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Abstract. To date mud of the reseach in P2P information
sharinghascorcentatedon method for key-basedor content-
basedlocation of shaed information. In this paper we argue
that in addition to thesetechniques, the provision of a globd
browsablestructure is alsoa critical comporntsinceuses do
not alwaysknow the apgropriate key or setof keywords to lo-
cateneedednformatian. To givesubstareto our argumen, we
proposea framevork that will provide P2P communitieswith
global browsabledirectories.Our proposalfocusesspecificily
on howto supportthecommual organizationandmanaement
of sud a shaed global directoryin order to provide a coher
entstructue for uses in a commuity to locate information via
browsing

1 Introduction

A key challengein building pee-to-peer(P2P)systansis
thelocation of informaton distributed acrassalarge num-
ber of userswho canjoin andleave the online commu-
nity atwill. To addiessthis challenge,muchof theinitial
resarchin P2Phasconentratd on technquesfor mas-
sively scaldle key-basedobjed locaion (e.g.,[25, 30, 22,
13]) andfor contentseart with ranking (e.g.[3, 27]). Ex-
periencewith the web, however, shawvs that peopk rely
on a combindion of both directories [7, 29] and content
seach andranking [10, 1] for different types of informa-
tion seartes. Directories provide structure and organiza-
tion for browsingwhile content seach andranking sup-
ports the strudure-lesslocation of information. Basedon
this obsevation, we arguethata critical next stepin meet-
ing theinformationlocationchalengein P2Psydemsis to
provide adirectory struduretha allows usasto coopea-
tively organizeandbrowsethe shaeddaia colledion.
Oneapprachto providing adiredory strudureisto im-
plement a file systan [16, 15]. However, file systen de-
sigrershave histarically beenmostconcernedwith storage
isstessuchasallocation, managemet, andcaching of file
blocks rathe than supporting the directory asa first class
object. Furthemore,file sygemsembodyestallished stor

agesemarics (e.g.,partid writes, appenls, andlocking)
that may not be relevantfor P2Psygemsthatdo not pro-
vide storage services.

Thus, in this paper, we focusinstead on exploring the
chalengss of building a directay structureindepenantof
ary storagesemantts. We assumethat eachuse shaes
information by making a portion of his locd file systen
available to the communityvia a softwareagern (asis the
casefor mary current P2Psysems). Then,we proposeto
build aunifiedframework thatprovidesbothbrowsingand
seach capailitiesin a singe global diredory structure
thatspars all of theindividual uses’ local directory struc-
tures. This effort faces several key challenges (i) useas
mustbe allowed to collaboratively organizeand maintan
theglobal directory structurein afully distributedmanney
(i) uses mustbeable to leveragetheflexibilit y of content
seach andranking to assistthemin organizing informa-
tion, and(iii) theframework mustassistusersto maintan
an easily browsalle strudure over time. To meetthese
chalenges, we intend to imbue our framewnork with the
following mechaisms: (i) a coherentmapping betwea
eachusers locd directory strucure andthe global direc-
tory strudure, (ii) embeddd semaric diredoriesembodg/-
ing content queiies[9, 11], and(iii) machineassitedman-
agemat of theglobal directory.

More spedfically, in our framewvork, eachuse’s local
directory will be addedto the global directory structure
through a recusive meiging procedurethat combires di-
rectorieswith the samepathnames.This meiging process
permits a collection of loosdy cooperatirg uses to orga-
nizetheirlocaldirectoriesinto asingle shaedglobd struc-
ture, allowing all membersof the communty to benefit
from their organizatbnal efforts. Also given the cohe-
ent mapping, uses shoud be able to easilyreasm abaut
the locaton of files in boththelocd andglobal direcory
structures allowing for easytranstion betweerthetwo.

The provision of semantt diredories [9] will allow
memberdo estadlish clustersof relatad informationof in-
terestto the communiy. Semantiadirectories aredirecto-



ries that are mappel to content queriesand populatedby

files thataredeemedassatisying therespetive quely. In

our framework, semantt directories may be continually

updatedover time to reflect the charging content of the
shaedinformation, providing aneffective tool for tolera-

ing the inherent dynamismin P2Pcommunites. Similar

to the HAC file systan [11], semattic directories could be
embedledanywherein theglobal directory strucure. This
deliberatemixing of content and nameaddiessimg is in-

tendedto provide a powerful tool for organizinginforma-
tion: underthis framawork, ause couldcreae adirectory
whosefiles will be coninuouwsly updaed by resuts from

content searties,and at the sametime allow uses to re-
move irrelevant documers, aswell asaddrelevant ones
notfound by theseachengne. Thus,useswill beableto

build sharel repostories thatareorganzedin bothahier-

archical andcontent-addressale fashia.

Finally, we believe that automate assstancefor man-
agement of the globd directory structure will be critical
for large communties. In patticular, we will initially be
interestedin three problems: (i) whenause publishesone
or moredoauments canthe system aid the userin finding
the mostusdul placeswherethesedocumentsshoul be
linked into the existing global directory strudure, (ii) can
the sysemmonitar the globd directory structureandsug-
ges whenrelated documents shauld be split into multiple
brarches,and (iii) canthe sysemhelpto garbag collect
the spa@. For example asinformationis removed, por
tions of the namespacemay be comespase,andrequre
consoliddion.

We arein the processof realizing our proposedframe-
work in a systam call WayFinder In the remairder of the
paper, we first outline the bast desig of this prototype
addessimg thetecmical challengesof building a coherent
readwrite diredory structureon top of adynamic P2Pen-
vironment. Then,we spealateon how we might leverege
tecmiques from knowledge repregntaton and machne
leaming to atteck the prodemsof automagédassisance

2 Preiminary Design

We arecurrently desgningandprotatyping WayFinderon
top of PlanetP[4, 2], a P2P content addessirg pub-
lished/swbscriked infrastrucure. At heart, PlanetPsup-
ports the locaton, rank, and retrieval of publisheddoau-
mentswhosecontent matchesa paricular query. While
WayFinde is not critically depementon PlanetRit does
leverage PlaneP’s particular strendh: a globally ranked
content seart capaility basd on the TFxIDF vecta-
spaerarking algarithm [23]. This capalility notonly al-
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Figure 1. (a, b) Two local directory structues, and (c) the
megedview in theglobd directorystructue.

low WayFinder to implemen semanic directories, it also
allowsWayFinderto rank conentinside thes diredories
partcular “incoming” information that hasbeenrecently
published In the future, we will likely malke useof the
more advanced featues of PlanetPthat includesan im-
plemenation of group multicastbasedon gossping and
autanaticupdae notificaton.

2.1 Constructing the Global Directory Structure

Currertly, WayFindersupportsasinglehierarchial global
directory strucure percommurty. Whena userfirst joins
aWayFinde communty, hespecifiesadiredory in alocal
file sysemthatwill contdn documentshewishesto share
Overtime, thisdirectorywill be populatedwith documents
publishedby the useraswell asfiles thataredownloaded
for hoading. This direcory is the root of what we will
refer to astheusetslocd directory structure.

Givenacommuniy of usersWayFinderconstuctsthe
global directory strucure by overlaying thelocd diredory
structuresof eachuseron top of one andher, asshown
in Figure 1. This overlaying proces is performedrecu-
sively. A setof directories are meiged togeter if they
have the samepath from the root. To resdve name
corlicts during the memging process,files namesin the
global directory structurescanbe extendedusinga (<local
name>, <contenthash>) pairto uniquelyidentify thefiles
asshown in Figurel1(c).

Our methal of constucting the global directory struc-
ture allows uses with similar directory struduresto con-
solidaterelated filesin the sameplace. It alsoallows use's
to have a coherentview of the location of their files in
boththeglobal directory structureandtheirlocal diredory
structure. This allows uses to browsein a similar fashim

1This overlayingapproachis similar to the Federatedrile Systems
virtual directorieq26].



Client 1 Client 2

@ | Hoomariduck.e
PublisN Publish
P2P DataStore

(<"ffoolbar/"> , <File name="duck.txt"> ‘

(b)

(<"ffoolbar/"> , <File name="donkey.txt">

Search: <"foo/bar/">
Client 3

[foo/bar/duck.txt
© [foo./bar/donkey.tx

Reply: <File name="duck.txt">
<File name="donkey.txt"

Figure 2: (a) Two usess publishingdifferentfiles to the same
directory; (b) Themeta-irodesare publishedto PlanetP;(c) A
meiged view of the directoryis achieved by queryirg PlanetP
andthencontactirg theappropriate pees for the meta-inales.

while either online or offline. It alsoensuesthatno sin-
gle useris respnsilde for maintaning the strudure of ary
givendirectory or ensuing its availability.

To sharea new document,a use mustpublishthe doc-
umentto WayFinder specifying the location in the global
directory strudure wherethe document shoud be linked
to. Note that becaiseof the coheencebetweenthe local
andtheglobd diredory structure,this publicationprocess
canbe assimpleasmoving the documentto the appiopri-
ateplace in the local direciory strucure. On the publica-
tion of afile, WayFindercreakesa meta-inale for the file
andpublishesthis meta-inaeto PlaneP asshawn in Fig-
ure 2. Eachmeta-irodeis encogkdin XML andincludes
thefile’s name areferenceto thefile’s physial locétion, a
has of thefile’s content, anda setof keywords represent-
ing thefull pathfrom therootto the parent directory of the
file.

Whena userattemptsto browse a directory, a dynami-
cally constuctedsnagshot calleda directory view, is cre-
atedas demorstratel in Fig. 2(c). This view in essene
represens the current online content of this directory; be-
cawsePlanetRonly maintairs term-topeermappingsin the
global index, whencomposng a direcory, we will know
that someset of offline pees may have addtional doc-
umens in the directory but we camot detemine which
doauments. Further becaiseof information propagation
delaysin PlanetFH4], suchaview may be seseral minutes
out-of-date with respectto newly published(or removed)
doauments.WayFinde periadically expires views thatthe
use hasbrowsed refreshingthemagainwhenuserretums
to the correpondng directories.

We arecurrerly exploring the cachng of old views so
that oncewe gain informetion abou a documen in a di-
rectory, we do not loose sight of that link whenthe peer
hoading thatfile goesoffline. Thisis of course difficult in
the presenceof deldes.

Future Work. While we argue that the coherene be-
tweenthe local diredory strucuresandthe global direc-
tory structure provided by our current compodtion ap-
proachis apowerful commural organizatiamaltool, it hasa
numbe of limitations. For example if uses have slightly
different namesfor directories, e.g., movies vs. videos,
they will shav up asdistinct brandesin the global direc-
tory structure. Thus,we planto explore virtual mapping
betwea the local directory structuresand the global di-
recory strucure, perbapseven providing multiple global
directory structuresthat are compeedby using different
virtual mapping. Maintaining the current coherencewill
be a particular important issuetha mustbe solved Fur
ther, suchvirtual mapping would benefitgreaty from au-
tomatic assisance which we will discussin Sectia 3.

2.2 Semantic Directories

As already mentimed, WayFinde suppats the credion
of semanit directories in the global directory structure
A semattic directory is a diredory whosenamemapsto
a content-query [9]. At creatian time, WayFinderpopu-
latesa semant direciory with documentswithin thedirec-
tory’s scopethat arerelevarnt to the query Subseqantly,
WayFinde periodcally re-executesthe query to find new
relevant documers. Documens inside a semantt direc-
tory canbe orderedaccadingto PlanetPs relevancerark-

ing.

Scopirg for semanticdiredoriesis definedby the fol-
lowing rules: (i) A semanticdirectory that hasa normal
directory asaparent mayhaveits scopedefineaseitherthe
contentof the parent direcory or the contentof the entire
communty. (ii) A sematic diredory thathasa semant
directory asa parent hasits scope definedasthe contentof
its paren direcory.

Future Work. We intend to make sematic directories
first classobjeds, allowing usesto manipuatethemin the
sameway thatthey do normaldirectoriesandallow these
chargesto persis acrassre-evaluations of the directory's
quay. While Gopaland Manbe have explored mary of
theissuesarising from sucha designdecsionin the HAC
file systan[11], their work maynotextendin astraightfor-
ward mannerto a P2Pervironment espedlly onewhere
thenomaldiredoriesthemselesaredynamic pethapsin-
compketeviews of theactualdirectory strudure. Thus,we
are currently in the process of working out the detals of
this desgn dedsion.



2.3 Propagating Updates

In mary P2Pfile-shaing communites,usasdonotacces
theshaeddatawhile online. Instead,they typicdly down-
load (hoard) documentsthat they areinterestedin for of-
fline acces [19]. Unfortunatdy, in anenvironmentwhere
the sharel documeits can change, thereis currently no
way for theuserto knowwhenahoarcedcopy hasbecome
stak exceptby manualy cheding.

To easehoardng in this case WayFinde maintans an
asseiation betweenfiles and their hoarded copies, auto-
maticdly flowing changesfrom analteredcopy to all other
copies. In patticular, WayFinde maintdns a versian vec-
tor in themeta-nodeof eachfile. Whennotified thatafile
hasbeenchangd, WayFindercompute a diff and pub-
lishesit to theundelying indexing layer with anew unigue
verson. Othernodesmay thenlearn of this new versimn
by quenjing a predcefinedkeyword that will returninfor-
mation indicating the set of available versiors and their
correspomling diffs for a givenfile.

Periodcally, at eachpeer WayFinderchecls the un-
derlying indexing layer for chargesto files that are be-
ing hoaded locdly. When a diff is located for a file,
WayFinde will attemptto updatethatfile. Concurentup-
dates areautamaticaly memged using a processsimilar to
CVS|5]. If aconflictis idertified, theuseris notifiedasin
Coda[14].

2.4 Consistency

As alrealy discussed directories arebrowsalle snapfiots
of theglobal direcory strudure, reflectirg a portion of the
shaedinformationthatis currenly accesible throughthe
setof online peers. We intendto explore the cachirg of
views to maintain visibility of the entire directory struc-
ture, evenaspeersdynamic(re)join andleave the commu-
nity. However, a numberof difficult issueswill have to
beresdved, suchaswhenthe cachedviews becane stale
beauseof deldion.

Theexistenceof afile in adirectory view doesnotgua-
antee accessibility—all peersholding copiesof that file
may be currertly offline—nor doesit guarantee current,
or future, availability unlessthe userhasdownloaded a
hoaded copy. Userscanaubnomotsly addfiles to ary
directory atary time.

For files, WayFindersuppats a weak, write-any-copy
corsisterty model[12]. Thepeerperforminganupddeis
initially respnsile for providing the actud updde infor-
mationto thecommuniy asadiff. Astheupdateis applied
to otherreplicas, thoserespetive nodes will themseles
beawmmesour@sfor theretrieval of this update.

2.5 Security

While WayFinderwill never suppat a secuity infras-
tructure sufficient for opemtion in a hostie ervironment
clealy, somelevel of access control is needel, if just
to prevert usersin alarge community from making mis-
takes with largerepecussons. We arecurrertly exploring
the design of a secuity modelbasedon the SDSIframe-
work [21] but do notdisaussit herebecaiseof space con-
strants.

3 Directory Structure Management

A WayFinderglobd diredory structurerepresens a joint
effort by usersin a communiy to organze the available
information In large communitis,this directory structure
will be congantly changing as usersente and leave the
communty andasuses publish andremove information
The managemet of sucha dynamic entity will likely be
quite onerausif the uses mustdo it manudly. Thus,we
intendto invesigatewhetherit is possile to leverage tech-
niquesfrom knowledge representaion andmachineleam-
ing to provide autamatic assisancefor this managemet
task.

Thestrucureof ary diredory structurereflecsanontd-
ogy, if only implicitly. By ontdogy, we meanaschenafor
organizing concepts basal on aformal representdion of a
shaed conceptualizationin a givendomain[18]. Ontolo-
giescanbeusal to reasoraboutthe semantiaelationships
betwea objectsit pertanstoo. For this reasm we are ex-
ploring waysof corstrucing ontdogiesfor boththeglobal
directory strudure anda users local diredory strucureto
rea®n abaut how thetwo struduresrelate to eachother.

Althoughadirectory strudurecanbediredly thought of
asanontdogy, it is onethatis extremely poor in seman-
tics. To effectively apdy knowntechiques in knowledge
representdion, we mustenrich the ontologiesof the local
directory strucures.Someappmoache for this enrichment
include: (i) relying on the uses to explicitly provide de-
scriptivetext abou their organzational structure(aspartof
eachdiredory, say),(ii) apgdy informationretrieval andbr
machire learning techiquesto infer informationabou re-
lationships betweerfiles in the samedirectory of local di-
rectory strucures,and(iii) usethe World Wide Web asa
souce of informationaboutthes relaionships. With re-
spedc to the last method for examplke, the web currently
providesaccesto collectionsof various large information
datdbasede.g.,[28, 7]). Thesedatabasesanbe usedto

2\We are exploring this as joint work with our colleagies Alex
Borgida and Haym Hirsh. We thank them for helping us shapethe
initial ideasdiscussedn this section.



expand existing keyword by finding relatedtermsand by
leaming from the object’s location in existing ontdogies.

To malke this discussionmoreconaete,oneof the auto-
matic methodwe areexploring to implemeri amoreintel-
ligent mewging of local direcory strucuresinvolve using
the TFxIDF vectorspa® measuref similarity. In this ap-
proach,whenmelging a locd directory strudure into the
global directory strudure, we use TFxIDF to computethe
similarity betwee a direcory of thelocal direcory struc-
ture and directories in the global direciory strudure. In
essace,we tred the setof termsderived from the doau-
mentsin a diredory of the locd diredory strudure asa
quay. Then,we matchthis queryto the conten of each
directory in the globd direcory strudure, mappirg the lo-
cal diredory to someglobd directory if the similarity is
sufficiently high. If thereis no significant match,thenthe
locd diredory is megedinto theglobal directory structure
asdiscussedin Sectin 2.

We are also exploring techriquesfor autanatic asss-
tanein placing anewly publisheddocumenin theglobal
directory structure. A project that has sucessfuly ad-
dressed somavhat similar gods is the SwiftFile Project
whereanintelligentassisanthelpsusersorganze their e-
mail into folders[24]. This sucaessprovidessomecortfi-
dercethatour appoachholds promise

Finally, as alread noted the sharedcontet of the
commurity will be consantly chandng. As this content
changes,portions of the directory strudure may become
tooderse,or, inversely too spaseto beuselll. We planto
explore waysof automatcally expandng or collapsing of
sud portionsof thedirectory strucure.

4 Reated Work

Our work here proposesa framework that suports the
corstrucion of a globd direciory strucure from the lo-
cal directory strucuresof individual uses in a P2Pcom-
munity. A numberof works in file sysemshave also ex-
ploredthe construcfon of global directory struduresover
divergentundelying file systems, e.g.,[12, 17, 20]. Our
work differ from thes efforts in two important mannes:
(1) WayFindermustaddres the new congraints thatarise
from its P2P context, and (2) WayFinderis more con-
cerredwith effective communalorgarization of the infor-
mation sharel in the communitythan coheentaccesing
files from differentundelying file sysems.

Several on-going projeds are exploring the implemen-
tation of file systemson top of P2Pindexing networks.
Both the SecureRead-OnlyFile System[8] andthe Co-
opeative File Systemd6] areblock-level, readonly read

file sysems. Both allow a form of update for the pub-
lisher. The Pasta[15] andIvy [16] file systens provide
readwrite file systens wherewrites are not restricted to
only the publisher Pastaalsosuppats the altering of di-
rectory strudure struduresthat belong to other uses by
creding localy owned copies of necessaryindex blocks.
Thesecopies canthen be overlad to add, or delet files
by importing bothviews of theindex blocks. This featue
of Pastais particularly related to WayFinder However,
this apprach creaesdifferent directory strucuresfor in-
dividual users similar to Prosgero[17]. Our appgoachis
differentin thatwe wantto presat a unified global view
to all uses of the samecommunity

5 Conclusions

In this pape, we advocatethat a browsalle global di-

recory strucure is a critical comporent of P2Pinforma-
tion sharng infrastructures. To lend substanceto this ar-

gumen, we have discussedour preliminary work on the
WayFinde framewnork, where we intend to integrate a

combiationof browsing, seartiing, andautamatic asss-

tane to helpusersof large P2Pcommurities organze and
manag their global directory strudures.WayFinde’'s em-
bedling of seach capalilities in theglobaldiredory struc-

ture providesan initial powerful tool for autamatic asss-

tance. We beliewe thatthereis potertially subgantid add-

tional paydf from adaping other techriquesfrom areas
suchas information retrieval, knowledgerepre&ntaton,

and machire leaming and are actively purauing this re-

seachdirection.
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