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1 Research Summary

I named the area of my research Digital Archeology of Soft-
ware [1]: a study of software developers’ culture and be-
havior through the recovery, documentation, and analysis of
digital remains. These digital traces reflect various projec-
tions of collective and individual activity. The fundamental
method of digital archeology is, therefore, the reconstruction
and quantification of the behavior of an individual, a team, or
an organization from these projections. I refer to it as orga-
nizational tomography. It allows a live, non-intrusive, fine-
grained, and practical way to observe, analyze, and support
large groups such as software development teams [2], en-
tire companies [3, 4], or an entire population of open source
projects [5, 6]. Two decades ago, software development was
the only domain with accessible detailed records of people’s
activities retrievable from version control and problem track-
ing systems. The research in the area has experienced a
dramatic growth as, for example, indicated by the recog-
nition of my early work [2], conferences such as Mining
Software Repositories and Mining Software Archives, and
adoption of these novel measurement and decision support
methods by industry (see “Impact” Section for more details).
Presently, many other forms of human endeavor are recorded
in unprecedented detail leading to the explosion of interest
in ways to analyze these digital projections [7]. This new
approach to understanding human activity can be both en-
hanced by and also advance the organizational tomography
and open new opportunities to benefit mankind (see “Vision”
Section for more details).

2 Research Topics

Transfer of work

Software development practice is experiencing a radical
change driven by the open source movement, the business
needs to move development to low-cost locations, the ag-
ing and renewal of core developers in legacy products, re-
cruiting in fast growing Internet companies, and the turmoil
of the economy causing unprecedented turnover in software
projects.

To address these challenges, my latest research investi-
gates the transfer of work [1] and the associated phenomena
related to organizational change [3] and the growth of soft-
ware project competencies [8]. More specifically, I discov-
ered that the relationship between the social and technical
competencies was associated with the fraction of new par-
ticipants who become long term contributors of a software
project [9]. It provides a tantalizing opportunity to study how
the initial environment a person encounters when joining a
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team or an organization affects motivation and long-term be-
havior.

Given the diversity of software projects and the creative
nature of software development, I sought to find out how
much the context of a project may affect the outcomes by
conducting multi-company studies [10, 11, 12] which took
into account not only technical, but also social [13, 12] as-
pects of software development. Surprisingly, a software
project with identical requirements may cost an order of
magnitude more and require correspondingly more effort
simply because of the differences in the nature of com-
pany’s customer base [10]. At the same time, many phe-
nomena related to how developers make mistakes leading to
software defects are similar in diverse projects and compa-
nies [3, 12, 11].

Distributed development

Combining insights from software development models and
software change data I constructed tools optimally to dis-
tribute work [14], estimate and present developer exper-
tise [15], and improve the quality of software [16, 17]. T have
packaged these tools in the SoftChange system and deployed
it in Lucent’s and Avaya’s projects. The measurement and
analyses from these tools are used to determine if projects
meet their quality targets [17], to guide strategic company
decisions [4], and to demonstrate that the reliability of prod-
ucts meets the requirements of existing and prospective cus-
tomers [17, 18].

Large-scale phenomena

Assembling large, interconnected data sets from multiple
projects and data sources allows to answer entire classes of
questions about large-scale behavior that could not be ad-
dressed in other ways. I created methods for discovering,
acquiring, integrating, and analyzing these heterogeneous
types of data [19, 20]. A complete collection of data within a
company [4] or an entire collection of open source code [5],
gives ability to determine the source code origins and author-
ship via Universal Version History [21, 22] or the spread of
innovation via code reuse [6]. The authorship and code ori-
gin analyses are used in Avaya to identify open source code,
thus addressing key source code licensing issues. More im-
portantly, such analysis opens the possibility to investigate
creativity and innovation in software development: an intan-
gible asset that is both crucial to business success and, at the
same time, tends to be the first casualty in any cost-cutting,
offshoring, or outsourcing scenario.
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Cost and quality

A decade ago, I introduced a methodology that uses widely
available repositories of automatically recorded project data
in change management and problem tracking systems to
model and analyze software development. By performing
statistical analysis of software changes I quantified the most
influential drivers of cost [23, 24], interval [25], quality [16]
and differences between development patterns in commer-
cial and open source software development [26]. These
methods are now widely used throughout the software en-
gineering community to predict quality, cost, and schedule.

User interfaces, visualization, optimization

I began developing the methods that became digital arche-
ology in my earlier work in which I investigated user inter-
faces [27, 28] and the visualization and modeling of complex
phenomena such as the spread of diseases [29, 30], displays
of a large number of images [31], and the response of the
brain to visual or cognitive stimuli [32, 33]. My work on
algorithms involves Bayesian methods of optimization for
non-convex functions [34], boosting methods to optimize pa-
rameters of discrete optimization heuristics [35], clustering
of high-dimensional datasets [36], isotonic regression [37],
and the estimation of a covariance function from irregularly-
shaped spatial aggregates [30].

3 Impact

My work affected research and practice. Many domains, es-
pecially in industry, where measurement was impractical be-
fore, benefited the most. Some of my early work [2] inspired
research in domains not related to software engineering, for
example, innovation [38], computer-supported collaborative
work [39], management science [40], and others.

It also led to the creation of several sub-fields within
software engineering. The Conference on Mining Soft-
ware Repositories, Mining Software Archives, and Work-
shop on Recommendation Systems for Software Engineer-
ing are venues for several of these sub-fields, where research
building on techniques I developed is regularly presented.

Furthermore, the techniques I pioneered have reshaped
empirical software engineering and are used in a large frac-
tion of publications in the main software engineering confer-
ences, such as International Conference on Software Engi-
neering and Foundation of Software Engineering.

The impact of my work on practice was even more pro-
found, because the information crucial for decision making
could finally be obtained without incurring prohibitive costs
and delay of manual collection practices [41], thus leading to
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better and radically different decisions and practices as out-
lined below. The impact was not contained within a single
company, but affected the entire industry, including compa-
nies such as Microsoft, IBM, AT&T, and Alcatel/Lucent.

I developed techniques for precise estimation of produc-
tivity gains for a variety of tools and software development
methods. This led to their adoption and to changes in devel-
opment practices [24, 23,42, 43, 11].

The investigation of quality issues in software patches re-
sulted in the discovery that the desire to increase the revenue
by including new features in patches made it inevitable that
such patches would fail. This led, among other things, to
the abandonment of this apparently lucrative, but in reality
harmful practice [44, 16].

The discovery that the defect density (the development
view of quality) is anti-correlated with the fraction of cus-
tomers reporting software issues (the customer view of qual-
ity) resulted in more effective quality improvement methods
that take the customer perspective into account. These mea-
sures and approaches are used within Avaya and shared with
key Avaya customers [17].

Many other findings have dramatically changed the prac-
tice, for example, I developed an in-vivo system availability
measurement [18] based on the alarms and problem reports
from installed systems quantified the actual availability for
different types of systems and customers. Such estimates
were not available before and they demonstrated that only a
handful of the most complex and largest installations reach
the “five-nines” availability boundary, while the the remain-
ing installations operate far above these levels. The find-
ings of performance issues related to transfer of code [1] and
the project expertise [8] led to radical changes in the way
work transfers were handled, in improvement of the hiring
practices at offshore locations, and other substantial changes.
The quantification of software activities and quality consti-
tute the basis for the annual company-wide State of Software
Report [4] that drives company decisions on how to improve
software development in Avaya.

4 Vision

Software development is not an isolated activity: apart from
dealing with the technology, individuals, and teams, it also
needs to satisfy existing needs or to generate new needs and
it is operating in an environment affected by the global eco-
nomic and political dynamics. These larger forces shape and
direct software development in many ways, e.g., outsourc-
ing and offshoring. The issues facing software development,
therefore, have to be resolved within that broader context. At
the opposite extreme are aspects of software development re-
lated to individuals, their creative activities, and their learn-
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ing process. As the economic and political forces change the
environment in ways that stress the limits of human cognitive
abilities, for example, the ability of a newcomer to become
competent in a large software project [8], the outcomes crit-
ically depend on the ingenuity of software creators.

My research, therefore, will continue to select and solve
critical issues at different scales and in various contexts,
painting a unified picture of software development and en-
abling progress at this critical junction of society and tech-
nology. To achieve that, I will continue existing collabora-
tions and will forge new ones in the areas where less progress
has been made so far.

At the largest scale 1 will gain insights into the behavior
of the entire open source and corporate software develop-
ment. [ will create a repository of most open source, cor-
porate, and government software project data, create valid
measures that describe individual and organizational behav-
ior (such as the spread of innovation through reuse [6]), and
create tools to address critical issues faced at this level. I
have already obtained the collection of most publicly avail-
able source code version history data [5], and I have started
a collaboration with Peking University in China and Queens
University in Canada to collect other sources of data such as
problem tracking systems and mailing lists. From the cor-
porate perspective I will create a multi-company repository
similar to the one I created for Avaya [4] to study software
and organizational phenomena in a global setting [12, 11].

At the intermediate scale I will continue to study related
groups of software projects (ecosystems) in the open source
and commercial environments. A key open question is how
do ecosystems come into being? One hypothesis is that a
successful project will grow until the core team could no
longer cope with the increased amount of work. This would
cause a split into sub-teams and sub-projects which would
ultimately populate the ecosystem. Another critical question
is to what extent the context determines the best practices
of software development [10, 45]. For example, as a result
of acquisitions, Avaya has multiple products that serve iden-
tical business purposes and each uses its own development
and support practices: to what extent these practices are de-
termined by the company, the technical structure of the prod-
uct, or the customer requirements?

At the smallest scale I will continue the study of individ-
ual developers, why they are motivated, and how they learn.
In particular, I will quantify the motivation of developers.
One aspect of motivation may be reflected by the time a de-
veloper stays in the project [9]. However, the measurement
based on observed activities and resulting artifacts may not
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suffice to understand some dimensions of developers’ moti-
vation. I will fill these gaps by direct measurements of their
cognitive responses to software development scenarios us-
ing, for example, Functional Magnetic Resonance Imaging
(fMRI).

As noted above, software engineering involves people,
teams, organizations, culture, and society. My research,
therefore, will both learn and contribute to these domains be-
cause most of the findings are likely to be universal: answer
the fundamental questions of who we are, where we come
from, and how should we live.

S Teaching Summary

Research can not exist without teaching. Results, no matter
how detailed the description may be, would mean nothing
without somebody skilled in the area to interpret what they
mean, how they can be enhanced, and how to apply them to
benefit the society. Also, the pleasure of a significant discov-
ery can only be eclipsed by the pleasure of learning about a
student’s new and significant achievement. My current work
of estimating mentor-follower relationships [1] and the di-
mensions and growth of developer competencies [8] provide
insights and lessons on how the teaching and mentorship
could be improved in a research environment as well. The
practice and motivation are the two inseparable cornerstones
for gaining competence: the motivation ensures more prac-
tice and the practice leads to expertise gain and motivates
further practice at the next competence area or level. My ap-
proach is to allow students to spend sufficient time on prac-
tice and to select tasks appropriate for their skill to ensure
strong motivational feedback once they succeed.

Mentoring

I have worked with a number of students, postdoctoral fel-
lows, or colleagues whom 1 attracted to digital archeol-
ogy. In particular, Prof. Minghui Zhou’s six-month visit at
Avaya Labs Research led to the discovery of Inverse Con-
way Law [45]: the teams taking over a legacy software
product spontaneously organize their work according to the
structure of the work used by the original product creation
team. Patrick Wagstrom (for whom I was a PhD thesis com-
mittee member) investigated associations between the com-
mercial and volunteer developer participation in open source
projects [46]. Paul Li [47] and Hung-Fu Chang [22, 21] were
PhD students and summer interns at Avaya Labs Research
and Prof. Alberto Espinosa [48] was finishing his PhD thesis
at Bell Labs. I also supervised summer interns Christopher
E. Weaver from University of Wisconsin (now Assistant Pro-
fessor at the University of Oklahoma) and Jian Shen from
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Stanford University. Long-term collaborations ensued with
Todd Graves [49, 50, 51, 52] (now at Los Alamos National
Laboratory) who started as a National Institute for Statisti-
cal Sciences postdoctoral fellow at Bell Labs, and with Prof.
Harvey Siy [53, 23, 42, 54, 55] who started as a PhD. student
at Bell Labs.

Formal courses

I do not see many differences among disciplines in terms of
basic principles that students need to be taught. Each disci-
pline uses different terminology and within each discipline
a variety of fashionable practices with their own buzzword-
laden vocabularies are appearing and disappearing over time.
Upon closer look, the same principles of rational inquiry, of
properly collecting data and inferring conclusions, of creat-
ing models of reality capturing aspects salient to the issue at
hand are hiding behind the menagerie of terms. Each dis-
cipline simply adapts these basic principles to its premises,
to the types of problems it addresses, and, in the process,
often invents a new vocabulary. In teaching I focus on con-
veying not just the terminology of a discipline or a practice,
but also the endurance and the discipline-invariance of the
fundamental principles.

I enjoyed teaching a number of graduate- and
undergraduate-level courses listed below. In addition
to the core software engineering, empirical, and practice-
focused courses I would consider teaching areas of software
engineering and computer science that currently lack a firm
empirical basis. Teaching such a course would clarify how
to strengthen the role of the empirical approach in these
domains.

Measuring Globally Distributed Software Develop-
ment, Pacific Rim Summer School, Beijing, China,
2010, http://www.cpathil8n.org

Digital Archeology,
itories Summer School,
http://msrcanada.org/school/

Mining Software Repos-
Kingston, ON, 2010.

Predicting Risk of Software Changes, Mining Software
Repositories Summer School, Kingston, ON, 2010.

Empirical Estimates of Software Availability, Mining
Software Repositories Summer School, Kingston, ON,
2010.

Chunking Code, Mining Software Repositories Sum-
mer School, Kingston, ON, 2010.

Domain-specific defect models, Tsinghua University,
Beijing, 2009.

How to run empirical studies using project reposito-
ries?, 4th International Advanced School of Empirical
Software Engineering, Rio de Janeiro, Brazil 2006.
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“Statistical Graphics,” 1994, CMU.
“Spatial Statistics,” 1993, CMU.

“Probability Theory and Random Processes,” 1993 and
1994, CMU.

“Probability and Applied Statistics for Management
and Social Sciences,” 1993 and 1994, CMU.

“Probability and Applied Statistics for Physical Sci-
ences,” 1991, CMU.

“Queuing Theory,” 1989 and 1990, CMU.
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