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Abstract

 Peer-to-peer (P2P) networks such as Gnutella and Bittorrent have revolutionized Internet-based
applications.Apeer-to-peernetworkoffershigh-availability,high-reliability,andfaulttolerance.Theuse
of a peer-to-peer network can be applied to many kinds of applications. It is not only limited to file
sharing applications. Many projects have adopted peer-to-peer networks for their applications, such as
SETI@home, a CPU sharing application, Oceanstore, a storage sharing application, and OverCite, a
distributedversionoftheCiteseerdigitallibrary.Anunderstandingofpeer-to-peertechnologywillallow
ustoadapttheexistingclient/servermodelapplicationsintoapeer-to-peermodelwhichmaygiveusan
alternativesolutionthatisbetterthantheexistingone.
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บทคัดย่อ

	 เครือข่ายเพียร์ทูเพียร์	 เช่น	กนูเทลล่าและบิตเทอร์เรนได้ปฎิวัติวงการของแอพพลิเคชั่นบนอินเทอร์เน็ต	 เนื่องด้วย	

เครือข่ายเพียร์ทูเพียร์มีทรัพยากรบนเครือข่ายอยู่มากและมีความเสถียรภาพของเครือข่ายสูง	 อีกทั้งเครือข่ายยังมีความ	

ทนทานสูงต่อความผิดพลาดที่เกิดขึ้นในระบบ	การใช้งานของเครือข่ายเพียร์ทูเพียร์สามารถนำไปประยุกต์ได้หลายอย่าง	

ไม่ได้จำกัดอยู่เพียงแต่การแบ่งปันแฟ้มข้อมูล	 เช่น	 เซติแอทโฮมที่เป็นแอพพลิเคชั่นสำหรับแบ่งปันหน่วยประมวลผล	

กลางเพื่อร่วมกันประมวลผล	 โอเชียนสโตร์ที่เป็นแอพพลิเคชั่นสำหรับแบ่งปันเนื้อที่ในการเก็บข้อมูล	หรือโอเวอร์ไซต์ที่	

เป็นการพัฒนาต่อยอดจากห้องสมุดดิจิตอลไซต์เซียร์ให้อยู่ในรูปของการเก็บข้อมูลแบบกระจายบนเครือข่ายเพียร์ทูเพียร์		

การที่เรามีความรู้และเข้าใจกับเทคโนโลยีเพียร์ทูเพียร์มากขึ้นจะทำให้สามารถมองเห็นทางเลือกใหม่	ๆ	ซึ่งอาจจะสามารถ	

นำมาทดแทนแอพพลิเคชั่นที่ใช้งานกันอยู่ในปัจจุบันให้มีประสิทธิภาพมากขึ้น	

 

Introduction

 Most network applications are based on a client/server model. A client/server
modelassumesaclientwhichhandlesthemainprogramsequenceofinstructions,and
initiates requests to a server when needed. This model is characterized by its
communication scheme, which is typically limited to communication between clients
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and servers. Thus, when clients become numerous, a problem arises on the server
sidewhen itbecomesabottleneck for service.Thecostofupgradinga server side
machinetosupportclientrequestsishigh.Inthepastdecade,severalprojectstriedto
use the computing power of clients to solve the bottleneck problem of the server.
Peer-to-Peerisoneofthekeytechnologiesthatsolvestheserverbottleneckproblem.
Peer-to-peer or P2P is not only limited by the idea of file sharing applications.
Popularexamplesofpeer-to-peerfilesharingnetworksareGnutella,andBittorrent.
Generally,apeer-to-peercomputernetworkreferstoanynetworkthatdoesnothave
fixedclientsandservers,butanumberofpeernodesthatfunctionasbothclientsand
servers to the other nodes in the network. This model of network arrangement is
contrastedwiththeclient/servermodel.Anynodeisabletoinitiateorcompleteany
supported transaction. Peer nodes may differ in local configuration, processing
speed, network bandwidth, and storage quantity. A peer-to-peer network can be
formedbyusingadifferenttopology.Thesetopologiesrefertohoweachpeerinthe
networkislinkedtoothers.


Peer-to-PeerTopologies

 The peer-to-peer model can be divided into several topologies. Schollmeier
(2001) divides the peer-to-peer networks into two topologies. Figure 1 shows two
main topologies of the peer-to-peer model: (a) a centralized topology, and (b) a
decentralizedtopology.

 ACentralizedTopology
 The centralized systems or hybrid peer-to-peer systems are the most familiar
formoftopology, typicallyseenastheclient/serverpatternusedbydatabases,web
servers, and other simple distributed systems. All functions and information are
centralized into one server with many clients connecting directly to the server in
order to send and receive information. Many applications called peer-to-peer also
haveacentralizedcomponent.SETI@Home(Anderson,2001)isafullycentralized
architecture with the job dispatcher as the server. Similarly, the original Napster’s
searcharchitecture(Shirky,2001)wascentralized,althoughthefilesharingwasnot.
The advantageof this topology is that searching other peers or services that other
peersprovide isefficient since thecentralizedservermaintainsall the information.
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However,thedisadvantageisthebottleneckofthecentralizedserver.












 (a)acentralizedtopology (b)adecentralizedtopology


Figure1.Twomainpeer-to-peertopologies.


 ADecentralizedTopology
 Decentralized systems or pure peer-to-peer systems are where all peers
communicatesymmetricallyandhaveequalroles.Gnutella(Kan,2001)isprobably
thepurestdecentralizedsystemusedinpracticetoday,withonlyasmallcentralized
functiontobootstrapanewhost.Manyotherfile-sharingsystemsarealsodesigned
to be decentralized, such as Freenet or OceanStore. There is no bottleneck in this
topology because there is no special centralized server. We can categorize the
decentralized P2P network into two types of system: unstructured peer-to-peer
systemsandstructuredpeer-to-peersystems.

 Unstructured peer-to-peer systems are formed when the overlay links are
established arbitrarily. The networks can be easily constructed. The most popular
query method is flooding. If a peer wants to find a desired piece of data in the
network, thequeryhas tobefloodedthroughthenetworktofindasmanypeersas
possiblethatsharethedata.Thissystemishighlyreliableandsupportsrangequeries
andwild-cardqueries.However,themaindisadvantagesofthefloodingmethodare
thebandwidthusageandtherarepieceofdatainthesystemmaynotbediscovered
bysomepeers.
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 Structuredpeer-to-peersystems ensure thatanynodecanefficiently routea
search to some peer that has the desired piece of data in the network, even if the
pieceofdataisrare.Mostsystemsuseadistributedhashtable(DHT)thatprovidesa
look-upservicesimilartoahashtable.The(key,value)pairsarestoredintheDHT,
andanyparticipatingnodecanefficientlyretrievethevalueassociatedwithagiven
key. This system provides good performance for retrieving data from the network
andtheload-balancing.However,thecostofmaintainingoverlaylinksisquitehigh.



Peer-to-PeerInfrastructure

 The peer-to-peer infrastructure is the main key to develop peer-to-peer
applications. The peer-to-peer infrastructures should provide some basic facilities
suchas:
 • joiningthepeer-to-peernetwork
 • discoveringtheotherpeers
 • self-configuringandinsuringrobustness
 • providingapplicationscalability.

 Theresearchprojectsinthisdomainaimtodeveloppeer-to-peerinfrastructures
that are easy for users to work with and also provide some more advantageous
features over other implementations. The list below gives some descriptions of
existingprojectsworkingontheimprovementofpeer-to-peerinfrastructure.
 
 CAN (Ratnasamy et al., 2001) or the Content Addressable Networks work is
beingdoneatAT&TCenterfortheInternetResearchatICSI(ACIRI).IntheCAN
model,nodesaremappedontoaN–dimensionalcoordinatespaceontopofTCP/IP.
ThespaceisdividedupintoN-dimensionalblocksbasedonserverdensityandload
information, where each block keeps information on its immediate neighbors.
Becauseaddressesarepointsinsidethecoordinatespace,eachnodesimplyroutesto
the neighbor which makes the most progress towards the destination coordinate.
Object location works by the object server pushing copies of location information
backinthedirectionofthemostfrequentincomingqueries.

 Chord (Stoica et al., 2001) aims to build scalable, robust distributed systems
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usingpeer-to-peerideas.ThebasisformuchofitsworkistheChorddistributedhash
look-up primitive. Chord is completely decentralized and symmetric, and can find
data using only log (N) messages, where N is the number of nodes in the system.
Chord’slook-upmechanismisprovablyrobustinthefaceoffrequentnodefailures
andre-joins.SomeresearchprojectstakeadvantageofChordtodistributetheloadof
servingdatawidely toachievehighperformancedespite flashcrowdssuchasCFS
(CooperativeFileSystem)(Dabek et al.,2001)whichallowsanyonetopublishand
updatetheirownfilesystem,andprovidesread-onlyaccesstoothers,andOverCite
(Striblinget al.,2005)whichisadistributedversionoftheCiteSeerdigitallibrary.
 
 JXTA(Traversat et al.,2003)isasetofopen,generalizedpeer-to-peerprotocols,
definedasXMLmessages.UsingtheJXTAprotocols,peerscancooperatetoform
self-organizedandself-configuredpeergroupsindependentlyoftheirpositionsinthe
networkandwithouttheneedofacentralizedmanagementinfrastructure.Peersmay
usetheJXTAprotocolstoadvertisetheirresourcesandtodiscoveravailablenetwork
resources(service,pipes,etc.)fromotherpeers.Peersformandjoinpeergroupsto
createspecialrelationships.Peerscooperatetoroutemessagesallowingforfullpeer
connectivity. The JXTA protocols allow peers to communicate without needing to
understandormanagethepotentiallycomplexanddynamicnetworktopologieswhich
are becoming common. Many research projects use JXTA as their peer-to-peer
infrastructuresuchasP3(Kazuyukiet al.,2005)whichismiddlewarefordistributed
computing using volatile PCs, in which participants provide and also use other’s
computers.

 Pastry (Rowstron and Druschel, 2001) is a generic, scalable and efficient
substrateforpeer-to-peerapplications.Pastrynodesformadecentralized,self-organizing
andfault-tolerantoverlaynetworkwithintheInternet.Pastryprovidesefficientrequest
routing,deterministicobjectlocation,andloadbalancinginanapplication-independent
manner. Furthermore, Pastry provides mechanisms that support and facilitate
application-specific object replication, caching, and fault recovery. Peer-to-peer
applicationsbasedonPastrysuchasSQUIRREL(adecentralized,peer-to-peerweb
cache),PAST(alarge-scale,persistentpeer-to-peerstorageutility),SCRIBE(alarge-
scaleanddecentralizedapplication-levelmulticastinfrastructure),andSplitStream(a
high-bandwidthcontentdistributioninacooperativeenvironment).
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Peer-to-PeerApplications

 Whereas some research projects are interested in developing peer-to-peer
infrastructurethatcansupportgeneraltypesofapplications,therearesomeresearch
projectswhichtrytotacklepeer-to-peerapplicationdirectlyandevenproposetheir
ownframeworkstogetherwiththeirapplicationsuchasBittorrent,BOINC,P2P-MPI,
andZorilla.

 Bittorrent (Cohen, 2003) allows users to distribute large amounts of data
without the heavy demands on their computers that would be needed for standard
Internet hosting. A standard host’s servers can easily be brought to a halt if high
levelsof simultaneousdata floware reached.Theprotocolworksas analternative
datadistributionmethodthatmakesevensmallcomputers(e.g.mobilephones)with
low bandwidth capable of participating in large data transfers. The mechanism of
Bittorrentcanbedescribedasfollows:First,auserplayingtheroleoffile-provider
makes a file available to the network. This first user’s file is called a seed and its
availabilityonthenetworkallowsotherusers,calledpeers,toconnectandbeginto
download theseedfile.Asnewpeersconnect to thenetworkandrequest thesame
file,theircomputerreceivesadifferentpieceofthedatafromtheseed.Oncemultiple
peershavemultiplepiecesoftheseed,BitTorrentallowseachtobecomeasourcefor
thatportionof the file.Theeffectof this is to takeonasmallpartof the taskand
relievetheinitialuser,distributingthefiledownloadtaskamongtheseedandmany
peers. With BitTorrent, no one computer needs to supply data in quantities which
could jeopardize the task by overwhelming all resources, yet with the same final
result.Afterthefileissuccessfullyandcompletelydownloadedbyagivenpeer,the
peerisabletoshiftrolesandbecomeanadditionalseed,helpingtheremainingpeers
to receive the entire file. This eventual shift from peers to seeders determines the
overall healthofthefile(asdeterminedbythenumberoftimesafileisavailablein
itscompleteform).


 BOINC(Anderson,2004)orBerkeleyOpenInfrastructureforNetworkComputing
is a non-commercial middleware system for volunteer and grid computing. It was
originallydevelopedtosupporttheSETI@homeprojectbeforeitbecameusefulasa
platform for other distributed applications in areas as diverse as mathematics,
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medicine,molecularbiology,climatology,andastrophysics.TheintentofBOINCis
to make it possible for researchers to tap into the enormous processing power of
personal computers around theworld.BOINChasabout589,000activecomputers
(hosts) worldwide processing on average4.931petaFLOPSas of April 10th 20101.
The framework is supported by various operating systems, including Microsoft
Windows,MacOSXandvariousUnix-likesystemsincludingLinuxandFreeBSD.
Inessence,BOINCissoftware thatcanuse theunusedCPUandGPUcyclesona
computer to do scientific computing, what one individual does not use of his/her
computer,BOINCuses.Inlate2008,BOINC’shadapplicationsthatrunonNVIDIA
GPUsusingCUDA.BeginninginOctober2009,BOINCaddedsupportfortheATI/
AMDfamilyofGPUsalso.Theseapplicationsrunfrom2Xto10Xfaster than the
formerCPU-onlyversions.BOINCconsistsof a server systemandclient software
thatcommunicatewitheachothertodistribute,process,andreturnworkunits.

 P2P-MPI (GenaudandRattanapoka, 2007) is amiddleware aimed to execute
parallel programs, in particular in a grid computing environment. The P2P-MPI
designadherestothepeer-to-peerparadigm:whenapeerrequeststheexecutionofa
parallel computation, the middleware will search for peers to form a group of
volunteeringcomputerstoperformthecomputation.Thisdynamicselectionofhosts
beforeruntimeiswellsuitedtovolatileenvironmentssuchasgrids.Similartopeer-
to-peer file sharing systems, a P2P-MPI user must agree to share its CPU before
beingabletorequesttheuseofotherpeerCPUs.P2P-MPIenablesthedevelopment
ofmessagepassingparallelprograms:thesystemprovidesacommunicationlibrary
inJavafollowingtheMPJspecification,whichisbasicallyMPIforJava.P2P-MPI
also integrates a fault-tolerance mechanism based on process replication, aimed at
increasingtherobustnessofexecutions.
 
 Zorilla (Niels, 2006) is a prototype peer-to-peer grid middleware system. It
strivestoimplementallfunctionalityneededtorunapplicationsonagridinafully
distributedmanner,suchasscheduling,filetransferandsecurity.Zorillaisdesigned
tobeusedinsituationswhereafull-blowngridenvironmentisnotneeded,orsimply
not possible. Deployment of Zorilla is easy; only a single application needs to be

1 http://boincstats.com/stats/project_graph.php?pr=bo 
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installed on the participating machines. Zorilla requires little configuration, since
machines automatically organize themselves into a grid. Due to its peer-to-peer
design,Zorillacanbescaledtohandlelargenumbersofmachines.


Conclusion

 This article introduces the basic concept of peer-to-peer technology. To
understandtheadvantagesandthedisadvantagesofeachpeer-to-peer topology,we
canchooseandapplythemtoexistingapplicationstoofferthemabetterperformance.
Thecentralizedtopologyoffersgoodpeersaservicesearchingperformance,however,
it suffers from a bottle neck with the centralized peer. The decentralized topology
offersload-balancingandhigh-reliabilitytothenetwork,however,itrequiresalotof
traffic when searching for peers or service because of its flooding method.  Many
researchprojects aim to facilitatepeer-to-peer applicationdevelopersbyofferinga
librarythatincludesthepeer-to-peerinfrastructureandAPItooperateonthepeer-to-
peer network. CAN, Chord, Pastry are implemented by the concept of structured
decentralizedpeer-to-peertopology.TheyuseDHTtolocateobjectsinpeer-to-peer
networkspace.Allof themhavestable releasesof the librarywhichseveral recent
research projects are using. JXTA is quite a new implementation that offers
thehybrid topology.During the last fiveyears, it hasbecomequite popular in the
peer-to-peer research field because it is an open-source system and it is open to
anyone who wishes to join the team of developers. However, JXTA suffers from
performance issues and peer-to-peer application developers need to fine tune the
libraryitselftosolvetheperformanceissues.

 Peer-to-peer infrastructure is still an active subject in research fields. How to
implementapeer-to-peerinfrastructurethatisnotcostlyintermsofnetworktraffic
using a link maintenance to searach for peers and services; how to apply locality
awarenessinthepeer-to-peernetwork;howtoimproveperformanceinthesearchfor
peersorservices in thepeer-to-peernetwork:allof thesesubjectsareof interest in
theresearchfieldsandwaitingtobesolved.

 InThailand,westillneedtoimproveourresearchfacilities,especiallyinscience,
technologyandengineeringdomains.However,we lack thecomputingplatform to
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calculateandsolveproblemsinthesefields.Buyingsupercomputersisnotanoption
for small or medium-sized organizations or for other institutes. However, in the
universities, there are many personal computers available (lecturers’ PCs, PCs in
computer laboratories, etc.) and theyarenot fullyutilized.Thus,wecanapply the
peer-to-peer technology and form these personal computers into a large-scale
computingplatformtosolveproblemsinseveralresearchdomainswhichwillreduce
thecostofbuyingexpensivecomputerplatforms,likesupercomputers.
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