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Abstract. Lightweight object-oriented development methods are gain-

ing momentum in industry and academia. Crystal \Clear" and eXtreme

Programming are prominent examples of this. By focussing on risk reso-

lution through iteration and implementation on demand, such methods

promise control over uncertainties in software development. However,

evolution of a software is often only done through low-level, code-near

refactorings. Through examples from industry and academia, we argue

that an appropriate software architecture { an overall design { of a de-

veloped system nevertheless can be evolved through a continuous focus

on system structure. In particular, the recurring decision on and assign-

ment of development tasks should be combined with promotion of the

software architecture to a �rst class citizen in planning, developing, and

evaluating { also in light-weight software development.

1 Introduction

Light-weight development methods have recently emerged as an alternative to
more \heavyweight" software development methods. Building on [14], light-
weight development can be said to exhibit the following characteristics:

{ Adaption rather than prediction. Light-weight development acknowledges
that the context of a system is prone to change, and thus builds adaptability
into the methods themselves: if requirements are able to change radically, so
must the development methods.

{ People rather than process. The techniques of a light-weight method are
designed to support they way developers work most productively, and en-
joyably, not to force developers to follow a rigid process.

{ Development rather than documentation. The main goal of system develop-
ment is a working software system. Light-weight methods emphasise this
and try to reduce document production to a minimum while maximizing
code-oriented activities.



2

Software development methods such as eXtreme Programming (XP) [2], and
Crystal \Clear" [9] qualify as lightweight development methods. On the other
hand an iterative experimental development process such as DSDM Rapid Ap-
plication Development (RAD) [28] has a high focus on non-programming related
artefacts and prescribes a relatively �xed process. Nevertheless the border be-
tween heavy- and lightweight development methods is not completely �xed: the
huge Rational Uni�ed Process framework [20] can, e.g., be instantiated to sup-
port eXtreme Programming [21].

There are two basic de�nitions of software architecture that also help guide how
software architecture is handled during system development. The �rst focuses
on structures of the software being developed:

The software architecture of a software system is the structure(s) of a

software system in terms of components, their external properties, and

their interrelationships [1, 16]

The second focuses on software architecture as an an overarching understanding:

The software architecture of a software system is an overall understand-

ing of the system that guides its construction and use [6, 17]

Most lightweight development methods advocate the second de�nition: eXtreme
Programming advocates the use of metaphor as guidance for the creation and de-
velopment of software architecture in a project. Examples include \like a spread-
sheet" and \contracts, customers, endorsements". The metaphor for a system is
meant to be easy to understand so that it can travel between project participants
and be easily re-constructed at all times during development.

The \Crystal" framework (or \family") of methods has a human-centric fo-
cus on productivity and habitability: The process should be e�ective while still
being pleasant to work within. In this respect, the family opposes eXtreme Pro-
gramming, because it claims that it is generally not possible to de�ne a �xed
set of practices that apply to a wide variety of development projects. So since
people and projects di�er, a whole family of methods is needed { with Crystal
\Clear" being the lightest.

Crystal \Clear" is designed for small teams of up to six people. The only
mandated techniques are milestone and risk management. How everything else
is done is up to the development team according to the circumstances. Design
{ and software architecture { evolves through a cooperative \language game"
[29] involving the team and the artefact being designed. Representation of the
results relies on the highly developed cognitive and communicative abilities of
people to allow for low volume and precision in deliverables.

In our discussions of software architecture, we will distinguish between 'refac-
toring' and 'architectural refactoring' [5].

Refactoring is considered with semantic-preserving transformations of classes
and their relationships [24]. Architectural refactoring, however, is considered
with functionality-preserving transformations of architectural structures. A given
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system will thus present the same functionality to its users (e.g., end users or
programmers) after an architectural refactoring with respect to some domain.
Simplistically, the reasons for doing refactoring have to do with code-level prob-
lems whereas architectural refactorings are done based on technical as well as
social considerations.

To discuss software architecture, and refactorings of software architectures, in
light-weight software development, this paper presents two case studies of devel-
opment projects: a contract development project running for almost two years,
and a product development project running as a research project for more than
a year with subsequent commercialization. Both used lightweight development
methodologies and both were initially academic research projects.

Although the projects were research-oriented, they were also realistic in the
sense that industrial partners were involved with quite realistic requirements
and expectations. Even so, they represent technologically innovative develop-
ment that has later made it into commercial products { the latter characteristic
in particular has put the architectural practices discussed in this paper under
pressure. In an industrial context, the results are relevant for projects of the
same size as the projects described in this paper, because these are the kinds of
projects that will typically bene�t from light-weight development methods.

Based on these projects, we argue that an explicit focus on software architec-
ture both as structure and metaphor could and should be used in light-weight
software development in contrast to what is currently advocated in, e.g., XP.
Furthermore, we discuss the concrete techniques used for architectural develop-
ment.

The structure of the rest of the paper is as follows: In section 2, we discuss
the Dragon Project's lightweight development and its use of software architec-
ture. Section 3 discusses the Knight Project with a similar focus. Following this,
section 4 sums up and discusses the previous sections, and section 5 concludes.

2 Lightweight Contract Development { The Dragon

Project

The Dragon Project was initiated in March 1997 as a joint project between the
University of Aarhus and a globally distributed shipping company in order to
develop a series of prototypes of a Global Customer Service System (GCSS).
The concept of GCSS had evolved within the business based on a global Busi-
ness Process Improvement (BPI) process aiming at the coordination of globally
distributed sites and supporting an e�ective and eÆcient customer service that,
at the same time, supported local needs.

Three of the authors participated in the Dragon Project.

2.1 Development Process in the Dragon Project

The various business activities (white) and university research group activities
(grey) are shown in Figure 1. Initially, the project group went through a four
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month prototyping phase in which a number of important business areas were ex-
plored (\Prototyping"). Following the approval of the prototype by the company,
the development continued in a number of iterations in which the prototype was
evolved horizontally as well as vertically (\Experimental System Development").

Business Process Improvement (BPI)

1997 19991998

Prototyping Experimental System Development

Procurement Foundation Work

Impl./Migr. Strat.

Implementation of Production System

Architecture Experience

Fig. 1. Major activities concerning the Dragon project

The development process was inherently lightweight: through a multidisciplinary

orientation to actual shipping practice, ethnographers, participatory designers,
and object-oriented developers [4] collaborated closely to eliminate indirect com-
munication and in a common orientation to an evolving prototype. The primary
delivery of the project was the prototype and lightweight architectural descrip-
tions of the system. [5] contains a discussion of the actual architecture of the
system and the restructurings that shaped it.

2.2 Software Architecture in the Dragon Project

An architecture for the Dragon Project was drafted by two senior developers
within the �rst weeks of the project. This was done since the prototype itself
was envisioned as the primary way of conveying requirements to and from the
business in contrast to traditional diagrams and documents. The architecture
enabled extensive experiments with what was later termed \business functions",
which are the essential work practices of customer service in shipping. One of
the initial metaphors used were thus \
exibility": the architecture should be
suÆciently 
exible to allow for technical as well as functional experiments in the
initial phases.

However, there was also a clear and concise structural understanding of the
initial software architecture by the developers. This was expressed in initial
pseudo code, in concrete code, in informal diagrams, and in verbal re-creations
in discussions between developers.

Following the �rst experimental prototyping phase, the company decided to start
the implementation of the �nal system based on the initial prototypes. Thus, the
role of the Dragon Project changed: it should eventually provide a speci�cation
of the �nal system in terms of, e.g., support for important work processes and
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client-side architecture. Nevertheless, the prototype should continue to be used
as a vehicle for discussion with potential end users in presentations, workshops,
and so on.

During this evolutionary development phase, a much clearer understanding of
the necessary constituent parts of the system had been achieved, so that the ar-
chitectural focus changed to structural intradependencies in contrast to the ear-
lier focus on interdependencies between high-level components. Also metaphors
changed character to, e.g., \Components for Work Processes" thanks to the ini-
tial technical and conceptual clari�cations.

User
Interface

Controller
Functions

Business
Functions

Model
Functions

Data
Interface

Storage
Domain
Objects

Fig. 2. Flexibility at the level of component boundaries

Figure 2 illustrates the architecture in the evolutionary development phase.
The notation is taken from [5]. Simplistically, the rounded rectangles represent
components, and the arrows represent 
ow. The dashed lines emphasise data,
whereas the full lines emphasise processing. The star shape expresses architectural
uncertainty. Figure 2 thus shows that the \business functions" were no longer
the focus for experimentation. The new dominating metaphor, \Components for
Work Processes", meant that the 
exibility in the architecture at this point had
to be mostly at the level of component boundaries as illustrated by the �gure.

Informal architectural reviews had been a part of the iterative development cycles
of the �rst phase. Because of the increased focus on technical issues, architectural
reviews were conducted in conjunction to formal reviews with business.

Since software architecture was explicitly represented and developed, it be-
came a natural candidate for focus during guided evolution, i.e., refactoring.



6

Refactoring on an architectural level is concerned with function-preserving trans-
formations of architectural structures made in order to improve a software archi-
tecture. Architectural refactorings in the Dragon Project included among others
rede�ning component boundaries, enabling 
exibility in parts of the architecture
in response to architectural uncertainties, and generalisation of, e.g., persistence
mechanisms. [5] discusses this in more detail.

3 Lightweight Product Development { The Knight

Project

The Knight Project was initiated in February 1999 to investigate how novel in-
put devices can support object-oriented developers in making Uni�ed Modeling
Language (UML, [23]) diagrams. Concretely, the project used electronic white-
boards (essentially wall-sized touch-sensitive computer screens) in combination
with gestural input (as known from handwriting recognition on Portable Dig-
ital Assistants (PDAs)) to create an application allowing physically co-located
developers to collaboratively sketch diagrams in an intuitive and non-intrusive
manner [10, 13, 12]. Figure 3 shows the tool in action on an electronic whiteboard.

All four authors participated in the Knight Project.

Fig. 3. Use of Knight/Ideogramic UML

3.1 Development Process in the Knight Project

The �rst part of the Knight Project was concerned research-oriented with a
focus on supporting collaborative object-oriented modelling. In August 2000,
the scope of the project changed, as the company Ideogramic [18] adopted the
research prototype and made it into a commercial product, Ideogramic UML.
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The project thus went through two main phases: an initial research phase and
a following commercialization phase. These cannot be totally separated, though,
as one of our goals is to enable continued research in the technologies that we
build on. The phases are illustrated in �gure 4.

1999 20012000

Continued researchPrototyping/research

Product development

OO restructuring

Fig. 4. Timeline of the Knight project

During the research part of the project, the development process was only loosely
de�ned. There were four researchers working on the project, and the communica-
tion overhead was kept to a minimum. The development was divided into short
development cycles { partly to structure the development, but also for practical
reasons to meet deadlines for, e.g., presentations, papers, and evaluations.

Given that the work took place in a research context, there was no strict
management in the project, and all decisions were taken at informal meetings
between two or more of the researchers, and at semiformal meetings about once a
week. At these weekly meetings, the researchers decided on a plan for the coming
cycle, discussed status within the current cycle, and generally coordinated who
should implement what.

The number of development artifacts was kept to a minimum as well. Beside

the actual source code, the only other persistent, written artifacts were research
papers, and occasionally written meeting minutes.

The development process has naturally become more well-de�ned in the com-
mercialisation phase. From being virtually non-existing, the development plan
now reaches several months out into the future. In this way, the project is dif-
ferent from eXtreme Programming, where the development \plan" is �xed only
for the current interation. On the other hand, having long-range planning does
not mean that the plan cannot be changed, and this happens frequently in the
Knight Project, where feedback from users are taken very seriously. The nature
of the Knight Project, i.e., developing a standard development tool, implies a
weaker customer relationship than a contract development project, and having
several customers instead of one implies more stable requirements.

The level of documentation has increased in the commercialisation phase
compared to the research phase. All the major components are now described in
special documents, but at a high level { further details can be found by looking
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at the code, which also contains more comments than in the research phase.
Although the level of documentation has increased, the development process is
still completely based on the people and their knowledge. Pair programming [8]
helps in distributing the knowledge.

3.2 Software Architecture in the Knight Project

The software architecture evolved quite a lot during the project. The di�erent
natures of the two major phases in
uenced how the software architecture evolved.

Research Phase Within the research phase, the product evolved radically.
From a software architecture viewpoint the system evolved through three main
variants:

{ Initial horizontal prototype

{ Object-oriented vertical prototype

{ Support for tool integration

The initial horizontal feasibility prototype was built using the Tcl language [25].
There was no focus on creating a clean implementation, but on getting enough
functionality as fast as possible to be able to try out various design and to
facilitate early usability testing. This meant that the researchers, maybe even
more often than not, resorted to reuse techniques such as cut-n-paste, and that
there were very few discussions about the overall architecture.

As the researchers became con�dent that the research was fruitful, and as
the time scope of the project thus extended, they became aware that the current
architecture would become a liability. Further investigations showed that 1) the
program could be implemented much cleaner using an object-oriented approach,
and 2) re-implementing the prototype would be time-consuming, but not over-
whelming. To be able to reuse parts of the considerable amount of code, the Itcl
[22] object-oriented extension to Tcl was chosen. This would allow for a more
gradual re-implementation, where the initial method bodies of main methods
could be �lled with the procedural statements of the prior main functions. This
re-implementation can be seen at the �rst major architectural decision in the
project.

Following the re-implementation, the researchers became more aware of the
implementation, and given the large amount of time that had been spent on
the re-implementation, they were no longer so inclined to \hack" the code. One
example of this is the tool integration e�orts that took place late in the phase:
As part of the research, it was investigated how the tool could be integrated
with other software development tools using both a standardised �le format,
and using runtime component connections [11]. Instead of \tweaking" the source
code to allow for these experiments, the issue was discussed on several meetings,
speci�cally how the code could be restructured for this purpose.
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Commercialisation Phase The software architecture also evolved during the
commercialization phase:

{ Initial product version (support for multiple diagram types)
{ Cleaned-up product version
{ Support for non-UML diagrams
{ The future: product line?

As the project changed from being a research project to a commercial project,
things changed dramatically. As an example, during the research phase, there
was much more focus on adding functionality than on �xing bugs. Also, the
functionality requirements changed to a large extent: In the research project
there was focus on novel aspects, whereas the product version was to include
the functionality that was requested by the potential customers. One example
of an architectural issue that arose from this is support for multiple diagram
types. Following an \as simple as possible, but no simpler"-approach, such a
requirement had not been implemented, and the abstractions for this were thus
not present. The same kind of force was behind the third major architectural
restructuring, and this time the code had to be restructured to support non-UML
diagrams.

Following the overarching \just do it" metaphor in the research phase, the
architectural refactorings in the commercialisation phase were governed by a
number of di�erent metaphors. One of the metaphors was that diagrams (i.e.,
the UML metamodel in the case of UML) should be an isolated part of the
program in the sense that they should be a more or less passive part that could
exist without the context of the application. This metaphor was used actively to
guide all developers. The resulting architecture, in terms of the �rst de�nition in
section 1, was a structuring of the code according to the blackboard architectural
style [27], where other components can read or modify the diagrams (see �gure 5)
and register observers in order to be noti�ed when parts of the diagrams are
changed.

This focus on isolating the diagrams has in fact ensured a modular archi-
tecture, in which it is easy to add or remove components that read or modify
the diagrams. For example, it is straightforward to create several \radars" (i.e.,
miniature displays) for the same diagram. Another bene�t was that the \Tool
Integrator" that implements the runtime tool integration described earlier, be-
came an independent component, which was much easier to maintain than before
the architectural refactoring.

A di�erent type of architectural force arose about half a year later as the
company hired two new developers. These were the �rst new developers that
were going to work on the project since its beginning. To accommodate their
introduction to the source code, speci�c code simpli�cation and general clean-
up tasks were incorporated into the development schedule several months before
they were actually hired.

In the future, the software architecture needs to support several applications, i.e.,
it will evolve into a product line architecture [3]. A product line architecture is
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<<reads>> <<reads/writes>>

<<reads/writes>>

Fig. 5. Blackboard architecture

the structure and set of compontents that are shared between di�erent products.
As such, it includes the features that are shared between some or all of the
products in the product line as well as the variability required to accommodate
the di�erences between those products.

Although an e�ort has been done to identify and evolve reusable components
whenever the same functionality was needed in several places, there still remains
a lot of code that is speci�cally targeted towards the single product so far,
namely Ideogramic UML. For example, the XML-based load/save component is
currently targeted at UML, but the non-UML parts can to a large extent be
reused in other XML-based load/save formats.

The transition to a product line was recently made mandatory since Ideogramic
started developing a specialised diagramming tool to be used by business con-
sultants.

However, restructurings like this invariably imply new bugs in the UML prod-
uct, i.e., renewed debugging and testing resulting in a minor delay of schedule.
A decision has therefore been made to extract only the most important parts
of the UML product, and then let the other parts evolve gradually into shared
components.

Architecture Reviews As explained in section 2, the Dragon project incor-
porated regular architecture reviews into the project plan, namely in connection
with the business reviews. Compared to this rather systematic treatment of the
architecture, the Knight Project employed a more pragmatic approach to evolv-
ing the software architecture: it was restructured whenever there was a need for
it, as in the examples above with multiple diagram types and product line. This
is true for both the research phase and the commercialisation phase.
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4 Discussion

Section 1 characterized lightweight development and outlined potential con
icts
development of software architectures. This section will try to relate the outlined
properties to the use of software architecture and discuss this in relation to the
presented case studies.

4.1 Adaption rather than Prediction

In the Dragon as well as the Knight Project it is interesting to note how ar-
chitectural refactorings have guided the development of the architecture from
speci�c to general. In the Dragon Project, the developed architecture supported
a 
exible addition of new business areas through business function components.
In the Knight Project the architecture has gone from a very speci�c { and hori-
zontal prototype { to one containing frameworks for the addition of new diagram
types.

This generalisation is continuing in the Knight Project. As mentioned in sec-
tion 3, we are currently setting up projects with external companies to extend
the gesture-based modelling techniques to other problem domains than UML. It
is our intention to gradually develop a product line architecture for this, com-

bined with opportunities for continuing research in connection to the commercial
products. It is our belief that the focus on architecture outlined in this paper in
connection with our lightweight development process will enable this.

One of the main contributions of eXtreme Programming is its focus on vali-

dation and veri�cation in contrast to production [26]. The whole apparatus of
eXtreme Programming ensures that a direction set for development can and will
be corrected if necessary through, e.g., continuous integration, unit testing, and
refactoring. With respect to software architecture this view is very compatible
with the metaphorical view of software architecture: The concrete structures and
relationships between components are gradually evolved and validated using the
metaphor.

Given this metaphor, it is one of the basic tenets of eXtreme Programming
that evolution of a software system can be directed via a large number of small
refactorings. The lack of focus on software architectural construction and evolu-
tion in Crystal \Clear" seems to imply the same sort of preconceptions. This is
certainly necessary but, based on our experiences, we doubt that this is suÆcient
in general. In contrast to refactorings, some of the above-mentioned examples

of architectural restructurings have been fundamental: from persistence via a
persistent store to orthogonal, transparent persistence; from a single client to
distributed clients; from procedural to object-oriented implementation.

Although our examples do not establish this in general, we believe that a
focus on the larger scale structures { and metaphors { of software architecture is
necessary in order to recognise and execute important refactorings of a software
system.
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4.2 People rather than Process

As for software development in general, it is na��ve to assume that software ar-
chitecture should be approached in one speci�c way. Every development project
is unique: the actual constraints of the project and the developers assigned to
it ensure this. A lightweight approach to software architecture will have to take
this into account: As in the Crystal methods, the way software architecture is
used will have to be crafted taking into account the unique characteristics of
developers and development.

An explicit focus on software architecture holds great promises for accomo-
dating di�erent types of developers, though. One of the bene�ts we have experi-
enced in the Knight commercialization phase, as discussed above, was that being
able to describe the software architecture from a metaphorical level as well as

being able to identify structures and relationships in the architecture helped to
introduce new developers to the project.

Software architecture can in this perspective be said to be constraining: In
the Dragon Project a new developer was introduced to the project at a late stage.
Even though his job was to introduce new functionality quickly, the architecture
constrained him to do it in a disciplined way. This points to that the constraints
imposed by the software architecture { and implied process { should be evaluated
and corrected as the project develops.

4.3 Development rather than Documentation

One of the future directions of our re
ections on the Dragon, Knight, and other
research projects is to categorize types of architectural refactorings. Theoretical
work on this has already been undertaken by, e.g., [1] with the concept of unit
operations and by [19] with the concept of prototypical deltas. What is really
needed in order to support the development with refactorings on an architectural
level are empirically based categorizations such as the ones that already exist for
\small" refactorings [24, 15]. Combined with their context { technological and
social { such refactorings could help provide a basis for development in which it
is possible to a much larger extent to navigate the software architectural spaces

of lightweight development projects. We believe that this will be very important
in combining software architecture and lightweigth object-oriented development.
And \develop rather than document".

Obvious other artefacts and technologies that are needed to pursue such a
goal include tools and languages that embody software architectural entities as
�rst-class citizens. Even though this will help close the gap between description
and prescription in software architecture development, a challenge will still be
to reconcile the metaphorical and structural views of software architecture.

4.4 Software Architecture in a Light-Weight Development Process

The Dragon and Knight Project case studies have argued that it is bene�cial to
complementarily focus on a metaphorical view of software architecture:
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The software architecture of a software system is an overall understand-

ing of the system that guides its construction and use

and a structural view:

The software architecture of a software system is the structure(s) of a

software system in terms of components, their external properties, and

their interrelationships

For each increment in functionality, the software architecture was evaluated
and refactored if necessary. Change in metaphor was often connected to drastic
changes in structure and often happened after a period of trying to \force-�t"
a structural understanding of the system to a speci�c metaphorical understand-
ing. This suggests that the intersection of changes in metaphor and structure
are particularly interesting as they signal major changes.

A concrete problem is how to incorporate a focus on software architecture as ad-
vocated in this paper into existing light-weight methods such as XP and Crystal
\Clear". In the case of XP, one could consider incorporating a new architectural
\practice" as a replacement for the \Metaphor" practice. The Metaphor practice
was alluded to in the introduction and is subsumed by the metaphorical view
on software architecture.

In XP, the Metaphor is used as a \background reminder" of how the system
should be constructed and thought of. It should be so concrete that the various
stakeholders can use it as a common reference understanding of what the system
is all about. We have argued that this should be complemented by a structural
view on software architecture.

Both metaphor and structure should be used as guidance when making major
changes to a software system { and both should be refactored (or just changed)
as the system is evolved on an architectural level.

5 Conclusion

In this paper, we have argued that it is indeed possible to merge the bene�ts
of explicit focus on software architecture in object-oriented development with
lightweight object-oriented development methods. The resolution is based on a
continuous, adaptive focus on software architecture on di�erent levels. It thus
emphasises proper working processes as an important factor behind obtaining a
good software architecture. In particular, the recurring decision on and assign-
ment of tasks should be combined with a continuous focus on software architec-
ture.
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