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Abstract. This paper aims at studying the utilization of Intelligent Agents for supporting citizens to access e-government services.
For this purpose, it proposes a multi-agent system capable of suggesting to the citizens the most interesting services for them;
these suggestions are determined by considering both their needs/preferences and the capabilities of the devices used by them.
The paper first describes the proposed system and, then, reports various experimental results. Finally, it presents a comparison
between the proposed system and other related ones already presented in the literature.
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1. Introduction The adoption of e-government services provides both
citizens and Public Administration offices with several

The term “e-government” is generally used to in- 2advantages. As an example, citizens can access on-
dicate the utilization of Information and Communica- In€ services without time and space limitations, thus
tion Technologies to support both Public Administra- 2veiding the obvious problems rising when Public Ad-
tion offices, in delivering services, and citizens, in ac- Ministration offices must be physically reached. As for
cessing them [30]. In the last few years, the number Public Administration offices, the adoption of Informa-
of citizens utilizing e-government services has been 10N and Communication Technologies allows huge re-
constantly growing; as an example, a study published ductions of management costs; as an example, a rec_ent
in [30] shows that, in the year 2002, about 70 million study conducted by Accenture in the year 2002 indi-
US citizens accessed an e-government service at leastCaes that the development of an e-government portal
once. Simultaneously, many Public Administration of- In Smgapore allowed th? F:orrespondmg Public Admin-
fices were showing interest in providing their services istration to save 14.5 millions of US Dollars [8].
also onthe Internet; as an example, in the year 2001, the

These considerations motivate the enormous, both
Public Administration of Singapore was able to provide technological and scientific, efforts made in the last few
92% of its services online [24].

years to improve the range and the quality of online
services delivered by Public Administration offices.
From a technological standpoint, these efforts have
1A preliminary version of part of the material presented in cppcentrated on V?.I‘IOUS dlre.CtlonS;tWO O_fthe mostsig-
this paper appears under the titlés Multi-Agent System for the nificant ones are:iY the design and the implementa-
management of E-Government Services in the "Proceedings of  tion of software architecturesnddleware) supporting
the IEEE/WIC/ACM International Conference on Intelligent Agent o cooperation of information sources associated with
Technology (IAT 2005)”, Compiegne University of Technology, . . L. . . .
France, 2005. various Public Administration offices [31]ii) the de-
*Corresponding author. E-mail: ursino@unirc.it. sign and implementation of telecommunication infras-
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tructures to simplify the information exchange between
Public Administration offices and citizens; these in-
frastructures consist of multiple information channels,
such as computer networks, mobile phones, and so on
(multichannel approaches) [23].

From a scientific standpoint, research efforts have
concentrated on various directions [30]; among them
we cite: ) Transaction Service Management, main-
ly concerning privacy and security issueB) Citizen
Participation, regarding the development of tools for
involving citizens in the decisional processes of Pub-
lic Administration offices; (i) I nformation/Service Ac-
cess, aiming at simplifying both the access and the uti-
lization of the data/services provided by Public Admin-
istration offices.

This latter research line is particularly interesting be-
cause the amount of data yearly produced by Public
Administration offices is extremely large and its effi-
cient management is a key feature for the success of an
e-government portal. An Information/Service Access
system can support both citizens and Public Admin-
istration offices; in fact, on one hand, it can select a
set of services interesting for citizens by filtering out a
(generally wide) set of services supposed to be not rel-
evantto them [16,17]; on the other hand, it can analyze
data/services of Public Administration offices for sim-
plifying citizens’ access to them [32]; as an example,
it can verify if it is possible to divide offered services
into simpler sub-services and the outsourcing of these
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In our system five types of agents operate, namely:

— User-Device Interface Agent; it is an interface
agent that makes the communication between a us-
er and the corresponding User-Device Agent easi-
er; it is specialized for the device on which it must
operate.

— User-Device Agent; it supports a user in the search
of services of hisinterest. Eatlser-Device Agent
utilizes both auser profile, storing the personal da-
ta, the preferences and the past behaviour of a user,
and adevice profile, registering the capabilities of
the device he is currently utilizing.

— User Profile Agent; it manages the profiles of the
users registered in our system. The presence of
this agent is necessary because each user can ac-
cess our system by means of several devices; as a
consequence, it is necessary to maintain a unique
copy of his profile, independently of the device he
is currently utilizing.

— Service Recommender Agent; it evaluates user
queries and suggests those services appearing to
be the most interesting ones, according to their
characteristics as well as user needs, preferences
and past behaviour.

— Public Administration Agent; it supports Public
Administration officers to add, remove or modify
available services.

As previously pointed out, the main features of our

last ones in such a way as to optimize the costs for their system are the utilization of the Intelligent Agent tech-

management.
This paper aims at providing a contribution in this

nology, personalization and device adaptivity.

As far as the first aspect is concerned, it is worth

setting; indeed, it presents a system for supporting cit- pointing out _that Intellig_ent Agents are _charact(_—:-rized
izens in their access to the services delivered by Public PY the following properties, that are particularly inter-

Administration offices. The proposed system provides ©€Sting in our reference context [44]:

citizens with gpersonalized andadaptive access to ser-
vices, since it considers their profile as well as the pro-
file of the devices they are currently utilizing in their
activities.

The reference context considered in this paper is in-
trinsically distributed; moreover, the ultimate goals of
the system and the features it should present make it
particularly suited to be developed by means of the In-
telligent Agent technology [44]. This technology has
been extensively applied in the past for handling the
distributed access to a wide variety of e-services (e.g.,
e-commerce, e-learning, e-recruitment, and so on). Its
adoption in the context of e-government, instead, re-
ceived less attention. The goal of this paper is to show,
by presenting a system, that the Intelligent Agent tech-
nology not only can be applied but also can provide
important benefits in this context.

— Reactivity: agents are capable of detecting mod-
ifications of the environment they are operating
in, and can rapidly react to these modifications by
suitably adapting their behaviour.

— Autonomy: agents can carry out their own activ-
ities without a direct and continuous control of
human users.

— Proactivity: agents can “foresee” user needs and,
without external inputs, can plan or perform activ-
ities providing benefits to their users.

— Social Ability: agents can interact with other
agents (or humans) to exchange information or to
cooperate in performing activities.

— Learning: agents can apply suitable techniques
(e.g., machine learning techniques) to automati-
cally construct and maintain a user profile and can
adapt their behaviour to it.
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As for personalization, it is worth pointing out that
our system adoptsser modellingtechniques [25] to de-
rive and update user profiles; these play a key role in the
algorithms for selecting services interesting for users

and for adapting provided suggestions to user needs.

In this respect, we point out that, in the e-government
context, it is possible to handle particularly rich and
detailed user profiles since Public Administration of-
fices are entitled to access a wide variety of informa-
tion about citizens. Clearly, the utilization of this infor-
mation is regulated by laws on privacy that vary from
country to country. If necessary, a user can be required
to authorize the utilization of his personal data. Alter-
natively, it is possible to adopt an approach, analogous
to that described in [32], that allows a user to formally
define the rules for the utilization of his personal data
that must be followed by the system.

Finally, device adaptivity appears to be particularly
important in the present technological scenario where
users can utilize various kinds of devices (e.g., person-

al computers, notebooks, PDAs, and so on) to access

telecommunication networks. In order to understand

this concept better, assume that a user visits a Web page
related to an e-government service twice and that each

visit takesn seconds. Suppose, also, that during the
first access he utilizes a PDA having a low processor
clock and supporting a connection characterized by a
low bandwidth and a high cost. During the second ac-

cess, he uses a personal computer having a high pro-
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2. Description of the proposed system

The general architecture of our system is shown in
Fig. 1. From this figure it is possible to observe that
our system is characterized by five types of agents,
namely: () User-Device Interface Agentji) User-
Device Agent, iii) User Profile Agent,i{) Service
Recommender Agent, and)(Public Administration
Agent.

Information about provided services is stored in a
Service Database, since this information is directly han-
dled by more than one agent. On the contrary, infor-
mation about citizens accessing our system is stored in
a Support Data Structure, internal to the User Profile
Agent, since this is the only one that directly manages

In the following we describe the various components
of our system in detail.

2.1. User-Device Interface Agent

The User-Device Interface Agent (hereaftidIA;;)
is associated with a usér; who wants to access our
system by means of a deviée;.

UDIA;; is an interface agent, which is activated
each timel/; connects to our system.

It works onD; and is specialized in such a way as to
take the characteristics of this device into account.

It supportsU; to supply our system with services
of his interest; in addition, it visualizes our system’s

cessor clock and supporting a connection characterized gnswers tdJ; in a friendly fashion.

by a high bandwidth and a low cost. Since, during the
two accesses, connection time is identical, it is reason-
able to argue that the interest the user exhibited for the

service during the former access is greater than that he

exhibited during the latter one. The importance of de-

2.2. User-Device Agent

A User-Device Agent (hereaftdVDA;;) is associ-
ated with a uset/; utilizing a deviceD, to access our

vice adaptivity is confirmed by the existence of several system. It works onD; and is activated each time
approaches, already proposed in other contexts (such U; wants to access our system for performing some

as e-health, e-banking and e-learning), in which the
knowledge of the devices currently utilized by users
plays a relevant role (see [19,29,39]).

The plan of this paper is as follows. Section 2

presents a detailed description of the proposed system.

Experiments carried out to test its performances are il-
lustrated in Section 3. A detailed comparison of our
system with other ones supporting e-government activ-
ities, and previously proposed in the literature, is pre-
sented in Section 4. An overview of some possible

future enhancements of our system is presented in Sec-

tion 5. Finally, in Section 6, we draw our conclusions.

activity.

2.2.1. Support data structure

The Support Data Structure éfDA;; consists of a
triplet (DP;, U P;, PPB;;), whereD P; represents the
profile of D;, U P; denotes the profile df ; andP P B;;
indicates the Price per Byte &}; for U;.

DP; consists of a paifDevId;, B;), whereDevId;
is the Device |dentifier (i.e., a code identifyingD;),
whereasB; is the maximumBandwidth that D, can
provide.

U P; is represented by a tuple:
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Fig. 1. Architecture of the proposed system.
(UId;, PEDataSet;, InterestSet;, Audacity;, where PEN amef represents the name of a per-
o ici - f
Satis factionj) sonal or economic information, where2isval ue;
denotes the corresponding value.
where:

— Uld; is a code identifyingl; (e.g., his Social
Security Number).

— PEDataSet; stores personal and economic data
of U;. Each elemenPEData] € PEDataSet;

consists of a pair(PEName!, PEValuel),

— InterestSet; represents the set of keywords that
U; has specified during his previous queries. An
interestinterest; € InterestSet; is represented
by a tuple:

(Intld;, IntName;, IntF'VTS;,
IntLVTS;, IntAvgN AT,
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IntAccNums)
where:

* Intld; is a code identifying nterest;;

* IntNamej is a string representing the name of
Interest‘;f;

* IntFVTS; is the First Misit Time Stamp of
Interest;; it stores the exact time in whidti;
visited a service associated witlvterest; for
the first time;

* IntLVTS3 is the Last Visit Time Samp of
Interest]; it stores the exact time of the lat-
est access ob/; to a service associated with
Interestj;

* IntAvgN AT} is the Average Normalized Ac-
cess Time of U; to services associated with
Interest; (see below);

* IntAccNumj is the number of accesses 6f
to services associated witluterest;.

IntAvgN AT} normalizes the Access Time bf;
to services associated wifmterest; against the
characteristics of the devices utilized by him. In
fact, this coefficient is computed by means of the
formula:

IntAccNum$

Y ket J IntNATjSk
IntAceN ums

IntAvgN AT} =

Here:

« IntNAT;* normalizes the time spent by;

during hisk?" access to services associated with
Interest;. Itis computed as:

IntNAT =
Visited;k p GizeP
skp ageSize
> (I”tTj _T)
p=1
Visited;k
x | PPB* x Z PageSize?
p=1

where: {) Visited?k denotes the number of
pages visited by/; during hisk!" access to ser-
vices associated witlinterests; (ii) IntT;"™”
indicates the time spent I&y; to access and con-
sult thep?" page visited by him during hig?"
access to services associated wititerest;;
(iii) PageSize? is the size, in bytes, of the'"
page visited by/; during hisk'" access to ser-
vices associated wittinterest; (iv) PPB*

and B* represent the Price per Byte and the
bandwidth associated with the device utilized by
U; during hisk*" access to services associated
with Interest;.

This formula is justified by observing that
the importance given by/; to Interest; can

be assumed to be directly proportional to the
time spent by him consulting pages related to
Interest; (in this computation it is necessary
to disregard the time needed for page download,
that can significantly vary with the bandwidth of
the utilized device), as well as to the price that
he must pay for accessing these pages.

* IntAccNumj is necessary for normalizing
(and, therefore, for correctly comparing) access
times, by removing the dependency of the term
S N I N AT* from the number of
accesses to services associated Witherest;
performed byU;.

Audacity; represents owsystem’' s audacity in the
selection of answers to queries submitted gy it
belongs to the real interv@), 1] and denotes how
much our system must be permissive in selecting
services fol/;. As will be clear in the following,
our system re-computes this coefficient after each
query submitted by/;, on the basis of his feed-
backs to its previous recommendations. In the fol-
lowing we shall use the symbel; for indicating
this coefficient.

Satis faction; represents theatisfaction of U it
belongs to the real intervil), 1] and indicates the
fraction of services recommended by our system
that have been really accesseddy. In the fol-
lowing we shall use the symbel; for indicating
this coefficient.o; can be computed as:

_ NAccessed,

o; =
J N Recomm;

where N Recomm; indicates the number of ser-
vices our system suggested & when he sub-
mitted his last query, whered$ Accessed; rep-
resents the number of services suggested by our
system that/; has really accessed.

Finally, PP B;; represents the Price per Byte bf
for U;; itindicates the price payed l3y; for download-
ing a byte of data by means &f;. PPB;; is handled

as a subjective measure because different prices might
be associated with different users for the utilization of

the same device.
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PPB;; is stored in our system when personal data
related toU; are inserted in it.U; can always modify
PPB;;, as well as all his other personal data, by means
of the User-Device Interface Agent.

2.2.2. Behaviour
The behaviour of a User-Device AgelitD A ;; can
be described as follows:

1. ltretrieves the Device Profil® P; from D;.

2. ltrequires the User Profilé P; to the User Profile
Agent.

3. It receives, from the corresponding User-Device
Interface Agent, a queryy;; submitted by
U; by means ofD;. @;; can be represent-
ed as a tupléSelDegree;;, QK eywordSet;;).
SelDegree;; represents our system’s selectivity
degree and indicates how much it must be selec-
tive in service filtering. Q K eywordSet;; con-
sists of a set of keywords describing desired ser-
vices.
OnceUDA;; receivesQ;, it first updates the
profile of U;. In this activity, for each keyword
QKey;; € QKeywordSet;;, one of the follow-
ing situations might happen:

— there does not exist an interdstterest?, cor-
responding toQ Key7;, in InterestSet;; in
this case, an interest correspondingXi ey ;;
is inserted infnterestSet ;

— an interest Interest;, corresponding to
QKey;;, already exists infnterestSet;; in
this case the corresponding coefficients are
suitably updated.

4. Itsends);; and its Support Data Structure to the
Service Recommender Agent, which processes
();; and returns a list of services satisfying it.

5. Itsendsthese servicedigvia the corresponding
User-Device Interface Agent. At this poirit];
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U P; becomes excessively large, asynchronously. This
task is carried out as follows: first, for each interest
Interest] € InterestSet;, acorresponding relevance
coefficientp? is computed; after this, all interests hav-
ing a relevance coefficient less than a certain threshold
p are removed frominterestSet ;.

The relevance coefficiept; depends on:

— The numbernt AccNum}; of accesses al/; to
services associated withiterest;; specifically,
the higher the value dint AccNumj is, the higher
the relevance of nterest; for U; will be.

— The interval(IntLVTS; — IntF'VTS?), where
IntLVTS; (resp., IntFVTS?) represents the
Last Visit Time Stamp (resp., the First Visit Time
Stamp) associated witlinterest?; specifically,
the larger this interval is, the higher the relevance
of Interest; for U; will be.

— The exact timel’'S when the evaluation gf; has
been carried out; specifically, the greater the inter-
val betweerl'S andIntLVT'S; is, the lower the
relevance off nterest for U; will be.

— The Average Access Timewt AvgN AT thatU;
spentto access services associated ivitlrest,
normalized w.r.t. the characteristics of the devices
utilized by him; specifically, the higher the value
of IntAvgN AT} is, the higher the relevance of
Interest; for U; will be.

As a consequence of the previous reasonyjrjg;an be
defined as:

p; = IntAccNum;
IntLVTSS — IntFVTS?
TS —IntFVTS;

xIntAvgN AT}

X

2.3. User Profile Agent

The User Profile Agent (hereaftef/PA) has
been specifically conceived for guaranteeing a device-

can choose those ones best satisfying his interests; independent management of user profiles. In fact, each

after this choice, it computes the new valuerof
and stores it in its Support Data Structure.

6. When the User-Device Interface Agent informs it
thatU; has decided to end the current session, it
sends the updatddP; to the User Profile Agent.

In order to maintainU P; always up-to-date, yet
avoiding an excessive growth of its dimensidi) A ;;
performs a pruning activity and removes frdifi®;
those keywords that no longer represent current in-
terests forU;. Pruning activity can be performed
periodically or, if the number of interests stored in

user can access our system by means of several devices;
as a consequence, it is necessary to maintain a unique
copy of his profile, independently of the device he is
utilizing during a session.

U P A stores the various user profiles in an internal
support data structure. It can be activated b A ;;
each time this last needs the profileldf. In this case,
it retrieves this profile from its support data structure
and sends it t&/ D A;;.

U P A can be activated by D A;; also atthe end of a
session. In this case it receives the updated user profile
and stores it in its support data structure.
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2.4. Service Recommender Agent 2.4.2. Behaviour
SRA is activated by a User-Device AgebitD A;;
The Service Recommender Agent (hereafiétA) whenausel/;, utilizing the deviceD;, submits a query

is the core of our system:; it makes its recommendations Qi;. It receivesR);;, DP; andU P; and returns the list
to a user by taking available services, as well as user of services answering;;, best matchingthe past needs

needs, preferences and past behaviour into account.  of U; and presumably satisfying his future interests. In
orderto performits task§ R A carries out the following

2.4.1. Support Data Structure steps:

The Support Data Structure ¢fRA consists of a 1. It utilizes Information Retrieval techniques to ex-
collection of Service Profiles; specifically, a Service tract, from the Service Database, all services sat-
Profile S P, is associated with a servicg and is repre- isfying user desires and constraints, as specified in
sented by the tuple: Qi; andU P;. Such atask is performed by apply-

ing keyword-based matching and characteristic-
based matching techniques [22].

SCharSet;, SReqSet)) 2. It associates a numeric coefficient with each se-
lected service; this coefficientis computed as fol-

(SId;, SName;, SURL,, SDescry,

where: lows. LetS; be a service and létl atchintSet j;

— S1d, represents the identifier ¢f; be the set of interests @f; satisfied bysS;; the

— SName; denotes the name 6f; interest degree associated withis computed as:

— SURL,; stores the URL wher§; can be accessed,; .

— SDescr; stores a brief description 6 which will il = Z Pj
be utilized by the graphical interface for helping a Interesti€MatchIntSet;i
user to select those services of his interest, more wherep? represents the relevance biterest:
easily. _ for U; (see Section 2.2.2).

— SCharSet; represents the set of characteris- At the end of this phas§ R A constructs a tem-
tics describingS;; each elementSChary' € porary list STempList;; of services obtained
SCharSet, is a keyword representing one of the by ordering those services selected in the previ-
characteristics of; N ous step on the basis of their interest degree

— SReqSet; represents the se_t of reqU|S|te_s a STempList,; is already a good solution fdr;;
user must have for accessing;; a requi- however, two further improvements can be per-
site SReq" € SReqSet; is represented by formed on it, making it more adequate to user
a triplet (RegName;*, ReqOpi", ReqV aluey™), needs. First, we observe that it assigns an interest

where: () ReqName]* represents the name
of SReq;”; (ii) ReqOp;" indicates an opera-
tor belonging to the sef>, >, <, <, =, #}; (iii)
ReqValue]™ denotes a value foReqName]".
ReqOp;™ and ReqValue]™, together, specify the
condition associated withiReq;" that must be sat-
isfied by a user if he wants to acceSs As an
example, an Italian citizen can apply for a driving
licence only if he is at least 18 years old; if the pre-
vious formalism is adopted, this requisite would

degreeto each service on the basis of its relevance
for U;; this is computed by taking only his past
preferences into account. As a consequence, it
does not consider services titat disregarded in

the past (for example because he did not know
of their existence) but that might be interesting
for him in the future. Second, it might contain
an excessive number of services. The next steps
performed bySRA aim at implementing these

o ) improvements.
be specified by the triplgidge, >, 18). 3. SZ;A constructs a setSeedServices;;, ob-
As an example, the Service Profile associated with tained by selecting the firsiSelDegree;; x
the free online health-care support system “e-care CUP |STempList;;|] services oS8T empList;;. Ser-
2000" [2] is { Idq, “Health care e-care CUP 2000", vices ofSeedServices;; are utilized bySRA as
www.cup2000.it/cup2000/eng/cup2000.asgealth, seeds for selecting other services not considered
Telemedicine, Online doctor, Consulting, Book}ng by U; in the past but that might be of his interest

{}) in the future.
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4. SRA constructs the final list of serviceétList; to determine a correct value fér, we have car-
as: ried out this task by taking users’ feedback into
SListy; = SeedServicesyy U {S,]S, is a ;cgoimt; at the end of this analysis we have set
. . . . T2
service registered in the Service = If o777 < 7, then it is possible to conclude
Database&SDé(S,, S,) < o thatU; has not appreciated proposed services and
Y ' ! desires the system to be more selective; as a con-
for somes,, € SeedServices;;} sequence, the system audacity should decrease.
In this formula,3 (S, S, ) represents the “dissim- = If 077°"?"" = 7, then it is possible to conclude
ilarity degree” betweets, andS,. Itis defined that the system audacity should be kept constant.
as: The previous reasoning allows us to conclude that the
5(S,8,) = higher user satisfaction is the higher the increase of

previous
e’

(w.r.t. its previous valu ) should be, whereas
_ 2|SCharSety N SCharSet,| the higher user dissatisfaction is the higher the decrease
|SCharSet,| + [SCharSet,| of a; should be. In order to quantitatively specify this
2|SCharSet,NSCharSet,| reasoning we introduce a functienrepresenting the

where , . "
Dice’s coafiaaeHISCharSets| increase (or the decrease) of the audacity coefficient.
' is defined as:

0 belongs to the real intervd0, 1]; it is mini-
mum whenS, andS, coincide whereas it is max- ej=|7— 05?7'6’”""’“5 |

imum when they do not share any characteristic. .

o is the audacity coefficient introduced in Sec- We are now abTISUEOoufgormally .spemfy haw; can be
tion 2.2.1 and is dynamically updated By A on computed fromu ; specifically:

the basis of the feedbacks &f; for the previous
system recommendations. In the following we

isthe wellknown

. Previous
min{1, of" """ 4 ¢}

3 L. . if previous >7
shall examine it in detail. 0y o
SList,;; contains at least those services used as o = a§?7'e’”"‘"“s if af”“"‘""‘)”s =7
“seeds”; moreover, it could contain also some ser- 0. gPrevious
max{0, o —¢5}

vices thatU; disregardedin the past but that could _ _

be relevant for him in the future. In the selection if g7 < T

of these additional servicesplays a key role;

in fact, it measures the dissimilarity degree of 2.5. Public Administration Agent

two services on the basis of their semantics, with-

out considering the relevance ttiaj assigned to The Public Administration Agent (hereaftd? A A)

them in the past. is an interface agent, analogous to that described in [7].
5. SRA sends toUDA,; the names, the URLs It is utilized by a Public Administration officer (or by

and the descriptions of the services present in anemployee authorized by him) for adding, modifying

SList;;, along with the new value af ;. or removing information about the services supplied by

Th daci . I dated aft h the corresponding office? A A plays an important role
e audacityy, Is incrementally updated after each -, system since it allows our system to provide a

query performed bWJ on the basis of his feedbacks . uniform interface for managing services that might be
to the corresponding system proposals. Such a task is highly heterogeneous

carried out as follows:

— Ifthe values?"¢"**"* of the satisfaction coefficient ~ 2.6. Service Database
after the execution of the previous query is greater
than a constant valug (acting as a discriminat- As previously pointed out, the Service Database
ing factor), then it is possible to conclude tliat stores the profiles of services handled by our system.
has appreciated proposed services and, therefore, The structure of a Service Profile has been illustrated
the system can try to suggest a greater number of in Section 2.4.1.
services; as a consequence, its audacity coefficient  In order to efficiently deal with possible failures of
can increase. In this reasoning, it is necessary the Service Database, we adopt Betabase Replica-
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tion strategy [34]. It uses two or more servers; one of
them acts as a primaradtive) server; the other ones
act as secondaryrfrror) servers and run on different
machines.

There is a communication link between the primary
server and the mirror ones; each time a service informa-
tion is added, removed or updated in the primary server,
the communication link is utilized for performing the
same operation in the mirror ones. As a consequence,
at each time instant, both primary and mirror servers
store the same data. Such a synchronous data mod-
ification policy is possible because addition, removal
or update of service information is quite infrequent, if
compared with the other activities performed by our
system.

In addition to the improvement of our system’s ro-
bustness, this form of replication is useful for spreading
the network/computational load across more than one
server, for managing failures of individual servers and
for increasing our system’s processing capability.

2.7. Summary of the characteristics of our system

From the previous description it is possible to ob-
serve that our system is characterized by the following,
interesting, properties:

— Itisproactive. In fact, it not only proposes to the
user those services appearing to be in line with his
past behaviour but also tries to detect and suggest
further services that he disregarded in the past but
that appear to be presumably of interest for him in
the future.

— Itisautonomous. In fact, it constructs and handles
a user profile in an unobtrusive fashion. In ad-
dition, it automatically utilizes information stored
in that profile, along with data derived from user
monitoring, for computing relevance and audacity
coefficients. Finally, when it receives the descrip-
tion of new services provided by Public Admin-
istration offices, it automatically computes their
corresponding dissimilarity degrees with the pre-
viously inserted services. As specified in Sec-
tion 2.4.2, all these data are essential for perform-
ing recommendation activity. In general terms, it
is possible to observe that our system, with all its
activities, does not require the presence of external
entities performing supervision and coordination
tasks.

— It shows a good learning capability. In fact, it

is capable of continuously monitoring a user for
constructing and, then, updating his profile. Inthis
activity it is capable of identifying the new inter-
ests of a user and/or removing interests appearing
to be no longer relevant to him.

It considers the characteristics of utilized devices
when it measures the relevance of an interest, and
consequently of a service, for a user. As a con-
sequence, device profiles play a key role in the
system recommendation activity.

It is flexible, i.e., it is capable of operating on a
wide variety of devices.

It isreactive. In fact, it is capable of reacting to
external stimuli and to adapting its behaviour to
variations produced by them. Specifically, it is ca-
pable of reacting to:i) variations on user prefer-
ences, since, in their presence, it modifies the cor-
responding user profile in such a way as to update
the relevance coefficient of the various user inter-
ests; {i) variations on the utilized devices, since,

in presence of variations of the device utilized by
a user, it updates théntAvgN AT coefficient
and, therefore, modifies the relevance coefficient
of the various user interestsii} variations on us-

er needs, since, in their presence, it re-computes
the audacity coefficient and, therefore, enlarges or
reduces the set of proposed services.

It is XML-based; specifically, {) agents support
data structures are represented as XML docu-
ments; (i) agents communication language is
ACML [18], a language obtained from the combi-
nation of XML and KQML,; (ii) information ex-
traction from support data structures is carried out
by means oXQuery [4], which is becoming the
standard query language for XMLiv} the ma-
nipulation of agents support data structures is car-
ried out by means of the Document Object Model
(DOM) [1].

Due to space limitations, we cannot provide here
examples of the utilization of XML, ACML,
XQuery and DOM. However, the interested read-
er can find them in [10], although they relate to a
different application context.

The usage of XML provides various benefits to
our system. First, XML is rapidly spreading and
is becoming the reference language for data ex-
change. Moreover, XML documents storing pro-
files and agent support data structures are textual,
and, therefore, light; as a consequence, they can
be handled by means of devices characterized by
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limited capabilities, such as mobile phones. This
would be much more difficult in case of the same
information would have been stored in relational
databases, whose management is much heavier.
It is scalable; in fact, it is possible to extend its

functionalities by simply defining new agents and
integrating them with the pre-existing ones. More-
over, it is capable of handling a large number of
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a more efficient utilization of available bandwidth, a
reduction of latency time and, finally, a higher fault
tolerance w.r.t. a client-server architecture [6].

The usage of the Intelligent Agent technology pro-
vides various benefits even w.r.t. a classical distribut-
ed system based on cooperating processes. In fact, all
properties typical of Intelligent Agents are profitably
exploited: the role of autonomy and proactivity has

users because User-Device Agents operate on userpeen previously examined; adaptivity and learning ca-

devices and, consequently, their overhead for the
system is marginal.

Itisrobust; specifically, it might be possible to han-
dle more instances of the core agents, namely User
Profile Agent and Service Recommender Agent,

as well as more instances of the Service Database.

This allows User-Device Agents to communicate
with alternative agents in case of faults.

It is capable of uniformly handling heterogeneous
services, since the presence of the Public Admin-
istration Agent allows the adoption of a common
interface for handling possibly heterogeneous ser-

vices; as a consequence, highly heterogeneous ser-

vices can be handled in a uniform fashion because
their representation in the Service Database fol-
lows a precise common format.

In the e-government application context, a multi-
agent architecture guarantees higher usage simplicity,
efficiency and robustness w.r.t. a classical client-server
architecture. To better clarify this concept consider
a client-server e-government system in which a user
(client) must query more databasesrfers) that are

pability are fundamental for allowing our system to
construct and handle user profiles and to adapt its be-
haviour to both the profile of a user and that of the de-
vice he is currently utilizing. Collaborative behaviour
also plays a key role; in fact, agents continuously ex-
change messages and strictly cooperate to pursue the
common goal of services recommendation.

Finally, as previously pointed out, a multi-agent ar-
chitecture, if compared with a classical architecture
based on Web services, provides our system with im-
portant properties, such as proactivity, autonomy, learn-
ing capability, and so on.

Clearly, although a multi-agent architecture provides
several benefits, it implies a higher system complexity
and higher costs. Specifically, it requires the definition
of quite complex policies for handling coordination,
messaging and concurrency.

2.8. An overview of the system prototype

The prototype of our system has been realized in

semantically related to each other (e.g., a welfare in- JADE (Java Agent DEvelopment Framework), a Fl-
stitution and an employment agency). In this case, he PA (Foundation for Intelligent Physical Agents [3])
must manually contact and query the various databases compliant platform for developing Intelligent Agents.
one by one; as a consequence, he must know of the However, a pure JADE-based implementation requires
existence, the address and the content of each of them.a significant amount of memory and CPU clock,
When the number of databases involved is large and/or which, usually, are not available on small devices, like
when the user is a simple citizen, this task might be- PDAs or mobile phones; therefore, we have adopt-
come prohibitive. On the contrary, in our system, each ed JADE/LEAP JADE Lightweight Extensible Agent
user must only submit his queryto a User-Device Agent  pjatform), a version of JADE capable of operating also
by means of a friendly interface handled by a User- gn small devices.

Device Interface Agent; the User-Device Agent, then,  The choice of JADE (i.e., the choice of an open in-

interacts with the Service Recommender Agent, which
automatically determines those service providers ap-

terface specifically conceived for handling multi-agent
systems) allows many facilities w.r.t. generic infras-

pearing to be the most adequate for answering USer's y,cyyres/architectures conceived for managing com-

guery, and presents their links to the user by means of
a friendly interface handled, again, by the User-Device
Interface Agent. This behaviour allows our system to

dynamically create a personalized answer page for each

user query. Moreover, numerous experimental stud-

ies point out that a multi-agent architecture guarantees

munication among objects in distributed systems [9].
Specifically:

— JADE offers a lot of built-in (and, often, off-the-
shelf) functions for efficiently and effectively han-
dling agent communication.
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Fig. 2. The Web interface that our system presents to a citizen.

— JADE can choose the proper message transporta- Each time he submits a query, our system processes
tion mechanism by taking the agent location in- it, according to the algorithm described in Section 2.4.2;
to account. This lightens the programmer’s work  after this, it generates a set of recommendations, in the
because he has no need to know of the physical form of links to external services, and displays them
addresses of agents, if they live or not on the same g him in such a way as that he can select those of his
platform,andsoon. _ interest (see Fig. 4).

— JADE provides specific primitives for handling When he accesses one of these services, our sys-
message passing in wwele_s_s environments. tem unobtrusively monitors him in order to update his

— JADE offers a good scalability. profile.

However, it is worth pointing out that, in spite of In order to avoid misinterpretations of the behaviour

these facilities, our framework does notrequire acitizen of 5 yser, that might be generated by his casual brows-

to install JADE or to perform other complex software  jng our system allows him to suspend the current ses-
installations on his device. In fact, a citizen can access sion at any time (see the link “Suspend session” in

our system by means of a suitable Web interface (see Figs 3 and 4)

Fig. 2). If he accesses it for the first time, he must regis- In order to understand this aspect better. consider a
ter himself. On the contrary, if he is already registered, . P T
userU who submits a query) and receives a list of

an authentication process starts; in case this process is ded i Sfi A h
successful, our system sends a Java applet which imple- "€commended services satisfyiqg Assume that,

ments the SHA-1 algorithm for assuring the integrity ~&fter having started to consult these services, h_as to
of data exchanged between the e-government Web site leave our system for some reason. If our system inter-
and the citizen’s browser. When this applet is run by preted this behaviour as the end of the current session,
the citizen’s browser, the User-Device Agent is active itwould conclude thal/ disliked its recommendations;
on the citizen’s device and he can see his personalized as a consequence, the next til@ccesses it and asks
home page (see Fig. 3). for @ again, he would receive fewer recommendations
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Fig. 3. The personalized page that our system shows to a citizen.

w.r.t. his previous visit; this is, probably, an undesired caninsert, remove or update information about services

result for him. offered by the corresponding office (see Fig. 5).
The possibility to suspend the current session allows ~ Observe that a service might have several character-
this problem to be solved. In fact, I must leave istics and several requisites; in order to allow a man-

our system, but he wants to continue the analysis of its ager to specify all of them, the Web interface presents

current recommendations, he can suspend his current the buttons “Add Characteristic” and “Add Requisite”.

session, by clicking the link “Suspend session”; in this When a manager clicks on one of them, our system

way, the next time he accesses our system, he will be presents him with a further page allowing the insertion

presented with exactly the same configuration which of the corresponding information.

he left. This has also further implications; in fact, our

system considers the two accessel @fs a single ses-

sion and, consequently, the User-Device Agent updates 3. Experiments

the profile ofU only at the end of his second access (if

he did not require any further suspension). This section illustrates the experiments we have car-
A manager of a Public Administration office can ried out to evaluate our system. Specifically, in Sec-

access our system by means of a Web interface. Whention 3.1 we describe the characteristics of users and

a Public Administration office wants to join our system, devices involved in the various tests. Section 3.2 ana-

a registration task must be performed. If a manager of lyzes the variation of accuracy measures for different

a registered Public Administration office accesses our values of the initial system audacity as well as the vari-

system, an authentication process is activated; in case ation of system audacity against the number of submit-

if it is successful, our system sends a Java applet to ted queries. Section 3.3 studies the role played by the

the manager’s browser. When this applet is run, the device profile in the accuracy of our system. An anal-

Public Administration Agent is active and the manager ysis of the role of the selectivity degree is presented in
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Fig. 4. The page containing the personalized recommendations to a citizen.

Section 3.4. In Section 3.5 we present an analysis of User-Device Agents and of the User-Device Interface
the performance of our system against an expert human Agents have been installed on computers equipped with
administrator. In Section 3.6 we analyze the computa- a 2.6 GHz CPU and 256 Mb of RAM, whereas others
tional costs necessary for making our system adaptive ran on QTEK 2020 PDAs equipped with a 400 MHz
w.r.t. user's needs. In Section 3.7 we analyze the an- CPU and 128 Mb of RAM.

swer delay of our system in overload conditions. Fi-  In our tests we have considered a $étet =

nally, in Section 3.8, we present an experimental com- {U1,Uz,...,Us} of 30 users and a set of 90 ser-
parison between our System and Other e_government ViceS derived from the Italian Government Web Site
systems currently available on the Internet. http://www.italia.gov.it. Selected services were associ-

ated with differentapplication domains, such as Health,

3.1 Characteristics of users and devices Welfare, Education, Public Transports, and so on.

3.2. Evaluation of the impact of audacity on the
In our system, the User Profile Agent, the Public accuracy of our system
Administration Agent and the Service Recommender
Agent operate on Personal Computers equipped with  As pointed out in Section 2.4, audacity coefficient
a 3.4 GHz CPU and 512 Mb of RAM; some of the plays a key role in our system since it allows user
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Fig. 5. The Web interface that our system presents to a manager of a Public Administration office.

satisfaction on past proposals to be taken into account. minimize the number of irrelevant ones. The system is
Our approach requires to state an initial value férit  optimum if all relevant services are retrieved (we call
as a consequence, the tuning of this initial value and this property “completeness” in the following) and no
its role in the system accuracy must be carefully stud- irrelevant service is suggested to the citizen (we call
ied. For this purpose, we have adopted some classical this property “soundness” in the following). Precision

measures for evaluating system accuracy, namedy

is a measure of the soundness of a system whereas

cision, Recall, F-Measure andOverall; these measures  Recall is a measure of its completeness. A system
have been initially defined in the field of Information is, then, optimum (i.e., it is sound and complete) if
Retrieval [5,41] and, then, they have been applied to both Precision and Recall are equal to 1. Actually,
measure the accuracy of Recommender Systems [37]. this is an ideal case; in real cases Precision and Recall
Precision is defined as the proportion of retrieved are generally lower than 1 and, often, are conflicting
and relevant services to all the services retrieved; anal- measures (i.e., for obtaining a good Precision, often,
ogously, Recall is defined as the proportion of relevant Recall must be sacrificed, and vice versa).
services that are retrieved, out of all relevant services  Precision and Recall have been computed as follows:

available. Both Precision and Recall vary in the re-
al interval[0, 1]; high values of them indicate a good

accuracy.

The adoption of Precision and Recall is explained as
follows: an e-government system should maximize the
number of relevant services retrieved by it and should

—each useU; € USet submitted a query; this
has been processed by means of classical Infor-
mation Retrieval techniques (keyword-based and
characteristic-based matchings, see Section 2.4)
and a setSSet; of services possibly satisfying it
has been generated;

—our system has been applied to identify a set

2Recall that the value of audacity coefficient belongs to the real SS; C SSet; of services considered particularly
interval [0, 1].

interesting fotU;;
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Fig. 6. Impact of the initial value of audacity coefficient on the Precision of our system.

— eachusel/; has been asked to specify a Sét; C F-Measure [41] represents the harmonic mean be-
SSet; of services that he considered interesting. tween Precision and Recall; it is defined as:
The PrecisionP;, associated witl/;, has been P x R

: . F.=9x 2"
defined as: j P+ R;
SU,NSS; . o . . .
P; = W it varies in the real intervdD, 1]; the higherF} is, the
J

more accurate the system will be. F-Measure gives the
whereas the RecaR; has been computed as: same relevance to Precision and Recall in assessing the
ISU; 1 SS| accuracy pf a system; in fact, the formul_a defining this
=10 measure is symmetrical w.r.2; andR; (i.e., P; and
15U R; are interchangeable).

However, neither Precision nor Recalibneare good Overall [33] measures the effort needed for adding
indicators of the accuracy of a system. Infact, a system false negatives and removing false positives from the
might achieve a high Precision at the expense of a Set of services returned by a system; it is defined as:
poor Recall by returning few (almost surely sound)
services; inthis case users might be dissatisfied because Vi = £ % (2- ﬁ)
many relevant services are filtered out. On the other !
side, Recall can be easily maximized at the expense of
a poor Precision by returning all services that might
be, even vaguely, interesting for users. Also in this
case users might be dissatisfied because they would be
overwhelmed by many irrelevant proposals. This last
reasoning motivates the definition of joint measures

between Precision and Recall; two very popular joint ™ syote that when the number of queries submitted by a user grows,
measures are F-Measure and Overall. the system refines the corresponding User Profile (see Section 2.2).

O, is a real value betweenoco and1; high values
of O, indicate a good accuracy.

Figures 6,7, 8 and 9 show the values of Precision, Re-
call, F-Measure and Overall, averaged on all involved
users, against the number of submitted quéri€som
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Fig. 9. Impact of the initial value of audacity coefficient on the Overall of our system.

the analysis of these figures, it is possible to observe mation better describing user needs/preferences). As
that the best results are obtained if the initial audacity is a consequence, service selection is more accurate and
0.50. In fact, “low” values of the initial audacity (e.g.,  this produces an increment of Precision.
lower than 0.25) allow high values of Precision, butnot ~ An opposite behaviour is registered if the initial au-
particularly high values of Recall, to be obtained. On dacity value is *high”; in this case, our system filters
the contrary, “high” values of the initial audacity (e.g., ©ut only few services and suggests also services that
higher than 0.75) allow extremely satisfying values of ~Might not be interesting for the user. _This behavio.ural-
Recall, but not particularly high values of Precision, to  [0Ws high values of Recall to be obtained already in the
be obtained. initial queries; however, the system could erroneously
This behaviour can be explained by the following classify as interesting some services discarded later by
reasoning: if the initial audacity is “low”, our system is the user; this negatively influences its Precision. When

extremely cautious and suggests only those services it the numl_Jer of user queries grows, audamEy valug 'f
. . ; . ; progressively reduced, our system is more “selective
considers interesting for the user with a high degree of

! i : .~ and filters out a higher number of services; this caus-
confidence; as a consequence, almost all its suggestions

R . .~ “es a sensible improvement of Precision and a (limited)
are sound, and this justifies the high values of Precision reduction of Recall
obtained already during the initial queries. However, .

X . ) An initial audacity value of 0.50 is capable of suit-
since a small number of services is selected, it may be ably balancing the two opposite behaviours described

that those services appearing only partially interesting apove: values of F-Measure and Overall (i.e., the two
for users are discarded; this negatively influences Re- accuracy measures taking both Precision and Recall
call. When the number of user queries increases, the jnto account) confirm that this initial audacity value
audacity value grows; this allows our system to suggest guarantees the best results (see Figs 8 and 9).

a higher number of services and causes an increase of  |n order to provide an in-depth analysis of the role
Recall. Moreover, information stored in user profiles of the audacity coefficient in our system, in Fig. 10 we
grows both in “guantity” (i.e., a profile is enriched with  show its values, averaged on all involved users, against
new data) and in “quality” (i.e., a profile stores infor-  the number of submitted queries.
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Fig. 10. Variation of the audacity of our system against the number of submitted queries.

From the analysis of this figure we can see that, in-
dependently of the initial value, average audacity tends
to converge to 0.50. Specifically:

— Ifthe initial audacity is very high (e.g., about 0.95),
then it quickly decreases to a low value (i.e., about
0.30). After this, it presents various, quite high,
fluctuations; these decrease when the number of
submitted queries increases.

An opposite behaviour can be observed when the
initial audacity is very low (e.g., about 0.05); in
this case it is possible to see that audacity quickly
increases to a high value (i.e., about 0.70). After
this, it presents some large fluctuations that, how-
ever, decrease with the increase of the number of
submitted queries.

A more regular trend can be observed if the ini-
tial audacity is set to 0.50 (i.e., the initial audacity
value detected to be optimal in the previous exper-
iment). In this case fluctuations are more limited
and regular and the convergence to 0.50 is much
more rapid than in the previous cases.

Finally, observe the trend of Average Recall when
system audacity is set to its optimal value (i.e., 0.50). In
Fig. 7 we can see that Average Recall initially increases

and, then, after about 10 queries, slightly decreases to
an asymptotic value. This trend can be understood by
observing the variation of audacity against the number
of submitted queries when its initial value is 0.50. In
Fig. 10 we can see that, initially, audacity increases and
reaches its maximum value when the number of submit-
ted queries is about 10; a high audacity value implies
that our system proposes to citizens a high number of
services; this behaviour tends to increase its Recall and
justifies that the maximum value of Recall is obtained
when audacity is maximum. After 10 queries audacity
decreases; this justifies the slight reduction of Recall.
After some other queries, audacity tends to converge to
0.50; moreover, citizen profiles become quite rich and,
consequently, the interest degree associated with a ser-
vice can be more accurately computed and services of
interest can be more correctly detected. For this reason
Average Recall tends to an asymptotic value.

As a further interesting issue, observe that all curves
depicted in Fig. 7 tend to the same asymptotic value, in-
dependently of the initial audacity value, although this
last value influences the “convergence speed”. This
trend can be explained by the fact that all audacity
curves tend to 0.50, although the corresponding “con-
vergence speed” is different.
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Fig. 11. Precision of our system against the number of querie¥ forA, DA(PC') and D A(P D A) configurations.

3.3. Analysis of the role of the device profile in the DA(PDA) configurations; this allowed us to com-
accuracy of our system pute the value of Precision, Recall, F-Measure and
Overall, averaged on all users, against the number of
A second series of experiments has been performed queries submitted by them; the initial system audac-
for evaluating the improvements of the accuracy of our ity has been set to 0.50. Figures 11, 12, 13 and 14
system obtained from the utilization of device profiles. show the variation of Average Precision, Average Re-
Specifically, we have considered two kinds of devices, call, Average F-Measure and Average Overall against
namely a Personal Computer and a PDA, whose charac- the number of submitted queries DA, DA(PC)
teristics have been described in Section 3.1; moreover, andD A(P D A) configurations.
we have asked each user to choose, for each query, the From the analysis of these figures it is possible to
preferred device. From these choices, it emerged that observe that, in thBA configurations, accuracy is sig-
72% of times users preferred to access our system by nificantly better w.r.t. thélDA configuration. Such an
means of a Personal Computer; 28% of times, instead, improvement derives from the fact that the knowledge
their preference was for PDASs. of the characteristics of the device utilized by a user
In a first phase (that we calon device-aware, for accessing recommended services in the past allows
NDA for short) system suggestions have been computed his interest for them to be quantified in a more precise
without taking device profiles into account. Inasecond fashion and, consequently, provides a better knowledge
phase (that we catlevice-aware, DA for short), these of his preferences and needs.
profiles have been taken into consideration; in order  Inaddition, we observe that, in tiD#\ scenarios, Pre-
to improve the significance of our experiment we have cision, Recall, F-Measure and Overall present a more
partitionedDA configuration in two sub-configurations,  “stable” trend w.r.t. théNDA scenario, where an oscil-
namely DA(PC'), when utilized device was the Per-  latory trend can be observed. In order to understand
sonal Computer, andA(PDA), when utilized de- the reasons underlying this behaviour, consider a user
vice was the PDA. Finally, we have asked each user U; and an interesInterest;. As previously pointed
to validate system results for ba¥DA, DA(PC') and out, the Access Time df ; for services associated with
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Interest; plays a key role in the behaviour of our sys-
tem. This Access Time is analyzed in very different
ways in theDA and in theN DA configurations. In
fact, in theN D A configuration, it is simply set to the
time (expressed in seconds) spentlbyfor accessing
services associated withterest; and suggested by
our system. On the contrary, in tiied configurations,
the influence of this time is mitigated by the factors:
(i) Lageize” which subtracts the time necessary for
downloading the corresponding pages (in such a way
as to disregard the time in which the user is inactive
because he is forced to wait for page downloadiri@); (
PPB*, which takes the connection cost of the device
the user is utilizing into account.

In order to understand the positive consequences
caused by the more “stable” trend observed infhé
configurations, in the following, we analyze the im-
pact of underestimation and overestimation errors in
accuracy measures.

In case of an overestimatiofterest? is classified
as relevant foiU;, even though it would be uninter-

In case of an underestimatidmterest? is classified
as irrelevant fol/; even though it would be interesting
for him; as a consequence, our system suggesis &
very limited number of services specifyidgterest ;
among their characteristics; in this cdge selects all
of them and our system reacts to this action by suitably
increasing its audacity.

As a consequence, until our system is able to con-
struct a reliable profile of/;, audacity fluctuates from
high values to low ones, and vice versa; this implies
that the number of services suggested for two compara-
ble queries in two subsequent iterations might be very
different. Therefore, it may be that, for a specific query,
our system generates a small set of sound answers (i.e.,
it achieves a high Precision but a low Recall) but, for
the next query, it might return a large amount of (pos-
sibly irrelevant) results (i.e., it achieves a high Recall
but a low Precision), and vice versa.

The previous reasoning explains the quick initial
fluctuations of Precision, Recall, F-Measure and Over-
all for the NDA scenario (where estimation errors

esting for him; as a consequence, our system suggestsmight play an important role), and the more “stable”

to U; many services specifyinfnterest; among their
characteristics; in this cadé; filters out almost all

trend observed for th® A(PC) and DA(PDA) sce-
narios.

these services and our system reacts to this action by  Another important conclusion can be drawn from

notably reducing its audacity.

Figs 11, 12, 13 and 14 by comparing the accuracy mea-
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sures obtained fab A(PC') andDA(PDA) configu- the initial value of audacity coefficient has been set to
rations. that guaranteeing the best performances, i.e., 0.50 (see
Specifically, the Precision obtained f@A(PC) Section 3.2). Furthermore, in order to make our tests

configuration is rather higher than that obtained for independent of the number of submitted queries, we
DA(PDA) configuration. A similar trend can be ob-  have started to compute all accuracy measures after the
served for Recall although, in this case, the correspond- initial training phase (i.e., after 15 queries), in such a
ing gap is mitigated. way as that user profiles are rich enough.

This result can be explained by the fact that, in spite From the analysis of Fig. 15 it is possible to observe
of the enormous advances made in the last few years, that, for low values of the selectivity degree, Precision
generally, the access to a Web system performed by is prioritised over Recall; on the contrary, for high val-
means of a PDA is still more difficult and expensive ues of this coefficient, Recall is prioritised over Pre-
than the access to the same Web system performed bycision. This behaviour can be explained by a reason-
means of a Personal Computer. Although our system is ing analogous to that we have illustrated for audacity
device-adaptive and, consequently, takes this fact into coefficient (see Section 3.2).
account and tends to propose only particularly relevant ~ Figure 16 shows that, when the values of the selec-
services to a user accessing it by means of a PDA, we tivity degree range between 0.3 and 0.6, our system
have observed that it is still optimistic, if compared presents the best trade-off between Precision and Re-
with the behaviour of real users that, in these cases, call and is capable of guaranteeing the best global ac-
generally, tend to consult only very few services for curacy. In fact, when the selectivity degree is within
each submitted query. Thisreasoning explains the trend this range, both F-Measure and Overall reach their best
observed for Precisioninti@ A(PC') andDA(PDA) values.
configurations. As a further remark about this experiment, we ob-

In addition, the tendency of citizens to consult only  serve that our system provides a user with a flexible
few proposed services, if they are accessing our system mechanism for tuning the various aspects of accuracy.
by means of a PDA, induces our system to reduce its In fact, if he wants to prioritise Precision over Recall
audacity: as a consequence, for each submitted query, (without a strong detriment to it), he can choose a low
it tends to propose quite a limited number of services. value of selectivity degree (i.e., near 0.3), whereas, if
This fact explains the trend observed for Recall in the he desires to prioritise Recall over Precision (without a

DA(PC) andDA(PDA) configurations. strong detriment to it), he can choose a higher value of
The experimentillustrated in this section makes clear selectivity degree (i.e., near 0.6).
the importance of device adaptivity for our system. In Fig. 17 we illustrate the variation of the Response

Clearly, a system supporting this feature is more com- Time of our system when selectivity degree ranges be-
plex to manage; however, this complexity is largely tween 0 and 1. From an analysis of this figure it is
balanced by the improvements of the result accuracy possible to observe that the best Response Time is ob-

obtained by it. tained for low values of the selectivity degree (i.e., for
values less than 0.25). This result is explained by the
3.4. Analysis of the role of the Selectivity Degree on fact that, in presence of a low selectivity degree, the
the performances of our system number of seed services consideredtyA is limited

(see Section 2.4.2); as a consequence, it is necessary to

In Section 2.2 we have shown that, in our sys- compute few dissimilarity degrees and, therefore, Step
tem, each submitted quety;; can be represented as 4 of Section 2.4.2 can be quickly executed. However,
a pair (SelDegree;j, QK eywordSet;;), where: {) Fig. 17 shows that the increase of the Response Time
SelDegree;; represents the system selectivity degree, caused by an increase of the selectivity degree is limit-
indicating how much it must be selective in service fil-  ed, if compared with the overall Response Time of our
tering; (i) Q KeywordSet;; represents the set of key-  system.
words associated witfy;;. In this section we illustrate
the experiments that we have performed for studying 3.5. Analysis of the performance of our system
the role ofSel Degree;; in the behaviour of our system. against an expert human administrator

In Figs 15 and 16 we plot the average accuracy mea-
sures obtained by our system when the selectivity de-  In order to further analyze the performance of our
gree varies between 0 and 1. In these experiments system, we have carried out another experiment, de-
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Fig. 15. Variation of Precision and Recall against variation of the selectivity degree.

voted to verifying to what extent the recommendations Analogously, the Recall of our systerRR {) and that
of our system and those provided by an expert human of the experthuman administratdt {) have been com-

administrator were similar. puted as:
Inthis experimentwe have once again used Precision | SU, N SS; | | SU; N SE; |
and Recall as performance measures. The experiment R; = |jSU- | J R} = W
J J

has been performed as follows:
. . In these tests the initial audacity and the initial se-

—each uset/; C USet submitted a query; this has o qivity degree of our system have been set to 0.50 and

been processed by means of classical Information ( 45 respectively, since previous experiments showed

Retrieval techniques and a s@bet; of services a1 these values allow the best system performance to
possibly satisfying it has been generated; be obtained.

— the expert human administrator has been asked to Figure 18 (resp., Fig. 19) plots the values/fnd
identify a setSE; C SSet; of services thathe  pr (resn R and R'), averaged on all involved users,
considered particularly interesting for;; against the number of submitted queries.

— our system has begn applieq to identi_fy a set From the analysis of these figures we can observe
SS; C SSet; of services considered particularly 4+

interesting forU;;

— U, has been asked to specify a $&f; C SSet; — Both P’ and R’ are almost constant against the
of services that he considered interesting for him. number of submitted queries; on the contraty,

o and R increase when the number of submitted

The Precision of our systen?() and that of the queries increases. This behaviour is explained by
expert human administrator() have been computed the fact that the expert human administrator bases
as: his recommendations much more on his experi-
P | SU; N SS; | P | SU; N SE; | ence than on user past behaviour (that he, gener-

7 | SS; | i | SE; | ally, does not register in a systematic way). On
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the contrary, in our system, user past behaviour  Recall that, for a querg;;, our system first applies
plays a key role; in fact, our system refines the classical, well assessed, Information Retrieval tech-
profile of each user each time he submits a query niques for extracting, from the Service Database, those
and is capable of adapting its recommendations services satisfyingy);; (in the following we callt;
to the user’s profile, which stores, among other this task; it corresponds to Step 1 described in Sec-
information, his past behaviour. tion 2.4.2). After this, it constructs an ordered list
— The Precision obtained by the expert is always of services satisfying a user’s query, taking his past
higher than that reached by our system, although behaviour into account and presumably matching his
the difference between them significantly decreas- future interests (in the following we cafh this task;
es when the number of submitted queries becomes it corresponds to Steps 2, 3 and 4 described in Sec-
high. This result can be explained by the fact that tion 2.4.2).
a human expert, due to his experience, can inter-  We have run several queries for measuring the cost
pret more precisely what is the intended mean- of ¢2 compared to that of; and we have found that
ing of a submitted query; as a consequence, he the average time necessary for executings equal to
can provide a more precise selection of the ser- 17.95% of the average time necessary for executing
vices corresponding to it. Our system, instead, In otherwords, it emerges that the important character-
utilizes automated techniques that are intrinsically istic of our system to adapt the results returned by clas-
less precise; however, when the number of submit- sical Information Retrieval techniques to user’s needs,
ted queries increases, he refines user profile and, past behaviour and possible future interests does not
consequently, acquires “experience” on user needs require a significant computational effort.
and preferences. Inorderto carry outa more detailed analysis, we have
— The Recall obtained by our system is always high- studied the variation of the execution timetqfandt,
er than that obtained by the human expert. This when the number of keywords present in a user query
trend has a precise explanation. In fact, it is well increases. Figures 20 and 21 show obtained results.
known that one of the main shortcomings of man- From their analysis we can observe that:
ual approaches is that they are error prone when
the amount of information to be handled becomes
large. In our context, since, generally, the number
of services to be examined is high, it is plausible
that a human (even if expert) may fail to propose
some relevant services. This reasoning explains
the lower values of Recall obtained by the expert
compared tothose returned by our system. As seen
in Section 3.2, the initial increase of our system’s
Recall is due to the refinement of user profile and
to the dynamic adaptation of system audacity.

— Differently from taskt;, the execution time of
taski, slightly decreases when the number of key-
words presentin a query increases. This trend can
be explained by the fact that, when the number of
keywords in a query increases,is more selective
(i.e., it returns a smaller set of services); as a con-
sequence,; works on a smaller set of data and its
execution time decreases.

— For each value of the number of keywords present
in a query, the execution time of is significantly
lower than that associated with.

Summarizing, expert human administrators can ob-
tain more precise results, although, when the number of flu

involved services is large, they may miss some reI_evant tion possibly existing among the keywords of a query.
answers. On the contrary, our system can be slightly

. . _ Specifically, [20] states that a low correlation among
less precise than a human expert, although this gap: the keywords of a query can lead to higher Response

(i) is counterbglan.ged by a higher completeness and Times. We have investigated if our system follows this
Ies_s response tlmeJXdecreases as long as our system general trend. Specifically, Figs 22 and 23 plot the av-
refines user profiles. erage execution time associated withandt,, in pres-
ence of a low or a high keyword correlation, for various
numbers of keywords present in submitted quéries
From the analysis of this figure we can see that keyword

Another important factor that could negatively in-
ence the performance of our system is the correla-

3.6. Analysis of the computational costs necessary for
making our system user-adaptive

This experiment is devoted to analyze the compu-

tation?' costs necessary for making our system USer- 4 this experiment the correlation degree of the various keywords
adaptlve. of a query has been directly specified by users.
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Fig. 20. Response Time of tagk against the number of keywords present in a query.

correlation actually influences the execution time of delay when the number of users concurrently accessing
specifically, the higher the keyword correlation is, the our system increases. We define “answer delay” as the
lower the execution time will be; this trend confirms  extra time necessary for answering a qu@ry, when

the observations of [20]. As far,, our experiments it is submitted simultaneously with other queries, as
did not find keyword correlation affected its execution opposed to the case in which it is the only query to be

time. processed by the system.
In order to carry out this test, a huge number of
3.7. Answer delay in overload conditions users should have simultaneously submitted queries us-

ing our system; however, since testing our system with

Our system might be simultaneously accessed by thousands of human users would have been extreme-
several users and each of them might submit a dif- ly difficult, we have implemented a software module
ferent query. For each query, the corresponding simulating the querying activity of a user. Specifically,
User-Device Agent contacts the Service Recommender each instance of this module simulates a user submitting
Agent, which provides it with the list of services an- g guery to our system and measures the time elapsed
swering the query and best matching user profile. between the query submission and the corresponding

If the number of users simultaneously accessing our answer reception.
system is huge, the Service Recommender Agentmight  \we have run several benchmark tests; for each of
be overwhelmed by an enormous number of requests; them we have activated an increasing number of con-
this would lead to the congestion of both the Service ¢, rrent simulated users and we have measured the av-
Database and the network; in this case the time neces- gr4qe answer delay of our system: obtained results are
sary for answering user queries might become exces- g in Fig. 24. From the analysis of this figure we

SIVe. _ ) ) can observe that:
In order to verify the behaviour of our system in the

case of several simultaneous requests, we have conduct- — For a low number of users (i.e., less than 1000),
ed an experimental study to measure the query answer the average answer delay is almost null and the
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Table 1

Average Precision and Average Recall obtained by analyzed systems after 5, 15 and 25 queries.
System After 5 queries After 15 querfes After 25 queries

Average  Average Average  Average Average  Average

Precision Recall Precision Recall Precision Recall
Our system 0.70 0.85 0.87 0.91 0.94 0.90
Italy 0.50 0.68 0.73 0.60 0.83 0.79
United Kingdom 0.52 0.56 0.77 0.74 0.81 0.72
France 0.54 0.64 0.75 0.73 0.82 0.77
Germany 0.53 0.61 0.72 0.71 0.82 0.76
United States 0.54 0.58 0.71 0.66 0.79 0.72

Response Time of our system is independent of der examinatiof; obtained results have been utilized
the number of users accessing it. for computing Precision and Recall.

— Foran average number of users (i.e., between 1000  The values of Precision and Recall, averaged on all
and 2000), an increase of the number of users usersof/Set, are reported in Table 1. From the analy-
accessing our system causes a slight increase in sis of this table, it is possible to deduce that our system
the corresponding average answer delay. obtains extremely satisfying results; these are explained

— For a high number of users (i.e., more than 2000), by the following reasoning:
the average answer delay of our system increases
linearly with the increase of the number of users
accessing it.

— With regard to the identification of the most rel-
evant services to recommend, our system utilizes
information concerning both user and device pro-

These results can be explained by the fact that: files; on the contrary, the other systems consider
only the keywords specified by users. Profile uti-
lization makes our system more sensitive to us-
er needs and preferences; this feature justifies the
improvement of Precision.

— Our system recommends to a user not only those
services exactly corresponding to keywords spec-
ified in his query but also ones that he disregarded
in the past (for example because he did not know
of their existence) but that might be of interest to
him in the future. As a consequence, it is capable
of identifying some services potentially interest-
ing for the user that the other systems generally
filter out; this feature explains the improvement of
Recall.

— The various agents involved in our system ex-
change a very small number of, generally simple,
messages. As a consequence, the network traf-
fic caused by message exchange is very limited.
This allows a significant reduction of the risk of
network congestion.

— As pointed out in Section 2.6, our system adopts
a Database Replication strategy [34] to efficiently
handle possible failures of the Service Database.
This also allows computational load to be spread
across more than one server and the processing
capability of our system to be increased.

3.8. Experimental comparison of our system with
other e-government systems
In this experiment we have compared the accura- 4 Related work

cy of our system with that of other, already exist- . i )
ing, e-government systems. Specifically, we have In the literature, several systems supporting users in

examined the official e-government systems of) ( their access_to e—g_overnment services have been pro-
ltaly — www.italia.gov.it; (i) United Kingdom — posed._ln this section we compare some of these sys-
www.direct.gov.uk/Homepage/fs/en;iiif France — tems with that presented in this paper.

www.service-public.fr; i) Germany — www.bund.de; In [17] the system PASSPORT, aiming at improving
(v) United States — www.firstgov.gov. the interaction between citizens/companies and Pub-

In order to carry out our comparisons we have asked lic Administration offices, is proposed. PASSPORT
users ofUSet to submit some queries; submitted

q,uenes Were very hetgrogeneous, ranging from I,mme- 5Taking the analysis presented in Section 3.2 into account, the
diate and 5'_mp|e queries to complex and sophisticated njtial value of the audacity coefficient of our system has been set to
ones. Queries have been processed by each system unae.so.
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consists of three types of software components, name-

ly: (i) service providers, each associated with a Public
Administration office; {i) end users, each associated
with a citizen/company;ii) theintermediary hub, that

303

In [32] the WebDG &b Digital Government) sys-
tem, conceived to simplify citizens access to services
of local Public Administration, yet preserving their pri-
vacy, is presented. The architecture of WebDG consists

collects user requests, performs some evaluations and of three software components, namely) groviders,

selects those service providers capable of satisfying
them.

The main similarities existing between our system
and PASSPORT are the following) poth of them al-
low services to be added/removedin a very simple way;
(ii) both of them ardransparent, i.e., provide mech-
anisms to hide the complexity of the interactions be-
tween Public Administration offices and users. Specif-
ically, PASSPORT achieves this simplification with the
support of the intermediary hub, whereas our system
realizes it by automatically handling the cooperation
among involved agents.

The main differences between our system and PASS-

PORT are the following: if PASSPORT is character-

ized by a centralized architecture, not based on agents,

whereas our system is based on a distributed multi-
agent platform;i{) in our system both user and device
profiles play a key role in service selection; this does
not happen in PASSPORT.

In [23] the Authors propose a software architecture
for delivering e-government services. The main ele-
ments of this architecture arei) @ component devot-
ed to collect and evaluate user requesi3;a compo-
nent handling the information systems supporting Pub-
lic Administration offices; iji) a component identify-

each associated with a Public Administration office;
(i) consumers, each conceived for supporting citizens;
(iii) registry, that retrieves, from providers, the most
interesting services for consumers.

The main similarities existing between our system
and WebDG are the followingi)(both of them utilize
user profiles; however, in WebDG, these are utilized
only for guaranteeing user privacy, whereas, in our
system, they allow service selection to be personalized;
(ii) both of them utilize a conceptual model for service
representation; specifically, our system adopts an XML
based model, whereas WebDG utilizes the Web service
paradigm.

The main differences between our system and Web-
DG are the following: i) WebDG is characterized by
a centralized architecture, not based on the Intelligent
Agent technology, whereas our system is multi-agent;
(i) WebDG provides mechanisms allowing both the
composition and the outsourcing of available services;
such a feature is not provided by our systeiii) for
service suggestion, our system considers the character-
istics of the device currently utilized by a user; such a
feature is not included in WebDG.

In [28] the Authors propose a system for simplify-
ing user access to an e-government portal. This sys-

ing those services best satisfying user requirements and tem consists of the following software element§: g

scheduling the activities necessary to deliver them.

It is possible to find some similarities between our
system and that described in [23]. Specifically) (
both of them define mechanisms for service selection,

database, storing services provided by a Public Admin-
istration office; these are represented by means of the
Web services paradigrmij)a component, calle@LIPS

(C Language Integrated Production System), which is

aiming at satisfying the present needs of a user as well in charge of identifying the most interesting services

as at identifying services potentially of interest to him
in the future; {i) both of them provide a user with the
capability of utilizing heterogeneous kinds of devices
for accessing e-government services.

The main differences existing between our system
and that described in [23] are the following) in the

for users.

Some similarities exist between our system and that
described in [28]. In fact: if both of them provide
mechanisms to represent available services; specifi-
cally, the system proposed in [28] utilizes a suitable
ontology, whereas our system adopts a suitable XML

system proposed in [23] services are selected by means Schema; i) both of them provide a software compo-

of aworkflow analysis, whereas our system utilizes us-
er profiles and past user feedbacks) the software
architecture presented in [23] is centralized; it does not
utilize the Intelligent Agent technology and is multi-
layered; on the contrary, our system is multi-agent and,
consequently, it is distributed and utilizes most of the
features characterizing the Intelligent Agent technolo-

ay.

nent supporting Public Administration offices in the
management of services delivered by them.

The main differences existing between our system
and that proposed in [28] are the following) gur sys-
tem is multi-agent and completely distributed, whereas
the system presented in [28] has a centralized archi-
tecture consisting of several interacting software “lay-
ers”; (ii) the approach described in [28] handles service
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modularity, i.e., it is capable of segmenting a complex both of them are capable of finding correlations ex-
service in several simple sub-services and of assigning isting among e-government services; for this purpose
each simple sub-service to a public/private administra- our approach utilizes a distance function whereas the

tion for its execution; this feature, not included in our
system, can be profitably utilized for service outsourc-

ing.

approach of [36] breaks a compound service into sim-
ple elements;i{) in both of them service retrieval re-
quires intelligently inspecting a database of services;

In [16] the Authors describe a system helping users for this purpose, our approach utilizes audacity coeffi-
to access services provided by Japanese railways. Thiscient; conversely, the approach of [36] carries out sev-
system assumes that each user is provided with a de- eral zooming operations on a dynamic taxonomy.
vice storing his characteristics (e.qg., his personal data, As for the main differences between the two ap-
his possible handicaps, and so on); this device can be proaches, we observe thatt) the approach of [36]
utilized by him for contacting a server to construct an does not take device profiles into accouiib;iq order
itinerary between two cities. The server elaborates re- to find relevant services for citizens, our approach uti-
ceived requests and generates a set of routes best satlizes user profiles; conversely, the approach of [36] re-
isfying user needs. The user can choose one of these quires citizen collaboration; for this purpose, it adopts

routes and, possibly, can buy tickets.
Some similarities exist between our system and that
presented in [16]; specifically, both of then) (tilize
a user profile;if) are based on a distributed architecture
capable of interacting with heterogeneous devices.
The main difference existing between our system
and that described in [16] is that the latter has been
conceived for operating with public railway systems;

an interactive tool.

In [43] the eip.at project, aiming at supporting het-
erogeneous users accessing e-government services, is
presented; involved users might be citizens, Public Ad-
ministration offices, businesses, and so on.eipat,
services delivered by a Public Administration office
are described by means of a suitable ontology called
knowledge map. This ontology comprises various

as a consequence, some of the design/implementationclasses, each representing a real life aspect (e.g., asy-
choices have been specifically made for this application lum/immigration, cultural heritage, and so on). Each
context and are difficult to extend to other domains. class contains variouestances. Classes can be related
As for another, important, difference between the two to each other by means of several kinds of relationships
systems, we observe that the approach of [16] does not (e.g.,is-a relationships). Each time a user submits a

utilize the Intelligent Agent technology.

In [36] an approach for assisting citizens to access
e-government services is proposed. It reliesdyn
namic taxonomies. These are taxonomies designed by
domain experts; their components are cattedcepts.

A concept is a label that identifies a set of instances
(items). Concepts are linked together through semantic
connections statingubsumptions relationships. When

query, eip.at splits it into its keywords; after this, it
locates, on the knowledge map, those classes matching
keywords. If a class exactly matches one (or more)
keywords, its instances are included in the result. If no
class exactly matches at least one keyword, the origi-
nal query is replaced by axtension of it, obtained by
relaxing or dropping some constraints.

As for the main similarities between our system and

a user submits a query the system identifies a subseteip.at, we can observe thati)(oth of them provide a

of concepts (along with their descendants) satisfying
it; this set of concepts is calleftbcus. After this, it

formalism for describing services; @ip.at it relies on
ontologies, whereas in our system it consists of XML-

presents to the user the set of services corresponding to based profiles;j{) both of them consider different types
the concepts of the focus; the user may accept or reject of users accessing e-government services; specifically,

this set. In the former case the recommending activity

our system handles both citizens and Public Adminis-

successfully ends; in the latter one the system refines tration offices whereagp.at can support citizens, Pub-

the focus gooming activity) by discarding some of the
corresponding concepts. Zooming activity continues
until a suitable set of services of interest to the user has
been identified. This service retrieval activity can be,
therefore, depicted as an iterative thinning of a dynamic
taxonomy.

We can highlight some similarities between our ap-
proach and that presented in [36]. Specifically) (

lic Administration offices, private businesses, and so
forth.

As for the main differences between the two systems,
we can observe thati)(in eip.at service recommenda-
tionis carried out by utilizing ontologies and ontology-
based query languages (e.g., RQL); on the contrary, for
performing the same activity, our system utilizes both
user and device profiledj)eip.at does not consider the
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features of the devices utilized by users for accessing
e-government services.

In [21] the systemSTEF (Smart Trade Exhibition
Finder) is described.STEF has been conceived for
managing trade exhibitions, i.e., international trade
fairs in which businesses can advertise their products
or services STEF supports companies to find the right
trade exhibitions for them (and, consequently, it im-
proves their product export while reducing the time,
costs and risks associated with their entry in an interna-
tional market). It collects information about business
preferences, behaviours and activities, as well as in-
formation about past trade exhibitions. This informa-
tion is utilized by a Recommendation Engine that sep-
arately applies a collaborative filtering algorithm and
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alyzing thejoint behaviour of a group of users access-
ing an e-government portalj) ServiceFinder does not
consider the characteristics of the devices adopted by
users for accessing the e-government portal associated
with it.

In [13] the Authors propose a system for dissem-
inating news coming from Web sites associated with
newspapers. In this system a profile is associated with
each user; it consists of two main sections describing
long-term and short-term interests, respectively. This
information is used to rank available news. The news
having the highest ranks are, then, presented to users.

Even though the system of [13] does not focus on
e-government, it shares some similarities with our sys-
tem. Specifically, both of them take user feedbacks into

a content-based one and, then, merges obtained resultsaccount for ranking “information items” (i.e., services

for generating recommendations.

We can recognize some similarities between our sys-
tem andSTEF. Specifically, both of them:i)learn and
manage rich user profiles for producing their recom-
mendations;i{) are provided with a methodology for
computing the similarity degree of two services.

As for the main differences between the two systems,
we can observe thati)(STEF has been conceived for

managing a specific class of e-government users (i.e.,

in our approach and news in the approach of [13]); in
addition, both of them provide a mechanism for repre-
senting the main features of an information item.

As a final remark about related literature, we point
out that, in the past, we considered the problem of
defining multi-agent systems for personalizing infor-
mation content delivery in various application contexts,
such as e-commerce [12] and telecommunications net-
works [11].

private businesses) whereas our system is devoted to While, in these application scenarios, service de-

handle citizens and Public Administration offices) (
STEF does not manage device profiles.

In [14] ServiceFinder, a system conceived for
supporting citizens in their selection of relevant e-
government services, is presented. In order to carry
out its activity, ServiceFinder uses Web Mining tech-
nigues; specifically, given an e-government portal, it
examines Web logs recording users’ behaviour on ac-

livery is based on quite standard protocols, well ac-
cepted worldwide (think, for example, of e-commerce
protocols), the management and the distribution of e-
government services are still characterized by a high
heterogeneity, since the corresponding rules and proto-
cols may be very different in the various countries.
This implies an intrinsic difficulty to develop e-

government applications sufficiently precise to fully

cessing it and mines the corresponding data to discover satisfy citizen needs and, at the same time, sufficiently

the N services best matching users’ needs in the past.
After this, it modifies the portal home page in such a
way as to specifyV hyperlinks, one for each service
classified as interesting for users.

ServiceFinder and our system share some similari-
ties. Specifically, both of themi)(solve thee-service
selection problem, i.e., select a small number of rel-
evant services for citizens and, at the same time, dis-
card a great number of irrelevant ones) (inobtru-
sively monitor user behaviour for producing their rec-
ommendations; specifically, our approach analyzes us-
er queries whereaServiceFinder focuses on patterns
extracted from Web logs.

As for the main differences between the two systems
we observe that:i) ServiceFinder does not associate a
profile with a user; in fact, it has been conceived for an-

generic to be applied in different countries. As a proof
of these difficulties, consider the very limited number
of multi-agent systems proposed for the e-government
application context in the past.

One of the main contributions of this paper consists
of the development of a multi-agent system capable of
both addressing the heterogeneity of e-government ap-
plications and guaranteeing a sufficiently high accura-
cy of results (see Section 3). This important feature has
been obtained by means of a careful definition and a
careful utilization of both service and citizen profiles.

In addition, the system we are presenting in this pa-
per appears to be more flexible than our previous ones
in the management of user preferences and behaviour.
Such an important feature has been obtained by intro-
ducing the novel concept of system audacity; this prop-
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erty is directly related to citizen satisfaction for system
answers and allows our system to dynamically adapt its
behaviour to citizen needs.

Last, but notleast, in this paper we have introduced a
clear formalization of service requisites; in thisway it is
possible to formally and unambiguously specify which
users can access which services. In addition, as it will
be clear in Section 5.3, service requisite formalization
allows our system not only to clearly and precisely
control service access but also to adapt itself to past
citizen behaviour.

5. Futurework

In this section we have a look at the future of the
approach proposed in this paper; specifically, we first
present an overview of three possible enhancements of
our system and, then, we glance over some furtherideas
that we plan to analyze and develop in the future.

5.1. Extension towards semantics

The mechanism of deriving the most appropriate e-
government services, described in this paper, might be
extended in such a way as to include semantics-driven
tools, like ontologies.

An ontology can be considered as a taxonomy con-
taining the concepts interesting for an application do-
main; the concepts stored on the top of an ontology
have a generic meaning, whereas those stored at the
bottom are more specific. If a concepts more gener-
ic (resp., specific) than a concept we say thatA
is a super-concept (resp., asub-concept) of B. Some
ontologies defined in the e-government application do-
main are presented in [15,38].

We argue that the utilization of ontologies might be
highly beneficial for both Public Administration offi-
cers and citizens.

From the Public Administration officer standpoint,
ontologies could support the process of planning, re-
alizing, delivering and, possibly, modifying services.
Specifically, when an officer must plan the realization
of a new service or the modification of an existing one,
he must have a high-level view of the services deliv-
ered online, of the relationships existing among them,
as well as of the needs that they aim at solving and the
relationships existing among these needs. An ontology
can provide the officer with this high-level view be-
cause it can represent all information mentioned above
in a clear, precise and systematic fashion.
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The integration of our system with ontologies can
be beneficial also for citizens. In fact, an ontology can
effectively help a citizen to submit queries that precise-
ly specify his needs and, consequently, can improve
our system’s capability of proposing the most relevant
services for him.

To understand this aspect better, consider that Public
Administration offices might use different terminolo-
gies for naming and describing the services delivered
by them. This heterogeneity makes the detection of
desired services, as well as their comparison, quite a
difficult task. As a consequence, queries formulated by
citizens might return too few or too many results.

If a query returns too few results, it is necessary to
relax it. This task can be performed by replacing some
of its terms with more general ones; for this purpose, the
ontology can be traversed in such a way as to detect one
or more super-concepts for each term to be substituted.
If a query returns too many results, it is necessary to
restrict it. This task can be carried out by replacing
some of its terms with more specific ones; for this
purpose the ontology can be traversed for detecting the
most appropriate sub-concepts.

Clearly, ontology utilization for deriving super-
concepts and sub-concepts should be performed by the
user by means of a friendly graphical interface, handled
by the User-Device Interface Agent.

5.2. Integration with collaborative filtering
techniques

From the Recommender Systems point of view, our
system can be considered as a content-based one; a fu-
ture research effort might be devoted to study the possi-
bility to include also collaborative filtering algorithms
init.

Inthis context, observations presented in [42], where
the Authors show how collaborative filtering algorithms
can positively benefit from user personal data (like age,
gender and educational background), appear to be ex-
tremely interesting.

In this section we sketch a collaborative filtering al-
gorithm that, in the future, could be carefully analyzed
and, possibly, integrated in our system; it extends the
core ideas of the user-based collaborative filtering al-
gorithm described in [35] in such a way as to consider
also personal data of involved citizens.

The proposed algorithm considers citizens and
n services; it receives a pajt’,, Sp), whereC, is a
citizen andsS}, is a service, and predicts the rating that
C, will assign toSy; the higher this rating is, the more
relevantS, will be for C,,.

The algorithm consists of the following steps:
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— Sep 1: construction of theRating Matrix R. Risa
m X n matrix whose generic elemeft;; belongs
to the real interval0, 1] and specifies the rating
that the citizer(’; assigned to the servic® in the
past. It is worth pointing out that some elements

of R could be missing.

— Sep 2: construction of the Past Behaviour Matrix
PB. PBisam x m matrix whose elemert B,
belongs to the real intervd, 1] and specifies the
similarity degree of the past behaviours of the citi-
zensC), andCy. The computation of B is based
on the knowledge of the past ratings specified by

C}, andC}, and stored irR.

— Sep 3: congtruction of the Personal Data Matrix
PD. PD is am x m matrix whose generic ele-
mentP D, belongs to the real intervf, 1] and
specifies the similarity degree of the personal data

of the citizeng”}, andCy.

— Step 4: construction of the Citizen Affinity Matrix
CA. CAis am x m matrix whose generic ele-
mentC Ay, belongs to the real intervdd, 1] and
specifies the overall similarity degree betwé&en

andCy. C Ay can be computed as:
CApr = PBpi, X PDyy,

— Sep 5: citizen partitioning. A clustering algo-
rithmis applied ta” A in such a way as to partition
involved citizens into homogeneous clustéls,,
Cly, ..., Cl,. Atthe end of this step each citizen

will belong to only one cluster.

— Sep 6: rating prediction. The algorithm is, now,
able to predict ratings assigned to services by citi-
zens. Forrating computation itis possible to adapt,
to our application context, the formula proposed
in [35]. Specifically, let”', be a citizen and lef
be a service; lel, be the cluster of®, and let
7, be the average rating assigned by the citizens
of Cl, to Sy; finally, let7, be the current average
rating forC,. The predicted ratind?,;, assigned

by C, to S, can be computed as:

Rab =

if 7o +

if 7o +

max (0, T +

Zci oy Fiv—T) CAai

Zcq, €Clg CAai
>, e, Biv—T) CAai

min (1,% +

<
CAai <0
C,;€Clq
Zci ccr, (Biv=Tv)-CAa;
C,E€CIq CAai

>, ecr, (Biv—T) CAai

Zciecm CAai

)

)

5.3. Enhancement of requisite management policy

In our system each service can be associated with a
set of requisites that a citizen must satisfy for gaining
access to it. These requisites are represented as a set of
conditions; a user can access a service only if he can
satisfyall conditions associated with it.

In the current version of our system the set of condi-
tions can be seen as a conjunction of comparisons. A
possible enhancement for requisite management might
consist in allowing more complex and refined formulas
for composing the various comparisons; as an example,
the various comparisons might be connected by AND,
OR and NOT operators.

However, we point out that the requisite management
policy currently adopted by our system, if coupled with
a careful and complete definition of the requisites asso-
ciated with each service, already allows quite a fruitful
utilization of the rich information stored in citizen pro-
files; in its turn, this allows very interesting situations
to be faced.

As an example of these situations, consider a citizen
interested to know how to get a new passport. Assume
that he accesses the service “passport issue” (hereafter
denoted by5,,), allowing him to apply for a new pass-
port; assume, also, that he eventually obtained his pass-
port.

After this, assume that the same citizen continues to
access our system for asking information about “pass-
port usage”. Now, without an accurate definition of
service requisites, our system would propose to him,
among others, also the servisg, although he will be
no longerinterested in it for, at least, the next five years.

On the contrary, ifS,, is associated with the requi-
site ( passport expiry dateg, $today) (here “$today”
stands for a dynamic parameter returning the current
date), when the citizen asks for “passport usagg’is
filtered out until his passport needs to be issued again.

As a final remark about this argument, note that the
personal and economic data of a citizen are stored in
his profile (see Section 2.2.1); in our application con-
text (i.e., an e-government scenario) much of this data
might be updated by our system without citizen inter-
vention, since Public Administration offices are enti-
tled to access a wide variety of information about citi-
zens, including that concerning passport existence and
validity.

5.4. A glanceto some further ideas

Inthe previous sections we have provided quite a de-
tailed overview of three possible future developments
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of our system. In this section we glance over some fur-
ther ideas that, presently, we have only touched on but
that we plan to analyze carefully in the future. Specifi-
cally:

— It would be interesting to add new functionalities
to our system in such a way as to make it capable
of helping not only citizens but also Public Admin-
istration offices with their decision making. As
an example, our system could help the manager
of a Public Administration office to decide, on the
basis of citizens preferences, needs and past be-
haviour, if it is necessary to suspend the delivery
of some existing services and/or to propose new
ones.

Another, presumably interesting, research direc-
tion could consider the possibility to define more
sophisticated profiles of citizens, storing not on-
ly their preferences/needs but also the quality of
a recommended service as it has been perceived
by them during their access. Such an informa-
tion could play a key role in the evaluation of the
overall quality of the set of services delivered by a
Public Administration office.

In order to speed up query processing activities, it
would be interesting to adopt, in our system archi-
tecture, a pool o5 RAs, that cooperatively han-
dle user queries, instead of only ofi& A. These

S R As would share some computational resources,
like CPU or storage devices; as a consequence,
ad-hoc mechanisms, relying aroncurrency man-
agement, should be used for handling common re-
sources. For this purpose, it would be interesting
to define an approach capable of merging the ap-
proach for coordinating resource managementin a
multi-agent system, proposed in [27], with the ap-
proach for planning/replanning, outlined in [40].

It would be interesting to study how to provide our
system with a high level of security and preven-
tion from privacy attacks. This requires some spe-
cific software modules to be implemented in our
User-Device Agent. These modules might inherit,
for instance, some of the ideas outlined in [26],
where an encryption scheme conceived for mobile
settings and based on homomorphic functions is
proposed.

It would be interesting to verify the possibility of
defining a more refined formalism for represent-
ing user interests. In the current version of our

system, these interests are represented by means

of keywords in the corresponding User Profile. In
the future we plan to verify the possibility of ap-
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plying, in our system, some of the ideas outlined
in [45], where a theoretical framework for repre-

senting and identifying the information needs of
a team of agents is proposed. As shown in [45],
this framework is particularly suited for gathering

information in a multi-agent setting, as well as for

supporting decision making activities.

6. Conclusions

Inthis paper we have presented a multi-agent system
supporting citizens in their selection of services deliv-
ered by Public Administration offices. The proposed
system identifies and suggests the most interesting ser-
vices for a citizen; in order to achieve this, it considers
both his profile and the characteristics of the devices
utilized by him.

In our opinion, our system represents an interesting
attempt to apply the Intelligent Agent technology in the
e-government context. We argue that this technology,
which has already proved to be successful in other ap-
plication domains, such as e-commerce and e-learning,
can significantly improve the quality of the interaction
between citizens and Public Administration offices.
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