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Hierarchická	  adresace	  

	  
	  

2001:67c:112::/64 

2001::/8 

2001:67c::/48 



Topologická	  nezávislost,	  rekurze	  	  

	  
	  



Topologická	  nezávislost,	  rekurze	  	  

	  
	  



Topologická	  nezávislost,	  rekurze	  	  

	  
	  



Základní	  principy	  

•  End-‐to-‐End	  argument	  
– End-‐to-‐end	  arguments	  in	  system	  design	  -‐	  J.	  
Saltzer,	  1981	  	  

– MinimalisEc	  network	  

•  End-‐to-‐End	  communicaEon	  
– Vytvoření	  komunikačního	  kanálu	  mezi	  dvěma	  uzly	  
s	  inicializací	  kterékoliv	  ze	  stran.	  





PrakEcké	  problémy	  
•  Omezený	  adresní	  prostor	  
•  ObPžný	  přechod	  na	  nový	  protokol	  –	  kompaEbilita	  

(viz	  přechod	  na	  32b.	  ASN)	  
	  	  



IPv4 – 100 % 

IPv6 – 50 % 



LNAT	  –	  Large	  scale	  IP	  via	  Network	  Address	  TranslaEon	  
Van	  Jacobson,	  1992	  



Počáteční	  návrhy	  k	  dnešnímu	  IPv6	  

•  TUBA	  -‐	  RFC	  1347,	  rok	  1992	  
•  SIPP	  (PIP)	  -‐	  RFC	  1621,	  rok	  1994	  
•  CATNIP	  -‐	  RFC	  1707,	  rok	  1994	  



KompaEbilní	  varianty	  

•  EIP	  -‐	  RFC	  1385	  1992,	  Obsoleted	  by	  RFC	  6814	  
•  LISP	  -‐	  hgps://www.root.cz/serialy/lisp-‐nove-‐paradigma-‐ve-‐smerovani/	  

•  IPv4+4	  -‐	  Z.	  Turanyi	  and	  A.	  Valke,	  “IPv4+4,”	  
2012	  20th	  IEEE	  InternaEonal	  

	  





KompaEbilní	  varianty	  

•  Nimrod	  -‐	  RFC	  1992	  rok	  1996	  
•  IPNL	  -‐	  A	  NAT-‐	  extended	  internet	  architecture	  

–  IPNL	  2001	  
•  TRIAD:	  A	  Scalable	  Deployable	  NATbased	  
Internet	  Architecture,	  	  
– Stanford	  University,	  2000.	  





Jiný	  přístup	  

•  IPv10	  -‐	  drap-‐omar-‐ipv10-‐10,	  2017	  



Architektury	  –	  principy	  a	  realita	  

Hierarchiz
ace	  
	  

Rekurzi
vita	  

Nezávis
lost	  

Kompa7bil
ita	  s	  IPv4	  

E2E	  
argument	  

E2E	  
adresace	  

Impleme
tace	  

IPv4	   částečně	   NE	   NE	   ANO	   ANO	   ANO	  

NAT	   ANO	   ANO	   ANO	   ANO	   NE	   NE	   ANO	  

IPv6	   ANO	   NE	   NE	   NE	   ANO	   ANO	   ANO	  

LISP	   NE	   NE	   ANO	   ANO	   NE	   ANO	   ANO	  

RINA	   ANO	   ANO	   ANO	   neznámo	   NE	   ANO	   model	  

IPv4+4	   ANO	   NE	   NE	   ANO	   ANO	   ANO	   testovací	  

IPNL	   ANO	   ANO	   ANO	   ANO	   NE	   ANO	   testovací	  

IP45	   ANO	   ANO	   ANO	   ANO	   ANO	   ANO	   ANO	  



IP45	  –	  adresní	  schéma	  

	  
	  R	  

A	  

α0

α1

address(A) : α0α1A 

β0



IP45	  –	  adresní	  schéma	  

	  
	  R	  

A	  

α0

α1

address(A) : α0α1A 

address(A) : β0β1A 

β0

β1



IP45	  –	  tok	  paketů	  

	  
	  R	  

B	  

A	  

α0

α1

address(A) : α0α1A 

address(B) : β0B 
β0E: 

R: 

E: 

R: 

R: 

E: 

path(A,B) : E:α1, E:α0, R:β0 



DP 192.168.114.1/24 

A: 192.168.114.115 

UA 147.229.240.249 

C: 147.229.240.246 

A: 147.229.240.249. 115 



DP 192.168.114.1/24 

A: 192.168.114.115 

UA 147.229.240.249 

C: 147.229.240.246 

Downstream	  prefix	  



DP 192.168.114.1/24 

A: 192.168.114.115 

UA 147.229.240.249 

C: 147.229.240.246 

Downstream	  prefix	  

Upstream	  address	  



DP 192.168.114.1/24 

A: 192.168.114.115 

UA 147.229.240.249 

C: 147.229.240.246 

Downstream	  prefix	  

Upstream	  address	  

Border	  gateway	  



DP 192.168.114.1/24 

A: 192.168.114.115 

UA 147.229.240.249 

C: 147.229.240.246 

Downstream	  prefix	  

Upstream	  address	  

Border	  gateway	  

IP45	  host	  

IP45	  host	  



ADL4 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 147.229.240.249 

C: 147.229.240.246 

A: 147.229.240.249. 115 

C sends packet to A 



ADL0 

ADL2 

ADL4 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

C: 147.229.240.246 

A: 147.229.240.249.112.113.115 
C: 147.229.240.246 

C sends packet to A 



ADL0 

ADL2 

ADL4 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

C: 147.229.240.246 

A: 147.229.240.249.112.113.115 
C: 147.229.240.246 

C sends packet to A 



ADL0 

ADL2 

ADL4 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

C: 147.229.240.246 

A: 147.229.240.249.112.113.115 
C: 147.229.240.246 

C sends packet to A 



ADL0 

ADL2 

ADL4 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

C: 147.229.240.246 

A: 147.229.240.249.112.113.115 
C: 147.229.240.246 

C sends packet to A 



ADL0 

ADL2 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

DP 192.168.114.1/24 

C: 192.168.114.115 

UA 147.229.10.100 

ADL4 



ADL0 

ADL2 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

DP 192.168.114.1/24 

C: 192.168.114.115 

UA 147.229.10.100 

ADL4 

A: 147.229.240.249.112.113.115 
C: 147.229.10.100.115 



ADL0 

ADL2 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

DP 192.168.114.1/24 

C: 192.168.114.115 

UA 147.229.10.100 

ADL4 

A: 147.229.240.249.112.113.115 
C: 147.229.10.100.115 



ADL0 

ADL2 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 

DP 192.168.114.1/24 

C: 192.168.114.115 

UA 147.229.10.100 

ADL4 

A: 147.229.240.249.112.113.115 
C: 147.229.10.100.115 



ADL4 

DP 192.168.114.1/24 

A: 192.168.114.115 

UA 147.229.240.249 

C: 147.229.240.246 

A: 192.168.114.115 

A sends packet to C 



AD level 0 

AD level 2 

AD level 4 

DP 192.168.114.1/24 

192.168.114.115 

UA 100.64.112.113 

DP 100.64.112.1/16 

UA 147.229.240.249 



AD	  level	   Purpose	   Used	  address	  

0	   global	  Internet	   Public	  

1	   reserved	  

2	   ISP’s	  network	   Shared,	  [RFC	  6598]	  

3	   reserved	  

4	   home,	  local	  network	   Private,	  [RFC1918]	  

5-‐11	   reserved	  

•  AD level 0 
147.229.3.15 – Public address  
 

•  AD level 2 
100.64.112.1/10 – Shared address 
total:  2^22 = 4 194 304 
 

•  AD level 4 
192.168.0.0/16, 172.16.0.0/12, 10.0.0.0/8,  – Private address 
total: 2^16 = 65 535, 2^20 = 1 048 576, 2^8 =  16 777 216 
 

Behind every public IP address can be placed 1 172 508 114 945 (~ 2^40) devices 



Session ID

Destination IP45 Stack

S Mark

Source IP45 Stack

Zeros 2

UDP Length Zeros

IP 45 source port IP 45 destination port

Destination IPv4 Address

Source IPv4 Address

Next Header

TTL Protocol Header Checksum 1

Identification Flags Fragment Offset

M Ver TOS Total LengthS Ver

D Mark



112 114 115

203 0 113 249

IPv4 Address

IP45 Stack 

3

Mark

IP45 Address

203 0 1130 0 249 112 114 1150



112 114 115

203 0 113 249

Dst IPv4 Addr

Dst IP45 Stack 

100 64

Downstream Prefix 
(100.64.0.0/16)

2

Prefix 
Length 

112 114 115

100 64 112 114

1

Dst Mark

3

Dst Mark

Dst IP45 Stack 

Dst IPv4 Addr

4 – Prefix Len

Prefix Len

Dst Mark - Prefix Len

0 9 10 11 0 9 10 11



115

100 64 112 114

Src IPv4 Addr

Src IP45 Stack 

203 0 113 249

Upstream Address 
(147.229.240.249)

2

Prefix 
Length 

112 114 115

203 0 113 249

3

Src Mark

1

Src Mark

Src IP45 Stack 

Src IPv4 Address4 – Prefix Len

S Mark + Prefix Len

0 9 10 110 10 11





IP45 host 
(clients) 

NATs 

IP45 host 
(servers) 

NAT+BGW 



Současný	  stav	  projektu	  

•  Připravený	  koncept,	  hotová	  implementace	  	  
•  Podpora	  OS	  (dostupné	  na	  githubu)	  

– Host:	  pro	  BSD*,	  Linux,	  OSX,	  Windows	  	  
– BGW:	  modul	  do	  iptables	  (openwrt	  a	  spol)	  
– Patche	  tcpdump,	  wireshark	  	  

•  Podpora	  u	  výrobců	  HW	  	  
– Pla{orma	  NetX	  





JAKÉ	  JOU	  TEDY	  REALISTICKÉ	  
ALTERNATIVY	  K	  IPV6 ?   



JAKÉ	  JOU	  TEDY	  REALISTICKÉ	  
ALTERNATIVY	  K	  IPV6 ?   

NAT,	  PAT,	  NAPT,	  CGN,	  CG-‐NAT 



IPv6 Application

IPv6 stack IP45 stack
dst: 0::/8

IPv6 stack operations

IPv6 
packets

IP45 
packets

Kernel 
Space



IPv6 Application

IPv6 stack IP45 daemon

dst: 0::/8

IPv6 stack

IPv6 packets

IP45 
packets

R
IPv6 packets

IPv4 stack


