrd
question To Fry and anSyler!



How can we "manage"™ this
transition?

The docfa on TPV uptolee sOféarsu%gs*s
Yot wWe are ST\ not mam% Yhs oF ol e\,



IPve capability, as seen
by Google

) 0.6%
Goo%\es Mo\ sTooE
Tn Aok 202 oy OSE ok ueers 005 /MW
n ) N
. . W\’e UM 0.4%
ServiceS UWSNG-
UM i ki A
Jb Wl J L\‘JN«“ Higghy i w“’
” J &ﬂ. L'M 'UKWU“ JLIU 'M' Mu W“‘w.kgﬁa :)“ 0208
A ANVAMAR AN ”’WW& Ay % 0.1%
o ' ' ' %WWMADM

1 I 1
2009 2010 2011 2012
1 I I I
< i >

http://www.google.com/intl/en/ipv6/statistics/

51



Packet Counting...

Some 50% of the Internet's transit
ISPs support IPv6 transit

Some 50% of the Internet's host
devices have an active IPv6 stack
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But only 0.5% of the Internet
actually uses IPv6!
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How can we "manage"™ this
transition?
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What's gone wrong?

It seems that we've managed to
achieve only 2 out of 3 necessary
prerequisites for IPv6 deployment

And the third area, the last mile
access infrastructure, is once more
proving to be very challenging
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competitive environment
There is no plan, just the interplay of
various market pressures

2. Varying IPv4 Address Exhaustion Timelines
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Exhsustion Predictions

Predicted Exhaustion Date * Remaining Address Pool

(1 May 2012)

APNIC 19 April 2011 (actual) 1.16 /8s (0.3 /8s rsvd)
RIPE NCC 13 August 2012 2.32 /8s
ARIN 20 June 2013 5.08 /8s
LACNIC 20 January 2014 3.65 /8s
AFRINIC 4 November 2014 4.34 /8s

* Here “exhaustion” is defined as the point when the RIR’s remaining pool falls to 1 /8
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Reality Acceptance

Or not

Is IPv4 address exhaustion a "here and now"
problem or a "some time in the future”
problem?
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1. This is a deregulated and highly
competitive environment
There is no plan, just the interplay of
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2. Varying IPv4 Address Exhaustion Timelines
There is a credibility problem: This
industry has a hard time believing
reality over its own mythology

3. Regional Diversity
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By 2013 it is possible that different
regions of the world will be experiencing
very different market pressures for the
provision of Internet services, due to
differing transitional pressures from IPv4
exhaustion
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provision of Internet services, due to
differing transitional pressures from IPv4
exhaustion
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The Myth of the Long Term
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Challenges:

1. This is a deregulated and highly
competitive environment
There is no plan, Just the interplay of
various market pressures

2. Varying IPv4 Address Exhaustion Timelines
There is a credibility problem: This
industry has a hard time believing
reality over its own mythology

3. Regional Diversity
One network is not an assured outcome!
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Challenges:

1. This is a deregulated and highly
competitive environment

There is no plan, Jjust the interplay of
various market pressures

2. Varying IPv4 Address Exhaustion Timelines
There is a credibility problem: This
industry has a hard time believing
reality over its own mythology

3. Regional Diversity
One network is not an assured outcome:
Market pressures during an extended
transition may push the Internet along
different paths in each region



If IPv6 is what we are after as an open and
accessible platform for further network growth and
innovation then the public interest in a

continuing open and accessible network needs to be
expressed within the dynamics of market pressures.

)
Today's question is:

How con we do Yhs?
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How can we help the
Internet through this
transition?



How can we help the
Internet through this
transition?

Or o \eost, how con e ovod ~oldng 7T any
wWorse than it s nows?
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Yes, Fhat was intertionally \efF Sand]

)
T realy dont now whot W\ wors,
And os for os T con See, nor does

ow\\/one e\Se!



Bul even "tkou%l\ T Aon)'\’ hove on
orsiner here, T have some “thoughts Yo
offer olsouxt his issue of puling the
Drternet though Ths Fransition
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Three thoughts...




Firstly

If we want one working Internet at the end of all
this, then keep an eye on the larger picture

Thine olsout whot s ow common terest here
ond '\’r\/ Yo Gnd ways for \ocol wilerestc Yo converge

wWith oW compon nterest . a sln%k coheSive nweliNore
Yhat remains open, neutral, ond accessidle



secondly
Addresses should be used in working networks, not hoarded

Sco.ro.r\'\/ %gnem‘\’es Pon ond W\ce(\’aln'\'\/
Hoording. exacerbattes scartity in both s density and
durockion
Extended scortily prolongs the poin and inereoses the
wpredictablity of the entie Fronsifion process
Qosed or opogue 0ddress warkels create asymetric

nkormotion Yhot encourDges Speculoction ond koonk'm%, futher
exo\cerha'\’ln% Yhe problem



Finally...

Bring it on! A rapid onset of exhaustion and a rapid
transition represents the best chance of achieving an
IPv6 network as an outcome

The ™ore tie e spend invesTing. Tine, wroney ond effort n
deploying. TPV addeess extension wechanses, the greater the poin
Yo owr customers, and the haher Fhe ride Fhatt e il \ose T

of Yhe wtrended Yerporary voture of Yronsition ond the 3@0&@( Yhe
chonces that e vl forget oot TP os Hhe objectivel

The A9 here s no\eSS'\'Mn‘\ke‘;W\'WeoQo?enne'\’worﬁn%mA

open content — it e 3{\’ Yhe wrong. we v\ recreote the o\
SHing vertically bundled carriage monopdlies of the o erol

And o Yhot pont V\le_)\/e \ost ex/e(\/‘\'k'w\a.'
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