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Abstract

With special focus on software architectural issues, we report from the first two major phases

of a software development project. Our experience suggests that explicit focus on software

architecture in these phases was an important key to success. More specifically: Demands for

stability, flexibility and proper work organisation in an initial prototyping phase of a project

are facilitated by having an explicit architecture. However, the architecture should also allow

for certain degrees of freedom for experimentation. Furthermore, in a following evolutionary

development phase, architectural redesign is necessary and should be firmly based on

experience gained from working within the prototype architecture. Finally, to get it right, the

architecture needs to be prototyped, or iterated upon, throughout evolutionary development

cycles. In this architectural prototyping process, we address the difficult issue of identifying

and evolving functional components in the architecture and point to an architectural strategy -

a set of architectures, their context and evolution - that was helpful in this respect.

1. Introduction
Iterative development processes that take an evolutionary and incremental approach to ap-

plication development are becoming standard in most object-oriented development processes.

However, the development of applications that use these iterative approaches, lead to many

new problems. Where the traditional waterfall processes provides an (assumed) precise and

definite description of what is to be built, there is no equivalent firm foundation on which to

base the initial development when using iterative processes. Furthermore, in doing iterative

development, as the development continues, new and/or changing requirements must be

addressed.

In the last couple of years the authors of this experience paper have been involved in a large

project, that used an iterative and evolutionary approach to development. The project involved

a group of university researchers and a global container shipping company and spanned a 14-

month development period. During this period, the university team initially went through a

number of iterations on a prototype of a global customer service system. When the prototype

was approved, the development continued in a number of development cycles in which the

prototype was extended both horizontally, to include all the important areas of business, and

vertically, to contain a more substantial functionality. The research group consisted of one

ethnographer, one cooperative designer, and six OO-developers. The roles of the different team

members may, somewhat simplistically, be described as follows: the ethnographer focused on

current practice within customer service and related areas, the cooperative designer focused on

the design of future practice and technological support together with users. The OO developers



developed the problem domain model and implemented the prototype.  For a more thorough

discussion of the process and its multi-perspective application development character see [7].

This paper focuses on the software engineering process, more specifically on software

architecture. In our experience an explicit focus on the software architecture of the system that

was being built, can be seen as one of the key explanations as to how we, technically, were

able to accomplish the task set out in this project. We will try to reflect on our concrete experi-

ence and present two central lessons:

An explicit architecture is essential; even in initial prototyping cycles. It is also important in

order to provide a well-defined structure in which, e.g., functionality, user-interface, and a

problem domain model can be created and recreated when evolving a prototype in response to

new requirements. It is important as it provides the necessary flexibility to experiment with

alternative solutions in areas that are not well understood and it can also facilitate parallel work

thereby allowing faster development.

It is rarely possible to design the final architecture of the system during the initial phase of

the development. We will, instead, argue that architectural evolution is necessary. This can be

due to changing requirements over time, due to increasing understanding of the problem

domain, and due to further understanding of the technical ways of realising the system. In this

way, not only the system itself but also the software architecture can be said to be prototyped.

2. Software Architecture
No definition of software architecture is commonly agreed upon [1], [5], [11], [21]. How-

ever, it is commonly agreed that software architecture is concerned with components of the

system and their interrelationships. We will, therefore, in our discussion of architecture, focus

on the significant software structures, and their components and relationships. As several

authors remind us, e.g. [15], [5], [1], a software architecture can be observed from several spe-

cific views or viewpoints, each revealing different aspects. Examples include the module view,

the process view, and the conceptual view. The module view describes what the important

modules and sub-modules are, and it is useful for e.g. assigning work and defining encapsula-

tion. The process view describes the running processes and their relation, and it is useful for

e.g. performance analysis, and analysis of multi-user aspects. The conceptual view describes

the major components in the architecture as perceived by the developers. This view is useful

for e.g. understanding the problem domain and the current system in relation to that.

Then, to describe the software

architecture of the system discussed

in this article a slight variation of the

notation described in [1] will be

used. Generally, solid lines denote

control and processing, whereas

dashed lines denote data. For our

purposes, we have added the symbol

“Emerging structure” to be able to

describe the process of architectural

creation and evolution.

2.1. Evolution and Architectural Refactoring

We make a clear distinction between the terms ‘refactoring’ and ‘architectural refactoring’.

Whereas refactoring is considered with semantic-preserving transformations of objects and

classes [19], architectural refactoring is considered with function-preserving transformations of

architectural structures. This means that a software system, after an architectural refactoring,

will compute the same functions with respect to some problem domain. Pushing it a little, the

Figure 1. Architecture notation
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reasons for using refactoring are concerned with code-technical transformations, whereas

architectural refactoring needs to be seen in a broader software engineering perspective: tech-

nical as well as social considerations must be taken into account in order to understand the rea-

sons for doing this.

Evolution, as opposed to architectural refactoring, is concerned with change in functions.

Evolution of functions presupposes both flexibility and stable structures. The flexibility pro-

vides the ability to change within the stable structure, while the stable structure at the same

time helps in achieving important non-functional requirements.

By using specific examples of the evolution and architectural refactorings that the deve-

loped system has undergone so far, this experience paper aims at explaining how a focus on

architectural issues may support an experimental and evolutionary development process, that,

although experimental and evolutionary, still aims at producing a sound system as seen from

the software engineering perspective. Moreover, a concrete architectural strategy to support

this process is pointed to.

3. The Development Process
The development of the initial prototypes and later the concrete evolutionary development

was done for a large, global shipping company. Our work on this development cannot be re-

garded as an isolated piece of work though: it was part of a larger project within the company

that concerned the development of a uniform and globally shared way of providing container

transportation. The entire project can be described in a number of streams as illustrated in Fi-

gure 2 below.
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Our work – referred to as the Dragon Project – is here seen as one stream (boldfaced), that

consists of two major development phases. The shipping company, in cooperation with

external consultants, carried out other streams of work. Examples of these include a global

Business Process Improvement (BPI) project and various types of foundation work regarding

network issues, migration issues, and overview of existing databases. These different streams

interacted and, of course, influenced each other. That is, the overall process of the Dragon

Project is something that should be seen as being related to and influenced by the other streams

of work, with the common goal of developing a global customer service system for the com-

pany.

3.1. The Dragon Project Process

The process within our project can be divided into two separate phases: An experimental

prototyping phase and an evolutionary development phase.

Experimental Prototyping. The first phase was primarily concerned with obtaining an

understanding of the problem domain that the system should support. To this end, a number of

software prototypes were constructed and evaluated in collaboration with the actual end-users.

Figure 2. The streams of work within the overall project

Experimental prototyping Evolutionary development



The rationale, that ought to be well known, is that building computer system from paper de-

scriptions alone, without any intermediate embodiments, is a problematic endeavour [13].

Concretely, and initially, in this project, a number of prototype versions were developed.

These should illustrate and support the implementation of the global improvements suggested

by the BPI stream. The concrete requirements resulting from the BPI stream were, however,

quite vague. The whole first phase of the project was therefore very much occupied by nar-

rowing down what a final system could be and by helping to determine the feasibility of the

actual development.

To clarify and following [9], we characterise our approach as experimental prototyping, as

our prototype versions were used to determine whether our ideas were adequate. This is only

one characteristic of the initial phase, though. Other characteristics include: An exploratory

style of prototyping (ibid.) to increase our limited understanding of the complex business of

shipping; an iterative approach with short development cycles (14 days on average between

reviews) to facilitate rapid development; a combination of horizontal and vertical prototyping

(ibid.) to achieve both depth and width; and, finally, in general, usage of a wide variety of

techniques from cooperative design [2], [12].

Evolutionary Development. The result after the first phase was that the company decided

to embark on the implementation of the final system, their decision being based on the

prototype. This lead to the initiation of the second phase of the Dragon Project. Compared to

the experimental prototyping phase, the character of the work in this phase naturally changed

focus towards the development of the production version of the final system. Apart from the

Dragon Project, the company, as mentioned previously, initiated different types of foundation

work.

In this setting, the role of the Dragon Project was twofold. On one hand, the prototype

served as specification
 

(in a broad sense, encompassing e.g. division into components, client-

side architecture and problem domain model, i.e., not a requirement specification) for the pro-

duction version, and on the other, it served as "the big picture" for demonstra-

tion/teaching/design purposes. This meant that, in the second phase, emphasis had switched

more towards elaborating the components/concerns previously identified, with particular focus

on the client-side of the coming system. We characterise this part of the process as the evolu-

tionary development phase. Naturally, the functional requirements were not all fully elaborated

after the experimental prototyping phase, so many of the same techniques and approaches were

applied in this phase. Nevertheless, a much clearer understanding of what the constituent parts

of the system should be and how they should interact had been obtained. This made way for a

more steady, evolutionary character of the work, with longer development cycles (reviews

about every two months) and room for necessary software architectural considerations.

Work within the Phases. Within each of the phases, our work was organised in a number

of development cycles that had a duration of approximately 14 days in the first phase and ap-

proximately two months in the second phase. Figure 3 below gives a schematic overview.

As the figure illustrates, a number of concerns were addressed within each cycle (i.e., be-

tween two reviews). The left side of the dashed vertical line shows the first phase, in which

focus was on producing functional, but not very elaborate, implementations of major concerns.

In the second phase, shown to the right, our focus shifted towards evolving and elaborating

these.

In each cycle and with each of these concerns, a mixture of analysis, design, and imple-

mentation was made depending on the current understanding and possible experiences from an

earlier cycle. This always involved continuous workshops with business representatives.

Furthermore, each concern would be addressed by several members of the development team

in parallel and seen from different perspectives, and several concerns were often treated con-

currently.



To “control” the development,

each cycle ended with a review,

during which the current work

was presented to some of the fu-

ture end-users and management

from the company. At these re-

views, possible problems with

the current solutions would be

brought forward and a plan for

what was to be done in the next

cycle would be made.

A much more in-depth discus-

sion of the development process,

and the lessons learnt from it,

can be found in [7].

3.2. Tools and Code

The concrete results achieved is a number of prototype versions that has evolved into a

rather large application consisting of over 300 files containing over 100,000 lines of code, and

having well over 50 screens. The development platform was Windows NT, and the main soft-

ware engineering tools used were: a CASE tool, a graphical user-interface builder, a code edi-

tor, a persistent store, a relational database (IBM DB2), and concurrent versioning system [8].

The first four tools are part of the Mjølner System [14], [6], [18] and the programming lan-

guage used was BETA [16].

3.3. Related processes

In many ways, Barry Boehm’s Spiral Software Development Model [3] resembles our pro-

cess. The spiral model is both iterative and evolutionary. It is also based on the notion of de-

velopment cycles, and these cycles also end with a review, in which plans for the next cycle

are made. Furthermore, Boehm thoroughly describes how “risk management” controls the pro-

cess. There is no explicit focus on software architecture in Boehm’s article, but through his

description of risk management, an indirect advice can be found: If the current architecture is

considered a risk or an uncertainty as each cycle is planned, it should be given priority on the

following cycle.

The Unified Software Development Process [10] describes a development process divided

into a number of overall phases of which the first two, Inception and Elaboration, to some ex-

tent, are similar to our Experimental Prototyping and Evolutionary Development phases. The

Inception phase is concerned with the definition of scope and should include a description of a

candidate architecture and demonstrate the proposed system via prototypes. The Elaboration

phase more thoroughly analyses the problem at hand and should result in an executable archi-

tecture baseline, a software architecture description, and an 80% complete domain analysis

model. The Unified Software Development Process is furthermore described as an architec-

ture-centric process, We agree with this focus on architecture. Among others, we believe that

our project provides empirical evidence on the importance of architectural focus and that a

combination of rapid prototyping and architectural focus is feasible.

Rapid, iterative prototyping is in the industry often manifested in the form of RAD (Rapid

Application Development). In RAD the development consists of a number of iterative deve-

lopment cycles, and there is also much focus on the use of prototypes. It seems though that

RAD assigns no special role to architecture. In the standardised RAD described by DSDM [22]

eight principles underlying RAD are described; none of these relate to software architecture.

Figure 3. The evolution of central concerns
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4. Phase One: Experimental Prototyping
In section 3, it was described how the development was partitioned into two major phases.

In this section, the role played by our software architecture in the first phase is described. More

specifically, we look into the way, in which the concrete architecture provided a stable founda-

tion for the experimental prototyping, while, at the same time, it allowed for the necessary

room for experimentation. Furthermore, we describe the important criteria of having an effi-

cient work organisation.

4.1. Initiating Development

The development was scheduled to begin with a two-week cycle. There was no concrete,

specific goal of this first cycle, and we quickly became aware that our understanding of the

business of shipping was quite limited, so two strands of work were initiated within the first

cycle. One group worked on creating graphical user- interface screens, and another group

worked on creating an initial problem domain model. The two groups worked in parallel, and

there was little coordination between the groups. This was mainly a practical choice due to the

strict time constraints, but it also proved to be a sensible one: In this way, many and diverse

pieces of knowledge about the business domain were quickly gained.

4.2. Elements of an Architecture

At the end of the first cycle, two artefacts were delivered: A first design of the graphical

user-interface, comprising of a few screens, and a problem domain model covering a subset of

the problem domain (called ‘quoting’). The user-interface design was illustrated by means of a

horizontal prototype, i.e. a running application with virtually no functionality, except for func-

tioning user-interface controls. The problem domain model was presented as a UML class dia-

gram, and was, at this point in time, not a part of the running prototype. Nevertheless, it was

already more than just a diagram: by using a CASE tool, code had been generated and updated

incrementally, as elements were added to the model.

From an architectural/software-engineering point of view, we could, at this early point in

time, – only two weeks into the development – identify the first two architectural elements:

one component, consisting of the initial user-interface screens, and one component, consisting

of the problem domain model (see figure 4).

Retrospectively, we can ask ourselves

why these two components were chosen.

Much of the reason for this can be found in

the developers’ background. First of all,

the development team had a common

background in the Scandinavian approach

to object-oriented development. In this

approach, object-orientation is not seen as

just providing a pleasing technical envi-

ronment. It more importantly also pro-

vides a conceptual framework [16], [17] that underlies development. The creation of a problem

domain model therefore becomes an essential part of development, since the problem domain

model illustrates our understanding of the most important concepts in the problem domain.

Furthermore, part of the development team has a background in cooperative design [2],

[12]. As the essence of cooperative design is the creative involvement of the user in the design

of the computer system, the user-interface naturally becomes important. That lies in the simple

fact that most users are not concerned with the code and other technicalities; they are simply

Problem domain
model

UI 1 UI 2 UI 3

Figure 4. Elements of initial architecture



concerned with the way in which the system is operated, and how the system performs the

tasks they expect.

4.3. Designing an Architecture

The review after the two weeks concluded that the development was on the right track. To-

gether with suggestions for changes and next steps, it was decided that we should add function-

ality to what was covered so far and extend both the user-interface and the problem domain

model to cover another business domain – booking.

As an implication of the decision to start adding functionality, it was considered how the

existing parts (user-interface and problem domain model) could be combined. That is, the task

was to design a software architecture that could contain both the existing elements and the

functionality to be added. This architecture was outlined by two senior developers under con-

sideration of several factors:

• the architecture had to offer a fairly stable structure, in which the prototype could

evolve during the first phase,

• the structure had to be flexible enough to allow for a high degree of experimentation

within rapid development cycles, and

• it should support an efficient work organisation, allowing all developers to work inten-

sively on the prototype in parallel.

Figure 5 illustrates the initial architecture. The figure uses the notation introduced in the

architecture section and is drawn based on a “conceptual view”: The figure illustrates the con-

ceptual components – the major components as perceived by the developers – in the architec-

ture, and the data and control flow

between them.

The user-interface components

(UI) hold the basic user-interface

functionality. They are divided into

several components according to di-

visions found in the problem domain.

Between the Problem domain objects

(or just Domain objects) and the user-

interface components, the “Info

objects” are found. These act as an

interface between the Domain objects

and the user-interface components.

The Info objects are data structures

that “mirror” the data in the user in-

terface. Introducing this layer be-

tween the UI and the Domain objects

de-couples the direct dependence

between them. The Controller func-

tions and Model functions components shown in the middle also act as interfaces; the Con-

troller functions mediate between the user-interface components, the Info objects and the Busi-

ness functions, and the Model functions mediate between the Domain objects and the Info

objects. The business functions are the functions that are directly visible to the user; they im-

plement functionality in the problem domain.

Ideally the Info objects layer is used as follows: when a Business function is activated via

the UI (onEvent), the relevant content of the UI is mapped into the Info objects (getView). The

corresponding Domain objects may need to be updated (updateModel) and the relevant parts of

Figure 5. Initial architecture
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the Info objects are used in the Business function. After execution of the Business function the

Info objects are updated (presentModel) followed by an update of the UI (setView). An elabo-

rated discussion of this architecture can be found in [23].

The left and middle part of the architecture diagram shows the well-defined parts of the

architecture. Please recall that the user-interface and problem domain model units were con-

structed in the first cycle, and note that they remain elements in the new architecture (the user-

interface component is transferred directly, and the classes of the problem domain model are

instances in the ‘problem domain objects’ component).

The right part of the diagram, containing the business functions, is represented by the

“emerging structure” type. The intention is to express architectural uncertainty. Since the busi-

ness functions were unknown from the start, they could not be put in a well-defined box with

well-defined interfaces to the other components. We needed a space in the architecture where

we could experiment with the business functions in an unrestricted and flexible way. This

architectural uncertainty will be further discussed in the following section on flexibility.

A Stable Structure for Evolution. The desire for a stable structure, in which the prototype

can evolve, can be seen as a way of reducing the complexity of the system. By defining a de-

tailed structure within which the coding must be done, this complexity is reduced: E.g., defin-

ing the “communication protocol” between the user interface and the problem domain objects

via info objects gives a clear and simple way of doing this communication.

In this way, the architecture provides an overview of the quickly growing prototype and

constitutes a consensus about “how to do things”. Furthermore, it ensures a “uniformness” as

to how the functionality is implemented, and e.g. prevents developers pressured of time from

“quick-and-dirty” solutions, like implementing the functionality directly in the code for the

user interface.

Furthermore, the architecture serves as a vehicle for communication and explanation. This

was for example experienced when a new developer was introduced to the prototype late in the

experimental prototyping phase: as a result of the well-defined architecture, he obtained an

understanding of the relatively large prototype quite easily.

It should, however, be noted that the well-defined architecture illustrated in the diagram was

not achieved in full detail instantly after its definition. Although principal decisions about the

overall structure were made immediately, some smaller decisions were not made, that allowed

each developer room enough to find what he considered the best solution. As further under-

standing was achieved, these variations would be discussed and the developers would agree on

a shared solution. In this way as the prototype evolved, even some overall structural decisions

evolved.

Flexibility for Experimentation. Another criterion in the design of the architecture was

flexibility, as it should allow evolutionary development of and experimentation with all parts

of the prototype. This requirement is reflected in the large number of interfaces between the

components in the architecture. These interfaces provided independence between e.g. the user-

interface and the problem domain objects, that made it possible to experiment with each of

these components without affecting the other components.

When it comes to the business functions, it was impossible to define an independent com-

ponent that contained these, since the business functions were not well known. Furthermore,

since the business functions are bridging between the user interface and the problem domain

objects, they need to be able to access the user-interface (via the info objects) as well as the

domain objects. And from the starting point and until very late in the prototyping process, it is

not known exactly which part of the user-interface and which domain objects are involved.

Consequently, in order to allow for flexible experimentation with business functions, busi-

ness functions need to have easy access to all components: user-interface, controller functions,

info objects, model functions, and domain objects. The solution is an open architecture with



white-box components. Black-box components can not be introduced before the business func-

tions have been found and developed. To indicate that the architecture has room for flexible

experimentation with functionality, the business functions component is shown as an emerging

structure in the diagram. As explained above, the business functions were intentionally not

very structurally elaborated in the architecture in the prototyping phase. Instead the functions

emerged in the boundary of the controller functions in the event handlers of the user interface.

This structure was indeed very flexible but as will be described later, its use should be limited

to the prototyping phase.

Another issue that enabled experimentation was the fact that we did not have to spend much

time on handling storage in the prototyping phase. Making data persistent was an important

aspect to be dealt with even in early design and implementation of the prototype. The per-

sistence in the Mjølner system is orthogonal and transparent. This means that any object can be

stored and that given a persistent root all reachable objects will be made persistent trans-

parently. In this way, achieving persistence in the first versions of the prototype was straight-

forward. However, despite that, we did spend some time on storage: it was an explicit require-

ment in the first phase that the Dragon Project at some point should experiment with multi-user

functionality, and abstractions preparing for this were made at the beginning of phase one.

These abstrations, however, were not unproblematic. They were made prematurely, and in this

way, constrained the initial architecture unnecessarily.

Efficient work organisation. As mentioned previously, another important criteria for

designing the architecture was that is should facilitate an efficient work organisation. In our

context, it should support roughly the following work activities in phase one:

• creation of the user-interfaces by the cooperative designer,

• creation of programming interfaces (info objects and controller functions) to the user-

interface modules,

• programming of advanced graphical user-interface elements that could not be created

directly using the graphical user-interface builder,

• programming of functionality (business functions and model functions),

• programming of the problem domain model,

• programming of components simulating legacy systems.

These activities had to be performed concurrently in order not to slow down the develop-

ment. The architecture facilitated this. By making a strict and well-defined division of the user-

interface, the business functions, and the problem domain model, with interfaces, the depen-

dencies were reduced in a way such that problems were seldomly experienced. As an example,

the info objects interface prevented most changes in the user-interface from having an effect on

the domain objects and vice versa.

People had areas of responsibility according to major functional areas of the problem

domain. One developer was, for instance, responsible for the customer-related functionality,

another for the booking-related functionality and yet another for creating programming inter-

faces.

The user-interface was often used as a means of organising and/or coordinating activities

between the cooperative designer and the OO developers. The cooperative designer mostly

made the initial user-interface design in the graphical user-interface builder, and then in col-

laboration with the OO developers further elaborated it. Due to reverse engineering capabilities

of the graphical user-interface builder, it was possible for the cooperative designer to make

changes to the user-interface throughout the process, even after the generated code had been

changed by the other developers.

Finally, the problem domain model served as a constant common frame of reference be-

tween members of the development group and to some extent also between developers and



members of the business. It forms a separate entity of its own right in the prototype and it was

kept purely as a model of the problem domain isolated from implementation-specific classes.

Also, the model evolved and since diagrams were used for discussion purposes, the reverse

engineering capabilities of the CASE tool became important in the development process.

5. Phase Two: Evolutionary Development
We go beyond the discussion of architecture as a means of providing flexibility, stability,

and proper work assignments in the prototyping phase and discuss why and how the prototype

was used in the second phase of the project. In doing so, we will discuss the concrete archi-

tectural refactorings made, and the reasons for undertaking such restructurings.

5.1. The Transition to Evolutionary Development

After the first phase it was decided to extend the project for a year. This naturally changed

the scope and focus of development. Although the prototype should, preferably, be used for

continued experiments with business functionality, other areas of the system were to be ex-

plored and developed. These areas included multi-user functionality, database issues, and the

general identification and creation of “black-box” components and their topology. Thus, the

requirements of the architecture changed.

During the transition we evaluated whether the prototype, resulting from phase one, should

be transferred into the evolutionary development phase. We had several options, including: To

continue development of the prototype from the first phase; throw away the existing code, only

transferring functional requirements; or totally discard the results from the first phase. Given

that we were to use the same programming language and tools, that were used in the

prototyping phase; that the code and architecture produced generally was of reasonable quality;

and that the prototype had been well-received by the business, we decided to continue from the

results of the first phase. This was not without problems though.

The Problems. The initial architectures enabled us to focus on experimentation with

business functions. However, the prototype grew in size and complexity: From containing

some over 150 files with around 50,000 lines of code after the experimental prototyping phase,

the prototype evolved to contain over 300 files and around 100,000 lines of code at the end of

the Dragon Project. This growth introduced a number of problems that forced us to refactor the

prototype architecture. Two major classes of problems were:

The prototyping sessions and the reviews produced new requirements to the prototype that

“demanded” changes to the architecture, e.g. in order to be able to reuse code better,

Work within the existing architecture had shown annoyances, e.g., unclear separation of re-

sponsibilities and inconvenient dependencies between different parts of the prototype that

could be rectified with a new architecture.

An example of the first type of problem is that, in the initial architecture, it was difficult to

reuse business functionality. Until late in the first phase of the project, the required function-

ality was usually local to the corresponding part of the prototype: e.g., only the booking part

used the booking functionality. The problems became apparent, as a “compound” function was

needed that could perform a number of existing functions on a bulk of business objects. This

compound function did not bring about any changes to the problem domain model, but only

required reuse of a large part of the existing functionality located in different units. However,

the existing architecture did not provide the proper abstractions for the reuse (this actually

meant that the compound function initially, due to constraints of time, was implemented using

copy-n-paste reuse of the existing code).

An example of the second type of problem was that the turn-around time (edit/compile/run

cycles) in the initial architecture increased as the prototype grew bigger due to unpractical de-

pendencies between parts of the prototype: certain changes to the model, the controllers or the



business functions caused recompilation of large parts of the prototype. The main program

with the controllers and the business functions became a bottleneck, and as the prototype grew,

the recompilation time became a limiting factor in the rapid development process.

The most flexible part of the prototype – the emerging business function components – had

thus become problematic at this point. However, the identification of business functions en-

abled us to make clearer abstractions on the problem domain. In this way, the flexibility, in-

herent in the initial architectures, actually became a forcing as well as an enabling factor in the

change. In other words, the “white-box” components of the initial architecture allowed for a

high flexibility in the development process, but caused problems as the system grew. More-

over, the identification of business functions enabled the construction of “black-box” compo-

nents [20].

The exact timing of this architectural refactoring depended on a number of (social) factors:

in our specific set-

ting, the new scope

made it desirable to

have a new architec-

ture, and the “spare

time”, in between the

two phases, made it

practical to do the

restructuring at that

point in time. An-

other very important

fact was that it was

now possible to make

the actual changes

based on a greater

understanding of both

the problem domain

and the “solution

domain”. Of course, the economics played an important role too; it was expected that the re-

structuring would pay off in the long run.

The Problems Resolved. The experienced problems were solved with a new architecture,

depicted in figure 6.The major change was made in the role of the business functions. From fo-

cussing almost entirely on the business functions, the architectural focus changed so that is

now included the role of problem domain area components. More specifically, the goal was to

develop black-box components, corresponding to the major problem domain areas, and to look

into the division of work and responsibility between those components. In this way, it can be

said that initial architectural work in the evolutionary development phase focused on the com-

ponent topology.

Thus, the flexibility in the architecture at this point had to be mostly at the level of compo-

nent boundaries. This is illustrated in figure 6 by now using the Emerging structure at the

component level instead of at the Business functions level, because the architectural uncer-

tainty now is on the component level.

The flexibility allowed for concrete experiments with component topologies during the first

part of phase two, and led to a reasonable structuring of the software architecture.

As it turned out, this architectural refactoring did pay off in terms of faster turn-around time,

higher levels of abstraction, and the ability to identify “black-box” components. During a trip

to Asia, e.g., the power of this new architecture was experienced, as it was actually possible to

add major components to the system “on the fly”. In Singapore the system was modified ac-

Figure 6. New architecture
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cording to the discussions in prototyping sessions. To give an impression of the time frame: the

visit to Singapore took three days. On the first day the system was presented and discussed in a

number of sessions, with different representatives of the business and at different detail levels.

Based on these sessions a number of changes to the prototype were decided. The next day, two

developers made the changes in the prototype while the ethnographer and cooperative designer

continued their work with the business representatives. On the third day the new version of the

prototype was presented. This process was repeated in Malaysia. In this way two major com-

ponent objects were added: A “query overview” component object providing overview of data

related to major objects in the application domain and a “pending tray” component object sup-

porting many collaborative work processes within customer service in the company.

However, this architectural refactoring was not entirely unproblematic. The trade-offs to be

considered in such situations will be discussed in the next section.

5.2. Architectural Refactorings in Evolutionary Development

The success of the first architectural refactoring meant that explicit refactoring phases were

incorporated in the project plan after the first three hectic months of the project. In this way

each major review would also contain a review of architecture. Since the focus before a review

was mostly on getting the system to work according to the planned changes, and the length of

cycles was short (especially in the first phase of the project), we had to relax rules and conven-

tions in order to meet the deadlines, e.g., by employing copy-n-paste reuse of code. This could

then be rectified after a review; either by refactoring the architecture or refactoring code.

Please recall from section 2.1 that we distinguish between ‘refactoring’ and ‘architectural

refactoring’. In the Dragon Project refactorings could be done as a part of the ongoing develop-

ment: One person, typically the person who made some shortcuts in the code during the hectic

days before a review, did local refactorings. Architectural refactorings, that could be done

independently in isolated parts of the prototype, were delegated to all the developers and they

could do them when convenient.

The major architectural refactorings concerned the whole prototype, and hence development

could not go on as usual. This meant that the role of deciding if, when, and how an architec-

tural refactoring should be made had to be separated from ordinary development. Also, the

holder(s) of the architectural role had some time set aside for doing the restructuring without

doing ordinary development at the same time. In this way the major restructurings in reality

meant temporary interruptions of development. The restructuring usually took between a

couple of days and a week.

Not all changes were equally problematic. As the persistent store used provided for trans-

parent, orthogonal persistence it was a relatively straightforward process to retarget the data-

base component of the system.  This meant that after that transition a transparent, heteroge-

neous storage mechanism was available. In this way programming to relational databases and

persistent stores was possible at the same time. Also, initial identification of problem domain

components and their boundaries were relatively easy after the first phase because of the in-

creasing understanding of the major areas of business functionality during the first phase. Con-

ceptually the candidates for problem domain area components had gradually been formed

during the first phase. This architectural refactoring was, due to the use of a syntax directed

code editor with semantic browsing and abstract presentation possible within short time. The

abstract presentation provided overview and the fact that the editor was syntax directed made

syntactically valid transformations of implementation code possible. Semantic “adjustments”,

however, had to be done using the semantic browsing facilities of the editor. Furthermore the

transformation introduced a number of errors that called for renewed testing of the prototype.

The architectural refactorings were thus somewhat problematic seen in the context of rapid



system development: A tool for reverse and

forward engineering of the architecture or a

more direct incorporation of architectural

support in the tools used would be very

useful.

Several refactorings took place during

the evolutionary development phase mean-

ing that the architecture of the system as

delivered June 1998 can be depicted as in

figure 7. Components and their boundaries

have now stabilised in the sense that they

represent useful abstractions of the problem

and use domain. Notice that the Emergent

structure symbols have been substituted by

the well-defined architectural  component

symbols, because the architectural uncer-

tainty has been resolved.

6. Conclusions
Aspects of the changes in architecture that have occurred during the first two major phases

of the Dragon Project have been discussed. Figure 8 should convey two messages: Firstly,

architectural focus in an experimental prototyping phase should very much be placed on the

procurement of flexibility, stability and well-defined foundations for discovering functionality,

adding new user-interface screens, etc. Secondly, evolutionary development may either discard

or retain a successfully developed prototype. In either case, focus is much more placed on

architectural prototyping: discovering and experimenting with a proper component topology,

experimenting with legacy systems, distribution issues, etc. Still, both architectural and

functional insights, gained in an experimental prototyping phase, provide rich and important

input to the evolutionary development phase. Moreover, still being able to experiment with

user functionality is important for several reasons: Although a proof of concept, a first

prototype may not cover the whole scope of the final system in width; politically, organisations

may need a continually evolving prototype to ensure user buy-in, etc. Continued experiments

may also provide important

insights, that also have

architectural consequences.

Our project was characterised

by dealing with complex human

work practice, an unknown

problem domain, and the need for

rapid work, a context that we do

not believe to be unique for our

experience. Thus, we have

suggested an architectural

strategy - a set of architectures,

their context and evolution - that

supports experimental prototyping and evolutionary development in a context as ours. This

strategy focuses on stability and flexibility in design of a computer system. Stability must e.g.

provide for efficient parallel work in experimental prototyping and provide for efficient

prototyping of a final architecture during evolutionary development. Flexibility must e.g. pro-

vide for the experiments with business functions in experimental prototyping and for experi-

Figure 7. Architecture of June 1998
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ments with component topology during evolutionary development. The Emergent structure

symbol indicates where the experiments take place.

An inherent dilemma of experimental prototyping and evolutionary development lies in the

mixing of user involvement and software engineering. User involvement – and cooperative

design in particular – provides for efficient analysis and design of functions pertaining to a

problem domain. Object-orientation is then concerned with the implementation of emerging

ideas of future work practices. The dilemma lies in allowing for flexibility and experiments

with future work practice, while at the same time preserving the benefits of object-orientation

and traditional software engineering. We address just that: The reconciliation of experimental

development practice and software engineering practice goes through a strong focus on soft-

ware architecture throughout the entire development process.
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