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Abstract

Libre (free, open source) software is providing huge quantities of data suitable to be used in studies of
software evolution. Many different aspects of its development process can be studied from data available
in public repositories, ranging from the source code in release archives to mailing lists, bug report
systems and version control systems. There are already several software evolution studies using that
information, leading to a better understanding of libre software projects. However, those projects also
pose some new challenges which have to be addressed in the near future, and which could in some
cases be also relevant for proprietary software environments. In the software evolution field some of
those challenges are: the manipulation and analysis of the high quantity of data available for thousands
of projects, which requires new methods and tools; the jump from studying sources of information in
isolation (which is currently the state of the art) to the integration of data from various sources, and the
importance of considering characteristics of developers as a parameter of software evolution.
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1. Introduction

Libre software! constitutes a good benchmark for comparing software analysis tools and techniques,
and an excellent framework for studying software evolution. Projects usually maintain large quantities
of information available in public repositories, including version control systems, software package
repositories, bug tracking databases, web-based discussion forums, mailing list archives, etc. Most of
this information (but not all) can be retrieved and analyzed automatically from an historical perspective,
making evolutionary analyses possible [3, 14]. German et al. and our research group have presented
during the latest years some ways to exploit those data from a number of corners, in an almost fully
automatic way [5, 17].

However, beyond these studies there is a wide field that should be explored, in order to better un-
derstand how software evolves, and to learn lessons that could be applied both to libre and proprietary
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software projects. This position paper presents some challenges related to libre software that, in the
opinion of the authors, should be addressed by the software evolution community in the near future.

2. Handling and analysis of huge quantities of data

The problem of getting the “global picture” of libre software development is still an open issue. Cases
of detailed studies of large collections of projects (in the hundreds), crossing information from several
different kinds of repositories, or analysis of historic patterns in different projects over long periods of
time, are still rare.

Up to now, studies tend to focus on a small number of projects, or on certain aspects of the information
about them. In the libre software world, the most studied ones are Mozilla [1, 2, 13, 15], Linux [6, 15, 22]
and Apache [13]. Some of these studies have already started to consider data in time, doing simple
evolutionary analysis.

Unfortunately, getting the global picture poses difficult problems, due to the scale: managing huge
quantities of data with inconsistencies, missing information, inaccuracies, and different representations.

Such an amount of data can not be analyzed just with classical statistical techniques such as linear
regression. Many of the correlations are clearly non-linear; and in many cases the distribution of events
in the gathered data is still unknown. Therefore, other processing techniques, such as soft computing
(support vector machines, neural networks or fuzzy additive models) or data mining are needed.

Our research group has been strongly focused on the data mining area, designing and implementing
a set of tools that provide several views of the software development process, as will be described in
more detail in section 5. Other good candidates for holistic analyses in the future are broad studies that
investigate code reuse or the existence of technical dependencies for thousands of projects, and how it
evolves over time.

Regarding soft computing tools, we are exploring them to build predictor models which can describe
the behavior of large libre software projects. We have applied these techniques to a case study [11],
checking whether classical linear statistics may help in extracting some conclusions from these data.
One of our goals is to use these techniques to obtain a characterization of software systems based on
several criteria that go beyond (but include) software evolution.

3. Integration of data from various sources

Libre software provides the possibility to study the many traces left behind during the development
process. But unfortunately, the information is not structured in such a way that makes it easy to inter-
connect traces related to the same artifact but coming from different sources. Therefore, methods for the
integration of the information gathered from different places have to be found. In this respect, we are
exploring several possibilities, which could also be used in union:

e Integration through artifacts. We define a granularity level (project, directory, file, class, method
or even line) at which we identify all the actions related to every artifact.

e Integration by identification of traces from other sources. For instance we find bug report identi-
fiers in version repository logs. Some other research groups already have started to walk in this
direction [1, 2].



o Integration at the developer level. Actors that take part in the development process can be identi-
fied, and their activity tracked in the various sources of information, even when different identities
are used (several e-mail address, logins, and even different spelling of real names). We have
introduced some ideas about this while preserving developer anonymity in [16].

4. Developers and cost estimation

In traditional software development environments, software developers have tight schedules and a
fixed number of hours per week to devote to a given set of tasks (programming/maintaining software
being just one of them). But this is not the case in libre software, where the availability and behavior of
human resources is another research dimension in itself, specially in the case of voluntary contributions.
Because of the growing importance of libre software systems in traditional environments, this becomes
an important matter of study. In other words, in libre software projects the evolution of software depends
a lot on the evolution of developers.

A good starting point for these studies is the tracking of the activity of actors in several public infor-
mation sources. With those data, we can walk a path that could lead us to the calculation and estimation
of productivity parameters, and software production costs, which should be part of the research agenda
for the near future.

Some other issues related to developers are also important, such as their integration process into the
project, how they gain software comprehension, or how do they organize themselves. Some studies have
already shown that some developer territoriality may exist [4], and how software is usually read [23],
although more general studies should be performed in the future.

Studying development at the team (often referred as community) level may also provide interesting
results. We have started to introduce some methods in this respect, for instance by having indexes
that may give some insight about the communities that surround libre software projects, and how do
they evolve over time. Just as an example, our research group has started to quantify the half-life [20]
of the core team for some libre software projects (defined as the time required for a certain group of
contributors to fall to half of its initial population).

5. Our research lines

Our research group at the Universidad Rey Juan Carlos has been analyzing libre software from an
empirical point of view for several years now. Due to the large amount of available data and the huge
amount of projects we plan to study, we depend on automating most processes. Therefore, we have
built some tools that allow us to obtain some preliminary results, and extract conclusions. These tools
may serve as a starting point for addressing the challenges presented in this position paper. All of them
have in common that they are libre software themselves, so that independent research groups have the
possibility to use, and enhance them, comparing the results. Below we offer a list of the tools that we
are using, and some of the results we have obtained up to the moment:

e CVSAnalY? [21] is a CVS and Subversion repository analyzer that extracts information from a
repository. CVSAnalY has a web interface? that allows to browse through results and figures. We

Zhttp://cvsanaly.tigris.org/
3http://libresoft.urjc.es/cvsanal/



have used this to investigate the evolution of core groups in time in libre software projects [9] as
well as the (social and technical) structure of some libre software projects in time, as it is the case
of Apache [7], GNOME and KDE [12].

GlueTheos®* [18] is a tool that retrieves periodical snapshots from versioning systems, calls several
external tools (including some mentioned in this list) to perform several quantitative analysis,
stores the results into a database and proceeds with some higher level analysis.

DrJones can be used to perform empirical analysis of software archaeology for software archived
in a versioning repository. With it we have started to study how old the current code base of some
very well-known libre software applications [19].

CODD?® [17] (and its newer version, pyCODD) is an authorship extraction tool that looks for
copyright statements, e-mail addresses or RCS login traces in source code files.

SLOCCount® [8] is a tool that performs advanced counting of physical source lines of source
code. It uses several heuristics to determine the programming language, to filter out comments,
etc. SLOCCount has been used to analyze the evolution of the Debian GNU/Linux distribution
over the last 5 years [10]. Recent analyses on Debian include the permanence of packages and
developers in time [20].

6. Conclusions

In this position paper we have shown some of the challenges that should be addressed by the research
community during the next years in a very specific field: the evolution of software in libre software
projects. Those challenges are: the manipulation and analysis of large amounts of data, the integration
of information obtained from various sources that refer to the same artifacts, and the evolution of the
developers who participate in the creation of software. Later, we have presented our research lines, with
special attention to the tools that we have built, and the results that we have been obtained so far. We
expect that those tools will help in fulfilling the research agenda we have briefly presented.
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