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Abstract

The Peerto-Peer(p2p) and Grid infrastructurecommu-
nitiesaretacklinganoverlappingsetof problems.In ad-
dressingheseproblems p2p solutionsareusuallymoti-
vatedby eleganceor researchinterest.Grid researchers,
underpressurdrom thousand®f scientistawvith realfile
sharingandcomputationaheedsare poolingtheir solu-
tionsfrom awide rangeof sourcesn anattemptto meet
userdemand Drivenby thisneedto solve largescientific
problemsquickly, the Grid is beingconstructedvith the
toolsat hand: FTP or RPCfor datatransfer centraliza-
tion for schedulingand authenticationand an assump-
tion of correct,obediantnodes. If historyis ary guide,
the World Wide Web depictsviscerallythatsystemghat
addressisemeedsanhave enormousstayingpowerand
affect future research.The Grid infrastructures a great
customemvaiting for future p2p products.By no means
shouldwe make themour only customersbut we should
at leastput themon the list. If p2p researchdoesnot
atleastaddresghe Grid, it may eventuallybe sidelined
by defactodistributedalgorithmsthatarelesselegantbut
wereusedto solve Grid problems.In essensaye’ll have
beenscoopedagain.

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 groundvork, but did
not follow through. The samesituation exists to-
daywith theoverlappingefforts of the Grid andp2p
communities. The former is building and using a
global resourcesharingsystem,while the latter is
repeatingtheir mistale of the pastby focusingon
elegantsolutionswithout regardto a vastpotential
usercommunity

In 1989, Tim BernerLee’s needto communicate
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Figure 1: In servingtheir well-defineduserbase,the
Grid communityhasneededo draw from bothits ances-
try of supercomputingand from Systemsresearch(in-
cluding p2p anddistributedcomputing).P2phasessen-
tially inventedits userbasethroughits technology

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

While HTTP and HTML are simple, they have
exhibited seriousnetwork andlanguage-basediefi-
cienciesastheWebhasgrovn[21]. Theseproblems
have beenexaminedandpatchedo someextent, but
this simpleinelegantsolutionremainsat the coreof
theWeh

A parallelsituationexiststodaywith the p2pand
Grid communities. A large group of users(scien-
tists) are pushingfor immediatelyuseabletools to
pool large setsof resources.The Grid is currently
building thesetools. The Systemscommunityis in
dangeiof falling victim to thecontemporaryersion
of Lampson$ admonishmenif we do not partici-
patein this process.

The Grid is anactve areaof researctanddevel-
opment.The numberof academigridshasjumped
six-fold in the lastyear[43]. As Figurel depicts,
the“customerbase”of scientistsyho areoftenalso
applicationwriters, drive Grid developersto pro-
duce tangible solutions, even when the solutions
are not ideal, from a computersystemsperspec-



tive. Mostcurrentp2pusersarepeoplesharingfiles;
sometimeghesepeopleare pursuingnoble causes
like anorymousdocumentistribution, but moreof-
tenthey aresimply trying to circumvent copyright,
andrarelyarethey interactingwith the systemstde-
velopers. P2pdoesnot have the driving force that
interactve usersprovide andthereforehasfocused
onsolutionsthatareinterestingprimarily from are-
searclperspectie.

The difficulty with this parallel developmentis
notthatit is wasteful but that,withoutthep2pcom-
munity’s input, the Grid will mostlikely be built in
a way incompatibleand non-inclusve of mary of
p2p’s strongpoints: searchand storagescalability
decentralizationanorymity andpseudogmity, and
denialof serviceprevention.

In therestof this papeywe first discusghe char
tersof thetwo differentcommunities We introduce
threefallaciesthat may have keptthe communities
separateWethendescribecommonproblemsbeing
attacled by the two communitiesand compareso-
lutions from eachcamp,anddiscussproblemsthat
seento betruly disjoint. We concludewith a call to
actionfor the p2p communityto examinethe Grid
needsandconsiderfutureresearclproblemsn that
context.

2 Grids
2.1 What is the Grid?

Buyyadefinesthe Grid as“a type of paralleland
distributed systemthat enablesthe sharing,selec-
tion, andaggreationof resourceslistributedacross
multiple administratre domainsbasedon their (re-
sourcesvailability, capability performancecost,
and users’ quality-of-service requirements”[8].
The Grid is “distinguishedfrom corventional dis-
tributed computingby its focus on large-scalere-
sourcesharingjnnovative applicationsandin some
caseshigh performanceorientation”[27].

2.2 Goalsof the Grid

The Grid aimsto be self-configuing self-tuning,
andself-healing,similar to the goalsin autonomic
computing[2]. It aimsto fulfill the vision of Cor
batos Multics [13]: like a utility compary, a mas-
sive resourceo which a usergiveshis or hercom-
putationalor storageneeds. The Grid’s goal is to
utilize the sharedstorageandcyclesfrom the mid-
dle and edgesof theInternet.

2.3 Manifestations

Grids historially aroseout of a needto perform
massie computation. A manifestationof shared
computationCondoracceptompiledjobs,sched-
ulesand runsthem on remoteidle machineg42].
Exemplifying its focus on computation,it issues
RPCsbackto thejob originators machinefor data.
An exampleof computationamiddlevareis Globus
[23]; it “meta-schedules]jobs among Grids like
Condor and ships host data betweenthem using
GridFTR an FTP wrapper Manifestationsof Data
Gridsincludethe EuropearDataGrid project[20].

The Grid community is currently authoring a
Web Services-oriented\PI called OpenGrid Ser
vicesArchitecture(OGSA)[24, 25]. Thenext gen-
erationof Glohusis intendedto be a referencam-
plentationof this API.

3 P2P
3.1 What is P2P?

Unintentionally Shirky describegp2p muchlike
a Grid: “Peerto-peeris a classof applicationsthat
take advantageof resources— storagegycles,con-
tent, humanpresence— available at the edgesof
theInternet’[19]. Stoicaetal. offer amorerestric-
tive definition focusing on decentralizecand non-
hierarchicahodeorganization54].

P2p5s focus on decentralizationjnstability, and
faulttoleranceexemplify areaghatessentiallyhave
been omitted from emeging Grid standards but
will becomemoresignificantasthe systemgrows.

3.2 Goalsof P2P

The goal of p2pis to take advantageof the idle
cyclesandstorageof the edgeof the Internet,effec-
tively utilizing its “dark matter”[19]. This overar
chinggoalintroducedssuedncludingdecentraliza-
tion, anorymity andpseudogmity, redundanstor
age,searchlocality, andauthentication.

3.3 Manifestations

O'Reilly’s p2psite[46] dividesp2psystemsnto
nineteencateyories, primarily offering file sharing
(e.g., Gnutella[28], KaZaA [36]), distributedcom-
putation(e.g., distributed.net[17]), andanorymity
(e.g., Freene{l12], Publius[44]). Seti@homés an-
otherp2papplication althoughthe Grid community
considerst oneof theirsaswell [51].



Prominant researchinstancesof p2p include
Chord, Pastry and Tapestry[48, 53, 56]. File
systemshbuilt on theseinclude CFS, PAST, and
Oceanstord14, 18, 37]. File systems,however,
are not applicationsand, while a variety of forms
of storagehave beenbuilt, thereexists no driving
applicationin this space.

4 ThreeFalaciesThat Have Keptthe Com-
munities Separate

This paperarguesthatthe p2pandGrid commu-
nitiesare“natural” partnersn researchThefollow-
ing aresomeobjectionsandresponseto this claim.

4.1 “The technical problemsin Grid systems

are different from thosein p2p systems.

Corventionalwisdomposits‘the Grid is for com-
putational problems”and “p2p is aboutfile shar
ing” Historically, Grids have growvn out of the
computationally-bomd supercomputersand local
batchcomputationsystemdike Condor As these
localized systemshave becomelinked to one an-
otherin the Grid, handlingdatahasbecomea much
larger problem. SomeGrid-connectednstruments
(e.g., specializedtelescopesfocus purely on data
production for othersto use. Similarly, p2p is
moving in the computatiordirectionwith effortsin
desktopcollaboration[31] and network computa-
tion [5].

Formally stated“open problems” papersfrom
eachcampexhibit a striking similarity in their fo-
cuson formation, utilization, security and mainte-
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.”

Researchergamiliar with both areasclaim that
the two will blendasthey mature,even perhapgo
the point of a mewging of the two researclcommu-
nities[6, 22, 50]. Regardlesof the veracityof this
forecastjt indicatesthatresearcherseegoodideas
in eachcommunity that can solve commonprob-
lems.

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

tally anorymous file sharing) impose special re-
quirementdor assortednot alwaystechnical)rea-
sons.But evenin thesesituationsa generalaware-
nessof technical approachegaken by the other
community may help solve “physically private”
problems.

4.3 “Grid projectsdo not have the flexibility to

try newalgorithms/ideasbecausehey have
to getreal work done. P2P reseach is all
about this flexibility .”

P2p researchis very flexible: one versioncan
obsoletethe previous and new algorithmscan be
developed without conforming to ary standard.
Within theemeqging Grid standardshowever, there
is roomfor flexible researchoo.

Grid researchersecognizethe needfor test-beds
asstaginggroundsfor new applicationsandproto-
cols[52]. TraditionalGrid settingshave beenin uni-
versitysettingswheresupportstaf is onhandto test
anddeplo newn software updateq34]. Moreover,
asevidencedby the mary toolkits andcustomGrid
implementation$23, 30], Grid usersarewilling to
adoptdifferenttechnologiedo gettheirwork done.

It seemsnaturalfor p2p researcherso develop
algorithmseitherindependentlyr within Grid test-
beds, and then “publish” their prototypeswithin
a Grid setting. For example, Systemsresearchers
could build to a particular aspectof the OGSA,
benchmarktheir solutionto this API, andthenre-
leaset asafresh,improvedimplementation.

5 Shared Technical Problems

We list and comparethe two communities’ap-
proachedo problemsin four cateyories and con-
cludethis sectionwith problemshatarenotshared.

5.1 Formation

Topology formation and peer discovery deals
with the problemof how nodesjoin a systemand
learnabouttheir neighborspftenin anoverlay net-
work [38]. Membershipprotocolshave beenex-
ploredin both settings[34, 40]. While espousing
the autonomousdeal, much Grid infrastructureis
hardcodedindcould benefitfrom the active forma-
tion foundin p2presearclprototypes.

5.2 Utilization

Resourcaliscovery determinesiowv we find “in-
terestingitems, which can include sets of files,



computersservices(compute/storagservices),or
devices (such as printers or telescopes). Data is
alsosearcheadvithin files [16] andacrosgelational
tuples[32]. Searchrequirementsxhibit tradeofs
in expressienessrohustnessefficiengy, andauton-
omy. For some,but not all applications the ubig-
uitoushash-basetbokupscheme®f thep2pworld
areappropriate.

Resourcemanagementind optimization prob-
lems deal with how “best” to utilize resourcesn
a network. This cateyory includesdataplacement,
computation, fairness,and communicationusage
decisionssuch as, “Where/Hav do we distribute
data/metadata?*yVho performsacertaincomputa-
tion?”, “Which links do we useto transmit/receie
information?”,and“How canl| speedup accesgo
popularfiles?” Both communitieshave examined
datareplicationandcachingalgorithmsto increase
performancg3, 12].

Schedulingand handlingof contentionhasbeen
examinedin both communities. P2p hasfocused
onbandwidthusag€e.g., Gnutellas maximumcon-
nections)with solutionsthatareoftenresohedwith
dynamicprogrammingat the nodelevel. Gridsare
oftencenteredaroundschedulingandusetraditional
schedulingtechniquesnvolving costfunctionsim-
plementedby a central schedulerand often lack
QoS or fairnessguarenteeg7]. Agoric solutions
in Grids have beencentralizedthusfar; distributed
economicschedulingnechanismsnay bemoreap-
propriatefor faulttolerancereasong55].

Load balancing/splittigp schemesn both com-
munitiesattemptto reducethe load of a particular
file, link, or computationby breakinglarger blobs
into mary smallerdistributedatoms.

Popularp2p file sharingprogramsare trivial to
join, use,andleave, with get , put , anddel et e
astheir primative operationsGrid userg(scientists)
cannotusesomesimple p2p solutions,mainly be-
causewhat they aretrying to do (e.g., distributed
codeinstrumentation)s comple. Thelack of tools
for applicationdevelopers(and the compleity of
the existing tools) is alsoa major stumblingblock
[49].

5.3 Copingwith Failure

Partial andarbitraryfailure mustbe addresseth
ary realistic distributed network. Most p2p sys-
temspunt on guarenteein@ccessibilityby accept-

ing lossy storagein their model [12, 28]. If the
ideasfrom p2pstoragearegoingto be successfully
appliedto the Grid, p2p researcherseedto con-
siderrevising the commonloss model. They also
should considerthe orderof-magnitudeof storage
someGrid experimentswill produce:someareex-
pectedo produceontheorderof half apetabyteper
month[47], aboutthe currentcapacityof KazZaA.
This data,however, cannotbe lossy

Traditional distributed systemstechniquesfor
dealingwith failureoftenmake assumptionsncon-
nectvity andcomplity thatmay not be appropri-
atefor traditional p2p systemsor Grid systemsas
bothDaswanietal. [16] andSchopfetal. [49] note
in their respectre openproblemspapers.Thesame
replicationalgorithmsusedto increaseavailability
canalsosene to ensurecorrectnessn the faceof
data,computationpr communicatiorfailures.

Security-relatedesearchn thetwo communities
includesauthenticityissues(suchasverification of
dataor computationpr handlingman-in-the-middle
style attacks),availibility issues(surviing denial
of serviceattacks),and authorizationissues(such
as accesscontrol), but researchfrom p2p would
helpaddressomeDoS problemsintroducedby the
Grid’s frequentreliance on centralizedstructures
[1, 9]. Changetal. examineenforcingsafetywith
certifying compilersin a Grid ervironment[10].

Theseaspectdave beenidentifiedand explored
in the contt of datasharingp2p systems[16].
Computationap2p systemshave similar problems:
morethanfifty percentof the Seti@Homes project
resourcesvereat onetime spentdealingwith secu-
rity problems,includingthe problemof “cheating”
onthedistributedcomputatiori35].

The Grid community facesthe same security
problems[49]. The work on the Grid SecurityIn-
frastructure[26] addressesghe problemof authen-
tication, but intertestbedauthenticatiomemainsto
beresohed [33]. Focuson decentralizedauthenti-
cationschemedike SPKImaybea stepin theright
direction[11].

5.4 Maintenance

In theareasf deploymentandmanagabilityp2p
hasessentiallyno standardor APIs; with the pos-
sible exceptionof Gnutella,eachversionobsoletes
the previous one. Many Grid papersprofessthe
needfor astandardizegrogrammingnterface[49],



andby necessarythe Grid is beingforcedto stan-
dardizeandthe OGSA is begginning to help. Sim-
ilar efforts in p2p standardizatiorare the Berkeley
BOINC [5], GoogleComput€g29], andoverly stan-
dardization15].

5.5 Disjoint Problems

Not every problemin “pure” p2presearcthasan
analogin the Grid community Anonorymity (often
groupedwith securityissuesXor instancemay not
be so useful, but a middlegroundof pseudogpmity
may exist. Anonymizing systemsareimportantand
offer a prime example of a consideratiorleft out
of the emeging Grid standardsfor example,they
are currently beingusedto promotefree speechn
China[41].

6 Call to Action

How do we avoid being scoopedagain? Given
the large degree of commonalitybetweenthe two
worlds, “coming up to speed”on the Grid is nota
difficult undertaking.As a communityandindivid-
uals, we mustfamiliarize ourselhes with the setof
problemsthe Grid is addressingsowe canidentify
the areaswherewe have solutionsor are actvely
working on solutions.We mustalsowork to under
standGrid users'dayto dayneedshow robustmust
a solutionbein orderto be appropriateor deplgy-
menton a Grid? We shouldunderstandhe stan-
dardsthey aredevelopingandto which they expect
all systemgo comply (OSGA).We canmalke a sig-
nificantcontritution helpingthemcreatea standard
that allows the evolution and experimentatiornthat
“outside” researchersanprovide. Perhapghe an-
swerlies in a directive assimple as: “Find a user
andfigureoutwhatthatuserneeds.
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