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Abstract

This article introduces trends in the research and development activities for future networks in the
USA, the EU, and Japan. Research initiatives on future networks have been launched by the US Nation-
al Science Foundation, the European Commission, and other organizations. In Japan, research on future
networks is being promoted through the leadership of the National Institute of Information and Com-

munications Technology.

1. Rising R&D activities for future networks

With the Internet now recognized as a social infra-
structure, it is being widely used to provide a diverse
range of services, but its inherent limits have begun to
be noticeable. To discuss and seek fundamental solu-
tions to these limits, starting with a clean slate, sev-
eral countries have launched research and develop-
ment projects on future networks. This article ana-
lyzes and considers the features of representative
projects in the USA, the EU, and Japan.

2. Activities in the USA and the EU

2.1 USA

Well over thirty years have passed since the birth of
the Internet, and some people have begun to point out
the limits inherent to the existing Internet in terms of
security, quality of service, and stability. In the USA,
a clean-slate Internet architecture has been discussed
since around 2000 [1]. This aims to reexamine the
design concept of the existing Internet and build a
future network from scratch. In response to this
movement, the National Science Foundation (NSF)
started a research initiative called FIND (Future
Internet Design) to aid research on an entirely new
network architecture and its technical components.
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Shackled by the constraints of the Internet protocol
(IP), on which it is based, the existing Internet is very
restricted in its ability to incorporate innovative tech-
nologies. To solve this problem, the NSF is planning
to construct GENI (Global Environment for Network
Innovations), a testbed for the development of an
entirely new network architecture and its technical
components (Fig. 1(a)).

2.1.1 FIND
Since 2006, FIND has been mainly funding univer-
sities that pursue promising research themes related
to future networks. Two distinctive features of this
funding are that first FIND does not specify the over-
all picture of future networks and does not identify
priority research areas at the proposal invitation stage
and second it encourages fundamental studies and
does not demand short-term results. FIND’s vision
for the future network is as follows:
* [t must be worthy of society’s trust.
e [t must be able to bridge the real and virtual
worlds.
e [t must support the pervasive computing environ-
ment.
e [t must be conducive to further technological
innovation.

2.1.2 GENI

GENI is currently at the design stage. Construction
of the testbed will start in 2010 or 2011 and finish
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Fig. 1. Representative project/research initiatives on future networks being undertaken in the USA, the EU, and Japan.

around 2015. It will use programmable routers to
allow new protocols and network architectures to be
evaluated on it. The testbed will be connected to wire-
less networks to allow experiments with sensors and
a variety of other terminals. In addition, slicing tech-
nology will be applied to allow a single physical
network to be divided into multiple logical networks.
This will enable researchers to share GENI’s network
resources efficiently [2].

22 EU

The European Commission (EC), the executive
branch of the European Union (EU), has launched
FP7 (Seventh Framework Programme), an R&D pro-
gram designed to boost Europe’s international com-
petitiveness and technical expertise. In the field of
information & communications technology (ICT),
FP7 allots the largest budget to the pervasive and
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trusted network and service infrastructures in the
hope of creating new industrial/service opportunities.
In 2007, two research initiatives relevant to this were
started in the ICT field: The Network of the Future,
which is designed to enable Europe to reinforce
industrial leadership in both the wired and wireless
fields, and FIRE (Future Internet Research and
Experiment), which is designed to aid the construc-
tion of testbeds and explorative long-term research
activities (Fig. 1(b)).

2.2.1 The Network of the Future

The Network of the Future initiative has been fund-
ing promising research themes since 2007. It has two
features. One is that the call for proposals did not
specify the overall picture of future networks nor did
it identify priority research areas at the proposal invi-
tation stage. The second is that, with many industrial
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Fig. 2. Research approach of AKARI.

enterprises participating, the scope of work encom-
passes not only fundamental research themes but also
themes close to application and commercial imple-
mentation in such areas as high-speed wireless com-
munication. The Network of the Future calls for pro-
posals to achieve the following target outcomes [3]:
* Ubiquitous network infrastructures and architec-
tures
* Optimized control, management, and flexibility
of the future network infrastructure
» Technologies and systems architectures for the
future Internet

2.2.2 FIRE

FIRE involves both the construction of testbeds and
support for long-term research activities with a view
to going beyond desk study of innovative ideas on the
future Internet and validating the concept and socio-
economic influences on users [4]. As with The Net-
work of the Future, many enterprises are participating
in FIRE, in addition to universities. Its funding began
in the spring of 2008 and actual research was initiated
by the summer of the same year.

3. Activities in Japan

With a view to strengthening its international com-
petitive edge, Japan has started activities to develop a
New Generation Network based on new design con-

cepts and technologies rather than building on exist-
ing technologies. In 2006, the National Institute of
Information and Communications Technology
(NICT) launched the “AKARI Architecture Design
Project” (known simply as AKARI) with the aim of
establishing the architecture for the new-generation
network and developing a network design concept
based on that architecture. In addition, the New Gen-
eration Network Promotion Forum was formed in
2007 (Fig. 1(c)) to accelerate the study through con-
certed efforts involving academia, government,
national institutes, and industry.

3.1 AKARI

The approach to the future network adopted in
AKARI is to design and build an ideal network start-
ing with a clean slate, free from existing constraints
(Fig. 2). In 2007, AKARI announced the “New Gen-
eration Network Architecture—AKARI Conceptual
Design” [5], which addressed problems facing exist-
ing networks, such as the increasing complexity in
the layer structure of protocols and the difficulty in
maintaining the reliability of an overall system, and
identified 11 requirements for the design of the future
network, such as large capacity, scalability, openness,
robustness, safety, and diversity. Furthermore, it pro-
posed a network based on a new design concept and
on optical communication technology, such as optical
packet switching, which can achieve greater capacity
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Fig. 3. Organization of the New Generation Network Promotion Forum.

and lower cost than current electronic packet switch-
ing. The conceptual design also identifies optical
switching and optical buffering as important techni-
cal components for implementing this network.
AKARI plans to complete AKARI New Generation
Network Design Diagrams by fiscal 2011 and to
complete the development of the technologies for
building the network by fiscal 2016.

3.2 New Generation Network Promotion Forum

The membership of the New Generation Network
Promotion Forum (Fig. 3) includes the Ministry of
Internal Affairs and Communications, domestic carri-
ers (e.g., NTT and KDDI), and many enterprises and
universities. The Forum aims to promote strategic
and comprehensive R&D on the New Generation
Network without being constrained by existing net-
works. It will collaborate with AKARI and other
activities related to the new-generation network being
pursued by NICT to develop Japan’s overall strategy
for the future network.

4. Features of R&D projects in the USA,
the EU, and Japan

The features of the abovementioned R&D projects
being undertaken in the USA, the EU, and Japan are
analyzed below with a focus on three aspects:
research areas, membership, and research approach-
es.
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4.1 Main research areas

The research themes funded by FIND (USA) and
The Network of the Future (EU) can be classified into
the technical areas shown in Table 1.

Of the 42 themes (as of 2008) funded by FIND, as
many as 22 of them (52%) are related to next-genera-
tion protocols, followed by 18 (43%) related to the
interconnection of heterogeneous networks, and 13
(31%) related to an overlay network. This can be
interpreted as reflecting the USA’s intention to solve
the problems of the existing Internet by reexamining
the very design philosophy of the Internet and study-
ing protocols and architecture.

The Network of the Future initiative supports 46
themes (as of 2008). Of these, the majority (25
themes or 54%) is related to high-speed wireless
communication while only 6 themes (13%) are dedi-
cated to optical transmission. Although The Network
of the Future initiative originally aimed to study both
wired and wireless technologies, the set of themes
actually funded tilts the balance in favor of wireless
technology. Moreover, about 60% of research themes
pursued in FIRE (data not shown) are concerned with
wireless technology. So, it can be said that a distinc-
tive feature of Europe’s research on the future net-
work is its emphasis on wireless communication.

AKARLI, on the other hand, considers optical com-
munication technologies as the most important ele-
ment of the new architecture, so a feature of Japan’s
research on the future network is the high priority
placed on optical technologies.
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Table 1. Funding classification.

(This technical area classification was defined by NTT.)

Attack q High-speed | Connection
Technical area Qverlay Dynamic e n’i?;(:i - detection Ct)rp;t:](;a-ll wireless of hetero- Sensor %vci):;v;;asr:
network QoS 9 and S communi- geneous networks
protocols . mission . technology
protection cation networks
FIND 13 10 22 7 2 2 18 2 5
The Network
of the Future 7 8 13 3 6 25 19 2 10

4.2 Membership

Since the mission of the NSF in the USA is to pro-
mote the progress of science, both FIND and GENI
are driven mainly by their university members, and
no flagship carriers such as AT&T or Verizon have
joined these projects yet. The set of themes for the
Network of the Future and FIRE initiatives, both sup-
ported by the EU’s FP7, involve collaboration
between academia, national institutes and industry,
including BT, France Telecom, and other carriers as
well as manufacturers. In Japan, research on the
future network has been undertaken mainly by NICT
and universities, but the establishment of the New
Generation Network Promotion Forum has prompted
the participation of many enterprises, leading to a
national endeavor involving academia, government,
national institutes, and industry.

4.3 Research approaches

Studies on the future network have just begun. So
far, no details of network architecture or technical
components envisioned in the initiatives have been
worked out, but the general directions of the approach
being taken in each region can be characterized as
follows:

e The USA has a high proportion of basic research
themes, such as protocols, is mainly driven by
universities, and does not set any priority
research areas at the proposal invitation stage.

e The EU has a high proportion of research on
wireless technology, centering on high-speed
wireless communication, tackles all stages from
basic research to application through the collab-
oration of academia, national institutes, and
industry, and does not set any priority research
areas at the proposal invitation stage.

e Japan places a high priority on optical communi-
cation and has started by studying the overall

QoS: quality of service

architecture and developing the conceptual
design from the initial stage. This top-down
approach is clearly different from the approaches
taken in the USA and EU.

S. Future developments

For Japan to enhance its industrial strength and
international competitiveness in the future, it is
important that academia, government, national insti-
tutes, and industry fully participate in playing their
respective roles and lead the world in developing core
technologies. NTT Laboratories will press forward
with R&D on the future network [6]-[9], and, as a
member of the New Generation Network Promotion
Forum, will contribute to its quadripartite strategic
endeavor.

References

[1] D. D. Clark and M. S. Blumenthal, “Rethinking the design of the
Internet: The end to end arguments vs. the brave new world,” TPRC
submission, Sep. 2000.

[2] The GENI Project Office, “GPO GENI Overview Presentation,” Mar.
2008.

[3] P.Stuckmann and R. Zimmermann, “Towards Ubiquitous and Unlim-
ited-capacity Communication Networks—European Research in
Framework Programme 7,” European Commission, May 2007.

[4] FIRE Scientific and Industrial Preparatory Expert Groups, “The Euro-
pean FIRE Future Internet Research and Experimentation Activities,”
Draft Version 14, June 2007.

[5] AKARI Architecture Design Project, “New Generation Network
Architecture—AKARI Conceptual Design,” 2007.

[6] A. Takahara, H. Hadama, T. Motohashi, and Y. Takigawa, “R&D
Challenges for Future Carrier Networks,” NTT Technical Review, Vol.
7, No. 5, 2009.
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr2009
05sf1.html

[71 M. Jinno, H. Kimura, Y. Hibino, K. Uehara, N. Kukutsu, F. Ito, and S.
Matsuoka, “Towards Ultrahigh-speed High-capacity Networks,” NTT
Technical Review, Vol. 7, No. 5, 2009.
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr2009
05sf3.html

[8] K. Shiomoto, I. Inoue, T. Takeda, S. Chaki, T. Akaike, and H. Hasega-

NTT Technical Review



Special Feature

[9]

wa, “Toward a New Paradigm for Packet Service,” NTT Technical
Review, Vol. 7, No. 5, 2009.
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr2009

05sf4.html

N. Takahashi, K. Akabane, M. Matsuo, M. Ohta, M. Harada, and K.

Okada, “Technologies Towards Networked Objects and Events in the
Real World,” NTT Technical Review, Vol. 7, No. 5, 2009.
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr2009

05sf5.html

Hideki Nishizawa

Manager, R&D Vision Group, NTT Research
and Development Planning Department.

He received the B.S. and M.S. degrees in phys-
ics from Chiba University in 1994 and 1996,
respectively. He joined NTT Network Service
Systems Laboratories in 1996, where he engaged
in research on photonic switching systems. He
moved to NTT Phoenix Communications Inc.
(now NTT BizLink Inc.) in 2001, where he
worked on the development of visual communi-
cation services. He has been in NTT Research
and Development Planning Department since
2007. He is a member of the Institute of Electron-
ics, Information and Communication Engineers
(IEICE) of Japan.

Masakatsu Fujiwara

Manager, R&D Vision Group, NTT Research
and Development Planning Department.

He received the B.E. degree in electrical engi-
neering and the M.E. degree in applied systems
science from Kyoto University in 1994 and 1996,
respectively, and the M.B.A. degree from Cornell
University, USA, in 2005. He joined NTT Net-
work Service Systems Laboratories in 1996,
where engaged in R&D of key technologies for
network management systems. He moved to
NTT Research and Development Planning
Department in 2007.

Vol. 7 No. 5§ May 2009

Minoru Yokoyama

Associate Manager, R&D Vision Group, NTT
Research and Development Planning Depart-
ment.

He received the B.S. and M.S. degrees in infor-
mation sciences from Tokyo University of Sci-
ence, Chiba, in 1997 and 1999, respectively. He
joined NTT EAST in 1999 and engaged in corpo-
rate strategy planning during 2004-2006. He has
been engaged in R&D planning since 2007.

Suguru Kanazawa

Senior Manager, R&D Vision Group, NTT
Research and Development Planning Depart-
ment.

He received the B.S. degree in physics from
Nagoya University, Aichi, in 1987. He joined
NTT Network Systems Development Center in
1987, where he engaged in the development of
ISDN subscriber transmission systems. He
moved to NTT International Procurement Office
in 1998, where he engaged in the business of
procuring transmission and radio systems. He
moved to NTT Communications Corporation in
2000, where he worked on business process
reform of his company. He has been in NTT
Research and Development Planning Depart-
ment since 2007.




