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RÉSUMÉ. Porteurs de nombreux avantages en termes d’évolutivité, de décentralisation et d’auto-
organisation, les réseaux P2P se présentent comme une alternative intéressante lorsqu’il s’agit
de publier et d’accéder à de l’information. Plusieurs travaux de recherche ont traité du prob-
lème du routage des requêtes au sein de systèmes d’information soutenus par des réseaux P2P.
Cependant, peu d’entre eux semblent intéressés pour savoir si les mécanismes de routage sé-
mantique de requêtes permettent effectivement de fournir aux utilisateurs des informations sé-
mantiquement pertinentes en fonction de leurs besoins. Ainsi, dans ce travail nous proposons
d’étudier l’application de la sémantique à la Recherche d’Information traditionnelle ainsi
qu’aux systèmes d’information basés sur des réseaux P2P. Nous démontrons l’écart qui subsiste
entre la recherche d’information sémantique et le routage sémantique des requêtes. Finalement,
nous présenterons les défis offerts par la recherche d’information sémantique lorsqu’elle est ap-
pliquée aux réseaux P2P.

ABSTRACT. As an alternative to publish or access information, P2P network is attracting
more and more attention because of its advantages in scalability, decentralization and self-
organization. While a lot of research has been focused on semantic query routing in information
system over P2P network, little work concerns if semantic query routing can satisfy the require-
ment of semantic information retrieval, and to what extent the query routing mechanism can
provide the information semantically related to users’ query. This paper studies the applica-
tion of semantics in traditional information retrieval and information system over P2P network,
demonstrates the gap between semantic information retrieval and semantic query routing, and
finally present the challenge of semantic information retrieval over P2P network.
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1. Introduction

Peer-to-peer (P2P) network refers to the system or application which performs a
task in a decentralized manner by employing distributed resources such as comput-
ing power, storage, data and network bandwidth (MIL 02). It has the character of
scalability, decentralization and self-organization. One of the major applications over
P2P network is file/content sharing. Various file sharing systems have been designed
and used in real application. For example, the first decentralized file sharing system
Gnutella and a number of BitTorrent based services. Although some of these systems
have been undergoing a series of the lawsuits, P2P network remains to be an efficient
mechanisms for information sharing and acquisition.

As the technology and application of P2P network is developing, the resources in
P2P network will become diverse, and the information demand of users will not be
satisfied just via key-word matching. For example, the users would not just like to
find a movie named ‘Inception’, which can be implemented by matching the query
‘Inception’ and the documents’ titles. They might want some information expressed
by more complicated query, such as ‘a file about the history of the pop music’ or ‘a
book written by a female author who was born in Beijing’ stored in a distant peer. In
this case, information retrieval (IR) over P2P network is supposed to answer the query
by exploring the semantics of resources in peers.

Recently, the research on centralized semantic IR has developed rapidly with the
technology for semantic web (SET 07). When it comes to IR over P2P network, a lot
of work is concentrated on the scalability and the traffic as well as semantic query
routing (LUU 08, ROS 08). Semantic query routing refers to forwarding the query to
target resources by evaluate their semantic relationship on topic level. However, the
queries in semantic IR is often specific, and little work has been done so far to study
the gap between semantic query routing and achieve semantic IR.

In this paper, we study the issues of performing semantic IR over P2P network.
Specifically, we study the application of semantics in centralized IR system in Sec-
tion 2, and demonstrate current IR mechanisms over P2P network in Section 3. In
Section 4, the gap between semantic IR and semantic query routing is analyzed. The
challenges in semantic IR over P2P network are presented in Section 5.

2. Semantic information retrieval

Semantic IR aims to identify the relevant information to a query via evaluating
their semantic relationship rather than key-word matching. We divide it into two lev-
els, according to the semantic relationship between users’ queries and the retrieved
information. We assume the information to be retrieved is a collection of text docu-
ments.

In one level, a query can be answered by evaluating its semantic relevance to the
content of each document. For example, the user intends to find the documents about
the marriage of Eva Longoria and Tony Parker, which is very popular on the inter-
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net recently. The semantic IR system is supposed to return the documents about their
wedding and divorce, because wedding and divorce are both related to marriage. A
lot of approaches are proposed for this, such as the probabilistic approach (JON 00),
language model (CRO 03), LSA (DEE 90) and approach employing the theory in ma-
chine learning (YUE 07). These approaches assume the terms concurrent in the same
context have a common concept. However, these approaches can’t represent the se-
mantic relationship between the terms. The specification of the semantic relationship
is essential for performing more efficient IR, especially when the query submitted
includes multiple keywords (TIA 06).

In the other level, the result of a query not only concerns the content in individual
document, but also its relations with the outside information (e.g. the content in the
other documents). For instance, the query aims to find documents about ‘mobility’
whose author once published a paper titled as ‘peer to peer computing’. In order to
implement such a query, we need to find the author of the paper ‘peer to peer comput-
ing’ in the author list of this paper, then continue to find the other documents written
by this author. Thanks to the technology in semantic web, ontology and information
extraction, semantic IR in this case is becoming promising (FEN 03), and relevant
work has been done in (GRA 05).

3. Current information retrieval over P2P network

Information retrieval over P2P (P2P-IR) network aims to forward a query to target
resources (query routing), perform relevance evaluation on the target resources, and
then return the top-k most relevant documents to the user who submits the query. Most
of the work in this field focuses on how to achieve semantic query routing, which refers
to forward the query to the peers which hold the semantically related resources to it.
To a certain extent, it often refers to query routing when people mention P2P-IR.

DHT is the most common type of structured P2P network so far, which indexes
the resources in the network via a hash table and distributively stores the table in
peers. The indexing granularity of the resources often is the document (LUU 08) or
peer (MAT 05). Structured P2P network can response the queries quickly, but it can
only support key matching (IVA 06) which present the employment of semantics to a
great extent. Relevant work is done in CAN (a semantic P2P layer), which represent
each document with a vector and map the documents into a semantic space. Close
documents are semantic related in the semantic space. The query is also mapped to
the semantic space in the same way. The documents close to it in the semantic space
are identified as relevant ones.

In IR over unstructured P2P network, the query has to be flooded through the
network to find the peers sharing the relevant data, e.g. Gnutella. Therefore, a lot of
research in this subfield mainly concentrate on forwarding the query semantically.
Except random walking algorithms (GKA 06), (COH 07) proposed a guided search
over associative overlays. (SAR 04) introduced the percolation search algorithm for
locating and retrieval content in random network. (ZHU 05) presented an approach
which build semantic links between peers and then perform query routing on it.
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There also exists some work which employs super-peer mechanism or takes ad-
vantage of both structured and unstructured P2P network to perform IR. For example,
(PAP 10) proposed to combine DHTs and peer clusters for efficient full-text P2P in-
dexing, (DOU 10) implemented a super-peer based P2P network for organizing similar
content in the network. A semantic overlay network was implemented in (CRE 05).

4. Semantic information retrieval over P2P network

Although a lof of work has been done both in semantic query routing in P2P net-
work and the semantic IR in centralized systems, no existing work concerns to what
extent the semantic query routing mechanism can satisfy semantic IR. We will study
it in this section.

4.1. Semantic information retrieval and semantic query routing

Query routing and IR both aim to find relevant resources, but they have intrinsical
difference when it comes to semantic IR. Generally, semantic query routing is often
performed on a topic level while semantic IR is more specific. Let’s see how semantic
IR would fail during the semantic query routing.

In structured P2P network, take semantic layer over CAN for example. The system
maps the documents in the network into the semantic space, where each document
is represented as a vector and similar documents would be close to each other. The
similarity between documents is evaluated by the distance between vectors, and it has
no semantic implication. Moreover, the vector for each document is calculated via
SVM or LSI. It doesn’t include information about the specific relationship between
terms or keywords. Therefore, It can not handle very well with the queries with more
than one key words. For the queries which concern the documents and its relations
with outside information, it would be more difficult for the system to handle.

For semantic query routing in unstructured P2P network, the query is forwarded
to the peers which have relevant resources. Here, the problem appears again. How to
evaluate the relevance between a query and a collection of resource ? If the relevance
is too specific, the query takes the risk that it has no relevance to all the next-hop
peers. If the relevance is general, the query would be forwarded to too many peers
which no doubt is a waste of traffic. In addition, it still cannot deal with the query like
‘documents about mobility whose author once published a paper titled as peer to peer
computing’, especially when the concerned documents are stored in different peers.

4.2. Challenges

In conclusion, the challenges in semantic P2P-IR lies in the following aspects :

1) the user’s queries are specific, while query routing over the semantic layer of
P2P network is general, often on the topic level. So there is a risk that the query might
be forwarded to peers which has no answers to it, but something only related on the
topic level, where the topic of the query often can be evaluated via Ontology. Take
the web search over P2P network for example, the user would like to request some
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specific query like ‘the possible cause of headache’. The query might be forwarded
to the peers which have the resources about ‘health’, but we have no idea about the
probability that the peers has the information of ‘the cause of a headache’. Apparently,
this will cause a waste of traffic and computing cost if the peers actually have no such
information.

2) the ‘relevance’ and ‘related’ defined in the semantic layer of structured P2P
network is vague. This results in a system which can not provide accurate results for
a query. They can not deal with the queries which include several keywords and have
explicate relationship among them. Let alone more complicated queries, which might
be concerned with multiple documents located in different peers.

3) It’s hard to determine the generalization level of the outline for each peer. To
make P2P network be a real self-organized one, peers are assumed to manage their
resources by themselves, and only share an outline to make sure relevant queries can
be forwarded to them. This can also decrease the traffic cost of the network. However,
what kind of outline can precisely and concisely represent the resource in a peer, and
also facilitate the query routing of the P2P network ?

5. Conclusion

This paper studied semantic P2P-IR. We analyzed the semantic IR in centralized
systems, presented the research achievements and issues in current information sys-
tems over P2P network. The challenges of semantic P2P-IR are demonstrated.
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