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AS approximately corresponds to an Internet Service
Provider (ISP).We map each observed IP address to the
AS responsible for routing traffic to it, i.e., to the origin
(end-of-path) AS for the IP prefix representing the best
match for this address in the Route Views BGP routing
tables.
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FIGURE | The position of each AS node is plotted in
polar coordinates (radius, angle) calculated as indicated. JANUARY 1, 2011- JANUARY 2, 2012

FIGURE 2 For IPv4 ASes with degree less than 8, the median value of observed degree changes is 0, indicat- This level of instablity is likely the result of immature state of Number of [Number of [ Number of | Number of
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ing that approximately equal numbers of those small ASes had their degree increased or decreased. ASes our IPv4 measurements and the IPvé topology. IP address | 1P links ASes ASlinks
with degrees 8 or larger tended to increase their degree (medians in these bins are above 0).Yet in all 22,295,909 | 18,968,662 30,799 95.242
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ANALYSIS As in previous years, the IPv6 graph exhibited
faster relative growth than the IPv4 graph. During a one
year period from January 2011 to January 2012, the
number of IPvé ASes increased by 75% and the number
of links between them increased by 94%, while the IPv4
raph gained 6% more ASes and [2% more links. (In
fbsilutge terms, the IPv4 graph grew by 1.8K ASes aﬁld JANUARY 1, 2011 - JANUARY 2, 2012 ANALYSIS TEAM Bradley Huffaker, ke claffy .
T T T FIGURE 3 In contrast, in Figure 3, the median lines in all bins are above 0 indicating that between 201 | and SOFTWARE DEVELOPMENT Young Hyun, Matthew Luckie
2012 more IPv6 ASes tended to increase than to decrease their degrees in all degree ranges. A quarter of POSTER DESIGN Alex Villa
the 25 most highly connected IPv6 ASes (with degrees more than 600) further increased their degrees by

160% or nore. Moreover, less than 25% of the IPvé ASes that had degrees of 6 or more in 201 |, decreased C E NTER FO R APPLI ED I NTERN ET DATA ANALYSI S

their degrees by 2012. Figures 2 and 3 quantitatively confirm our observation that the IPv6 inter-AS San Diego Supercomputer Center . University of California, San Diego
connectivity grew relatively faster than the IPv4 one 9500 Gilman Drive, MC0505. La Jolla, CA 92093-0505. 858-534-5000

RATED RANED AS IPV6 TOP RANKED AS FIGURE 4 Figure 4 shows the changes in connectivity for the 12 IPv4 and 13 IPv6 calda'org/research/topo|Ogy/as_core_network/

...Z;f,.fgf,;‘..’.,.imm,,,(.,,,, ’ ASes that were ranked in the "top 10" by transit degree in either 2011 or 2012. ARK HOSTS 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.

and more dynamic growth pattern of IPvé. | A Global Crossing (3549) In the IPv4 graph, 9 ASes increased and 3 decreased their degree, the median of 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
Examining the dynamics of changes in node < ;\:ﬁ:“ie";1;elju(l7(‘:;*;)‘;) ebserved changes being 9.4% degree e er s TIhE Mesdinn growth of 177% was Consortium, lowa State Univ., Jacobs Univ. Bremen, Jaguar Network, KREONet2, Kantonsschule Zug, Level 3 Communications, Liberty Global, Liberty Global (San Juan Cable), NCAR, NIC Chile, NIC

d b f . hb d dd . | Tinet Sph (3257) Lo . . Mexico, NORDUnet, NREN, Northeastern Univ., Openmirrors.asia - at Equinix SG1, Ottawa Internet Exchange, Public Univ. of Navarra, QCell, RIPE NCC, RNP, Rede ANSP / Projeto NARA, Registro.br,
egrees (num er o nelg OFS) PI"OVI es additional == MCl WorldCom (701) observed fOI' RETN lelted (AS 2009) Wh|Ch lumPed from rank 30 to 7 between SURFnet, Simula Research Laboratory, Solido Networks ApS, Southern Methodist Univ., TKK, TWAREN, Technical Univ. of Munich, Tinet, TorlX, UCAD, US Army Research Lab, Univ. Leipzig, Univ.
insights into the Internet's evolutionary trends. Candle

tw telecom (4323) 2011 and 2012. The transit degree of U.S. Sprint (AS |239) decreased b)’ 21% 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,
plots in Figures 2 and 3 illustrate the distributions of

their degrees decreasing between 2011 and 2012: the lower end of all boxes in this candle plot is in the
negative area.
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nearly I1K AS links, while the IPvé graph added nearly
1.9K ASes and 7.6K links.) AS links, while the IPv6 graph
added nearly |.9K ASes and 7.6K links.)

The three highest-degree (most-connected) IPv4 ASes in
our measurements remained in the same position as in
our 2011 data.There were more changes in rank among
most connected IPvé ASes where only the Hurricane
Electric ranked #1 in 201 | remained on the top in 2012.
This difference in volatility is consistent with the younger
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Contorytel trn (209) removing it from the Top 10 group in 2012. Althought NTT (AS 2914) grew by Univ. of Zurich
relative AS degree changes that occurred between 2011 . ::;f;,i:::'élf,’,;’(m,, 2%, this increase was insufficient to keep it in the top 10. Copyright © 2014 UC Regents. All rights reserved.

and 2012. Each bin in those plots either includes all ASes A T, In the IPv6 graph, | | of the 13 shown IPvé ASes increased their degree, with
that had the same degree in 2011 data or spans several . HE:ninixNe'per[nnfs(1764) [ a median increase of 68%. Hurricane Electric (AS 6939) remained the largest IPvé
degree values to include at least 25 ASes. For each bin, T DATE ™M |30 o Commansaton (4301 DATE AS, increasing its degree from 513 in 2011 to 861 in 2012, while Level 3 (AS 3356) ST
the black line in the middle shows the median percentage and Cogent (AS 174) had an increase of more than 200%, acquiring more than 190
of change, the vertical box is drawn between the 25th new IPv6 neighbors each. The California State University Network gained almost 1400% going from a degree of 17 to 253.Tele2 (AS 3248) and Internet2 (AS |1537)
and 75th percentile values, and the vertical line ends at dropped 28% and 96%, respectively. While some of the observed volatility may be an artifact of our measurement approach, it mostly reflects dynamic changes intrinsic

the 5th and the 95th percentile values. to rapidly growing yet still immature IPvé6 topology.
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