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ABSTRACT

The volume of published, digital content on the Internet
grows rapidly each year. Locating and obtaining papers rel-
evant to a particular topic becomesdi cult asthe sources
are dispersed extensively making tracking and collection a
lengthy and highly involved task. A solution to this frag-
mentati on of publicationsis to de ne a common architecture
whereby publishing rm s provide local citation graphs to
the remainder of the system enabling all rm sto congruct
a global citation graph. The requirements of the partici-
pants of such a system are numerous but are lead by the
needof eat body to remain sole maintainer and provider of
a published work. In this paper we present an architecture
to addressand accommodate the requirements of all parti es
involved in such a system. We show how our distributed
citati on system architecture is bene cial to the publishing
rms involved in the distri buted system as well as end users
of the system.
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H.3.3[In forma ti on Systems ]: Inform ation Search and Re-
tri eval| Retri eval models

General Terms
Design, Managemert

Keywords
Enterpri se informati on retri eval, distri buted retri eval, col-
laborati ve information networks, citation graphs

1. INTRODUCTION

The number and variety of research-oriented publications
added to electronic librari eseac year is growing at a stag-
gering rate. Coordination and partnership is needed to
tackle the inevitable resurgence of information overload.
Storage, managemen, navigation, analysis, and delivery of
such vast repositories require equal amounts of partnership

and delegation to those parties providing the published
papers.

Researders need tools that allow back-tracking and cross-
referencing of documents and citations. Such tools must
address the immediate needs and activit ies of researchers
whil e maintai ning sub-conscious requirement standards such
as quality of service, e ciency, accuracy and intuiti venes.
Sud issuesinclude easyaccessto relevant content, noti ca-
tion of publication meta data and their distribut ion. Pub-
lishing rms require complementary support including main-
tenance of meta data and assuranceof its correctness, distri -
buti on of meta data and complete documents, and knowl-
edge of publications from other rms for relevant and ac-
curate cross-referencing with papers published externally.
Consider the following example. Papers published through
the ACM Presshave internal cross-referencing allowing hy-
perlink creation on web pagesto other documents wit hin
the organization's data store. Any references to publi shed
works outside this body are not linked.

The cornerstone of research navigation and the activiti es
menti oned here is the citation. Citations are important
when conducting creditable research. A citation exists when
a given document is referred to by another. The higher the
citati on count for a document, the more other documents
are building upon the work it is discusdng. This is par-
ticularly important when such citati ons are non-re exiv e as
it can be inferred that members in the parti cular research
community are endorsing it asa pieceof important researc.
Papersthat have the highest hit count can be viewed as piv-
otal piecesof work. A reference is when a given document
refers to another; the converse of a citati on. Referencesare
parti cularly important for recertly published papers as it
allows researchers to quickly nd current work being done
in their area. When discussng citation graphs, links of the
graph represert a citati on in one direction and a reference
in exactly the opposite direction.

To construct an environm ent where citations and references
are utilized to their fulleg potential and in a way that pro-
vides robustness, accuracy, and dependability, contribut ors
to the ernvironment need to collaborate. In this context,
collaboration requires the participation of all major pub-
lishing groups. These groups, however, will not easly share
the contents of arti cles due to the desire to remain the only
governing body over those articles. What is needed is a



compensatory solution endorsed by all rms and is equally
bene cial to usersof the content. Firms require balances in:

Autonomy. the ability to retract parti cipation and en-
sure the subsequent retraction of the documents pro-
vided. In additi on, collaborati on doesnot assumecom-
plete replication of data and thus autonomic bodies
require that while they share the published material,
they are the only body providing that material upon
request.

Return on Investment. if collaboration is to occur,
any enterprise investing resourceswil | expect a return
on that invesment. These bodies require a rmation
of their control and prot over documernts shared and
distri buted.

Protection of Intellectual Property Rights. There is
a notion of accesscontrol when it comesto distri but-
ing publications. Publishing r ms generaterevenue by
sdling accessto their repostori es. However, being too
restrictive limits the scope of these published works.
Accesscontrol hasto both restrict user accessto these
repositories whil e promoting their contents.

Reputation. Each rm carries a reputati on in the re-
search community. It is important that any such col-
laborati ve system maintains these reputati ons. Lik e-
wise, con dence in the identity and dignity of other
parti es must be sustained.

We propose an architecture for collaborative, distributed

construction of global citat ion and reference models targeted

at resarch publications in Computer Science. This archi-
tecture is designed to benet enterpri ses,such as publishing
rms and search engines whil e showing that ameliorati on of
saviceto useas can be achieved by the e ectiveimplemerta-
tion of a distribut ed system. The system targets the issues
describ ed here while o ering improved service and availabil-
ity to consumersof researd knowledge and inform ation.

The remainder of the paper is organized as follows. Sec-
tion 2 overviews related work in digital publication and ci-
tation managenent. We specify the problem in section 3.
Section 4 presents the proposed solution. We we conclude
with a summary in section 5.

2. RELATED WORK

To provide context to the problem, outli ned in the following
section, we take a look at related work in building citation
indices and document repositories. Many tools have been
produced for this reason and thus dominate much of this
discusson. We divide these solutions into two categories:
centralized and distributed systems. We further elaborate on
each by providing an example.

2.1 Centralized Systems

Central ized information and knowledge repositories domi-
nate this market. Used both as research assistants and or-
ganizational tools, certrali zed repositories have illustrated
their importance. Scalability and e ciency are among the
greatest concernsin many of the large-scak central ized in-
formation repostories. Many such repositories are limited

by the number of documents that can be e ectively stored
and linked as well as by the number of remote connec-
tions they can save. Both limitations clearly impact ef-
ci ency. Some of thes tools include CiteSeert, The New
Zealand Digital Library (NZ-DL) 2, MathSciNet®, and Die
Universitat Trier's DataBase systems and Logic Program-
ming (DBL P) Computer Sdence Bibliography®.

The major drawback of centralized systems is the political
red tape that must be cut in order to enable coordination
between the publishing rms. Each rm wants to have its
publi cations promoted in the best possble manner. Proving
objective s critical and can be di cul t to achieve especially
when there are a few major stakeholdersthat dominate the
eld. Providing a level playing eld where new stakeholders
can enter may be palitically di cult to do in this model.
An unbalanced playing eld can result in somework being
obscured from view.

More dynamic and large-scale needs emerge from growing
enterpri ses and proportionately growing article repositories;
these enterprises o er compelling reasons to develop new
solutions to addressthe many drawbacks of certralized sys-
tems. Distri buted systems have the potential to overcome
these drawbacks.

2.2 Distributed Systems

Bibster® | an open source pea-to-peer (P2P) system for
managing, searcing and sharing bibliographic data con-
structed from BibTeX les | routes queriesto peersin a
network, thus providing fast, dynamic seard faciliti es. Bib-
ster is distributed but does not promote collaboration or
provider-side accesscontrol of the distri buti on. It operates
only on meta data, not entire texts, even where complete
texts are available. Consequertly, uses are left only with
a pointer to a paper and not the paper itself, even if that
paper is openly accessble.

Google Scholar® is distri buted in the network sensein that
it distri butes services across multipl e servers for increased
parallelism but is not necesarily distri buted in the societal
sense. It does encourage collaboration by allowing institu-
tions such aslibrari esand educational instituti onsto \p ost"
their document repositori esto the Google servers. To retract
parti cipation in the system, however, requires a manual and
explicit request to Google to stop serving the documents
previously shared.

OverCite [17] usesa distributed hash table (DHT) to store
a fracti on of the complete index table at eac parti cipating
node. It alsousesa DHT to store complete document les.
Hashtables are not always scalable when used alone. Hash
tabl esrely on unique addresseswithin the table for storage of
values (documernts). When the number of documents added
exceedsthe size of the table new entries begin mapping to lo-
cations of existing values. The modulus value must change

thttp://citeseer.ist.psu.edu
Zhttp://www.nzdl.org
3http://www.ams.org/mathscinet
“http://dblp.uni-  trier.de
Shttp://bibster.semanticweb.org
Shttp://scholar.google.com



dynamically to accommodate this circumstance. Alterna-
tively, chained hash tables may be used which bear their
own detrimental features. The goal of OverCite is to re-
duce lookup time, load-balance across multiple servers, and
reduce the amount of data maintained at ead node on av-
erage (i.e., each node maintains nearly the same amount
of information) by evenly distri buti ng the global document
sd. OverCite suggess that documents be stored at some
parti cipating node in the system. This approach may not
be desirable by publishing rm swho are not willing to have
their documents managed and stored at external sites.

Keselj and Cercone [9] propose a framework for peer-to-
peer (P2P) researd collaboration based on semantic web
and a push/pull architecture | PPDN. Variable and mul-
tiple agerts [8] are distri buted acrossa network to provide
facilities for acces control, delivery, and query execution.
The domain addressed by this framework bears senblance
to the one detailed in this paper, but is setin a P2P envi-
ronment. It doesnot neatly t into the scope of this paper
for the following reasons: (1) publishing rm s are large and
stati ¢ thus overhead asociated with P2P hosts joining and
leaving a network and the necesary update- o oding that
enaues is tri vialized, (2) identi cat ion and authentication
proto cols assaiated with P2P networks (e.g, [10, 16]) her-
ald unnecessry complexity and performance compromises.
Whil e promising, PPDN addressesthe P2P aspect of coop-
eration and not the integrati on of global citation graphs.

2.3 Centralized Example: CiteSeer
To better understand certrali zed systems we present an ex-
ample of one: Cit eSeer.

CiteSeer [4, 7] is one of the most well known and widely
used non-publishing sources of research material wit hin the
tradi tional elds of Computer Science and closely related
elds’. It indexes a large corpus of Computer Science re-
search papers allowing users to browse and seard in a vast
inter-connection of cross-referenced publications. One of its
most notable and advocated features is the citati on analysis
that it provides. In this type of analysis a directed graph
is constructed with the nodes as papers and the edges rep-
resented by citations; this type of graph is referred to as a
citati on graph.

Using a citat ion graph, to derive contextual information re-
garding a paper, becomestangible. Results come from anal-
ysis of how a paper is related to others. Papers citi ng papers
on Informat ion Retrieval exclusively are most likely about
Information Retrieval. Frequently cited papers are said to
have a greater impact than others and are thought to be
more important. It can be inferred that a paper that has
a large number of referencesfrom a variety of di erent au-
thors is a survey of a particular subject. These are some of
att ributes that CiteSeer minesfrom its constructed citation
graphs.

CiteSeer crawls the World Wide Web looking for Computer
Science researd papersthat it subsequertly downloads and
stores in a certral, monolithic database. Upon capturing

"A partial list might include: computati onal linguistics,
neuro-computi ng, and e-commerce

these documerts, citation analyses are performed. Foll ow-
ing complete document processing, users of the sysem are
allowed to query the database in addition to browsing and
mining the citation graph. There are some shortcomings
with CiteSee's central ized design. In addition to the system
being congantly overloaded with user's requests, CiteSeer
does not index paperswhosecopyright is owned by commer-
cial publishing rms (including publications from the ACM
and the IEEE).

2.4 Distrib uted Example: GoogleScholar
Similar to above, to show a distribut ed citati on system ex-
ample we present Google Scholar.

Google Scholar is much the same as CiteSeer but capitalizes
on Brin and Page's(now modi ed and unpubli shed) PageR-
ank algorithm [15, 5] to achieve increased accuracy over
CiteSeer. It doesnot, however, provide access (even limited)
to documents that are not freely available on the Internet,
but instead cachesonly links to the document. Access con-
trol takesthe form of website maintainers activ ely denying
accessto content on websites by deterring robots and other
crawlers. Proactive denial is counter-intui ti ve, egecially for
publishing rm s considering the issues of copyright and in-
tellectual property rights. Accessshould be granted only
when desired by providers of academic papers [2]. Such ac-
cessmechanisms leaves control of published content in the
hands of the enterpri se maintaining and managing it.

The citation graph obtained by Google Scholar is limited by
the papers and referencesGoogle can ascertain from crawl-
ing the Web. Also, caching references is sub-standard to
caching complete papers. If Google Scholar were to partner
with major publishing rms to grant accessto documents
and thus deliver complete texts to uses, the service pro-
vided to those users would be enhanced. As we further de-
scribe in section 4.2, if Google joined a collaborative system
with, for example, the ACM and IEEE, requeds for papers
that appear in the Google Scolar results, but are actually
located at the remote sites, could be delivered to the user
via the Google's interface while abiding by the accesscontrol
policiesof the ACM and IEEE.

3. PROBLEM STATEMENT

The previous sections provided a motivation for our work.
We are now in a position to de ne the problem addressed by
thi s paper. In the research community there are three major
identi able enterpri ses publishing rm s, research laborato-
ries, and end users.

In performing or using research, the requirements of each
are as follows:

Pub lishing Firms
Control of document repository and ability to with-
draw at any time without repercusson

Generation of prot or stability of resources(e.g., non-
prot organizations)

Retained rights of intellectual property



Figure 1: Node roles and redirectio n. Access is

achieved through multiple entry points

Strong and maintainable reputation in the researdh
community

Increased seaviceto customers and members (increas-
ing reputati on)

Reciprocity of resourceinvestmerts (get morein return
than was available before collaboration)

Lab orat ories

Accessto resources of importance (e.g., publications)

Integrated and complete view of knowledge repository
(e.g., no broken links in the citation graph)

End Users

Access to resarch resources (e.g., publications, cita-
tions, and meta data)

Single and multi ple entry points (e.g., global and local
search)

Value-added service (e.g., analysis of the citation
graph)

A system architecture is needed to accommodate all these
requirements. What we propose next attempt s to address
ead requirement in turn and provide a comprehensiwe solu-
tion that encouragesthe enterprises involved to partic ipate
in the collaborative, distributed system and realize the mu-
tual benet of doing so. By cooperating to provide a more
complete citation graph index, ead parti cipating entity re-
ceives a return in the form of satisfaction from its members,
interest from its customers and reciprocity from the other
parti cipants within the system.

Figure 2: Distributed citation grap h showing pub-
lishing rm s, laboratories , and end users

4. DISTRIBUTED CITATION INDEX

The global citation graph is basedon documents publi shed
by variousinstitut ions such as publishing rm s, universities,
corporations and individual s. In the proposed model each
of the instituti ons provides a subgraph, or graph fragmert,
that contribut esto the global citation graph. A graph frag-
ment produced by an institut ion will have internal edges
betweendocuments that it publishes. In additi on, this frag-
ment will have external edgesto documents in graph frag-
ments belonging to other instit uti ons. T husthe global graph
can be viewed asan arrangement of all graph fragments con-
nected by external edges.

The notion of prim ary and secondary authori ties is modelled
after the Domain Name Sever standard [11, 12]. Primary
and secondary domain name servers relay requeds for host
name address lookup to severs that are better able to ser-
vice the requed basedon locale and resources Load balance
and timely response nd synonymous meaning for these au-
thori ti es.

A primary authority is de ned as an instituti on providing
a graph fragment basedon its own document corpus. The
authority will be responsible for that graph fragment and
the fragment is given a unique identier. A node in the
global graph is a document and is uniquely assciated with
the graph fragment to which it belongs. This givesprimary
authori ties full accesscontrol over distri buted corpora.

Secondary authoriti es provide relief for primary authoriti es
by sharing the load. Queries or other requests made to
primary authorities or hubs described below. Seconday
authori ties maintain a complete citation stack in the same
manner asprimary authoriti es. Alternati vely, secondary au-
thori ti es, like secondary DNSs, may maintain only porti ons
of GCGs based on temporal clustering, accessfrequency,
and soforth, delegated to them by their associated prim ary
authority.

The end-use of a distributed citat ion index system is con-
nected to the network through a mediating hub. Hubs are
specialized nodes of a distribut ed system [13] that act as
proxies for interpretat ion and redirection of queries to the
global graph on behalf of the end-user and forward the
queriesto the appropriate authorit ies. Hubs are query de-



pendant and will forward a query to a se of authorities,
either primary or secondary, to ensure maximum coverage
of the desired graph. In the caseof a query over the com-
plete CiteSeergraph (e.g., to determine the citation count
of an article), the hub must query every graph fragment
represented by either a primary or secondary authority.

To better understand this system con gurati on, consider
Figure 1. There are multiple access-points to the distributed
citati on index system: directly through primary authori-
ties(e.g., A goesto the IEEE Xplore website), through sec-
ondary authorities(e.g., user C using Dalhousie's proxy ser-
vice to the ACM digital library) or through one of various
hubs in the network (e.g., perhaps B connecting through a
local ISP). If accessis requested through A in Figure 1 for
documernts that may exist in both ACM and IEEE, the re-
quest may beredirected throug h the Hub. The hub provides
relief for the primary authorities and requires only knowl-
edgeof the global citati on graph in order to send porti ons of
the requeststo the primary authorit ies as required. Results
are returned to A via the hub.

Every primary authority, seconday authority, and hub in
the network maintains a complete list of all primary author-
ity systems. If a new system joins the network it can obtain
this list from any other system currently in the network.
They can then query the primary authoriti esto provide in-
formation about their optional secondary authorities. As
a result, the system scales simply as few nodes need to be
noti ed when new parti cipants join.

To reduce the network load, the hub can attempt to for-
ward or route queriessuch that a minimum number of sys-
tems need be to involved in a search. This procedure is
useful when a primary or secandary authority also servesas
a secondary authority for some other graph fragment that
needsto be queried. In this case the hub can pack queries
over di erent fragments into one request negating the need
to contact an additional authority. A detailed design and
analysis of the query processing in the system will be ad-
dressed in an analysis of the proposed architecture. In ad-
dition to its query forwarding responsibil iti esa hub can also
cache query responses and congruct a cached fragment of
the global graph for faster response to recurring queries.
Mechanisms used to notify caches of changes to the graph
structure will also be addressd during an analysis of the
proposed architecture.

A response to a query commonly contains a set of docu-
ments linked through citations. Optionally, the primary or
secondary authorities that have been queried can also re-
cover Universal Resource Locators (URLs) for the full text
of a document. Publishers of documents in a graph frag-
ment are also the primary authority for that fragment; the
publishe has absolute control over the URLSs providing ac-
cessto the full text of the document. Giving publishers
thi s responsibility allows them to maintain their current li-
censing model for documernts; they often grant accessto
documernts based on IP-addresses for educational institu-
tions and username/password for other subscribers. This
is a course-graned approach to accesscontrol and inhibits
e ective exchange of documents and resources. Alt ernativ e
accessmethods exist which provide more robust and dy-

namic access such asrole basedaccesscontrol (RBAC) [18].

The external edges betweengraph fragments are exchanged
among their corregponding primary authorit ies to validate
edge endpoints. Primary authoriti es must register all in-
coming and outgoing external edges To provide additi onal
distri buti on, resourceutilization and to support primary au-
thori ti es with large document corpora, institut ions can mir-
ror the graph fragments provided by primary authorities;
these institut ions will be referred to as secondary authori -
ties The primary authority owning the fragment must au-
thori ze the mirroring and is responsible for disseminating
changesto the graph fragment to its secondary authori ties.
Update noti ¢ ations are also sert to other primary author-
ities whenewer a graph fragmert is altered thus allowing as-
sociated fragments to be updated.

We submit not to providing all documents to all persons at
all times but instead provide a common infrastructure for
users to acces published arti clesthey would normally have
accessto wit hout navigating to numerous sites. By making
a requed to LNCS, documents that are accesgble by the
requesting party at the ACM are also returned.

4.1 CaseScenario

Consider the diagram in Figure 2 of various research labora-
tori esand publishing rm s. The laboratories consist of two
Universities and a private company. The publishing rm s
consist of the ACM, IEEE, and Springer's Lecture Notes in
Computer Sdence (LNCS)®. All laboratoriesand rm s run
and maintain their own local citat ion graph system for their
own purp oses

Suppose universities wish to share and exchange research
openly. Company X has only accessto a single database,
the ACM library in this example. Company X does not
wish to share its information as it is proprietary and sen-
sitive in nature. laboratories have purchased accessrights
from publishing rms to accessthat data. They also have
the option to share the citati on analyseson their local digi-
tal repositories wit h eadh other. Thi s sharing is benec ial to
universities from the research perspective but not for Com-
pany X, from the business perspective. It is also in the
best interest of the publishing rms to share citati on anal-
ysesfreely to congruct the global citation graph ulti mately
enhancing the service provided and the search capabiliti es
available to users.

Anot her bene t awarded to this approach is the integrity of
document meta data. Reputation and social capital incen-
tives ensure owners and providers of inform ation maintain
the data they provide thus sustaining a higher quality of
data and information access, resulting in sustained access
to the data by users{ in other words, increased stickness[6]
of the inform ati on repository.

4.2 Distrib uted Ar chitecture Stack

Building from the scenario of Figure 2 we propose the ar-
chitecture of Figure 3 to address the issues outline above.

Each parti cipant of the distri buted citation graph system

8http://www.springer.de/comp/Incs/



Figure 3: Distribu ted Citation System Arc hitectu re

maintains an independert, but logically overlapping, stack.
At the foundati on of thi s architecture lies a wide-spread and
virtual ly shared global citati on graph (GCG). Authori ties
parti cipating in the system and contribut ing to the graph
maintain their local citation graphs, and may optionally
maintain a copy of the global graph. Queries on the sys-
tem are rst inspected at this layer but are executed and
resolve matching sets later at the local citati on graph layer.

From inspection of the GCGs out-going links for a given
documert, ead publishing rm is able to redirect submit-
ted requestsfor references,meta data, and documentsto the
appropriate maintainer of the local graph fragment wit hin
which the requested entity is located. Redirection employs a
mapping betweenrequeged documerts, local graphs and the
network node holding that documert. In this way, the GCG
acts asan overlay to the physical network underlying the ci-
tation graph, similar to the technique used in multi -database
managemernt systems [14]. Remote users (e.g., corporate or
academic laboratori es, individual s) interface with the grid of
parti cipating nodesvia a predetermined set of access points
and remain oblivious to the redirection and retri eval meth-
ods employed. This multi-point acces framework alleviates
unnecesary searding or condderation from the user. For
guerieson local graphs, redirection is not required.

When the sitesretaining the requeded documents are found,
gueries and connections are relegated to those points and
accessprivil egesare resolved.

Both methods employ variable granular accessto content.
Entire repositories, groups of publications, areas of inter-
ed, temporal clusters (e.g, most recently viewed papers),
individual papers, sections of papers, and meta data are ex-
amples of granular levels of content. Semartic Web [3] pur-
ports to addressthis issue by allowing accessto content at
arbitraril y re ned levels. AC techniques are not described
further. The Symposum on Acces Control Models and
Tedhnologies [1] maintains an extensive library of proceed-
ings on acocess control issues.

If accessds granted, communication movesdown the stack to
the analytic layer of citation graph analyses. At this stage
contextual informati on is gathered on the nature of publi-
cations: articles with a relativ ely large bibliography (high
count on outgoing links in the GCG) may be surveys those
with a high count on incoming references are likely to be
regarded as seminal publications in a eld. This layer of
the stack exists for contextual retrieval purposes. It is situ-
ated at thislevel asit relieson the LCG for its analysis but
can be accesgd only by authorized users (e.g., laboratories,
individual s, companies).

The analytic layer is not, however, required to browse and
navigate the local citation graph. This layer of the stack
maintains the connected graph of those documents located
at the site. The LCG contains one-ended links from doc-
uments in the LCG to known but unreachable documents
outside the LCG. This state of the graph providesthe cat-
alyst when the site LCG is spliced with external LCGs to
form or update the GCG.

Finally, below the LCG rests the local document repository.
Proces®s operating on this layer update the adjacent two
layers. Newly introduced documents are rst processed and
cross referenced with documents in the LCG, then intro-
duced as new nodesappropriately. Referencesto documents
outside the LCG are left single-ended. The GCG is then up-
dated and single-ended links are fastened to exterior nodes
(i.e., documentslocated at other hosts). Deleted or updated
documerts follow similar process.

The key to this architect ure is the exchange of local citation
indices with other participants of the distributed citation
system. Communication between the publishing rm s oc-
curs below the system stack. Remote rm s are treated as
specialized users, as in the architecture diagram of Figure 3
and must undergo the sametypes of accesscontrol authen-
ti cation. Exchange of LCGs and parallel updating of rms'

respective GCGs provides for real-time acauracy and inte-
gration of the enterprises.

5. CONCLUSIONS

The proposedarchitect ure delegatesmaintenance and access
control responsibilitiesto the partiesprovidi ng research doc-
uments to the system. This allows publishers to maintain
the citati on graph of their own documents and provide exter-
nal referencesto other publishers. Without restri cting the
quality of service provided to the research community, this
approach has seweral advantages for individual publishers:

The publisher can maintain its licendng model for
their documernts

No third party requires accessto the document corpus
to construct the citat ion graph

No third party requires accessto the complete docu-
ment index or citation graph

Whil e catering towards these individual interests, the
system is expected to receive a high acceptance and
signi cant support from publishers



Distri buting a system such as CiteSeer in this manner will
address the shortcomings of its current central ized desgn.
By delegating access control to publishersand sharing graph
fragments, thi sapproach will promote construction of acom-
plete global citati on graph. Publishers will be more inclined
to provide high quality meta data for their documents since
it will increasetheir visibility thus attract ing more readers.
The distributed nature of the archit ecture allows for greater
availability and increased robustness for users. We believe
these reasons provide justi cati on and motivation for pur-
suing this project further.

This paper has proposed an archit ecture to e ecti vely dis-
tri bute the global citation graph and document store ob-
saved in CiteSeer. The system is intended to catalyze the
partnership between the major players of the computer sci-
ence research community. Enterpri ses interested in con-
tri buti ng to a larger, more comprehensive vision of shared
citati on analysisand in improving the experience of its mem-
bers would seegreat promise in this design.

Acknowledgements

We would like to thank Dr. Vlado Keselj, Dr. Evangelos
Milios, and Peter Spierenburg for their suggesions and re-
marks.

Tony Abou-Assaleh and Chris Jordan are supported by
the Natural Sciencesand Engineering Research Council of
Canada (NSERC) postgraduate scholarships.

6. REFERENCES
[1] Symposium on access control models and technologies.
http://w ww.sacmat.org.

[2] H. Berghel. Regponsible web caching. Communications
of the ACM, 45(9):15{20, 2002.

[3] T. Berners-Lee. Semantic web. In XML200 0. World
Wide Web Consortium , December 2000.

[4] K. Bollacker, S.Lawrence, and C. L. Giles Citeseer:
An autonomous web agert for automatic retri eval and
identi cati on of interesting publications. In Agents
'98: 2nd International ACM Conference on
Autonomous Agents, page 116, 1998.

[5] S. Brin and L. Page. The anatomy of a large-scak
hypertextual Web search engine. Computer Networks
and ISDN Systems 30(1{7):107{117, 1998.

[6] A. A. Bush and A. Tiw ana. Designing sti cky
knowledge networks. Communications of the ACM,
48(5):67{71, 2005.

[7] C. L. Giles K. Bollacker, and S. Lawrence. Citeseer:
An automatic citati on indexing system. In DL '98:
3rd ACM Conference on Digital Libraries, pages
89{98, 199%8.

[8] V. Keselj. Multi- agert systems for internet information
retri eval using natural language processing. Technical
Report CS-98-24, University of Waterloo, 1998.

[9] V. Keselj and N. Cercone.PPDN { a framework for
peer-to-peer collaborativ e researdy network. In WSS

'04: Proceedings of The Second International
Workshop on Web-based Support Systems, Septenber
2004. In conjunction with 2004 IEEE/WIC /A CM
Internatio nal Conferenceon Web Intelligence.

[10] S. Marti and H. Garcia-Molina. Limited reputation
sharing in P2P systems. In EC '04: Proceedings of the
5th ACM Conference on Electronic Commerce, pages
91{101, New York, NY, USA, 2004. ACM Press.

[11] P. Mockapetris. Domain names - concepts and
facilities. RFC 1034 (Standard), November 1987.

[12] P. Mockapetris. Domain names - implemerntati on and
specicati on. RFC 1035 (Standard) , November 1987.

[13] J. C. Navas and M. Wynblatt. The network is the
database: Data managenent for highly distri buted
systems. In SIGMOD '01: Proceedings of the 2001
ACM SIGMOD International Conference on
Management of Data, pages544{551, New York, NY,
USA, 2001. ACM Press

[14] M. T. Ozsu and P. Valduriez. Principles of Distributed
Database Systems 2nd Ed. Prentice-Hall, Inc., Upper
Saddle River, NJ, USA, 1999.

[15] L. Page, S. Brin, R. Motwani, and T. Winograd. T he
PageRank citation ranking: Bringi ng order to the
web. Tedhnical report, Stanford Digital Library
Tedhnologies Project, 1998.

[16] N. Saxena, G. Tsudik, and J. H. Yi. Admi ssion control
in pea-to-peer: design and perform ance evaluation. In
SASN '03: Proceedings of the 1st ACM Workshop on
Security of Ad Hoc and Sersor Networks, pages
104{113, New York, NY, USA, 2003 ACM Press.

[17] J. Stribling, I. G. Councill, J. Li, M. F. Kaashoek,
D. R. Karger, R. Morri s, and S. Shenker. Overcite: A
cooperative digital researd library. In IPTPS '05:
Proceedings of the 4th International Workshop on
Peer-to-Peer Systems Ithaca, NY, February 2005.

[18] M. Wil ikens, S. Feriti, A. Sanna, and M. Masera. A
context-related authorization and accesscontrol
method based on RBAC. In SACMAT '02:
Proceedings of the Seventh ACM Symposium on
Access Control Models and Technologies, pages
117{124, New York, NY, USA, 2002 ACM Press.



