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Abstract 
Obviously, network proximity is an essential characteristic for 
overlay network construction. By selecting the nearest neighbor 
for the target node, large-scale distributed applications can 
decrease the communication cost and improve the performance 
significantly. Nevertheless, existing mechanisms for exploiting 
network proximity information are either inaccurate or low 
efficiency. In this paper, we present a novel and practical 
algorithm to find the nearest neighbor in overlay network, called 
Polar. Performing direct measurement based on the result of 
distance prediction using network coordinate,  Polar achieves 
accuracy as while as it has low overhead. Meanwhile, our 
proposal does not rely on the static landmark so it has strong 
scalability and high robustness. Polar is a generic architecture that 
can be used for a variety of overlay network with different 
requirement. 

Categories and Subject Descriptors 
C.2.4 [Computer-Communication Networks]: Distributed 
Systems – Distributed applications. 

General Terms 
Algorithm , Design , Performance  
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overlay network , nearest neighbor , network coordinate   

1. INTRODUCTION   
Over the past several years, considerable works have been done in 
the area of building topology aware overlay network. Briefly, 
there are two methods on the whole: expanding ring search and 
network coordinate. Expanding ring search[1] has to blindly flood 
a large number of nodes to obtain a reasonable result. 
Consequently, the overhead is the main obstacle to employ this 
kind of method in real environment. Network coordinate[2] 
predicts the proximity of nodes in the overlay through embedding 

network distance measurements in a coordinate system. 
Nevertheless, network embedding approach is neither accurate nor 
complete and complex mechanisms besides virtual coordinate are 
required to support NC in large-scale distributed applications.  

In this paper, we propose Polar, a novel and practical algorithm to 
find the nearest neighbor in overlay network which combines 
distance prediction using network coordinate and round-trip time 
measurements to generate proximity information, achieving both 
efficiency and accuracy. Meanwhile, Polar does not rely on the 
static landmark so it has high scalability and robustness. This 
algorithm is a generic architecture that can be used for a variety of 
overlay network with different requirement. 

2. DESIGN AND IMPLEMENTATION  
2.1 Data Structure 
The design of Polar is fully distributed, combining the network 
coordinate and direct measurement to achieve accuracy as while 
as degrade the overhead. In order to achieve efficient query, the 
main problem is how one Polar node selects and organizes other 
nodes it knows, called neighbors, in the overlay network. Each 
Polar node maintains a data structure which puts the set of 
neighbors into concentric, non-overlapping rings, and the range of 
the ith ring is [asi-1 , asi] , where a is a constant and s is the 
multiplicative increase factor . By all appearances, the innermost 
ring, which is much special than others in Polar, is from 0 to a, 
while the outermost ring spans to ∞  . 

 In 2 dimensional Euclidean space, by drawing a series of 
equiangular lines from each node, these rings, except the 
innermost ring, are divided into some pie slices. Each pie slice 
represents a special region in Internet, which contains the 
neighbors whose characteristic is similar in terms of Internet 
latency. In another words, these neighbors are close each other. 
Each node predicts the distance to its neighbor, calculates the 
angle between the line containing the two nodes and the x axis, 
and places the neighbor in the corresponding pie slice. These 
parameters represent a tradeoff between accuracy and overhead.  

Intuitively, with the help of this data structure, neighbors are 
geographically dispersive, and each neighbor can respond the 
geographic queries for its region of the network quickly and 
accurately. The exponentially increasing ring radii improves the 
querying performance. Like [3], this data structure can resolve 
queries in O(logN) steps. The node preserves abundant and 
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exact information of its neighbors in the immediate regions, as 
well as retains a sufficient number of neighbors in remote regions. 
As a result, a query may be routed to the specialize region the 
target node belongs to efficiently.  

2.2 Search Procedure  
When a new node wants to join the network, it needs to know at 
least one node in the system as the bootstrapping node, whom it 
should contact at first. With the latency l measured between these 
two nodes, the bootstrapping node randomly chooses two 
neighbors in the ring, whose Ri and ri satisfied with ri < l < Ri . 
These three nodes act as the landmarks for the newly joining node, 
and utilizing simplex downhill algorithm, new node gets its 
coarse-gain coordinate and the query is routed to the closet one of 
the landmarks. 

The procedure continues until that node gets into the innermost 
ring of a node be requested in the sequence. At that time, the 

candidate pool is small enough to perform direct measurement and 
the newly joining node will find its nearest neighbor in the overlay 
network. Fig.1 illustrates this process. The newly joining node 
contacts the requested node  whose coordinate is (x1,y1) firstly. 
Based on the distance between them, the requested node selects 
two landmarks for the new one. With the help of these three 
nodes, the new node will get its coordinate in this space and find 
its nearest neighbor.   

3. EVALUATION 
We tested our polar system on both Internet measurement data set 
and simulated topology. The latency datasets we used are as 
follows: The first one is from the P2PSim[4] project. It contains 
the pair-wise RTTs between 1709 Internet DNS servers. The 
second one is based on Transit-Stub[6] topology with 1,000 nodes.  

The metric used to evaluate the algorithms is latency stretch, 
defined as : 

distanceshortest measured
distanceshortest  measured  -  distanceshortest  predicted  

 We compared Polar with GNP[5]. We configured GNP for 14 
dimensions and 7 dimensions. For Polar, we use 5 rings per node 
and 8 pie slices per ring , the radii of inner-most ring is 15ms. 100 
targets from two dataset respectively were selected randomly. 
Fig.3 and Fig.4 show the cumulative distribution function(CDF) 
of the latency stretch . As we can see from the figures, Polar can 
perform significantly better than GNP. 50-60% of the nodes 
correctly select the closest neighbor. 

4. CONCLUSION 
This paper describes Polar, an efficient algorithm to find nearest 
neighbor in overlay network. Polar achieves both efficiency and 
accuracy because it performs direct RTT measurement based on 
the result of distance prediction using network coordinate. Polar is 
also robust and scalable because it uses dynamic landmarks and 
not rely on central server to distributed information. Therefore, 
Polar can be used to improve the performance of many large-scale 
distributed applications like network-aware overlay construction 
and location of nearby resources in the network. 

5. REFERENCES 
[1] M. Waldvogel and R. Rinaldi. Efficient Topology-Aware 

Overlay Network. HotNets 2002, SIGCOMM/CCR 2003 
[2] Peter R. Pietzuch, Jonathan Ledlie, Michael Mitzenmacher, 

Margo I. Seltzer. Network-Aware Overlays with Network 
Coordinates. ICDCS Workshops 2006: 12 

[3] B. Wong, A. Slivkins, and E. G. Sirer. Meridian: A 
Lightweight Network Location Service without Virtual 
Coordinates. In Proc. of SIGCOMM'05, Aug. 2005.  

[4] The P2PSim Project. http://pdos.csail.mit.edu/p2psim/ . 
[5] T. S. E. Ng and H. Zhang. Predicting Internet Network 

Distance with Coordinates-Based Approaches. In Proc. of 
INFOCOM'02, June 2002. 

[6]  E. Zegura, K. Calvert, and S. Bhattacharjee. How to model 
an Internetwork. IEEE INFOCOM’96, San Francisco, CA, 
May 1996. 

 

Figure1. Data Structure and Search Procedure. 

Figure2. CDF of Latency Stretch for King data. 

Figure3. CDF of  Latency Stretch of TS data. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


