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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 term “e-government” is generally used to in-
dicate the utilization of Information and Communica-
tion Technologies to support both Public Administra-
tion offices, in delivering services, and citizens, in ac-
cessing them [30]. In the last few years, the number
of citizens utilizing e-government services has been
constantly growing; as an example, a study published
in [30] shows that, in the year 2002, about 70 million
US citizens accessed an e-government service at least
once. Simultaneously, many Public Administration of-
fices were showing interest in providing their services
also on the Internet; as an example, in the year 2001, the
Public Administration of Singapore was able to provide
92% of its services online [24].

1A preliminary version of part of the material presented in
this paper appears under the title:A Multi-Agent System for the
management of E-Government Services in the “Proceedings of
the IEEE/WIC/ACM International Conference on Intelligent Agent
Technology (IAT 2005)”, Compiegne University of Technology,
France, 2005.

∗Corresponding author. E-mail: ursino@unirc.it.

The adoption of e-government services provides both
citizens and Public Administration offices with several
advantages. As an example, citizens can access on-
line services without time and space limitations, thus
avoiding the obvious problems rising when Public Ad-
ministration offices must be physically reached. As for
Public Administration offices, the adoption of Informa-
tion and Communication Technologies allows huge re-
ductions of management costs; as an example, a recent
study conducted by Accenture in the year 2002 indi-
cates that the development of an e-government portal
in Singapore allowed the corresponding Public Admin-
istration to save 14.5 millions of US Dollars [8].

These considerations motivate the enormous, both
technological and scientific, efforts made in the last few
years to improve the range and the quality of online
services delivered by Public Administration offices.

From a technological standpoint, these efforts have
concentrated on various directions; two of the most sig-
nificant ones are: (i) the design and the implementa-
tion of software architectures (middleware) supporting
the cooperation of information sources associated with
various Public Administration offices [31]; (ii) the de-
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: (i) Transaction Service Management, main-
ly concerning privacy and security issues; (ii) Citizen
Participation, regarding the development of tools for
involving citizens in the decisional processes of Pub-
lic Administration offices; (iii) Information/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-
evant to 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
last ones in such a way as to optimize the costs for their
management.

This paper aims at providing a contribution in this
setting; indeed, it presents a system for supporting cit-
izens in their access to the services delivered by Public
Administration offices. The proposed system provides
citizens with apersonalized 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.

In our system five types of agents operate, namely:

– User-Device Interface Agent; it is an interface
agent that makes the communicationbetween 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 his interest. EachUser-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
system are the utilization of the Intelligent Agent tech-
nology, personalization and device adaptivity.

As far as the first aspect is concerned, it is worth
pointing out that Intelligent Agents are characterized
by the following properties, that are particularly inter-
esting in our reference context [44]:

– 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 adoptsuser modelling techniques [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-
cessor clock and supporting a connection characterized
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-
vice adaptivity is confirmed by the existence of several
approaches, already proposed in other contexts (such
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.

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: (i) User-Device Interface Agent, (ii) User-
Device Agent, (iii) User Profile Agent, (iv) Service
Recommender Agent, and (v) 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
it.

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

2.1. User-Device Interface Agent

The User-Device Interface Agent (hereafterUDIA ij)
is associated with a userUj who wants to access our
system by means of a deviceDi.
UDIAij is an interface agent, which is activated

each timeUj connects to our system.
It works onDi and is specialized in such a way as to

take the characteristics of this device into account.
It supportsUj to supply our system with services

of his interest; in addition, it visualizes our system’s
answers toUj in a friendly fashion.

2.2. User-Device Agent

A User-Device Agent (hereafterUDAij) is associ-
ated with a userUj utilizing a deviceDi to access our
system. It works onDi and is activated each time
Uj wants to access our system for performing some
activity.

2.2.1. Support data structure
The Support Data Structure ofUDAij consists of a

triplet 〈DPi, UPj , PPBij〉, whereDPi represents the
profile ofDi,UPj denotes the profile ofUj andPPBij

indicates the Price per Byte ofDi for Uj .
DPi consists of a pair〈DevIdi, Bi〉, whereDevIdi

is the Device Identifier (i.e., a code identifyingD i),
whereasBi is the maximumBandwidth that Di can
provide.
UPj is represented by a tuple:
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Fig. 1. Architecture of the proposed system.

〈UIdj , PEDataSetj, InterestSetj, Audacityj,

Satisfactionj〉
where:

– UIdj is a code identifyingUj (e.g., his Social
Security Number).

– PEDataSetj stores personal and economic data
of Uj . Each elementPEDataf

j ∈ PEDataSetj

consists of a pair〈PENamef
j , PEV aluef

j 〉,

wherePENamef
j represents the name of a per-

sonal or economic information,whereasPEValuef
j

denotes the corresponding value.
– InterestSetj represents the set of keywords that
Uj has specified during his previous queries. An
interestInterestsj ∈ InterestSetj is represented
by a tuple:

〈IntIds
j , IntNames

j , IntFV TSs
j ,

IntLV TSs
j , IntAvgNAT s

j ,
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IntAccNums
j〉

where:

∗ IntIds
j is a code identifyingInterestsj ;

∗ IntNames
j is a string representing the name of

Interestsj ;
∗ IntFV TSs

j is the First Visit Time Stamp of
Interestsj ; it stores the exact time in whichUj

visited a service associated withInterestsj for
the first time;

∗ IntLV TSs
j is the Last Visit Time Stamp of

Interestsj ; it stores the exact time of the lat-
est access ofUj to a service associated with
Interestsj ;

∗ IntAvgNAT s
j is theAverage Normalized Ac-

cess Time of Uj to services associated with
Interestsj (see below);

∗ IntAccNums
j is the number of accesses ofUj

to services associated withInterestsj .

IntAvgNAT s
j normalizes the Access Time ofUj

to services associated withInterestsj against the
characteristics of the devices utilized by him. In
fact, this coefficient is computed by means of the
formula:

IntAvgNAT s
j =

∑IntAccNums
j

k=1 IntNAT sk
j

IntAccNums
j

Here:

∗ IntNAT sk
j normalizes the time spent byUj

during hiskth access to services associated with
Interestsj . It is computed as:

IntNAT sk
j =




V isitedsk
j∑

p=1

(
IntT skp

j − PageSizep

Bk

)


×

PPBk ×




V isitedsk
j∑

p=1

PageSizep







where: (i) V isitedsk
j denotes the number of

pages visited byUj during hiskth access to ser-
vices associated withInterestsj ; (ii) IntT skp

j

indicates the time spent byUj to access and con-
sult thepth page visited by him during hisk th

access to services associated withInterestsj ;
(iii) PageSizep is the size, in bytes, of thepth

page visited byUj during hiskth access to ser-
vices associated withInterestsj ; (iv) PPBk

andBk represent the Price per Byte and the
bandwidth associated with the device utilized by
Uj during hiskth access to services associated
with Interestsj .
This formula is justified by observing that
the importance given byUj to Interestsj can
be assumed to be directly proportional to the
time spent by him consulting pages related to
Interestsj (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.

∗ IntAccNums
j is necessary for normalizing

(and, therefore, for correctly comparing) access
times, by removing the dependency of the term∑IntAccNums

j

k=1 IntNAT sk
j from the number of

accesses to services associated withInterestsj
performed byUj .

– Audacityj represents oursystem’s audacity in the
selection of answers to queries submitted byUj ; it
belongs to the real interval[0, 1] and denotes how
much our system must be permissive in selecting
services forUj . As will be clear in the following,
our system re-computes this coefficient after each
query submitted byUj, on the basis of his feed-
backs to its previous recommendations. In the fol-
lowing we shall use the symbolαj for indicating
this coefficient.

– Satisfactionj represents thesatisfaction ofUj; it
belongs to the real interval[0, 1] and indicates the
fraction of services recommended by our system
that have been really accessed byUj . In the fol-
lowing we shall use the symbolσj for indicating
this coefficient.σj can be computed as:

σj =
NAccessedj

NRecommj

whereNRecommj indicates the number of ser-
vices our system suggested toUj when he sub-
mitted his last query, whereasNAccessedj rep-
resents the number of services suggested by our
system thatUj has really accessed.

Finally,PPBij represents the Price per Byte ofDi

forUj; it indicates the price payed byUj for download-
ing a byte of data by means ofDi. PPBij 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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PPBij is stored in our system when personal data
related toUj are inserted in it.Uj can always modify
PPBij , 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 AgentUDA ij can

be described as follows:

1. It retrieves the Device ProfileDPi fromDi.
2. It requires the User ProfileUPj to the User Profile

Agent.
3. It receives, from the corresponding User-Device

Interface Agent, a queryQij submitted by
Uj by means ofDi. Qij can be represent-
ed as a tuple〈SelDegreeij, QKeywordSetij〉.
SelDegreeij represents our system’s selectivity
degree and indicates how much it must be selec-
tive in service filtering.QKeywordSetij con-
sists of a set of keywords describing desired ser-
vices.
OnceUDAij receivesQij , it first updates the
profile ofUj . In this activity, for each keyword
QKeyz

ij ∈ QKeywordSetij , one of the follow-
ing situations might happen:

– there does not exist an interestInterestsj , cor-
responding toQKeyz

ij, in InterestSetj ; in
this case, an interest corresponding toQKeyz

ij

is inserted inInterestSetj;
– an interest Interestsj , corresponding to
QKeyz

ij, already exists inInterestSetj; in
this case the corresponding coefficients are
suitably updated.

4. It sendsQij and its Support Data Structure to the
Service Recommender Agent, which processes
Qij and returns a list of services satisfying it.

5. It sends these services toUj via the corresponding
User-Device Interface Agent. At this point,Uj

can choose those ones best satisfying his interests;
after this choice, it computes the new value ofσj

and stores it in its Support Data Structure.
6. When the User-Device Interface Agent informs it

thatUj has decided to end the current session, it
sends the updatedUPj to the User Profile Agent.

In order to maintainUPj always up-to-date, yet
avoiding an excessive growth of its dimension,UDA ij

performs a pruning activity and removes fromUP j

those keywords that no longer represent current in-
terests forUj. Pruning activity can be performed
periodically or, if the number of interests stored in

UPj becomes excessively large, asynchronously. This
task is carried out as follows: first, for each interest
Interestsj ∈ InterestSetj, a corresponding relevance
coefficientρs

j is computed; after this, all interests hav-
ing a relevance coefficient less than a certain threshold
ρ are removed fromInterestSetj.

The relevance coefficientρs
j depends on:

– The numberIntAccNums
j of accesses ofUj to

services associated withInterestsj ; specifically,
the higher the value ofIntAccNums

j is, the higher
the relevance ofInterestsj for Uj will be.

– The interval(IntLV TSs
j − IntFV TSs

j ), where
IntLV TSs

j (resp., IntFV TSs
j ) represents the

Last Visit Time Stamp (resp., the First Visit Time
Stamp) associated withInterestsj ; specifically,
the larger this interval is, the higher the relevance
of Interestsj for Uj will be.

– The exact timeTS when the evaluation ofρs
j has

been carried out; specifically, the greater the inter-
val betweenTS andIntLV TSs

j is, the lower the
relevance ofInterestsj for Uj will be.

– The Average Access TimeIntAvgNAT s
j thatUj

spent to access services associated withInterestsj,
normalized w.r.t. the characteristics of the devices
utilized by him; specifically, the higher the value
of IntAvgNAT s

j is, the higher the relevance of
Interestsj for Uj will be.

As a consequence of the previous reasoning,ρs
j can be

defined as:

ρs
j = IntAccNums

j

×IntLV TSs
j − IntFV TSs

j

TS − IntFV TSs
j

×IntAvgNAT s
j

2.3. User Profile Agent

The User Profile Agent (hereafter,UPA) has
been specifically conceived for guaranteeing a device-
independent management of user profiles. In fact, each
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.
UPA stores the various user profiles in an internal

support data structure. It can be activated byUDA ij

each time this last needs the profile ofUj. In this case,
it retrieves this profile from its support data structure
and sends it toUDAij .
UPA can be activated byUDAij also at the 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

The Service Recommender Agent (hereafterSRA)
is the core of our system; it makes its recommendations
to a user by taking available services, as well as user
needs, preferences and past behaviour into account.

2.4.1. Support Data Structure
The Support Data Structure ofSRA consists of a

collection of Service Profiles; specifically, a Service
ProfileSPl is associated with a serviceSl and is repre-
sented by the tuple:

〈SIdl, SNamel, SURLl, SDescrl,

SCharSetl, SReqSetl〉
where:

– SIdl represents the identifier ofSl;
– SNamel denotes the name ofSl;
– SURLl stores the URL whereSl can be accessed;
– SDescrl stores a brief description ofSl which will

be utilized by the graphical interface for helping a
user to select those services of his interest, more
easily.

– SCharSetl represents the set of characteris-
tics describingSl; each elementSCharn

l ∈
SCharSetl is a keyword representing one of the
characteristics ofSl;

– SReqSetl represents the set of requisites a
user must have for accessingSl; a requi-
site SReqm

l ∈ SReqSetl is represented by
a triplet 〈ReqNamem

l , ReqOpm
l , ReqV aluem

l 〉,
where: (i) ReqNamem

l represents the name
of SReqm

l ; (ii) ReqOpm
l indicates an opera-

tor belonging to the set{>,�, <,�,=, �=}; (iii)
ReqV aluem

l denotes a value forReqNamem
l .

ReqOpm
l andReqV aluem

l , together, specify the
condition associated withSReqm

l that must be sat-
isfied by a user if he wants to accessSl. 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
be specified by the triplet〈Age,�, 18〉.

As an example, the Service Profile associated with
the free online health-care support system “e-care CUP
2000” [2] is 〈 Id1, “Health care e-care CUP 2000”,
www.cup2000.it/cup2000/eng/cup2000.asp,{Health,
Telemedicine, Online doctor, Consulting, Booking},
{ } 〉.

2.4.2. Behaviour
SRA is activated by a User-Device AgentUDAij

when a userUj , utilizing the deviceDi, submits a query
Qij . It receivesQij , DPi andUPj and returns the list
of services answeringQij , best matching the past needs
of Uj and presumably satisfying his future interests. In
order to perform its task,SRA carries out the following
steps:

1. It utilizes Information Retrieval techniques to ex-
tract, from the Service Database, all services sat-
isfying user desires and constraints,as specified in
Qij andUPj . Such a task is performed by apply-
ing keyword-based matching and characteristic-
based matching techniques [22].

2. It associates a numeric coefficient with each se-
lected service; this coefficient is computed as fol-
lows. LetSl be a service and letMatchIntSetjl

be the set of interests ofUj satisfied bySl; the
interest degree associated withSl is computed as:

ιjl =
∑

Interests
j
∈MatchIntSetjl

ρs
j

whereρs
j represents the relevance ofInterestsj

for Uj (see Section 2.2.2).
At the end of this phaseSRA constructs a tem-
porary list STempListij of services obtained
by ordering those services selected in the previ-
ous step on the basis of their interest degreeιjl.
STempListij is already a good solution forUj ;
however, two further improvements can be per-
formed on it, making it more adequate to user
needs. First, we observe that it assigns an interest
degree to each service on the basis of its relevance
for Uj ; this is computed by taking only his past
preferences into account. As a consequence, it
does not consider services thatUj 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
improvements.

3. SRA constructs a setSeedServicesij, ob-
tained by selecting the first
SelDegreeij ×
|STempListij|� services ofSTempListij. Ser-
vices ofSeedServicesij are utilized bySRA as
seeds for selecting other services not considered
byUj in the past but that might be of his interest
in the future.
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4. SRA constructs the final list of servicesSListij
as:

SListij = SeedServicesij ∪ {Sy|Sy is a

service registered in the Service,

DatabaseSDδ(Sx, Sy) < αj

for someSx ∈ SeedServicesij}
In this formula,δ(Sx, Sy) represents the “dissim-
ilarity degree” betweenSx andSy. It is defined
as:

δ(Sx, Sy) =

1 − 2|SCharSetx ∩ SCharSety|
|SCharSetx| + |SCharSety|

where2|SCharSetx∩SCharSety|
|SCharSetx|+|SCharSety| is the well known

Dice’s coefficient.
δ belongs to the real interval[0, 1]; it is mini-
mum whenSx andSy coincide whereas it is max-
imum when they do not share any characteristic.
αj is the audacity coefficient introduced in Sec-
tion 2.2.1 and is dynamically updated bySRA on
the basis of the feedbacks ofUj for the previous
system recommendations. In the following we
shall examine it in detail.
SListij contains at least those services used as
“seeds”; moreover, it could contain also some ser-
vices thatUj disregarded in the past but that could
be relevant for him in the future. In the selection
of these additional servicesδ plays a key role;
in fact, it measures the dissimilarity degree of
two services on the basis of their semantics, with-
out considering the relevance thatUj assigned to
them in the past.

5. SRA sends toUDAij the names, the URLs
and the descriptions of the services present in
SListij, along with the new value ofαj .

The audacityαj is incrementally updated after each
query performed byUj , on the basis of his feedbacks
to the corresponding system proposals. Such a task is
carried out as follows:

– If the valueσprevious
j of the satisfaction coefficient

after the execution of the previous query is greater
than a constant valueσ (acting as a discriminat-
ing factor), then it is possible to conclude thatUj

has appreciated proposed services and, therefore,
the system can try to suggest a greater number of
services; as a consequence, its audacity coefficient
can increase. In this reasoning, it is necessary

to determine a correct value forσ; we have car-
ried out this task by taking users’ feedback into
account; at the end of this analysis we have set
σ = 1

2 .

– If σprevious
j < σ, then it is possible to conclude

thatUj has not appreciated proposed services and
desires the system to be more selective; as a con-
sequence, the system audacity should decrease.

– If σprevious
j = σ, then it is possible to conclude

that the system audacity should be kept constant.

The previous reasoning allows us to conclude that the
higher user satisfaction is the higher the increase ofαj

(w.r.t. its previous valueαprevious
j ) should be, whereas

the higher user dissatisfaction is the higher the decrease
of αj should be. In order to quantitatively specify this
reasoning we introduce a functionε representing the
increase (or the decrease) of the audacity coefficient.ε
is defined as:

εj =| σ − σprevious
j |

We are now able to formally specify howαj can be
computed fromαprevious

j ; specifically:

αj =




min{1, αprevious
j + εj}

if σprevious
j > σ

αprevious
j if σprevious

j = σ

max{0, αprevious
j − εj}

if σprevious
j < σ

2.5. Public Administration Agent

The Public Administration Agent (hereafter,PAA)
is an interface agent, analogous to that described in [7].
It is utilized by a Public Administration officer (or by
an employee authorized by him) for adding, modifying
or removing information about the services supplied by
the corresponding office.PAA plays an important role
in our system since it allows our system to provide a
uniform interface for managing services that might be
highly heterogeneous.

2.6. Service Database

As previously pointed out, the Service Database
stores the profiles of services handled by our system.
The structure of a Service Profile has been illustrated
in Section 2.4.1.

In order to efficiently deal with possible failures of
the Service Database, we adopt theDatabase Replica-
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tion strategy [34]. It uses two or more servers; one of
them acts as a primary (active) server; the other ones
act as secondary (mirror) 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:

– It is proactive. 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.

– It is autonomous. 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. In this
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 is reactive. 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; (ii) variations on the utilized devices, since,
in presence of variations of the device utilized by
a user, it updates theIntAvgNAT s

j coefficient
and, therefore, modifies the relevance coefficient
of the various user interests; (iii) 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, (i) agents support
data structures are represented as XML docu-
ments; (ii) agents communication language is
ACML [18], a language obtained from the combi-
nation of XML and KQML; (iii) information ex-
traction from support data structures is carried out
by means ofXQuery [4], which is becoming the
standard query language for XML; (iv) 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
users because User-Device Agents operate on user
devices and, consequently, their overhead for the
system is marginal.

– It is robust; 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 heterogeneousser-
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 databases (servers) that are
semantically related to each other (e.g., a welfare in-
stitution and an employment agency). In this case, he
must manually contact and query the various databases
one by one; as a consequence, he must know of the
existence, the address and the content of each of them.
When the number of databases involved is large and/or
when the user is a simple citizen, this task might be-
come prohibitive. On the contrary, in our system, each
user must only submit his query to a User-Device Agent
by means of a friendly interface handled by a User-
Device Interface Agent; the User-Device Agent, then,
interacts with the Service Recommender Agent, which
automatically determines those service providers ap-
pearing to be the most adequate for answering user’s
query, 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

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
been previously examined; adaptivity and learning ca-
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
JADE (Java Agent DEvelopment Framework), a FI-
PA (Foundation for Intelligent Physical Agents [3])
compliant platform for developing Intelligent Agents.
However, a pure JADE-based implementation requires
a significant amount of memory and CPU clock,
which, usually, are not available on small devices, like
PDAs or mobile phones; therefore, we have adopt-
ed JADE/LEAP (JADE Lightweight Extensible Agent
Platform), a version of JADE capable of operating also
on small devices.

The choice of JADE (i.e., the choice of an open in-
terface specifically conceived for handling multi-agent
systems) allows many facilities w.r.t. generic infras-
tructures/architectures conceived for managing com-
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-
tion mechanism by taking the agent location in-
to account. This lightens the programmer’s work
because he has no need to know of the physical
addresses of agents, if they live or not on the same
platform, and so on.

– JADE provides specific primitives for handling
message passing in wireless environments.

– JADE offers a good scalability.

However, it is worth pointing out that, in spite of
these facilities, our framework does not require a citizen
to install JADE or to perform other complex software
installations on his device. In fact, a citizen can access
our system by means of a suitable Web interface (see
Fig. 2). If he accesses it for the first time, he must regis-
ter himself. On the contrary, if he is already registered,
an authentication process starts; in case this process is
successful, our system sends a Java applet which imple-
ments the SHA-1 algorithm for assuring the integrity
of data exchanged between the e-government Web site
and the citizen’s browser. When this applet is run by
the citizen’s browser, the User-Device Agent is active
on the citizen’s device and he can see his personalized
home page (see Fig. 3).

Each time he submits a query, our system processes
it, according to the algorithm described in Section 2.4.2;
after this, it generates a set of recommendations, in the
form of links to external services, and displays them
to him in such a way as that he can select those of his
interest (see Fig. 4).

When he accesses one of these services, our sys-
tem unobtrusively monitors him in order to update his
profile.

In order to avoid misinterpretations of the behaviour
of a user, that might be generated by his casual brows-
ing, our system allows him to suspend the current ses-
sion at any time (see the link “Suspend session” in
Figs 3 and 4).

In order to understand this aspect better, consider a
userU who submits a queryQ and receives a list of
recommended services satisfyingQ. Assume thatU ,
after having started to consult these services, has to
leave our system for some reason. If our system inter-
preted this behaviour as the end of the current session,
it would conclude thatU disliked its recommendations;
as a consequence, the next timeU accesses it and asks
for Q 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
result for him.

The possibility to suspend the current session allows
this problem to be solved. In fact, ifU must leave
our system, but he wants to continue the analysis of its
current recommendations, he can suspend his current
session, by clicking the link “Suspend session”; in this
way, the next time he accesses our system, he will be
presented with exactly the same configuration which
he left. This has also further implications; in fact, our
system considers the two accesses ofU as a single ses-
sion and, consequently, the User-Device Agent updates
the profile ofU only at the end of his second access (if
he did not require any further suspension).

A manager of a Public Administration office can
access our system by means of a Web interface. When
a Public Administration office wants to join our system,
a registration task must be performed. If a manager of
a registered Public Administration office accesses our
system, an authentication process is activated; in case
if it is successful, our system sends a Java applet to
the manager’s browser. When this applet is run, the
Public Administration Agent is active and the manager

can insert, remove or update information about services
offered by the corresponding office (see Fig. 5).

Observe that a service might have several character-
istics and several requisites; in order to allow a man-
ager to specify all of them, the Web interface presents
the buttons “Add Characteristic” and “Add Requisite”.
When a manager clicks on one of them, our system
presents him with a further page allowing the insertion
of the corresponding information.

3. Experiments

This section illustrates the experiments we have car-
ried out to evaluate our system. Specifically, in Sec-
tion 3.1 we describe the characteristics of users and
devices involved in the various tests. Section 3.2 ana-
lyzes the variation of accuracy measures for different
values of the initial system audacity as well as the vari-
ation of system audacity against the number of submit-
ted queries. Section 3.3 studies the role played by the
device profile in the accuracy of our system. An anal-
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
the performance of our system against an expert human
administrator. In Section 3.6 we analyze the computa-
tional costs necessary for making our system adaptive
w.r.t. user’s needs. In Section 3.7 we analyze the an-
swer delay of our system in overload conditions. Fi-
nally, in Section 3.8, we present an experimental com-
parison between our system and other e-government
systems currently available on the Internet.

3.1. Characteristics of users and devices

In our system, the User Profile Agent, the Public
Administration Agent and the Service Recommender
Agent operate on Personal Computers equipped with
a 3.4 GHz CPU and 512 Mb of RAM; some of the

User-Device Agents and of the User-Device Interface
Agents have been installed on computers equippedwith
a 2.6 GHz CPU and 256 Mb of RAM, whereas others
ran on QTEK 2020 PDAs equipped with a 400 MHz
CPU and 128 Mb of RAM.

In our tests we have considered a setUSet =
{U1, U2, . . . , U30} of 30 users and a set of 90 ser-
vices derived from the Italian Government Web site
http://www.italia.gov.it. Selected services were associ-
ated with different application domains, such as Health,
Welfare, Education, Public Transports, and so on.

3.2. Evaluation of the impact of audacity on the
accuracy of our system

As pointed out in Section 2.4, audacity coefficient
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.
Our approach requires to state an initial value for it2;

as a consequence, the tuning of this initial value and
its role in the system accuracy must be carefully stud-
ied. For this purpose, we have adopted some classical
measures for evaluating system accuracy, namelyPre-
cision, Recall, F-Measure andOverall; these measures
have been initially defined in the field of Information
Retrieval [5,41] and, then, they have been applied to
measure the accuracy of Recommender Systems [37].

Precision is defined as the proportion of retrieved
and relevant services to all the services retrieved; anal-
ogously, Recall is defined as the proportion of relevant
services that are retrieved, out of all relevant services
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

2Recall that the value of audacity coefficient belongs to the real
interval [0, 1].

minimize the number of irrelevant ones. The system is
optimum if all relevant services are retrieved (we call
this property “completeness” in the following) and no
irrelevant service is suggested to the citizen (we call
this property “soundness” in the following). Precision
is a measure of the soundness of a system whereas
Recall is a measure of its completeness. A system
is, then, optimum (i.e., it is sound and complete) if
both Precision and Recall are equal to 1. Actually,
this is an ideal case; in real cases Precision and Recall
are generally lower than 1 and, often, are conflicting
measures (i.e., for obtaining a good Precision, often,
Recall must be sacrificed, and vice versa).

Precision and Recall have been computed as follows:

– each userUj ∈ 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 setSSetj of services possibly satisfying it
has been generated;

– our system has been applied to identify a set
SSj ⊆ SSetj of services considered particularly
interesting forUj ;
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Fig. 6. Impact of the initial value of audacity coefficient on the Precision of our system.

– each userUj has been asked to specify a setSUj ⊆
SSetj of services that he considered interesting.
The PrecisionPj , associated withUj , has been
defined as:

Pj =
|SUj ∩ SSj |

|SSj |
whereas the RecallRj has been computed as:

Rj =
|SUj ∩ SSj |

|SUj |
However, neither Precision nor Recallalone are good

indicators of the accuracy of a system. In fact, a system
might achieve a high Precision at the expense of a
poor Recall by returning few (almost surely sound)
services; in this case users might be dissatisfied because
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
measures are F-Measure and Overall.

F-Measure [41] represents the harmonic mean be-
tween Precision and Recall; it is defined as:

Fj = 2 × Pj ×Rj

Pj + Rj

it varies in the real interval[0, 1]; the higherFj is, the
more accurate the system will be. F-Measure gives the
same relevance to Precision and Recall in assessing the
accuracy of a system; in fact, the formula defining this
measure is symmetrical w.r.t.Pj andRj (i.e.,Pj and
Rj are interchangeable).

Overall [33] measures the effort needed for adding
false negatives and removing false positives from the
set of services returned by a system; it is defined as:

Oj = Rj × (2 − 1
Pj

)

Oj is a real value between−∞ and1; high values
of Oj 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 queries3. From

3Note that when the number of queries submitted by a user grows,
the system refines the corresponding User Profile (see Section 2.2).
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Fig. 7. Impact of the initial value of audacity coefficient on the Recall of our system.
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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
that the best results are obtained if the initial audacity is
0.50. In fact, “low” values of the initial audacity (e.g.,
lower than 0.25) allow high values of Precision, but not
particularly high values of Recall, to be obtained. On
the contrary, “high” values of the initial audacity (e.g.,
higher than 0.75) allow extremely satisfying values of
Recall, but not particularly high values of Precision, to
be obtained.

This behaviour can be explained by the following
reasoning: if the initial audacity is “low”, our system is
extremely cautious and suggests only those services it
considers interesting for the user with a high degree of
confidence; as a consequence, almost all its suggestions
are sound, and this justifies the high values of Precision
obtained already during the initial queries. However,
since a small number of services is selected, it may be
that those services appearing only partially interesting
for users are discarded; this negatively influences Re-
call. When the number of user queries increases, the
audacity value grows; this allows our system to suggest
a higher number of services and causes an increase of
Recall. Moreover, information stored in user profiles
grows both in “quantity” (i.e., a profile is enriched with
new data) and in “quality” (i.e., a profile stores infor-

mation better describing user needs/preferences). As
a consequence, service selection is more accurate and
this produces an increment of Precision.

An opposite behaviour is registered if the initial au-
dacity value is “high”; in this case, our system filters
out only few services and suggests also services that
might not be interesting for the user. This behaviour al-
lows high values of Recall to be obtained already in the
initial queries; however, the system could erroneously
classify as interesting some services discarded later by
the user; this negatively influences its Precision. When
the number of user queries grows, audacity value is
progressively reduced, our system is more “selective”
and filters out a higher number of services; this caus-
es a sensible improvement of Precision and a (limited)
reduction of Recall.

An initial audacity value of 0.50 is capable of suit-
ably balancing the two opposite behaviours described
above; values of F-Measure and Overall (i.e., the two
accuracy measures taking both Precision and Recall
into account) confirm that this initial audacity value
guarantees the best results (see Figs 8 and 9).

In order to provide an in-depth analysis of the role
of the audacity coefficient in our system, in Fig. 10 we
show its values, averaged on all involved users, against
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:

– If the 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 queries forNDA, DA(PC) andDA(PDA) configurations.

3.3. Analysis of the role of the device profile in the
accuracy of our system

A second series of experiments has been performed
for evaluating the improvements of the accuracy of our
system obtained from the utilization of device profiles.
Specifically, we have considered two kinds of devices,
namely a Personal Computer and a PDA, whose charac-
teristics have been described in Section 3.1; moreover,
we have asked each user to choose, for each query, the
preferred device. From these choices, it emerged that
72% of times users preferred to access our system by
means of a Personal Computer; 28% of times, instead,
their preference was for PDAs.

In a first phase (that we callnon device-aware,
NDA for short) system suggestions have been computed
without taking device profiles into account. In a second
phase (that we calldevice-aware, DA for short), these
profiles have been taken into consideration; in order
to improve the significance of our experiment we have
partitionedDA configuration in two sub-configurations,
namelyDA(PC), when utilized device was the Per-
sonal Computer, andDA(PDA), when utilized de-
vice was the PDA. Finally, we have asked each user
to validate system results for bothNDA, DA(PC) and

DA(PDA) configurations; this allowed us to com-
pute the value of Precision, Recall, F-Measure and
Overall, averaged on all users, against the number of
queries submitted by them; the initial system audac-
ity has been set to 0.50. Figures 11, 12, 13 and 14
show the variation of Average Precision, Average Re-
call, Average F-Measure and Average Overall against
the number of submitted queries forNDA, DA(PC)
andDA(PDA) configurations.

From the analysis of these figures it is possible to
observe that, in theDA configurations, accuracy is sig-
nificantly better w.r.t. theNDA configuration. Such an
improvement derives from the fact that the knowledge
of the characteristics of the device utilized by a user
for accessing recommended services in the past allows
his interest for them to be quantified in a more precise
fashion and, consequently, provides a better knowledge
of his preferences and needs.

In addition,we observe that, in theDA scenarios,Pre-
cision, Recall, F-Measure and Overall present a more
“stable” trend w.r.t. theNDA scenario, where an oscil-
latory trend can be observed. In order to understand
the reasons underlying this behaviour, consider a user
Uj and an interestInterestsj . As previously pointed
out, the Access Time ofUj for services associated with
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Fig. 12. Recall of our system against the number of queries forNDA, DA(PC) andDA(PDA) configurations.
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Fig. 13. F-Measure of our system against the number of queries forNDA, DA(PC) andDA(PDA) configurations.
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Fig. 14. Overall of our system against the number of queries forNDA, DA(PC) andDA(PDA) configurations.

Interestsj plays a key role in the behaviour of our sys-
tem. This Access Time is analyzed in very different
ways in theDA and in theNDA configurations. In
fact, in theNDA configuration, it is simply set to the
time (expressed in seconds) spent byUj for accessing
services associated withInterestsj and suggested by
our system. On the contrary, in theDA configurations,
the influence of this time is mitigated by the factors:
(i) PageSizep

Bk , 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 downloading); (ii)
PPBk, 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 in theDA
configurations, in the following, we analyze the im-
pact of underestimation and overestimation errors in
accuracy measures.

In case of an overestimation,Interests
j is classified

as relevant forUj, even though it would be uninter-
esting for him; as a consequence, our system suggests
toUj many services specifyingInterestsj among their
characteristics; in this caseUj filters out almost all
these services and our system reacts to this action by
notably reducing its audacity.

In case of an underestimation,Interests
j is classified

as irrelevant forUj even though it would be interesting
for him; as a consequence, our system suggests toUj a
very limited number of services specifyingInterests

j

among their characteristics; in this caseUj 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 ofUj, 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
might play an important role), and the more “stable”
trend observed for theDA(PC) andDA(PDA) sce-
narios.

Another important conclusion can be drawn from
Figs 11, 12, 13 and 14 by comparing the accuracy mea-
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sures obtained forDA(PC) andDA(PDA) configu-
rations.

Specifically, the Precision obtained forDA(PC)
configuration is rather higher than that obtained for
DA(PDA) configuration. A similar trend can be ob-
served for Recall although, in this case, the correspond-
ing gap is mitigated.

This result can be explained by the fact that, in spite
of the enormous advances made in the last few years,
generally, the access to a Web system performed by
means of a PDA is still more difficult and expensive
than the access to the same Web system performed by
means of a Personal Computer. Although our system is
device-adaptive and, consequently, takes this fact into
account and tends to propose only particularly relevant
services to a user accessing it by means of a PDA, we
have observed that it is still optimistic, if compared
with the behaviour of real users that, in these cases,
generally, tend to consult only very few services for
each submitted query. This reasoning explains the trend
observed for Precision in theDA(PC) andDA(PDA)
configurations.

In addition, the tendency of citizens to consult only
few proposed services, if they are accessing our system
by means of a PDA, induces our system to reduce its
audacity: as a consequence, for each submitted query,
it tends to propose quite a limited number of services.
This fact explains the trend observed for Recall in the
DA(PC) andDA(PDA) configurations.

The experiment illustrated in this section makes clear
the importance of device adaptivity for our system.
Clearly, a system supporting this feature is more com-
plex to manage; however, this complexity is largely
balanced by the improvements of the result accuracy
obtained by it.

3.4. Analysis of the role of the Selectivity Degree on
the performances of our system

In Section 2.2 we have shown that, in our sys-
tem, each submitted queryQij can be represented as
a pair 〈SelDegreeij, QKeywordSetij〉, where: (i)
SelDegreeij represents the system selectivity degree,
indicating how much it must be selective in service fil-
tering; (ii) QKeywordSetij represents the set of key-
words associated withQij . In this section we illustrate
the experiments that we have performed for studying
the role ofSelDegreeij in the behaviour of our system.

In Figs 15 and 16 we plot the average accuracy mea-
sures obtained by our system when the selectivity de-
gree varies between 0 and 1. In these experiments

the initial value of audacity coefficient has been set to
that guaranteeing the best performances, i.e., 0.50 (see
Section 3.2). Furthermore, in order to make our tests
independent of the number of submitted queries, we
have started to compute all accuracy measures after the
initial training phase (i.e., after 15 queries), in such a
way as that user profiles are rich enough.

From the analysis of Fig. 15 it is possible to observe
that, for low values of the selectivity degree, Precision
is prioritised over Recall; on the contrary, for high val-
ues of this coefficient, Recall is prioritised over Pre-
cision. This behaviour can be explained by a reason-
ing analogous to that we have illustrated for audacity
coefficient (see Section 3.2).

Figure 16 shows that, when the values of the selec-
tivity degree range between 0.3 and 0.6, our system
presents the best trade-off between Precision and Re-
call and is capable of guaranteeing the best global ac-
curacy. In fact, when the selectivity degree is within
this range, both F-Measure and Overall reach their best
values.

As a further remark about this experiment, we ob-
serve that our system provides a user with a flexible
mechanism for tuning the various aspects of accuracy.
In fact, if he wants to prioritise Precision over Recall
(without a strong detriment to it), he can choose a low
value of selectivity degree (i.e., near 0.3), whereas, if
he desires to prioritise Recall over Precision (without a
strong detriment to it), he can choose a higher value of
selectivity degree (i.e., near 0.6).

In Fig. 17 we illustrate the variation of the Response
Time of our system when selectivity degree ranges be-
tween 0 and 1. From an analysis of this figure it is
possible to observe that the best Response Time is ob-
tained for low values of the selectivity degree (i.e., for
values less than 0.25). This result is explained by the
fact that, in presence of a low selectivity degree, the
number of seed services considered bySRA is limited
(see Section 2.4.2); as a consequence, it is necessary to
compute few dissimilarity degrees and, therefore, Step
4 of Section 2.4.2 can be quickly executed. However,
Fig. 17 shows that the increase of the Response Time
caused by an increase of the selectivity degree is limit-
ed, if compared with the overall Response Time of our
system.

3.5. Analysis of the performance of our system
against an expert human administrator

In order to further analyze the performance of our
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
of our system and those provided by an expert human
administrator were similar.

In this experimentwe have once again used Precision
and Recall as performance measures. The experiment
has been performed as follows:

– each userUj ⊆ USet submitted a query; this has
been processed by means of classical Information
Retrieval techniques and a setSSetj of services
possibly satisfying it has been generated;

– the expert human administrator has been asked to
identify a setSEj ⊆ SSetj of services that he
considered particularly interesting forUj ;

– our system has been applied to identify a set
SSj ⊆ SSetj of services considered particularly
interesting forUj ;

– Uj has been asked to specify a setSUj ⊆ SSetj
of services that he considered interesting for him.

The Precision of our system (Pj) and that of the
expert human administrator (P ′

j) have been computed
as:

Pj =
| SUj ∩ SSj |

| SSj | P ′
j =

| SUj ∩ SEj |
| SEj |

Analogously, the Recall of our system (Rj) and that
of the expert human administrator (R ′

j) have been com-
puted as:

Rj =
| SUj ∩ SSj |

| SUj | R′
j =

| SUj ∩ SEj |
| SUj |

In these tests the initial audacity and the initial se-
lectivity degree of our system have been set to 0.50 and
0.45, respectively, since previous experiments showed
that these values allow the best system performance to
be obtained.

Figure 18 (resp., Fig. 19) plots the values ofP and
P ′ (resp.,R andR′), averaged on all involved users,
against the number of submitted queries.

From the analysis of these figures we can observe
that:

– Both P ′ andR′ are almost constant against the
number of submitted queries; on the contrary,P
and R increase when the number of submitted
queries increases. This behaviour is explained by
the fact that the expert human administrator bases
his recommendations much more on his experi-
ence than on user past behaviour (that he, gener-
ally, does not register in a systematic way). On
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Fig. 18. Variation of AverageP andP′ against the number of submitted queries.
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Fig. 19. Variation of AverageR andR′ against the number of submitted queries.
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the contrary, in our system, user past behaviour
plays a key role; in fact, our system refines the
profile of each user each time he submits a query
and is capable of adapting its recommendations
to the user’s profile, which stores, among other
information, his past behaviour.

– The Precision obtained by the expert is always
higher than that reached by our system, although
the difference between them significantly decreas-
es when the number of submitted queries becomes
high. This result can be explained by the fact that
a human expert, due to his experience, can inter-
pret more precisely what is the intended mean-
ing of a submitted query; as a consequence, he
can provide a more precise selection of the ser-
vices corresponding to it. Our system, instead,
utilizes automated techniques that are intrinsically
less precise; however, when the number of submit-
ted queries increases, he refines user profile and,
consequently, acquires “experience” on user needs
and preferences.

– The Recall obtained by our system is always high-
er than that obtained by the human expert. This
trend has a precise explanation. In fact, it is well
known that one of the main shortcomings of man-
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 to those 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.

Summarizing, expert human administrators can ob-
tain more precise results, although, when the number of
involved services is large, they may miss some relevant
answers. On the contrary, our system can be slightly
less precise than a human expert, although this gap:
(i) is counterbalanced by a higher completeness and
less response time; (ii) decreases as long as our system
refines user profiles.

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

This experiment is devoted to analyze the compu-
tational costs necessary for making our system user-
adaptive.

Recall that, for a queryQij , our system first applies
classical, well assessed, Information Retrieval tech-
niques for extracting, from the Service Database, those
services satisfyingQij (in the following we callt1
this task; it corresponds to Step 1 described in Sec-
tion 2.4.2). After this, it constructs an ordered list
of services satisfying a user’s query, taking his past
behaviour into account and presumably matching his
future interests (in the following we callt2 this task;
it corresponds to Steps 2, 3 and 4 described in Sec-
tion 2.4.2).

We have run several queries for measuring the cost
of t2 compared to that oft1 and we have found that
the average time necessary for executingt2 is equal to
17.95% of the average time necessary for executingt 1.
In other words, it emerges that the important character-
istic of our system to adapt the results returned by clas-
sical Information Retrieval techniques to user’s needs,
past behaviour and possible future interests does not
require a significant computational effort.

In order to carry out a more detailed analysis,we have
studied the variation of the execution time oft1 andt2
when the number of keywords present in a user query
increases. Figures 20 and 21 show obtained results.
From their analysis we can observe that:

– Differently from taskt1, the execution time of
taskt2 slightly decreases when the number of key-
words present in a query increases. This trend can
be explained by the fact that, when the number of
keywords in a query increases,t1 is more selective
(i.e., it returns a smaller set of services); as a con-
sequence,t2 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 oft2 is significantly
lower than that associated witht1.

Another important factor that could negatively in-
fluence the performance of our system is the correla-
tion possibly existing among the keywords of a query.
Specifically, [20] states that a low correlation among
the keywords of a query can lead to higher Response
Times. We have investigated if our system follows this
general trend. Specifically, Figs 22 and 23 plot the av-
erage execution time associated witht1 andt2, in pres-
ence of a low or a high keyword correlation, for various
numbers of keywords present in submitted queries4.
From the analysis of this figure we can see that keyword

4In this experiment the correlation degree of the various keywords
of a query has been directly specified by users.
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Fig. 20. Response Time of taskt1 against the number of keywords present in a query.

correlation actually influences the execution time oft1;
specifically, the higher the keyword correlation is, the
lower the execution time will be; this trend confirms
the observations of [20]. As fort2, our experiments
did not find keyword correlation affected its execution
time.

3.7. Answer delay in overload conditions

Our system might be simultaneously accessed by
several users and each of them might submit a dif-
ferent query. For each query, the corresponding
User-Device Agent contacts the Service Recommender
Agent, which provides it with the list of services an-
swering the query and best matching user profile.

If the number of users simultaneously accessing our
system is huge, the Service Recommender Agent might
be overwhelmed by an enormous number of requests;
this would lead to the congestion of both the Service
Database and the network; in this case the time neces-
sary for answering user queries might become exces-
sive.

In order to verify the behaviour of our system in the
case of several simultaneous requests,we have conduct-
ed an experimental study to measure the query answer

delay when the number of users concurrently accessing
our system increases. We define “answer delay” as the
extra time necessary for answering a queryQ ij , when
it is submitted simultaneously with other queries, as
opposed to the case in which it is the only query to be
processed by the system.

In order to carry out this test, a huge number of
users should have simultaneously submitted queries us-
ing our system; however, since testing our system with
thousands of human users would have been extreme-
ly difficult, we have implemented a software module
simulating the querying activity of a user. Specifically,
each instance of this module simulates a user submitting
a query to our system and measures the time elapsed
between the query submission and the corresponding
answer reception.

We have run several benchmark tests; for each of
them we have activated an increasing number of con-
current simulated users and we have measured the av-
erage answer delay of our system; obtained results are
shown in Fig. 24. From the analysis of this figure we
can observe that:

– For a low number of users (i.e., less than 1000),
the average answer delay is almost null and the
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Fig. 21. Response Time of taskt2 against the number of keywords present in a query.
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Fig. 23. Role of keyword correlation in the execution time of taskt2.
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Fig. 24. Average answer delay against the number of simulated users accessing our system.
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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 queries∗ 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
the number of users accessing it.

– For an average number of users (i.e., between 1000
and 2000), an increase of the number of users
accessing our system causes a slight increase in
the corresponding average answer delay.

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

These results can be explained by the fact that:

– 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-
cy of our system with that of other, already exist-
ing, e-government systems. Specifically, we have
examined the official e-government systems of: (i)
Italy – www.italia.gov.it; (ii) United Kingdom –
www.direct.gov.uk/Homepage/fs/en; (iii) France –
www.service-public.fr; (iv) Germany – www.bund.de;
(v) United States – www.firstgov.gov.

In order to carry out our comparisons we have asked
users ofUSet to submit some queries; submitted
queries were very heterogeneous, ranging from imme-
diate and simple queries to complex and sophisticated
ones. Queries have been processed by each system un-

der examination5; obtained results have been utilized
for computing Precision and Recall.

The values of Precision and Recall, averaged on all
users ofUSet, are reported in Table 1. From the analy-
sis of this table, it is possible to deduce that our system
obtains extremely satisfying results; these are explained
by the following reasoning:

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

4. Related work

In the literature, several systems supporting users in
their access to e-government services have been pro-
posed. In this section we compare some of these sys-
tems with that presented in this paper.

In [17] the system PASSPORT, aiming at improving
the interaction between citizens/companies and Pub-
lic Administration offices, is proposed. PASSPORT

5Taking the analysis presented in Section 3.2 into account, the
initial value of the audacity coefficient of our system has been set to
0.50.
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consists of three types of software components, name-
ly: (i) service providers, each associated with a Public
Administration office; (ii) end users, each associated
with a citizen/company; (iii) theintermediary hub, that
collects user requests, performs some evaluations and
selects those service providers capable of satisfying
them.

The main similarities existing between our system
and PASSPORT are the following: (i) both of them al-
low services to be added/removed in a very simple way;
(ii) both of them aretransparent, 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: (i) PASSPORT is character-
ized by a centralized architecture, not based on agents,
whereas our system is based on a distributed multi-
agent platform; (ii) 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 are: (i) a component devot-
ed to collect and evaluate user requests; (ii) a compo-
nent handling the information systems supporting Pub-
lic Administration offices; (iii) a component identify-
ing those services best satisfying user requirements and
scheduling the activities necessary to deliver them.

It is possible to find some similarities between our
system and that described in [23]. Specifically: (i)
both of them define mechanisms for service selection,
aiming at satisfying the present needs of a user as well
as at identifying services potentially of interest to him
in the future; (ii) 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: (i) in the
system proposed in [23] services are selected by means
of aworkflow analysis, whereas our system utilizes us-
er profiles and past user feedbacks; (ii) 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-
gy.

In [32] the WebDG (Web 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
of three software components, namely: (i) providers,
each associated with a Public Administration office;
(ii) 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 following: (i) 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;
(ii) WebDG provides mechanisms allowing both the
composition and the outsourcing of available services;
such a feature is not provided by our system; (iii) 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-
tem consists of the following software elements: (i) a
database, storing services providedby a Public Admin-
istration office; these are represented by means of the
Web services paradigm; (ii) a component, calledCLIPS
(C Language Integrated Production System), which is
in charge of identifying the most interesting services
for users.

Some similarities exist between our system and that
described in [28]. In fact: (i) 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
Schema; (ii) both of them provide a software compo-
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: (i) our 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
service in several simple sub-services and of assigning
each simple sub-service to a public/private administra-
tion for its execution; this feature, not included in our
system, can be profitably utilized for service outsourc-
ing.

In [16] the Authors describe a system helping users
to access services provided by Japanese railways. This
system assumes that each user is provided with a de-
vice storing his characteristics (e.g., his personal data,
his possible handicaps, and so on); this device can be
utilized by him for contacting a server to construct an
itinerary between two cities. The server elaborates re-
ceived requests and generates a set of routes best sat-
isfying user needs. The user can choose one of these
routes and, possibly, can buy tickets.

Some similarities exist between our system and that
presented in [16]; specifically, both of them: (i) utilize
a user profile; (ii) 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;
as a consequence, some of the design/implementation
choices have been specifically made for this application
context and are difficult to extend to other domains.
As for another, important, difference between the two
systems, we observe that the approach of [16] does not
utilize the Intelligent Agent technology.

In [36] an approach for assisting citizens to access
e-government services is proposed. It relies ondy-
namic taxonomies. These are taxonomies designed by
domain experts; their components are calledconcepts.
A concept is a label that identifies a set of instances
(items). Concepts are linked together through semantic
connections statingsubsumptions relationships. When
a user submits a query the system identifies a subset
of concepts (along with their descendants) satisfying
it; this set of concepts is calledfocus. After this, it
presents to the user the set of services corresponding to
the concepts of the focus; the user may accept or reject
this set. In the former case the recommending activity
successfully ends; in the latter one the system refines
the focus (zooming 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: (i)

both of them are capable of finding correlations ex-
isting among e-government services; for this purpose
our approach utilizes a distance function whereas the
approach of [36] breaks a compound service into sim-
ple elements; (ii) in both of them service retrieval re-
quires intelligently inspecting a database of services;
for this purpose, our approach utilizes audacity coeffi-
cient; conversely, the approach of [36] carries out sev-
eral zooming operations on a dynamic taxonomy.

As for the main differences between the two ap-
proaches, we observe that: (i) the approach of [36]
does not take device profiles into account; (ii) in order
to find relevant services for citizens, our approach uti-
lizes user profiles; conversely, the approach of [36] re-
quires citizen collaboration; for this purpose, it adopts
an interactive tool.

In [43] theeip.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. Ineip.at,
services delivered by a Public Administration office
are described by means of a suitable ontology called
knowledge map. This ontology comprises various
classes, each representing a real life aspect (e.g., asy-
lum/immigration, cultural heritage, and so on). Each
class contains variousinstances. Classes can be related
to each other by means of several kinds of relationships
(e.g., is-a relationships). Each time a user submits a
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 anextension of it, obtained by
relaxing or dropping some constraints.

As for the main similarities between our system and
eip.at, we can observe that: (i) both of them provide a
formalism for describing services; ineip.at it relies on
ontologies, whereas in our system it consists of XML-
based profiles; (ii) both of them consider different types
of users accessing e-government services; specifically,
our system handles both citizens and Public Adminis-
tration offices whereaseip.at can support citizens, Pub-
lic Administration offices, private businesses, and so
forth.

As for the main differences between the two systems,
we can observe that: (i) in eip.at service recommenda-
tion is 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 profiles; (ii) 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
a content-based one and, then, merges obtained results
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; (ii) 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 that: (i) STEF has been conceived for
managing a specific class of e-government users (i.e.,
private businesses) whereas our system is devoted to
handle citizens and Public Administration offices; (ii)
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-
niques; specifically, given an e-government portal, it
examines Web logs recording users’ behaviour on ac-
cessing it and mines the corresponding data to discover
theN services best matching users’ needs in the past.
After this, it modifies the portal home page in such a
way as to specifyN hyperlinks, one for each service
classified as interesting for users.

ServiceFinder and our system share some similari-
ties. Specifically, both of them: (i) 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; (ii) unobtru-
sively monitor user behaviour for producing their rec-
ommendations; specifically, our approach analyzes us-
er queries whereasServiceFinder 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-

alyzing thejoint behaviour of a group of users access-
ing an e-government portal; (ii) 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
account for ranking “information items” (i.e., services
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].

While, in these application scenarios, service de-
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
satisfy citizen needs and, at the same time, sufficiently
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 not least, in this paper we have introduced a
clear formalization of service requisites; in this way 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. Future work

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 further ideas
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 conceptA is more gener-
ic (resp., specific) than a conceptB, 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.

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
in it.

In this 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 considersm citizens and
n services; it receives a pair〈Ca, Sb〉, whereCa is a
citizen andSb is a service, and predicts the rating that
Ca will assign toSb; the higher this rating is, the more
relevantSb will be for Ca.

The algorithm consists of the following steps:
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– Step 1: construction of the Rating MatrixR. R is a
m× n matrix whose generic elementRij belongs
to the real interval[0, 1] and specifies the rating
that the citizenCi assigned to the serviceSj in the
past. It is worth pointing out that some elements
of R could be missing.

– Step 2: construction of the Past Behaviour Matrix
PB. PB is am×mmatrix whose elementPBhk

belongs to the real interval[0, 1] and specifies the
similarity degree of the past behaviours of the citi-
zensCh andCk. The computation ofPB is based
on the knowledge of the past ratings specified by
Ch andCk and stored inR.

– Step 3: construction of the Personal Data Matrix
PD. PD is am ×m matrix whose generic ele-
mentPDhk belongs to the real interval[0, 1] and
specifies the similarity degree of the personal data
of the citizensCh andCk.

– Step 4: construction of the Citizen Affinity Matrix
CA. CA is am × m matrix whose generic ele-
mentCAhk belongs to the real interval[0, 1] and
specifies the overall similarity degree betweenCh

andCk. CAhk can be computed as:

CAhk = PBhk × PDhk

– Step 5: citizen partitioning. A clustering algo-
rithm is applied toCA in such a way as to partition
involved citizens into homogeneous clustersCl1,
Cl2, . . ., Clp. At the end of this step each citizen
will belong to only one cluster.

– Step 6: rating prediction. The algorithm is, now,
able to predict ratings assigned to services by citi-
zens. For rating computation it is possible to adapt,
to our application context, the formula proposed
in [35]. Specifically, letCa be a citizen and letSb

be a service; letCla be the cluster ofCa and let
rb be the average rating assigned by the citizens
of Cla to Sb; finally, let ra be the current average
rating forCa. The predicted ratingRab, assigned
byCa to Sb, can be computed as:

Rab =


max
(

0, ra +
∑

Ci∈Cla
(Rib−rb)·CAai∑

Ci∈Cla
CAai

)

if ra +

∑
Ci∈Cla

(Rib−rb)·CAai∑
Ci∈Cla

CAai
� 0

min
(

1, ra +

∑
Ci∈Cla

(Rib−rb)·CAai∑
Ci∈Cla

CAai

)

if ra +

∑
Ci∈Cla

(Rib−rb)·CAai∑
Ci∈Cla

CAai
> 0

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 bySp), 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 serviceSp, although he will be
no longer interested in it for, at least, the next five years.

On the contrary, ifSp is associated with the requi-
site〈 passport expiry date,�, $today〉 (here “$today”
stands for a dynamic parameter returning the current
date), when the citizen asks for “passport usage”,Sp 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 glance to some further ideas

In the 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 ofSRAs, that cooperatively han-
dle user queries, instead of only oneSRA. These
SRAs would share some computational resources,
like CPU or storage devices; as a consequence,
ad-hoc mechanisms, relying onconcurrency 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 management in 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-

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

In this 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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