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Abstract Information-Centric Networking (ICN) is being researched as a next-generation network architecture
that achieves efficient data distribution by forwarding packets based on content names rather than IP addresses.
Named Data Networking (NDN) is one of the most actively studied ICN architectures. During the real-world de-
ployment and transition phase of NDN, a mixed environment of IP Autonomous Systems (ASes) and NDN ASes will
emerge, making packet forwarding a significant challenge. To enable communication in such environments, functions
for mutual conversion between IP and NDN packets and mechanisms for name resolution of content hosted within
NDN ASes are required. One approach to this challenge involves deploying Gateways (GW) with packet translation
capabilities at the boundary links between heterogeneous ASes. These GWs aggregate information, such as the
IP addresses of requesting hosts (Consumers) and providing hosts (Publishers) along with the requested content
names, to enable packet forwarding across the mixed IP/NDN environment. However, this method risks increasing
communication latency, as the processing load on the GWs creates significant overhead. Therefore, to achieve more
efficient data distribution, this paper proposes an inter AS Path Control method that accounts for the specific

protocols adopted by each AS in a coexisting I[P and NDN environment.
Key words ICN, NDN, latency, Inter AS Path Control, AS PATH Prepending
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2: Average packet delay along the minimum hop-count
path
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3: Average packet delay along the high utilization NDN-
AS path
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4: Average packet delay along the low utilization path via
packet translation GW

40387 v B GW BFRHBRETD T v M EREE
I 2L —YayOfiRERLEDDTHS. X2 OfERE
g2, BzoF U4 31BWT8F v FE# I GW TD
Ry ba RO BRI G v MIREBIEE D R ED
DI Z e R AN, ZORERD S, T v FVEBGW K
FIFREERE % W 2 RS T RIE, oy P GW T X
B F — NNy REIZ T IP-NDN D7 v Mk EHE
HAJRETH B L VWX 5.

SFUL 1L TF UL 2T, IRy THIREOMER v 4
DB UDPED SN o2 U 4.2 Hi TR /-#H ¢

— 5 —



FLTH2eEZHND. N AS A+ ORERHIES KD
SEERT w MBIEIZS X B EXEPRIDTH B DITHL,
KERFEE 2R OEREAS HEOBRKEIEN, SR AS &
ATHWSAZ Ia harhBsF Ut 1 s+ V4 2 TREE
ENTWVWBEDIATOIRRW., LN ToF A1y FY
F 2 TR v TEREIE ORGSR L EL R R LA b hiz
MmolzbEZIbNS.

5. ¥ & &

AFTE T v P A GW 2 W= IP-NDN D 87 v b
EERIEE WG ED Z7a— oLty vV — 212813 5 NDN
DF % vy 2l L 2BENEOMESINMEITo 7. £z,
IP & NDN EELTWAIRNT, FASOT e FareEE
LT AS [ OREE & HIH 3 2 FIE2RE U, BUEFHE DR
5, NDN OEAIC X 2B EMREADFEL, NDN 2EAT
% AS OFBIC X o TRELSEH L, SXE AS BETO NDN
BABMTONZ Y, bk 7 BOHIBARE L EEIELICK
ENEND B Z e BRI N, £z, R LU= AS IR
HIEZEITT 2 22T, Bz 7 v FO%isk AS $TOR/D
Ry TR R 2B ERAVWSIIEE LD b, FLERETIRRE
MEHINE Z b biERINz.

SHBROFE L LT, BEHERKICBVWTN I by Z7O5H
REETDHIeRBFoND. AFEOFHITIE, NDN-AS &F]
RN Z  OFHTERIMERE R LTV, ZORK
ZHAT2 L NDN-ASIZZEBD My 72 AL, IP-AS
£ NDN-AS & TUHEEHICKERENEFN LA EED D 5.
ZIT, BEDASIC ISy ZBERLTHAT S &5 7K
BRI oo, WENEEELDR W X S REBHIEEOER

DREr 25,
SIEE AWFZEIE JSPS RIBFE (25K03113, 23K28078) D Bf
KEZFEHBDTH 3.

WAL THEEZRT.
X R

[1] Feri Fahrianto and Noriaki Kamiyama, Migrating from IP
to NDN Using Dual-Channel Translation Gateway, IEEE
Access, Vol. 10, pp. 70252-70268, Jul. 2022

[2] Feri Fahrianto and Noriaki Kamiyama, Comparison of mi-
gration approaches of ICN/NDN on IP networks, in Proc.
5th Int. Conf. Informat. Comput. (ICIC), Nov. 2020

[3] Van Jacobson, Diana K. Smetters, James D. Thornton,
Michael F. Plass, Nicholas H. Briggs and Rebecca L. Bray-
nard, Networking Named Content, ACM CoNEXT 2009,
Dec 2009

[4] Hitoshi Asaeda, Kazuhisa Matsuzono, Yusaku Hayamizu,
Htet Hlaing, and Atsushi Ooka, A Survey of Information-
Centric Networking: The Quest for Innovation, IE-
ICE TRANSACTIONS on Communications, Vol.E107-B,
NO.1,pp.139-153 Jan 2024

[5] Lixia Zhang, Alexander Afanasyev, Jeffrey Burke, Van Ja-
cobson, kc claffy, Patrick Crowley, Christos Papadopou-
los, Lan Wang, Beichuan Zhang, Named Data Networking,
ACM SIGCOMM Computer Communication Review, Vol.
44, No. 3, pp. 66-73, Jul. 2014

[6] Kohei Tanak, Noriaki Kamiyama. Name Resolution and
Packet Forwarding in IP/NDN Mixed Environment, The
40th International Conference on Information Networking
(ICOIN 2026), Jan. 2026

[7] Giovanna Carofiglio, Luca Muscariello, Jordan Augé,
Michele Papalini, Mauro Sardara, Alberto Compagno, En-
abling ICN in the Internet Protocol: Analysis and Evalua-
tion of the Hybrid-ICN Architecture, ICN ’19: Proceedings
of the 6th ACM Conference on Information-Centric Net-
working

[8] Samar Shailendra, Bighnaraj Panigrahi, Hemant Kumar

[9]

(10]

(11]

(12]

(13]

[14]

(15]

[16]

(17]

(18]

(19]

20]

(21]

(22]

23]

24]

Rath, Anantha Simha, A Novel Overlay Architecture for In-
formation Centric Networking, 2015 Twenty First National
Conference on Communications (NCC), Feb 2015

Dirk Trossen, Martin J. Reed, Janne Riihijarvi, Michael
Georgiades, Nikos Fotiou, George Xylomenos, IP Over ICN
- The Better IP? , 2015 European conference on networks
and communications (EuCNC), Jun. 2015

Ying Zhang, Mallik Tatipamula, Characterization and De-
sign of Effective BGP AS-PATH Prepending, 2011 19th
IEEE International Conference on Network Protocols, Oct.
2011

Alexander Afanasyev, Xiaoke Jiang, Yingdi Yu, Jiewen Tan,
Yumin Xia, Allison Mankin, Lixia Zhang, NDNS: A DNS-
Like Name Service for NDN, 2017 26th International Con-
ference on Computer Communication and Networks (IC-
CCN), Aug 2017

Pedro Marcos, Lars Prehn, Lucas Leal, Alberto Dainotti,
Anja Feldmann, Marinho Barcellos, AS-Path Prepending:
there is no rose without a thorn, IMC ’20: Proceedings of
the ACM Internet Measurement Conference, Oct. 2020
Ying Zhang, Makan Pourzandi, Studying Impacts of Prefix
Interception Attack by Exploring BGP AS-PATH Prepend-
ing, International Conference on Distributed Computing
Systems, Jun. 2012

Samantha Lo, Rocky K. C. Chang, Lorenzo Colitti, An
Active Approach to Measuring Routing Dynamics Induced
by Autonomous Systems, Workshop of Experimental Com-
puter Science (ExpCS), ACM (2007)

Julien Gamba, Romain Fontugne, Cristel Pelsser, Randy
Bush, Emile Aben. BGP Table Fragmentation: what
& who?,
tion de Protocoles, 1’
Expérimentation des Réseaux de Communication, May.
2017

Benoit Donnet, Olivier Bonaventure, On BGP communi-
ties, ACM SIGCOMM Computer Communication Review,
Vol.38, No. 2, pp. 55-59, Mar. 2008

Florian Streibelt, Franziska Lichtblau, Robert Beverly, Anja
Feldmann, Cristel Pelsser, Georgios Smaragdakis, Randy
Bush, BGP Communities: Even more Worms in the Rout-
ing Can, Proceedings of the Internet Measurement Confer-
ence 2018, Nov. 2018

Nick Feamster, Jay Borkenhagen, Jennifer Rexford, Guide-
lines for Interdomain Traffic Engineering, ACM SIGCOMM
Computer Communication Review, Vol. 33, No. 5, pp. 19-
30, Oct. 2003

Bangbang Ren, Deke Guo, Guoming Tang, Weijun Wang,
Lailong Luo, Xiaoming Fu. SRUF: Low-Latency Path Rout-
ing with SRv6 Underlay Federation in Wide Area Network,
2021 IEEE 41st International Conference on Distributed
Computing Systems (ICDCS), Jul. 2021
Shuntaro Hashimoto, Makoto Misumi,
Kamiyama, Analysis of Diffusion Process of ICN Based on
Economic Factors, IEEE/IFIP NOMS 2024 (Short Paper)
Manar Aldaoud, Dawood Al-Abri, Medhat Awadalla, Fir-
dous Kausar, NBGP: An efficient BGP routing protocol
adaptation for named data networking, International Jour-

In Rencontres Francophones sur la Concep-
Evaluation de Performance et 1’

and Noriaki

nal of Communication Systems, Vol 35, Issue 14, e5266.
RIPE NCC, RIPE Atlas - RIPE Network Coordina-
tion Centre, https://www.ripe.net/analyse/internet-
measurements/ripe-atlas/

CAIDA, “Autonomous System Taxonomy Repository” ,
2013-11-6, https://www.caida.org/catalog/datasets/as-
taxonomy/ (SR 2024-09-14)

Cisco, BGP Rl A7 /L TV X L DER,
https://www.cisco.com/c/ja_jp/support/docs/ip/border-
gateway-protocol-bgp/13753-25.html (S8 2026-01-11)



