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ABSTRACT

This paper gives an outline of a PhD thesis inspired by therinf
mation searching over heterogeneous metadata records with
scenario of Peer-to-Peer (P2P) based digital librariessikeey a
representative set of P2P systems in order to build prospquat-
form and discuss why a super-peer (peer community) based top
ogy is suitable for schema-based P2P applications. Funtrer,
we exploit ontologies for storing metadata records in acstmed
and formal way, and for broadening queries with closelytesla
terms, thus yielding more relevant results. All metadatmes

to [2], FDL is described as a group of organizations, workiog
gether formally or informally, that agree to support a setafimon
servicesand standards, thus providing interoperability amongrthei
members. Conventionally, most of FDLs are built in cliesier
fashion. However, with the sharp growth of enormous numiber o
digital libraries, especially those moderate-sized onlesre be-
comes a performance bottle problem in FDLs. One of the ringpal
example is the 'failure to search’ problem existed in eanier-
sion NCSTRL library [9]. Although NCSTRL is now divided into
regions and lookup and search are conducted in local regicim s

into RDF format and a RDF database, such as Sesame, is adoptethat load on the central server is alleviated somehow, bwt iho

to store and query these records and schema informationi- Add
tionally, since words generally have more than one senséawe

to choose the right sense and highly related terms for extgnd
the query. Such information can be delivered by applyingxa le
cal database, like WordNet, which models terms with theiame
ings and relationships in between. The resulting protogystem

is expected to serve as a framework for re-processing netada
records into structured and semantic-enriched collecti@pecific
domains, as a platform for the searching over heterogenealtis
lections, and as a source of inspiration for exploiting gi®s in
information searching.

1. RESEARCH QUESTIONS

Searching over heterogeneous metadata records is a nustpriab-
lem in digital library community since a huge number of digit
libraries created in various metadata standards exist asdafy,
ranging from academia to government and industry. The tegdi
motivation of searching heterogeneous repositories tSéadig-
ital libraries may be able to provide most of the informatier
might want, and then a federated search over multiple ressur
is expected such that more relevant results might be disedve
Meanwhile, different digital libraries may adopt distimoetadata
formats according to their own specific demands. Thus, sdieti-a
erated search method must consider as well the interoperati
heterogeneous records.

Federated digital library(FDL) is one of the classic solutions for
sharing information among libraries in relevant topics.cénaing

could be if the number increases another thousands of tihes?
tually the increase of another thousands of times in datanvel
is not unforseeable. Therefore, how to adapt to the req@ném
in scalability, especially in the situation that enormousnber of
moderate-sized libraries emerge?

Additionally, questions come not only from the architeetsical-
ability, but also from the granularity and meaning in metada-
ements[10]. Due to the semantic heterogeneity resultiog fihe
different metadata schemas employed by various digitehdies,
the search itself is a difficult and complex task. For exampleen
describing bibliographic records, metadata experts captddARC
[17] to get rather a precise and professional descriptidmlevav-
erage users many rely on fifteen simple Dublin Core (DC) [3] el
ements to annotate their personal collections. We argue thet

a commonand simpledata model is required to harmonize vari-
ous metadata records. The common feature is easy to untrsta
since a publicly interpretable data model is a necessityliqrar-
ticipating peers in interchanging or integrating sematfiyaelated
terms. As to the simplicity, it has also been justified thatw f
large, complex, consistent ontologies, shared by greabetsrof
users is hard to be created [13]. Instead, small and simp@#mn
gies are easily to be applied, especially in specific domairse
widely acceptance of Dublin Core in library community sed¢ms
make it feasible that it can act as a global schema for theopée-
ability. However, is Dublin Core complete enough to accordate
most of the metadata elements since too many critical irdition
will be lost in the conversion? So, if not, what perspectisiesuld
be improved to improve its adaptation to most metadata?

Furthermore, due to words generally may have more than arsese
it is important to choose right senses in the searching dowpto
the context. Besides, broad, narrow or related terms mayhalp

if no results return for current terms. How to realize suclurct
tionality is also a big challenge in both P2P systems andakzed
ones.



To sum up, we look into the research question in three aspiects
they are highly coherent. The first issue is to study the nétwo
topologies which can cope with the searching in highly thsted
network. Next, how to present/organize the local repogiiato a

cannot answer a query, it forwards the query to a subsetith-
bours, based on its local RI, rather than by selecting neigishat
random or by flooding the network by forwarding the query o al
neighbors. Rls are created and maintained by each peessatiyu

knowledge way such that semantic search can be conducted? Fiupdates on RI, such as peer joining or leaving, lead to a dasufa

nally, how to exploit the ontology to rewrite user query actiave
more appropriate results?

The rest of the paper is organized as follows. Section 2 ptesiee
current state of exist solutions. from the three questioestioned
above. The considerations on these solutions are presinted
end of each subsection. Section 3 presents the currentaghpve

updates in peer network. It is also the overhead RIs gerkfate
the sake of efficiency. Such systems also specify relatiensden
query 'topics’ and neighbouring peers, which moves furtian

pure keyword-based query.

2.2.2 Chord, CAN
Distributed hash table (DHT) is probably the most widelydiaé

have achieved so far and also problems we have met. Section 4gorithm in P2P computing. Chord [14], CAN [26] are two rep-

describes the expected contributions to the searching issB2P
based digital libraries. Section 5 concludes the papers.

2. STATE OF EXIST SOLUTIONS

In this section, we present the state-of-art of exist sohgifrom
three perspectives of system architecture, knowledgeseptation
of local repository and user query rewriting.

2.1 System Architecture

As mentioned above, other models are required insteadafttdierver
model to cope with the enormous increase of data volume. \&& ba
our prototype system on Peer-to-Peer (P2P) architectl2®. ap
chitecture has been extensively discussed and advergsedtty
for its advantages over centralized approaches. The P2igar
holds many promises: it scales well, by allowing peers {didi-
braries) leave and join freely; it strengthens system rolass, with
less vulnerability to failure of a central node; it provideserated
search across peers of common interest which may contandec
not crawled in the 'Hidden Web'.

In P2P network, federated search can be conducted overamher
nected peers through a local peer, and meanwhile the loeal pe
itself can act as a data provider to make local informatiaressi-
ble to others.

A brief summary of popular P2P systems is described Table 1.
The summaries are not complete but collect distinguishatiifes
which should be considered in building prospective peseti&DLs.

2.2 Gnutella, Naspter and Freenet

Gnutella [18], Napster [21] and Freenet [6] are ancestor2R P
computing. They all only support keyword-based search.t€lau

is representative instance for the query flooding which cascale
well. Napster goes to the opposite way and adopt centrabsety
maintain a centralized directory from which connected pem=n
register their expertises and also retrieve a list of peérssers’
interest. In Freenet, each file/document is identified byrenyi
key which is generated using some hash function; each pear ma
tains a local routing table which keeps information abougime
bouring peers and the keys are a sequencéilefkey, node ad-
dress)pairs used for retrieval. Lookups in Freenet take the form of
searches for cached copies. This allows Freenet to provddgrae

of anonymity, but prevents it from guaranteeing retriefahasting
documents or from providing low bounds on retrieval costs.

2.2.1 Routing Indices
Crespo [7] uses Routing Indices (RIs) to forward querieseigim
bours that are more likely to have answers. If a neighbouypiey

resentative systems using DHT. DHT specifies a relation éetw
entities (files, documents, and etc.) and an identifier @dp2P
network. Each peer has a unique node ID The value is storbe at t
node whose ID is closest to the key which is generated by thle ha
function. The storage and lookups of values are distribatadng
multiple hosts. Performance of all DHT algorithms has bees |
tified pretty good. For instances, each node maintainsnmition
only aboutO(logN) other nodes, and a lookup requi@$logN)
messages [15]. DHT is probably the most applicable algoriiin
current research.

2.2.3 pSearch

The major feature of pSearch [28] is to combine the efficiency
of DHT systems and accuracy of information retrieval algonis.
[29] also reports a perceivable improvement can be gainéabin
ical routing cost by adopting the proposed algorithms. Oeraky
ness in adopting this architecture to digital library isttbaeven
distribution of document pointers over the peers, and tlobail
state are required beforehand to support the algorithmingeskearch.

2.2.4 Piazza

Piazza is a peer data management system that enables dhetring
erogeneous data in a distributed and scalable way. Piagaanas
the participants have similar content to share within ofhesers,
then makes it possible to define pair wise mappings betwesn th
schemas. Then, users formulate queries over their prdfscteema,
and a query answering system expands recursively any nggpin
relevant to the query, retrieving data from other peers.ualty,
the global as view (GaV) and local as view (LaV), or even bath a
view (BaV) based methods all have their most suitable apfin
scenarios. We will come to this point in next section.

2.2.5 JXTA Search/JXTA, Edutella, Bibster

JXTA [23] is a P2P interoperability framework created by 34din
crosystems. Peers in JXTA framework are allowed to adeitss
own resources through the Peer Discovery Protocol (PDRjh th
other peers are able to discover such resources. Spegifieatih
peer is described and published using an advertisemernthigan
XML document describing a network resource. Both of Edatell
[22] Bibster [12] are built on JXTA framework and aim to com-
bine metadata with P2P networks. They focus on educatianal d
main and bibliographic records respectively, though. Eltuuses
super-peer based topologies, in which peers are organizby-i
percubes to route queries. In contrast, Bibster is embeunidc:
general SWAP [25] [8] architecture and a running appliqatio

2.2.6 HyperCup
HyperCup [27] proposes a graph topology which allows foryver
efficient broadcast and search which intend to reach allspieer



Table 1. Typical P2P Systems Summary

System Markup-Scheme| Hash Table Usage| Semantic Routing Query Forwarding| Semantic Query|
Gnutella Keyword No No Yes No
Naspter Keywrod No No No No
Freenet Keywrod Yes(binary) Serial Yes No
Routing Indices| Keyword No Serial Yes No
Chord Keyword Yes Parallel Yes No
CAN Keyword Yes Parallel Yes No
pSearch Keyword Yes No Yes' No
Piazza Database No No Yes Yes
JXTA Search XML No Parallel Yes No
Edutella RDF No Parallel Yes Yes (regional)
Bibster RDF/DAML+OIL| No Parallel Yes Yes (global)
OAI- RDF No Parallel Yes Yes (regional)
P2P(ongoing)
RDFPeers RDF Yes Parallel Yes Yes (global)
HyperCup Keyword Yes Separate Hypert Yes Yes

Cube

the network with the minimum number of messages possible. Th

conduct effective and efficient semantic based search siiptes

number of messages generated when peers leave and jointthe neare highly distributed and no predetermined RDF Schemaed us

work is O(logyN) (b is the base of the hypercube), which can be
more efficient than DHT algorithm. Moreover, a global ontplas
proposed to determine the organization of peers in the giait-
ogy, allowing for efficient concept-based search. Thisgubjs
rather suitable in our scenario in selecting relevant peers

2.2.7 RDFPeers

RDFPeers [4] is a scalable distributed RDF repository ttaes
each triple at three places in a multi-attribute addregsabtwork
by applying globally known hash functions to its subjecédicate,
and object. Such approach is more suitable to search thifuggly
distributed RDF repositories.

2.2.8 Discussion

Keyword based P2P systems are sufficient for applicatiorishwh
do not need complex query languages nor complex metadata, su
as sharing MP3 files. However, for educational resourcesdliridfla,
or bibliographic records in Bibster which may cover titlettzor,
booktitle, etc, queries are more complex and have to buitthup
standards like IEEE-LOM/IMS [19] or Bibtex metadata with up

to support inferencing. In summary, the JXTA framework seem
to be more suitable in constructing federated digital lilm@since
such 'advertisement’ can be adopted in selecting appreppeers
(libraries’) with the prerequisite that all peers do adisa their re-
sources/expertises in JXTA network. The comparably mofBAIX
based applications can also give us more references.

2.3 Common Data M odel

There are already some proposes exist, such as FRBR, CIDRM/C
ABC ontology and DC/INDECS. which can be regarded as upper
level ontologies in digital libraries, such as

2.4 Exploit Ontologiesfor Query Expansion

3. PEER SELECTION

Generally, P2P systems are distributed systems withoutemtyal-

ized control, where currently few mechanism has been appiie
select suitable peers so as to reduce the blind broadcastaease

[11] firstindicated such concern recently. The author stdtat two

core operations in most P2P systems are (1) finding the riggisp
fro querying and (2) efficient routing of message. The firgrap

to 100 metadata entries, which might even be complemented bytion in our concern is how to discover/select suitable pedrich

specific extensions, such as a global ontology is neededt¢e in
grate heterogeneous records if they are described in clistiata-
data formats. The ordinary information retrieval methochd@t
able to reflect the desired metadata of the creator, titte,sétce

it is simply a statistical operation. Evidently, complexifes of
metadata make greater storage demands on each individeral pe

is able to provide answers to a given query. [11] uses a shared
tology (ACM hierarchical topics for computer science) toedise
peers’ expertise in P2P network. In this way, the knowleduyzua
the expertise of other peers forms a semantic topologypignigent
of the underlying network topology. Although it only consid a
rather limited domain (computer science), it is feasiblextend

as each peer must somehow maintain records of more complexit to a certain classification system, which is widely usedigital

markup. However, more detailed metadata seems to be edsenti
if complex queries are to be supported. Edutella and Bibstiy
cate such issue and demonstrate the possibility to condogplex
queries over metadata records. However, none of them a@nsid
harmonizing heterogeneous but related metadata recotasomi-
going OAI-P2P project [1] aims to design a P2P network forrope
archives, where data providers form a P2P network which@app
distributed search over all connected metadata repaastohn this
scenario, service providers can be removed from this nétand
make the data repositories more up-to-date. RDFPeersd=xtka
DHT to support the search over RDF triples but it is insuffiti®

libraries, such as Dewy, UDC and LLC, etc. A upgraded queoy pr
cedure in JXTA framework is depicted in Figure 1, while gextigr
peer just broadcasts the query inside peer group it belangs t

In Figure 1, when a query is generated in peer A, peer A braasica
a formatted and concise requests to retrieve other pequsiises;
then A match those expertises with the conducted query aitom
cally and select the suitable peers to send the query to. 18ach-
anism relieves the load in bandwidth in broadcasting theyqaed
returning all results from other peers in local peer grouprédver,

it saves useless computing resources on peers which camaot p



§ - Service advertisement
Q— Query (formatted)

Figure 1: The Upgraded Query Procedure in JXTA Frame-
work

vide any suitable results. The advertisement is used agitheny
tool for making general peer, peer group, and resource agafig
tion information available to the network, peers, and peeups.
We can use XML, which is default format in JXTA, to pass adver-
tisement from peer to peer, easily providing expandablehésrar-
chical representation of information which is compatiblighvany
classification systems.

4. METADATA/ONTOLOGY INTEGRATION

Before we come to discuss the metadata/ontology integrati&ch-
anism, it is necessary to differentiate the meanings ofachetia’ in
the context of P2P network and digital library. In digitabréary,
metadata has been understood as 'Data about Data’. For &xamp
a library catalogue contains information (metadata) almudli-
cations (data), and a file system maintains permissionsa(fa&t)
about files (data). Specifically, metadata in digital likraris the
descriptive information of digital objects and it is usedotovide
user a more efficient way to understand the content of digiijct.

However, in P2P network, 'metadata’ is adapted to haverdisti
meaning in different situations. In order to differentiéite usage
of the term - metadata, it is necessary to clarify contextciviare

illustrated in following table.

Table2: 'Metadata’ Typein P2P Network

'Metadata’ Type Description
File ID 1. arbitrarily assigned by system
according to some mechanism
2. generated by hash al-
gorithm according to practical
documents
keyword is generated by IR
method(i.e., TFIDF) and each
keyword is assigned an id.
a semantic based tuple, such as
a RDF statement.

Keyword ID

Tuple

The main difference between the usages of metadata in P2P net

work and digital libraries is that data in each node in P2Rvark
is given a unique identifier that can rather improve the $eagc
quality by adopting corresponding algorithms, while thetadata
in digital libraries is a set of extra descriptive infornmation the
data and it is not mandatory that metadata information meisn-
bedded in the data. In order not mix them up, we in this paper us

‘ontology’ to indicate metadata records in digital libraipce they
can be viewed as ontologies to certain degree. Meanwhiletile
keep the term 'metadata’ to indicate the identifier inforioratn
P2P network.

The second main goal of this project is to make it easier tockea

in peer based federated digital libraries, and more patylito
search across those collections created in heterogenestaslata
sets/domain ontologies. It is explicitly designated witke tadap-
tations of the Semantic Web technologies to deal with therbet
geneous metadata. To make it simple, we do not discuss the syn
tax and structure issues about the repositories here andnge-c
quently assume that all recordsets created in varied netade
XML formatted. In order to explicate the semantic meaningd a
deduce over the relationships among these records, wedsaoul
code the records in RDF or OWL. Here, we argue that RDF/RDFS
is used as the format of repository instead of OWL. Generally
OWL allows the definition of specific constraints on the dataled,

and has more expressive power, such as symmetric, invetse an
transitive (i.e. OWL Full). However, RDFS allows greateixfie
bility, and this may be an advantage. For example, OWL Lit an
OWL DL do not allow a class to be also an instance, but this kind
of meta-modelling may be useful for thesaurus data. In amgit
tool support for RDFS is perhaps at this stage more mature.

Moving further to the ontology integration concern in P2RBvwek,
from the theoretical perspective, both of the global as \i@&aV)
method and the local as view (LaV) based method are appéicabl
in querying heterogeneous records. (We will not discus$#sic
definitions of GaV and LaV and refer interested readers t¢.)16
However, LaV approach is considered to be more difficult.alet f
the only knowledge we have about the data in the global schema
is through the views representing the sources, and suchsview
LaV provide only partial information about the data. As te th
GaV approach, query answering is just similar to a simplelanf
ing strategy since it maps directly sources queries to spomding
elements in the global schema [16].

Actually, many of the work carried out on ontologies integma

for the semantic Web is on to build the global ontology on the b
sis of the local ones [5]. We can adopt GaV based method as well
and take MODS (Metadata Object Description Schema) [24}@s t
global ontology, which is a more expressive alternative tdolin
Core but still keep the simplicity which make it easier to pidio
representing digital objects. Obviously, if one has tweveht on-
tologies, it is not difficult to convert a more complex onigyoto

a simpler one. Some information may be lost or granularity ma
become coarse, though. However, we may feel it out of the-ques
tion in a reverse way. In subtotal, MODS has 19 top level efgme
and 47 sub elements, and is organized in a hierarchicaltstaic
According to the introduction in MODS’ official website, serad-
vantages of MODS are:

e The element set is richer than Dublin Core

e The element set is more compatible with library data than
ONIX

e The schema is more end user oriented than the full MAR-
CXML schema

e The element set is simpler than the full MARC format



In our prototype, all the local collections, which may beatesl
in distinct ontology, are to be transformed into an globabtogy
based knowledge repository.

The relations between source ontology and target ontold@3S)
should be explicit during the conversion. Since many of #la-r
tionships between ontology elements are not only equitaleare

may have narrower terms, broader terms or related termse Onc

there is a possibility to query the provenance informatsuth ex-
plicit mapping information will be of help in better undeaatling.

To achieve the aim mentioned in last section, a knowledganizg
ing language is required to delineate relationships witlsincepts

and make them interpretable. Hereby, we propose to use SKOS

(Simple Knowledge Organization Systems) [20] to set up #te-r
tionships among local ontology and MODS.

5. CONCLUSIONSAND FUTURE WORK

In this paper, we have presented the critical issues in diegjg
and implementing peer based federated digital libraries major

goals in this project have been presented. One is to find péech

are able to answering user queries in a more effective aruesii
way; the other is to support semantic search cross distdband

heterogeneous repositories. We focused on three majoenmic

which are rather critical in constructing semantic based FP2P

network, namely, platforms election, peer selection anthdsa
integration. Generally, there are interesting alteratifior each of
the different aspects and , actually, we are still explorimgtiple

approaches to optimize the overall system. In practice ghevy it

constitutes a major challenge to integrate these concegether
to realize such a peer based FDLs.

The future work in implementing our system is consisted bffiid-
ish the prototype work (e.g., integrate semantic simidtinction
for peer selection component); (2) investigate more reéposs for
evaluation; (3) system optimization (e.g., query optiriaa).
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