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1 Introduction

The most commonly used technique to evaluate novel solutions is to leverage on
simulation studies which are largely based on a simplified model of the system
behavior. Such an approach provides an approximate evaluation of the system’s
performances, which can be potentially far away from the behavior on a real
deployment. Another solution is to exploit real world prototypes and testbeds.
Such testbeds are generally based on a limited number of nodes and, due to their
experimental purposes, they only partially present the challenges of a real oper-
ational environment with hundred or thousand users. Furthermore, the limited
number of nodes limits the possibility to study scalability issues.

In this paper a novel architectural framework and its implementation are
proposed in order to provide a realistic environment where innovative techniques
for multi–hop wireless networks can be tested in a controlled environment. The
objective of the proposed solution is to depart from the limitations of simulated
or real world testbed, while providing a testing environment which facilitates
performing experimental studies of real network nodes firmware at large scale. To
this purpose VINI (VIrtual Network Infrastructure) [1], an extension of Planet-
Lab – a planetary distributed testbed composed of thousand of nodes, has been
selected as the basis for the proposed framework.

2 Architecture and Preliminary Results

Figure 1 illustrates the framework that has been set up in order to provide an
effective emulation platform on top of VINI. The contribution of this paper is
twofold: on the one hand we extend VINI with a wireless link emulator, which
mimics wireless link conditions in a “wired” environment, and with a virtual
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Fig. 1. A VINI “private instance” extended with our modules providing wireless link
emulation and with virtual bridging functionalities

bridge which allows for L2 bridging among virtual interfaces in a slice. On the
other hand we assess the viability of our approach by running WING [2], a real–
world wireless mesh networking solution [3], on top of a VINI slice. The rationale
behind such a choice lies behind the cross–layer techniques exploited by WING in
order to perform link–quality routing. Such techniques require access to several
MAC-level parameter and are thus very demanding for a network emulator. Even
though the results reported in this poster refer to a slice composed by a limited
number of nodes, the proposed approach can potentially scale up to thousand
of nodes by leveraging on the intrinsic properties of PlanetLab.

The preliminary experimental activity presented in this poster aimed primar-
ily at assessing the correct behavior of the extension to the standard VINI ar-
chitecture. Results obtained in both single–hop and multi–hop conditions show
that the proposed tool provides an approximated, yet realistic, model for the
wireless link conditions; furthermore, it provides researchers with an effective
tool to introduce controlled events such as link degradation or disruption. More
specifically, Fig. 2a shows the performance of the 2–hops path depicted in Fig. 2b
when the available bandwidth at link number 4 is dynamically modified. Link
bandwidth and packet loss for link 1 through 3 are respectively 800 kb/s and
2%. The picture shows the currently available bandwidth at link number 4
and the path throughput measured using the nuttcp [4] synthetic traffic
generator.

Finally, a fully functional Wireless Mesh Network composed of three nodes has
been setup using the WING toolkit [2]. It is worth noting that the WING routing
protocol that is currently exploited in commercially available platforms has been
ran over a PlanetLab slice composed of 4 nodes without any modification to its
source code. Figure 3a demonstrate the routing protocol self–healing capability
by simulating a link failure in a single–hop scenario in a triangular network
topology. The network outage is relative to the time need by the routing protocol
in order to switch from a single hop path to a two hops path.



Emulating Multi–hop Wireless Networks over a Planetary Scale Testbed 601

2.5 5 7.5 10 12.5 15 17.5 20 22.5 25
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Time [s]

T
hr

ou
gh

pu
t [

M
b/

s]

2−hops real thr.
1−hop real thr.
Maximum thr.

(a) Path throughput. (b) Network topology.

Fig. 2. Controlling a 2-hops path throughput by dynamically reconfiguring a wireless
link’s parameter (bandwidth)
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(a) Path throughput. (b) Network Topology.

Fig. 3. Testing path reconfiguration delay by simulating a link failure

3 Conclusions

In this work a novel wireless network emulation framework built on top of VINI
and enabling testing and development of innovative solutions has been presented
together with an early assessment of its performance and capabilities. A number
of future activities are envisioned, among them one of the most promising is
the improvement of the wireless link emulator in order to take into account the
broadcast nature of the communication medium, including carrier sensing.

References

1. Bavier, A., Feamster, N., Huang, M., Peterson, L., Rexford, J.: In vini veritas:
realistic and controlled network experimentation. In: Proc. of ACM SIGCOMM
(2006)

2. Granelli, F., Riggio, R., Rasheed, T., Miorandi, D.: WING/WORLD: An Open Ex-
perimental Toolkit for the Design and Deployment of IEEE 802.11-Based Wireless
Mesh Networks Testbeds. Eurasip Journal on Wireless Communications and Net-
working 24 (2010)

3. Riggio, R., Scalabrino, N., Miorandi, D., Granelli, F., Fang, Y., Gregori, E., Chlam-
tac, I.: Hardware and software solutions for wireless mesh network testbeds. IEEE
Communication Magazine 46(6), 156–162 (2008)

4. nuttcp, http://www.lcp.nrl.navy.mil/nuttcp/

http://www.lcp.nrl.navy.mil/nuttcp/

	Emulating Multi–hop Wireless Networks over a Planetary Scale Testbed
	Introduction
	Architecture and Preliminary Results
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




