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How Semantic Web 
Technologies can Support the 
Mediation between Supply and 

Demand in the ICT Market:
The Case of Customer 

Relationship Management

ABSTRACT

This chapter presents the ARNEIS framework, i.e., an architecture enabling intelligent Web-based re-
positories of descriptions of software products and services. ARNEIS exploits Semantic Web technolo-
gies in order to support the interaction between ICT companies offering software solutions for business 
automation, and small-to-medium sized enterprises looking for technological support to their business. 
In particular, the authors chose Customer Relationship Management (CRM) as a field for the evalu-
ation of the framework, and thus in this chapter, they describe how the ARNEIS framework enables a 
Web-based service that supports an intelligent matching between supply and demand for CRM-related 
tools. After presenting the background of the project and discussing related work, the chapter describes 
the ARNEIS framework, starting from its architecture and user interaction flow. The domain analysis of 
the CRM field and role of ontologies is then discussed. The chapter then focuses on the user interfaces 
and matching between semantic descriptions of offers and needs. A brief discussion of future challenges 
concludes the chapter.
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INTRODUCTION

Small-to-Medium Sized Enterprises (SME) should 
take advantage of the opportunities offered by 
Information and Communication Technology 
(ICT), but they are traditionally very suspicious 
towards the adoption of new technologies, espe-
cially in Italy: convincing them to abandon their 
traditional work methods (e.g., based on legacy 
software, phone calls or paper archives), in favor 
of new business processes supported by advanced 
Web-based technologies, is usually a challeng-
ing task. However, in order to keep abreast of 
competitors, SME need to overcome their own 
resistance, in order to adopt ICT-based solutions 
that could automate their business processes, 
in order to rationalize such processes and, as a 
consequence, save money.

Moreover, the Internet and Web technologies 
offer new possibilities to develop network-based 
fruitful relationships with partners, suppliers, 
and customers. To exploit such opportunities, an 
agreement about the meaning of the information 
exchanged - i.e., an integration at the semantic 
level - is needed. Semantic Web standards1 provide 
the means to represent the semantics of data in 
a Web-based and machine-understandable way. 
In particular, semantic Web technologies can 
be exploited in order to support the interaction 
between two categories of SME:

(a)  ICT companies (i.e., software houses) that 
offer software solutions for business auto-
mation and need to get in contact with their 
potential customers; henceforth referred to 
as ICT companies, or software houses.

(b)  SME that feel the need of improving their 
technological integration and business 
automation, but lack the know-how to find 
the most suited ICT solution that fits their 
needs; henceforth simply called SME.

However, the exploitation of the technologi-
cal support is not enough for being competitive 

in the global market: SME should also take into 
consideration new business and management ap-
proaches, and, first of all, the way in which they 
handle their relationships with customers. The new 
market, in fact, requires personalized approaches 
to the single customer, and flexible offers, that 
need to be updated rapidly. Moreover, in order 
to be aware of the market and customer behavior 
trends, data about sales and communications with 
customers have to be elaborated very quickly, to 
support suitable management and marketing deci-
sions. For these reasons, SME should embrace the 
principles of Customer Relationship Management 
(CRM), as well as those ICT products and services 
supporting it (Freeland, 2005).

The key feature of the CRM approach is a 
one-to-one marketing perspective, i.e. the idea of 
establishing personalized relationships with the 
single customer, by producing personalized offers, 
pricing, after-sale services, and so on. Moreover, 
CRM is a field in which technological innovation 
could bring great benefits since it requires analysis, 
integration, and processing of a huge amount of 
heterogeneous knowledge (about customers, sales, 
communications, etc.), besides effective, fast and 
integrated communication tools.

Within this scenario, the choice of the “right” 
CRM tool is an issue of major importance and, 
at the same time, it is a very challenging issue 
(CRM-Reviews.com, 2011; Netsuite, 2011), 
especially for SME, that would thus get great 
benefits from a Web-based service supporting 
an intelligent matching between supply and 
demand for CRM-related tools. In this chapter, 
we present the result of the ARNEIS (Advanced 
Repository for Needs of Enterprises and Innova-
tive Software) project, i.e. an architecture for an 
intelligent Web-based repository of descriptions 
of CRM solutions. ARNEIS represents a step in 
the direction of providing a Web-based, friendly 
and automatic recommendation service for CRM 
tools, especially designed for SME.
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BACKGROUND

Being the selection of the “right” CRM solution 
a crucial issue for SME, as we mentioned above, 
there are many Web sites that offer evaluation and 
comparison services aimed at helping users to 
find the most suited CRM solution with respect to 
their preferences and needs. However, these sites 
provide very simple mechanisms, that, actually, 
leave the evaluation in the hands of the user. Some 
sites (e.g., the CRM Software Comparison site, 
by CRM-Reviews.com2, or the Click-by-click 
CRM comparison, by Dovarri Inc.3) simply offer 
comparison tables, comparing a limited number of 
CRM solutions on the basis of a pre-defined set of 
features. Other sites offer a service which is closer 
to a recommender, but is based on a extremely 
limited set of pre-defined characteristics; an ex-
ample is the CRM Solution Advisor, by Compare 
CRM4, whose user interface presents the user 
with a simple form asking for size of company, 
functionality required (a multiple choice in a 
six-items list, including: Sales Force Automation, 
Marketing Automation,Call Center, Customer 
Service &Support, Customer Self Service, CRM 
Analytics), delivery modality (Hosted CRM or 
On-premise), budget, and decision time frame. 
A similar site is the Vendor Guru, by Elite CRM 
Software5, where in two steps the user can define: 
the features she wants to be supported by a CRM 
software solution (a multiple choice in a six-items 
list, including: Sales Automation, Customer Ser-
vice/Support, Marketing Automation, Channel/
Partner Management, Customizable, Integration 
to other systems); the number of users; the access 
channel (Web browser, mobile device, company 
network only). With respect to sites like these 
ones, the ARNEIS system offers users looking 
for a CRM solution a way to describe their needs 
which is much more detailed, as we will explain 
in Section Role of Users Interfaces. Moreover, in 
ARNEIS, also CRM vendors can describe their 
solutions through a Web-based user interface: in 
this way the descriptions of CRM tools are not 

pre-compiled, but are built on the basis of the 
vendor vision. Thus, in ARNEIS, both the CRM 
solutions available and the features on which the 
comparison is based are dynamic and not pre-
defined, as in the mentioned examples. Finally, 
the knowledge about CRM on which ARNEIS is 
based is far more complex than a simple feature 
list, as we will discuss in Section CRM Ontology, 
Semantic Descriptions and Matching Engine; this 
complexity should ensure a deeper understanding 
of both the vendor offer and the SME needs and 
thus a more grounded recommendation (see also 
the evaluation presented in Section Preliminary 
Evaluation).

On the research side, the concept of “intelli-
gent” repository can be found in several works: for 
example Ma et al. (2007) propose an architecture 
for managing semantic business repositories, 
based on process ontologies, in order to extend 
standard business process repositories with 
machine-processable semantic information, and 
thus with reasoning capabilities. The “objects” 
stored in the ARNEIS repository, however, are 
not business processes, and our system is not 
oriented at business processes management (we 
exploited business process modeling only as a 
friendly user interface, as described in Section 
The Role of User Interfaces). Moreover, since 
ARNEIS is a Web-based registry, it is worth dis-
tinguishing it from Web Service registries based 
on the UDDI protocol6, as well as from UDDI 
registries enhanced with semantic capabilities 
(Luo et al., 2005; Aguilera et al., 2007; Good-
win et al., 2007). The main goal of Web Service 
registries based on UDDI is to support automatic 
(or semi-automatic) service discovery and integra-
tion. Thus, the “objects” stored in such registries 
are service characteristics, described in terms of 
functionality, input, output, preconditions, effects, 
and so on. These descriptions are aimed at dis-
covering the suited services, on the basis of both 
the functionality offered and their interoperability, 
needed to integrate the services into a composition 
workflow. The semantic enhancements of UDDI 
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registries are aimed at improving the discovery and 
the integration processes by supporting semantic 
matchmaking, based on inference mechanisms. 
Semantic matchmaking has been an important 
inspiration source for the design of the ARNEIS 
matching algorithm (described in Section CRM 
Ontology, Semantic Descriptions and Matching 
Engine), in particular as far as the exploitation 
of taxonomic knowledge (generalization and 
specialization hierarchy) is concerned.

With respect to (semantic) UDDI registries, 
however, the “objects” described in the ARNEIS 
system are not necessarily services: they are de-
scriptions of CRM software solutions, which can 
be Web-based services, as well as off-the-shelf 
products, or customized on-premises software. 
Moreover, they are described in terms of offered 
functionality and other characteristics as con-
ceived by the vendor, with the goal of suggesting 
a software solution to a human user (the SME 
representative accessing the ARNEIS system). In 
this respect, ARNEIS is more like a Web-based 
recommender system (Jannach et al., 2010), in 
which the items to be suggested are CRM soft-
ware solutions and the user profile is replaced 
by the description of SME needs. Recommender 
systems can be based on very heterogeneous ar-
chitectures and approaches, and a discussion about 
them is out of the scope of the present chapter. 
However, it is worth pointing out a significant 
difference: one of the most important aspect in 
recommender systems is User Modeling (Pazzani 
& Billsus, 2007), i.e. the methodologies applied 
to automatically build User Models representing 
user characteristics and preferences. ARNEIS 
recommendations are not based on User Models, 
but on a formal representation of SME needs. Such 
a representation is not inferred (as in most User 
Modeling-based systems), but explicitly elicited 
through a user interface, as described in Section 
Role of User Interfaces. The mechanism used in 
ARNEIS to compare the representation of the 
recommended items (software solutions for CRM) 
and the SME needs is described in Section CRM 

Ontology, Semantic Descriptions and Matching 
Engine and has been evaluated with an evalua-
tion technique which is standard in the adaptive 
systems field (Brusilovsky & Pesin, 1998; Gena 
& Weibelzahl, 2007), as described in Section 
Preliminary Evaluation.

Many works within the semantic Web research 
area claim that the exploitation of semantic 
technologies to support the interaction between 
computational systems, as well as between humans 
and machines, could greatly enhance enterprise 
and business applications (Hepp et al., 2008), 
ranging from Business Intelligence (BI) tools 
supporting data analysis and decision making, to 
business-to-business and business-to-consumer 
e-commerce applications; see, for example, the 
myOntology project7, and the GoodRelations on-
tology described in (Hepp, 2008), which provides 
also an interesting discussion about this field. In 
this chapter we are not concerned with the formal 
details of the ontologies exploited by ARNEIS 
(see Magro & Goy, 2008a; Magro & Goy, 2008b), 
since our focus is not the representation itself, 
but how the proposed architecture enables us to 
exploit a semantic representation to support the 
mediation between supply and demand in the ICT 
market for CRM.

In this perspective, in our approach, a major 
role is played by the user interaction models, 
supported by the ARNEIS User Interfaces (see 
Section Role of User Interfaces). The importance 
of the User Interface (UI) to access systems based 
on complex, semantic knowledge bases is a topic 
largely studied in different research fields. In 
the last years, the interest in the design of User 
Interfaces for systems based on semantic technolo-
gies has increased (see, for instance, the SWUI 
workshops series). The main challenge is to avoid 
exposing the user interacting with a formally en-
coded knowledge base (e.g., an ontology) to the 
details of the formal representation. This principle 
could be stated as: “semantic technologies should 
be invisible to users” (Benjamins, 2008, p. 76).
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The classical approaches addressing this 
issue aim at enhancing user queries search for 
information encoded in formal knowledge bases 
(databases or ontologies). These approaches are 
usually based on the translation of the query into a 
formal representation (SQL, or DL, or other formal 
languages); see, for instance, (Tran et al., 2007b). 
Within this research area, some approaches use 
NL-based UI (e.g., Bernstein and Kaufmann, 2006, 
Cimiano et al., 2008, Damljanovic et al., 2010), 
while others propose graphical (Web-based) UI; 
e.g., (Thoméré et al., 2002). Bhagdev et al. (2008a) 
describe K-Forms, a tool enabling users to define 
knowledge structure and content through a user-
friendly form-based UI; the tool then translate 
such a knowledge into a formal (RDF/OWL) 
representation; Bhagdev et al. (2008b) present 
K-Search, a tool that supports knowledge search 
and sharing.

In all the mentioned approaches the user 
goal is to retrieve information from a (formal) 
knowledge base, while the two categories of 
ARNEIS users have different goals: a user from 
a software house aims at providing the system 
with a description of a software solution (hoping 
it will match some SME requirements); a user 
from a SME, in turn, has the goal of finding a 
suitable software solution, satisfying her techno-
logical needs as described to the system. Thus, in 
ARNEIS, for both categories, the user input is a 
complex description (of a software product or of 
a set of requirements) that should be translated 
into a semantic representation (as described in 
the following). In order to get such an input from 
users, the required UI should be definitely more 
complex than a query text area (as explained in 
the Section Role of User Interfaces).

When dealing with the issue of the user inter-
action with formal representations, also author-
ing tools should be taken into consideration: in 
authoring tools the UI enables the user to design 
and populate a complex knowledge structure 
such as an ontology (e.g. Protégé8). From our 
interviews with potential ARNEIS users (see 

Section Domain Analysis), we concluded that an 
authoring tool like, for instance, the mentioned 
Protégé is definitely too complex for ARNEIS 
users, since it requires too much technical and 
knowledge representation skills.

Another field that is relevant for ARNEIS is 
represented by the semantic search approaches, 
aimed at building ontology-based Information 
Retrieval (IR) systems, i.e. systems in which 
both resources and queries are represented in a 
formal semantic language. For example, Tran 
and colleagues propose a resource model based 
on a set of OWL ontologies, that enables them to 
represent resources in terms of entities and axioms 
of the ontologies (Tran et al., 2007a). However, as 
claimed by the authors, building formal semantic 
representations of resources is still an open issue, 
although some proposals exist for the automatic 
extraction of semantic representations from (tex-
tual) documents (e.g., Banko et al, 2007). The 
alternative to the automatic construction of such 
representations is the “manual approach”, which 
is more suited than automatic extraction when 
resources are not already available as documents. 
For instance, in the ARNEIS scenario, a software 
house may have only simple brochures describing 
its software solutions and thus offering it a tool 
supporting users in building a formal semantic 
representation of their software products is a 
suitable solution.

We can conclude this section by saying that the 
ARNEIS project is based on researches grounded 
in different fields, ranging from semantic Web 
related approaches to recommender systems. 
However, to our knowledge, a global architecture, 
supporting the implementation of a Web-based 
system that aims at mediating supply and demand 
of CRM tools, has never been proposed. The key 
features of ARNEIS is the attention paid to the us-
ers, being based on a domain analysis that directly 
involved its users, i.e., SME and ICT companies. 
The effort put in the design of interaction mecha-
nisms follows this principle, enabling users from 
ICT companies to describe their products and 
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users from SME to express their requirements, 
without being exposed the details of the formal 
representation exploited by the system.

THE ARNEIS PROJECT

Framework Architecture

The ARNEIS framework is based on a standard 
three-tier architecture, instantiated on the CRM 
domain (Figure 1). The presentation layer (left-
hand side of the figure) is represented by a simple 
Web browser. The business logic layer (ARNEIS 
core in the figure) hosts three main modules: UI 
Manager, that handles the issues related to the 
interaction with the user by communicating with 
the Web browser on the presentation layer; Authen-
tication & Knowledge Manager, that handles the 
authentication procedures (e.g., user registration 
and login) and manages the interaction with the 
Knowledge Base (data layer); Matching Engine, 
that calculates the matching between the SME 
requirements and the descriptions of software 
solutions stored in the repository. The details 
about the UI Manager’s role and its interaction 
with the Authentication & Knowledge Manager, 
are discussed in Section Role of User Interfaces, 
while the functionality of the Matching Engine 

is explained in Section CRM Ontology, Semantic 
Descriptions and Matching Engine.

The data layer (right-hand side of the figure) 
contains the ARNEIS Knowledge Base, that in-
cludes: (a) a CRM Domain Ontology (Guarino, 
1998), representing the system semantic compe-
tence about the CRM domain; (b) a CRM Ap-
plication Ontology (Guarino, 1998), containing 
general conceptual patterns, modeled as onto-
logical concepts, that represent the dialog topics 
(see next section); (c) a set of semantic descrip-
tions (Semantic Descriptions KB), which includes 
descriptions of solutions offered by software 
houses (the Software Repository) and descriptions 
of the requirements expressed by the SME look-
ing for ICT products or services (the Business 
Repository); (d) a database (companies DB), 
containing the profiles of the companies (software 
houses and SME) registered to the ARNEIS ser-
vice; such profiles include, besides identification 
and authentication information, the links to the 
semantic descriptions stored in the Software and 
Business Repositories. The ontologies and the 
Semantic Descriptions KB are written in OWL9. 
The Domain and Application Ontologies are ac-
cessed by the Authentication & Knowledge 
Manager. The companies DB is accessed, through 
its DBMS, by the same Authentication & Knowl-
edge Manager to handle authentication procedures 

Figure 1. ARNEIS architecture
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and to retrieve (through stored links) the seman-
tic descriptions (Software and Business Reposi-
tories). We will analyze in more details the role 
of the various Knowledge Base components in 
the following sections.

The main goal of the architecture design is 
its modularity, enabling the architecture to: (a) 
be instantiated in different domains, by changing 
the declarative information belonging to the data 
layer; (b) connecting the system core (business 
logic layer) to different user interfaces (presen-
tation layer); (c) implement different matching 
algorithms, by changing the Matching Engine 
module.

User Interaction Overview

The basic user interaction case is when a user 
from a software house or a SME connects to the 
ARNEIS Web-based system in order to describe 
a CRM software solution, or to express the SME 
requirements and search for available software 
solutions (a detailed description of how this 
process works can be found in Section Role of 
User Interfaces).

Let’s first consider the case of a user from a 
software house aiming at describing a software 
solution. The basic flow is shown in Figure 2. 

Arrows represent information flow, while clouds 
contain activities, performed by the user (e.g., 
“filling in web forms”), or by a system module 
(e.g., “building OWL representation of software 
description”). The user (a representative from 
a software house) fills in a sequence of Web 
forms, which provide the information needed 
by the Authentication & Knowledge Manager 
to build the OWL representation of the software 
description (the choice of Web forms, their 
role, and the process for building the semantic 
representations are described in Section Role of 
User Interfaces). Once the OWL representation 
is built, it is stored in the Software Repository 
(in the Semantic Descriptions KB) and matched 
against the requirements stored in the Business 
Repository (see Section CRM Ontology, Semantic 
Descriptions and Matching Engine). These steps 
are performed asynchronously (off-line) since the 
matching process can require a time that is pos-
sibly greater than the acceptable waiting time in 
a Web-based user interaction (estimated in a few 
seconds by Human-Computer Interaction experts; 
see for instance Nielsen, 1999). Finally, all the 
SME registered to the service (and that agreed in 
being notified) receive a notification telling them 
that the Software Repository has been updated. 
Moreover, the software house and the SME that 

Figure 2. User interaction: uploading a software description
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had saved their requirements in the Business 
Repository are notified about the matching score 
(see Section CRM Ontology, Semantic Descrip-
tions and Matching Engine) of the new solution 
with respect to the stored requirements (provided 
that the score is meaningful, i.e., at least, greater 
than zero).

Let’s now see the case of a user from a SME 
looking for software solutions supporting CRM 
activities. The basic flow is shown in Figure 3. 
Again, arrows represent information flow, and 
clouds contains activities performed by the user, 
or by a system module. The user provides the 
system with her SME requirements. This can be 
done by filling in an on-line form, or by upload-
ing a diagram (in XPDL format: see Section Role 
of User Interfaces for details) representing the 
SME process concerning CRM activities. If the 
user choose the second option, the UI Manager 
gets the diagram and provides the user with a Web 
page where she can tag the activities within the 
process. Such tagging activity enables the Au-
thentication & Knowledge Manager to build the 
OWL representation of the SME requirements 
(see details in Section Role of User Interfaces). 
Before ending the session, the user can tell AR-
NEIS if she wants to store the requirements 

representation in the Business Repository (step 
labeled as optional in Figure 3). At this point, 
ARNEIS work continues asynchronously (off-
line): the Authentication & Knowledge Manager 
builds the OWL representation of the SME re-
quirements, that is then compared with all the 
software descriptions in the Software Repository 
by the Matching Engine (see Section CRM Ontol-
ogy, Semantic Descriptions and Matching Engine).

The result is a list of software solutions, ordered 
by their matching score. As soon as such a list is 
available, the SME user is notified, so that she 
can connect again to the system, in order to see 
the results of her search. The user can click on 
the solutions to access a friendly description of 
them (including the software houses contact in-
formation). At the same time, the software 
houses providing the best matching solutions (and 
that agreed in being notified) are notified about 
the results.

Domain Analysis

When building a system providing the functional-
ity described above, two main challenges need to 
be addressed:

Figure 3. User interaction: providing requirements and getting suggestions
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(a)  Providing the system with a suitable domain 
knowledge. In the case study described in 
this chapter this means building a semantic 
representation that models concepts, proper-
ties and relations characterizing CRM; such 
a semantic representation is the basis for the 
matching mechanism used to suggest SME 
the most suitable software solutions, given 
their requirements.

(b)  Designing a Web-based user interface en-
abling ICT companies to describe their CRM 
software solutions and SME to express their 
requirements and needs, in order to find 
suitable software solutions supporting their 
CRM activities.

We claim that both these goals have to be based 
on a domain analysis that takes into account how 
users, both from software houses and from SME, 
talk (and think) about CRM activities.

In order to perform such a domain analysis, 
we considered two types of information sources, 
i.e. documents (e.g., brochures, white papers), 
produced by ICT companies, describing their CRM 
software tools, and interviews with salesmen from 
ICT companies, aimed at eliciting the way they 
describe software solutions for CRM for SME, 
and with managers of SME, in order to understand 
which concepts and terms they use to describe 
their activities related to customer management.

The analysis of documents and interviews 
provided us with the following outcomes:

(a)  We identified the main concepts, properties 
and relations involved in the description of 
CRM activities in SME, which represent 
the basis for building the CRM Domain 
Ontology.

(b)  We identified a set of dialog topics, i.e. con-
cepts that emerged to be the keys of the de-
scription of CRM activities (e.g., “statistical 
analysis of data”). Within the system, these 
concepts can be represented as templates, 
i.e. general conceptual patterns that are in-

stantiated with more specific concepts in the 
different documents/interviews, by means 
of various linguistic forms (e.g., “statistical 
analysis of data about sales”). Each template 
is modeled as an ontological concept belong-
ing to the CRM Application Ontology (see 
Section Ontologies). Basically, descriptions 
of software solutions or SME requirements 
are instantiations of a number of such tem-
plates (as described in Section Role of User 
Interfaces).

(c)  We extracted the linguistic expressions used 
to refer to dialog topics. The list of such 
expressions (after a normalization process 
aimed at eliminating morphological variants 
such as plurals) represents a controlled vo-
cabulary that is used to provide users with 
a list of semantic tags (see section Role of 
User Interfaces). Such tags are “semantic” 
because they are associated with dialog top-
ics, which are represented within the system 
as concepts in the Application Ontology.

Ontologies

The CRM Domain Ontology exploited within 
ARNEIS is an OWL lightweight version of O-
CREAM, a CRM Reference Ontology described 
in (Magro & Goy, 2008a; Magro & Goy, 2008b). 
O-CREAM is linked to a well-known foundational 
Ontology (Guarino, 1998), DOLCE10, and three 
other ontologies that extend DOLCE (Gangemi 
et al., 2005; Gangemi & Mika 2003), namely the 
ontology of Description and Situations (DnS), the 
Ontology of Information Objects (OIO), and the 
Ontology of Plans (OoP). The reuse of existing 
ontological models, and especially foundational 
ontologies like DOLCE and its extensions, is of 
major importance in building domain ontolo-
gies, like O-CREAM, since it guarantees a well-
founded, formal, and accurate characterization 
of the basic concepts and relations; moreover, it 
enhances the potential interoperability between 
different domain ontologies.
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O-CREAM currently contains more than 500 
classes and more than 200 properties. It is struc-
tured in two layers: Upper Core Ontology, which 
models those general concepts that are directly 
linked to DOLCE, and Lower Core Ontology, 
which models the core concepts of the CRM do-
main. Moreover, O-CREAM is organized into a 
number of modules, each of which represents an 
homogeneous typology of concepts; each module 
includes more general concepts belonging to Up-
per Core and more specific concepts, belonging 
to Lower Core:

(1)  Activities: this module characterizes a basic 
notion of activity and several more specific 
activity types (e.g., sales, offers, communica-
tions, appointments, etc.);

(2)  Relationships: this module provides a 
characterization for a basic notion of rela-
tionship and for the main kinds of business 
relationships the company is involved in 
(e.g., relationships with actual or potential 
customers);

(3)  Knowledge: this module models the knowl-
edge that the company has on (or derives 
from) activities and relationships, by intro-
ducing the concept of Information_element 
(as a refinement of OIO:InformationObject), 
as well as several kinds of information ele-
ments that play a central role in the CRM 
domain;

(4)  Software: this module accounts for a no-
tion of software and a basic framework for 
talking about several aspects of software 
applications supporting business activities 
and knowledge management in the CRM 
domain.

A deeper description of the formal details of the 
CRM Domain Ontology exploited within ARNEIS 
is out of the scope of the present chapter. However, 
in order to give the flavor of the concepts modeled 
in the ontology, we show, in Figure 4, a fragment 
of the taxonomy (i.e., subclass relations) in the 

Relationships module; grey boxes represent Upper 
Core classes, while classes whose names are writ-
ten in italic belong to the mentioned foundational 
ontologies DOLCE and DnS.

As we mentioned in Section Domain Analysis 
(point b of the outcomes), in the domain analysis, 
besides concepts, properties, and relations repre-
senting the basic requirements for the CRM 
Domain Ontology, we also identified dialog top-
ics, representing the key concepts in the descrip-
tion of CRM activities. In the ARNEIS framework, 
each dialog topic is modeled as an ontological 
concept belonging to the CRM Application Ontol-
ogy, and can be represented as a template, which 
is instantiated during the user interaction phase. 
In order to clarify the meaning of dialog topics, 
and thus the role of templates, let’s look at an 
example. One of the dialog topics extracted by 
our analysis corresponds to the concept of “ac-
quisition of data from an enterprise application” 
(within the system, dialog topics do not have a 
linguistic form, but only a formal, OWL, repre-
sentation. For the sake of readability, we provide 
here also a rough linguistic “translation”). This 
topic refers to the generic capability of the CRM 
software application of directly acquiring data 
from another application. Specific instances of 
this topic, suggested by different linguistic expres-
sions found in documents/interviews, include 
more specific concepts in place of “data” and in 
place of “enterprise application”; for example 
“real time acquisition of customers information 
from Ms Outlook”, or “(management of) product 
records acquired from ERP software”.

As we said, in ARNEIS, a dialog topic is rep-
resented as a template, i.e., a structured concept 
in which there are some variables (slots). By 
default, such variables are filled in by generic 
concepts (e.g. “data”), that can be replaced by 
more specific concepts (e.g. “product data”). 
Figure 5 shows a fragment of the OWL logical 
representation (generated by Protégé) of the Ap-
plication Ontology class representing the template 



195

How Semantic Web Technologies can Support the Mediation between Supply and Demand in the ICT Market

corresponding to the concept of “acquisition of 
data from an enterprise application”.

In order to identify slots within a template, we 
decided to “label” them by adding, to each concept 
that represents a default slot filler, the expression 
and Si, where Si is a unique identifier (automati-
cally generated) for that slot. Thus, for example, 
in Figure 5, the expression (CRM_element and 
S1) identifies a slot (labeled S1) filled in, by default, 

by the CRM_element class (intuitively speaking, 
CRM_element represents all the items that are 
typically involved in CRM: customers, products, 
orders, sales, and so on). If we aim at expressing 
the acquisition of data about customers (e.g., 
“customers info”), in the template instantiation, 
the class CRM_element will be replaced by a more 
specific one, i.e. Customer (subclass of CRM_el-
ement) and the expression and S1 will be deleted; 

Figure 4. A fragment of the CRM Domain Ontology relationship taxonomy

Figure 5. A fragment of the template corresponding to “acquisition of data from an enterprise application”
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if we aim at expressing the acquisition of data 
about products (e.g., “product records”), CRM_el-
ement will be replaced by Product_or_service 
(subclass of CRM_element). Analogously, the 
class Application_software in the slot identified 
by S2 can be replaced, for instance, by the class 
Ms_Outlook, or ERP.

It is worth noting that the expression and Si is 
used merely as a label, to identify slots within a 
template. We chose this solution because it pre-
serves the syntactic correctness of the OWL repre-
sentation. However, at a first glance, this labeling 
solution may seem to bring to odd interpretation 
from a semantic point of view. For instance, by 
writing Information_element... refers_to some 
(CRM_element and S1), we are formally saying 
that an Information_element refers to something 
that is, at the same time, a CRM_element and a S1 
(see Figure 5), which is not the meaning we would 
like to express. The possible semantic problems 
that such a solution could arise are avoided by the 
fact that, in ARNEIS, not instantiated templates 
are never used in any form of semantic reasoning.

The role of templates, within ARNEIS, is to 
support the system in building the semantic repre-
sentations of the descriptions of software solutions 
and SME requirements: more specifically, such 
representations are sets of instantiated templates. 
As we are going to explain in the following section, 
the information needed to instantiate templates is 
elicited by the system from the user through its 
user interfaces.

Role of User Interfaces

The goal of ARNEIS User Interface (UI) is to en-
able ICT companies to store the OWL descriptions 
of their software solutions and the SME to provide 
the OWL representation of their requirements 
about ICT support for their CRM activities, both in 
terms of the shared Domain Ontology. Obviously, 
it is unrealistic to ask users, either from software 
houses or from SME, to write OWL descriptions; 
thus, the availability of a user-friendly UI turned 

out to be an issue of major importance within the 
ARNEIS framework.

As a first hypothesis, we decided to use on-line 
forms, mainly because Web users are used to them 
(see Bhagdev, 2008a). Actually, for users from ICT 
companies, the activity of filling in on-line forms 
to provide a structured description of their CRM 
tools seems to be acceptable, given that such users 
are generally used to interact with sequences of 
on-line forms to be filled in. Moreover, they are 
probably skilled enough about the functional and 
technological aspects of their software products or 
services, and they are also motivated to complete 
a challenging and possibly boring task since they 
are describing the software solutions offered by 
their company, and this can be viewed as a way 
to promote their products and services.

An alternative approach, however, should be 
taken into consideration for SME. Users from 
SME, especially non-technologically skilled ones, 
cannot be forced to express their requirements by 
filling in complex on-line forms. This task can be 
too difficult for them, mainly because they can be 
unaware of the technical aspects of the software 
solution they need. For this kind of users the best 
approach would be to provide them with a UI 
that enables them to freely describe the activi-
ties they are used to do (or would like to) about 
CRM. From such descriptions the system should 
be able to build the OWL representation of their 
requirements. From a short additional interview 
with people from SME (see Section Domain 
Analysis), it emerged that the most natural ways 
they describe their CRM activities are business 
processes and natural language. Thus, we designed 
a prototype UI based on Business Process Model-
ing (BPM) and we started a study to evaluate the 
feasibility of a Natural Language (NL) UI (see 
Section Future Research Directions), in order to 
provide SME with alternatives to form-based UI.
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UI for ICT Companies

The form-based UI is generated on the basis 
of templates (dialog topics) stored in the CRM 
Application Ontology. Since the templates do 
not typically change in time, Web forms are pre-
compiled (off-line) and are re-generated only in 
case the templates are modified. Thanks to the 
information provided by the user within the forms, 
template instances representing the description of 
a software solution are produced. In the following 
we describe this process (see also Goy & Magro, 
2011). To generate Web forms, the Authentication 
& Knowledge Manager, for each template, extracts 
all the slots and, for each slot (C and Si), it extracts 
from the Domain Ontology all the subclasses of C 
and provides the UI Manager with this information; 
the UI Manager, in turn, generates, for each slot, a 
Web form in order to ask the user which subclass 
of C (if any) she wants to consider. For example, 
Figure 6 shows the form asking the user to select 
the subclasses of CRM_element; this form is part 
of the larger one corresponding to the example 
template partially shown in Figure 5.

The user selects the desired subclass (Cx) and 
the UI Manager sends this information back to 
the Authentication & Knowledge Manager, that 
substitutes Cx in place of (C and Si) within the 
corresponding template slot. The result (that refers 
to the example presented above) is shown in 
Figure 7.

In order to handle both Web form generation 
and user selection acquisition, the UI Manager 
exploits a Configuration Knowledge Base (KB) 

that provides it with the required information to 
face the following issues. We use a dot notation 
to identify slots: the slot Si within the template Tj 
is identified by the expression Tj.Si. The dot nota-
tion is used also to associate specific properties 
to slots, e.g.: Tj.Si.propertyx represents the prop-
ertyx of slot Si of template Tj.

(1)  Natural language questions. The knowl-
edge engineer who configures ARNEIS on 
a new domain is in charge of defining the 
templates in the Application Ontology. For 
each independent template slot (see point 4), 
she provides a natural language question that 
will be included by the UI Manager in the 
Web form referring to that slot. The natural 
language questions are stored within the 
Configuration KB in the following simple 
form:

T
3
.S

1
.NLquestion = “My software sup-

ports the acquisition of data 

about...”

(2)  Multiple choices. What happens if the user 
selects more than one option? In the example 
above, she may be interested in the acquisi-
tion of data about customers, but also about 
sales and orders. The system handles each 
selection separately, i.e. it generates separate 
instantiations for each user choice. In the 
example presented above (Figure 6), if the 
user selects Customers, Sales, and Orders, 
ARNEIS generates three template instantia-
tions: the one in Figure 7 (for the Customer 

Figure 6. Web form for filling in the first slot of 
the template corresponding to “acquisition of 
data from an enterprise application”

Figure 7. Part of the instantiated template after 
the user answer
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choice), and two other template instances, 
one with the class Sale and the other with 
the class Order in place of Customer.

(3)  Indirect subclasses. In some cases, the 
user may want to specify a more specific 
class (e.g., she wants to acquire data about 
golden customers, which are represented, 
within the Domain Ontology, by the class 
Golden_customer, subclass of Customer). 
When extracting from the Domain Ontology 
the subclasses of C, the Authentication & 
Knowledge Manager actually extracts the 
whole subtree. For each direct subclass of C 
that has, in turn, subclasses, the UI Manager 
includes a link to enable the user to optionally 
expand the subtree (see “view more” links 
in Figure 6). In this way the user is enabled 
to select any (direct or indirect) subclass she 
is interested in.

However, given the complexity of the Domain 
Ontology, listing all the (named) subclasses of a 
given class C as options of a checkbox (see Figure 
6) could result in a too long list, possibly contain-
ing concepts that are relevant from the formal 
semantic point of view, but not from the user 
perspective. Thus, the Configuration KB should 
contain, for each slot Tj.Si, a list of the direct and 
indirect subclasses of C that are meaningful and 
suited to be asked in the Web form. For example:

T
3
.S

1
.subcToAsk = {Sales_agent, Cus-

tomer, Communication, email_comm,...}

(4)  Dependencies between slots. It is quite com-
mon that the suited value for filling in a slot 
depends on the value assigned to another 
slot (of the same template). In the example 
above (see Figure 5), if we fill in slot S1 
with Customer, meaning that we want to 
acquire information about customers, slot S5 
(representing the knowledge structure that is 
modified by the data acquisition) has to be 
filled in with Customer_database. In order 

to take into account possible dependencies 
between slot fillers, the Configuration KB 
also contains some if-then rules representing 
such dependencies. For instance:

IF (T
3
.S

1
.filler = Customer) THEN (T

3
.

S
5
.filler = Customer_database)

The UI Manager exploits these dependency 
rules to avoid asking the user useless questions; in 
the example, after having asked the filler for slot 
S1, slots S5 and S7 will be filled in automatically.

The system goes on presenting all the Web 
forms, in an order that, in the current version, 
is hardwired (see discussion in Section Future 
Research Directions). Obviously, the user is not 
forced to fill in all forms, and she can skip Web 
forms she is not interested in, by simply clicking 
on a “skip” button. When the user decides that all 
the information concerning the software solution 
offered by her company has been provided, she 
can close the form (by clicking on a “close” but-
ton): the system saves the instantiated templates, 
which represent the formal (OWL) description of 
the software solution supporting CRM proposed 
by the ICT company.

UI for SME Looking for CRM 
Software Solutions

SME users can choose to use a UI based on on-line 
forms, as the one for ICT companies just described. 
However, as an alternative, they can interact 
through a BPM-based UI, in which the user from 
the SME draws the diagram representing its CRM 
business processes, using the tool she prefers. 
The only requirements, in the current ARNEIS 
implementation, concern the output diagram, 
that should be compliant with BPM Notation11 
and should be exportable in XPDL12. When the 
diagram representing the CRM process is ready, 
the user exports it in XPDL format and uploads 
the file on the ARNEIS server. The UI Manager 
acquires the XPDL file and, on the basis of the 
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information it contains, it “re-draws” the diagram 
in a Web page, as shown in Figure 8.

By clicking on an activity, the user can access 
the tagging page (shown in Figure 9), that enables 
her to select tags from the list of available seman-
tic tags (see section Domain Analysis) and to 
associate them to the activity in focus. For instance, 
in the page shown in Figure 8 the user selected 
the “car sale” (“vendita auto”) activity and in the 
following page (Figure 9), she associated the 
semantic tag “sale data management” to this activ-
ity.

Each semantic tag is associated with one or 
more (possibly instantiated) templates. As a con-
sequence, the user tagging activity corresponds 
to template selection and thus results in a set of 
template instances that represent the semantic 
(OWL) representation of the SME requirements 
concerning CRM. See Section Future Research 

Directions for possible improvements of this 
mechanism.

The OWL representation of the SME require-
ments is sent to the Matching Engine, which 
compares it with all the software descriptions 
stored in the Software Repository: the matching 
process is described in the next section. When 
the Matching Engine has completed its work, the 
user can access the results, i.e. an ordered list of 
software solutions, with the best matching one 
on top. By clicking on a solution, the user can 
access a friendly description of the solution, built 
by the Authentication & Knowledge Manager on 
the basis of the information provided by the ICT 
company when filling in the Web form (basically, 
in the current version, the friendly description is 
a non-editable form, filled in with the values pro-
vided by the software house; see Section Future 
Research Directions for possible improvements).

Figure 8. The BPM-based UI: selecting an activity
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Semantic Descriptions 
and Matching Engine

The typical functionality of the Matching Engine 
is comparing the OWL representation of SME 
requirements with all the software descriptions 
stored in the Software Repository (case a: see 
interaction flow depicted in Figure 3). In some 
cases, however, it is invoked in order to compare 
a single software solution description with all the 
stored SME requirements (case b: see interaction 
flow depicted in Figure 2). In both cases, the 
basic task of the Matching Engine is the com-
parison between a set of requirements belonging 
to a single SME and the description of a single 
software solution; this comparison is performed 
by exploiting an evaluation algorithm that will be 
explained below (see Figure 10). The evaluation 
algorithm produces a score for the software solu-
tion (solution_score), representing the “suitability 
degree” of that solution with respect to the set of 
SME requirements under consideration.

In case a, the engine performs a cycle over 
software solutions descriptions stored in the 
Software Repository and, for each of them cal-
culates the solution_score. In case b, it performs 
a cycle over SME requirements stored in the 

Business Repository and, for each requirements 
description, produces, again, a solution_score, 
representing the “suitability degree” of the solu-
tion under consideration with respect to each set 
of SME requirements.

In ARNEIS, both SME requirements and soft-
ware solution descriptions are sets of instantiated 
templates. Given a description of SME require-
ments (henceforth SR) and a software solution 
description (henceforth SS), the evaluation algo-
rithm works as shown in Figure 10.

Point (i) in Figure 10 deserves a brief explana-
tion. The comparison of two instances of a template 
to produce a instance_score exploits the Pellet 
reasoner13 to find if Iss ∈ SS is a subclass of Isr ∈ 
SR with respect to the Application Ontology, or 
vice versa. On the basis of the reasoner answer, 
the algorithm can discriminate between cases a, 
b, c, or d (in Figure 10). Steps performed in case 
d handle the situation in which no subclass rela-
tion between Iss and Isr is found by the reasoner: 
in this case the algorithm performs a “content” 
comparison between the two instances, by analyz-
ing slot fillers. Intuitively speaking, if a slot, in Iss 
and Isr, contains the same filler, that slot contrib-
utes to the instance_score with a high slot_score 
(i.e., 1); if a subclass relation holds between the 

Figure 9. The BPM-based UI: tagging an activity
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two fillers of a slot, then that slot contributes to 
the instance_score with a quite high slot_score 
(i.e., 0.8) in case Isr is a subclass of Iss (i.e., the 

description of the software solution fills in a 
same slot with a more general concept than the 
one in SME requirements), and with a quite low 

Figure 10. The matching engine evaluation algorithm
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slot_score (i.e., 0.3) in case Iss is a subclass of Isr 
(i.e., the description of the software solution fills 
in a same slot with a more specific concept than 
the one in SME requirements).

Preliminary Evaluation

In this section we report a preliminary evaluation 
of the main ARNEIS functionality, i.e., the recom-
mendation of CRM solution to SME. We describe 
the experiment and provide the results, together 
with a discussion about them. We conclude the 
session with a brief comment about UI evaluation.

Experiment

After the implementation of the current version of 
the prototype, described in the present chapter, we 
performed a user evaluation aimed at comparing 
the selection of a CRM tool by a SME with and 
without the recommendation support offered by 
ARNEIS. This preliminary evaluation has been 
designed as a controlled experiment (Gena & 
Weibelzahl, 2007) where the independent variable 
was the availability of the ARNEIS suggestion 
mechanism, and the dependent variable was user 
satisfaction, that was measured considering the rat-
ings associated by users to the suggested solutions. 
The hypothesis to be verified was the following: 
the availability of a mechanism suggesting CRM 
software solutions improves user satisfaction in the 
selection of CRM tools. Participants were potential 
real users: we selected 10 SME representatives 
(8 males and 2 females) out of the set of people 
from SME we interviewed for the domain analysis 
(see Section Domain Analysis). The selection was 
based on their availability and on their experience 
in Web navigation (we selected only people used 
to look for information on the Web).

The experiment had a single-factor within-
subject design (Gena & Weibelzahl, 2007), in 
which two treatments were applied to all subjects, 
in our case meaning that all users had to perform 
the assigned task with and without system support. 

The task that participants were asked to perform 
simulated a real task. The test scenario was the 
following: participants had to imagine they were 
looking for a CRM software solution for their 
SME, in order to improve customer management. 
The goal was not necessarily to end up with a 
final decision, but to get a few good candidates, 
i.e., CRM tools to be evaluated afterwards. The 
experiment had two sessions: in session 1 partici-
pants were asked to browse a Web page listing 
12 CRM tools; for each tool the documentation 
provided by CRM vendors (brochures, white pa-
pers, videos, and so on) was available. This Web 
page was identical to the Web page presenting 
ARNEIS suggestions, but the CRM tools, in this 
case, were listed in alphabetic order. Users had one 
hour to access information and try to find some 
CRM tool that could be candidate to be adopted by 
their company. The selection was not mandatory: 
users could select up to three candidate solutions, 
but could also conclude that they were unable to 
perform such a choice. In session 2 participants 
were asked to use the ARNEIS prototype to provide 
a description of their CRM activity (representing 
their CRM needs) and to get system suggestions. 
Users could choose between form-based and BPM-
based UI and the time limit was, again, one hour. 
At the end of the task, users were presented the 
Web page listing ARNEIS suggestions: this page 
was identical to the Web page they accessed in 
session 1, but the CRM tools, in this case, were 
listed according to their matching degrees, i.e., 
with the system suggestions on the top. Moreover, 
for each tool, besides vendor documentation, the 
user could also access a friendly description of the 
tool, provided by the vendor through the ARNEIS 
UI for software houses (see section Role of User 
Interfaces).

After all participants had performed both 
sessions, we asked them to answer a post-test 
questionnaire, containing the following questions:

1.  Did you manage to select any tool in session 
1? If you did, how many (1-3)?
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2.  In session 2 ARNEIS ranked the 12 avail-
able solutions with respect to your CRM 
needs; take the first three (best matching): 
you have half an hour to look at the avail-
able documentation about these tools on the 
Web portal exploited in session 1. After that, 
please choose the best solution among these 
three according to your opinion and rate it 
with a score between 0 and 6 (0 means that 
you think it is a very bad solution for you, 
6 means that you think it fits perfectly with 
your CRM needs).

3.  If you had selected some tools in session 1, 
please reconsider them (after having seen 
ARNEIS solution), choose the best one and 
rate it (again with a score between 1 and 6, 
as before).

4.  Please, provide us with any comment about 
the experience you had in performing the 
task, both in session 1 and session 2.

The aim of question 3 was twofold: (a) enabling 
us to directly compare user and system selections; 
(b) neutralizing the possible effect that the test 
situation in session 1 could have on some users, 
who could unconsciously feel to be forced to 
make a choice. If this was the case, in this phase 
they can reconsider the “forced” choice made in 
session 1 by rating it low.

Results

As far as the selection of the UI is concerned, 
50% of users selected the form-based and 50% 
the BPM-based UI (however, UI was not the goal 
of this evaluation; see discussion below).

Concerning test results, in session 1, 6 users 
selected some tools, while 4 ended up with no 
choice.

Table 1 reports the mean and standard devia-
tion of the scores provided by participants to the 
best solution suggested by ARNEIS in session 2 
(individuated by the procedure explained in ques-
tion 2 of the post-test questionnaire).

Table 2 reports the mean and standard devia-
tion of the scores provided by participants to the 
best solution selected by themselves in section 1 
(individuated by the procedure explained in ques-
tion 3 of the post-test questionnaire).

Discussion

The first information these results provide us with 
is the fact that a significant number of users (40%) 
find it impossible to select a candidate CRM tool 
by simply looking at rough information on the 
Web (although all the information was available 
on a single Web site). This result alone tells us 
that an effort to support the user in the selection 
of candidate CRM tools makes sense.

Moreover, users that were unable to choose 
any tool in session 1 of our test seem to be quite 
satisfied with ARNEIS suggestions (mean: 3,75, 
on a 1-6 scale, where 0 means a very bad solution 
and 6 means a very good one). Apparently this is 

Table 1. Results of user ratings of the best solution 
suggested by ARNEIS 

Score of the best suggestion in session 2 (10 users)

  Users who selected some tool in session 1 (6 users)

    mean 3,67

    st.dev. 1,03

  Users who did not select any tool in session 1 (4users)

    mean 3,75

    st.dev. 0,96

Table 2. Results of user ratings of the best solution 
selected by themselves 

Score of the best solution selected by users in 
session 1 (6 users)

    mean 3,17

    st.dev. 2,04
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true also for users that actually selected some tools 
in session 1, without system suggestions (mean: 
3,67). However, according to the results, they 
seem to be more satisfied with ARNEIS sugges-
tions than with their own choices. Looking closer, 
we see that the mean rating of the tools selected 
on their own has a very high standard deviation 
(2,04), which means that some users confirmed 
that they made a good choice in session 1 (e.g., 
user 2 and 4 provided, respectively, a score of 
5 and 6 to their own best choice): these users 
probably would not take any advantage from a 
system like ARNEIS, since they do not seem to 
need any help in making such choices. However, 
some other users reconsidered the choice made 
in session 1 and rated it low (e.g., user 3 and 5 
rated their own choices 1), probably considering 
ARNEIS suggestion a better solution. For these 
users ARNEIS recommendations represent an 
advantage.

In the participants answers to the last question 
(asking for free comments), the most relevant 
remarks were the following. Users who did not 
choose any tool in session 1 said that the evaluation 
of such tools requires much more time. A couple 
of them added that they were quite satisfied with 
ARNEIS recommendations, but stressed also that 
they would take them just as suggestions, requir-
ing a deeper “human” evaluation. Moreover, 4 
participants complained about the provision of 
CRM requirements, saying that it was a too time-
consuming task (2 of them used the form-based 
UI, the other 2 the BPM-based UI). Finally, 6 
participants provided us with explicit generic 
positive comments about ARNEIS functionality.

We conclude this section with a brief comment 
about user interfaces. The choice of designing a 
BPM-based UI and to start the investigation of a 
NL-based UI (see Section Future Research Direc-
tions) was based on the results of a short additional 
interview, aimed at eliciting the preferred ways 
to describe CRM activities, that we proposed to 
people from SME interviewed for the domain 
analysis (see Section Domain Analysis). Moreover, 

after a first design phase, we performed a heuristic 
evaluation (Gena & Weibelzahl, 2007) of a mock-
up version of both form-based and BPM-based 
UI, carried on by Human-Computer Interaction 
experts in order to detect major usability problems. 
In a second design phase of both UI, which led 
to the current version, we took into account the 
results of this evaluation.

FUTURE RESEARCH DIRECTIONS

In the recent years, we have witnessed an important 
shift, sometimes included under the Web 2.0 label 
(O’Reilly, 2007): many applications (ranging from 
document editing tools14 to enterprise systems15) 
are now provided as services on the Web. This 
paradigm shift suggests that the future of busi-
ness management as well as of relationships will 
be mediated by the Web. Moreover, the concept 
of Web 3.0 has recently emerged. Even though 
there are many different definitions of Web 3.0, 
almost everybody agrees that it is related to the 
major role that semantic technologies are going 
to play on the Web. In line with this perspective, 
as we mentioned in Section Background, in the 
semantic Web area many researchers believe 
that semantic technologies could improve, in 
particular, the support to (Web-based) business-to-
business relationships. With the ARNEIS project 
we performed a step in this direction, by showing 
how ontology-based semantic representations can 
be exploited to match supply and demand about 
software products for business automation.

We are also convinced that knowledge-based 
systems that rely on complex formal semantic 
representations have to face a major challenge, i.e. 
user interaction. Users interacting with business-
related services offered on the Web are usually 
not expert in formal semantics: they need to be 
supported during the interaction with such services 
by a friendly user interface that hides formal and 
technical aspects of the internal representation. For 
this reason, we think that a major challenge in the 
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future of Web 3.0 business-oriented services is a 
careful design of user interaction models.

This claim drives our future research direc-
tions. First of all, the current version of the user 
interface for software houses could be improved. 
In particular, this user interface presents the Web 
forms in a predefined order. We have started in-
vestigating the possibility of adding a tag-cloud, 
based on the available controlled vocabulary, to 
order Web form generation in a user-driven way: 
when the user clicks on a tag within the cloud, she 
gets the corresponding Web form (this is easily 
feasible, since tags are linked to templates used 
to generate Web forms).

Concerning the BPM-based user interface 
for SME, improvements are also possible. For 
example, when building the OWL representation 
of SME requirements, the system could exploit 
information included in the process to further 
instantiate templates, so that the requirement de-
scription could be more precise; e.g., if activities 
are described by a short text, simple Information 
Extraction techniques (Cunningham, 2005) could 
be used to extract information useful to fill in 
template slots that still contain generic concepts.

Moreover, as we mentioned in Section Role of 
User Interfaces, we are evaluating the feasibility 
of a Natural Language user interface. In particular, 
the idea is to propose SME users a set of gen-
eral questions (e.g. “How do you manage order 
processing?”) and let them free to answer with a 
natural language text, which is then analyzed by 
a Natural Language Understanding module that 
exploits Information Extraction techniques (Cun-
ningham, 2005) to extract information useful to 
fill in ARNEIS templates.

Finally, when the SME user is shown the list 
of suggested software solutions, she can click on 
them to access friendly descriptions. The current 
mechanism exploited to produce such descriptions 
is very rough, since the description is basically a 
non-editable form which reproduces the one filled 
in by the ICT company. Again, simple template-
based Natural Language Generation techniques 

(Reiter & Dale, 2000), could be exploited in order 
to generate better and more readable descriptions 
of the suggested software solutions.

We would like to conclude this section by 
mentioning a further perspective, i.e., the pos-
sibility of exploiting the outcomes of the domain 
analysis, the experience gained in building the 
CRM Domain Ontology and the user interaction 
model, as well as the CRM Domain Ontology 
itself, in order to provide a set of recommenda-
tions which could help in finding a grounded and 
shared definition of CRM, which could be useful 
beyond ARNEIS goals.

CONCLUSION

In this chapter we described the ARNEIS project, 
i.e. a framework for building intelligent Web-
based repositories of descriptions of software 
solutions, that we have evaluated in the CRM 
domain. ARNEIS is aimed at supporting two 
categories of small-to-medium sized enterprises, 
i.e. ICT companies offering software products for 
CRM, and SME looking for software solutions to 
improve their technological integration and ICT 
support for CRM activities.

The framework has been implemented in a 
prototype system based on Java Servlets16 and 
Java Server Pages17. The manipulation of the 
OWL descriptions is based on the open source 
OWL API library18. The current prototype has 
been evaluated by a controlled experiment, which 
suggests that ARNEIS could be a useful support 
for SME looking for CRM tools.

We would like to conclude this chapter by try-
ing to summarize the lessons learnt so far out of 
the ARNEIS project. Semantic technologies are a 
powerful tool to enhance Web-based services that 
address user needs, such as the ARNEIS system. 
However, there are some aspects of such systems 
which demonstrated to be crucial and challeng-
ing at the same time: first of all, the semantic 
knowledge required by the system is huge and 



206

How Semantic Web Technologies can Support the Mediation between Supply and Demand in the ICT Market

complex, and the costs for building it (from domain 
analysis to a formally encoded ontology) can be 
high. Moreover, a careful design of user interac-
tion mechanisms is of paramount importance to 
make knowledge-based systems actually usable; 
the design of such interaction mechanisms should 
be based on a careful domain analysis that takes 
into account the users perspective on the domain, 
and should achieve the goal of making semantic 
technologies invisible to users.
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KEY TERMS AND DEFINITIONS

Customer Relationship Management: 
Customer Relationship Management (CRM) is 
an overall company strategy for managing its 
interactions with customers. It usually exploits 
ICT to manage business processes related to cus-
tomer care, typically sales activities, marketing, 
and customer services. The main goal of CRM 
is to find and get new customers, retain those the 
company already has, and reduce the costs of 
marketing and customer service provision. CRM 
usually adopts a one-to-one marketing perspective, 
i.e. establishing personalized relationships with 
single customers, by providing personalized offers, 
pricing, after-sale services, and so on.

E-Business: Electronic business (e-business) 
refers to the exploitation of ICT (Information and 
Communication Technologies), and in particular 
Web-based technologies, to support business 
activities. E-business includes the exploitation of 
ICT and Web technologies to support enterprise 
internal activities, relationships with partners, 
suppliers, and customers (e-commerce).

Human-Computer Interaction: Human-
Computer Interaction (HCI) is a discipline that 
studies the design of the interaction between hu-
man users and computers and thus the design of 
User Interfaces (UI). HCI is typically concerned 
with the goal of defining UI enabling a user-
friendly interaction, and takes into account us-
ability and accessibility issues. Roughly speaking, 
usability refers to the provision of an easy access 
to a system functionality, while accessibility takes 
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into account the universal access (in particular for 
impaired people) to all system features.

Knowledge-Based Systems: Knowledge-
based systems are software systems built by 
following methodologies and techniques typical 
of Artificial Intelligence. Their core component 
is the knowledge base, i.e. a formal representa-
tion of knowledge, usually concerning a specific 
domain. A distinguishing feature of these systems 
is the separation between the knowledge base and 
the procedural (and usually domain-independent) 
knowledge embedded in the algorithms that ac-
cess to the knowledge base. A knowledge-based 
system typically includes also some mechanisms 
to acquire (new) knowledge, as well as reasoning 
mechanisms that exploit the knowledge base to 
make inferences.

Ontology: In computer science, an ontology 
is an explicit and formal representation of con-
cepts, properties and relationships concerning 
a given domain, which specifies the semantics 
of a shared vocabulary. Actually, there is a huge 
variability in the formalization degree and in the 
specificity level of ontologies. Along the former 
dimension, ontologies range from rather informal 
controlled vocabularies to strongly axiomatized 
logic theories. As regards specificity, they range 
from rather general cross-domain foundational 
ontologies to semantic representations relevant 
to very specific application domains. Ontologies 
expressed in formal languages support, to some 
extent, automatic reasoning.

Semantic Web: The Semantic Web started 
from a vision of Tim Berners-Lee, James Hendler 
and Ora Lassila and it is still work in progress. 
Basically, the Semantic Web is an evolution of the 
World Wide Web in which machines (i.e., software 
processes) can, at some extent, “understand” the 
meaning of the information and services avail-
able on it and, in some cases, can also “reason” 
about them. These understanding and automatic 
reasoning capabilities are supported by the usage 

of standards and technologies that enable the de-
scription of Web resources (possibly by means of 
metadata) and to specify concepts and properties 
in a machine-readable form.

Web 3.0: Web 3.0 can be considered as an 
evolution of Web 2.0, which in turn can be roughly 
seen as a service-oriented Web, enabling and 
encouraging user participation and collaboration. 
There is no agreement about the specific features 
characterizing Web 3.0, but many reaserchers 
agree on the major role that semantic technolo-
gies and personalization techniques play in it. In 
this perspective, Web 3.0 can thus be viewed as 
a semantic and personalized version of Web 2.0.
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