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Preface

It was 1999 when Extreme Programming Explained was first published, making this
year’s event arguably the fifth anniversary of the birth of the XP/Agile movement in
software development. Our fourth conference reflected the evolution and the learning
that have occurred in these exciting five years as agile practices have become part of
the mainstream in software development. These pages are the proceedings of XP Agile
Universe 2004, held in beautiful Calgary, gateway to the Canadian Rockies, in Alberta,
Canada.

Evident in the conference is the fact that our learning is still in its early stages. While
at times overlooked, adaptation has been a core principle of agile software development
since the earliest literature on the subject. The conference and these proceedings rein-
force that principle. Although some organizations are able to practice agile methods in
the near-pure form, most are not, reflecting just how radically innovative these methods
are to this day. Any innovation must coexist with an existing environment and agile soft-
ware development is no different. There are numerous challenges confronting IT and
software development organizations today, with many solutions pitched by a cadre of
advocates. Be it CMM, offshoring, outsourcing, security, or one of many other current
topics in the industry, teams using or transitioning to Extreme Programming and other
agile practices must integrate with the rest of the organization in order to succeed. The
papers here offer some of the latest experiences that teams are having in those efforts.

XP Agile Universe 2004 consisted of workshops, tutorials, papers, panels, the Open
Space session, the Educators’ Symposium, keynotes, educational games and industry
presentations. This wide range of activities was intended to provide an engaging expe-
rience for industry practitioners, leading consultants, researchers, academics, and stu-
dents. Feedback from the 2003 conference was used to adjust the content to better suit
the needs of the attendees. The sessions at the conference were selected through the
dedicated work of the Track Chairs and the Program Committee, to whom we are ex-
tremely grateful. Their names are listed in the pages that follow and the contributions
of these individuals to the experience of the attendees of the conference cannot be over-
stated. Over 100 submissions were received to the various activities, with roughly half
accepted into the conference. Each submission was reviewed by at least 3 members of
the Program Committee, with an average of just under 5 reviewers per submission. The
accepted papers are presented in their entirety in these proceedings. Summaries of the
workshops and tutorials are presented as a reference for those who attended the confer-
ence. The results of the Open Space session can be accessed via the conference website
at Xpuniverse.com or agileuniverse.com.

The invited speakers to the conference were Christopher Avery, Robert Biddle,
Eric Evans, Alejandro Goyen, Craig Larman, Brian Marick, Robert C. Martin, Mary
Poppendieck, and Herb Sutter. These speakers represent the breadth and depth of the
conference in terms of three main threads: technical practices; business and project
management; and teamwork.



VI Preface

The tutorials and workshops continued the trend beyond the programming trenches,
focusing primarily on requirements, project management, and acceptance-testing tech-
niques, with some introductory sessions for attendees new to extreme programming and
agile practices. The conference also continued its history with hands-on programming
events which allowed attendees to join projects that ran throughout the conference using
the tools and practices common on agile teams.

In these proceedings, one can find a rich set of papers reflective of the experiences
of leading practitioners. Eighteen technical and research papers, experience reports,
and educators’ symposium papers were accepted out of a total of 45 submissions, rep-
resenting an acceptance rate of 40%. A number of papers provide advanced discussion
on tools and techniques for testing and the trend towards combining the requirements,
testing, and specification activities. Three papers discuss methods for better understand-
ing and expressing the customer or user needs in an agile way. For readers who are
confronted with many of the challenges faced by today’s environment, such as secu-
rity concerns, CMM auditing, and offshore development teams, there are representative
papers describing the use of agile development techniques in those environments.

We are deeply indebted to the organizing committee and the conference sponsors
for providing the infrastructure for making the conference happen. The content of the
conference and these proceedings would not have been possible without the submis-
sions and all of the effort that goes into them. For those courageous enough to submit
their work to the conference, we thank and salute you. But mostly, we thank the at-
tendees, for supporting the conference, giving it its positive energy, and making it the
magical gathering that it has become.

August 2004 Lowell Lindstrom and Hakan Erdogmus
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with Test Driven Development*

Hubert Baumeister

Institut fiir Informatik
Ludwig-Maximilians-Universitdt Miinchen
Oettingenstr. 67, D-80538 Miinchen, Germany
baumeist@informatik.uni-muenchen.de

Abstract. In the context of test driven development, tests specify the behavior
of a program before the code that implements it, is actually written. In addition,
they are used as main source of documentation in XP projects, together with the
program code. However, tests alone describe the properties of a program only in
terms of examples and thus are not sufficient to completely describe the behavior
of a program. In contrast, formal specifications allow to generalize these example
properties to more general properties, which leads to a more complete description
of the behavior of a program. Specifications add another main artifact to XP in
addition to the already existent ones, i.e. code and tests. The interaction between
these three artifacts further improves the quality of both software and documen-
tation. The goal of this paper is to show that it is possible, with appropriate tool
support, to combine formal specifications with test driven development without
loosing the agility of test driven development.

1 Introduction

Extreme Programming advocates test driven development where tests are used to spec-
ify the behavior of a program before the program code is actually written. Together
with using the simplest design possible and intention revealing program code, tests are
additionally used as a documentation of the program. However, tests are not sufficient
to completely define the behavior of a program because they are only able to test prop-
erties of a program by example and do not allow to state general properties. The latter
can be achieved using formal specifications, e.g. using Meyer’s design by contract [21].

As an example we consider the function primes, that computes for a given natural
number n a list containing all prime numbers up to and including n. Tests can only
be written for special arguments of the primes function, e.g. that primes (2) should
produce the list with the number 2 as its only element, and that primes (1553) is
supposed to yield the list of prime numbers from 2 up to 1533. Actually, a program that
behaves correctly w.r.t. these tests could have the set of prime numbers hard coded for
these particular inputs and return arbitrary lists for all other arguments. One solution is
to move from tests to specifications, which allow to generalize the tested properties. For
example, the behavior of primes would be expressed by a formal specification stating
that the result of the function primes (n) contains exactly the prime numbers from 2
up to n, for all natural numbers n.

* This research has been partially sponsored by the EC Sth Framework project AGILE: Archi-
tectures for Mobility (IST-2001-32747)
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2 Hubert Baumeister

This example shows that formal specifications provide a more complete view on the
behavior of programs than tests alone. However, while it is easy to run tests to check
that a program complies with the tests, the task of showing that a program satisfies a
given specification is in general more complex. To at least validate a program w.r.t. a
specification, one can use the specification to generate run-time assertions and use these
to check that the program behaves correctly.

The study of formal methods for program specification and verification has a long
history. Hoare and Floyd pioneered the development of formal methods in the 1960s by
introducing the Hoare calculus for proving program correctness as well as the notions
of pre-/postconditions, invariants, and assertions [13, 10]. Their ideas were gradually
developed into fully fledged formal methods geared towards industrial software engi-
neering, e.g. the Vienna Development Method (VDM) developed at IBM [17], Z [23],
the Java Modeling Language (JML) [19] and, more recently, the Object Constraint Lan-
guage (OCL) [25] — which again originated at IBM — used to specify contraints on ob-
jects in UML diagrams. For an overview of formal methods and their applications refer
to the WWW virtual library on formal methods [5].

An important use of formal specifications is the documentation of program behavior
without making reference to an implementation. This is often needed for frameworks
and libraries, where the source code is not available in most cases and the behavior is
only informally described. In general, the documentation provided by a formal speci-
fication is both more precise and more concise compared to the implementation code
because the implementation only describes the algorithm used by a method and not
what it achieves. Not only the literature on formals methods, but also in the literature
on the pragmatics of programming, e.g. [15,20], recommends to make explicit the as-
sumptions on the code using specifications because this improves the software quality.

The goal of this paper is to show that it is possible, with appropriate tool support, to
combine formal specifications with test driven development without loosing the agility
of the latter. This is done by using the tests, that drive the development of the code,
also to drive the development of the formal specification. By generating runtime asser-
tions from the specification it is possible to check for inconsistencies between code,
specifications, and tests. Each of the three artifacts improves the quality of the other
two, yielding better code quality and better program documentation in the form of a
validated formal specification of the program.

Our method is exemplified by using the primes example with Java as the program-
ming language, JUnit' as the testing framework, and the Java Modeling Language
(JML) [19] for the formulation of class invariants and pre- and postconditions for meth-
ods. We use JML since JML specifications are easily understood by programmers, and
because it comes with a runtime assertion checker, [6], which allows to check invariants
and pre- and postconditions of methods at runtime.

2 Formal Specifications and Tests

As with test driven development, in our proposed methodology, tests are written before
the code. Either now or after several iterations of test and code development, the prop-

! www.junit.org



