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Topologicka nezavislost, rekurze




Topologicka nezavislost, rekurze




Topologicka nezavislost, rekurze




Zakladni principy

* End-to-End argument

— End-to-end arguments in system design - J.
Saltzer, 1981

— Minimalistic network

e End-to-End communication

— Vytvoreni komunikacniho kanalu mezi dvéma uzly
s inicializaci kterékoliv ze stran.






Praktické problémy

Omezeny adresni prostor

Obtizny prechod na novy protokol — kompatibilita
(viz prechod na 32b. ASN)
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IPv4 - 100 %

IPV6 — 50 %




LNAT — Large scale IP via Network Address Translation
Van Jacobson, 1992
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Pocatecni navrhy k dnesnimu IPv6

« TUBA - RFC 1347, rok 1992
e SIPP (PIP) - RFC 1621, rok 1994
« CATNIP - RFC 1707, rok 1994



Kompatibilni varianty

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

e |Pv4+4 - 7. Turanyi and A. Valke, “IPv4+4,”
2012 20th IEEE International
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Kompatibilni varianty

e Nimrod - RFC 1992 rok 1996

 [PNL - A NAT- extended internet architecture
— [PNL 2001

 TRIAD: A Scalable Deployable NATbased
Internet Architecture,
— Stanford University, 2000.
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Jiny pristup

* |Pv10 - draft-omar-ipv10-10, 2017
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IP45 — adresni schéma

address(A) : WOOL1A




IP45 — adresni schéma

address(A) : WOOL1A

address(A) : POP1A



IP45 — tok paketu

address(A) : A0OL1A

address(B) : 0B

path(A,B) : E:01, E:00, R:B0
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C sends packet to A
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C sends packet to A
% A: 192.168.114.115

DP 192.168.114.1/24

ADL2 /
UA 100.64.112.113

A: 147.229.240.249.112.113.115
C: 147.229.240.246 DP 100.64.112.1/16

ADLO
UA 147.229.240.249

C: 147 229.240.246



C sends packet to A
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C sends packet to A
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A sends packet to C
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AD level 4

@ 192.168.114.115

AD level 2 g_/

UA 100.64.112.113

DP 192.168.114.1/24

DP 100.64.112.1/16

AD level 0
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
e ADlevel 0
147.229.3.15 — Public address
« AD level 2
100.64.112.1/10 — Shared address
total: 222 =4 194 304
e AD level 4

192.168.0.0/16, 172.16.0.0/12, 10.0.0.0/8, — Private address
total: 2216 = 65 535, 220 =1 048 576, 2"8 = 16 777 216

Behind every public IP address can be placed 1 172 508 114 945 (~ 2*40) devices
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if (ip45h->s45mark < sizeof(struct in45_stck)) {

memcpy((char *)&ip45h->s45stck + sizeof(struct in45_stck) - ip45h->s45mark,
(char *)&ip45h->saddr + sizeof(struct in_addr) - shlen , shlen);

memcpy (&ip45h->saddr, &info->upstream, sizeof(struct in_addr));
csum_replace4(&ip45h->checkl, oldip, ip45h->saddr);
ip45h->ip45ze = 0x0;

} else {
printk(KERN_ERR "IP45: s45mark reached the maximum value : %d/%d\n",

(int)ip45h->s45mark, (int)sizeof(struct ind5_stck));

return NF_DROP;

if (ip45h->d45mark > @) {
// if dmark is set to @ we have already processed all levels of IP45 border gateway
memcpy (&1ip45h->daddr, &info->downstream, sizeof(struct in_addr) - shlen);
memcpy((char *)&ip45h->daddr + sizeof(struct in_addr) - shlen,
(char *)&ip45h->d45stck + sizeof(struct in45_stck) - ip45h->d45mark, shlen);
ip45h->d45mark -= shlen;
csum_replace4(&ip45h->checkl, oldip, ip45h->daddr);
ip45h->ip45ze = 0x0;

}
if (log ) {

ip45Sbgw_log("OUTPUT (UA MATCH)", ip45h);
}

return NF_ACCEPT;
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Soucasny stav projektu

* Pripraveny koncept, hotova implementace

* Podpora OS (dostupné na githubu)
— Host: pro BSD*, Linux, OSX, Windows
— BGW: modul do iptables (openwrt a spol)

— Patche tcpdump, wireshark

* Podpora u vyrobcti HW
— Platforma NetX
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The IP45 is a natural extension of IPv4 protocol with ability to regain the end-to-end connectivity in the networks placed behind Network Address
Translators (NATS).

demonstration test your IP45 - IPv6 address

movie IP45 conversion tool

Brno University of Technology, Antoninska 548/1, Brno 6 00, Web: http://www.vutbr.cz, E-mail: tpoder@cis.vutbr.cz
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NAT, PAT, NAPT, CGN, CG-NAT



IPv6 Application
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IPv6 Application

IPVv6 stack
IPv6 stack IP45 daemon
IPV6 packets IPv4 stack
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