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THE INTERNET IS GLOBAL

Basic principle of inter-domain routing

• A network connected to the Internet is 
reachable by any other network on the 
Internet

• Reachability ensured by BGP 

• This presentation is not about:
o Censorship
o Outage
o NAT/CGNAT



TIER-1 NETWORKS

• Ensures global connectivity 

• Top of the hierarchy
• Transit-free

• Complete mesh

• Reach the whole Internet via 
free peering links & customer links



COMMONLY 
RECOGNIZED
TIER1



"TIER1" CONNECTIVITY IN IPV4

HE 
6939

→ All Tier1 networks peering with each other

Hurricane Electric

Cogent

NTT
GTT



TIER1?

• IPv4 - Cogent

• IPv6 – Hurricane Electric



"TIER1" CONNECTIVITY IN IPV6
IPv6

HE
6939

Cogent
174

→ Transit free networks NOT peering with each other!



PEERING DISPUTES

No incentive to peer 

• Cogent      HE
• Free     Google
• Cogent     Google
Etc...



RESEARCH QUESTION

How global is the current Internet?

• Especially IPv6?
• What is the fraction of the Internet not 

globally reachable?
• Is it getting better? Worst?

(although, yes, IPv6 troubles are hidden by IPv4 but still...)



METHODOLOGY

Focus on 12 higher-tier transit networks

• Control plane reachability
o RIPE RIS data
o 5 years of data (2020–2025)
o 12 higher-tier transit networks

• Service/Data plane analysis
o Tranco & OpenINTEL DNS data
o Traceroute using RIPE Atlas
o HE and Cogent



THE SIZE OF THE INTERNET

IPv6:  - different views
              - gap increases over time

IPv4: Nearly identical routing tables!

Hurricane 
Electric

Cogent

AWS

DoD announcing 
a /8 in BGP



MEASURING FRAGMENTATION IN IPV6

-Fragmentation growing over time
-Intersections with Cogent (AS174) decreasing over time

J(A, B) =

A B

A B

For IPv4: usually 0.998~0.999

Cogent-Telia
Cogent-TATA

HE-Telia
HE-TATA

Cogent-HE



IMPACT OF WEBSITES

What's in partially reachable prefixes?

• Tranco top 1M websites
• OpenINTEL forward DNS data
• Examples:
o standford.edu
o OpenStreetMap (historically)

-> Few  services but upward trend



TRACEROUTE TO TOP 24 PARTIALLY REACHABLE WEBSITES

Successful 
traceroutes

ICMP errors
Network unreachable

Incomplete 
traceroutes

ICMP errors
Host unreachable



CONCLUSION

IPv6 is fragmented

• IPv4 is not
• Cogent / HE dispute is the main cause

Fragmentation has increased over the last five years

• Tier1 tend to align more with HE

Popular IPv6 services are partially unreachable

• IPv4 fallback currently hides the problem
• future IPv6-only Internet requires restoring global 

reachability

romain@iij.ad.jp



BACKUP

romain@iij.ad.jp



-Fragmentation growing over time
-Intersections with Cogent (AS174) decreasing over time

Fragmentation change over time
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