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World IPv6

8. 6. 2011
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World IPv6 Day (2011)

GOOgle Alimelight
YAHOO!

s .. T

8.6.2011
2021-06-04 Radek Zajic, radek@zajic.v.pytli.cz, IPv6: Deset let poté




Pristup uzivatelu k IPv6 v roce 2011 (svét)

| Jul 8, 2011
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Pristup uzivatelu k IPv6 v roce 2011 (CZ)

Use of IPv6 for Czech Republic (CZ)

Zoom: th 1d 5d 1w 1m 3m 6m 1y max @ |Pv6 Capable : 0.73 @ IPv6 Preference : 0.68 | 01:00 November 24, 2011

W ™
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il 14  December2011 5 12 19 January 2012 9 16 February 2012 6
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Weboveé sluzby a IPv6 v roce 2011

6

ipv6.google.com
ipve.facebook.com
ipv6.yahoo.com

6

ipvb.seznam.cz
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Rozsireni IPv6 v roce 2011

b«

IPv4-only S podporou IPv6
Mobilni sité Datacentra (dual-stack)
Pripojeni ,,na doma“ Tranzitni sité (dual-stack)

Enterprise sité Tunelovaci sluzby

Domdci/firemni routery a switche

Internetoveé portaly a weby
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BGP a IPv6 v roce 2011
4 6

~5 400 transit ASNs ~800 transit ASNs
33 600 stub ASNs 3 500 stub ASNs
379 000 prefixd 6 900 prefix(

380,000=
6,000 [

350,000 |
4,000 |
320,000 |
2,000
Jan Jul Jan Jul Jan Jul Jan Jul
2010 2010 2011 2011 2010 2010 2011 2011

Geoff Huston, BGP in 2011, RIPE 63. https://ripe63.ripe.net/presentations/61-2011-10-31-bgp2011.pdf
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https://ripe63.ripe.net/presentations/61-2011-10-31-bgp2011.pdf

IPvo Brokenness
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IPv6 Brokenness

IPvb
T+0s

T+1s
T+3s

Lhac: . www.example.com
T+15s o

T+20s (fallback na IPv4) . 2001 :db8:dead::1

< 192.0.2.1
IPv4

Fallback mohl trvat desitky sekund i desitky minut, v zavislosti na
pouzitém systému a poctu AAAA zaznamu.

Z pohledu uzivatele: sluzba nedostupna
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Pokles vyuziti automatickych tunell (Teredo, 6to4)

% tunelovaného

Rok

provozu
2008 63,89%
2009 60,28%
2010 40,46%
2011 10,64%
2012 2,02%
2013 0,67%
2014 0,40%
2015 0,13%

Zdroj: Google IPv6 statistics, https://www.google.com/intl/en/ipv6/statistics.html



https://www.google.com/intl/en/ipv6/statistics.html

IPv6 v roce 2011
v 6 o6 Soociition tora ;

AW AW \A U/ CA \J \J CA CA \J

RFC 3633 IPv6 Prefix Delegation: IPv6 Prefix Options for DHCPv6 (prosinec 2003)

RFC 4966 Reasons to Move the NAT-PT to Historic Status (Cerven 2007)

RFC 6146 Stateful NAT64: Network Address and Protocol Translation from IPv6 Clients to IPv4 Servers (duben 2011)
RFC 6147 DNS64: DNS Extensions for Network Address Translation from IPv6 Clients to IPv4 Servers (duben 2011)

X Reseni na brokenness

X Detekce DNS64 prefixu

X Dostupna a vykonna implementace NAT64

X Podpora aplikaci pro béh v IPv6-only pFistupové siti (s DNS64/NAT64)

X Rozumna podpora pro IPv6 a delegaci prefixu (na strané klientskych router( i ISP zafizeni)
X IPV6 first hop security na switchich

Mohl kdokoli bez problému pouzivat IPv6?

X
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IPv6 v roce 2011
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Happy Eyeballs

(duben 2012)
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Happy Eyeballs (RFC 6555) z rychliku

D mms")( u www .example.com

T+<HEAD START>ms 2001 db& :dead:
192.0.2.1

IPv4

Python r£c6555 0 ms
cURL 200 ms
Chrome, Firefox 300 ms

Safari (HE v2) 25 ms



1 7AV7

41 'V v

I0vb Brokenpess

(Existuje, ale diky Happy Eyeballs neni divodem pro ,,nezapnuti IPv6.9)
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World IPv6 Day

N
LAUNCH O
O

/ .
sy

6. 6. 2012: Tentokrat to bylo doopravdly...
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IPVv4 Private
IPv6

IPv4
192.168.1.2

IPv4 SRC
192.168.1.2

IPv4 DST
192.51.100.1

Obrazek:
2021-06-04

404XLAT

PLAT

Internet

IPv4
Internet

CLAT SRC prefix PLAT DST prefix
2001:db8:aaaa::/96 2001:db8:bbbb::/96 IPv4
IPv4 NAT pool 198.51.100.1
[192.0.2.1-192.0.2.100]

IPv6 SRC IPv4 SRC
200T:.db8:aaaa:192.168.1.2 192.0.2.1

N
CLAT IPve DST PLAT IPv4 DST
translation 2001:db8:bbbb::198.51.100.1 translation 192.51.100.1

RFC 6877 a 7050, duben a prosinec 2013

Radek Zajic, radek@zajic.v.pytli.cz, IPv6: Deset let poté 19


https://www.juniper.net/documentation/us/en/software/junos/interfaces-adaptive-services/topics/topic-map/ipv4-connect-ipv6-464xlat.html

ot let po Pni IPvo

(2016)
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P BGP Table S0

BGP a IPv6 v roce 2016
4 6

~7 800 transit ASNs (+44 % oproti 2011) ~2 400 transit ASNs (+200 % oproti 2011)
48 300 stub ASNs (+44 % oproti 2011) 10 300 stub ASNs (+194 % oproti 2011)
650 000 prefixd (+71 % oproti 2011) 38 000 prefixt (+450 % oproti 2011)
Y8000 g ' : : 44000 | sy gy e . o s =
Routing Table Routing Table s
700000 + “;;J 42000 |- Lid("":; il
Exponenta/ Exponeitial
50000 40000
S00000 & 38000
850000 % 36000
500000 | § 34000
g

450000 }- 32000 |-
400000 & 30000
0000 & 28000
m 26000 Y S WA (U [P B P LT P { (YT Y T (R0 R0 LSPY VO O L M | L TY IUR | [ AT PN [N DI YO [N IS IR ROOPY SR CAF] | (Y P AL T ) 1.

Jan11 Jan12 Jan13 Jan- 14 Jan15 Jan-16 Jan 47 Jan-16 Mar-16 May-16 Jul-16 Sep-16 Nov-16 Jan-17 Mar-17 May-17

Date Date

Geoff Huston, BGP in 2016. https://labs.ripe.net/author/gih/bgp-in-2016/
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https://labs.ripe.net/author/gih/bgp-in-2016/

Webeove sluzby a IPv6 v roce 2016

A y 6
kubernetes  Q\\/G GOOS[Q ﬂ

A AzU I'e\./‘7 YAHOO’
ha 4
A

S

2021-06-04 Radek Zajic, radek@zajic.v.pytli.cz, IPv6: Deset let poté 22




Pristup uzivatelu k IPv6 v roce 2016 (svét)

Native: 9.94% 6to4/Teredo: 0.00% | Jun 8, 2016

12.00%
6.00%
4.00%

2.00%

0.00% o e e

Jan 2009 Jan 2010 Jan 2011 Jan 2012 Jan 2013 Jan 2014 Jan 2015 Jan 2016

! !
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Pristup uzivatelu k IPv6 v roce 2016 (CZ)
©

Reset zoom

Saturday, Jun 04, 2016
Czech Republic: 10.3%

/15 01/16 07/16
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Pristup uzivatelu k IPv6 v roce 2016 (T-M US)

Zoom: 1h 1d 5d 1w 1m 3m 6m 1y max @ AS IPv6 Capable : 80.89 @ AS IPv6 Preferred : 77.9 :35.24 @ CC IPv6 Preferred : 32.67 101:00 December 09, 2016
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40
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Il
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2021-06-04 Radek Zajic, radek@zajic.v.pytli.cz, IPv6: Deset let poté




Rozsireni IPv6 v roce 2016

b«

IPv4-only S podporou IPv6
Mobilni sitéb= Datacentra (dual-stack)
Pripojeni ,,na doma“= Tranzitni sité (dual-stack)
Enterprise sité Tunelovaci sluzby
Internetové portaly a weby Mobilni sité (464XLAT) &
Cloudové sluzby a technologie Pripojeni ,na doma“Ehm=
eGovernmenths= Domaci routery

Internetové portaly a weby

2021-06-04 Radek Zajic, radek@zajic.v.pytli.cz, IPv6: Deset let poté 26




IPv6 v roce 2016
v 6 o6 Soociition tora ;

AW AW \A U/ CA \J \J CA CA \J

RFC 3633 IPv6 Prefix Delegation: IPv6 Prefix Options for DHCPv6 (prosinec 2003)
RFC 4966 Reasons to Move the NAT-PT to Historic Status (Cerven 2007)
RFC 6146 Stateful NAT64: Network Address and Protocol Translation from IPv6 Clients to IPv4 Servers (duben 2011)
RFC 6147 DNS64: DNS Extensions for Network Address Translation from IPv6 Clients to IPv4 Servers (duben 2011)
RFC 6555 Happy Eyeballs: Success with Dual-Stack Hosts (duben 2012) &4 Reseni brokenness
RFC 6877 464XLAT: Combination of Stateful and Stateless Translation (duben 2013) §4 IPv6-only v mobilnim svété
RFC 7050 Discovery of the IPv6 Prefix Used for IPv6 Address Synthesis (prosinec 2013) ¥4 Detekce DNS64 prefixu
RFC 6333 (DS-Lite, 08/2011), 7596, 7597 a 7599 (lightweight 4over6, MAP-E, MAP-T, 07/2015) {4 |Pv4-as-a-service
Dostupna a vykonna implementace NAT64 (Jool.mx, Juniper, Cisco, ...)
Rozumna podpora pro IPv6 a delegaci prefixu (na strané klientskych routert i ISP zafizeni)
Podpora IPv6 v mobilnim svété

? Podpora aplikaci pro béh v IPv6-only pfistupové siti (s DNS64/NAT64)

X IPv6 first hop security na switchich

Mohl kdokoli bez problému pouzivat IPv6?
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(Cerven 2021)
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Active BGP entries (FIB)
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BGP a IPv6 v roce 2021

4

~10 200 transit ASNs (+88 % oproti 2011)
60 200 stub ASNs (+79 % oproti 2011)
884 000 prefixd (+230 % oproti 2011)

e

1 1 1
12 13 14 15 16 17 18 19 20
Date

21

140000
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100000
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40000

20000

6

~4 100 transit ASNs (+410 % oproti 2011)
17 300 stub ASNs (+390 % oproti 2011)
128 500 prefixt (+1760 % oproti 2011)

1 1
12 13 14 15 16 17 18 19 20 21
Date

https://www.cidr-report.org/as2.0/ a https://blog.apnic.net/2021/01/05/bgp-in-2020-the-bgp-table/
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Pristup uzivatelu k IPv6 v roce 2021 (svét)

Native: 0.30% 6to4/Teredo: 0.04% | Jun 8, 2011
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Pristup uzivatelu k IPv6 v roce 2021 (T-M US)

Zoom: 1h 1d 5d 1w 1m 3m 6m 1y max @ AS IPv6 Capable @ AS IPv6 Preferred @ CC IPv6 Preferred
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Pristup uzivatelu k IPv6 v roce 2021 (svét)

v RANK IPV6%

60.2%
46.6%
45.1%
44.9%
43.5%
42.6%
42.5%
41.7%
41.4%
40.9%
39.4%

36.8%

2021-06-04

COUNTRY / REGION

36.6%
36.1%
35.9%
35.8%
35.5%
33:2%
32.2%
31.2%
31.2%
29.6%
28.7%
27.8%

27.2%
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26.7%

26%

25.8%

25.1%

23.3%

22.5%

22.2%
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21.7%

21.4%

18.4%

17.7%

17.4%
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Pristup uzivatelu k IPv6 v roce 2021 (CN)

Country / Region: China
IPv6 Adoption: 23.3%

100% by 2025: China getting serious about IPv6
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https://blog.apnic.net/2019/06/06/100-by-2025-china-getting-serious-about-ipv6/

Pristup uzivatelu k IPv6 v roce 2021 (CZ)

Sunday, May 30, 2021
Czech Republic: 15%

Pvé Adoption %
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Pristup uzivatelu k IPv6 v roce 2021 (CZ)
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Webeve sluzby a IPv6 v roce 2021
dWsS

N 6

Google [} /A Azure

|
YAHOO'@ kubernetes

6

S
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Rozsireni IPv6 v roce 2016

IPv4-only S podporou IPv6
Mobilni sitéb= Datacentra (dual-stack)
Pripojeni ,,na doma“= Tranzitni sité (dual-stack)
Enterprise sité Tunelovaci sluzby
Internetové portaly a weby Mobilni sité (464XLAT, DS) b=
Cloudové sluzby a technologie Pripojeni ,na doma“Ehm=
eGovernmenths= Domaci routery

Internetoveé portaly a weby

Cloudové sluzby a technologie

eGovernment2=
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IPv6 v roce 2021

RFC 8200 Internet Protocol Version 6 (IPv6) Specification (Cervenec 2017)

RFC 3633 IPv6 Prefix Delegation: IPv6 Prefix Options for DHCPv6 (prosinec 2003)

RFC 6146 Stateful NAT64: Network Address and Protocol Translation from IPv6 Clients to IPv4 Servers (duben 2011)
RFC 6147 DNS64: DNS Extensions for Network Address Translation from IPv6 Clients to IPv4 Servers (duben 2011)
RFC 6555 Happy Eyeballs: Success with Dual-Stack Hosts (duben 2012) &4 Reseni brokenness

RFC 6877 464XLAT: Combination of Stateful and Stateless Translation (duben 2013) §4 IPv6-only v mobilnim svéte
RFC 7650 8880 Discovery of the IPv6 Prefix Used for IPv6 Address Synthesis (prosinec 2013) §4 Detekce DNS64 prefixu
RFC 6333 (DS-Lite, 08/2011), 7596, 7597 a 7599 (lightweight 4over6, MAP-E, MAP-T, 07/2015) {4 |Pv4-as-a-service
Dostupna a vykonna implementace NAT64 (Jool.mx, Juniper, Cisco, ...)

Rozumna podpora pro delegaci prefixu (na strané klientskych router( i ISP zafizeni, kromé Mikrotiku a Ubiquiti)
Podpora IPv6 v mobilnim svété

IPv6 first hop security na (enterprise) switchich

Podpora aplikaci pro béh v IPv6-only pfistupové siti (s DNS64/NAT64) — obcas to drhne...

IPv6-only s IPv4-as-a-service se zaCina prosazovat i v datacentrech, enterprise sitich

Muze kdokoli bezproblému pouzivat IPv6?

W4 (mize, ale musi prebirat sluzby)
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IPv6 podivnostiv roce 2021

Geograficka blizkost zemi nezarucuje podobnou utroven nasazeni (PT 37 %, ES 3 %)
Nasazeni probiha, ale v kazdé zemi jinym tempem (IN 60 %, BE, DE 50 %, CZ 15 %, UA
<1%)

Nové sluzby jsou (hlavné u nds) spoustény bez podpory IPv6 (CEZ, Nordic, T-Mobile)
02 na pevnych sluzbach i po deviti letech chybné nabizi jen jeden /64 prefix
Starlink se zvladl naucit IPv6 i pridélovat vétsi prefix (/56) dfiv nez 02 CZ stihlo
opravit svou chybnou implementaci IPv6 prefixt

Cogent stale nepeeruje s Hurricane Electric ani Googlem

Hurricane Electric stale rozesila tricka IPv6 Sage, nové ale s aktualizovanym cislem
IPv6 RFC ©

Americké vladni instituce maji cil mit v roce 2025 80+% internich sluzeb IPv6-only
Cesky eGovernment v roce 2021 nema na IPv6 ani svij hlavni portal (portal.gov.cz)
Nejpouzivanéjsi zarizeni pro WISP (Wi-Fi ISP) od Mikrotiku a Ubiquiti, stale neumi
IPv6 bezvadné a chybi jim nékteré zakladni vlastnosti

Mobilni IPv6 (RFC 3775, Mobility Support in IPv6) se stdle prakticky nepouziva



IPvo v roce 2031

(predikce, ktera urcité nevyjde ©)
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IPv6 v roce 2031

Misto dual-stacku budeme vic potkavat IPv6-only + IPv4-as-a-service

Cloud se diky zakazkam od vlad nauci byt IPv6-first a pouzivat DNS64/NAT64
Kontejnerizace aplikaci bude IPv6-first

Enterprise sité zmigruji na IPv6-only, ,legacy” zdroje zpfistupni DNS64/NAT64
Cina nebude ,,nejlepsi na svété”

| cesti mobilni operatori zavedou 464XLAT

IPv4 (jesté uplné) nezmizi

Hurricane Electric se bude teprve rozhodovat, jestli ukonci Tunnelbroker.net
02 se nauci delegovat staticky blok /56 — a bez pfiplatku!
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