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ABSTRACT
In this paper we present ARNEIS, a framework for building “in-
telligent” web-based repositories of software solutions, aimed at
exploiting Web Services and Semantic Web to support small-to-
medium sized enterprises. ARNEIS users are software houses that
offer ICT-based solutions for business automation, and small com-
panies that aim at finding software products or services supporting
their business activity. The exploitation of OWL-based ontologies
enables ARNEIS to apply reasoning techniques to find the possi-
ble matches between business requirements and software solutions.
Being based on Web Service standards, ARNEIS can be accessed
through either a standard web-based user interface, or an external
Web Service client. In the paper, we present the framework archi-
tecture and a prototype implementation aimed at validating it.

Categories and Subject Descriptors
H.3.5 [Information Storage and Retrieval]: Online Information
Services—Web-based services

General Terms
Management
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1. INTRODUCTION
Although small-to-medium sized enterprises should get the op-

portunities offered by the advances in Information and Commu-
nication Technology (ICT), they are traditionally very suspicious
towards the adoption of new technologies, especially in Italy. Con-
vincing them to abandon their traditional work methods (like hand
written notes, faxes, phone calls, paper archives, and so on), in
favour of new business processes partially automated thanks to new
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technolgy solutions (like, for instance, a web-based application to
get orders on-line), is usually a really hard task. However, in or-
der to keep abreast of competitors, small-to-medium sized enter-
prises need to overcome their own resistance, in order to adopt ICT-
based solutions that could automate their business processes, with
the double side-effect of rationalizing them and saving money.

Moreover, the Internet and web technologies offer new opportu-
nities to develop network-based fruitful relationships with partners,
suppliers, and customers. An example of this kind of technologies
is represented by Web Services [1], that enable different organiza-
tions to cooperate by the integration of heterogeneous and remote
software modules. Such an integration is based on web technolo-
gies (e.g., internet protocols, HTTP) and on standard languages and
protocols such as WSDL [13] and SOAP [12], that enable, respec-
tively, the representation of the offered operations and the commu-
nication via message exchange. However, in order to cooperate
through a Web Service-based infrastructure, an agreement about
the meaning of the data exchanged is needed; i.e., besides a dis-
tributed and dynamic network-based infrastructure, such a cooper-
ation needs an integration at the semantic level, in order to guar-
antee actual interoperability. Semantic Web [2] standards, such as
OWL [14], provide the means to represent the semantics of data in
a web-based and machine-understandable way.

The goal of our work is to exploit advanced web-based tech-
nologies, namely Web Services and Semantic Web, in order to sup-
port two categories of small-to-medium sized enterprises: (i) ICT
companies (i.e., software houses) that offer software solutions for
various kinds of business automation, but can be in trouble in get-
ting in contact with their potential customers; (ii) small-to-medium
sized enterprises that feel the need of improving their technologi-
cal integration and business automation, but lack the know-how to
find the right ICT solution that fits their needs. In the rest of the pa-
per, we will use the Italian acronym PMI (Piccole e Medie Imprese,
i.e. small-to-medium sized enterprises) to refer to small-to-medium
sized enterprises that are looking for (and not providing) ICT-based
solutions for their business.

In this paper, we present the ARNEIS (Advanced Repository for
Needs of Enterprises and Innovative Software) framework, i.e. an
architecture for an “intelligent” web-based repository of software
solutions. PMI that aim at finding software products or services that
support their business activity, can contact the ARNEIS repository
to express their requirements and needs; ARNEIS, in turn, thanks
to its reasoning capabilities, provides PMI with a list of software
solutions matching their requirements.

The concept of “intelligent” repository is not new. For example,
the idea of extending standard business process repositories with
semantic, machine-processable information, and thus with reason-
ing capabilities, can be found in [5], where the authors propose an



architecture for managing semantic business repositories, based on
process ontologies. With respect to this work, ARNEIS does not
explicitly focus on business process management, but aims at elic-
iting requirements and needs for business automation support in a
broader sense; moreover, thanks to the exploitation of Web Service
technologies, it adds to the repository the web-based accessibility.

Being based on a Web Service infrastructure, it is worth distin-
guishing ARNEIS from Web Service registries based on the UDDI
[7] framework, as well as from registries enhanced with seman-
tic capabilities [8]. The main goal of Web Service registries is
to support service discovery, while ARNEIS exploits Web Service
technologies to support the matching between business automation
needs and market ICT-based offers. Thus, although the research
in the Semantic Web Service field can be an important inspiration
source for designing matching algorithms for ARNEIS, the goals
are clearly different.

Finally, many works within the Semantic Web research areas
claim that the exploitation of ontologies to model products and
services could greatly enhance B2B e-commerce applications; see,
for instance, the myOntology project (www.myOntology.org); for
a valuable discussion, refer to [4]. In this paper we do not discuss
the semantic representation issues related to the ARNEIS project,
but we show how the proposed architecture enables us to interact
with a knowledge representation based on OWL ontologies.

In the rest of the paper we describe the architecture of the ARNEIS
framework (Section 2) and a prototype implementation (Section 3)
aimed at validating it; we conclude the paper by briefly sketching
our future work (Section 4).

2. ARNEIS ARCHITECTURE

Figure 1: ARNEIS architecture.

Figure 1 depicts the main components of the ARNEIS three-tier
architecture [1]. The ARNEIS core (business logic layer) hosts
three main components: the UI Manager, that handles the interac-
tion with the user; the Authentication & Knowledge Manager Web
Service (WS), that handles the authentication procedures (e.g., user
registration and login) and manages the interaction with the Knowl-
edge Base; the Matching Engine, that calculates the matching be-
tween the PMI requirements and the software solutions stored in the
repository. The Auth. & Knowledge Manager WS offers a WSDL
interface and communicates with the UI Manager (that includes a
Web Service client), as well as with external Web Service clients,
by means of SOAP messages.

The data layer contains the ARNEIS Knowledge Base, that in-
cludes a database (DB) and a set of semantic descriptions (Seman-
tic Descr. KB). The information stored in the DB mainly concerns:

• The profiles of the companies (software houses and PMI)
registerd to the ARNEIS service.

• The list of areas in which the system based on the ARNEIS
framework is “competent”, i.e. the areas of business activ-

ity that can be supported by software solutions (e.g., Cus-
tomer Relationship Management, Office Automation, Finan-
cial Analysis, and so on). For each area, the DB stores the
link to the ontology representing the system semantic com-
petence about that area (see below).

• The Software Repository, that stores the information about
the ICT solutions offered by software houses; for each solu-
tion, the DB stores references to: the provider company, the
area it belongs to, and the semantic description (see below).

• The Business Repository, that stores the requirements of the
PMI looking for ICT products or services; for each require-
ment the DB stores references to: the company providing the
requirement, the area of interest, and the requirement seman-
tic description (see below).

The Semantic Description KB contains an OWL ontology for
each area, as well as an OWL description for each software solution
and (optionally) for each PMI requirement.

The ARNEIS core supports two kinds of interaction: human-to-
machine (h2m) and machine-to-machine (m2m). In the h2m case,
the client is a web browser (presentation layer, left-hand side of
Figure 1) that supports two web-based User Interfaces (UI). A UI
is dedicated to software houses that aim at publishing their software
solutions in the ARNEIS repository; this UI enables an employee
of the software house to upload the descriptions of the company
software products or services. The other UI is designed for PMI
that are looking for software solutions supporting their business
processes; this UI enables an employee of the company to provide
a description of the PMI requirements and needs in order to find
products/services that fulfill them.

In the m2m case, an External Web Service client (depicted with
dashed borders in Figure 1), can be integrated within the software
system of both PMI or software houses [10]; such a WS client
can automatically contact the Auth. & Knowledge Manager WS
to upload a new description (or to update or delete an existing
one). To this purpose, the Auth. & Knowledge Manager WS of-
fers two WSDL interfaces: an interface for publishing (or updat-
ing/deleting) software products/services descriptions, and another
one for providing (or updating/deleting) the descriptions of busi-
ness automation requirements and asking for the most suitable ICT
solutions.

In this way, thanks to the exploitation of Web Service standards,
the uploading of a new, or updated, software description could be
automatically performed by a software house thanks to the auto-
matic invocation of the remote ARNEIS service. Moreover, a peri-
odical invocation of the Matching Engine could also be automati-
cally triggered, by PMI, in order to look for new ICT solutions.

Let’s now briefly sketch the way in which a system based on the
ARNEIS framework can support the presented functionality. We
describe the h2m case; for the m2m case, the core operations are ex-
actly the same, but the activities of the UI Manager are not required
and the Auth. & Knowledge Manager WS is directly invoked by an
external Web Service client. After having registered or logged in,
the user (an ICT company or a PMI employee) is asked to perform
the following main tasks:

1. Select the action to perform, i.e. providing a new (software or
business) description, or updating/deleting an existing one.

2. If the selected action is adding a new description, select an
area of interest (e.g., Customer Relationship Management).



3. Fill in one or more on-line forms, that provide the system
with the data needed for building/updating the semantic de-
scription of the software solution or business requirement.

4. Only for PMI looking for software products/services: search
for ICT solutions fulfilling the provided requirements.

The most complex, and interesting, steps are the last two. The
task of filling in the forms to provide the system with the required
data is similar for publishing and looking for software solutions.
Both forms are dynamically generated by the UI Manager on the
basis of the ontology representing the domain (area) knowledge.

Figure 2: User Interface of the ARNEIS-based prototype: pub-
lishing a software solution and looking for ICT solutions.

In general, an ARNEIS ontology should describe some entities,
roughly corresponding to ICT solutions, that can be characterized
by: (i) a number of features supporting their overall functionality
(e.g., for Customer Relationship Management: account manage-
ment, data analysis tools, and so on); (ii) other meaningful prop-
erties, such as price, licence type, technical requirements, etc. The
UI Manager handles a dialog with the user about these entities. The
list of entities, within the domain ontology, that represent the dialog
“topics”, is specified at configuration time (and stored in the DB).
Given this list of “topics”, the UI Manager retrieves their proper-
ties and, on the basis of their type, it generates the suitable form
fields (e.g. checkboxes for properties of type (i) and select menus
for properties of type (ii)). The values selected by the user within
the form(s) represent restrictions on the cardinalities (e.g., a mod-
ule supporting a specific feature - e.g. data analysis - can be present
or not in a software solution), or about the property ranges (e.g., the
licence type). The elicited information is exploited by ARNEIS to
build the software solution/PMI requirement OWL description (see
Section 3 for an example).

The other important (and interesting) step is the last one, i.e. the
search for ICT solutions that fulfill the requirements provided by
the PMI interacting with the system. When the user press the button
that starts such a search, the UI Manager provides the Auth. &
Knowledge Manager WS with the requirement description and asks
for the solutions matching it. The Auth. & Knowledge Manager
WS, in turn, invokes the Matching Engine that searches, within
the descriptions stored in the Software Repository, the ones best
matching the PMI requirement. The list of ICT solutions found is
then returned to the UI Manager (through the Auth. & Knowledge
Manager WS) and displayed on the next web page.

3. PROTOTYPE
In order to evaluate our framework, we are developing an ontol-

ogy representing Customer Relationship Management (CRM) con-
cepts. CRM represents an important aspect of PMI business and it
is an area in which ICT could offer a significant support [3]. The
CRM ontology is currently under construction [6]. However, we
built a prototype, based on the ARNEIS architecture, by exploiting
a “toy” CRM ontology and a very simple reasoner. Thus, the se-
mantic representation, as well as the matching algorithms, are not
under evaluation within this prototype implementation, whose goal
is, instead, the evaluation of the framework architecture. More-
over, the current prototype only implements the h2m interaction;
however, it fully supports the m2m interaction described above.

Figure 2 (top) shows the form for publishing a new software so-
lution for CRM, generated by our prototype on the basis of the
“toy” ontology.

Figure 3: The “toy” CRM ontology.

The current “toy” CRM ontology is shown in Figure 3. There
is a single “topic” entity, i.e. the CRM_Suite OWL class (a sub-
class of Marketing Software, in turn subclass of Software). This
class has a set of properties modeling the fact that its instances
offer various features (possibly supported by specific modules),
such as account management, sales management, data analysis and
reporting, and so on. These properties are sub-properties of the
general property has_part and their ranges are OWL classes (e.g.
the Account_Management_SW class, the Sales_Management_SW
class, and so on), subclasses of Marketing Software. Moreover, the
CRM_Suite class inherits other properties from its ancestor class
Software, i.e. price and licence. The ranges of these properties are,



respectively, the Price_Range class and the Lycence_Type class,
which are subclasses of the Value_Restriction class; their children
are the actual possible values for the properties, i.e. Low, Medium,
High for Price_Range, and GNU_GPL, etc. for Lycence_Type1.

The UI Manager generates the form shown in Figure 2 (top), on
the besis of the the CRM_Suite class. When the user submit it, the
Auth. & Knowledge Manager WS builds a new class that is charac-
terized by the properties and values elicited by means of the form.
This new class represents the semantic (OWL) description of a soft-
ware product/service or of a PMI requirement. In the first case, the
description is simply stored in the Software Repository. In the sec-
ond case, the storage in the Business Repository is optional; more-
over, when the user presses the “search for solutions” button (see
Figure 2, bottom), the Auth. & Knowledge Manager WS invokes
the Matching Engine, passing the requirement OWL description as
a parameter. The current implementation of this module exploits
the classification mechanism of the Pellet reasoner [11] to perform
the matching between the requirement and the available software
products/services. In particular, the OWL concept representing the
requirement is classified within the area (CRM) ontology; the same
is done for the software solutions stored in the Software Repository
and referring to the same area (actually, the latter classifications
are performed when the ICT companies store their solutions into
ARNEIS). The match between the requirement and each available
software product/service is computed on the basis of the subsump-
tion relationship possibly holding on them, in a way similar to that
presented in [9]; a list of the best matching solutions is then re-
turned and displayed to the user.

Obviously, the knowledge representation implemented in the cur-
rent prototype is very naive (and so is the reasoning mechanism)
and should be replaced by a set of ontologies, properly modeling
the various business areas. However, the basic UI generation mech-
anisms (e.g., the generation of different form fields on the basis of
the property type) are defined at framework level and are already
at work in the current prototype. Moreover, in case of a larger on-
tology, with multiple “topic” concepts, or in case of very long lists
of properties, the form is splitted over more than one web page.
In conclusion, this prototype implementation, although based on
an incomplete Knowledge Base, demonstrates that the ARNEIS
framework architecture properly supports the desired functionality.

Implementation remarks
The business logic layer (ARNEIS core) hosts Glassfish (glass-

fish.dev.java.net), an open source Application Server that includes
(among other features) the support for Java Server Pages (JSP) and
the Java API for Web Services. The implementation on the UI Man-
ager, that acts in the h2m case, includes a set of server-side scripts
(JSP) and a Web Service client that interacts with the Auth. &
Knowledge Manager WS via SOAP messages. The same commu-
nication protocol is exploited in the m2m case, between external
Web Service clients and the Auth. & Knowlkedge Manager WS.
The interaction with the DB is based on the standard JDBC API,
while the manipulation of the OWL descriptions (both in reading
and writing modality) is based on the open source OWL API library
(owlapi.sourceforge.net).

4. CONCLUSIONS
In this paper we presented ARNEIS, a framework for supporting

small-to-medium sized enterprises in finding suitable ICT-based
solutions for their business. The framework is based on Web Ser-
vices and Semantic Web standards, which guarantee remote web-
1This way of modeling property ranges follows the best practices
defined in the ontology modeling field.

based access, as well as semantic interoperability. In particular, in
the h2m modality, the user interfaces are standard web pages, ac-
cessible by web browsers and, thus, they do not require to install
any ad hoc client-side software or plugin. Moreover, since the core
functionality of the framework is implemented by modules that are
wrapped by Web Service interfaces, the service can be accessed
also automatically, without human intervention (m2m modality),
by implementing a Web Service client within the software system
of the company that aims at remotely exploiting the ARNEIS ser-
vice. Finally, the Knowledge Base is based on well-known Seman-
tic Web standards; this guarantees the compatibility with a Web
Service-based architecture, as well as the possibility of exploiting
advanced reasoning techniques to implement the Matchnig Engine.

The ARNEIS project is an on-going work and many aspects will
be investigated and developed in our future work, starting from the
exploitation of a “real” business area ontology, in order to test the
architecture with a more complex knowledge base.
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