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Abstract. As to da y the amoun t of accessible information is o v erwhelming, the in telligen t and p ersonalized �ltering of a v ailable

information is a main c hallenge. A dditionally , there is a gro wing need for the seamless mobile and m ulti-mo dal system usage

throughout the whole da y to meet the requiremen ts of the mo dern so ciet y (an ytime, an ywhere, an yho w). A p ersonal information

agen t that is deliv ering the righ t information at the righ t time b y accessing, �ltering and presen ting information in a situation-

a w are matter is needed. Applying Agen t-tec hnology is promising, b ecause the inheren t capabilities of agen ts lik e autonom y , pro-

and reactiv eness o�er an adequate approac h. W e dev elop ed an agen t-based p ersonal information system called PIA for collecting,

�ltering, and in tegrating information at a common p oin t, o�ering access to the information b y WWW, e-mail, SMS, MMS, and

J2ME clien ts. Push and pull tec hniques are com bined allo wing the user to searc h explicitly for sp eci�c information on the one

hand and to b e informed automatically ab out relev an t information divided in pre-, w ork and recreation slots on the other hand.

In the core of the PIA system adv anced �ltering tec hniques are deplo y ed through m ultiple �ltering agen t comm unities for con ten t-

based and collab orativ e �ltering. Information-extracting agen ts are constan tly gathering new relev an t information from a v ariet y of

selected sources (in ternet, �les, databases, w eb-services etc.). A p ersonal agen t for eac h user is managing the individual information

pro visioning, tailored to the needs of this sp eci�c user, kno wing the pro�le, the curren t situation and learning from feedbac k.

Key w ords. in telligen t and p ersonalized �ltering, ubiquitous access, recommendation systems, agen ts and complex systems,

agen t-based deplo y ed applications, ev olution, adaptation and learning.

1. In tro duction. No w ada ys, desired information often remains unfound, b ecause it is hidden in a h uge

amoun t of unnecessary and irrelev an t data. On the In ternet there are w ell main tained searc h engines that

are highly useful if y ou w an t to do full-text k eyw ord-searc h [1 ], but they are not able to supp ort y ou in a

p ersonalized w a y and t ypically do not o�er an y push-services or in other w ords no information will b e sen t

to y ou when y ou are not activ e. Also, as they normally do not adapt themselv es to mobile devices, they

cannot b e used throughout a whole da y b ecause y ou are not sitting in fron t of a standard bro wser all the

time and when y ou return, these systems will treat y ou in the v ery same w a y as if y ou ha v e nev er b een there

b efore (no p ersonalization, no learning). Users who are not familiar with domain-sp eci�c k eyw ords w on't b e

able to do successful researc h, b ecause no supp ort is o�ered. Prede�ned or auto-generated k eyw ords for the

searc h-domains are needed to �ll that gap. As information demands are con tin uously increasing to da y and the

gathering of information is time-consuming, there is a gro wing need for a p ersonalized supp ort (Figure 1.1).

Lab or-sa ving information is needed to increase pro ductivit y at w ork and also there is an increasing aspiration

for a p ersonalized o�er of general information, sp eci�c domain kno wledge, en tertainmen t, shopping, �tness,

lifest yle and health information. Existing commercial p ersonalized systems are far a w a y from that functionalit y ,

as they usually do not o�er m uc h more than allo wing to c ho ose the kind of the la y out or collecting some of the

o�ered information c hannels (and the information within is not p ersonalized).

T o o v ercome that situation y ou need a p ersonal information agen t (PIA) who kno ws the w a y of y our thinking

and can really supp ort y ou throughout the whole da y b y accessing, �ltering and presen ting information to y ou in

a situation-a w are matter (Figure 1.1). Some systems exist (F ab [2], Amalthaea [3 ], W AIR [4], P-T ango [5], T rip-

Matc her [6 ], PIAgen t [7], Letizia [8 ], Let's Bro wse [9], Newt [10], W ebW atc her [11 ], PEA [12 ], BAZAR [13 ]) that

implemen t adv anced algorithmic tec hnology , but did not b ecome widely accepted, ma yb e b ecause of real w orld

requiremen ts lik e a v ailabilit y , scalabilit y and adaptation to curren t and future standards and mobile devices.

In this pap er w e presen t an agen t-based approac h for the e�cien t, seamless and tailored pro visioning of

relev an t information on the basis of end-users' daily routine. As w e assume the reader will b e familiar with

agen t-tec hnology (see [14 , 15 ] for a go o d in tro duction), w e will concen trate on the practical usage and the real-

w orld adv an tages of agen t-tec hnology . After brie�y describing the existing systems from whic h the scien ti�c

publications are a v ailable, w e describ e the design and arc hitecture and afterw ards depict the system in Section 4.

2. Related w ork. The follo wing paragraphs are going to brie�y presen t some of the already men tioned

systems (F ab, Amalthaea, W AIR, P-T ango, PIAgen t, Letizia, Let's Bro wse, Newt, W ebW atc her and PEA), for

whic h w e b eliev e that are related to our w ork.
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Fig. 1.1 . Demand for a p ersonal information agent

F ab [2 ] is an automatic recommendation service for information retriev al, whic h is able to o v er time adapt

to its users, who consequen tly receiv e increasingly p ersonalized do cumen ts. By main taining b oth collection and

selection agen ts, F ab system is a go o d test-b ed for trying out di�eren t �ltering strategies, whic h either collect

do cumen ts from the W eb that b elong to the certain topic, or select some of the collected do cumen ts that are

suitable for a particular user. The creation of pro�les through the con ten t-based analysis, whic h are afterw ards

directly compared to �nd similar users for collab orativ e recommendations, represen ts the unique synergy of

these t w o frequen tly com bined �ltering tec hniques. Unfortunately , the usabilit y of the whole system dep ends

on the abilit y of the con ten t based �ltering to generate the usable pro�les, b eing the serious dra wbac k of the

F ab system.

Since information disco v ery and information �ltering are pro v en to b e the suitable domains for applying

m ulti-agen t tec hnology , a p ersonalized system, named Amalthaea [3] has b een dev elop ed. It proactiv ely tries to

disco v er from v arious distributed sources the information that is relev an t to a user. The m ulti-agen t tec hnology

is applied b y main taining t w o di�eren t t yp es of agen ts, b eing information �ltering and information disco v ery

ones. The w a ys ho w these agen ts are managing to learn the user's in terests and habits, to main tain their

comp etence b y adapting to the c hanges in the user's information needs, and to explore the new domains that

ma y b e of in terest to a user, dep end on ev olution programming, b eing ma yb e not so applicable for the large-scale

information retriev al tasks.

Seeking the state of a user pro�le, whic h b est represen ts actual information in terests and therefore maximize

the exp ected v alue of the cum ulativ e user relev ance feedbac k, is form ulated in W AIR m ulti-agen t system [4]

as the reinforcemen t learning problem. The insu�ciency of explicit user ratings is tried to b e o v ercome b y

using the classi�cation approac h based on the neural net w ork, whic h exploits di�eren t implicit indicators of

in terests in order to estimate the real relev ance feedbac k v alues. Unfortunately , the amoun t of the explicit

ratings needed for training that classi�er still seems to b e to o large. This clearly limits the applicabilit y of the

W AIR system.

T o in telligen tly deliv er a p ersonalized newspap er, whic h con tains only the articles of highest in terest that

are individually selected ev eryda y for eac h and ev ery user, P-T ango [5] system prop oses a framew ork for com-

bining di�eren t �ltering strategies. Although the curren tly com bined strategies are only the con ten t-based and

collab orativ e ones, a prop osed framew ork is signi�can t, b y reason of b eing extendible to an y �ltering metho ds.

In spite of this extensibilit y , w e b eliev e that the agen t-based framew ork that w e prop ose in this pap er, o�ers

b etter �exibilit y when the in tegration and afterw ards the usage of new strategies is concerned.

As the information b ecame the one of most signi�can t resources for business and researc h, b oth p erio dically

scanning di�eren t information sources and pushing the found relev an t articles to in terested users, ha v e also

motiv ated the dev elopmen t of PIAgen t [7 ]. While a usage of v arious extractor agen ts eac h supp orting a par-

ticular information source is more or less t ypical for agen t-based �ltering systems (and it is also presen t in our

approac h), the uniqueness of PIAgen t lies in its application of bac k propagation neural net w ork for separating
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relev an t articles from others. Suc h a neural net w ork approac h has strength in optimistically pro viding excellen t

classi�cation accuracy . Unfortunately , its big w eakness in often exp ensiv e training that practically mak es the

PIAgen t to b e hardly applicable for no w ada ys information retriev al tasks.

The in telligen t assistance to the user, who is bro wsing the In ternet for the in teresting information, is pro vided

b y the autonomous in terface agen t, named Letizia [8]. It trac ks user b eha vior and uses v arious heuristics to

an ticipate, whic h h yp erlinks ma y lead to the p oten tially relev an t do cumen ts, and whic h should b e ignored b y

reason of p oin ting to junk or not existing page. The cornerstone prop ert y of the Letizia system is in asking the

user neither to explicitly state its in terests b y de�ning the query nor to pro vide the explicit feedbac k ab out a

real relev ance of recommendations. Although this explicit comm unication with the user can sp eed up learning,

the priorit y in designing the Letizia system has b een giv en to b oth letting the user to bro wse without b eing

in terrupted and asking for help only when b eing unsure whic h link to follo w.

The MIT Media Lab oratory has also dev elop ed an agen t, whose job is to c ho ose, from the links reac hable

on the curren t W eb page, those that are lik ely to b est satisfy the in terests of m ultiple users. The agen t is named

Let's Bro wse [9], b y reason of pro viding the assistance to the group of h umans in bro wsing, b y suggesting

h yp erlinks lik ely to b e of common in terests. Although this system demonstrates ho w do cumen ts that are go o d

for the group of users and that are in the neigh b orho o d can b e found, it generally do es not resp ond to the

c hallenge of �nding the data that is lo cated an ywhere on the In ternet.

The abilit y to b oth sp ecialize to user in terests, adapt to preference c hanges and explore the new er infor-

mation domains mak es the foundation of the NewT [10 ], b eing one p ersonalized m ulti-agen t �ltering system

for news articles. As user information in terests are mo deled as the p opulation of the comp eting pro�les, the

used learning mec hanisms are b oth relev ance feedbac k, as w ell as the crosso v er and m utation genetic op era-

tors. These recom bination genetic op erators are mainly resp onsible for the adaptation and exploration issues

b y creating more �tted future p opulations. In the mean time, a user pro�le also learns through the application

of the relev ance feedbac k tec hniques. T ak en together these learning mec hanisms mak e the so-called Baldwin

e�ect [24 ], sa ying that a p opulation ev olv es to w ards a �tter form m uc h faster, whenev er its mem b ers are allo w ed

to learn during their lifetime. Although the Baldwin ev olution seems to b e more p o w erful than the ev olution

approac h used in Amalthaea, it has the same w eaknesses whic h limit its applicabilit y for large-scale information

retriev al.

Users ma y �nd it di�cult b oth to create the appropriate queries and to lo cate the information of in terest

in the case of ha ving no sp eci�c kno wledge ab out the con ten t of the underlying do cumen t collection. On the

one hand, some systems aim to deplo y e�cien t clustering algorithms, whic h will dynamically pro duce the table

of con ten ts, needed to facilitate the users' bro wsing activities. The cornerstone idea is to b y some means help

a user �rst to get an o v erview concerning the a v ailable con ten t, and then to accurately express its information

needs. On the other hand, W ebW atc her [11 ] acts as the tour guide that pro vides the assistance, whic h is

similar to the guidance of the h uman in the real m useum. It accompanies users from page to page, suggests

appropriate h yp erlinks, and learns from the obtained exp erience to impro v e its advice giving skills. Suc h a

system unfortunately can only lo cally assist the user, whic h brings the same dra wbac ks b eing presen t in Letizia

and Let's Bro wse systems.

P ersonal Email Assistan t (PEA) [12 ] �lters incoming mails and ranks them according to their relev ance in

order to help no w ada ys users, who easily end up with large part of their w orking da y b eing sp en t with reading

emails. PEA main tains the p ersonal user mo del that consists of sev eral pro�les and uses the ev olutionary

algorithms to mo v e that mo del constan tly closer to the curren t information needs. By doing that PEA aims at

assisting users in dealing more e�ectiv ely with their daily load of emails so that v aluable w orking time is sa v ed

for more pro ductiv e and creativ e tasks. Ev en though the ev olution strategies seems to b e p o w erful enough for

dealing with emails in the PEA system, their usage in the In ternet-lik e en vironmen t still remains to b e a great

c hallenge.

3. Design of PIA: The P ersonal Information Agen t. T o meet the discussed requiremen ts and to

supp ort the user in that matter, w e designed a m ulti-agen t system comp osed of four classes of agen ts: man y

information extracting agen ts, agen ts that implemen t di�eren t �ltering strategies, agen ts for pro viding di�eren t

kinds of presen tation and one p ersonal agen t for eac h user. Logically , all this can b e seen as a classical three tier

application (Figure 3.1). Concerning the information extraction, general searc h engines on the one hand but also

domain-sp eci�c p ortals on the other hand ha v e to b e in tegrated. A dditional information sources (Databases,

Files, Mailinglists etc.) should also b e in tegrated easily at run-time.
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Sev eral agen ts realize di�eren t �ltering strategies (con ten t-based and collab orativ e �ltering [16 ], [5]) that

ha v e to b e com bined in an in telligen t matter. Also agen ts for pro viding information activ ely via SMS, MMS,

F ax, e-mail (push-services) are needed. A Multi-access service platform has to manage the presen tation of the

results tailored to the used device and the curren t situation. The p ersonal agen t should constan tly impro v e the

kno wledge ab out his user b y learning from the giv en feedbac k, whic h is also tak en for collab orativ e �ltering, as

information that has b een rated as highly in teresting migh t b e useful for a user with a similar pro�le as w ell.

As users usually are not v ery k een on giving explicit feedbac k (ratings), implicit feedbac k lik e the fact that the

user stored an article can also b e tak en in to accoun t [18 ].

A k eyw ordassistan t should supp ort the user in de�ning queries ev en if he is not familiar with a certain

domain. PIA pro vides three strategies for �nding adequate k eyw ords and for optimizing existing requests:

1. Keyw ords prede�ned b y exp erts for frequen tly requested topics (or categories) can help the unexp e-

rienced user to �nd the relev an t k eyw ords. The suggestions pro vided b y domain exp erts are usually a go o d

starting p oin t for individual requests.

2. An alternativ e metho d for �nding in teresting k eyw ords is the extraction of w ords and phrases from

in teresting pap ers. This strategy helps the user to iden tify the k ey concepts from a pap er that can b e useful

for �nding other relev an t do cumen ts. In con trast to other approac hes (lik e Go ogles Find similar do cumen ts)

the k eyw ord extraction giv es the user the opp ortunit y to adapt extracted k eyw ords according to the p ersonal

in terests and preferences.

3. F or optimizing existing queries the PIA system suggests k eyw ords from similar requests. F or computing

the similarities b et w een user requests the systems analyses the o v erlapping of user pro�les (based on stems) and

the corelation b et w een the user ratings. Keyw ords that frequen tly o ccure in the requests of similar users are

suggested to the user as p oten tially relev an t searc h terms.

The whole system is designed to b e highly scalable, easy to mo dify , to adapt and to impro v e and therefore

an agen t-based approac h that allo ws to in tegrate or to remo v e agen ts ev en at run-time is a smart c hoice.

The di�eren t �ltering tec hniques are needed to pro vide accurate results, b ecause the w eakness of individual

tec hniques should b e comp ensated b y the strengths of others. Do cumen ts should b e logically clustered b y their

domains to allo w fast access, and for eac h do cumen t sev eral mo dels [19 ] will b e built, all including stemming and

stop-w ord elimination, but some tailored for v ery e�cien t retriev al at run-time and others to supp ort adv anced

�ltering algorithms for a high accuracy .

If the system notices that the con ten t-based �ltering is not able to o�er su�cien t results, additional infor-

mation should b e o�ered b y collab orativ e �ltering, i. e. information that w as rated as in teresting b y a user with

a similar pro�le will b e presen ted.

With the push-services, the user can decide to get new in tegrated relev an t information immediately and on

a mobile device, but for users who do not w an t to get new information immediately , a p ersonalized newsletter

also has to b e o�ered. This newsletter is collecting new relev an t information to b e con v enien tly deliv ered b y

e-mails, allo wing users to sta y informed ev en if they are not activ ely using the system for some time.

4. Deplo ymen t and ev aluation.

4.1. Ov erview. W e implemen ted the system using Ja v a and standard op en source database and w eb-

tec hnology and based on the JIA C IV agen t framew ork [20 ]. JIA C IV is FIP A 2000 complian t [21 ], that is it is

conforming to the latest standards.

It consists of a comm unication infrastructure as w ell as services for administrating and organizing agen ts

(Agen t Managemen t Service, AMS and Directory F acilitator, DF). The JIA C IV framew ork pro vides a v ariet y of

managemen t and securit y functions, managemen t services including con�guration, fault managemen t and ev en t

logging, securit y asp ects including authorization, authen tication and mec hanisms for measuring and ensuring

trust and therefore has b een a go o d c hoice to b e used from the outset to the dev elopmen t of a real w orld

application.

Within JIA C IV, agen ts are arranged on platforms, allo wing the arrangemen t of agen ts that b elong together

with the con trol of at least one manager. A lot of visual to ols are o�ered to deal with administration asp ects.

Figure 3.2 sho ws a platform, in this case with agen ts for the building of di�eren t mo dels sp ecialized for di�eren t

retriev al algorithms.

The protot ypical system is curren tly running on Sun-Fire-880, Sun-Fire-480R and Sun Fire V65x, whereas

the main �ltering computation, database- and w eb-serv er and information-extraction is placed on di�eren t

mac hines for p erformance reasons.
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Fig. 3.1 . The PIA System se en as a thr e e tier applic ation

Fig. 3.2 . Sever al agents ar e building di�er ent mo dels sp e cilise d for di�er ent r etrieval algorithms

New con ten t is stored, v alidated and consolidated in a cen tral relational database (up date-driv en). In-

formation can b e accessed b y WWW, e-mail, SMS, MMS, and J2ME Clien ts, where the system adapts the

presen tation accordingly , using the CC/PP (Preferences Pro�le) with a tailored la y out for a mobile phone and

a PD A (see Section 4.6). The p ersonalized newsletter and the push-services are sen t via e-mail, SMS or MMS.

The user can use self-de�ned k eyw ords for a request for information or c ho ose a category and therefore the

system will use a list of k eyw ords prede�ned b y exp erts and up dated smo othly b y learning from collab orativ e

�ltering. A com bination of b oth is also p ossible. The k eyw ord assistan t is able to extract the most imp ort

k eyw ords of a giv en article using the term frequency in v erse do cumen t frequency (TFIDF)-algorithm [22 ].
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4.2. Gathering new information. New information is constan tly inserted in the system b y information

extraction agen ts, e.g. w eb-reader agen ts or agen ts that are searc hing sp eci�ed databases or directories. A ddi-

tional agen ts for the collection of new con ten t can easily b e in tegrated ev en at run time, as all that is necessary

for a new agen t is to register himself at the system, store the extracted information at a de�ned database table

and inform the mo deling-manager agen t ab out the insertion. As a �le reader-agen t is constan tly observing

a sp ecial directory , man ual insertion of do cumen ts can b e done simply b y drag-and-drop and an e-mail and

upload-in terface also exists. Source can also b e in tegrated b y W eb services. New Readers can b e created using

a easy-to-handle to ol and another to ol is enabling to con v enien tly observ e the extraction-agen ts, as this is the

in terface to the outside that migh t b ecome critical if for example the data-format of a source is c hanged.

4.3. Pre-pro cessing for e�cien t retriev al. The �rst step of pre pro cessing information for e�cien t

retriev al is the use of distinct tables in the global database for di�eren t domains lik e e.g. news, agen t-related

pap ers, etc. Dep ending on the �ltering request, tables with no c hance of b eing relev an t can therefore b e omitted.

The next step is the building of sev eral mo dels for eac h do cumen t. Stemming and stop-w ord elimination is

implemen ted in ev ery mo del but di�eren t mo dels are built b y computing a term imp ortance either based only

on lo cal frequencies, or based on term frequency in v erse do cumen t frequency (TFIDF) approac h. F urthermore

n um b er of w ords that should b e included in mo dels is di�eren t whic h mak es mo dels either more accurate or more

e�cien t. Created mo dels are indexed either on do cumen t or w ord lev el, whic h facilitate their e�cien t retriev al.

The manager agen t is assigning the appropriate mo deling agen ts to start building their mo dels but migh t decide

(or the h uman system administrator can tell him) at run time to dela y latest time-consuming mo deling activit y

for a while if system load is critical at a momen t. This feature is imp ortan t for a real-w orld application, as

o v erloading has b een a main reason for the un-usabilit y of adv anced academic systems.

4.4. Filtering tec hnology . As the qualit y of results to a particular �ltering request migh t hea vily dep end

on the information domain (news, scien ti�c pap ers, conference calls), di�eren t �ltering comm unities are imple-

men ted. F or eac h domain, there is at least one comm unit y whic h con tains agen ts b eing tailored to do sp eci�c

�ltering and managing tasks in an e�cien t w a y . Instead of ha ving only �ltering agen ts (they will b e describ ed

in Section 4.5), eac h and ev ery comm unit y has also one so-called manager agen t that is mainly resp onsible for

doing co ordination of �ltering tasks, as w ell as co op eration with other managers.

The co ordination is based on qualit y , CPU, DB and memory �tness v alues, whic h are the measures b eing

asso ciated to eac h �ltering agen t [23 ]. These measures resp ectiv ely illustrate �ltering agen t successfulness in

the past, its e�ciency in using a v ailable CPU and DB resources, and the amoun t of memory b eing required for

�ltering. A higher CPU, DB or memory �tness v alue means that �ltering agen t needs a particular resource in a

smaller exten t for p erforming a �ltering task. This further means that an insu�ciency of a particular resource

has a smaller in�uence on �ltering agen ts with a higher particular �tness v alue.

The in tro duced di�eren t �tness v alues together with the kno wledge ab out the curren t system run time

p erformance can mak e co ordination b e situation a w are (see also [23]) in the w a y that when a particular resource

is highly loaded a priorit y in co ordination should b e giv en to �ltering agen ts for whic h a particular resource has

a minor imp ortance. This situation a w are co ordination pro vides a w a y to balance resp onse time and �ltering

accuracy , whic h is needed in o v ercoming the problem of �nding a p erfect �ltering result after few hours or ev en

few da ys of an exp ensiv e �ltering.

Instead of assigning �ltering task to the agen t with the b est com bination of �tness v alues in the curren t

run time situation, manager is going to emplo y a prop ortional selection principle [24 ] where the probabilit y for

the agen t to b e c hosen to do actual �ltering is prop ortional to the men tioned com bination of its �tness v alues. By

not alw a ys relying only on the most promising agen ts, but also sometimes o�ering a job to other agen ts, manager

giv es a c hance to eac h and ev ery agen t to impro v e its �tness v alues. While the adaptation of qualit y �tness

v alue can b e accomplished after the user feedbac k b ecame a v ailable, the other �tness v alues can b e c hanged

immediately after the �ltering w as �nished through the resp onse time analyses. The adaptation sc heme has a

decreasing learning rate that prev en ts already learn t �tness v alues of b eing destro y ed, whic h further means that

pro v en agen ts pa y smaller p enalties for bad jobs than the no vice ones [17 ].

The underlying co ordination activities, essen tially resp onsible for the men tioned optimal exploitation of

a v ailable system resources, are represen ted on Figure 4.1, giving the simplest p ossible selection scenario. Under

the assumption that ev erything go es p erfectly , the scenario starts with a job creation and ends with a result

usage, b eing done b y the User agen t (U). The real co ordination activities, b eing p erformed in a mean time b y the

c hosen Manager (M), are �rst resource estimation, and afterw ards strategy selection. After the selected Filtering
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agen t (F) that encapsulates the particular searc hing algorithm (deplo y ed �ltering strategies are describ ed in

Section 4.5), is pro duced results, the manager M can adapt �tness v alues based on the measuremen t of the

resp onse time. The found �ltering results are �nally returned bac k to the user agen t U, and this simple scenario

ends.

Fig. 4.1 . System ar chite ctur e il lustr ating agent c ommunic ation for r esour c e-awar e c o or dination

In the case where the receiv ed �ltering task cannot b e successfully lo cally accomplished usually b ecause

of b elonging to unsupp orted information domain, manager agen t has to co op erate with other comm unities.

While co ordination tak es place inside eac h and ev ery �ltering comm unit y b et w een manager and �ltering agen ts,

co op eration o ccurs b et w een comm unities among manager agen ts (see also Figure 4.2). The co op eration is based

on either �nding a comm unit y whic h supp orts giv en domain or in splitting receiv ed task on sub-tasks where for

eac h sub-task a comm unit y with go o d supp ort exists.

The information is usually scattered around man y di�eren t, more or less dynamic, distributed sources.

T w o cornerstone c hallenges therefore b ecome b oth �nding whic h sources should b e consulted for resolving the

particular request, as w ell as putting the found results together. While the c hallenge of searc hing for sources

is kno wn as the database selection problem, the comp osing of a �nal result set is often simply referred as

the information fusion. One ligh t co op eration approac h, already published in [25 ], and whic h is based on the

application of the in telligen t co op erativ e agen ts, is going to b e brie�y illustrated in the rest of this sub-section.

The fundamen tal co op eration idea is based on the installation of at least one �ltering comm unit y around

eac h database, as w ell as on setting up the sophisticated mec hanisms, whic h enable that these comm unities can

e�cien tly help eac h other while pro cessing the incoming requests. Although the �ltering request can b e sen t to

an y �ltering comm unit y , the most suitable comm unities will b e autonomously found, and the request will b e

then dispatc hed to them. The found results will b e �nally collected, and only the b est ones will b e returned

to the sender of the �ltering request. The most app ealing prop ert y b ehind these co op erativ e pro cessing is that

ev erything is done transparen tly for the user, b eing not an y more forced to man ually think where the request

should b e sen t, and whic h obtained �ltering results are really the b est ones.

Example (Co or dination & Co op er ation) Figure 4.2 presen ts a high lev el o v erview of the �ltering framew ork

b eing comp osed of three di�eren t �ltering comm unities (F C), where eac h comm unit y has one �lter manager

agen t (M) and di�eren t n um b er of sp ecialized �ltering agen ts (F). There are t w o di�eren t databases (DB) with

information from di�eren t domains, and they are accessed at least b y one comm unit y . On the �gure co op eration

is illustrated as a circle with arro ws whic h connect manager agen ts.

4.5. Filtering strategies. The cornerstone of the PIA system is in o�ering a framew ork that facilitates

the in tegration of di�eren t �ltering strategies. Although this pap er is not dealing with an y particular �ltering
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Fig. 4.2 . Filtering fr amework with thr e e di�er ent c ommunities

strategy , their short descriptions will b e giv en in the follo wing paragraphs in order to mak e this pap er self-

con tained and to clear the roles of the agen ts on Figure 3.2.

By using the term frequency in v erse do cumen t frequency sc heme, the imp ortance v alues of di�eren t w ords

can b e computed, and eac h and ev ery do cumen t can b e mo delled b y a corresp onding w eigh ted v ector. While the

so-called L ar ge Filtering Str ate gy will alw a ys build a mo del with all w ords from a do cumen t, Optimal Twenty ,

Optimal T en , and Optimal Five Filtering Str ate gies will tak e in to consideration only t w en t y , ten, and �v e most

imp ortan t w ords, resp ectiv ely . The mo dels, b eing created b y these optimal strategies, are th us smaller, and

consequen tly can b e faster b oth loaded in to memory and compared with a �ltering request. As they are omitting

man y w ords, they migh t b e at the same time p oten tially less accurate, and the co ordination engine has a c hance

to decide whic h one in the giv en situation can b e the b est solution.

Since the examination of ev ery single do cumen t for eac h request b ecomes infeasible ev en for a collection

with the mo dest size, t w o di�eren t indexing �ltering strategies ha v e b een also implemen ted. The �rst one,

named Inverte d List Filtering Str ate gy , creates for ev ery w ord the list of do cumen ts ha ving that w ord. The

in built simpli�cation, tending to dramatically reduce a size of in v erted lists, is made b y not storing the p ositions

of w ords in the corresp onding do cumen ts. While a strategy due to suc h a design decision b ecomes more

e�cien t, it loses its abilit y to supp ort requests with a phrase. The second Position Filtering Str ate gy will

not utilise suc h a simpli�cation regarding not storing the p ositions, and th us will b e able to accurately �nd

do cumen ts with requested phrases. As this second strategy is naturally more exp ensiv e, the trade-o�, b et w een

pro viding the accurate results and resp onding quic kly , b ecomes eviden t and una v oidable for requests with

phrases.

The prop ert y of fuzzy clustering [24 ], to assign do cumen ts to m ultiple clusters together with sp ecifying a

degree to whic h a particular article b elongs to a giv en cluster, has b een used as the inspiration for a realisation

of a dedicated F uzzy Filtering Str ate gy . While its strength is in k eeping short cluster summaries in the high

sp eed memory , its greatest w eakness lies in a used simpli�cation to cluster do cumen ts in adv ance �xed clusters.

The few di�eren t v ersions of this fuzzy �ltering strategy are �nally implemen ted b y limiting the amoun t of a

memory that is utilised for cashing the cluster summaries, ha ving as the implication that di�eren t trade-o�s

b et w een the resp onse time and the memory requiremen ts are p ossible.
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Ev ery men tioned �ltering strategy is also exploited for creating its appropriate clone, whic h will tak e in to

accoun t only w ords from a man ually created dictionary . By limiting the v o cabulary to few thousands instead

to more than half a million, underlying mo dels are m uc h smaller, and th us the underlying strategies b ecome

more e�cien t. Unfortunately , the paid price lies in the lost of a supp ort for all requests with w ords that are not

pre-selected, resulting in the p oten tially lo w er qualit y of found �ltering results. These clone strategies �nally

pro vide ev en more fruitful pla ying ground for b oth co op eration and co ordination mec hanisms, whic h should

pro v e their capabilities while resolving the men tioned trade-o� problems.

4.6. Presen tation. As one of the main design principles has b een to supp ort the user throughout the

whole da y , the PIA system pro vides sev eral di�eren t access metho ds and adapts its in terfaces to the used device

(Figure 4.3). T o ful�ll these requiremen ts an agen t platform (Multi A ccess Service Platform) w as dev elop ed

that optimizes the graphical user in terface for the access b y Desktop PCs, PD As and smart phones.

If the user w an ts to use the PIA system, the request is receiv ed b y the Multi A ccess Service Platform

(MASP). The MASP delegates the request to an agen t, pro viding the logic for this service. In the PIA system

the requests are forw arded either to login agen t or the p ersonal agen t. The c hosen agen t p erforms the service

sp eci�c actions and sends the MASP an abstract description of the form ular that should b e presen ted to the

user. F or this purp ose the XML based Abstract In teraction Description Language (AIDL) has b een de�ned.

Based on the abstract description and the features of the used device the MASP generates an optimized in terface

presen ted to the user. The con v ersion is implemen ted as a XSL T transformation in whic h the optimal XSL T

st yle sheet is selected based on the CC/PP information ab out the user's device.

The Multi A ccess Service Platform pro vides a generic infrastructure for pro viding device optimized in terfaces

for a big n um b er of devices. The basic idea of MASP is to separate the application logic from the concrete

in terface design. So the application dev elop er do es not ha v e to cop e with the sp eci�c c haracteristic of the eac h

relev an t device and can concen trate on the application sp eci�c data �o w and in teraction logic.

Fig. 4.3 . Information ac c esse d by br owser or tailor e d for pr esentation on a PD A or a mobile phone

F or de�ning the in terface of an application the XML based Abstract In teraction Description Language

(AIDL) has b een de�ned. The de�nition of a user in teraction (t ypically one w eb page) is structures as a tree

of prede�ned user in terface elemen ts (e.g. lab el, input �eld). An exemplary page description is sho wn in

Program 1.

The abstract in terface description can b e easily transformed in to HTML, PD A optimized HTML or WML.

If the user w an ts to ha v e a v oice in terface, a st yle sheet for con v erting the abstract user in terface description

in to V oiceXML has to b e added to the MASP . A dditional c hanges at the application are not needed. In general,

the supp ort for new devices can b e added without c hanging or sh utting do wn the application.
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Program 1 The abstract in teraction description of the PIA login page

<?xml version="1.0" encoding="UTF-8"?>

<scenario name="loginPage">

<input>

<UIElement>

<list name="rootNode">

<UIElement>

<pageSetting name="user_language">

<value>de</value>

</pageSetting>

</UIElement>

<UIElement>

<label name="login__piaLoginQXQ 25">

<value>PIA-Login</value>

</label>

</UIElement>

<UIElement>

<list name="login__data">

<UIElement>

<label name="login__userName">

<value>Benutzername:</v alu e>

</label>

</UIElement>

<UIElement>

<fieldValue name="login__userName_d efau lt">

<value>andreas</value>

</fieldValue>

</UIElement>

</list>

</UIElement>

...

<serviceLink name="createAccountServic eLi nk">

<provider address="tcpip://127.0.0.1 :73 25" name="PIAgent"/>

<service name="MAPPresent"/>

<param name="scenario">createAcc ount </p aram >

</serviceLink>

</list>

</UIElement>

</input>

</scenario>

The transformation of the abstract in terface description is done using Extensible St ylesheet Language T rans-

formations (XSL T). A XSL T transformation is t ypically written b y a designer who is an exp ert for creating

optimized user in terfaces for a device considering the preferences of the resp ectiv e audience. F or simplifying the

building of XSL T transformations, the MASP pro vides a set of generic rules for transforming the frequen t ele-

men ts of the abstract user in terface descriptions in to basic HTML or WML. Based on these rules more complex

and device optimized XSL T transformations can b e de�ned.

An imp ortan t feature of the utilised MASP is the supp ort of Comp osite Capabilit y/Preference Pro�les

(CC/PP). Considering the sp eci�c features and prop erties (e.g. screen size, supp orted css v ersion, supp orted

image formats) the user in terface designer can optimize the in terfaces to the prop erties of the resp ectiv e device.

F or con v erting media data in to a device adequate format, the MASP pro vides a comp onen t for scaling and

con v erting images and videos.

The comp onen ts and in terfaces of the Multi-A ccess-Service Platform are sho wn in Figure 4.4. Users who

w an t to use the PIA service in teract with the Multi A ccess P oin t. The MAP con tains comp onen ts for in terac-

tion with the resp ectiv e device (e.g. w eb serv er or v oice serv er) and comp onen ts for rendering the application

in terface optimized for supp orted devices. Appro v ed rendering comp onen ts for HTML, WML and V oiceXML

based user in terfaces exists; comp onen ts for applet based comp onen ts are under dev elopmen t. F or the device

indep enden t in terface description the MASP uses the Abstract In terface Description Language (AIDL) that is

use as in terface b et w een in terface designer and application dev elop er. The bridge b et w een the application and

the Abstract In terface Description is pro vided b y the Alter Ego Agen t that con tains the in teraction description
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and sp eci�c represen tation rules. A dditionally the Media Cac he comp onen t pro vides the media con ten t as w ell

as connectivit y to external media pro viders.

Fig. 4.4 . The ar chite ctur e of the MASP

Beside of the features pro vided b y MASP the design of the user in terface m ust create an easy to use system

ev en on devices with a tin y screen and without a k eyb oard. That is wh y the PIA in terface pro vides additional

na vigation elemen ts on complex forms and minimizes the use of text input �elds. New results matc hing a de�ned

request are presen ted �rst as a list of short blo c ks con taining only title, abstract and some meta-information (as

this is familiar to ev ery user from w ell-kno wn searc h-engines). This information is also w ell readable on PD As

or ev en mobile phones. Imp ortan t articles can b e stored in a rep ository . This allo ws the user to c ho ose the

articles on his PD A he w an ts to read later at his desktop PC.

Dep ending on the p ersonal options sp eci�ed b y the user, old information found for a sp eci�c query ma y b e

deleted automatically step b y step after a giv en time, that is, there is alw a ys up to date information that is

presen ted to the user (w e call this smart mo de ). This is for example con v enien t for getting p ersonalized �ltering

news. The other option is to k eep that information unlimited ( glob al mo de ) for a query for e.g. basic scien ti�c

pap ers.

F or the push-servic es (that is, the system is b ecoming activ e and sending the user information without

an explicit request), the user sp eci�es his w orking time (e.g. 9 am to 5 pm). This divides the da y in a pre-,

w ork, and a recreation slot, where the PIA system assumes di�eren t demands of information. F or eac h slot an

adequate deliv ering tec hnology can b e c hosen (e-mail, sms, mms, fax or V oice). If y ou decide to subscrib e to

the p ersonalized newsletter, new relev an t information for y ou will b e collected and sen t b y e-mail or fax once

a da y with a similar la y out and structure for con v enien t reading if y ou ha v e not seen it already b y other pull-

or push services. Therefore y ou can also sta y informed without ha ving to log in to the system and if y ou do not

w an t to get all new information immediately .

5. Conclusion and future w ork. The implemen ted system has an acceptable run time p erformance and

sho ws that it is a go o d c hoice to dev elop a p ersonal information system using agen t-tec hnology based on a solid

agen t-framew ork lik e JIA C IV. Curren tly , PIA system supp orts more than 120 di�eren t w eb sources, grabs

daily around 3.000 new semi-structured and unstructured do cumen ts, has almost 500.000 already pre-pro cessed

articles, and activ ely helps ab out �ft y scien tists related to our lab oratory in their information retriev al activities.

Their feedbac k and ev aluation is a v aluable input for the further impro v emen t of PIA. In the near future w e

plan to increase the n um b er of users to thousands, and therefore w e plan to w ork on the further optimization

of the �ltering algorithms to b e able to sim ultaneously resp ond to m ultiple �ltering requests. Also, w e think

ab out in tegrating additional services for the user that pro vide information tailored to his geographical p osition

(GPS), a natural sp eec h in terface and inno v ativ e w a ys to motiv ate the user to giv e precise explicit feedbac k, as

the learning abilit y of the system is dep ending on that information.



40 S. Alba yrak and S. W olln y and A. Lommatzsc h and D. Milosevic

REFERENCES

[1] S. Brin and L. P a ge , The anatomy of a lar ge-sc ale hyp er textual (W eb) se ar ch engine , in Pro c. 7th In ternational W orld

Wide W eb Conference on Computer Net w orks, 30(1-7), 1998, pp. 107�117.

[2] M. Balabano vic and S. Yo a v , F AB: Content-Base d Col lab or ative R e c ommendation , Comm unication of the A CM, 40(3),

1997, pp. 66�72.

[3] A. Moukas , A malthae a: Information Disc overy and Filtering using a Multi agent Evolving Ec osystem , in Practical Appli-

cation of In telligen t Agen ts & Multi-Agen t T ec hnology , London 1998.

[4] B. Zhang, and Y. Seo , Personalize d W eb-Do cument Filtering Using R einfor c ement L e arning , Applied Arti�cial In telligence,

15(7), 2001, pp. 665�685.

[5] M. Cla ypool and A. Gokhale and T. Mirand a and P. Murnik o v and D. Netes and N. Sar tin , Combining Content-

Base d and Col lab or ative Filters in an Online Newsp ap er , in Pro c. A CM SIGIR W orkshop on Recommender Systems,

Berk eley , CA, August 19, 1999.

[6] J. Delgado and R. D a vidson , Know le dge b ases and user pr o�ling in tr avel and hospitality r e c ommender systems , in Pro c.

of the ENTER 2002 Conference, Innsbruc k, Austria, 2002, pp. 1�16.

[7] D. Kur opka and T. Serries , Personal Information A gent , in Pro c. Informatik Jahrestagung 2001, pp. 940�946.

[8] H. Lieberman , L etizia: A n A gent That Assists W eb Br owsing , in Pro c. In ternational Join t Conference on Arti�cial In telli-

gence, Mon treal, August 1995.

[9] H. Lieberman and N. V an D yke and A. Viv a cqua , L et's Br owse: A Col lab or ative Br owsing A gent , Kno wledge-Based

Systems, 12(8), 1999, pp. 427�431.

[10] B. Sheth , A L e arning Appr o ach to Personalize d Information Filtering , M.Sc. Thesis, MIT dept, USA, 1994.

[11] T. Jo a chims and D. Freit a g and T. Mitchell , W ebW atcher: A T our Guide for the W orld Wide W eb , in Pro c. IJCAI

(1), 1997, pp. 770�777.

[12] W. Winiw ar ter , PEA�A Personal Email Assistant with Evolutionary A daptation , In ternational Journal of Information

T ec hnology , 5(1), 1999.

[13] C. Thomas and G. Fischer , Using agents to impr ove the usability and usefulness of the world wide web , in Pro c. 5th

In ternational Conference on User Mo delling, 1996, pp. 5�12.

[14] N. Jennings and M. W ooldridge , A gent-oriente d softwar e engine ering , Handb o ok of Agen t T ec hnology (ed. J. Bradsha w),

AAAI/MIT Press, 2000.

[15] R. Sesseler and S. Alba yrak , A gent-b ase d Marketplac es for Ele ctr onic Commer c e , in Pro c. In ternational Conference on

Arti�cial In telligence, IC-AI 2001.

[16] P. Resnick and J. Neophytos and M. Suchak and P. Ber gstr om and J. Riedl , Gr oupL ens: A n op en ar chite ctur e

for c ol lab or ative �ltering of net news , in Pro c. A CM Conference on Computer-Supp orted Co op erativ e W ork, 1994, pp.

175�186.

[17] S. Alba yrak and D. Milosevic , Self Impr oving Co or dination in Multi A gent Filtering F r amework , in Pro c.

IEEE/WIC/A CM In ternational Join t Conference on In telligen t Agen t tec hnology (IA T 04) and W eb In telligence (WI

04), Beijing, China, Septem b er 2004.

[18] D. Nichols , Implicit R ating and Filtering , in Pro c. 5th DELOS W orkshop on Filtering and Collab orativ e Filtering, Budap est,

Hungary , 1997, pp. 31�36.

[19] D. T a uritz , A daptive Information Filtering: c onc epts and algorithms , Ph.D. dissertation, Leiden Univ ersit y , 2002.

[20] S. Fricke and K. Bsufka and J. Keiser and T. Schmidt and R. Sesseler and S. Alba yrak , A gent-b ase d T elematic

Servic es and T ele c om Applic ations , Comm unications of the A CM, 2001.

[21] F oundation for Intel ligent Physic al A gents , www.fipa.org 2004.

[22] L. Jing and H. Huang and H. Shi , Impr ove d F e atur e Sele ction Appr o ach TFIDF in T ext Mining , in Pro c. 1st In ternational

Conference on Mac hine Learning and Cyb ernetics, Beijing, 2002.

[23] S. Alba yrak and D. Milosevic , Situation-awar e Co or dination in Multi A gent Filtering F r amework , in Pro c. 19th In ter-

national Symp osium on Computer and Information Sciences (ISCIS 04), An taly a, T urk ey , 2004.

[24] M. Zbigniew and D. F ogel , How to Solve It: Mo dern Heuristics , Springer-V erlag New Y ork, Inc., New Y ork, NY, 2000.

[25] S. Alba yrak and D. Milosevic , Co op er ative Community Sele ction in Multi A gent Filtering F r amework , in Pro c.

IEEE/WIC/A CM In ternational Join t Conference on In telligen t Agen t tec hnology (IA T 05) and W eb In telligence (WI 05),

Compiegne Univ ersit y of T ec hnology , F rance, 2005, pp. 527�535.

Edite d by: Marcin P aprzyc ki, Niranjan Suri

R e c eive d: Octob er 1, 2006

A c c epte d: Decem b er 10, 2006


