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Abstract. As a result of the anonymit y in todays Web search, it is not
possible to receive a personalized search result. Neither prior search re-
sults nor search results from other users are taken into consideration.
In order to resolve this anonymit y towards the search engine, a system
is created which locally stores the search results in the scope of a peer-
to-peer network. Using the Peer Search Memory (PeerSy) all approved
bookmarks are stored and associated with the corresponding queries. By
this means, repeated accessis facilitated. Furthermore, sharing of book-
marks in the peer-to-peer network allows grouping of Virtual Knowledge
Communities (VK C) in order to obtain a surplus value in knowledge
sharing on the Web.

1 In tro duction

The rapid development of technologiesassociated with the Web o�ers the pos-
sibilit y of a new personalizedsearch in a distributed environment. Today, Web
search engineshave to deal with two main problems: (1) no personalizedsearch
results based on preceding queries of the user exist and (2) regardlessof the
information needof other userstheseresults are not taken into account as feed-
back information. In this light, we present a personalizedapproach for building
Virtual KnowledgeCommunities (VK Cs) basedon personalsearch memories.

These VK Cs represent a variety of topics, which are interesting for a mul-
tiplicit y of searches. The interest is measuredby the frequency of queries to a
special topic. The Googlesearch statistics Zeitgeist1 revealsthat di�eren t topics
are requestedmore frequently in certain weeks.In addition the major search in-
terestsdivergethroughout di�eren t countries. For example,the GoogleZeitgeist
statistics 2002summarizesthat the Googlesearch tra�c follows the Las Ketchup
crazeas it circles the globe. Due to the fact that today usually no personalized
search is performed it is not possibleto pro�t from the results of previousqueries
to the sametopic. The search engineGoogle processes250 million queriesdaily.
However, thesequeriesare not madeavailable to the public. The bene�t of these
querieswould only be perceivable if additional feedback information for relevant
hits had been logged. So far, each user stores high-quality links locally in his

1 http://www.go ogle.com/press/zeitgeist.html
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bookmark or favorite list [Joneset al., 2001]. Thereby an association between
queries and good links is not provided. For the surplus value of these associa-
tions throughout the multiplicit y of searches two possibilities do exist: (1) the
search engineprovider could save the relevant hits next to all queriesin a central
storage or (2) each user could save his or her bookmarks locally according to
the requestedqueries, which in turn could be shared in a distributed environ-
ment. The advantage of a pure central system is the high availabilit y and the
multiplicit y of data that can be collected and retrieved. However, thesesystems
exhibit somedrawbacks, such as the existenceof a single-point-of-failure: if the
server fails, the whole systemswill becomeunavailable for all depending clients.
Furthermore, no support is usually provided to createVK Cs to subdivide clients
according to their interests or speci�c knowledge.

Recent peer-to-peerarchitectures [Barkai, 2002] are conceived to support de-
centralize systemsas described in the secondpossibility. As far as reasonable,
these architectures abandon from having any kind of central servers to store
data. The data remains at the edgesof the Internet (personalcomputers), thus,
eliminating the single-point-of-failure problem. Each peeris thereby autonomous
in the decision, to what time and to what extend data is to be sharedwith the
environment. Another promise of peer-to-peer is the facilit y to build so-called
peer groups, which allows groups of peersto restrict the accessto distinct data
to authorized peers only. In the course of our research, we propose the adop-
tion of the peer-to-peer ideology to realize distributed knowledge communities
that accomplish their members to share knowledge of Web content in terms of
enriched links to speci�c topics.

The rest of this paper is organizedas follows. Somebasicassumptionsabout
distributed knowledge sharing are illustrated in chapter 2. Chapter 3 presents
PeerSy, our tool to save query-link associations in a Peer Search Memory. Our
approach for Virtual KnowledgeCommunities is elucidated in Chapter 4. Chap-
ter 5 gives a short survey on related work to our research. A conclusion �nally
sumsup the main aspects of this paper and presents the future work.

2 Distributed Kno wledge Sharing

In order to assista userwith his daily usageof the Webweneedmore than simple
�le sharingvia search enginesor peer-to-peernetworks likeGnutella and Freenet.
For the sharing of knowledge common Web technologies have to be adapted.
This is the reasonwhy we proposetwo techniqueswhich are integrated into the
knowledgecreation cycle.Thesetechniquesaremotivated by the transformations
between implicit and explicit knowledge and the current state of the art of
searching the Web.

The human knowledge can be divided into two categories:implicit and ex-
plicit knowledge(cf. [Nonaka, 1991], [Stanoevska-Slabeva et al., 1998]). The im-
plicit knowledge depends on a person and is embedded into a certain context.
In contrast, explicit knowledge is the externalisation of implicit knowledge, i.e.
information. Explicit knowledgeis perceived when information, context and ex-
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periencesare combined to form new implicit knowledge [Nonaka, 1991]. The
creation and classi�cation of documents is part of the externalisation process.
The retrieval is part of the internalisation process.The generaladvantage of full

text search in the Web in the context of knowledgesharing is achieved through
the automatic indexing accomplishedby robots. The automatic classi�cation
makes this part of the externalisation very e�cien t. The general disadvantage
of the common full text search enginesis the lack of e�ectiv enessof the search
results (e.g. causedby synonymy and polysemy of query terms). For this reason
this approach is very weak for the internalisation processin the knowledgecycle
(cf. [Stanoevska-Slabeva et al., 1998]).

Ideally a system should ful�ll both requirements. The full text search is on
the one side highly e�ectiv e in the externalisation of knowledge, on the other
side,however, highly ine�ectiv e in the internalisation. In order to closethis gap,
we have developed two approachesfor a distributed knowledgesharing:

1. Peer Search Memory (PeerSy)
Each user producesindividual needsfor his own image of the Web through
evaluated links. Thus, the problem of polysemy that occurred in the context
of search enginesreducesitself to a local link set in a speci�ed context. Once
an ambiguousquery is requested,the anonymit y against the search machine
can be averted and the user receives an answer, which is �ltered for his or
her own context. Through the additional storage of associations between
queriesand links lexicographic indexing can be replaced and a grouping of
synonymous terms is possible.This way search histories form the basis for
e�ectiv e internalisation and externalisation.

2. Virtual Knowledge Communities (VKC)
The structure of a distributed retrieval environment in the Web reveals the
possibility to form Virtual Knowledge Communities on the basis of search
memories.Each participant can thus pro�t from the knowledgeof the group.
In contrast to the classicalfull text search the processof the internalisation
becomesmore e�ectiv e.

Both techniques can be integrated into the cycle of knowledge generation.
Figure 1 depicts this process.Through PeerSyimplicit knowledgecan be trans-
ferred into explicit knowledge.A distributed Information Retrieval Systembased
on Virtual KnowledgeCommunities makesthe internalisation more e�ectiv e.

3 PeerSy - Peer Search Memory

PeerSy is developed to overcome the weaknessesof the conventional search
machines and the current Web browsing technology with the accessto well-
known Web sites. PeerSyis integrated into the system ISKODOR which is be-
ing presently developed at the University of Bonn. ISKODOR is a knowledge
tool for the World Wide Web on the basis of peer-to-peer technologies. With
the help of the search interface MySearch, which is part of the ISKODOR sys-
tem, the user can look for new or well-known Web sites. With MySearch the
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Fig. 1. Knowledge generation cycle

searching processis extendedto not only take place in the Web, but also in the
local PeerSydatabaseand the PeerSycontents of other peers.All sites, which
have beenevaluated and rated interesting by the user are stored in the personal
databasePeerSy. The user this way assembles his "own personal Web", which
on the one hand consistsonly of a tiny fraction of the entire Web and on the
other hand merely contains sites, which are interesting to the user. The search
for well-known sites takesplace in the small cutout of the Web, in his personal
databaseonly. All associations between queries and links contained in PeerSy
can formally be de�ned as follows:

Definition 1 (Single Associations) A set of links L and a number of n query

terms T for a peer p are given. A query consists of at least one query term. The

set Q of all possible queries over all terms t ∈ T is

Qp = P (T ) \ {}

The set B of all possible bookmarked links to a query is

Bp = P (L) \ {}

The relation SingleA between the sets Q and B describes all possible single

associations between a query and a set of links, which are stored in PeerSy for

peer p:

SingleAp(Qp, Bp) = {(q, b) ∈ Qp × Bp|(q, b) ∈ PeerSyp}

Thus, for each peer the individual information need is identi�ed. A further
summary of thesesearch interests on the local peer level is waived. It cannot be
assumedthat certain topics are investigatedrepresentativ ely. Only the summary
of all query-link associations over all peersmakesit possibleto form meaningful
emphases.How theseknowledgecommunities are formed and how the retrieval is
realized to enhancethe internalisation process,is described in the next section.
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4 Virtual Kno wledge Comm unities

As already brought up in the intro ducing chapter, peer-to-peer architectures
serve as the best candidate to build Virtual Knowledge Communities. Peers
span a decentral virtual network over some existing physical networks, thus,
hiding the complexity of connectingpeersdespite �rew alls or subnets(see�gure
2). The abilit y of peersto self-organizeinto peer groups can be utilized to build
private Virtual Knowledge Communities on top of these peers. Communities
represent a place for peerssharing interests or competencieswithin a common
knowledgedomain. Appropriate authorization routines thereby have to prevent
the non-restrictive accessto knowledgeor to resources.Note that each peer can
necessarilybelong to multiple groups. All theseconceptshave beenconceptual-
ized for instance in JXTA ([Sun, 2003]), the de-facto standard protocol suite to
build peer-to-peer architectures.

JXTA Virtual
Network

Virtual
Knowledge

Communities

Physical Network

Fig. 2. Peer-to-Peer Network with semantic layer for Virtual Knowledge Communities

4.1 Building of Virtual Knowledge Communities

Similar to the clustering of data and documents [Jain and Dubes,1988] a Virtual
Knowledge Communit y (VK C) is described through a selectedrepresentativ e.
The clustering of documents results in a partition of documents, which can
be described by a representativ e. For the building of a VK C this procedure is
reversedand �rst the possiblerepresentativ e of a group is computed. All peers,
which havesingleassociation that overlap with the representativ ecanbemember
of this group. The growth of such Virtual KnowledgeCommunities is described
in detail in the next subsection.The creation of representativ esof VK Cs from a
set of n peerstakesplace in four steps.

In step 1 all single associations from all peersp are uni�ed. Thus the multi-
set A contains all single associations from all peers:

A(Q,B) =
⋃

p2 P

SingleAp(Qp, Bp)
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with Q =
⋃

p2 P Qp and B =
⋃

p2 P Bp.
In step 2 all overlapping queriesand links are uni�ed. Through the combi-

nation of all local peer interests two kinds of overlaps can be identi�ed between
elements of A. Through the combination of all local PeerSycontents it is now
possiblethat individual query terms in di�eren t queriesemerge.Therefore it is
important to form the set of overlapping queriesas large aspossible.The combi-
nation of all thesequery sets is denoted QCloud. For example an element from
QCloud would bethe setof queries{{java}, {java, compiler}, {java, tutorial}}.
Multiple occurrencesof individual querieswerenot taken up in this examplefor
better comprehension.Still the multi-set property of A is important and nec-
essaryto re
ect repeated queries from the peers.The function QCloud over A

describesthe set of all overlapping queriesu ∈ U = P (Q) \ {}:

QCloud(A) = {u ∈ U |
⋂

u 6= ∅, u ⊆ domA,

∀v, v ⊆ domA,
⋂

v 6= ∅, u ⊆ v ⇒ u = v}

In contrast to the union over the query terms, identical links can occur in the
tuples (q, b) ∈ A with q ∈ Q and b ∈ B. With the function LCloud the set of all
grouped links can be described:

LCloud[u] =
⋃

Links[u]

The function Links[u] is an auxiliary function and supplies the union of the
pertinent link associations from the relation A to each element u ∈ U with:

Links[u] =
⋃

A[u]
A[u] refers to the secondposition in the tuple (q, b) ∈ A

A[u] = {b|∃q ∈ u : qAb}

In step 3 all overlapping query and link setsare summarized.By meansof
the relation SAQ0 (Seldom Asked Queries) all queries with the corresponding
links are summedup.

SAQ0(u, b) = LCloud|QCloud(A) = {(u, b)|u ∈ QCloud(A) ∧ b = LCloud[u]}

It can occur that the samelinks are stored to di�eren t queries.For this reason
all queriesfor theselinks must be summarizedin SAQ. This caseappears,if the
sameinformation needwith di�eren t queriesis described.

SAQ(u, b) = {(u, b)|b ∈ rangeSAQ0∧ u =
⋃

SAQ0� 1[b]}

Step 4 consistsof the assignment of all VK C representativ es.In the last step
all elements from the relation SAQ0 are selectedthat possessa certain size of
associated queries and links. This size depends on x, the minimum number of
queries,and y, the minimum number of links. Both valuesagain depend on the
total number of peers.At present the experimental investigation of thesevalues
takesplace.

V KC(U,B) = {(u, b)| u ∈ domSAQ, b ∈ rangeSAQ,

‖u‖ > x ∧ ‖b‖ > y}
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After the four steps,a set of VK C representativ es is found. The problem of
di�eren t verbalizations of the sameinformation needon individual peerscan be
intercepted by viewing the entire peer-to-peer net. Over QClouds alternativ e
queriescan be re
ected and over LClouds frequently and good-evaluated links
are collected. Both functions detect synonymous descriptions of a special issue.
The problem of polysemy cannot be solved by this procedure so far. However,
in the future a detailed analysis of each VK C on a semantic level is planed in
order to achieve a further partition.

4.2 Growing of Virtual Knowledge Communities in a Peer-to-Peer
Network

The growing of a VK C over somephasesis visualized in �gure 3.

Time

# Peers

Initial Peers 1st Growing
Phase

2nd Growing
Phase

nth Growing
Phase

SAQ
Query
ID

Link
ID

{1} {1,5}
{2,4} {2,3}
{3} {4}

SAQ
Query
ID

Link
ID

{1} {1,5}
{2,4,6} {2,3,7,9,

14}

{5} {6}
{7,8} {10}
{9} {8}

SAQ
Query
ID

Link
ID

{1} {1,5}

vkc ({2,4,6,10,11,17,22},1

{2,3,7,9,11,17,19,20,21})

{5} {6}
{7,8} {10}
{9} {8}
.... ....

1st
VKC vkc ({2,4,6,10,11,17,22},1

{2,3,7,9,11,17,19,20,21})

vkc ({7,8,13,14,18},2

{10,13,18,22,23})

SAQ
Query
ID

Link
ID

{1} {1,5}
{5} {6}
{9} {8}
.... ....

Fig. 3. Growing of Virtual Knowledge Communities

In the upper half onecan seethe SAQ relation { depictedasa table { for each
phasecontaining query and link IDs, which have beencollected by the individ-
ual peers.One can considerthe SAQ table as a databasethat has beenrealized
on a well-known peer existing in the virtual network. This well-known peer is
capableto receive so-calledseldomasked queriesfrom peers,which could not be
assigneddirectly to a certain existing group. As time continues, the SAQ table
grows with more links and queries,but also the number of peershaving joined
the virtual network. If a certain number of queries and links is transcended,
representativ esfor Virtual KnowledgeCommunities can be identi�ed (step 4 in
section 4.1). In the given scenario in �gure 3, a representativ e vkc1 ∈ V KC is
computed in the �rst growing phase,after the virtual network has been initial-
ized. The pertaining peer group is built afterwards, containing the respective
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peersthat have previously pushedthe link/query associations to the SAQ table.
The generation of this new peer group will then be announcedto all interested
peers.Peerscan pre-selectthe announcements for new Virtual KnowledgeCom-
munities through personalized�lters that are placed on the same well-known
peer.Oncea VK C is created the respective representativ e for it is removed from
the SAQ (SAQ \ vkcx).

4.3 Distributed Retrieval System

Figure 4 demonstrateshow a singlequery is being processedby ISKODOR. The
user initiates the processby sending out a query-request. This request is then
being sent to three di�eren t working units.

Information
need Query

Google

PeerSy

Query
Result

Indexing

Browsing

Querying
Virtual Knowledge

Communities

Querying
SAQ

vkc2
vkc1

Query
ID

Link
ID

{1} {1,5}
{2,4} {2,3}
{3} {4}

SAQ

Fig. 4. Architecture of ISKODOR

A common internet search engine, like Google, executesits general query-
process.At the sametime, the PeerSydatabaseis activated, looking for mem-
orized links that the user has used formerly. In parallel to those two processes,
the query is being sent out to the peer network. The query is being matched
to the representativ e vkcx ∈ V KC of the di�eren t VK Cs, starting with those
groups, the user is already member of and then extending the matching onto
the rest of the groups. There are two possibilities to consider now: (1) In case
there is a match and the user/peer is already part of this group, he simply gets
the appropriate links to his query. If the user/peer is not part of the group, the
group itself can decide on how the peer could now join the group and on how
many and what kind of links the user gets an inside on. This way the privacy of
the group is assuredand the group itself can decideon what kind of protection
is needed.(2) The other caseoccurs if no VK C exists to this speci�c query and
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all matches with the representativ e were unsuccessful.In this casethe query is
being matched to the SAQ-list to �nd out if queriesand links exist, that were
just too few in number to createa Virtual KnowledgeCommunit y. If this match-
ing has beensuccessful,the query is being inserted to the corresponding queries
and links. At this point the growing of the queries for this �eld of interest can
even lead to the creation of a new peer group based on the queries and links
concerned.If no match was found, the query is not being inserted into the SAQ-
list. The network cannot satisfy the query-request and no corresponding links
are sent back to the initiator.

After theseprocessesarebeingrun in parallel, the links from the three sources
are being represented to the user. The user can now navigate through the hits
and put relevant links into the PeerSydatabase.Oncea newquery-link entit y has
beeninserted that had beenfound by an internet searching machine, a matching
with the representativ e of the peer groups is initiated as described above. If a
matching is found, the corresponding peer has the possibility to join this group.
If no match is found, the query-link is being inserted into the SAQ-list.

5 Related Work

In the following sectionsomerelated systemsare presented. Basically we refer to
other studieswhich outline di�eren t methods to memorizeand sharebookmarks
and to form groups based on interest. Particularly , we portray three systems
that cover theseareasof interest.

WebView (cf. [Cockburn et al., 1999]) is a protot ype designedto improve
the e�ciency and usability of pagerevisitation. It doesthis by integrating many
revisitation capabilities into a single display space,an add-on window that in-
teracts with unaltered versionsof Netscape Navigator. Whenever the user visits
a page in Netscape, WebView keepstrack of the page and applies a tree-like
structure to the stored page-links. In contrast to PeerSy, this tool keepstrack of
every page that has beenvisited and it doesnot link the query that led to the
page to the appropriate bookmark. Furthermore, this system does not support
the collaborative aspect of sharing bookmarks between group members or the
creation of groups of interest.

The system CIRE (Collaborative Information Retrieval Environ-
ment) (cf. [Romano et al., 1999]) is dedicatedto support collaborative informa-
tion seekingand retrieving. It constitutes the implementation of an integrated
knowledge creation environment in which IR (Information Retrieval) and GSS
(Group Support Systems)are combined to provide integrated group support for
all tasks required for teams to work together, including information retrieval.
The di�erence to ISKODOR appears to be the client-server architecture the
system is build on. The ISKODOR architecture exploits both the extensive dis-
tributed resourcesavailable at the peersin addition to a centralized repository
of the SAQ-list. This minimizes the role of centralized resourcesfor low cost and
scaling.
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YouSearch (cf. [Bawa et al., 2003]) is a distributed (peer-to-peer) search
application for personalWeb servers operating within a sharedcontext. It sup-
ports the aggregation of peers into overlapping (user de�ned) groups and the
search over speci�c groups. The hybrid peer-to-peer architecture is augmented
with a light-weight centralized component. In comparisonto ISKODOR, YouSe-
arch does not provide bookmark-sharing, but more or less�le-sharing which is
supported by search mechanisms. Another di�erence is that groups are formed
via manual user action only and the system does not conduct any proposals
(e.g. directly approaches the peersconcernedto recommenda group creation)
to support and enhancethis process.

6 Conclusion

In this paper we presented our notion of Virtual KnowledgeCommunities based
on peer-to-peernetworks enablingusersto shareknowledgeabout webcontent on
the basisof personalsearch memories.As future work we seethe transformation
of the presented conceptstowards a protot ype basedon the Java platform and
on the JXTA framework for peer-to-peer architectures. We intend to evaluate
both the conceptsand the protot ype in a project madeup of lawyers,who aim to
sharequery-link associations for wordings of a law or annotations of convictions.
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