
he last  40 years of research has matured packet
switching technology as a key communication primi-

tive. Its key use context, the Internet, has been phenome-
nally successful. From its humble beginning as a research
network, it has evolved into a critical infrastructure for the
development of businesses, societies, and nations. The
Internet’s most popular application, the World Wide Web,
has powered the present information age that has acceler-
ated progress in all areas. There is no doubt that a lot has
been achieved. Yet as we look toward the future, a very
different set of research challenges present themselves.
These challenges originate primarily from the “responsibili-
ties” of handling an elite infrastructure, the “burden” of
satisfying popular expectations,  and catering to the
“change” in its use context.

The future Internet needs to cater to the responsibilities
of a critical infrastructure. Security, energy efficiency, and
performance guarantee are the primary issues. Also, the
future Internet needs to live up to its “near-magical” per-
ception of communication capabilities. It needs to be able
to scale to billions of nodes and also provide support for
the diversified requirements of next-generation applica-
tions. The original architecture of the Internet and its com-
munication protocols were not designed for such
requirements. Moreover, the use context for which the
original Internet was designed has changed considerably.
We have adapted to these changes through incremental
modifications to the original architecture. On the one hand
these changes have helped sustain the growth of the Inter-
net while on the other it has increasingly made the Internet
architecture brittle and non-deterministic. Thus, the basic
underlying principles that have been instrumental in the
Internet’s success need to be revisited and possibly rede-
fined in light of future requirements.

The networking research community has taken up the task
for designing the architecture for the future Internet. Initially
started as part of the FIND and GENI programs by the
National Science Foundation (NSF) in the United States,
future Internet research is now a key agenda for all leading
research agencies around the world including the European
Union, Japan, and China.

The goal of this feature topic is to present some interesting

design and deployment perspectives on the future Internet
research. We received 48 papers. Six of these have been
selected for publication in this issue. True to the spirit of
diversified future Internet design, all six articles address dif-
ferent design and research areas. The topic should be interest-
ing reading, with each article providing a new and fresh
perspective on the design space.

“A Survey of the Research on Future Internet Architec-
tures” provides a concise and informative survey of the vari-
ous next-generation Internet design initiatives around the
world. The article is background reading for those who want a
high-level look into the research landscape of diversified pro-
jects with very different objectives and design approaches.
This article provides pointers for further research into specific
projects and ideas to an interested reader. While we did not
receive any papers from the four winners of the NSF Future
Internet Architecture (FIA) competition, or any of the NSF
GENI participants, this article provides brief insights into
those projects. The reviews of this article were handled direct-
ly by Dr. Steve Gorshe, Editor-in-Chief of IEEE Communica-
tions Magazine.

The article “Loci of Competition for Future Internet
Architectures” proposes a new design principle for the future
Internet that advocates “designing for competition.” This
design principle is rooted in economics and represents a rele-
vant interdisciplinary research area for future Internet design.
The article identifies various “loci” in the design space that
should allow for multiple competitive providers to coexist.
This will prevent monopolies. Future design choices and inno-
vations shall evolve more naturally based on market forces.
The key challenges are to locate the proper loci across the
horizontal and vertical design space that do not unnecessarily
make the architecture too complex, and manage the interac-
tion between the different loci to provide a seamless commu-
nication infrastructure. Clearly, the current Internet was not
designed from the perspective of future commercial use. As a
result, policy enforcements, security, and accountability across
interorganizational boundaries have perennially been the
problem areas for the current design. The “design for compe-
tition” principle will hopefully set the right economic circum-
stances for the design of the future Internet.

Another interesting interdisciplinary research area that
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might potentially contribute new ideas to the design of a
robust, self-managed, and naturally evolving future Internet
design is biology. “Biological Principles for Future Internet
Architecture Design” maps biological principles to network
architectures. Biological systems present different models for
intercommunications among elements to implement a self-sus-
taining system. These mechanisms may be modeled to design
a robust and self-managed control plane for the future Inter-
net. The article also provides a possible way to implement
these abstract principles on actual networks. The key insight
presented is that to correctly map a biological intercommuni-
cation mechanism to an equivalent networking mechanism, it
is necessary to consider the scale and administrative control
boundaries of the intercommunication scenario.

One of the primary components of next-generation Inter-
net research is a testbed platform. Designing testbeds for at-
scale experimentation is itself an independent area of
research.  The article “Enabling Future Internet Research:
The FEDERICA Case” presents a discussion on the experi-
ences with building and managing the FEDERICA testbed.
Apart from a discussion on the testbed itself, its features, and
the different technologies it uses, the article presents a list of
projects that run on the testbed and how FEDERICA sup-
ports their diversified experimental contexts. While there is a
lot of literature on testbed technologies, their properties, and
their unique features, this article is differently organized such
that the end user may be able to appreciate the different fea-
tures of the testbed better through real use case examples.

The next-generation Internet design
space is highly diversified across differ-
ent design philosophies, principles, and
technologies. “Content, Connectivity,
and Cloud: Ingredients for the Network
of the Future” provides an integrated
design framework from three of the
most promising components of the next-
generation Internet design space: infor-
mation-centric network design, cloud
computing, and open connectivity. The
high point of this article is that it pro-
vides a lot of insight into each of these
design space components and also inte-
grates them into a coherent framework.

A key area of research for next-gen-
eration network technologies is the pro-
grammable data plane. There are two
aspects to this research. The first aspect
is the set of control and management
protocols that support the programma-
bility of the underlying data plane.  The
second aspect is the system-level design
of the high-performance programmable
data plane itself. “PEARL: A Pro-
grammable Virtual Router Platform”
presents a system-level design of a pro-
grammable data plane with discussion
of both the hardware and software plat-
forms.

We would like to thank Editor-in-
Chief Dr. Steve Gorshe and the IEEE
publication staff for their assistance
with this feature topic. Special thanks to
253 reviewers who took time to provide
detailed comments. We are also thank-
ful to the authors who submitted their
articles for this special issue.

BIOGRAPHIES
RAJ JAIN [F’93] (jain@acm.org) is a Fellow of ACM, and a winner of the
ACM SIGCOMM Test of Time award, CDAC-ACCS Foundation Award 2009,
and Hind Rattan 2011 award. He is currently a professor of computer sci-
ence and engineering at Washington University in St. Louis. Previously, he
was one of the co-founders of Nayna Networks, Inc., a next-generation
telecommunications systems company in San Jose, California. He was a
senior consulting engineer at Digital Equipment Corporation in Littleton,
Massachusetts, and then a professor of computer and information sciences
at Ohio State University , Columbus. He is the author of Art of Computer
Systems Performance Analysis, which won the 1991 Best Advanced How-to
Book, Systems award from the Computer Press Association. His fourth
book, entitled High-Performance TCP/IP: Concepts, Issues, and Solutions,
was published by Prentice Hall in November 2003. He recently co-edited
Quality of Service Architectures for Wireless Networks: Performance Metrics
and Management, published in April 2010.

ARJAN DURRESI [S’03] (durresi@acm.org) is currently an associate professor
of computer and information science at Indiana University Purdue Universi-
ty Indianapolis (IUPUI). He was a senior software analyst at Telesoft Inc. in
Rome, Italy; then a research scientist in computer and information sciences
at Ohio State University; and an assistant professor of computer science at
Louisiana State University, Baton Rouge. He has authored over 70 articles in
journals and more than 140 in conferences in the fields of networking and
security. He is the founder of several international workshops, including
Heterogeneous Wireless Networks — HWISE in 2005, Advances in Informa-
tion Security — WAIS in 2007, Bio and Intelligent Computing — BICOM
2008, and Trustworthy Computing — TWC in 2010.

SUBHARTHI PAUL received his B.S. degree from the University of Delhi, India,
and his Master’s degree in software engineering from Jadavpur University,
Kolkata, India. He is presently a doctoral student in computer science and
engineering at Washington University, St. Louis, Missouri. His primary
research interests are in the area of future Internet architectures.

GUEST EDITORIAL

IENYCM2920.indd    1 6/14/11    3:50:21 PM

LYT-GUEST EDIT-Jain  6/21/11  11:46 AM  Page 25



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Cadmus MediaWorks settings for Acrobat Distiller 8)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


