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Abstract

The development of large software systems is a typical
example for collaborative development efforts. Moreover,
software development becomes more and more component-
oriented. The source for these components can be either
a component repository inside an organization or one of
the emerging open source development networks available
on the Internet. In this paper we describe an approach to
search for potentially useful components during software
development. Our approach is by no means restricted to
components in an implementation oriented sense, but covers
all types of artifacts created within a software development
process. It is based on retrieval techniques for structured
documents and uses contextual information about the user
and his or her current work to refine the queries.

1 Introduction

Today everyone would agree that the reuse of previously
developed artifacts can significantly improve productivity
during software development. An open question in this re-
spect is how to find well-suited previously developed arti-
facts in a concrete situation. In our opinion, customized in-
formation retrieval facilities can be useful for this purpose.
The idea is that software developers — e.g. the software de-
velopers in a global company — open their local reposito-
ries for each other. In this way a software developer search-
ing for a class can benefit from the artifacts developed by all
software developers in the community. Another opportunity
would be to exploit further sources for software artifacts like
open source development networks.

The main problem in this scenario is to find appropriate
artifacts, which are useful in the concrete situation. To this
end, the structure and the relationships between the artifacts

in the repositories and the working context of the software
developer can be used. For example, the dependencies be-
tween requirements documents, analysis documents, design
documents, code modules and test protocols will be repre-
sented in a repository. Given a software developer in charge
for the design of a system, we can look for existing design
documents developed for similar analysis documents and
requirements. Furthermore, we can increase the precision
of this similarity search enriching the similarity condition
by knowledge about the current working context.

To become more concrete, let us consider the scenario
sketched in figure 1. This figure depicts the current working
situation of a software architect within a software develop-
ment process, €.g. the unified software development process
[5]. The software architect is currently working on a design
document which implements the system defined in an anal-
ysis document which in turn depends on two requirements
documents. On the other hand, there are the software arti-
facts from earlier projects given on the right side of figure 1.
These artifacts are part of a document network representing
the dependencies between the documents.

In this situation we want to assist the software architect
as follows: Based on the documents building the specifica-
tion for the design document under work (the three upper
documents on the left side of figure 1), we perform a sim-
ilarity query searching for similar requirements and anal-
ysis documents in the pool of documents from finished or
proceeding projects (on the right side). From the require-
ments and analysis documents found in this way we can de-
termine associated design and implementation documents.
As a consequence, we can provide the software architect
with documents ranging from requirements documents to
implementation documents which might be helpful with his
or her current task.

Furthermore, this scenario can be augmented in two di-
rections: First, the pool containing the artifacts of finished
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Figure 1. The scenario of searching reusable artifacts

or proceeding software projects has to be realized as a dis-
tributed pool containing artifacts of various users sharing
the results of their work. This leads to a loosely coupled
human cooperation over the Web and forms a platform sup-
porting the remote cooperation of software developers. Sec-
ond, it seems to be promising to improve the similarity
query in our scenario by the additional consideration of in-
formation about the working context of our software archi-
tect. For example, information about his qualification or his
role in the project team might give helpful hints for a more
precise similarity search.

In the rest of this paper we will address the various as-
pects of the system sketched above in more detail. An im-
portant open point in this respect is similarity queries on
structured documents (cf. section 2). Thereafter in section 3
we will elaborate on the integration of context knowledge
into the similarity search and in section 4 we will sketch
our prototype implementation. A discussion of related ap-
proaches (section 5) and an outlook on future research as-
pects (section 6) conclude the paper.

2 Information Retrieval for Structured Doc-
uments

As mentioned in the introduction, our approach to sup-
port the reuse of artifacts is based on retrieval facilities for
structured documents and on the use of context informa-
tion. The latter aspect will be discussed in section 3. The
retrieval facilities for structured documents are based on the
approach presented in [3]. The principle behind this ap-

proach can be explained by an example. Let us assume that
we are searching for a reusable design document. In this
case the analysis documents defining the functionality of the
desired design document do already exist. These documents
can be used as query documents and we can search for de-
sign documents in the pool with the artifacts of finished and
ongoing projects which are connected to similar analysis
documents. The search starts with the search for analy-
sis documents in the pool which are similar to the query
documents. This similarity search can e.g. be based on
the textual similarity defined according to the vector space
model [9]. Then the design documents connected to the best
matching analysis documents can be presented as potential
reuse candidates.

3 Exploiting the Context

As mentioned earlier, we use information about the con-
text of a user to trigger and refine the search for similar ar-
tifacts. As a starting point for our context-aware retrieval
engine we use a unified user model covering several dimen-
sions from the user, his or her working context and the in-
teraction with applications he or she is using [2]. Figure 2
illustrates our context model with its different context di-
mensions.

The user context comprises the physical and organiza-
tional context of the user as well as his or her personal pro-
file. Considering a software development process the phys-
ical context contains e.g. geographical information about a
user’s working office. The organizational context represents
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Figure 2. A unified user model for context in-
formation

the position a person holds within the organization as well
as the roles he or she holds within the software develop-
ment process. The roles a person fulfills within a process
flow are an essential information about his or her responsi-
bilities. Finally, a user profile can give information about a
user’s knowledge and skills.

The working context characterizes the current activity a
person performs. During a software development process
we can assume that activities are mostly planned and well
described. Furthermore, there will be tasks that are un-
planned and only vague information might be available.

Finally, a person’s current interactions with the applica-
tion systems supporting his or her present activities are re-
flected in the interaction context. Typically, these are events
from menu and dialog interactions on a lower system level,
e.g. creating a class diagram or editing a file of source code.

3.1 Representing the context information

To represent the context information of a user we dis-
tinguish the activities he or she performs or has performed
and the artifacts that result from these activities. Both are
represented as structured documents based on the extensible
markup language (XML).

The dimensions within our user model that cover the user
and working context as well as the interaction with applica-
tions are represented by a network of statements using the
resource description framework (RDF). In this respect we
can create a network of statements expressing relationships

between different statements. Due to the definition of an
RDF Schema with a naturally spoken language it is possible
for us to transform statements given in RDF to term vectors
used in the vector space model [9]. Applying an ontology
to the vocabulary used in RDF statements allows to bring
the concepts and hence the statements within the different
dimensions of the user model in a semantic relationship to
each other. Furthermore, applying an ontology is an ap-
propriate way to expand the queries with related concepts
(cf. [7D).

The resulting artifacts from activities, e.g. use case or
class diagrams, are innately structured documents. Also
textual descriptions enclose a structure, that separates each
requirement and its description within a requirements docu-
mentation. Artifacts are stored in a wide range of document
formats that comprise text processing formats as well as for-
mats for diagrams and program code. Our approach trans-
forms the different types of artifacts into XML, providing
an XML Schema for each artifact type. Thus a formulation
of queries for structured documents over different types of
artifacts is feasible.

3.2 Obtaining context information from client ap-
plications

A modern software development process is unthinkable
without the support of tools [5]. The functionality of these
tools can typically be extended by plug-ins.

For example, using an integrated software development
environment that supports UML modeling as well as imple-
menting source code and testing, we can use a plug-in to
infer the User Context, the Working Context, and the User
Interaction (cf. section 4).

3.3 Obtaining context information from server
applications

Besides the client application, valuable sources for ob-
taining information about the working context are data
stored within server applications. This includes the repos-
itories in which the model data for requirements, analysis
and design as well as the source code of the implementa-
tion are stored. Within such repositories metadata including
the date, the creator, and the contributors of each artifact is
recorded. Retrieving the content from such repositories it is
possible to reconstruct the responsibilities of people to their
artifacts in finished or proceeding projects.

Using the data stored in an organizational directory, e.g.
through LDAP, we can additionally gain information for the
user context about the positions and roles a person holds
within an organization. Combining this information with
data from a groupware or project management server, we



can further gain detailed information about the activities a
person was and is still involved in.

In our approach, we use this information in two ways.
The data within the repositories is transformed into XML
and stored in an index repository. The metadata from repos-
itories, or a project management server is transformed into
RDF statements and incorporated into the working context
dimension of the user model.

In the prototype described in the next section the context
information is used to restrict the query artifacts and to re-
fine user queries. For the latter aspect query terms typical
for the current user context are given more weight in the
queries refined by means of the user context.

4 Prototype Implementation

Figure 3 illustrates the prototype for our approach to sup-
port collaborative software development by context-aware
information retrieval. This prototype is still under construc-
tion but has already implemented the fundamental points of
our approach.

As indicated in section 3.2, we use an integrated develop-
ment environment (Together Control Center) that supports
the requirements, design and analysis workflows with UML
modeling as well as the implementation and testing work-
flows. This IDE allows the integration of plug-ins. Our
plug-in monitors the following data and interaction between
the user and the IDE: (1) The project a person is currently
working on. From the metadata associated with this project
the repository for model and code data as well as the user
identification are extracted. (2) The type of the activities a
person is currently performing. This includes the opened
windows and diagram types allowing to conclude the type
of workflow and activities a person is currently involved
in. (3) The interaction between a person and the IDE com-
prising, e.g., the creation of new elements in a diagram or
source code. This information is augmented by the data em-
bedded in the elements a user is working on. For example,
when a user is editing a class diagram the class documenta-
tion and the relationships between the classes are included.

To refine the assumptions about the users current activity
a rule based system is used. For example, opened windows
within the IDE containing analysis collaboration diagrams
and the simultaneous work of the user on a class diagram
lead to the assumption that he or she works within an ac-
tivity of the design workflow. This contextual information
is formulated as a series of RDF statements expressing the
current working and interaction context. These statements
are transmitted by the plug-in to the index and search server
that incorporates them into the user model.

Within the index and search server there are two main
repositories, holding the user model and the indexed ar-
tifacts retrieved from external repositories. These exter-

nal repositories are connected by an indexer and connec-
tor component. The indexer component has the responsibil-
ity for retrieving and transforming data into XML accord-
ing to a given schema or into RDF. A connector supplies
a common access mechanism for the indexer to the data
stored within the external repositories. For example, retriev-
ing data from a CVS needs a different access strategy than
querying an organizational directory through LDAP.

Within the query engine we use the approach for query-
ing structured documents sketched in section 2. In our ap-
proach, the current working context is used to construct
a query for the index repository finding similar artifacts
resulting from similar working contexts according to the
working context of the user and artifacts created by the
user. In contrast to permanent queries for related artifacts
the query engine starts only a query procedure when the
working context has significantly changed.

Query results including short textual summarizations of
an artifact are sent back to the plug-in within the IDE that
displays them within a message pane at the bottom of the
IDE main window.

5 Related Work

Our approach for supporting software developers with
their work encompasses ideas from two main research ar-
eas.

First, there are different approaches to use information
from the current working context of a user to gain informa-
tion that might be useful.

The Remembrance Agent [8] represents a category of
systems that use the text of a document or passages from the
document a user is currently editing or reading as the con-
text for the continuous retrieval of related documents from
locally maintained document and email archives. Results
will be presented to the user in a non-intrusive manner. The
Lumicere Project [4] provides an assistant for users working
with an office software suite. The use of a Bayesian user
model allows Lumiére to derive a user’s need from the ac-
tions a user performed within an application and to infer
suggestions or help texts.

The second research area comprises the search for rele-
vant components in repositories containing software com-
ponents. The proposed approaches and systems differ in
the utilized features extracted from the components. Text-
and structure-based systems can be distinguished. Text-
based approaches use either the description included within
the component [10] or from an external documentation [6].
Structure-based systems, like [1], create a knowledge rep-
resentation from the components within a repository.

Finally, a system named CodeBroker combining both re-
search areas has been presented by Fischer and Ye [10].
This approach extracts documentation texts and method sig-
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Figure 3. Prototype realization of a context-aware information retrieval system supporting collabora-

tive software development

natures from the source code a programmer edits. There-
with, similar components from a component repository are
searched.

The main differences between these approaches and sys-
tems and our approach can be seen in the following aspects:
(1) The consideration of all artifacts created within a soft-
ware development process. (2) The use of a wide range of
user activities and interactions from an IDE. (3) The inte-
gration of different repositories and server applications to
combine model and code data as well as information about
the historical and current context of the user. (4) A user
model using different contextual dimensions that will di-
rectly influence the retrieval of similar artifacts.

6 Future Work

In the present paper we have described our approach
for a context-aware information retrieval system support-
ing collaborative software development. At present the in-
tegration of context information is based on retrieval tech-
niques for structured text. In the future we will extend the
approach to the complete range of UML diagrams. Fur-
thermore, sophisticated techniques for the transformation
of RDF-statements into similarity queries will be addressed
and recall/precision tests will be performed to assess the
benefits of a context-aware retrieval system.
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