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Abstract

In this paper a novel approadh concerned with the
general framework of Information Management, is
presented. We use aMulti-Agent System to cope with
the problem of Distributed Information Retrieval. The
Distributed Information Retrieval task deds with the
colledion of information from multiple axd usualy
heterogeneous information sources that exist in a
distributed environment, which in our case is the
World Wide Web.

1 Overview of the system's architedure

The alvent of large wide-areanetworks, Internet is
the most charaderistic example, has caused a vast
increase both in the information avail ability and in
the number of the information sources. This evolution
offers grea promise for obtaining and sharing diverse
information conveniently. However, the multitude,
diversty and the dynamic nature of on-line
information sources make accesng any spedfic
pieceof information an extremely difficult task.

One way to address these isaues is to use
information agents. These Distributed Information
Retrieval agents should be aleto:
= accet arequest from a human or agent client,
= trandate this request into a language understood

by the information sources,

»  identify the information sources that contain

information relevant to the request,

pose the request to these sources,

colled the corresponding results,

processthe returned results and

present the results to the dient.
We have foll owed this approach in developing our
information retrieval system for the WWW. The
overall agent architedure is as foll ows (seeFigure 1).
The inter-agent communication is based on standard
Knowledge Query Manipulation Language (KQML)

performatives [Patil 94]. Our system suppats a
colledion of information sites. The notion of an
information site is used to describe alogicd entity
that contains a set of information sources. It is a
logicd clustering of adtual-physicd WWW sites.

In ead information site, we find the extractor
agent and the information source agent. The
extrador periodicdly scans through al the
information sources, represented as URLS. These can
be URLs of the toplevel web pages of various
reseach groups, for example. The extrador traverses
through all the local documents (e.g. documents
belonging to that research group) that are accssble
via a dain of links from the top-level page. It
clasdfies eat such page & 'interesting or not and
extrads from ead ‘interesting web page the key
feadures and represents these feaures in a
relational/attribute-based form. For example, it will
describe an identified reseach paper in terms of
attributes like aithors, title, topics, keywords,
document location (URL), abstrad of document
locaion (URL) and referenced authors.

Figure 1

Finaly, these important fegures are passed to the
information source aent. The information source



agent handles the query answering process It accets
retrieval enquiries and attempts to evaluate them
against the dtribute-based information. It ads as an
informetion gateway to the information sources it
manages.

In most cases, we envision a structure where the
extrador and information source gents are located in
the same locd network as the information sources
they manage. However, this is not an architecural
requirement but an efficiency consideration.

The information source gent also registers an
abstrad of the dtribute-based information it contains
with an information supply facilitator agent, for the
authors and topics it covers. This fadlit ator manages
semanticdly similar information as nt from the
various urce aents. For example, an information
supply fadlit ator agent that manages the general area
of Al will generaly recave queries to do with any
subtopic of Al and will route it to the gpropriate
information source gyents that have registered with it.
Finaly, ead information supply fadlitator, in turn,
advertises its cgpabiliti es with a matchmaker, the
corner stone of the distributed retrieval system.

In contrast to the @ove, the user agent is the one
that the end user interads with. It formulates the
user's query, entered via a web browser form,
trandates into an appropriate query message format
and displaysthe answers.

The user agent makes use of the services of a
corresponding information request facilitator agent.
This fadlit ator accepts requests from user agents. It
has the role to identify which information supply
fadlit ators have the potential to satisfy this request
through the information source aents that have
registered with them. The request fadlit ators initialy
find out about information supply fadlitators via
queries to the matchmaker. Theredter, they maintain
direa information about these supply fadlit ators and
the individual information sources that they manage.
This is based on queries that have been successully
answered by them. Metadata cading and cquery
planning are anong other adivities of an information
request fadlit ator.

Concluding with the overal agent architedure,
there ae two aher agents. the matchmaker agent
and the descriptor agent. The matchmaker serves as
an advisor agent that fadlitates the diffusion of the
requests to agents that have expressed an ability to
handle them. This is performed by accedting
advertisements from supply fadlitators and
recommendation requests from request fadlit ators.
The descriptor contains terminologicd knowledge
that is exploited bah by the extrador during the
elicitation of the key attributes and the information
request fadlit ator for potential query reformulation in

order to overcome ontologicd differences between
the various agents. This knowledge is provided by an
external thesaurus (like WordNet).

2 The roles of the agents

The behaviour of the various agents will be
illustrated below in a more detaled way. The
extrador will be described using example(s) that
concern the initialisation phase of our system. The
remaining agents will be presented using example(s)
that concern the query-processng phase.

2.1Extractor Agent

The tasks to be performed by the extrador include
deteding which web pages contain relevant
information, extrading this information and
representing it in an attribute-based format.

The input of this agent includes primarily a set of
top-level terms that outline the ontology of the agent
and a set of 'top' URLs. These URLs identify the site
(web page(s) of a reseach group for example). For
our technicd report applicaion, this st of terms
describes ome particular scientific subjeds that are
expeded to cover the aeds) of the various
publications to be found at the site. This st is not
meant to be exhaustive. Upon initialisation, the
extrador asks the descriptor to supply it with
synonym topic names and the subtopic names.

The @ove URLs included in the given set, are
noted as 'top’ since we require that al the relevant
information for this pedfic site be locaablein URLs
accessble from the Web page(s) corresponding to the
URL(s). Locd private documents not generaly
accessble via the WWW cen aso be taken into
acount. In any case, SGML, HTML and text
pagesfiles will be eamined by the etrador.
Postscript and other formats will also be examined
after being converted to text.

The etrador €licits the links-references of eat
page, discards the ones that do not match the name or
type preconditions named above and fetches the next
page. The process $ops when all the pages have been
traversed. One heuristic that the extrador uses during
the dasdfication of interesting pagesis that a heading
like publicaions, reports, papers and bibliography are
very good indicaions of an ‘interesting page.
Similarly, if the 'reports term appeasin alink, thisis
also an adequate indication. Another heuristic used is
that terms like proceeadings, conference workshop
indicae apublication type. If the neaby text contains
strings that are names and titles, the page is aso

approved.



The extrador goes throughthe pages of interest to
spot any textual portions that are used to describe
some technicd paper. First, the page is partitioned
into smaller textual parts. In our example page, list
tags are used to separate nceptually different
portions of text. Other HTML formatting information
like paragraph tags, horizontal rules or empty lines
can aso be used. Note, however that for plain text
pages, the formatting information is limited so the
heuristics to be gplied are mnstrained.

Then ead small textual part is examined. The
appeaance of a term like publication, bibliography,
papers and reports usualy guarantees that the portion
to come will have paper-related information. Other
portions are initially tested to seeif there is a chance
to include such information (names, title-like strings
or terms like workshop, conference and proceelings
are used as hints). The atributes that we seek to
extrad are the aithors, the title, the type and the
location of the report and its abstradt

Finaly, the detedion of the @ove dtributes is
performed with the asdstance of other formatting
information. For instance, authors are often enclosed
in addresstags; the titles in named anchors whil e the
locations are dways in reference links. Other
possbiliti es include dtations and emphasis physicd
formatting for titl es, name-like strings for authors and
URL-like strings for locations.

The topic of areport is extraded from the title. It
is done by looking for terms inside the titl e that match
the given topics. For example dter the extrador has
elicited the title "A novel deductive query processng
technique" then the inferred topic is "Deductive
Databases' asaiming that additional information
about this topic is provided by the descriptor. The
information about referred authors, titles etc., is
classfied in a smilar manner looking into the
bibliography or references sdion of an adual
document. After al the pages are examined, this
attribute-based, relational information is passd to the
information source aent (for the format of this
information, seethe sedion about the source gent).

2.2User Agent

The user enters the query in a Prolog-like form
and sets various arguments that determine a
customised processng. The predicates that the user
may include in the query belong to a predefined,
suppated set and they correspond to the most
significant attributes of a technicd report. This st
contains the aithors, the title, the topic, the
document_type, keywords and referred authors and

titles. An example query is.
docurent ( ?D)

and docunent _type( paper, ?D)

and {aut hor(["KLC'], ?D)

and (topic(["CSCW], ?D)

or topic(["AL"], ?D))

and referred_author(["SG'], ?D)

or author(["NS"], ?D

and topic(["CIS"], ?D) }

This a query requesting URLSs of paper documents
which are ather authored by "K.L.Clark" (KLC) and
are related to the topic CSCW or the topic Agent
Languages (AL), and include "S.Gregory" (SG) as a
reference Alternatively, they can be aithored by
"N.Skarmeas' (NS) and related to the topic
Cooperative Information Systems (CIS). The various
values are abreviated in the aove query (and the
following ones) just for ill ustration purpases. During
system operation, the values have to be givenin full.

The various options for the retrieval process are
the following. One is used to spedfy the depth of the
query procesing by the information source aents
that will eventually recave the query. The first option
is that the source aents nead only to access their
atribute database when attempting to answer the
query. The other two seach level options indicate
that additiona seach may be performed. Hence
whenever a query cannot be aswered by the
information contained in the atribute database, any
keyword terms mentioned in the query will be used to
perform a keyword seach on the text of the estrads
and dacuments correspondingly.

Another option indicaes if the results are to be
presented bad to the user "al-together” or "one & a
time". Thereisaso an upper bound on the number of
answers that the user desiresto see

Another option turns the airrent query into a
persistent request. For a persistent request, the user
will be aitomaticdly notified of any new documents
that satisfy the query. Thisis performed by sending a
mobile ggent, fed with the arrent query, to the sites
of the source aents that answered the query
succesgully. This mohile ayent has a monitoring role.
It periodicdly interrogates the source ayents for any
new documents, colleds any that satisfy the query
and propagates them badk to the user agent.

A dired addressng choice enables the user to
spedfy the identiti es of certain source ayents that will
be @le to help in the answering of the aurrent query.
This can happen if for a previously posed query
(smilar to the airrent one), some source aent
returned highly relevant results.

After submisdon of the query, the user agent
transforms it into a KQML-style message structure to
allow essy inspedion and transformation by other
agents. The transformed query is then sent to the
corresponding information request fadlitator that
typicdly resides physicdly close to the user agent.



The results are displayed through a web interfacevia
an HTML page.

2.3Information Request Facili tator

The information request fadlitator agent is in
charge of organising the query answering process It
accets queries from user agents and attempts to find
which information supply fadlitators have the
potential to help answer part of or the entire query; in
other words, it ads as a query planner. Some of the
adivities it performs include query reformulation,
consulting and subscribing to the matchmaker, and
metadata cading. These roles will be eplained
throughthe use of our example.

Suppacse the query given above has arrived at the
information request fadlit ator to be processed. If this
mentions authors or topics that the fadlit ator has not
previously encountered, it will ask the matchmaker to
match the atribute values that are mntained in the
query with corresponding advertisements by supply
fadlitators. The recommend request sent to the
matchmaker would contain the foll owing query:

i nfo_supply_facilitator(?SF)

and {author (["NS"], ?SF)

or topic(["CSCW], ?SF)

or topic(["AL"], ?SF)

or referred_author(["SG'], ?SF))

or author(["KLC'], ?SF)

or topic(["CIS"], ?SF)}

This request indicates that any match on the
attribute values existing in the original query is
sufficient to make it useful to forward the original
query to any supply fadlit ators that have alvertised
that attribute value. Recdl that the matchmaker holds
advertisements that are @straded forms of the
information processng cgpabiliti es of the information
supply fadlitators. Therefore, if we insisted on a
request identicd or equivalent to the origina query,
we would be in gea danger having a very low
success ratio becaise of some information requests
that can be handled but are not advertised.
Additionally, the supply fadlitators (and after them
the source gyents) will acdually receéve axd process
the original query (or an equivalent one). Thus, there
is no danger of obtaining answers irrelevant to what
the query expresses because of the &ove looser form.
Alternatively, the request fadlitator attempts to
satisfy the query using information previously
supplied from the matchmaker.

Note that during the procesing of a match
between author names, we do not insist in exad
match, a "fuzzy" match is aufficient. The notion of
fuzziness in this case dedares that a name like
"K.L.Clark" as exists in our example query, will
succesgully match any names, like "Keith L. Clark",

"Keith Clark”, "Keith LeeClark", "K. LeeClark" etc.
In other words, the surname has to be identicd while
the first name(s) have to be identicd only if given in
full. If only initials are provided, the first name(s) that
begin with these initials are mnsidered as siccessul
matches. In conclusion, if the matchmaker succeeals
then the query is passed to the supply fadlitators
detected. However, the query that is passed dces not
have to be identicd to the original one, as will be
explained below in the matchmaker sedion.

2.4Matchmaker & Descriptor

Let us now consider matching of topics as
performed by the matchmaker. Topics as <ientific
subjeds can be dassfied in a cnceptua hierarchy in
contrast to the name values. A topic car have
synonym topics, several subtopics (topics used to
describe asubjed more spedfic than the aurrent one)
and supertopics (topics used to describe a subjed
more general than the aurrent one). For example, the
topic of Multi-Agent Systems can be referred also as
Intelligent Distributed Systems and Agent Software,
has as immediate subtopics WWW agents and
Interface a@ents while it belongs to the immediate
supertopic of Distributed Al. It should be obvious
that these other topics can have synonyms and sub or
super topics of their own.

The matchmaker should consider this conceptual
hierarchy when it receves a recommend message by
a request fadlitator. As mentioned in the genera
system overview, the descriptor agent is the one that
holds terminologicd knowledge cagable of
identifying synonyms, hypernyms and hyponyms of a
spedfic term. Therefore, when a recommendation
request arrives to the matchmaker containing attribute
values that concern topics, the matchmaker has in
turn to consult the descriptor about the conceptual
placament of thistopic in the topic hierarchy.

If for example the remmmendation request
involves arriving at the matchmaker the topic of
Multi-Agent Systems al its gnonym topics and
subtopics will be identified by querying the
descriptor. For the supertopics only the ones that
have a maximum difference of two levels will be
returned, so only the "parent" topic Distributed Al
and the "grandparent” topic Al will be returned. Note
however, that the éove querying will take placeonly
for topics that have not aready been encountered.
This is becaise the matchmaker cades information
that comes from the descriptor in order to avoid
consulting it continuously.

The matchmaker, during the process of matching
incoming requests with advertisements of supply
fadlit ators, will use dl the related topics. Moreover,



when it answers the recommendation enquiry it
indicaes which topics are suppated from the
corresponding supply fadlitators as well as the
relation of these topics to the ones mentioned in the
recommendation enquiry. Therefore, if for example
the matchmaker finds one supply fadlitator that
suppats the "Mobile Agent Langueges' topic (which
is a subtopic of "Agent Languages") and another one
that supparts the "Al Langueges' topic (which is a
supertopic of "Agent Languages'), it will i ndicate this
in its response. Consequently, when the request
fadlitator receves this response it will reformulate
the original query sending two dfferent variations of
it. To the first supply fadlitator, it will send a query
which is the same & the original one except that
instead of having the "Agent Langueges' topic it will
have the "Mobile Agent Languages' one. Similarly
for the second the topic, "Al Languages' will replace
the "Agent Languages' one.

The relationship (synonym, hyponym, hypernym)
between any requested topic and the adualy
supparted onesindicated in the matchmaker response,
will be forwarded to the user agent. The user agent
will take into acwount this information when
presenting the final results to the user. Results for
identicd or synonym topics will be presented first as
they match the original query most closely. Results
for subtopics will follow by pladng the immediate
subtopics first and then subtopics of subtopics and
etc. Finaly, results for supertopics will be left at the
end since they match approximately the original
query. Again, immediate supertopics will have
greder display priority.

2.5Information Supply Facili tator

Let us enow what happens when an information
supply fadlitator recéves a query from the
information request fadlitator. Prior to any request
processng, during the set-up o the system, the
information supply fadlitator accedts registrations
from source aents. When they register, the source
agents end an abstraded form of the information
they possess This simmary information includes the
attribute values that occur in a repeaed manner in
their information bases. Furthermore, the most
frequent part of that information will be advertised to
the matchmaker that covers a more general scientific
area

Now when a query arrives to the information
supply fadlitator, the ontent of its summary
information has to be examined in order to identify
which of the registered source aents contain
information to pdentially answer the query. This
operation will be performed using a simplified form

of the origina query where only the dtributes that
can have repeded values will be incorporated
(authors and topics in our case) since these ae the
ones included in the summary information. So for our
examplethis smplified form will | ook like:

docunent ( ?D)

and {author(["KLC'], ?D)

and {topic(["CSCW], ?D)

or topic(["AL"], ?D}

and referred_author(["SG'], ?D)}

or {author(["NS"], ?D)

and topic(["ClIS"], ?D}.

If this query can be answered against the summary
information of the supply fadlit ator, then the original
query will be routed to the source aents that are
responsible for the successul outcome. Otherwise,
the information request fadlitator will be notified of
the fail ure.

2.6Information Source Agent

The final destination of our example query is the
information source aent (or briefly source ajent). It
now has to be evaluated against the mntent of its
information base. After the etracor finishes its
clasdfication processng, it feeds the source aent
with a structured representation of the underlying
information site contents. This representation isin an
atribute-based form. For the technicd reports
application the schematic representation is compased
by the following relations:

docunent _| ocation(doc_id, URL)

abstract _| ocation(doc_id, URL)

aut hor (doc_i d, authors)

title(doc_id, title)

topi c(doc_id, topics)

docunent _t ype(doc_i d, doc_t ype)

keywor d(doc_i d, keywords)

referred_aut hor (doc_i d, aut hors)

referred_title(doc_id, title)

The document descriptions that provided a
succesdul query evaluation will be returned to the
user agent. If however the evaluation does not
produce ay succesful results, then the supply
fadlitator will be notified of this falure. If in
addition, the supply fadlit ator recaves failures from
al its urce gents sleded for this query, it will
report a more general failure badk to the request
fadlitator. Concluding, if the request fadlitator
recaves genera falures from al the supply
fadlitators, then the user agent is notified of a
complete fail ure.

3 Extensions and related wor k

Very briefly, the important diredions for future
extensions are;



e Multimediainformation suppart, multimedia data
modelli ng and retrieval methods

«  More sophisticated use of mohile ayents

¢ User modelling and elaborated learning methods

e Ecology of agents as an architedura
complement

e Advanced use of constraints

The eisting Distributed Information Retrieval
systems have a dignificant influence in the
architedural aswell as the implementation feaures of
our system. The concept of some of the agent clases
with a role similar to ours exists in UMDL (such as
the wlledion interface gents) [Birmingham 95] and
[Vidal 95], IRA (such as userbots, corpushots)
[Voorhees 94], TSIMMIS (such as classfiers,
trandators) [Garcia-Molina 95], Information Brokers
[Fikes 95], SHADE-COINS [Kuokka 95 and
Knowledge Navigator (such as advisory agents)
[Burke 95 among others. Other reseach work on
multimedia information [Gudivada 95], [Marcus
95q], [Marcus 95h and [Sistla 95 and for
Information Retrieval techniques [Crowder 95 is
direding some future aspeds. For aspeds pedfic to
our agents functionality, work from [Borghoff 96],
[Espinoza 96], [Goldman 96], [Moukas 96] and
[Turpeinen 96] has an important role.

All the @ove systems tend to focus on spedfic
aspeds of both the system's architedure ad the
agents responsibilities. The UMDL, IRA systems
focus on the mid-level adivities providing only
agents smilar to our source user and fadlit ator
agents. The TSIMMIS one eamines mainly the
retrieval procedure; it does not incorporate for
example the basic user interface @ent class The
SHADE-COINS is the only one that provides the
high level class of the matchmakers but leaves an
architedural gap caused hy the ladk of fadlitators.
The Knowledge Navigator has a different orientation
since it adopts the browsing paradigm while the
Information Brokers g/stem appeas inflexible by
asdgning al the adivitiesinto one gyent class

4 Summary

= Sites managed as locd deductive databases and
WWW as adistributed deductive one.

= Prolog-like guery language provides
expressvenessand acaracy concerning the user
needs.

= The predicae set for query formulation
corresponds to  charaderistic  document
properties.

= Completely predse answers.

=  The semantics behind the used terms is captured;
polysemy and synonymy are tackled.

= Fully distributed, scdable aad modular system;
the information providers are not passve request
servers.

Bibliography

[Birmingham 95] Birmingham, W. P., Durfee E.H. The
Distributed Agent Architedure of the University of
Michigan Library. In AAAI95 Symposium: Information
Gathering from Heterogeneous, Distributed Environments.
[Borghoff 96] Borghoff, U. M., Karch, H., Schlichter, J. H.
Constraint-based Information Gathering for a Network
Publicatiion System. In PAAM 96.

[Burke 95 Burke, R., Hammond K.J. Combining
Databases and Knowledge Bases for Asgsted Browsing. In
AAAI95 Symposium: Information Gathering from
Heterogeneous, Distributed Environments.

[Crowder 95] Crowder, G., Nicholas, C. An Approach to
Large Scde Distributed Information Systems Using
Statisticd Properties of Text to Guide Agent Seach. In
CIKM95 11 A Workshop.

[Espinoza96] Espinoza, F., Hook, K. A WWW Interfaceto
Adaptive Hypermedia System. In PAAM 96.

[Fikes 95 Fikes, R., Engelmore, R. Network-Based
Information Brokers. In AAA 195 Sympasium: Information
Gathering from Heterogeneous, Distributed Environments.
[GarciaMolina 95| GarciaMolina, H., Hammer, J.
Integrating and Accessng Heterogeneous Information
Sources TSIMMIS. In AAAI195 Symposium: Information
Gathering from Heterogeneous, Distributed Environments.
[Goldman 96§ Goldman, C. V., Langer, A., Rosenschein, J.
S. Musag: agent that leans what you mean. In PAAM 96.
[Gudivada 95 Gudivada, V. N., Raghavan, V. V.,
Vanapipat, K. A Unified Approac to Data Modelling and
Retrieval for a Class of Image Database Applicétions. In
Multimedia Database Systems, Issies and Reseach
Diredions, Springer-Verlag.

[Kuokka 95 Kuokka, D., Harada, L. Suppating
Information Retrieval via Matchmaking. In AAAI95
Sympasium: Information Gathering from Heterogeneous,
Distributed Environments.

[Marcus 95a] Marcus, S., Subrahmanian, V. S. Towards a
Theory of Multimedia Database Systems. In Multimedia
Database Systems, Isailes and Reseach Diredions,
Springer-Verlag.

[Marcus 950 Marcus, S. Querying Multimedia Databases
in SQL. In Multimedia Database Systems, Isaues and
Reseach Diredions, Springer-Verlag.

[Moukas 96] Moukas, A. Amalthea Information Discovery
and Filtering using a Multi-agent Ecosystem. In PAAM 96.
[Sistla95] Sistla, A. P., Yu, C. Retrieval of Pictures Using
Approximate Matching. In Multimedia Database Systems,
Isaues and Reseach Diredions, Springer Verlag.
[Turpeinen 96 Turpeinen, M., Saaela, J., Puskaa, T.
Architedure for Agent Mediated Persondised News
Services. In PAAM 96.

[Vidd 95 Vida, J. M., Durfeg E. H. Task Planning
Agentsinthe UMDL. In CIKM95 Il A Workshop.
[Voorhees 94] Voorhees, E. Information Agents. In AAAI
94 Spring Symposium: Software Agents.



