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Abstract.  Due to the anonymity of the user during Web searching, no
support for long-term information needs exists. First attempts for pe r-
sonalized Web retrieval are made, however these approaches are limitel
to static objects and no individual recommendations from a dynamic

data set can be determined. Peer-to-peer architectures build a promising
platform for a personalized information lItering system, where all st eps
during information exchange are transparent to the user. Our approach

assists active requests in the form of an information pull as well as a sys
tem initiated information push. In a cooperative manner all peers hav e
the function of information providers and consumers. The ranking of re c-
ommendations is established by a community-based lItering approach.

1 Motivation

The prognosis that peer-to-peer (P2P) networks are the next stage of the evo-
lution in the development of the Internet, is attributed to the term frequently
discussed in the recent history of information technology. Peer-to-peer networks
form the infrastructure for virtual communities in a collaborative work ing en-
vironment, in which resources are divided and information is exchanged. The
success of such virtual communities depends considerably on the e ciency of
the integrated procedures for accessing information. In this regard, the function
of an integrated procedure is the acquisition of accurate descriptions of informa
tion needs. According to Belkin and Croft [Belkin and Croft, 1992] information
needs can be distinguished between one-time or long-time-goals. On one side, in-
formation retrieval processes are typically concerned with dynamic informaton
needs requesting stable information sources [Oard, 1997]. On the other, infor-
mation Itering assists stable information needs, which are continuously used
to detect relevant documents in dynamic information sources. Today, ho major
Web search engine addresses both information detection processes. Regarding
a traditional Web search, a user formulates his information need with a query
and as result he gets a list of documents, which every user gets for the same
query at the moment. At the same time, other users with comparable informa-
tion needs pass through the same search steps. From the users' point-of-view,



no awareness features are integrated to detect other users and changes of the
information sources. In this paper, we present a strategy to model dynamic infe
mation sources, which assists dynamic and stable information needs of a grp
of users. Each index of a Web search engine is continuously updated, and each
user gets a subset of relevant documents at the moment of request. For a user
with stable information needs, only the document o set since his last request
would be of special interest. This o set should be provided each user in a per-
sonalized manner. Common client-server architectures of Web search engines do
not o er such time-constraints regarding the indexing time of documents. Fur-
thermore, it would be desirable to excuse the user from a pull of information by
a conscious initiation. In contrast to this attempt, the usage of an information
push [Cheverst and Smith, 2001] assumes the passive attitude of a user, where
any information ow occurs unexpectedly by the user. The push technology
has rst been proposed by H. P. Luhn [Luhn, 1958] as "selective dissemination
of information" (SDI) in 1961. According to Bates [Bates, 2002], hundreds of
millions of dollars have been invested during the Internet boom, but the push
technology has largely failed. Many of these services failed because of informa
tion ooding for the user. Additionally, users received an information push only
for prede ned topics like news, sports etc. Hence, for the implementation of a
push service, which is dynamically adapted to the users' individual information
needs, peer-to-peer architectures are a promising platform.

Our approach introduces a hybrid peer-to-peer network with on the one side,
a highly-available search service and an index of several billion Web sites (iaur
case, Google) and on the other, peers describing a dynamic data set based on a
local peer pro le (cf. Section 2). In Section 3 this paper emphasizes the dynamic
information push strategy to determine relevant results for a passive user and
implemented with the prototype called "MyPush" (cf. Section 4). Finally, we
deal with related work in Section 5, and we conclude future plans in Section 6.

2 Topology of a Hybrid Peer-to-Peer Network

For the assistance of both information detection processes, we want to imjpve
existing Web search facilities in order to model dynamic information sources.
All common Web search engines have a client-server architecture, where no in-
teraction among users is feasible. This scenario is depicted with the 'User Layer'
and a 'Web Layer' in Figure 1. A user selects one or more search servers, and
all retrieved documents provide an access point for a navigation through the
World Wide Web. On this account, the user performs a conscious selection of an
information source, which has a stable collection of documents at the moment of
request. The interaction among users is limited to an information pull. For the
assistance of pull und push services, we propose a hybrid peer-to-peer network.
The main advantages of this network is the support of interaction among users
It is a hybrid network, because existing Web search engines are integrated foma
e cient information pull. The e ectiveness can be enriched by the interaction

of users and their exchange of relevant documents in a 'Virtual P2P Network'
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Fig. 1. Topology of a Hybrid Peer-to-Peer Network

(cf. Figure 1). For a tracking of new information sources, an additional layer of
‘Virtual Knowledge Communities' is proposed, in order to restrict the push to
selected users, which are organized in a community as depicted in Figure 1.

2.1 Modelling User Interaction

Modelling user interaction is a rst step towards a dynamic information push
beyond Web search engines. The main shortcoming of existing client-server ar-
chitectures, which assist no user interaction during search, is a missing local
personalization strategy. An essential task of the information retrieval process
is the display of useful information sources to the user. We enhance this task,
in order to collect explicit relevance feedback. In a local database, the Peer
Search Memory [Ghasa et al., 2004b], stores all queries and their relevant doc-
uments of a user. This leads to a transaction matrix with validated results d

a user. Recently, a Web search server can log all requests and viewed docu-
ments of their users, although these assessments are based on implicit feedback
[Oard and Kim, 1998]. If a user requests di erent Web servers, only with a local
personalization strategy the overall usage information can be stored.n general,
user interaction should be independent of a special server, which assists such an
interaction among its users, and should not be limited to special topics. In ar
hybrid peer-to-peer network, each user can use his favorite Web search engine,
and there is no restriction to special search topics. In addition to the 'User layer'



in Figure 1, all Peer Search Memories are organized in a virtual network. We
assume that each peer represents only one user. Hence, this network provides an
exchange platform of document assessments and their context is independent of
the requested search servers. Each query is interpreted as context information
[Lawrence, 2000], and it can be used to group users with similar interests. Wth
these local feedback information, dynamic information sources exists on each
peer. The query, which results from a dynamic information need, can be per-
formed in our network by a traditional Web search engine. Furthermore, Virtual
Knowledge Communities [Gnhasa et al., 2003] transfer all dynamic informatia
on all peers into a consistent state. Each community brings together users and
their relevant documents for a special context. These grouping will only be pro-
posed to the users, if a set of documents have a high degree of commitment by
a representative number of users. Both, communities as well as Web search en-
gines are requested, if an information pull is initiated by the user. As a resultwe
present a summary of all server selected documents with additional user assess-
ments from our network, if they are available, and all documents of a community,
which matche the information need. In di erence to the single server results, a
hit of a Virtual Knowledge Community leads only to a small set of validated
documents. Thus, an interaction beyond server boundaries is feasible with our
approach.

2.2 Towards a Hyper Peer Graph

Beyond the support of user interaction, the hybrid peer-to-peer network encour-
ages the grouping of users and validated results into communities. Web commu-
nities can be detected by spectral or non-spectral metrics [Flake et al., 2003],
which are widely used. In our system, such techniques can be enhanced by addi-
tional nodes that represent users, all query contexts and their evaluated results.
On the Web layer in Figure 1, information is provided by users on Web pages.
The linkage structure can be used to compute subsets of the Web graph, which
represent special topics based on their Peer Search Memory. This information
can also be regarded for the computation of subsets of the Web graph. In Figure
2, we depicted a meta-graph of such an usage graph as well as an example in-
stance. This instantiated example graph shows the usage information of a Web
log that collects all queries of users and their viewed documents. The most fre-
quently retrieved Web site in this collection was a German-English dictionary.
In total, 64 users selected in 136 query sessions the URL http://dict.leo.org The
result was retrieved by 45 distinct queries. Figure 2 presents four of the most &-
guently requested queries. Traditional Web community algorithms only analyze
the linkage structure between Web sites. If all usage information is integated,
additional incoming links can be detected and weighted. The enhancement of the
Web graph with usage information leads to aHyper Peer Graph with additional
vertices and edges.

Common Web community algorithms consider no content-based analysis of
Web pages. With our topology, the decentralization of all usage informaton
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Fig. 2. Meta-graph of the Hyper Peer Graph and an example instance

assists the distributed computation of weights between di erent kinds of ver-
tices. In the Hyper Peer Graph, we distinguish betweenpage user, and context
vertices. Between these nodes, three directed edges are annotated. First, a di-
rected edge between a context and a page is weighted with theumber of query
sessions in which the selected page was relevant. Second, aaccess relevance
[Gnasa et al., 2004b] is used to determine personalized issues like last accaset
and frequency of usage of a relevant document. Third, all peers compute implicit
feedback information for each local document association, in order to assiga
relevance rating [Gnasa et al., 2004b]. All three edge annotations are based on
collected information of the Peer Search Memory. During the recommendation
process, the interaction between users leads to additional information about the
usability of recommended results. This means, if a user gets a list of recom-
mended documents, and if one of these documents is stored in his Peer Search
Memory, the user relevance(UserRel) [Gnasa et al., 2004b] of the recommending
peer is increased. This user relevance de nes the degree of relationships between
two users, and this leads to a linkage network between users.

Summarizing, the Hyper Peer Graph uni es content providers and consumers.
Our future work leads to the integration of new algorithms to compute subsets of
this graph. Each subset will represent a common topic of interest for a user group
and relevant documents, which have a commitment in this group. A rst com-
munity algorithms is already implemented and discussed in [Gnhasa et al., 2003]
Independently of the process to detect communities, our dynamic information
push strategy assumes groups of users, in order to decrease the number of po-
tential information sources and the information ooding through a dynamic
adaption of the algorithm.



3 Dynamic Information Push

Unlike traditional collaborative Itering approaches, our system is based an a hy-
brid peer-to-peer architecture. If a user wants an automatic detection of relevant
information, all peers are involved in a collaborative manner. The coopeation
between all peers requires the de nition of two essential roles. On this account,
a scheduler di erentiates on each peer between active and passive tasks. An in-
formation pull is interpreted as active mode of a peer. Likewise, an informton
push for other peers is the passive part. To serve many peers at the same time
several passive instances at each peer exists, whereas a peer can only be in one
active mode. In contrast to central systems, e cient techniques for paralleliza
tion enable the simultaneous processing of active and passive tasks. According
to the de nition of an information push [Cheverst and Smith, 2001] the user has

a passive attitude during the peer ltering, and the role of a peer can not be as-
signed to a user. In terms of a cooperative pull-push cycle [Gnasa et al., 2004a]
an active peer initiates a recommendation request to all peers with a mem-
bership to the same group as the active peer. For this task, we assume the
Virtual Knowledge Communities (VKC), detected in the Hyper Peer Graph, for

a context-driven global pre ltering of peers. This preselection of peers mainly
decreases the network load by considering a liated peers on a semantic layer.
All preselected and accessible peers interpret a request of an active peer and fade
to the passive mode. At the same time these peers can request other peers of
the group in their active mode. The number of recommended documents mainly
depends on the number of peers in a community. If a community has many
members, the recommendation process can be adapted by a threshold, which
depends on the actual number of members and in uences the maximal number
of recommended documents.

Due to the requesting of peers of the same Virtual Knowledge Community,
the network load is minimized and a context-speci ¢ selection of requested peers
is the goal. Hence, an information ooding can be avoided, and a dynamic set
of data is mapped to a static snapshot of fundamental associations for a setf o
peers. This static set is used as a basis for an enhanced collaborative Itering
approach, where all explicit and implicit ratings, as well as all peer relevances
are considered. The peer recommendation task proceeds in the active mode of a
peer, and starts after the receiving of suggested results of all passive peers \efhi
are online. To overcome existing shortcomings of content-based and collaboiige
ltering approaches, we use acommunity-based Itering approach, in order to
utilize the similarity between members of the same community in respect to their
documents ratings as well as their content, which are relevant for the community
For a useru 2 U with memberships to the groupsC; V KC, a prediction for
a recommended document d is computed over all peersof the group C;

2y (SiM(u;c) + UserRelyc)(rea  Te)

cofyq = Ty + ’
e c2c; (sim(u;c) + UserRelyc)

The prediction weight cof is used for a ranking of all recommendations.
In this regard, a high value represents a high relevance of a documemt. The
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Fig. 3. The push service in the MyPush prototype

similarity of two peers can be computed with standard similarity measures
[Rijsberg, 1979]. Finally, after weighting all suggested results of a per group, an
information push is initiated by the system.

4 MyPush - Prototype

A rst Java-based prototype of our proposed system has been implemented and
evaluated, which incorporates the JXTA framework! by Sun as the fundamental
architecture. The JXTA framework proposes basic protocols and common stan-
dards for the development of peer-to-peer architectures. For the implementation
of our prototype, mainly two protocols have been utilized: the pipe protocol and
the peergroup protocol.

The pipe protocol is used for establishing a channel-based communication
among peers. These channels, so-callquapes are used for pushing information
about documents (recommendations) pertaining to virtual communities to all
subscribed users (see Figure 3). In fact, our push algorithm is based on a con-
ventional periodic pull protocol. Within the MyPush environment, a component
called Information Gatherer is responsible to address all virtual communities,
which the corresponding user has subscribed and, eventually, to request all new
recommendations. These results are preprocessed and displayed to the user in a
graphical user interface component. So, from the user's perspective, the arrival
of new recommendations appears as a true push service, which can be compared
to a conventional email client.

Virtual communities are represented by so-called peergroups. Peergroups are
made of a set of peers, which have agreed on common topics or interests. In our
system, member peers share all relevant parts of their locally stored ass@tions
with other members of that group. JXTA integrates protocols for discovering,
joining, and creating new peergroups. This way, new groups can be discovered
throughout an entire (given) P2P-network.

! hitp:/lwww.jxta.org



5 Related Work

The system Outride [Pitkow et al., 2002] pursues a widespread personalization
strategy characterized with "You know what | know, show me what | do not
know". However, the sharing of previously-visited URL's is not assisted ina
collaborative manner. Beyond these actual approaches, other systems concen-
trate either on one-time or long-time information needs. For one-time goals,
Chakrabarti et al. [Chakrabarti et al., 2000] provide a Web browsing assstant
for individual users and groups with focused information needs. It is based on a
client-server architecture, and no information about topics that has not already
been requested by other users, can be provided. On this account, no collabora-
tive support exists. The goal of the system WebView [Cockburn et al., 1999]s
the assistance of the user for revisiting relevant Web sites. A mapping of rel-
evant Web sites to individual information needs is not available. Bawa et al.
[Bawa et al., 2003] propose a peer-to-peer approach for collaborative métval.

It supports the aggregation of peers into overlapping (user de ned) groups, and
the search through specic groups. This restriction is not desirable in order
to achieve a exible clustering of topics. For the support of long-time goals,
traditional information ltering systems can be found in the context of push ser-
vices, recommender systems, and awareness. GroupLens [Resnick et al., 1994]
Iters NetNews articles by the personal interest of a user. Collaborative Itering
[Goldberg et al., 1992] is used to generate recommendations, but no content of
the messages is analyzed in this central system. Although the need of person-
alization and collaboration is taken up by several systems, there are nospects
for a transparent information exchange and user interaction as conceived in this
work.

6 Future Work

With this paper we presented an approach for dynamic information push. Based
on explicit result rankings, a hybrid peer-to-peer network ensures a transparent
Itering on each peer. Future work on the prototype will lead in three directions.
First, we will investigate the impact of a global peer relevance. Actually, apeer
gets no feedback about the usefulness of recommended documents for other peers.
This information will lead to an intra-clustering of users to detect experts. For the
implementation of an answer the MyPush protocol can be extended so that the
satisfaction of an active peer is sent as a reply to the passive peers. Furthmiore,
we plan the integration of a collaborative peer relevancen order to assist a global
perception of all users of a peer group. Second, in addition to the basic implicit
weighting of associations, a combination between explicit and implicit weighing

of associations and peer relevances is conceivable. On this account, the explicit
in uence of a user can be enhanced whereby the pro le of the user comes to the
forefront. Additionally, all results explicity agged as not relevant shoul d be
considered. Third, the actuality of long-time goals needs further investigation.
A possible strategy would be the classi cation of local associations matoring
user behavior.
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