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Abstract

The Peer-to-Peer(p2p) andGrid infrastructurecommu-
nitiesaretacklinganoverlappingsetof problems.In ad-
dressingtheseproblems,p2psolutionsareusuallymoti-
vatedby eleganceor researchinterest.Grid researchers,
underpressurefrom thousandsof scientistswith realfile
sharingandcomputationalneeds,arepoolingtheir solu-
tionsfrom a wide rangeof sourcesin anattemptto meet
userdemand.Drivenby thisneedto solvelargescientific
problemsquickly, theGrid is beingconstructedwith the
tools at hand: FTP or RPCfor datatransfer, centraliza-
tion for schedulingandauthentication,andan assump-
tion of correct,obediantnodes. If history is any guide,
theWorld Wide Webdepictsviscerallythatsystemsthat
addressuserneedscanhaveenormousstayingpowerand
affect future research.TheGrid infrastructureis a great
customerwaiting for futurep2pproducts.By no means
shouldwemakethemouronlycustomers,but weshould
at leastput them on the list. If p2p researchdoesnot
at leastaddressthe Grid, it may eventuallybe sidelined
by defactodistributedalgorithmsthatarelesselegantbut
wereusedto solveGrid problems.In essense,we’ll have
beenscooped,again.

1 Intr oduction

Butler Lampson, in his OSDI99 Invited Talk,
statedthat the greatestfailure of the systemsre-
searchcommunityover the pastten yearswasthat
“we did not invent the Web” [39]. The systems
researchcommunity laid the groundwork, but did
not follow through. The samesituationexists to-
daywith theoverlappingeffortsof theGrid andp2p
communities. The former is building and using a
global resourcesharingsystem,while the latter is
repeatingtheir mistake of the pastby focusingon
elegantsolutionswithout regardto a vastpotential
usercommunity.

In 1989,Tim Berner-Lee’s needto communicate
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Figure 1: In servingtheir well-defineduserbase,the
Grid communityhasneededto draw from bothits ances-
try of supercomputingand from Systemsresearch(in-
cludingp2panddistributedcomputing).P2phasessen-
tially inventedits userbasethroughits technology.

his own work and the work of other physicistsat
CERNledhim to developHTML, HTTP, andasim-
ple browser[4].

While HTTP and HTML are simple, they have
exhibitedseriousnetwork andlanguage-baseddefi-
cienciesastheWebhasgrown [21]. Theseproblems
havebeenexaminedandpatchedto someextent,but
this simpleinelegantsolutionremainsat thecoreof
theWeb.

A parallelsituationexiststodaywith thep2pand
Grid communities.A large groupof users(scien-
tists) arepushingfor immediatelyuseabletools to
pool large setsof resources.The Grid is currently
building thesetools. TheSystemscommunityis in
dangerof falling victim to thecontemporaryversion
of Lampson’s admonishmentif we do not partici-
patein thisprocess.

TheGrid is anactive areaof researchanddevel-
opment.Thenumberof academicgridshasjumped
six-fold in the last year[43]. As Figure1 depicts,
the“customerbase”of scientists,whoareoftenalso
applicationwriters, drive Grid developersto pro-
duce tangible solutions, even when the solutions
are not ideal, from a computersystemsperspec-
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ve. Mostcurrentp2pusersarepeoplesharingfiles;

sometimesthesepeoplearepursuingnoblecauses
likeanonymousdocumentdistribution,but moreof-
ten they aresimply trying to circumvent copyright,
andrarelyarethey interactingwith thesystems’de-
velopers.P2pdoesnot have the driving force that
interactive usersprovide andthereforehasfocused
onsolutionsthatareinterestingprimarily from are-
searchperspective.

The difficulty with this parallel developmentis
not thatit is wasteful,but that,withoutthep2pcom-
munity’s input, theGrid will mostlikely bebuilt in
a way incompatibleand non-inclusive of many of
p2p’s strongpoints: searchandstoragescalability,
decentralization,anonymity andpseudonymity, and
denialof serviceprevention.

In therestof this paper, we first discussthechar-
tersof thetwo differentcommunities.We introduce
threefallaciesthatmayhave kept thecommunities
separate.Wethendescribecommonproblemsbeing
attacked by the two communitiesandcompareso-
lutions from eachcamp,anddiscussproblemsthat
seemto betruly disjoint. Weconcludewith acall to
actionfor the p2p communityto examinetheGrid
needsandconsiderfutureresearchproblemsin that
context.

2 Grids

2.1 What is the Grid?

BuyyadefinestheGrid as“a typeof paralleland
distributed systemthat enablesthe sharing,selec-
tion, andaggregationof resourcesdistributedacross
multiple administrative domainsbasedon their (re-
sources)availability, capability, performance,cost,
and users’ quality-of-service requirements” [8].
The Grid is “distinguishedfrom conventionaldis-
tributed computingby its focus on large-scalere-
sourcesharing,innovativeapplications,andin some
cases,high performanceorientation”[27].

2.2 Goalsof the Grid

TheGrid aimsto beself-configuing,self-tuning,
andself-healing,similar to the goalsin autonomic
computing[2]. It aimsto fulfill the vision of Cor-
bato’s Multics [13]: like a utility company, a mas-
sive resourceto which a usergiveshis or hercom-
putationalor storageneeds. The Grid’s goal is to
utilize thesharedstorageandcyclesfrom themid-
dle andedgesof theInternet.

2.3 Manifestations

Grids historially aroseout of a needto perform
massive computation. A manifestationof shared
computation,Condoracceptscompiledjobs,sched-
ulesand runs them on remoteidle machines[42].
Exemplifying its focus on computation,it issues
RPCsbackto thejob originator’s machinefor data.
An exampleof computationalmiddlewareis Globus
[23]; it “meta-schedules”jobs among Grids like
Condor and ships host data betweenthem using
GridFTP, an FTP wrapper. Manifestationsof Data
GridsincludetheEuropeanDataGrid project[20].

The Grid community is currently authoring a
Web Services-orientedAPI calledOpenGrid Ser-
vicesArchitecture(OGSA)[24, 25]. Thenext gen-
erationof Globus is intendedto bea referenceim-
plentationof thisAPI.

3 P2P

3.1 What is P2P?

Unintentionally, Shirky describesp2p muchlike
a Grid: “Peer-to-peeris a classof applicationsthat
takeadvantageof resources— storage,cycles,con-
tent, humanpresence— available at the edgesof
theInternet”[19]. Stoicaetal. offer a morerestric-
tive definition focusingon decentralizedand non-
hierarchicalnodeorganization[54].

P2p’s focus on decentralization,instability, and
fault toleranceexemplify areasthatessentiallyhave
beenomitted from emerging Grid standards,but
will becomemoresignificantasthesystemgrows.

3.2 Goalsof P2P

The goal of p2p is to take advantageof the idle
cyclesandstorageof theedgeof theInternet,effec-
tively utilizing its “dark matter” [19]. This overar-
chinggoalintroducesissuesincludingdecentraliza-
tion, anonymity andpseudonymity, redundantstor-
age,search,locality, andauthentication.

3.3 Manifestations

O’Reilly’s p2psite[46] dividesp2psystemsinto
nineteencategories,primarily offering file sharing
(e.g., Gnutella[28], KaZaA [36]), distributedcom-
putation(e.g., distributed.net[17]), andanonymity
(e.g., Freenet[12], Publius[44]). Seti@homeis an-
otherp2papplication,althoughtheGrid community
considersit oneof theirsaswell [51].



Prominant researchinstancesof p2p include
Chord, Pastry, and Tapestry[48, 53, 56]. File
systemsbuilt on these include CFS, PAST, and
Oceanstore[14, 18, 37]. File systems,however,
are not applicationsand, while a variety of forms
of storagehave beenbuilt, thereexists no driving
applicationin thisspace.

4 ThreeFalaciesThat HaveKept the Com-
munities Separate

This paperarguesthat thep2pandGrid commu-
nitiesare“natural” partnersin research.Thefollow-
ing aresomeobjectionsandresponsesto thisclaim.

4.1 “The technical problems in Grid systems
are different fr om thosein p2p systems.”

Conventionalwisdomposits“theGrid is for com-
putationalproblems”and “p2p is about file shar-
ing.” Historically, Grids have grown out of the
computationally-bound supercomputersand local
batchcomputationsystemslike Condor. As these
localizedsystemshave becomelinked to one an-
otherin theGrid, handlingdatahasbecomeamuch
larger problem. SomeGrid-connectedinstruments
(e.g., specializedtelescopes)focus purely on data
production for others to use. Similarly, p2p is
moving in thecomputationdirectionwith efforts in
desktopcollaboration[31] and network computa-
tion [5].

Formally stated“open problems” papersfrom
eachcampexhibit a striking similarity in their fo-
cuson formation,utilization, security, andmainte-
nance[16, 45, 49]. Conferenceproceedingsecho
this trend. Section5 summarizesareasof active
overlap.

4.2 “While the technical problemsare similar,
the architectures(physical topology, band-
width availibility and use,trust model,etc.)
demand that the specific solutions be fun-
damentally different.”

Researchersfamiliar with both areasclaim that
the two will blendasthey mature,even perhapsto
thepoint of a merging of thetwo researchcommu-
nities[6, 22, 50]. Regardlessof theveracityof this
forecast,it indicatesthatresearchersseegoodideas
in eachcommunity that can solve commonprob-
lems.

This fallacy is applicationdependent.Someap-
plications(e.g., military missile calculationor to-

tally anonymous file sharing) impose special re-
quirementsfor assorted(not alwaystechnical)rea-
sons.But evenin thesesituations,a generalaware-
nessof technical approachestaken by the other
community may help solve “physically private”
problems.

4.3 “Grid projectsdo not have the flexibility to
try newalgorithms/ideasbecausethey have
to get real work done. P2P research is all
about this flexibility .”

P2p researchis very flexible: one version can
obsoletethe previous and new algorithmscan be
developed without conforming to any standard.
Within theemerging Grid standards,however, there
is roomfor flexible researchtoo.

Grid researchersrecognizetheneedfor test-beds
asstaginggroundsfor new applicationsandproto-
cols[52]. TraditionalGridsettingshavebeenin uni-
versitysettingswheresupportstaff is onhandto test
anddeploy new softwareupdates[34]. Moreover,
asevidencedby themany toolkits andcustomGrid
implementations[23, 30], Grid usersarewilling to
adoptdifferenttechnologiesto gettheirwork done.

It seemsnatural for p2p researchersto develop
algorithmseitherindependentlyor within Grid test-
beds, and then “publish” their prototypeswithin
a Grid setting. For example,Systemsresearchers
could build to a particular aspectof the OGSA,
benchmarktheir solution to this API, and thenre-
leaseit asa fresh,improvedimplementation.

5 Shared TechnicalProblems

We list and comparethe two communities’ap-
proachesto problemsin four categoriesand con-
cludethissectionwith problemsthatarenotshared.

5.1 Formation

Topology formation and peer discovery deals
with the problemof how nodesjoin a systemand
learnabouttheir neighbors,oftenin anoverlaynet-
work [38]. Membershipprotocolshave beenex-
plored in both settings[34, 40]. While espousing
the autonomousideal, much Grid infrastructureis
hardcodedandcouldbenefitfrom theactive forma-
tion foundin p2presearchprototypes.

5.2 Utilization

Resourcediscovery determineshow we find “in-
terestingitems,” which can include setsof files,



computers,
 services(compute/storageservices),or
devices (such as printers or telescopes). Data is
alsosearchedwithin files [16] andacrossrelational
tuples[32]. Searchrequirementsexhibit tradeoffs
in expressiveness,robustness,efficiency, andauton-
omy. For some,but not all applications,the ubiq-
uitoushash-basedlookupschemesof thep2pworld
areappropriate.

Resourcemanagementand optimization prob-
lems deal with how “best” to utilize resourcesin
a network. This category includesdataplacement,
computation,fairness,and communicationusage
decisionssuch as, “Where/How do we distribute
data/metadata?”,“Who performsacertaincomputa-
tion?”, “Which links do we useto transmit/receive
information?”,and“How canI speedup accessto
popularfiles?” Both communitieshave examined
datareplicationandcachingalgorithmsto increase
performance[3, 12].

Schedulingandhandlingof contentionhasbeen
examinedin both communities. P2p hasfocused
onbandwidthusage(e.g., Gnutella’smaximumcon-
nections)with solutionsthatareoftenresolvedwith
dynamicprogrammingat thenodelevel. Gridsare
oftencenteredaroundschedulingandusetraditional
schedulingtechniquesinvolving costfunctionsim-
plementedby a central schedulerand often lack
QoS or fairnessguarentees[7]. Agoric solutions
in Grids have beencentralizedthusfar; distributed
economicschedulingmechanismsmaybemoreap-
propriatefor fault tolerancereasons[55].

Load balancing/splitting schemesin both com-
munitiesattemptto reducethe load of a particular
file, link, or computationby breakinglarger blobs
into many smallerdistributedatoms.

Popularp2p file sharingprogramsare trivial to
join, use,andleave, with get, put, anddelete
astheirprimative operations.Grid users(scientists)
cannotusesomesimplep2p solutions,mainly be-
causewhat they are trying to do (e.g., distributed
codeinstrumentation)is complex. Thelackof tools
for applicationdevelopers(and the complexity of
the existing tools) is alsoa major stumblingblock
[49].

5.3 Coping with Failure

Partial andarbitraryfailuremustbeaddressedin
any realistic distributed network. Most p2p sys-
temspunt on guarenteeingaccessibilityby accept-

ing lossy storagein their model [12, 28]. If the
ideasfrom p2pstoragearegoingto besuccessfully
appliedto the Grid, p2p researchersneedto con-
sider revising the commonlossmodel. They also
shouldconsiderthe order-of-magnitudeof storage
someGrid experimentswill produce:someareex-
pectedto produceontheorderof half apetabyteper
month [47], aboutthe currentcapacityof KaZaA.
Thisdata,however, cannotbelossy.

Traditional distributed systemstechniquesfor
dealingwith failureoftenmakeassumptionsoncon-
nectivity andcomplexity thatmaynot beappropri-
atefor traditionalp2p systemsor Grid systems,as
bothDaswanietal. [16] andSchopfetal. [49] note
in their respective openproblemspapers.Thesame
replicationalgorithmsusedto increaseavailability
canalsoserve to ensurecorrectnessin the faceof
data,computation,or communicationfailures.

Security-relatedresearchin thetwo communities
includesauthenticityissues(suchasverificationof
dataor computation,or handlingman-in-the-middle
style attacks),availibility issues(surviving denial
of serviceattacks),and authorizationissues(such
as accesscontrol), but researchfrom p2p would
helpaddresssomeDoSproblemsintroducedby the
Grid’s frequent relianceon centralizedstructures
[1, 9]. Changet al. examineenforcingsafetywith
certifyingcompilersin aGrid environment[10].

Theseaspectshave beenidentifiedandexplored
in the context of data sharingp2p systems[16].
Computationalp2psystemshave similar problems:
morethanfifty percentof theSeti@Home’s project
resourceswereatonetimespentdealingwith secu-
rity problems,including theproblemof “cheating”
on thedistributedcomputation[35].

The Grid community faces the same security
problems[49]. The work on the Grid SecurityIn-
frastructure[26] addressesthe problemof authen-
tication,but inter-testbedauthenticationremainsto
be resolved [33]. Focuson decentralizedauthenti-
cationschemeslike SPKImaybeastepin theright
direction[11].

5.4 Maintenance

In theareasof deploymentandmanagability, p2p
hasessentiallyno standardsor APIs; with thepos-
sible exceptionof Gnutella,eachversionobsoletes
the previous one. Many Grid papersprofessthe
needfor astandardizedprogramminginterface[49],



and� by necessary, the Grid is beingforcedto stan-
dardizeandthe OGSA is beginning to help. Sim-
ilar efforts in p2p standardizationarethe Berkeley
BOINC [5], GoogleCompute[29], andoverly stan-
dardization[15].

5.5 Disjoint Problems

Not every problemin “pure” p2presearchhasan
analogin theGrid community. Anononymity (often
groupedwith securityissues)for instance,maynot
be so useful,but a middlegroundof pseudonymity
mayexist. Anonymizing systemsareimportantand
offer a prime exampleof a considerationleft out
of the emerging Grid standards:for example,they
arecurrentlybeingusedto promotefree speechin
China[41].

6 Call to Action

How do we avoid beingscoopedagain? Given
the large degreeof commonalitybetweenthe two
worlds, “coming up to speed”on the Grid is not a
difficult undertaking.As a communityandindivid-
uals,we must familiarizeourselveswith the setof
problemstheGrid is addressing,sowe canidentify
the areaswherewe have solutionsor are actively
working on solutions.We mustalsowork to under-
standGrid users’dayto dayneeds;how robustmust
a solutionbe in orderto beappropriatefor deploy-
ment on a Grid? We shouldunderstandthe stan-
dardsthey aredevelopingandto which they expect
all systemsto comply(OSGA).Wecanmake asig-
nificantcontribution helpingthemcreatea standard
that allows the evolution andexperimentationthat
“outside” researcherscanprovide. Perhapsthean-
swer lies in a directive assimpleas: “Find a user
andfigureoutwhatthatuserneeds.”
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