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Abstract 
 
Research on software reuse libraries has extensively 
dealt with representation and retrieval issues of soft-
ware artifacts. While representation in terms of meta-
data is a key issue, most systems neglect the possibili-
ties of leveraging knowledge about the corresponding 
problem domain. In this paper, we present KOntoR—
an ontology-enabled approach to software reuse. We 
show how background knowledge provided in the form 
of ontologies can increase the value of reuse libraries. 
This is achieved by integrating explicit and implicit 
metadata semantically, thus providing means for de-
riving new facts. Additionally, we give three examples 
that show how software library users can benefit from 
formalized knowledge, e.g. about software licenses or 
programming technologies. 
 
1. Introduction  
 
Although the topic of reuse has been widely discussed 
in the area of software engineering for many years, 
many researchers and practitioners are not yet satisfied 
with the current state of practice [1]. Component li-
braries, service registries or artifact repositories consti-
tute an indispensable part of software reuse systems. 
They all have in common that they manage artifact 
descriptions for supporting the process of retrieval, 
adaptation and integration. However, current ap-
proaches often fall short of providing adequate support 

for typical reuse tasks. The paper thus particularly ad-
dresses the following problems: 
 
• In many cases, the relevant information resides 

isolated in multiple heterogeneous descriptions of 
an artifact, covering different aspects each. It 
should therefore be examined how these descrip-
tions can be integrated. 

• A purely metadata-based approach is often not 
powerful enough to answer declarative queries 
(see Q.1 - Q.3) and thus requires additional back-
ground knowledge. To date, most reuse systems 
do not incorporate formalized knowledge about 
application domains or artifacts. 

 
We argue that semantic web technologies provide the 
means for addressing these issues. In this paper, we 
present KOntoR, an infrastructure for software reuse 
employing technologies from the emerging field of 
semantic web research. We show that codifying 
knowledge in an ontology-enabled infrastructure can 
significantly improve the value of a reuse environment.  
 
A typical usage scenario of a reuse environment would 
include the retrieval of particular software components 
fitting a specific application development need. How-
ever, realistic reuse scenarios require a wider range of 
supported functionality. The multifaceted requirements 
on such enhanced software reuse systems can be illus-
trated in the form of competency questions (cf. [2]). 



These are example queries that should be supported by 
our ontology-enabled approach, such as: 
 
Q.1 Find all artifacts dealing with the customer 

business object. 
Q.2 Tell me if componentA and componentB can be 

used in my product under a proprietary license. 
Q.3 Find a developer who is experienced in building 

banking applications in Java. 
    
The paper is structured as follows: We first analyze the 
shortcomings of current reuse approaches. In chapter 
3, the architecture of the KOntoR approach is derived. 
Chapter 4 describes the prototype implementation and 
gives an example for the realization of Q.1 – Q.3, be-
fore summarizing the key advantages of our approach. 
 
2. Related work 
 
Approaches to software reuse target different kinds of 
reuse artifacts—ranging from classical binary, off-the-
shelf components to source code fragments, process 
knowledge and experience [3, 4, 5]. However, to man-
age and retrieve these artifacts, an appropriate infra-
structure has to be in place. In this chapter we will 
therefore review metadata-oriented and intelligent re-
use systems. 
 
2.1 Metadata-based reuse 
 
Unlike text documents, most reuse artifacts in software 
engineering are not human-readable. This applies es-
pecially to binary code, but also the serializations of 
design models or test cases are not necessarily under-
standable in their raw form [6]. Also, access might be 
unfeasible due to the artifact’s complexity. Thus, some 
representation of an artifact is needed that can be 
matched against a user's request [7, 8]. Since this rep-
resentation is describing the actual reuse artifact's data, 
we call it metadata. A general setting of software reuse 
would therefore involve three essential success factors 
as depicted in Figure 1.  

For the user to maximize utility a library containing 
suitable artifacts and an appropriate representation in 
the form of queryable metadata describing those arti-

facts is required [6]. Traditional libraries for reuse arti-
facts serve as an intermediary between component pro-
viders and component requesters. Accordingly, they 
have two clearly defined interfaces to the software 
development process—providers use the repository 
once when adding new components and buyers access 
the repository to search for components. As a result, 
component libraries focus on effective retrieval mecha-
nisms and are based on so-called descriptive metadata. 
For example, components can be classified by using a 
fixed set of facets [9] or fixed taxonomies, both assum-
ing a stable body of knowledge. In this sense, software 
is regarded as a kind of document—like in library sci-
ence—that can be handled by classification and index-
ing methods. Thus, most reuse libraries allow for dif-
ferent kinds of artifacts, but are mostly limited to a 
fixed number of representation formats and users [6, 
10]. 
 
In contrast to component libraries, collaborative devel-
opment platforms aim at supporting distributed devel-
opment teams. They offer different features, e.g. bug-
tracking, communication tools, project management or 
version control. Although some platforms include ba-
sic project and artifact descriptions, they deal with 
administrative metadata in the first place. While pri-
marily designed for supporting software development, 
sites like SourceForge1 have become popular places to 
search for reusable components. However, metadata 
and retrieval mechanisms are less powerful than in 
component libraries. SourceForge for example is lim-
ited to keyword based search and browsing a simple 
classification taxonomy (TROVE-scheme2). 
 
While metadata-based reuse has shown some suc-
cess—especially in intra-organizational settings [11] 
and for infrastructure tools [3]—many authors claim 
that it has failed a breakthrough [1, 3, 11]. Especially 
in distributed development settings spanning multiple 
sites or time zones, a common conceptualization of 
development tasks and some background knowledge is 
required [12], which the presented tools do not pro-
vide.   
 
2.2 Intelligent reuse systems 
 
The rising number of artifacts, metadata formats and 
actors in modern software engineering processes im-
poses additional requirements on the design of reuse 
systems. Vitharana et al. [10] tackle this by differenti-
ating among several user groups and representations of 

                                                           
1 http://sourceforge.org 
2 http://sourceforge.net/softwaremap/index.php 

Representation

Utility Artifact
 

Figure 1: Dimensions of reuse (derived from [6]) 



structured and semi-structured data, as well as provid-
ing basic support for inferences. However, additional 
knowledge about the semi-structured data or its query-
ing possibilities is not provided. Intelligent reuse sys-
tems try to remedy this by formally capturing context 
of an artifact or the user. Together with background 
knowledge, more powerful reuse results can be ob-
tained. A knowledge-based reuse infrastructure provid-
ing personalized views for different stakeholders with 
different needs can add value to all three dimensions 
depicted in Figure 1. 
 
Within the utility dimension, the structuring and cap-
turing of user context can inform the reuse system. 
Recommender systems like Hipikat [13] or CodeBro-
ker [14] gain information about the context of a devel-
oper or his task and recommend information that 
seems to be suitable in this context. However, these 
tools are integrated in a development environment (Ec-
lipse resp. Emacs) and they are primarily designed to 
work in an intra-project setting. Additionally, the 
knowledge used for recommendation is not declara-
tively stored, but hard-coded. 
 
Development information systems aim to enhance the 
representation of artifacts. Tools like the LaSSIE sys-
tem [15] use description logic formalisms to store 
knowledge about the application domain and code 
structure into a knowledge base [16]. Thus, the system 
is able to answer declarative requests about the code 
using links between the domain model and the source 
code. Falbo et al. [17] work towards an ontology-based 
software development environment (ODE). Their vi-
sion includes the entire software development lifecycle 
by capturing process, tool and quality in ontologies.  
 
Background knowledge can also be leveraged in the 
artifact dimension. Oberle [18] proposes an ontology-
enabled application server for managing distributed 
systems. Here, semantic technologies are also used to 
describe relationships between artifacts in an applica-
tion server, thus enabling use-cases such as the auto-
matic discovery and loading of dependent libraries at 
run-time. While this system focuses on run-time appli-
cation management instead of reuse, it clearly demon-
strates the benefit of combining ontologies with exist-
ing metadata. Thus, the approach proposed by Oberle 
addresses both the representation dimension and the 
artifact dimension of the reuse triangle in Figure 1. 
 
We think that combining “intelligent” approaches with 
the features of metadata-based reuse systems may lead 
to a powerful solution. Such an integrated approach is 
proposed and described in detail below. 

3. The KOntoR solution approach 
 
The identified shortcomings of existing software reuse 
systems, namely the low integration of artifact meta-
data and insufficient utilization of background knowl-
edge, are addressed by two key elements in our archi-
tecture (see Figure 2): 
 
1. An XML-based metadata repository component to 

describe software artifacts independently from a 
particular format 

2. A knowledge component which comprises an on-
tology infrastructure and reasoning to leverage 
background knowledge about the artifacts 
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Figure 2: KOntoR high level architecture 

In order to allow for the management of arbitrary 
metadata, the repository component is based on a par-
ticular metaschema (see Figure 3). Every metadata set 
is an XML document which describes a software arti-
fact in one or more information aspects. For example, a 
WSDL3 document describes how to communicate with 
a component’s service and covers the information as-
pect Interface. The Dublin Core standard4 may be used 
to specify the aspects Authorship and Licensing of a 
component.  
 
Furthermore, different formats may be applied to rep-
resent an information aspect of a software artifact. This 
feature is also covered by the proposed metaschema. 
For example, the interface of a software component 
may be described using WSDL, Corba IDL or a UML 
profile serialized in XMI. For being able to fulfill the 
requirements stated above, the artifact metadata needs 
to be automatically homogenized, e.g. by transforming 
a WSDL definition into a simplified, consistent inter-
face description, thereby unifying different formats. 
 

                                                           
3 http://www.w3.org/2002/ws/desc/ 
4 http://dublincore.org/ 



The artifact metadata is managed using a dedicated 
API. Artifact retrieval is supported by a SQL-style 
XML-based query language (cf. [19]). It can be used 
for creating structured queries (via XPath expressions5) 
as well as for keyword-based search. 
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Figure 3: Metaschema 

The second building block of the KOntoR architecture, 
the knowledge component, comprises a knowledge 
base which imports the transformed metadata. This is 
achieved by writing a mapping ontology and an export 
plug-in for each data source. In this way, assertional 
knowledge can be combined with background knowl-
edge provided by ontologies. In the center, there is a 
“shallow” ontology for describing structural aspects of 
software artifacts (see Figure 4). This ontology is ex-
tended by optional domain ontologies, e.g. an ontology 
for describing standard software licenses. The back-
ground knowledge contained within the domain on-
tologies can be utilized to assist the user in a wide 
range of reuse problems. In the process of component 
selection, a system integrator might want to know 
whether an open source component (e.g. derived from 
GPL) can be reused in a commercial project under a 
proprietary license. The proposed architecture supports 
such queries since the necessary background knowl-
edge for testing the compatibility of free and proprie-
tary licenses is provided by a domain ontology which 
can be plugged in easily. 
 
Semantic queries on top of the knowledge base are 
supported by a different API. The functionality of this 
interface concentrates on processing SPARQL6 queries 
executed by an interpreter and returning the results. 
Finally, simple clients for both APIs are required to 
provide end users access to the system. 
 

                                                           
5 http://www.w3.org/TR/xpath 
6 http://www.w3.org/TR/rdf-sparql-query/ 

4. Implementation and example 
 
The architecture presented in the preceding section has 
been implemented in the context of the CollaBaWue7 
project. We will first describe selected implementation 
aspects and then give a concrete example to demon-
strate how the identified use cases are realized. 
 
4.1 Prototype implementation 
 
The two main components of the KOntoR architecture 
have been realized as a prototype in Java. The reposi-
tory component provides an API for managing artifact 
metadata and an instantiation of the metaschema. The 
metadata is stored in a Hypersonic relational database 
(hsqldb)8 and indexed with Lucene, by using individ-
ual analyzers (e.g. one for XMI). Moreover, a web 
interface makes it possible to manage artifact descrip-
tions. 
 
For the prototype implementation of the knowledge 
component, we set up an RDFS/OWL9 based infra-
structure. The KAON2 API10 was used for both storing 
the ontologies and reasoning. Declarative requests are 
supported using a simple front-end for KAON2’s 
SPARQL interface. 
 
In order to explain the example in the subsequent sec-
tion, we need to derive an instantiation of the me-
taschema and specify ontologies for providing back-
ground knowledge. Table 1 shows the excerpt of a 
metaschema instance which can be extended to de-
scribe various aspects of software components. The 
metadata is specified by using standardized (e.g. 
WSDL, Dublin Core) as well as custom XML-based 
formats. 
 
Type Component 
Information aspects Interface, Behavior, License, 

Authorship 
Formats WSDL, XMI, DublinCore 

Table 1: Instantiation of the metaschema 
 
For our example presented below, we define an artifact 
ontology and additional domain ontologies, i.e. a bank-
ing, technology and software license ontology, which 
are part of the prototype’s knowledge component.  
 

                                                           
7 http://www.collabawue.de 
8 http://hsqldb.org/ 
9 http://www.w3.org/2001/sw/ 
10 http://kaon2.semanticweb.org/ 



4.2 Example 
 
In order to demonstrate the applicability of our ap-
proach, we introduce the example of a banking com-
ponent (AccountBalance) which returns the balance of 
a private customer’s account. The component is real-
ized as Web service and comprises a WSDL descrip-
tion of the component interface. In the excerpt below, 
a domain reference of the input element to the Pri-
vateCustomer business object is established following 
an annotation approach comparable to the WSDL-S 
proposal (cf. [20]): 
 
<wsdl: description ...> 
<wsdl:types> 
 <xs:schema ...>   
  <xs:element name="c" type="Customer" 
   bo:businessObjectRef="fin#PrivateCustomer"> 
    ... 
  </xs:element> 
  ... 
 </xs:schema> 
</wsdl:types> 
<wsdl:interface name="GetAccountBalance"> 
 <wsdl:operation name="getBalance"  
  pattern="http://www.w3.org/.../wsdl/in-out"> 
    <wsdl:input element="my:Customer"/> 
    <wsdl:output element="my:Balance" /> 
 </wsdl:operation>  
</wsdl:interface> 
</wsdl:description> 

 
Further, we specify that the license held on the compo-
nent is GPL. To this end, we adopt the Dublin Core 
rights management element. The following XML 
document describes the component authorship and 
uses a qualified name to reference a concept in our 
license ontology (lic:GPL), which is a taxonomy of 
software licenses. 
 
<metadata xmlns=...> 
   <dc:rights> lic:GPL </dc:rights> 
   <dc:creator> Dave Developer </dc:creator> 
</metadata> 

 
These XML-based artifacts belonging to the Account-
Balance component are described according to the 
metaschema instance and stored in the repository using 
the repository component’s API. 
 
Subsequently, these artifacts can be extracted, pro-
vided that a format wrapper has been defined, and in-
serted into the knowledge base. The ontologies to-
gether with the concepts used in our example are visu-
alized in Figure 4. The artifact ontology provides the 
skeleton to describe components and related artifacts. 
It is supported by three domain ontologies providing 
the background knowledge for realizing the three use 
cases. As an example, the finance ontology (fin:) de-
fines that PrivateCustomer is subsumed by Customer. 

 

The knowledge component can be applied to define a 
wide range of queries as required by the competency 
questions Q.1-Q.3 formulated in section 1. The follow-
ing SPARQL query returns all artifacts dealing with 
the Customer business object as postulated in use case 
scenario Q.1: 
 
SELECT ?cbw:artifact WHERE  
{?cbw:artifact <cbw:dealsWith> 
<fin:customer>} 

 
In this query, the AccountBalance component, which 
uses an annotation to specify PrivateCustomer as its 
input parameter, is returned. This is possible since the 
knowledge base is aware of AccountBalance being an 
Artifact, PrivateCustomer being a specialization of 
Customer and hasInput being a subproperty of 
dealsWith. 
 
According to example Q.2, we specify another query 
in order to verify if component A and component B 
can be used in the product to be developed under a 
proprietary license:  
 
SELECT ?compA, ?compB WHERE { 
 ?compA <dc:rights> ?lic1; 
 ?compB <dc:rights> ?lic2; 
 ?lic1 <lic:isCompatible> ?lic2} 
 
The third example query Q.3 is about finding a devel-
oper who is experienced in building banking applica-
tions in Java: 
 
SELECT ?developer WHERE { 
 ?developer <dc:creator> ?comp;    
 ?comp <cbw:realizedIn> <tech:Java>;   
 ?comp <cbw:dealsWith> <fin:DomainType>} 

 

 
Figure 4: Part of the KOntoR ontology 



The information that the component is realized in Java 
can be extracted from the enclosed binary package not 
described in this example. 
 
5. Summary and conclusion 
 
In this paper, we addressed two major problems under-
lying current software reuse systems: the low integra-
tion of reusable assets and the insufficient utilization of 
knowledge about the artifact’s domain. The presented 
KOntoR architecture and prototype implementation 
takes a two-step approach for an evolutionary adoption 
in software processes. First, we contributed a reposi-
tory component which achieves the requested integra-
tion of artifact metadata. Second, the knowledge com-
ponent uses ontologies to capture the background 
knowledge required for declarative queries. As shown 
in the examples, the system is capable of supporting a 
wide range of tasks that are currently not supported by 
other reuse systems. 
 
For future work we plan to develop additional user 
interfaces for different interactions with the repository. 
The options under consideration are a semantic wiki 
and a context extraction module for an active reposi-
tory (cf. [Ye01]). Moreover, there are some open tasks 
in the core of the system. The interplay between arti-
fact metadata, knowledge base and external data 
sources should be generalized. Not only does this in-
clude a mechanism for mappings between equal con-
cepts and instances with different representations but 
also an efficient strategy for fetching just the required 
metadata from the data sources when a declarative 
query is executed. Finally, we are planning to evaluate 
the system in a real-world environment within the 
scope of the CollaBaWue project. 
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