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B ecavse we ve run oud
ol addresses
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We ve been Were welore .

T\'\Q OT“\S'W\O\\ AYLPAf\Q“ dQS‘\Sf\ Q cCowA
1969 usea twe NCP grodocol, vk
vsed 8 b addresses

— V\o‘%\w\vwx aehnork of 256 wnodes
— vaovs\«\, 7&%?
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ARPAnet - Qeplember 1118



TT‘QV\S‘\“‘\OV‘\ \//\O

* Tuerns out that 8 bids of addresses was
not enoudh for dhe newd generation of
WAy CO\N\(‘\)‘\QV‘S

* ARPAreY underlook o Yransition Crom
NCP Yo a new protocoll TCP/\P

— Expansion {rowm 8 4o DL bt addresses
—Flag Day' 1 Janvary 1183

— Juldovin and reboot every wode wto
e new protocol



“T\f\‘\S “'\MQ, g\ or S\JV‘QV’ ¥*

* Actually Vint didn’t say this!



‘\P \/Qrs\o«\ L‘\

* L v address {ela
—Twat' s 8294961296 adaresses

. We’ve used dwis do buila -\odq{ S
wierned:

— Qowme H00000 wnetvorks
— Acound 100 wi\lion connected devices

* Qowme 2.9 YearsS \Q-\er, we've run out of
addresses - adaw!
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‘\Pocq\yese?



Vo we | Wit e wall = rigwd?




V\o\j‘oc no4

%W \QPs have been stockilng

AAALCIDCH

Ac\dress gdar) [dg "’ codrawy are
Mer,ww 7 trod

o WV} S wot a svaden wald

%Q‘f“\ e addressed pard of hfSO

oo salies tn 200"
* Whigh was, dhe largest year so far
or ' Fe” Wierned



Ws wore like




Whal are we Yransitionng do?



\Pvb



Lo\7er—?) Protocol
S\)rgerj




Lo\7er—?) Protocol
S\Jrgerj

= N w H U

Only dne \P layer changes — notwing else!



Whad chandes \ith \Pu6?



What cwanges?

- 128 v} address (elas
— Fed Wos¥/ nehwork boundary

—Replacea B roadcast ana ARP widw
Multicast ana SLAAC

—Rewoved on-tne-{ly Cragmentation

with \CMPE nodi{cation Yo source
- No NATS!
—Mulhi-Addressng
— Scoeed Addresses



\N\'\Q"’ S SQ\V‘\(\S VS SF‘\QQ ?

— Fiwed wost/ network boundar

— Replaced B roadcast ana ARP v
Mot s S
* B ul we need Yo retaw DHC P Cor DN avdo-

COWN ‘\S

_ YL . o “‘\\f\ “C\ Q ' ‘ “ '\'\ \-‘\r\
‘\C? m \ée «\o‘?\% \cai\o«x\/'\or:%\\x*ecg anen v

- No NATS!

- M\)\‘V\"Addf‘ﬁﬁ&\ﬂs

— Jcopea Addresses

—No b ackwvaras Compatibilidy



Tecwnology Considerations
* For swtle LANg W 's gossible 4o

'3\)54 lurn 4 on
— Aldnough dne lack of a NAT way be an
shve ‘
* For wore complex nedworks \PVG
requires carel 'Vl enywneerwny
— Particvlarly around preliv aclegation
- Af\d g\ .\V‘QV‘Q\ CO(\Q ‘\S\JT‘O\“'\O(\
* And we dual sdack e«w\rovxmeév\

wiroduces a whwole wew sed o
application Problews



Teansihion V2.0

A"F oy qu" swidchover s wmpossible
Pecemeal replacement won'} work evwer as
\PV6 s not backwara compatible vt \PvH

§o we need to run both protocols W tandewa
Q or Q \r‘\f\‘\\Q

B vl bear W wind Ywad one protocol Was
already run oud of addresses

And nehwork growin continves ad record
\evels



Teansihion V2.0

We weea 2o |
* deploy \PVE W garallel widn AP

* deploy ever wore stringent \PVA
QAAACCES CONSCEVATION WCASUrES Widthin
e wework

* allow e nedvork do expand at an
ever wereaswny rade

Al ad Ine sowe dwe!



Savage Chickens Dok Bsiain

CHAINSAW JuG6LING?
THRAT'S EASY! T JuGGLE
ANGRY FERRETS!

@000 1 Il JATAGE

V\O\‘,\DQ \-\’ ) \'\kQ “V\.\S!



Why s dwis so ward?



Twe \Pv6 Transition Plan

TPu= Poo\ dize

Time
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A Rougw Census of dwe
Nehwork £age

* Counting \PV6 wn client aevices:

— Sowxe L\S“-‘ o? dev'\cgs CUN \V'mdows \/\s-\q or
Windows T = with \PVE durnca on

— Qowme 8= of aevices run Mac 09 X - v
\Pv6 lurned on

— Qowe 5= of ACNVI(CCS TUN \V'mo\ows XP

. A\wa wall of dwe devices oul dwere Wave
\WVE nstalled and ackive

— And o large profordion ol e odner Wall' are
Qro\oo\\o\y cUNN g Windows XP

http://en.wikipedia.org/wiki/Usage_share_of operating_systems



A Rough Census of dwe
Netvork Core

* 1882 ASNs origwade \Pvb prelives

(out of a todal o? 21555 AONs w
e PR routing Yable)

* B ul 35909 ASNS are siubs and
5626 ASNs are dransit
—49= of dne \PVH dransit ASNS

covtng space oriQwade \Pvo Qrc? eSS



\P6 cagabilidy, as seen by
G ooale

e

0.2%
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http://www.google.com/intl/en/ipv6/statistics/

33



\PV6 CQ ab \\ \“
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Oooess

* Access — 06= of end cliends are
seeved Witk an \PVE access service
ot provides the client widw o
notive \PvE unicast address

* Jervices — 071+ of dwe Alexa dop
™ ek sdes wave AAAA records



Twe \Pv6 Transtion Plan -
V2.0




What' s qone \rony?

* W seewms dhad we ve wanaged do achieve only L
ovt of I objeckives for \PVE aeploymend

* And powt the access waustey was 4o deploy (ana
Cund) \PVE address exdension wiechanisms
addihion 4o fundng an \PVE aeployment

* Whwat's QoY wrony s Qap behneen core
and eaye:

— Why Was dwe access service seclor been diswderested
wany weanndiul levels of \Pvb deploywent so far?

— Why s the content waustey lagging on \PV6
aeploywent?



Lessons Srom dwe Pasd

‘\Q s dransition do ‘\PV6 O
Provng c\mox\\@r\% 9, then how Al we
ever get e \PVH \ndernct Up and
cunning w the {iesd place?



\PVH Deploywend Lessons

QO\CMQ‘\ SV‘\‘\CW\“& VS cveeut
SV"\“C\'\‘N\s
- }ower nedwork costs though pushing of
unctionalidy and cost o end sysdews

exfPosed a new dewand schedvle Yor
COMMUNICOIoNS SCEVICeS

e, facked switchng was Yar cheager
an circv SV\'\"C\'\.\(\s. WS aro w
0%t exposed new warked opportunities
or ewerdent \OPs



C\f‘CU\“& “O PO\CkQ‘\'Sz
Twe Dewand Dcheavle il

Price

p(Circuits)
p(IP)

q(Circuits) q(IP) Quantity



PV Deploywend

B usiness’ exposed wew warked opportunidy w a
warket that was actively sheddng wany
regulatory consdrands
— ewposed new warked opportunities via arbitrage of

VS
* buy a cwrevd, resell B as packeds
— presence of adile Wigh-risk entreprencur cagital willing

to explowt shord terw waarked oppordunities exposed
Mrough s form of arbidrage

— volume-based suppliers witially unable 1o redeploy
captal and Process Yo wieet new dewand
* unable do cannibalize exishing warkelts
* \)v(\\r\‘\\\'w\s 0 wake \"“S\“ ok wvesimends



P\ Deploywend

Imall TP
LE/\-)—PQ()W Secbor)

(—\IO\/\ U \WV\Q
Provider .L!\
/ (Teleo J&Lﬂ

~1990 ~1995

Jize of Pve T,/\-lﬂ*/\e.-)—




PV Deploywend

B usiness’ exposed new warked opporiunidy w a
warked Hhad was actively sheddwnd wany regulatory
constrawnds
— ewfosed new warked opportunities via arbitrage of

C\eCcVS
* buy a circuid, resell W as fackeds
— presence of agile Wigh-risk endreprencur cagital willing
to explod shord derw warked oppordunities exposed
Irough s Corwn of arbidrage

— volume-based supgliers widially unable Yo redeploy
captal and Process Yo wieet wéw dewand
* unable Yo cannibalize existing warkels
¢ \)f\\r\‘\\\‘w\s 40 wake \/\‘\8\/\ riok wvesimends

* e waturing warked regresented an opfortunidy for
large scale wvesdment dwad could operade on even
lowier cost bases Iwrough economies of scale



P\ Deploywend

éé

( (-’Vo\l\ UO\WV\Q
i Provider~ T
g (Teleo Sector)
S

~1990 ~2005
Time



\N\'\O\“ Q\DO\)“ ‘\PVGD TV‘O‘V‘\S‘\“‘\OV‘\?

* Wil dne sawme dechnolody, cost and
cegulatory {actors Ihat drove dwe
deploywment of the PV \nderned
also drive Hhis Wwdustey dhrough dhe
Yransihion from \PvE do \Py6?



\Pvo v \PVA

Are dwere compeditive differendiadors?
no cost aflerential
no § W\c-\\o«\q\\-\y ¥ Cerential
no wherent consumer-visible a{erence
no Visible consuwer dewand
no Visible comperdhive af{erentiators odwer
Mon {Udure risk



IPv4 to Dual Stack:
The Demand Schedule Shift

DV4 / DualStack

Price

No chonge n
serception of
vole, SO demond
SchedUle s

wnoltered

S“PP\Y Sde cost
nerense de Yo
M\ S-\’QCK PDuaIStack

O’PQ(D:\:\OY\
I:)V4

Qpuaistack Qs Quantity

Equiorine~ pont i ot a \ower c,uan'\'rh/ % Dual Stocke supply
costs are PassQA on Yo customers



T\'\Q TV“O\'I\S'\“'\OT\ to ‘\PVG

G wen ot we ve lefd @ so lade
leews of dwe scale of dwe
Yransition and twe deyree of

6"\? Q ‘\C\)\‘\\j Wit ‘\PVL\ Q‘A\'\O\US‘\‘\OV\,
and §iwven that Iwere appears to be
e wotivation (rowm  sowme cridhical
WwAvsdry segwiends do ewbark on
“V\‘\?S ‘\er\S'\"‘\OV\ - \r\\\\ ‘\“ \'\Q(‘(‘QV\ Q“
all'



T\'\Q TV“O\'I\S'\“'\OT\ to ‘\PVG

A\“QFV\Q“'\VQ\}( 19 “\'\‘\S ‘\T‘QV\S'\“‘\OV\ an
wstance o) a warked {ailure?



"Marked Falure”

Wc . . ¢

nowacs:
“In economics, a market failure exists when the production or use of goods and services by
the market is not efficient. That is, there exists another outcome where market participants'
overall gains from the new outcome outweigh their losses (even if some participants lose
under the new arrangement). Market failures can be viewed as scenarios where individuals'
pursuit of pure self-interest leads to results that are not efficient — that can be improved
upon from the societal point-of-view. The first known use of the term by economists was in
1958, but the concept has been traced back to the Victorian philosopher Henry Sidgwick.”

http://en.wikipedia.org/wiki/Market_failure



Twe Teransition Yo \PVG

A\“QFV\Q“.\VQ\?( WO “\'\‘\S ‘\f“Qf\S\“‘\Otl\ (oY
wstance oy a warked {aqilure?

wawidval se\l=wnderest \eads Yo
wellcient supply ovicomes, as sell-
wierest does not lead Iwe wstallea
based of consumers and suppliers 4o
undecweite e cost of dual sdack
O(‘Q\"O“"\OV\ \A'\-\\/\'«\ ‘“\Q “\"0\'{\5‘\“‘\0(\



‘\PVG Travxs’\-\\m\ QS a “P\)\o\\c 6 ood?”

s twe deansition Yo \PVE s non-excludable and
non-rivalrous?

W which case dwis dransihion issue farallels dwad
ol o Public good

With an wplication dwad conventional warked
dynawmics w a deredulated enviconmendt will nod
\cad Yo s dransition bewng underiaken

And o corollary +had $ s dransidion s
considered 1o be necessary or essential dhen
sowme {orm of public 3o0d solution needs 4o be
CONDACTCA



Public Gooa “solutions

Twere are a auwmber of conventional
approaches o twe dstribution of o
PuUblic Good:

— Assurance contracls

— C oasan solutions

— G overawment endergrise frovisionnd
— TQF‘\Q Q )

— SU‘DS\&\QS

— Tawation rewedies

— ‘Leg\)\o‘-\orj wapost



Qegv\q-\orj ‘\wx(sos-\

* A reguladory consdrant s placed on
e \QP carrier licence wolders twad
\WPVE services are 4o be provided by a
8‘\‘18(\ C\QQC\\‘W\Q
—as Was hagened Wit digidal delevision w

wany regulatory regwmes.

* Twis reguladory consdrant acds a
Corm of a assurance contracd, \where
all providers are ‘w efCecd bouna Yo
Produce a farticular solution



G overawent Purchase

C ontracts

* Where dwe public sector colleckively require dwe
frovision wn \PvE W all dwewr service condrachs.

* Twis s a form of a coasian soludion wiwere a
qroup of potential beneliciaries pool togedner
e willingness 4o fay for dne public good.

— We have seen dwis approach wn dhe fast widn e
G overament O\ Prolliles (G OJNP) of e lade
1180 s wwen dwe approach froved wellectual.

— Twere s no assurance twad such collechive actions on
twe fard of Iwe public sector Wave su{{ciend wass ana
wiowmendum 1o creade a broader sustawable warkesd
ot will wagel dwe privade sector o underdake dwe
"\“Q(\S‘\"'\OV\.



Su\os\cx\es aNnad ‘\vxcevx-\\ves

* Where twe production of we Jood s sUbsdised
w sowme {ashion by public Cunas
— Twis can be wn dwe form ol direct faywends Yo service

providers, or w e forwm of vouchers 4o consuwmers
which can be redeewed only W exchange for dwe
sv(&(&\7 of a s(&ec‘@ @A Service,

* Relatea wcendive wicasures wclude dwe use of
Yaxadion wcentives related Yo wlrastruciure
wvesimend, where dwe wvesiment wn a cerdawn
cdoss of wirastructure or W a cerdawn seclor
can be Provided widh advantaded tawation
trcatwmend.



Public Provision

Where dne service s frovided by a publically-
owned enterdrise.

Twe { unawng Cor such an enderprise can be
frovided by goveramend-backed wnvesdment
bonds, or d\rec-\\j Crom QU\D\'\C CRVCNVUCS, and
oferatng losses are underwritten by dhe public
furse.

— Twis weasure was used {or wiost national delephone
SCrVice Providers Cor a s\s«\\Q cant fard of Iwe
heentieth century, so W s not exactly a compledely
¢ ore\gn concepd Yor wis 'w\c\\)s-\r\/.



What Asoul \PvH Evmaustion?

* Does \PWH address extwaustion
CV\Q(\SQ ‘\\f\'\s Q'\C“UV‘Q?

* What are Ywe econowic wadlications
ol service froviders addwn CGNs
Yo e currend service of ferng
based on \PvH?

* Ace CGNs ana \PVE wautuall

exclusive wvestment options Yor
access Providers?



Adawng CGONs do 1PV
Twe Dewmand Qcheadule Dwild

Supply sde cost
ncreoSe de Yo
Dw Stock

PCGNS
Cﬁﬂwnﬂi)ﬂ

PV4

CoNs reduce
Mc‘\iovn\l‘\‘y ond

[~ Ve Yhe
pertormonce of some

V4aPP\§ca'\"~OV\S

——— -

Qcons Qys Quantity

CGNe rePreSen‘\’ K»alner cost and \ower value for customers



?3 vd 8 Hwis all dwere 1 3o
CGNy?

* W\l CGN's alder dwe user s experience of
services?

* Does s alter dwe role (and \ocation) of
C DNy?

— Or was twe CDN wodel already evolved to
accommwodate twis evolution?
* Do CGNs aller dwe leverage of dwe access
frovider with respect Yo service deploywend?

— s s an wstance of o {orced carriage Yoll gade
ot allows dwe carriage sector do reneyotiade
e celationship widh dthe condend access wodel



Further wiusing,.

* Do we req\\7 understond dwe
C\‘,'I\O\\N\‘\CS anad ‘\V\"Q\"“VG\Q"'\O(\S\A‘\(‘S OQ
Ine components of i wndustey?

V\o‘o‘\\‘v\y Providers C ondend
A

Users Providers

Devices 30\40\ Seevice
a
Access Prov\c\ers Y 33regators
J

Teanst Providers Asveryisers

\ ]
wrastevucture Dervice
Providers



Further wiusing,.

* \VMOA arwes twe carcae sector?
* What arwves e contend sector?

* s the ofen nedvork architeciuce
bewnd oriered by \ vb {\\do\wxew\o‘\ 4o
e o\o3ec4 wVes of evdher ot dwese
sectors?

\V\\\ ‘“\Q‘? WavesSt \PV6

w rasdruciure q«\a SerVice Provision?
* \{ so, dwen iy
A\ vxo% ren vy not?



Nour Thoughds?

* Carrage v Content

— C\)rrew\\y \T and twe \nierned was
allowed condent Yo shed carriade
\N\Qd'\Q“‘\OV\ and (\6804‘\0\“6 CX\V‘QC‘“\/ \r\'\“\'\
e end consuwmer

— \V\\\ SCQV‘C\'\" WA ‘“\Q CQT‘V‘\Q&Q QC“\V\“?
enable carriade glayers do re-enter twe
content dstebution {unction w o
wedntion (Goll gate) role?



Thone You



