
EXPLOITING FOLKSONOMIES AND ONTOLOGIES IN AN 
E-BUSINESS APPLICATION 

Anna Goy and Diego Magro 
Dipartimento di Informatica, Università di Torino 

C. Svizzera, 185, I-10149 Italy 

ABSTRACT 

This paper proposes a model for the integration of a formal ontology and a folksonomy within a knowledge-based 
system. We evaluated such a model by designing ARNEIS 2.0, an “intelligent” and social web-based repository of 
software solutions for small and medium-sized enterprises (SME). ARNEIS 2.0 is a work in progress and aims at 
exploiting the integration of Semantic Web (ontologies and reasoning) and Web 2.0 techniques (user tagging and 
folksonomies) to support ICT companies that offer software solutions for SME business automation, and SME that are 
looking for ICT solution fulfilling their needs.  
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1. INTRODUCTION 

New ICT technologies and web-based applications offer great opportunities to small and medium-sized 
enterprises (SME), enabling them to improve production and marketing efficiency, as well as to develop 
network-based fruitful relationships with partners, suppliers, and customers. Within this scenario, the goal of 
our project is to exploit Semantic Web and Web 2.0 techniques to support two categories of SME: (i) ICT 
companies (i.e., software houses) that offer software solutions for business automation, but can be in trouble 
in getting in contact with their potential customers; (ii) SME that aims at improving their technological 
integration and business automation, but lack the know-how to find the right ICT solution that fits their 
needs. In the following, we will use the acronym SME to refer to small and medium-sized enterprises that are 
looking for ICT-based solutions supporting their business, and ICT companies, or software houses, to refer to 
small and medium-sized enterprises that provide software solutions for business automation. 

The main contribution of this paper is to propose a model for the integration of the capabilities of 
knowledge-based systems based on formal ontologies, and the possibilities offered by the so called Social 
Web, in particular by user tagging technologies, that enable the development of folksonomies. Folksonomies, 
as the result of user tagging activity, are a form of “collaborative categorization”, and their emergence can be 
seen as a response to some of the problems related to the usage of enterprise taxonomies and ontologies: (i) 
the development of taxonomies/ontologies is expensive and time-consuming; (ii) they require frequent 
maintenance and periodic reviews; (iii) they represent the expert view of knowledge categorization, which 
can be different with respect to the user view; (iv) many authoring tools for taxonomy and ontology 
development and management are difficult to use; see (Barbosa, 2008), among the others. 

However, structured knowledge systems, developed according to a top-down approach – i.e. taxonomies 
and ontologies – and unstructured knowledge bases, developed according to a bottom-up approach – i.e. 
folksonomies – are not necessarily alternatives, but can be fruitfully merged in a system that exploits their 
synergy. In this perspective, we evaluated our model for the integration of ontologies and folksonomies by 
designing ARNEIS 2.0 (Advanced Repository for Needs of Enterprises and Innovative Software, 2.0), i.e. an 
“intelligent” and social web-based repository of software solutions for SME. ICT companies can contact 
ARNEIS 2.0 to upload a description of their software solutions for business automation; SME that aim at 
finding software products or services that support their business activity can contact ARNEIS 2.0 to express 
their requirements and needs, and get a list of software solutions matching such requirements. 



ARNEIS 2.0 is a work in progress and is based on a previous Web Service-based architecture which 
exploited semantic representations, but lacked the integration with social technologies; see (Goy et al, 2008). 

In the rest of the paper we briefly discuss the related work in the involved areas (Section 2.1) and we 
describe the functionality of the ARNEIS 2.0 web-based repository, focusing on the role of the 
folksonomy(Section 2.2); Section 3 concludes the paper. 

2. ONTOLOGIES AND FOLKSONOMIES 

2.1 Related work 

The concept of “intelligent” repository is not new; for example, (Ma et al, 2007) propose to extend standard 
business process repositories with semantic, machine-processable information. Many works within the 
Semantic Web research area claim that the exploitation of ontologies to model products and services could 
greatly enhance B2B e-commerce applications; see, e.g., (Hepp, 2008). Moreover, the research in the 
Semantic Web Service field can be an important inspiration source for designing matching algorithms, 
although ARNEIS 2.0 has a different goal with respect to service discovery within Web Service registries 
based on UDDI (uddi.xml.org), even being enhanced with semantic capabilities (Paolucci et al, 2002). 

Social tagging and folksonomies is a recent research area, but it has already produced a large amount of 
interesting works. Here we only mention some examples in which the issue of integrating 
taxonomies/ontologies and folksonomies has been faced. In the iCITY system (Carmagnola et al, 2008), for 
instance, the connection between domain ontology terms and tags is achieved by supporting the tagging 
process with suggestions coming from a controlled vocabulary based on the ontology. Another example is the 
Movie Recommender (Szomszor et al, 2007), where user tags can be exploited to build user profiles (in the 
form of tag-clouds). In both these systems, the goal is recommendation based on user interests. Bateman and 
colleagues (Bateman et al, 2008) propose an interesting “interaction method for domain experts to manually 
enrich domain ontologies from folksonomy sources”. We share the authors claim about the importance of a 
user-friendly User Interface (UI) in semantic-rich systems, although their main goal, i.e. the enrichment of 
the system ontology, is different from ours, which is mainly to exploit the synergy between the tagging 
activity and the system ontology, in order to prevent the user to be exposed to the complexity of the ontology 
representation (see Section 2.2). Other approaches propose the integration of taxonomies and folksonomies, 
especially within the so called Enterprise 2.0 (McAfee, 2006), in the form of taxonomy-directed 
folksonomies; e.g. (Barbosa, 2008; Hayman, 2007). Finally, it is worth mentioning that a different approach, 
out of the scope of the present discussion, is the one that aims at automatically deriving meaning from the 
analysis of tags; e.g. (Van Damme et al, 2007) among many others. 

2.2 The ARNEIS 2.0 model 

As described in (Goy et al, 2008), the system a-priori knowledge about the domain (i.e., business automation 
areas such as Office Automation, Financial Analysis, and so on) is represented by a set of machine-
processable ontologies. In ARNEIS 2.0 this knowledge is coupled with a folksonomy, i.e. a social 
knowledge-base resulting from the user tagging activity. As a test-bed for the evaluation of the feasibility 
(and the effectiveness) of the integration of ontology-based and folksonomy-based knowledge, we selected 
Customer Relationship Management (CRM) as one of the possible areas of business activity that can be 
supported by software solutions. CRM, and especially the development of web-based tools supporting CRM 
for SME, has received a great impulse in recent years (Freeland, 2005). 

In order to develop an ontology for CRM, we analyzed two types of information sources: (a) Documents 
(e.g., brochures, white papers), produced by ICT companies, describing their CRM tools. (b) Interviews with 
(i) salesmen from ICT companies, aimed at eliciting the way they describe software solutions for CRM for 
SME; and (ii) employee of SME, in order to understand which concepts and terms they use to think (and talk) 
about their CRM activities. 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, 

on the basis of which we are building the CRM ontology, written in OWL (www.w3.org/2004/OWL); a 



discussion about the reference ontology can be found in (Magro and Goy, 2008a) and (Magro and Goy, 
2008b). 

b) We distinguished a set of concepts explicitly mentioned within such documents/interviews, and a set of 
“background concepts” (i.e., concepts that are not explicitly mentioned, but are clearly involved in the 
description). For instance, the concept of customer is explicitly mentioned within the analyzed 
documents/interviews, while the concept of computational_agent (i.e., a module of the system that 
performs some action – e.g., produces a report – in the place of a person) is not explicitly mentioned, but 
it can be singled out , since it “lies in the background” (e.g., when speaking of “automatic generation of 
reports”). The ontology, since it represents the system knowledge about the domain, contains all 
concepts extracted by the documents/interviews analysis (both explicitly mentioned and “background” 
ones). Moreover, each “explicitly mentioned concept” can be associated with a list of natural language 
terms used to refer to it; e.g., the concept customer is associated with the terms “cliente” (“customer”), 
“cliente aziendale” (“business customer”), “clientela” (“customers”; collective noun). In ARNEIS 2.0, 
the list of all terms extracted from documents/interviews (and linked to concepts within the ontology) is 
exploited as a controlled vocabulary to guide user tagging (see below). 

c) Another outcome of the documents/interviews analysis is an ordered list of dialog topics, i.e. concepts 
that emerged to be the keys of the description of CRM activities (e.g., communication, offer, sale, order, 
and so on) and that will be exploited to generate the UI (see below). 

The goal of ARNEIS 2.0 is to enable ICT companies to store the OWL representation of the descriptions 
of their software solutions and the SME to provide the OWL representation of their requirements about 
business automation − both in terms of the shared CRM ontology − in order to find the most suited software 
solution. Since it is unrealistic to ask users to write OWL descriptions, the generation of a user-friendly UI 
turned out to be an issue of major importance; see also (Bateman, 2008).  

Among the different alternatives for implementing a UI to elicit such information, we selected on-line 
forms, since they are very familiar to web users. However, if for ICT companies the activity of filling in on-
line forms to provide a structured description of their product/services is probably feasible, for SME the task 
of expressing their requirements about business automation by filling in structured on-line forms seems to be 
less realistic. Thus, we designed two different UI, one  for ICT companies and one for SME. 

The UI for ICT companies is based on on-line forms generated on the basis of the ontology. In particular, 
the module devoted to UI generation takes into account the dialog topics and, for each one, generates the 
suitable form fields (on the basis of the type of its properties and relations). The values selected by the user 
within the form(s) generally represent restrictions on the cardinalities (e.g., communication via SMS can be 
available or not in a software solution), or about the property ranges (e.g., the licence type) and contributes to 
the final OWL representation of the software solution description. Notice that the exploitation of the dialog 
topics to guide the UI generation is mandatory, since a (set of) on-line form(s) based on all the ontology 
concepts would produce too lengthy and unreadable forms.  

Moreover, users from ICT companies can also add tags to the solution they are uploading. They can select 
tags from the controlled vocabulary, or they can introduce new tags (that can be manually checked by the 
knowledge engineer who can decide to add them to the term list of the appropriate concept). Tagging 
performed by ICT companies represents a “traditional” tagging activity, i.e. authors of a content (the CRM 
solution in our case) add some keywords (usually called meta-tags) to provide further information about such 
a content and to ease the retrieval of the resource itself. Also SME are enabled to tag resources (see below); 
the tagging activity performed by SME represents the actual “social” tagging, in which users tag resources 
they found on a web site, in order to categorize them from a personal perspective. Each tag is linked to the 
tagged resource (i.e., a software solution), to the author (with her role, i.e. if she is an ICT company or a SME 
employee), and to an ontology concept (in case it was a tag selected from the controlled vocabulary). All the 
tags (i.e., both author tags, provided by ICT companies, and user tags, provided by SME) represents  the 
folksonomy. 

Tags are displayed in a tag-cloud, accessible to SME users (see Figure 1(a)), following the standard 
convention of enlarging font size proportionally with the tag popularity. Moreover, controlled tags and free 
tags are displayed in different colors. 

 



 
Figure 1. ARNEIS 2.0 UI (mock-up prototype) – (a) first page; (b) after selection of the tag communication 

The UI for eliciting SME requirements enables different kinds of interactions (see Figure 1(a)). 
1. The user can simply browse the entire repository (“Browsing section”). 
2. The user can directly access the on-line forms to insert the description of her company requirements 

(“Describe your requirements…” section); in this case, the forms are similar to those presented to 
software house users (and they are generated according to the same mechanism, related to dialog 
topics). 

3. The user can navigate the tag-cloud: when she clicks on a tag (belonging to the controlled 
vocabulary), e.g. communication, a web page is displayed composed by two sections (see Figure 
1(b)): the list of all the software solutions tagged with the selected tag, and a form generated taking 
the concept linked to the selected tag as current dialog topic. After having filled in the proposed 
form, the user can go on with the standard compilation (modality 2), or click again on a tag, to access 
another tag-driven form. The system also registers which are the tags selected by the user within the 
tag-cloud that actually resulted in a compiled tag-driven form; such information about selected tags 
will be exploited to filter the suggested solutions to SME. 

The third interaction modality shows how the folksonomy can be exploited to guide the construction of 
the UI used to elicit SME requirements: since tag-cloud navigation is much easier and user-friendly than 
presenting the user with a pre-defined sequence of on-line forms, tag selection performed by users is 
exploited to define the sequence of forms to be filled in. 

 

 
Figure 2. ARNEIS 2.0 UI (mock-up prototype) – (a) solution list; (b) single solution page 

After having (possibly partially) filled in the on-line forms, the user can ask the system to search for 
suited software solutions within the repository. ARNEIS 2.0 takes the OWL description of the SME 
requirements and matches it against the available descriptions of software solutions. The first prototype 
exploited the classification mechanism of the Pellet reasoner (pellet.owldl.com) that computed the match on 
the basis of the subsumption relationship possibly holding on the SME requirement and each available 
software product/service representation; see (Goy et al, 2008). A new matching algorithm is currently under 
study. The result, i.e. a list of the best matching software solutions, is presented to the user (see Figure 2(a)): 
the percentage next to each solution name indicates the matching degree between the SME requirements and 
the software solution, according to the reasoner. In this phase, again, we exploit the synergy between the 
ontology and the folksonomy: the number of smiles associated to each solution indicates that the solution 



itself is linked to a proportional number of selected tags (i.e., tags that have been selected by the user during 
the interaction and that resulted in a compiled form). 

When the user (SME employee) is presented with the list of the best matching solutions, she can also tag 
them (by accessing the detail page shown in Figure 2(b)), in order to organize the list of solutions by means 
of a personalized classification (see “MyArneis” section in Figure 1(a)). As for ICT companies, also SME 
can select tags from the controlled vocabulary, or introduce new tags (manually checked off-line by the 
knowledge engineer and possibly added to the controlled vocabulary itself). 

3. CONCLUSION 

In this paper we discussed the design of ARNEIS 2.0, a work in progress aiming at integrating knowledge 
based on formal ontologies and user-driven folksonomies. The basic idea is to exploit the folksonomy to (a) 
guide the UI generation process, so that the sequence of UI forms follows a user-driven pattern (instead of a 
pre-defined one-fits-all sequence); (b) support system suggestion of the best suited software solutions, by 
coupling the result of the reasoner with information about user interests derived from her navigation within 
the tag-cloud. 

We are going to complete the CRM ontology as well as the implementation of the new matching 
algorithm. Meanwhile, we will integrate the tagging mechanism within the prototype, in order to perform an 
evaluation with users. 
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