
IPv6
 0

                            1
0

W
                       2

0
W

                       30W
                       40W

                       50W
                       60W                       70W                       80W                       90W                     

  100W        
       

      1
10W     

     
     

    
  1

20W    
    

    
    

    
 1

30W
   

   

   
   

   
   

   
14

0W
   

   
   

   
   

   
   

15
0W

   
   

   
   

   
   

   
1
6
0
W

   
   

   
   

  
  
  
  
  
1

7
0

W
  
  
  
  
  
  

  
  
  
  

1
8

0
E
/

W
  
  

  
  
  
  
  
  
  
1

7
0

E
  
  
   

   
   

   
   

   
1
6
0
E 

   
   

   
   

   
   

   
15

0E
   

   
   

   
   

   
   

  1
40

E 
   

   
   

   
   

   
   

130E    
    

    
    

    
   1

20E     
     

     
      

 110E       
        

       100E                       90E                         80E                        70E                         60E                        50E                        40E                         30E                        2
0
E                         1

0
E

O
C

E

A

N

I

A

A

F
R

I
C

A

S

O

U

T
H

A
M

E
R

I
C

A

Brussels, BE

Oslo, NO

R
K,

lu
oe

S

SU,ululonoH

S
U,revne

D

B
om

ba
y,

IN

D
el

hi
, I

N

H
T,

ko
kg

na
B

GS
,e

ro
pa

gn
iS

DI
,a

tr
ak

aJ

N
C,

gn
iji

e
B

WT
,i

ep
ia

T

PJ,oykoT

UA,yendyS

Frankfurt, DE

UR,
ko

ts
ovi

dal
V

Alges, PT

Dublin, IE

T
oronto, C

A

S
U,ogei

D
naS

S
U,esoJ

naS

S
U,xineohP

S
U,notsuo

H

C
hicago, U

S

O
ttaw

a, C
A

W
ashington, U

S

B
oston, U

S

Buenos A
ires, A

R

Rio de Janeiro, BR

London, UK
Paris, FR

Berlin, DEVienna, ATStockholm, SE
Sofia, BGHelsin

ki, FIPretoria, ZA
Kiev, UA

Warsaw, PL

Ankara, TR

Tel Aviv, IL
Mosco

w, RU

Abu
Dha

bi
, A

E

6939 (Hurricane Electric)6939 (Hurricane Electric)

3356 (Level 3)3356 (Level 3)
174 (Cogent)174 (Cogent)

17451 (BIZNET)17451 (BIZNET)

1299 (TeliaNet Global)1299 (TeliaNet Global)

2914 (NTT America)2914 (NTT America) 3257 (Tinet SpA)3257 (Tinet SpA)

2603 (NORDUnet)2603 (NORDUnet)
1764 (NEXT LAYER)1764 (NEXT LAYER)

20965 (The GEANT)20965 (The GEANT)

9498 (Bharti Airtel)9498 (Bharti Airtel)

3549 (Global Crossing)3549 (Global Crossing)

2516 (KDDI CORPORATION)2516 (KDDI CORPORATION)

9002 (RETN)9002 (RETN)

6461 (Abovenet)6461 (Abovenet)
22773 (Cox )22773 (Cox )

7473 (SingTel)7473 (SingTel)

1273 (Cable & Wireless)1273 (Cable & Wireless)

9264 (Academic Sinica)9264 (Academic Sinica)
4844 (SuperInternet)4844 (SuperInternet)

4436 (nLayer )4436 (nLayer )

12956 (Telefonica)12956 (Telefonica)

4826 (Vocus Connect)4826 (Vocus Connect)

4323 (tw telecom)4323 (tw telecom)

6830 (Liberty Global)6830 (Liberty Global)

2500 (WIDE Project)2500 (WIDE Project)

7018 (AT&T Services)7018 (AT&T Services)

5511 (France Telecom)5511 (France Telecom)
10310 (Yahoo!)10310 (Yahoo!)

12389 (JSC Rostelecom)12389 (JSC Rostelecom)

4637 (Telstra Global)4637 (Telstra Global)

19151 (WV Fiber)19151 (WV Fiber)

12989 (Eweka Internet)12989 (Eweka Internet)

4755 (TATA )4755 (TATA )

6327 (Shaw )6327 (Shaw )

42708 (Portlane Networks)42708 (Portlane Networks)

15412 (Flag Telecom)15412 (Flag Telecom)

3255 (Ukrainian Academic)3255 (Ukrainian Academic)

22822 (Limelight Networks)22822 (Limelight Networks)

7575 (Australian Academic)7575 (Australian Academic)

5400 (British Telecommunications)5400 (British Telecommunications)

21011 (TOP NET)21011 (TOP NET)

15557 (Societe Francaise)15557 (Societe Francaise)

18881 (Global Village)18881 (Global Village)

9503 (FX Networks)9503 (FX Networks)

1785 (PaeTec )1785 (PaeTec )

1221 (Telstra)1221 (Telstra)

38193 (Transworld Associates)38193 (Transworld Associates)

29049 (Delta Telecom)29049 (Delta Telecom)

5617 (Telekomunikacja Polska)5617 (Telekomunikacja Polska)

9116 (Smile )9116 (Smile )

4134 (Chinanet)4134 (Chinanet)

38022 (REANNZ National)38022 (REANNZ National)

23655 (Snap Internet)23655 (Snap Internet)

18101 (Reliance )18101 (Reliance )

5645 (TekSavvy Solutions)5645 (TekSavvy Solutions)3561 (SAVVIS)3561 (SAVVIS)

29056 (Citycom Telekommunikation)29056 (Citycom Telekommunikation)

23947 (PT Mora)23947 (PT Mora)

38456 (Pacific Teleports)38456 (Pacific Teleports)

11096 (FloridaNet)11096 (FloridaNet)

9304 (Hutchison Global)9304 (Hutchison Global)

4557 (Almond Oil)4557 (Almond Oil)

28343 (TPA Informatica)28343 (TPA Informatica)

10834 (Telefonica de)10834 (Telefonica de)

9583 (Sify Limited)9583 (Sify Limited)

18678 (Internexa)18678 (Internexa)

6736 (IPM)6736 (IPM)

2018 (TENET 1)2018 (TENET 1)

8595 (Autonomous System)8595 (Autonomous System)

7497 (Computer Network)7497 (Computer Network)

IPv4
A

S

I
A

 
 

       
 

 
 

 
 

 

 

 

 

 

 

 

 
E

U
R

O
P

E
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 
 

N
O

R
TH AME

R
I

C
A

0
1

0
W

2
0
W

30W

40W

50W

60W

70W

80W90W
100W

110W

120W

130W

14
0W

15
0W

1
6
0
W

1
7

0
W

1
8

0
E
/

W
1

7
0

E

1
6
0
E

15
0E

14
0E

130E

120E

110E

100E 90E
80E

70E

60E

50E

40E

30E

2
0
E

1
0

E

S
U,esoJ

naS

S
U,xineohP

S
U,notsuo

H

C
hicago, U

S

O
ttaw

a, C
A

W
ashington, U

S

B
oston, U

S

Buenos A
ires, A

R

Rio de Janeiro, BR

London, UK
Paris, FR

Berlin, DEVienna, ATStockholm, SE
Sofia, BGHelsin

ki, FIPretoria, ZA
Kiev, UA

Warsaw, PL

Ankara, TR

Tel Aviv, IL
Mosco

w, RU

Abu
Dha

bi
, A

EB
om

ba
y,

IN

D
el

hi
, I

N

H
T,

ko
kg

na
B

GS
,e

ro
pa

gn
iS

DI
,a

tr
ak

aJ

N
C,

gn
iji

e
B

WT
,i

ep
ia

T

PJ,oykoT

UA,yendyS

Frankfurt, DE

UR,
ko

ts
ovi

dal
V

Alges, PT

Dublin, IE

Brussels, BE

Oslo, NO

R
K,

lu
oe

S

SU,ululonoH

S
U,revne

D

T
oronto, C

A

S
U,ogei

D
naS

3356 (Level 3)3356 (Level 3)174 (Cogent)174 (Cogent)
6939 (Hurricane Electric)6939 (Hurricane Electric)

1299 (TeliaNet Global)1299 (TeliaNet Global)

2914 (NTT America)2914 (NTT America)
7018 (AT&T Services)7018 (AT&T Services) 3549 (Global Crossing)3549 (Global Crossing)

3257 (Tinet SpA)3257 (Tinet SpA)4323 (tw telecom)4323 (tw telecom)

9498 (Bharti Airtel)9498 (Bharti Airtel)17451 (BIZNET)17451 (BIZNET)

2603 (NORDUnet)2603 (NORDUnet)

10026 (Pacnet Global)10026 (Pacnet Global)

6762 (TELECOM ITALIA)6762 (TELECOM ITALIA)

9002 (RETN)9002 (RETN)
1764 (NEXT LAYER)1764 (NEXT LAYER)

1239 (Sprint)1239 (Sprint)
7922 (Comcast Cable)7922 (Comcast Cable)

7473 (SingTel)7473 (SingTel)
4766 (Korea Telecom)4766 (Korea Telecom)

4436 (nLayer )4436 (nLayer )

4826 (Vocus Connect)4826 (Vocus Connect)

38022 (REANNZ National)38022 (REANNZ National)

1257 (Tele2)1257 (Tele2)

4637 (Telstra Global)4637 (Telstra Global)

29076 (Filanco)29076 (Filanco)

4837 (CNCGROUP China169)4837 (CNCGROUP China169)

3255 (Ukrainian Academic)3255 (Ukrainian Academic)

11537 (Internet2)11537 (Internet2)

4844 (SuperInternet)4844 (SuperInternet)

21949 (Beanfield Technologies)21949 (Beanfield Technologies)

12989 (Eweka Internet)12989 (Eweka Internet)

4847 (China Networks)4847 (China Networks) 8529 (OmanTel)8529 (OmanTel)

1221 (Telstra)1221 (Telstra)

11096 (FloridaNet)11096 (FloridaNet)

15557 (Societe Francaise)15557 (Societe Francaise)

21127 (Zap SibTranstelecom)21127 (Zap SibTranstelecom)

2854 (Equant)2854 (Equant)

10310 (Yahoo!)10310 (Yahoo!)

9503 (FX Networks)9503 (FX Networks)

11427 (Road Runner)11427 (Road Runner)

41095 (IP TriplePlay)41095 (IP TriplePlay)

9583 (Sify Limited)9583 (Sify Limited) 38193 (Transworld Associates)38193 (Transworld Associates)
4812 (China Telecom)4812 (China Telecom)

4565 (Megapath Networks)4565 (Megapath Networks)

8595 (Autonomous System)8595 (Autonomous System)

23655 (Snap Internet)23655 (Snap Internet)

13002 (Linkey)13002 (Linkey)

19994 (Rackspace Hosting)19994 (Rackspace Hosting)

38861 (StarHub)38861 (StarHub)

36994 (Vodacom)36994 (Vodacom)

43994 (SMARTNET TOO)43994 (SMARTNET TOO)

41887 (Prolocation)41887 (Prolocation)

5645 (TekSavvy Solutions)5645 (TekSavvy Solutions)

2500 (WIDE Project)2500 (WIDE Project)

58715 (Earth Telecommunication)58715 (Earth Telecommunication)

12969 (Fjarskipti ehf)12969 (Fjarskipti ehf)

28625 (Terremark do)28625 (Terremark do)

55720 (THEGIGABIT.com)55720 (THEGIGABIT.com)

35017 (Eureka Solutions)35017 (Eureka Solutions)

8047 (General )8047 (General )7782 (Alaska )7782 (Alaska )

9723 (ISEEK)9723 (ISEEK)

7106 (Com Net)7106 (Com Net)

38456 (Pacific Teleports)38456 (Pacific Teleports)

7752 (Threshold )7752 (Threshold )

4557 (Almond Oil)4557 (Almond Oil)

45430 (Super Broadband)45430 (Super Broadband)

17477 (Macquarie Telecom)17477 (Macquarie Telecom)

Copyright (c) 2013 UC Regents. All rights reserved.

A R K  H O S T S  AARNet, AFRINIC, AMS-IX, APAN, ARIN, 
ASTI, Acreo, BDCOM Online Limited at BD-IX, CAIDA, CENIC, 
CNNIC, CNRST, Cablenet Communication Systems, Canarie, 
Carnegie Mellon Univ. in Rwanda, Colorado State Univ., DCS1 
Pte Ltd, DePaul Univ., ELTE, FORTH, FunkFeuer, GCI, HB 
Networks, HEANet, Hurricane Electric, IP-Max SA, Indonesian 
IPv6 Task Force, ICSI, Internet Systems Consor tium, Iowa State 
Univ., Jacobs Univ. Bremen, Jaguar Network, KREONet2, 
Kantonsschule Zug, Level 3 Communications, Liber ty Global, 
Liber ty Global (San Juan Cable), NCAR, NIC Chile, NIC Mexico, 
NORDUnet, NREN, Nor theastern Univ., Openmirrors.asia - at 
Equinix SG1, Ottawa Internet Exchange, Public Univ. of 
Navarra, QCell,  RIPE NCC, RNP, Rede ANSP / Projeto NARA, 
Registro.br, SURFnet, Simula Research Laborator y, Sol ido 
Networks ApS, Southern Methodist Univ.,  TKK, T WAREN, 
Technical Univ. of Munich, Tinet, TorIX, UCAD, US Army 
Research Lab, Univ. Leipzig, Univ. Politecnica de Catalunya, 
Univ. of Cambridge, Univ. of Hawaii,  Univ. of Limerick, Univ. of 
Melbourne, Univ. of Napoli,  Univ. of Nevada at Reno, Univ. of 
Oregon, Univ. of Waikato, Univ. of Washington, Univ. of Zurich

ANALYSIS TEAM Bradley Huffaker,  kc claffy
SOFTWARE DEVELOPMENT  Young Hyun,  Matthew Luckie
POSTER DESIGN  Hanh On

COOPERATIVE ASSOCIATION FOR INTERNET DATA ANALYSIS
San Diego Supercomputer Center . University of California, San Diego
9500 Gilman Drive, MC0505. La Jolla, CA 92093-0505. 858-534-5000 

http://www.caida.org/research/topology/as_core_network/

www.caida .org

digital
envoy

Arch i p e l ago  

No. of
IP addresses

No. of
IP links

No. of
ASes

No. of
AS links

IPv6

IPv4 37,541,408
(+34.30%)

51,884 
(+43.89%)

31,075,574 
(+32.27%)

133,988 
(+46.55%)

37,197 
(+9.13%)

4,337 
(+79.36%)

130,095 
(+18.97%)

16,856 
(+89.76%)

radius = 1 - log                               transit.degree(AS)+1
maximum.transit.degree + 1(                                                            )

angle = longitude of the AS’s 
BGP pre�xes in netacq(                                                            )                                                
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Data Source.   During a two-week period in 
January 2014, CAIDA researchers collected data 
using our distributed measurement infrastructure, 
Archipelago (Ark). For the IPv4 map, 74 Ark 
monitors in 33 countries on 6 continents probed 
paths toward 263 million /24 IPv4 networks.  For 
the IPv6 map, the subset of 33 IPv6-connected Ark 
monitors located in 21 countries on 6 continents 
concurrently probed paths toward 3.3 million IPv6 
addresses. These measurements covered, 
correspondingly, 92.4% of the IPv4 routable 
pre�xes and 76.1% of the globally routed IPv6 
pre�xes as seen in the Route Views Border 
Gateway Protocol (BGP) routing tables on January 
1, 2014.
 We aggregated the captured IP-level data to 
construct IPv4 and IPv6 Internet connectivity 
graphs at the Autonomous System (AS) level. Each 
AS approximately corresponds to an Internet 
Service Provider (ISP). We map each observed IP 
address to the AS responsible for routing tra�c to 
it, i.e., to the origin (end-of-path) AS for the IP 
pre�x representing the best match for this address 
in the Route Views BGP routing tables. The position 
of each AS node is plotted in polar coordinates 
(radius, angle) calculated as indicated in Figure 1.

Figure 1. Coordinates of AS in AS core.

Analysis.  As in previous years, the IPv6 graph 
exhibited faster relative growth than the IPv4 
graph. During a one year period from January 2013 
to January 2014, the number of IPv6 ASes 
increased by 80% and the number of links 
between them increased by 63%, while the IPv4 
graph gained 9% more ASes and 14% more links. 
However, in absolute terms, the IPv4 graph grew 
by 3K ASes and nearly 16K new inter-AS links, while 
the IPv6 graph added nearly 2K ASes and 5.5K 
links.
 The three highest-degree (most-connected) 
IPv4 and IPv6 ASes in our measurements remained 
in the same position as in our 2013 data, but there 
were more changes in rank among lower-ranked 
IPv6 ASes than among similarly ranked IPv4 ASes. 
This di�erence in volatility is consistent with the 
younger and more dynamic growth pattern of 
IPv6.
 Examining the dynamics of changes in node 

degrees (number of neighbors) provides 
additional insights into the Internet's evolutionary 
trends.  Candle plots in Figures 2 and 3 illustrate 
the distributions of relative AS degree changes 
that occurred between 2013 and 2014. Each bin in 
those plots either includes all ASes that had the 
same degree in 2013 data or spans several degree 
values to include at least 25 ASes. For each bin, the 
black line in the middle shows the median 
percentage of change, the vertical box is drawn 
between the 25th and 75th percentile values, and 
the vertical line ends at the 5th and the 95th 
percentile values.

Figure 2.  Figure 2 shows that for IPv4 ASes with degree 
less than 6, the median value of observed degree changes 
is 0, indicating that approximately equal numbers of those 
small ASes had their degree increased or decreased.  ASes 
with degrees larger than 6 tended to increase their degree 
(medians in these bins are above 0). Yet in all degree 

ranges more than 25% of IPv4 ASes had their degrees 
decreasing between 2013 and 2014: the lower end of all 
boxes in this candle plot is in the negative area.

Figure 3.  In contrast, in Figure 3, the median lines in all 
bins are above 0 indicating that between 2013 and 2014 
more IPv6 ASes tended to increase than to decrease their 
degrees in all degree ranges. Moreover, less than 25% of 
IPv6 ASes that had degrees of 4 or more in 2013, 
decreased their degrees by 2014. Figures 2 and 3 
quantitatively con�rm our observation that the IPv6 
inter-AS connectivity grew relatively faster than the IPv4 
one.
Figure 4. Figure 4 (right) shows the changes in 
connectivity for the 11 IPv4 and 12 IPv6 ASes that were 
ranked in the "Top 10" by transit degree in either 2013 or 
2014. In the IPv4 graph, 8 ASes increased and 3 decreased 
their degree, the median of observed changes being 17% 
degree increase. The maximum growth of 321% was 
observed for Bharti Airtel (AS 9498) propelling this AS into 
the Top 10 group. The transit degree of RETN (AS 9002) 

decreased by 22% removing it from the Top 10 group in 
2014.  In the IPv6 graph, 10 of the 12 shown IPv6 ASes 
increased their degree, with a median increase of 70%. 
Hurricane Electric (AS 6939) remained the largest IPv6 AS, 
increasing its degree from 966 in 2013 to 1740 in 2014. 
GEANT (AS 20965) and Biznet (AS 17451) showed the 
largest relative degree increase in the IPv6 space, 
acquiring nearly 425% and 244% new IPv6 neighbors 
correspondingly, and thus entering into the "Top 10" 
group.  At the same time, Cable & Wireless (AS 1273) and 
Global Crossing (AS 3549) saw their IPv6 degree 
decreasing by 49% and by 13% therefore losing their Top 
10 positions.

This visualization illustrates the extensive geographical scope 
and rich interconnectivity of nodes participating in the global 

Internet routing system, and compares snapshots of macroscopic 
connectivity in the IPv4 and IPv6 address space.
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