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Abstract. Recently developmentof peerto-peer(P2P) applicationshas been
giving a paramountttentionmostly dueto their attractive featuressuchasde-
centralizationandself-oiganization Providing the programmemith the “right”
platformfor developingsuchapplicationsbecamea challengeln this paperwe
describethe functionality of P2PS, a platformfor developing P2Papplications
in Mozart. The P2PS platform provides the developerwith a meansfor build-
ing andworking with P2Poverlay applicationspffering differentprimitivesand
servicessuchasgroupcommunicationefficient datalocation,anddealingwith
highly dynamicnetworks. P2PS implementsTango,an efficient algorithm for
constructingstructured®2Psystemsilt is deliveredasallibrary andalreadymade
public, beingusedasunderlyingstructurefor differentP2Papplications.

1 Introduction

With theadwventof populampeerto-peer(P2P)applicationandsystemsuchasGnutella
(gnutella.wgo.con) andNapste(www.napstecom), thedevelopmenbf P2Psystemdas
becomeamportantandevenaresearchopic. The mainreasongor this“rush” is dueto
thepracticalandusefulfeaturesandobjectivesof P2Pcomputinge.g.,scalability self-
organizationdecentralizationTheveryideabehindthe peerto-peerconcepis thefact
that the processegarticipatingin a distributed computingcan exchangeinformation
directly, without passinghrougha centralpoint. Thus,they becomepees. A peercan
be client, sener, and router at the sametime. Generallyspeaking peershave equal
capabilitiesandeventuallyequalresponsibility

In this papemwe presensomeof our ongoingwork within theframework of extend-
ing Mozart/Oz (www.mozart-oz.ag) to reflectnew programmingabstractionghat use
differentdistributedalgorithmsin orderto offer P2Pabilities.We describehefunction-
ality of the P2PS [1] peerto-peerdevelopmentplatform. The P2PS platformprovides
the developerwith the ability of building andworking with P2Poverlay applications,
offering him differentP2P primitivesand servicessuchasgroup communicationgf-
ficient datalookup, andfault-resilience Although independenbf the underlyingP2P
technology P2PS currentlyonly implementsTango[2]. Tangois a peerto-peeralgo-
rithm that we developedto betterstructurerelative exponentialnetworks to increase
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their scalability It extendsandimprovesChord[3], andthusit canbeincludedinto the
catagyory of structured?2PsystemgseeSection?).

Mozart alreadyprovidesthe programmemvith an advancedinterfacefor develop-
ing distributed applications.However, the underlyingdistribution layer of Mozart is
basedon a client-sener modelwhich may leadto scalability problemswith respecto
the numberof processefvolvedin the computationThereis ongoingwork [4, 5] to
reducesomeof theseproblems.On the otherhand,the P2PS developmentplatform
inheritsall its functionality from the P2Palgorithms.For example,it canprovide full
connectvity (though,multi-hop) betweenall nodeswithin the network, andthis with
alogarithmicnumberof physicalconnectiongpernode.Moreover, thelooselycoupled
modeltogetherwith the managemendf highly dynamicnetworks make of P2PS the
right choiceto developP2Papplicationsn Mozart.

Relatedo ourwork, thereexistsseveralresearciprojectsfor P2Pdevelopmenplat-
form. Oneis the Chord project (www.pdos.lcs.mit.edu/choydvritten in C++ andbased
on the Chordalgorithm. Another platformis FreeRistry (freepastryice.ed) written in
Java andbasedon the Pastry[7] algorithm.As P2PS, both platformsarebasedon a
structured®2Psystemandaim to build scalablerobustdistributedsystemsThey both
offer a programmingnterfacebasedon the“commonAPI” [6]. P2PS providesrather
acombinationbetweenayerstire O (i.e., key-basedouting) andtire 1 (e.g.,multicast
andbroadcastpf the “commonAPI”. P2PS aswell asChordprojectand FreeRstry
arein ongoingresearctandthey all threearemoreor lesssimilar with respecto the
serviceghey offer. Onething thatdifferentiatethemfrom oneanotheiis the program-
ming languagehey arewritten in. Hence we believe that, giventhe expressienessof
Mozart/Oz,P2PS representanattractive choicefor writing P2Papplicationswith.

JXTA [8] and IXTAnthill [9] aretwo otherdevelopmentplatformsfor P2Pappli-
cations.JXTA definesa setof basicprotocolsfor a numberof P2Pservicessuchas
discovery, communicationandpeermonitoring.JXTAnthill is written ontop of IXTA
andit implementsalgorithmsrootedin comple adaptve systemshasedn the beha-
ior of ants.The differencebetweenP2PS andthesetwo platformsis mostly basedon
the P2Palgorithmsthey eachimplement.While P2PS is basedon algorithmsoffering
strongdatalookupguaranteeghisis notthe casefor IJXTA andJXTAnthill.

The remainderof this documents organizedas follows. We continueby briefly
recallingthe principlesof structuredP2P systemsin Section3 we presenthe main
functionality provided by P2PS. In Section4 we describethe internalarchitectureof
P2PS. In Section5 we shav how to write a simpleapplicationfor P2PS, andin Sec-
tion 6 we describea morerealisticapplicationthatusesP2PS, andthenconclude.

2 Structured P2P Systems

In this sectionwe briefly recallthe principlesandnotationsof the structuredP2Pnet-
works. Unlike unstructured®?2Psystemdik e Gnutella,whoseoverlaytopologyis ad-
hoc, structuredP2Psystemsorganizetheir overlay by following well specifiedrulesin
orderto improve overall efficiengy. A key challengein building P2P systemss pro-
viding meandor efficientlocationof informationdistributedacrossa large numberof
processesgor nodes)of a highly dynamicnetwork. We take the Chordalgorithmasa



casestudysinceChordis oneof thefirst P2Palgorithmsbhasedntheideaof Distributed
HashTable— DHT, andalsobecaus€hordandTangohave mary commonalities.

Therearethreemaincharacteristicef a P2PstructuredsystemFirstis thefactthat
it is DHT-basedwherekey#valuepairsareassociatedo nodesin the overlay network
dependingon the “distance” betweerthe key id andthe nodes’ids. (Hereinaftey we
will usethe term nodeto refer both to the nodeitself andto its identifier underthe
hashfunction, asthe meaningwill be clearfrom the contet.). Both, nodesandkeys,
take valuesin the sameidentifier space.n the caseof Chord,the identifier spaceis
a virtual ring within which hashednodeand dataitem key identifiers are spreadby
usinga consistenhashing.Seconds the factthatthe overlay network is well defined
in orderto achieve logarithmickey lookup.With theadwentof the DHT-basedsystems,
the main procedurein the P2P systemsj.e., the key lookup is provided with clear
guaranteedor instancewhile in Gnutellaa flooding-base@lgorithmis used Jeading
to network resourcevaste jn ChordandTangothelookupfor akey will nottake more
than a certainmaximumnumberof hopsand messages,e., O(logN), where N is
the maximumnumberof nodesin the overlay. Third is the systems resilienceto node
failuresandits ability to self-oganizefaceto the network’s dynamics.Thatis, when
nodegoin or leave thenetwork, thenodeointingto themwill adaptheirlocalrouting
tablesin orderto guaranteeverall efficient lookup. Furthermoresincethe systemis
totally decentralizedthereis norisk for singlepointsof failureto occur

In Chordeachnodehasa predecessoanda successqmrepresentingeferenceso
thepreviousandrespectrely thesubsequentodein theidentifierspaceA key is stored
atthenodesucceedingheid of thatkey onthecircularidentifierspaceThus,thenaive
lookup procedurefor a certainkey reducego looking for the first nodewhoseid is
greaterthan,or equalto, theid of thatkey alongtheidentifierspacegoing clockwise.
To speedup thelookupprocesseachnodemaintainssupplementaryeferencegcalled
fingers) to someothernodesinsidearoutingtable Givenanidentifierspaceof size N,
besidethe referenceso its predecessaandsuccessgrachnodein the Chordsystem
storedog N fingers.Notethatin structured®2Psystemshereis atradeof betweerthe
sizeof theroutingtableateachnodeandthe maximumnumberof hopsarequestvould
take whenlooking for a key.

3 Functionality

In this sectionwe presenthe mainfunctionality provided by our P2Pplatform, called
P2PS: Peerto-Peer SystemThe main functionality of P2PS is offeredvia the class
P2PS. p2pSer vi ces. The P2PS library providesthe developerwith the possibility of

building andworking with P2Poverlay applicationspffering differentP2Pprimitives
andservicesP2PS is providing the distributedpeerto-peerapplicationsvith ameans
to organizethemselesin large scalestructuredoverlay networks aswell asproviding

themwith managemerdndcommunicatiorprimitiveswhosecostsevolve logarithmi-
cally with the systemsize. Althoughimplementingthe Tangoalgorithm,P2PS offers
an API thatcanapply to any structuredP2Psystem.Thus,the programmeidoesnot

have to worry abouttheunderlyingdetails.For moreinfo onthe API, thereadershould
referto the P2PS tutorial [1].



Themainfunctionalityprovidedby theP2PSlibrary canbesummarize@sfollows:
network managemenprimitivessuchascreatejoin andleave a network, communica-
tion primitivessuchasone-to-onebroadcasandmulticast,andmonitoringprimitives.
With P2PS we intendto provide basicP2Pprimitivesontop of which morespecialized
serviceswill be built. Dictionary functionality suchaslooking for the responsibleof
a key is not provided asa basicprimitive in P2PS. Instead the main basicprimitives
are sendingandreceving a messagdrom one nodeto another Neverthelessdictio-
nary operationanbe immediatelyprovided by usingthe communicatiorprimitives
offeredby the P2PS library. Furthermorewe have undegoing researcho extendthe
functionality of P2PS.

3.1 CreateaNetwork

Thisfunctionalityprovidesthe programmewvith the possibilityto createa P2Poverlay
network. It will createthe first node of a network. What this actually meansis the
factthatan AccessPoi nt is createdfor this node.(For the descriptionof the access
point, seeSection4.1.)In orderto createa network in P2PS, onewill usethe method
cr eat eNet . This methodcan be featuredwith different overlay network and node
parameterge.g.,the maximumnumberof nodesin the overlay, the id of this node),
aswell aswith parameterselatedto the local accesgoint (e.g.,IP andport number).
Then,aftercreatinga peernode,its accespoint canbe publishedthusallowing other
nodesto connectandjoin the overlaynetwork. Furthermorethe nodeis providedwith
messagandeventinput streamonwhich messageom othernodesandrespectrely
differentnodeandnetwork eventswill eventuallybeaccessible.

3.2 Join a Network

Whenjoining an overlay network, a peernoden needsto have the knowledgeof an
AccessPoi nt of anotheipeemodep alreadypresentn therespectie overlaynetwork.
The underneatiprotocolswill actuallyjoin n to the network via the nodep. Notethat
nodep senesonly asanentry pointto the network for noden. Generally the position
of a nodewithin the systemdoesnot dependon the entry point it usedto getinto the
network. The systemwill self-olganizein orderto guaranteeoverall efficiency (see
Section4.2 for details).In orderto join a network in P2PS, onewill usethe method
j oi nNet . This methodcanbe featuredwith differentnodeparameterge.g.,theid of
this node),as well aswith parameterselatedto the local accessoint (e.g.,IP and
port number).As ary othernodein the overlay network, a new joined nodewill be
associate@n accesgoint. Furthermorepnceinsidethe network, a nodemay receve
message$rom other nodesfrom the network, and node and network eventson the
associatethessagandrespectiely eventinput streams.

3.3 LeaveaNetwork

Leaving anoverlaynetwork meansmplicitly disconnectinghis nodefrom all theother
nodesit is connectingio in the overlay network. Although, generally a P2Pnetwork



toleratesnodefailures,it is expectedthata nodedoesa gracefullyleave. Thus,under
neath,anodewill runasimpleprotocolto disconnecit from its neighborsin orderto
leave a network in P2PS, onewill usethe methodl eaveNet . Thiswill terminatethe
messagandtheeventstreams.

3.4 Message Sending and Receiving

P2PS providesend-to-enccommunicatiorprimitives. Thatis, sendingmessagefom
onepeernodeto anotherthroughoutthe overlay network. Due to its organizationthe
systenmperformsefficientkey basedouting. Thus,a messagérom anodesto anoded
is routedthroughouthe overlaynetwork accordingwith the correspondindsey lookup
procedurewhered is consideredkey. In P2PS themessagsendingandreceving are
asynchronous\everthelessthereliablesendcanbe madesynchronousin thefollow-
ing we describenow to sendmessageby usingdifferentcommunicatiorprimitives.In
all casesrecevingamessagatanodeimpliesreadingthemessag@putstreamatthat
node.Themessageaddressetb anodewill appeaonits associatethessagstream.

One-to-one communication. This primitive is to be usedto sendmessagefrom one
nodeto anotherone,throughoutthe overlay network. It is importantto notethatin
P2PS one canchooseto senda messageitherto the noderesponsibleor the key
with valued, or directly to the nodewhoseid equalsd. While in the former casethe
messageavill eventuallyalwaysreachits destination(sincetherewill alwaysbeanode
responsibldor ary key), in the latter the destinatiormay simply not be presentBoth
flavors of messagelelivery are usefulin practice.On the otherhand,onecanchoose
betweera best-efort sendor areliablesend.In the caseof a best-efort send although
generallythe messagevill reachits destinationtherearesituationsvhenthe message
may be lost, e.g.,dueto the overlay network dynamics.In the caseof areliablesend
the messagavill be deliveredto the destinationptherwisejts losswill be signaledto
the senderTo sendone-to-onanessaged P2PS, onewill usethe methodsend for
best-efort sendandthemethodr send for reliablesend.

One-to-many communication. Anothercommunicatiorprimitive thatP2PS provides
is one-to-mag, wheresimpleandefficient br oadcast andmul ti cast is provided.
Both protocolsemployed arebasedon anidea[10] thatexploits the treestructureof a
Chord-like system.n the caseof the broadcastthe messagés sentto all the nodesin

the network. In the caseof multicast,the messagés sentto a givenlist of nodesij.e.,

explicit multicast.As in the caseof one-to-onerimitive, in the caseof multicastone
canchooseo sendthe messageitherto nodes’responsiblespr directly to the nodes
whoseids equalthosein thedestinatiorlist.

Send to successor. To increasats resilience,an applicationmight decideto replicate
thecontentstoredatanodeto someof thenodes successord-hemethodsendToSucc
canbeusedto senda messagéo a numberof successorsf anode(whoeverthey be).



3.5 Monitoring

In a dynamicnetwork, asin P2Poverlay networks, beingaware of the statusandthe
changeswith respecto the peernodeandthe network might bevery usefulfor theup-
perlyingapplication A goodexampleis the applicationrunningon nodeswith limited
resourcesHence,in P2PS we decidedto provide a setof eventson the eventinput
streamassociatedvith the peernode.Theseeventsindicatechangeson the connec-
tionswith the nodes neighborsThis way, for example,if the successoof a nodehas
changedthe applicationmaydo replicationon the new successor

Anotherway of monitoringa nodeis offeredby the methodget St ati sti cs. It
providesa setof information— mostof it in the form of counters- aboutthe statusof
thenode.For example onecanobtaininformationaboutthe followings:the numberof
incomingandoutgoingconnectionsthe numberof dataandcontrol messagesentby
this node,thenumberof dataandcontrolmessageforwardedby this node.

4 Architecture

Peer-to—peer application

Msg Evnt
A A
P2PS
Services | I
Core g
Com _f

Mozart VM

Fig. 1. Thethree-layemarchitectureof a P2PS node,andits interactionwith the applicationand
thetransporimodule(hereprovided by the distributedlayerof Mozart).

TheP2PS library is organizedn threelayers:COM, Core, andServices (seeFig-
ure 1l). They correspondo P2Pservicesprovidedto the application:structuralopera-
tionsin orderto presere overlay network propertiesand messageending/receing
andchannekstablishmenbperations.

41 COM Layer

The COM layer is in chage with interfacing with the underlying physical network.
Basically COM providesthe Core layer with communicatiorfunctionality througha
commonAPI, regardlessheunderlyingtransporprotocolemployed. Thefunctionality
providedby COM is: accesgoint creation,connectiorestablishmentasiccommuni-
cationprimitives,andfault detection.



Access point creation. We definean accesgoint to be an addressablentry point of
anode.lt is the COM layerwho definesthe form andthe meaningof anaccesgoint.
Moreover, therepresentationf anAccessPoi nt will havteameaningonly totheCOM
layer It can,for example,be definedasani pAddr /socket Nr pair, but its definition
canalsobesecurity-flaored.Theaccespoint creationprimitive consistsn creatingan
addressablentrypointfor a peernode.Then,a peernodecanpublishits accespoint,
allowing remoteconnectiondo it, and thus providing an accesoint to the overlay
network itself.

Connection establishment. Theconnectiorestablishmerfunctionalityofferstheprim-
itivesconnect anddi sconnect for point-to-pointconnectingo andrespectrely dis-
connectingrom anode,givenits AccessPoi nt .

Basic communication primitives. The basiccommunicatiorprimitivesprovided are
send messagandr ecei ve messagelhey arepoint-to-pointprimitivesproviding re-
liable transferover connectiongstablishedia anAccessPoi nt .

Fault detection. Thefaultdetectiorprimitivesprovide ameandor detectingwo types
of network anomaliegrelative to point-to-pointconnectionj.e., permanenfaultsand
temporaryfaults.Giventhe high dynamicsof a P2Pnetwork, this functionalityis very
important.For this end,P2PS usesindirectly thedistribution functionality of Mozart.

4.2 Core Layer

An overlay network topologycanbe viewed asa graphcomposedf arcsandnodes.
The Core layer provideshigh-level connectvity primitivesbetweemodesthusallow-
ing to addandremove arcsto andrespectrely from anode.TheCore layer, asits name
indicatesjs thecentralcomponenbf the P2PS library. It implementghe Tango[2] al-
gorithm.lts purposés threefold:implementodejoin andleave mechanismgputekey
basedmessageto their responsiblesandmaintainthe routingtableandthe successor
list regardlesghe nodegoining andleaving, thusguaranteeingverlayefficiency.

Joining/leaving a network. Givenan entry point to the system(i.e., AccessPoi nt),
the join mechanisntonsistsn finding the right placefor the joining nodewithin the
overlaynetwork (i.e., betweernits successoandpredecessorpndestablishinga com-
municationchannelwith its neighborsObviously, the predecess@andsuccessoof the
joining nodewill be affectedby thejoin operationandthereforthey mustupdatetheir
referencedn orderto reflectthe network change The particularityof theimplemented
distributedjoin is thefactthatit is atomic.Indeed,oncethejoining noden haslocated
its successop, it asksp to insertit into the system.f a noderecevesaninsertionre-
guestwhile insertinganothemode,it will delaythe requestuntil the currentinsertion
hasfinished.Furthermorea nodecanperformaninsertiononly afterbeingitself cor
rectly insertedinto the overlay. The leave operationis muchsimplerandconsistsonly
in adwertisingits connectegeersaboutthe leave, anddisconnectindgrom them.



Routing messages. The messageouting algorithmis basedon the key lookup prim-
itive of the P2Palgorithmemployed (i.e., Tangoin the caseof P2PS). It consistsin
handingtheincomingmessagéo the upperlayerif it reachedts destinatior(i.e., if the
recever peeris responsiblef the messag@entifier) or forwardingthe messagéo the
closestpeerentryof theroutingtable,accordingto theroutingmetricused.

Topology maintenance. Anotheroperationis overlay topology maintenanceor rout-
ing tablemaintenanceThis procedurds run at eachnodeandconsistan maintaining
connectiongo well definedneighborsn orderto ensurecertainglobalguaranteeée.g.,
a lookup for a key will not take morethana certainmaximumnumberof hops).In-

steadof correctingtheroutingtableby probingperiodicallythe neighborstherouting
tableof anodein P2PS is correctedvhenthe peersareactuallyusingthe network (as
describedn [11]). While this economicway is well suitedfor maintainingthe routing
table,it is notfor maintainingthe successalist of a node.Sincethereasorto keepthe
successolist is to presere the network coherencdi.e., whenthe successoof a peer
hasfailed, the peerhasto referto the next peerin the successolist), a peershouldbe
notified immediatelyaboutall modificationsof the r next succeedingeers(r is the
lengthof the successalist).

4.3 Services Layer

The Services layeris a kind of wrapper building up the raw primitivesofferedby the

Core layer;operationsieededo implementpeerto-peerapplicationsTheseoperations
canfit into threecateyories.Firstis the overlay network managemenwhich comprises
systeminitialization, createconnectionaccessand systemjoin andleave operations.
Secondarethe communicatiorprimitivesat the overlaynetwork level which comprise
one-to-onemessageend,and messagédroadcasand multicastoperationsThird are

themonitoringprimitives.

Theapplicationcaninteractwith the Services layerby invoking the corresponding
methodsdirectly aswell asby simply readinginformationon the two availableinput
streamsnessage andevent associateavith eachpeernode.The messagandevent
streamareaway of asynchronouslgbtaininginformationabouttherecevedmessages
andrespectiely thenodeandnetwork events.

5 An ExampleUsing P2PS

Hereis a simple exampleof a P2Papplicationcomposedf threepeersthat usesthe
P2PS library. The systemis composedf threenodesnodel, node2, andnode3,
wherenode?2 andnode3 join thesystenthroughnodel andrespectrely node2. In
thisexamplenode 3 sendsanone-to-mag messagéo nodel andnode2, andanone-
to-onemessag#o theresponsibl®f key 42. For moreclarity, we purposelyomittedthe
exceptionhandling.The coderunsdirectly in the OPI1— Oz Programmindnterface.
Thefirst nodeof a P2Psystemis always“special”. Actually, it represents system
by itself. Whencreatinga network (i.e., thefirst node)onecanspecifythe network pa-
rametersln our example we decidedo work with the default network valuesprovided



by the system Neverthelessye specify parametergor the nodeandits accesgoint.
Thatis, we indicatewe wantnodel d=1 andthatit shouldwork on port number3001.
Than,werunaloopoverthemessagstreamanddisplaysthemessages receves.The
following is the codeimplementinghodel.

declare /* nodel */
[P2PS] = {Mdule.link ["x-o0zlib://cetic_ucl/p2ps/P2PS. 0zf ]}

% Create the first node (with id 1) in the P2PS network.
OP2PS = { New P2PS. p2pServi ces
createNet (nodeConfig: nodeConfi g(nodeld: 1)
apConfi g: apConfi g(pn: 3001))}

% Get the nessage stream and di splay each nmessage received.
for Min {OP2PS get MsgStrm($)} do {Show M end

Then,we createnode2 with nodel d 16. This nodejoins the systemvia nodel,
specifyingits remoteAccessPoi nt asthe P addressandport number Furtheron, it
runsa loop to wait anddisplaysthe messagesentto this node.The following is the
codeimplementinghode?2.

declare /* node 2 */
[P2PS] = {Module.link [“x-ozlib://cetic_ucl/p2ps/P2PS. ozf ]}

% Bui | d an access point representation for the node to join to.
RAP = {P2PS. address2ap "127.0.0.1" 3001}

% Create a node with id 16 and join the network, using RAP.
OP2PS = { New P2PS. p2pServi ces
joinNet (r enot eAP: RAP
nodeConfi g: nodeConfi g(nodel d: 16)
apConfi g: apConfi g(pn: 3002))}

for Min {OP2PS get MsgStrm($)} do {Show M end

Finally, we createnode 3 without specifyingits nodel d; thenodewill beprovided
with a randomid. This node choosedo join the systemvia node2, specifyingits
addressand port number Note thatit could have chosento join via ary other node
within thenetwork. Furtheron, it sendsanone-to-onanessagé#o theresponsibl®f key
42 (which canactuallyendup to ary of nodel or node3), anda multicastmessage
tonodel andnode?2. Thefollowing is thecodeimplementinghode 3.

declare /* node3 */
[P2PS] = {Module.link [“x-ozlib://cetic_ucl/p2ps/P2PS. ozf ]}

RAP = {P2PS. addr ess2ap "127.0.0.1" 3002}
OP2PS = {New P2PS. p2pServi ces joinNet (renoteAP: RAP)}

{OP2PS send (dst: 42 nmsg: anOzVal ue t oResp: true )}
{OP2PS multicast (dst:[1 16] nsg: hello)}



6 An Application Using P2PS

Therearedifferentapplicationghathave beendevelopedwith P2PS. Someexamples
(http://renoirinfo.ucl.ac.be/twiki/bin/vie//INGI/Peer2PeerSystgnare Postlt,P2P-Matisse,
andCommunity-Rnel.In this sectionwe describehe Community-Rnel.

ivl i _I £I XI}
Bruno 3 [From Bruno To Elise Attachment (Lines:49 Chr-1268) A
Elise Try this code and let me know what is the result!
all
ingiz131
linf1231
#
] i
To
| X 3end Message | Send Message & Line |
Message J; Send Message & Bufferl Send Message & Regionl
M - -

Fig. 2. TheCommunity-RnelGUI.

Softwaredevelopments rarelyasolotask. Thedevelopmenprocesof a software,
startingfrom the conceptualdesignto the codeimplementationjs the concernof a
teaminvolving alot of peoplenot necessarilyocatedat the sameplace.Despiteof its
benefits,collaborationis time consuminglndeed,somestudiesreveal that the efforts
dedicatedo collaborationamongdeveloperdeave lessthanhalf of theworkdayto do
ary real coding.Collaboratve tools canhelpto increasehe part of the dayto do ary
real codingwhile still supportinga high level of collaboration Sincefrom the individ-
ual developers perspectie the IDE (IntegratedDevelopmentErvironment)is where
codingtake place,why notincluding collaboratie codeedition capabilitiesalongside
theeditor, compileranddehugger?

TheCommunity-Rinel,comingwith thepeerto-peeifacilitiesprovidedby theP2PS
library, is afirst steptowarda collaboratve IDE. Its main objective is to gatherOz de-
velopersconcernedvith a commonproblemin onecommunity andprovide the com-
munity with toolsfor real-timecollaboratve edition.

Thetargetedfunctionalitiesof the Community-Rinelarethreefold.First, the appli-
cationprovidesuserswith communitymembershipnformation. This informationcan
be partialor completeregardingthe sizeof the communityandscalabilityissuesput
canbe extendedat the users requestSecondthe applicationfacilitatesthe communi-
cationbetweerdevelopershy supportingchat-like andinstantmessagindacilities. This
allows to meetappropriateccommunityor personaccordingto the usermatter by in-
volving socialconnectionwia thefriendsmanagemerntbols. Finally, the Community-
Panelprovidesa developingframeawvork for exchangingcodein text/binary formatbut
alsolanguageentity. For instancepnecanimagineto developanapplicationby adopt-



ing acomponenbasedarchitecturavherethe Community-Rinelplaystherole of real-
time componentonnector

From Figure2 onecanseethatthe GUI is composedf 3 areasthe membership,
therecevedmessagesndthe submit. The membershifareadisplaysall the available
groupsandthe connectedisers.Thereceved messageareadisplaysall the messages
receized during the session.The submitareais composedf a text box allowing to
write amessagandto attachsomeOz-code Oncethe userreceveda messageavith an
attachmentshecanretrieve the correspondingz-codeby clicking on Attachmentin
therecevedmessagearea.TheretrievedOz-codewill beinsertedn the currentbuffer
of the OPI, justafterthe cursors position.

Thefriendsmanagemertbolsandthelanguageentity sharingarenotyetsupported
but this doesnot preventthe usageof the Community-Rinel. We have developedthe
corefunctionalitiesallowing afirst experimentatioron collaboratve IDE.

7 Conclusion

This documentpresentspart of our ongoingwork within the framawork of extending
Mozart/Ozwith new programmingabstractiongo offer P2Pabilities. Throughouthe
documentve describedP2PS, a P2Pdevelopmenplatformfor Mozart.We focusedon
its functionalityandonits architectureaswell ason how to write simpleapplications.
The P2PS library is developedin Mozart/Ozandit implementsTango,a DHT-based
algorithm.Fromits functionality, onecanseethatP2PS is simpleto useandvery prac-
tical to constructandwork with large scaledistributedapplicationsthustakingadwan-
tageof theprovidedP2Pservicesandprimitives.Furthermoregiventheexpressieness
of Mozart/Oz,we believe thatP2PS is anattractve choicefor developers.

The feedback- sinceoneyearnow from its first release- we have beenreceving
from differentdevelopersusing P2PS allow usto continuouslyimprove its APl and
functionality The P2PS library is availableto be (andit is already)usedfor develop-
ing P2Papplicationsaswell asto be extendedwith more specializedservices More
encouragingP2PS will beusedasa distributedcommunicatiorervironmentin further
researclprojectsat UCL andCETIC.

P2PS is the first Mozart/Oz developmentplatform offering primitives for build-
ing P2Papplicationslt is deliveredasa software packagecontainingthe sourcecode
togethemwith an APl documentatiorand an example-basedsertutorial. Lastfall we
madethe public releaseof P2PS on MOGUL (www.mozart-oz.ag/mogu); the official
archive of Mozartlibraries.Sincethen,P2PS hasbecomeknown to researcherms the
domainof overlaynetworksandP2Psystemsandits websiteis daily visited.
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