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Abstract

This paper describes the system architecture develop-
ment process in an international ICT company, which is
building a comprehensive e-business system for its cus-
tomers. The implementation includes the integration of
data and legacy systems from independent business units
and the construction of a uniform web-based customer
interface. The research focuses on the creation of e-
business system architecture and observes that the archi-
tecture is not completely designed through rational deci-
sions and trade-offs. Instead, it emerges through some-
what non-deliberate actions obliged by the situation and
its constraints, conflicts, compromises, and political deci-
sions. The interview-based qualitative data is analyzed
using grounded theory and a general explanation model
for the creation of e-business system architecture is intro-
duced. The role of technical system architecture in e-
business systems development is clarified and e-business
specific requirements for development methods are listed
and compared to the support provided by UML and RUP.

1. Introduction

Robust system architecture is considered as one of the
key issues when building successful e-business systems
[e.g. 1]. The design of system architecture is usually seen
as a set of trade-offs between available resources (such as
available personnel and money) and operational require-
ments related to technical architecture, such as scalability,
capacity, response times, security, and availability [e.g. 3].
The software architecture research provides design tools
for architecture design, including, for instance, architec-
ture description languages [4, 5], common architectural
patterns [6] and styles [7], architectural trade-off methods
[8], component frameworks for business systems [9], and
technologies for e-business implementation [10]. In an
ideal world, the work of an architect would be to find out

the explicit requirements for architecture, select the best
possible design tools and implementation technologies,
make rational trade-offs concerning the requirements, and
produce the best realistic solution for the architecture with
the design tools and implementation technologies.

However, literature contains many examples of cases
where this kind of technical rationality has not been suffi-
cient for success in IS projects [11-13]. In directly systems
or software architecture related research, some researchers
have found that the work of an architect and the usage of
architecture include also more diverse connotations than
the technically oriented architecture research commonly
perceives. These include for example the diverse tasks of
an architect in an organization as observed by Grinter [14]
and varying uses and meanings of architecture in practice
[15, 16]. The message of these studies includes the facts
that an architect has a social and even a political role in an
organization and that different stakeholders relate different
meanings to architecture to fulfill their informational re-
quirements in the development process.

In this paper, we describe a process where e-business
system architecture is being created. By e-business, we
denote to a more comprehensive concept than e-
commerce. In addition to e-commerce systems serving
external customer transactions, e-business includes also
integration and streamlining of internal information sys-
tems to serve the new digitally enabled business processes
[17]. Laudon and Travers [18] define e-business only as
the digital enablement of transactions and processes within
a firm, but for the sake of simplicity, we understand e-
business here to cover both the transactions and processes
within a firm and the integrated external e-commerce sys-
tems as in [17]. This enables us to interpret the process in
the studied organization as the process of building an inte-
grated e-business system.

By systems architecture development, we mean a proc-
ess where early design decisions are realized into an archi-
tecture defining system’s composition from various view-
points [cf. 19] and overall plans regarding system’s
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implementation from individual conceptual and physical
components. Different stakeholders can relate their con-
cerns to the issues made concrete by the system architec-
ture and discuss their needs in concrete terms given by the
architecture. They can also make decisions concerning
system development strategies and policies using system
architecture as a common reference. This conception sees
system architecture not only as a technical artifact but also
as a phenomenon having strong organizational connota-
tions, as evidenced by [15, 20, 16].

We interviewed various stakeholders in an international
ICT company, which was building a comprehensive e-
business system for its customers. The company already
had several e-commerce systems in individual business
units. The e-business project included the integration of
data and legacy systems from independent business units
and the construction of a uniform web-based customer
interface hiding most of the differences between the busi-
ness units. We wished to find out what factors influenced
the creation of e-business system architecture: was it de-
signed purposefully by the involved architects through
rational decisions and trade-offs or did it emerge through
somewhat non-deliberate actions obliged by the situation
and its constraints, conflicts, compromises, and even po-
litical decisions. Our aim was also to clarify the role of
technical system architecture in the change required when
implementing e-business systems and to provide require-
ments for the development of methods for e-business sys-
tems development. We analyzed the qualitative data from
the interviews using grounded theory [21] as the research
method and concluded the analysis by stating the implica-
tions on e-business development methods in real-life situa-
tions.

The paper is organized as follows: in Chapter 2, we de-
scribe the research process and method used. Chapter 3
describes the situation the company is facing and the mo-
tives for the change and implementation of the e-business
system. In Chapter 4, we describe the situation and the
context of the development project aiming at e-business
implementation and continue with Chapter 5 to clarify the
consequences of the situation to the development. From
these observations, we derive a list of requirements for e-
business development methods, which will be presented in
Chapter 6. Finally, in Chapter 7 we end the paper with
conclusions.

2. Research process

The studied organization is a globally operating ICT
company having thousands of employees worldwide. Its
customers include both consumers and businesses for
which the organization provides various products and ser-
vices. Software is one of the key assets in the organiza-
tion’s service production. Historically, the organization
has had several independent business units targeted at di-

verging business sectors. In addition, the information
management of the organization has been distributed to
these business units and the functions of enterprise level
information management have included mainly the provi-
sion of network infrastructure, enterprise level accounting,
and basic office tools. Most of the operative information
systems have been implemented and operated by the busi-
ness units that have been quite independent in the deci-
sions concerning strategies for information management.
However, recent developments in markets and technology
have led the organization to set its strategies to a more
integrative direction. For this reason, the organization has
set an objective to provide an integrated e-business solu-
tion to both its consumer and business customers. This
will include both implementation of a uniform web-based
customer interface and sufficient integration between the
distributed operative back-end information systems, such
as customer management and billing systems.

In the study, we made 12 interviews during January and
February 2002 among the stakeholders of the ongoing e-
business system architecture design project. The inter-
viewees included five systems architects, three representa-
tives from the project management, two representatives
from information management, one requirements analyst,
and one vice president closely involved in the project. The
interviews lasted from 45 to 120 minutes and they were
completely transcribed. The interviews were based on a
theme list derived from the research questions. The em-
phasis of the themes varied according to the interviewee
and his/her role in the project. The themes were also
adapted during the process to the changing conceptions of
the researchers to enable theoretical sensitivity [21].

The qualitative data obtained from the interviews was
analyzed inductively using a grounded theory based ap-
proach [21, 22]. The analysis started with the open coding
phase where mentions from the interviews were searched
that could be interpreted as meaningful related to the re-
search questions. The found mentions were categorized
using a software tool ATLAS.ti. During the open coding
phase, altogether 187 categories were found, and the cate-
gories were assigned to several super categories or cate-
gory families, including for instance changes, conflicts,
consequences, experiences, problems, purposes, and solu-
tions emerging in the e-business system architecture de-
sign and implementation process. The axial coding phase,
which was made partly parallel with the open coding, con-
centrated on finding the relationships (e.g. causes, is asso-
ciated with, contradicts) between the categories. The axial
coding phase produced in total 200 relationships between
the categories.

Inductively, deriving from the data, we formed a gen-
eral explanation model based on the causalities found in
the e-business development process, which is shown in
Figure 1. The organization is facing market changes and
changing the organization according to the changing mar-
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Changing markets, The objectives for
changing the E-Business
organization systems development Consequences to Requlremgnts
E-Business »for E-Business
architecture development
Emerging development methods
Historical inertia conflicts and
problems

Figure 1. The explanation model

kets. The objectives for the e-business development
emerge from these changes and because the change is con-
tinuous and it brings all the time new requirements for the
e-business system, the objectives are quite fluctuating. In
addition, the history and legacy structures of the organiza-
tion cause conflicts and problems in the development
when combined with the need for change. These fluctuat-
ing objectives and emerging conflicts and problems bring
certain consequences to the e-business system architecture
development in the organization. The formation and de-
scription of this causal model can be considered as selec-
tive coding [22] and its instantiation in the studied organi-
zation is explained in detail in the next three Chapters.

3. Starting point: changing markets,
changing organization

There have been considerable changes in the ICT mar-
ket during the last years and the organization under study
has undergone a deep change. Few years ago, the strate-
gies emphasized growth and utilization of the possibilities
in the stock market. This enforced independent business
units inside the organization since the growth was easier to
handle through independency. Each of the business units
built independent e-commerce solutions and customer ex-
tranets, which resulted to a fragmentary set of e-commerce
solutions to customers. Each business unit had its own
Internet sites, sales and billing systems, and web-based
customer support, with diverging architectures and ap-
pearances.

When the beliefs in markets on the possibilities of ICT
sector’s continuing growth diminished, the organization
had to change its strategies from growth to profitability
and from stock market to customer orientation. This in-
cluded both aims to reduce costs and concentration on the
integration of the customership to enable evaluation of
costs and profits associated with products and customer
groups. With independent business units, there was no
authority in the organization, which would see a customer
as a whole. Instead, each business unit kept track of the
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customers only in the context of its independent business.
It was recognized that for the enterprise to see and evalu-
ate a customer as a whole, a profound change to the way
of building information systems was needed. This would
include building of an integrated e-business solution in-
stead of separate e-commerce systems. This change would
also require changes in business practices and organization
— the organization should operate in a more integrated
fashion and the barriers between independent units should
be lowered.

The organization began to see technical e-business sys-
tem architecture as an enabling technology for the change.
The IS organizations in independent business units were
obliged to cooperate and enforce commitment to the inte-
gration of information systems. This also emphasized the
role of central information management, which had been
in a minor role this far. Its tasks had included mostly
maintaining the common infrastructure, including corpo-
rate networks, electronic mail, office tools, and enterprise-
level accounting. Now its roles would include the en-
forcement of information systems integration and enabling
technically the unification of the sales channels and cus-
tomer management for the planned e-business solution. At
this point, the organization decided to establish a working
group of systems architects from various parts of the or-
ganization. The objective of the group became to design
the e-business system architecture supporting the needed
integration. In the following chapter, we shall describe the
context and the forces under which this group of architects
are developing and designing the architecture.

4. Development context:
conflicts, problems and varying purposes

The context for e-business system architecture devel-
opment included many issues, which the working group
for system architecture development had to face and be
aware of. These included:
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e Market changes and their effects on the organization
and on the objectives of the e-business (as described
above).

e The historical inertia caused by the independency of the
businesses and their independent information manage-
ment policies, architectures, and legacy systems.

e Fluctuating requirements and objectives for the e-
business development caused by changing markets,
changing organization, and different conceptions in in-
dependent business units.

e Emerging conflicts and problems arising from the mar-
ket and organization changes, historical inertia, and
moving objectives.

In the following sections, we will clarify these issues
and forces affected on the work of the architecture devel-
opment group.

4.1. Historical inertia

The organization’s history with independent businesses
and their diverging functions and objectives had both psy-
chological and technical consequences causing slow pro-
gress and conflicts in the integrated e-business develop-
ment. Each of the business units had varying legacy
systems with different information structures, technical
architectures, and operating principles. It was not possible
in practice to replace the operative legacy systems with a
uniform solution at once. Some of the systems had been
under construction and renovation for more than ten years
and they formed the very basis for processes in the busi-
ness units. This far, the development efforts had mostly
focused on the systems of individual businesses and there-
fore their areas have overlapped and even included com-
petitive goals from the viewpoint of the whole enterprise.

The historical inertia had effects also on the organiza-
tion responsible for information management and informa-
tion systems. Because of the independence, the organiza-
tion had no clear role of central information management
that could take responsibility of the e-business system ar-
chitecture development. The role of the enterprise level
information management had been a minor one, whereas
the roles of individual information managements in busi-
ness units had historically been more central in the devel-
opment of systems. The transition to an integrated e-
business system requires a central authority that can take
the responsibility and such organization was in the initial
state missing. Many of the conflicts and problems de-
scribed later arose from this situation.

4.2. The observed objectives for the e-business
system

The fluctuating objectives, meanings, and requirements
for the e-business system architecture created another

source of conflicts and problems. In a large organization
with a high degree of independency, the conceptions
among different business units and individuals about the
purposes of an e-business solution vary considerably.
Among the interviewees, we identified a large set of dif-
ferent purposes for the e-business system, which were then
classified in five distinct classes:

o Creation of a unified electronic customer interface.
This included an objective to make the company appear
uniformly regardless of the business area in question.
Technically, this would require at least the creation of a
uniform web site with a single sign-on procedure for
the users and the integration of existing customer ex-
tranets to the unified interface. More general objectives
related to this class included the opening of a new
channel for customers and the clarification of the rela-
tionships between the company and its customers.

e Reduction of costs. Some of the interviewees were op-
timistic on reducing the IT costs through the integrated
e-business system under construction. This conception
was based on the application of customer self-service
and on the reduction in the number of customer-
oriented information systems. The system would reduce
the amount of needed direct customer support through a
planned self-service functionality and the number of
systems related to customers would diminish because
of the integration of customer information.

o [ntegration of information systems. In addition to the
integration of customer information, the project was
also seen as a means to implement more general enter-
prise integration solution, including the integration of
product, contract, and sales information. This would
also mean the rationalization of used technology and
the rationalization of systems development processes in
the organization.

e Gaining business advantage. The integration involved
in the project was seen also as a rationalization of the
business. The uniform and understandable customer in-
terface with a faster and more comprehensive customer
service than before would bring competitive advantage
to the organization over its competitors who do not cur-
rently have such a uniform customer interface.

o [mplementing an organization change. Surprisingly
many interviewees saw this project also as a means to
implement and enforce a new organization structure.
Through the project and the integration it implements,
the organization would get some of its concrete features
and also the technical people participating in the project
would become more committed to the organization
change.

This list of observed purposes for the e-business system
looks quite comprehensive and ambitious. Different inter-
viewees emphasized the purposes differently and many
saw that the only realistic objective was to implement a
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single sign-on procedure with a minimal level of customer
information integration. The list anyhow shows the com-
plicated and conflicting nature of objectives for the e-
business system when it is developed for a large enter-
prise.

4.3. Emerging conflicts and problems

Changes in markets and organization, the history of the
organization, and the complicated objectives for the e-
business system put the architecture development group in
a situation where a number of conflicts and problems
emerged. The architecture development group and its
members were obliged to respond to the emerging con-
flicts and problems by some means and these responses
shaped the development process to a quite deterministic
direction where the role of deliberate design mitigated. In
open coding, we identified in total 48 categories of con-
flicts and problems, of which we present here in a con-
densed and combined format those that appeared most
essential in our analysis:

e Varying requirements and unclear objectives. As de-
scribed above, the purposes of the system were mani-
fold and complicated and the requirements varied ac-
cording to the business needs in the business units. The
architects held this unclarity of objectives and require-
ments as the biggest obstacle for the development.
Those in the managerial level recognized the problem
as well, but explained it as unavoidable in the situation
and expected that the first prototypes of the system will
bring more clarity to the objectives. This resembles the
chicken-egg problem: architects must know well the
objectives to design the system architecture, but the ob-
jectives are further clarified only after the first version
of the architecture is built.

e Unclear project organization and organizational re-
sponsibilities. The transition to the integrated e-
business necessitates an organizational change away
from the independent units to a more integrated organi-
zation and business practices. This caused fuzziness
within the project too. Especially the architects had
trouble in discerning the project organization and the
changing organizational responsibilities related to it.

e Problems in the cooperation between technical and
business people. Architects expected the business re-
sponsibles to explicate clear requirements and objec-
tives for the system and its architecture. However, they
also considered the task impossible, because they
thought that the business responsibles do not possess
enough understanding about the possibilities of current
technology. They felt that this leads to unrealistic ob-
jectives, which were manifested especially when con-
sidering the possibilities of legacy systems integration.
Those with business background had more optimistic

views on the possibilities for the integration of legacy
systems than architects had.

o Getting and preserving commitment. To get and pre-
serve commitment to the project formed one of the
drivers for the development. The historically independ-
ent business units needed observable benefits to stay
committed to the effort and the project management
recognized the need for quick and visible results. As
mentioned above, the requirements and objectives in-
cluded much variation between the business units and
this led to certain suspicion between the business units
concerning the architectural decisions. In order to pre-
serve their commitment to the effort, the architects
from the business units were also supervising the inter-
ests of their businesses in the development process.

e Conflict avoidance and problems in decision-making.
Again, because of the history of independency, a cen-
tral authority that could take care of the architectural
decisions for the integrated e-business solution was
missing. This led to the avoidance of conflicts and en-
forced the tendency towards compromises. A fre-
quently occurring phrase among the architects included
the term “lowest common denominator”, which was
usually noting to the compromised solution with a sin-
gle sign-on procedure and a minimal level of customer
information integration.

e Conflict between schedule and expectations. The or-
ganization’s internal reporting was tied to the quarters
of the year. To preserve commitment and funding, the
project had to show visible and beneficial results after
each quarter. This leads easily to quick-and-dirty and
architecturally unsound solutions that may fail to meet
the expectations.

e Role of central information management and missing
working practices. The independency of businesses and
the minor role of central information management had
implications on the working practices. The architectural
and development practices of the business units con-
tained considerable differences implying that also
common working practices needed to be established for
the development process of the e-business system.

o Difficulties in creating common understanding about
the architecture. Since the business units have had their
own histories and produced their own legacy systems
and information architectures, the interpretations on the
situation and objectives diverged. This, combined with
changing organization, unclear objectives, and missing
common working practices, created difficulties in un-
derstanding and transferring architectural knowledge
between the participants from different business units.

o [ntegration level determination. The ownership of the
information becomes an issue even in the most modest
single sign-on e-business solution serving the whole
organization. The question becomes “who owns the
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customer information?”” and relates to determining the
integration level to the currently independent back-end
legacy systems. The more ambitious integration, the
more out-of-control the customer information (and pos-
sibly other information too) shifts from the business
units. This was another source of mistrust from the
point of view of individual business units.

o Implementation of integration. In addition to determin-
ing the integration level, the actual implementation of
integration may prove problematic. Since the diverging
legacy systems could not be replaced, they all had to be
interfaced. According to one interviewee, this meant a
change from web surfing to transaction-based e-
business, which may bring issues with e.g. security and
undeniability of transactions.

Of these conflicts and problems occurring when creat-
ing e-business system architecture, only the last one was
mainly a technical problem. The others were more related
to the change in organization and practices that happen
when developing an e-business system in a large organiza-
tion with independent businesses. In the following, we
shall look closer on what consequences these conflicts and
problems caused for the architecture design and develop-
ment process.

5. Consequences: limited designs and mini-
mal solutions

The abovementioned conflicts and problems led to
some unfavorable consequences. While it was of para-
mount importance for the company to be able to stream-
line its systems and develop a more coherent architecture
enabling the creation of an e-business system, the realities
of legacy systems and the organization led to situation
where it was best to seek satisfying, even minimal, solu-
tions instead of optimal ones.

Even if architectures are seen more as general blue-
prints or roadmaps, evolutionary prototyping was consid-
ered the only possibility in the system architecture devel-
opment. Because the schedule was tight, the objectives and
requirements unclear and changing, and because the busi-
ness units were rather independent, it was hard to achieve
common understanding and commitment. Therefore, evo-
lutionary prototyping was seen almost as the only possible
principle for the development. With prototyping, it would
be possible to clarify objectives and commit stakeholders
by showing them visible results from which they can bene-
fit. This could however lead to new problems: combined
with the quarter-based reporting system in the organiza-
tion, evolutionary prototyping easily produces quick-and-
dirty and ad hoc solutions. We could classify the inter-
viewees to those with positive attitudes towards prototyp-
ing and to those with negative or doubtful attitudes. In
general, the project management believed positively that

“somehow” the prototypes would transform to the final e-
business solution, whereas technical architects presented
more doubts and wanted to have explicit requirements and
objective statements before committing to certain architec-
tural solutions.

In addition to inevitable evolutionary prototyping, we
found a strong tendency towards minimal instead of opti-
mal solutions. The history of independency between the
business units created trouble in determining the level of
integration, e.g. what parts of customer information and
functionality related to customers (and other information
too) are common and what parts belong within the control
of the business units. In addition, the independency with a
desire to avoid conflicts in the decisions concerning the
system architecture may lead to a solution containing
nothing more than the functionality that is absolutely nec-
essary and agreeable to all parties. Almost all interviewees
named the single sign-on functionality with a minimal
level of customer information integration as such a mini-
mal solution, and many interviewees stated that this would
probably form the main result of the project. This kind of a
solution, however, meets only a small portion of the objec-
tives named for the project.

Not only the results but also the designs may become
severely limited. The market and organization changes
combined with the history of independent businesses have
created many constraints and obstacles to the system ar-
chitecture design. Existing legacy systems, the evolution-
ary approach, varying requirements, unclear objectives,
difficulties in creating common understanding, and prob-
lems in decision making create a complex situation where
rational system architecture design, as it is conceived in
the literature, has no possibilities for immediate success.
The degrees of freedom of design become limited: the
system and its architecture cannot be designed as a whole,
but rather one need to accept the conditions and limitations
caused by factors above and to keep the day to day opera-
tions running while the new systems are continuously cre-
ated through evolution.

The situation builds also organizational consequences.
We found clear hints of low-level networking and forma-
tion of shadow organizations as the result of unclear pro-
ject organization and problems of decision-making and
objective setting. As the organization and responsibilities
change, new and perhaps inexperienced persons come into
crucial official positions related to the e-business system
development. At the same time, the experienced architects
and other key persons continued to stay in contact with
each other. This unofficial shadow organization balanced
the mismatch in skills and experience that might otherwise
seriously impede the development.

The final consequence from all the above becomes that
in fact, the e-business system architecture becomes emer-
gent: it is created gradually through compromises, con-
straints, and conflicts. The exact objectives and responsi-
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bilities will be resolved as the architecture emerges
through evolutionary prototyping. Compared to the con-
ventional view on architecture design [23, 24], most of the
claimed benefits of rigorous architecture development
seem to be lost. There is no “grand plan” since the work is
proceeding in a day-to-day basis and the well defined re-
sponses and interfaces between systems do not necessarily
emerge in a rationally planned way, but rather most dupli-
cate functions are kept and there is agreement only on a
few items that become the “architecture”.

6. Derived requirements for e-business
systems development methods

From abovementioned observations and explanations,
we can derive a set of requirements that an e-business sys-
tems development method should meet. Based on this
study, we can claim that the method requirements men-
tioned below will occur when aiming at e-business integra-
tion in an organization with several business areas. How-
ever, the situation in particular organizations will vary and
therefore the emphasis and priorities between these re-
quirements will vary too.

In the following, we shall extract from the case the gen-
eral requirements for e-business development methods.
We found thirteen general requirements that were specific
to e-business development. The requirements are first de-
scribed in text and a link (R1-R13) will be made to Table 1
that summarizes the requirements as a list.

The first requirement comes from the overall conclu-
sion of the case. The transition from heterogencous E-
commerce to integrated e-business is not only technically
challenging: it is more a profound change to the organiza-
tion. In fact, the primary challenge is in the change of the
organization, not in the implementation of the technology.
Therefore, e-business systems development methods
should support also the description of organizational
change (R1).

In this change of organization and implementation of
technology, the role of central information management or
some kind of central authority in the organization is cru-
cial. The central authority should take care of the multi-
tude of conflicts occurring when aiming at integration and
coordinate the creation of objectives for the system. An e-
business development method should enable the creation
of a common vision (R2), which is then enforced by the
central authority.

An integrated e-business system architecture necessi-
tates the integration of information systems in the organi-
zation and the rationalization of technology and develop-
ment processes. Existing legacy systems will be integrated
to the e-business functionality. This requires the selection
of an integrative technology and the construction of devel-
opment processes supporting the implementation of the
integration. Because the integration is the basis and char-

acteristic to e-business development, the development
method should have specialized and usable techniques for
describing information systems integration (R3).

The chicken-egg problem between objectives and archi-
tecture becomes problematic in e-business development.
To design robust system architecture, one must have clear
objectives, and to select realistic objectives, one must un-
derstand the possibilities of the system architecture. To
overcome this problem, it is necessary to have a close co-
operation between technical architects and business re-
sponsibles. This, however, induces a language problem.
These groups do not have a common language and their
world of experience does not have a large overlap. To
overcome the language problem, we need architecture
description languages that business responsibles under-
stand (R4) and business descriptions that are explicit
enough for technical people (R5). This enables realistic
views on the possibilities to implement e-business sys-
tems.

Evolution with modest but growing objectives may be
the only way to develop integrated e-business systems. To
foster commitment, some immediate benefits should be
shown with the prototypes for each stakeholder. However,
at the same time, the path to robust system architecture
should also be secured and enough time and resources
must be given to technical architects. This very difficult
and complex trade-off must be made in every e-business
project (R6).

The implementation of e-business integration deals not
only with technical issues but also with difficult political
ones. An organization shifting to integrated e-business
must resolve issues concerning the internal ownership of
information related for instance to customers, sales, con-
tracts, and products. The ownership and responsibilities
related to information must be decided and described dur-
ing the development process. The development methods
should include means for such descriptions (R7).

The technical requirements of e-business development
methods do not differ much from those of methods for
traditional transaction-based information systems. E-
business system development includes methodical re-
quirements concerning e.g. distribution, error recovery,
and networking, but those requirements can be met with-
out a special “e-business support”. A standard way to de-
scribe such technical solutions is of course required (RS).

The key issue in the development of e-business systems
is the keeping of the day-to-day operations running and at
the same time implementing the integration between exist-
ing legacy systems and the new e-business functionality.
This means that the nature of development is in many
cases more analogous to a maintenance project than to a
green-field development project. Current systems devel-
opment methods and models of thought are mostly aimed
at designing new systems instead of changing existing
ones. This problem is already recognized before the advent
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of e-business [e.g. 25], but it becomes more critical in the
e-business development. From this we can derive a re-
quirement that the development method for e-business
systems should support evolutionary approaches to
architectures and systems (R9).

Identifying and agreeing about objectives became the
most difficult problem in this case. When an organization
wants to integrate its otherwise independent businesses

into a unified e-business solution, the problems become
probably quite similar. To become valuable in practice, e-
business development methods should support not only the
formation and recording of objectives but also measuring
of success related to objectives to enable successful devel-
opment (R10).

The problems of objectives and integration culminate
on system architecture design because the designs and

Table 1. Summary of the requirements for e-business development methods

Requirement

Rationale

Support in UML and RUP

R1

Support for the description of organ-
izational change

e-business involves deep changes to
organization

Poor; some thoughts of “organi-
zation engineering” in RUP’s
Business Architecture

R2

Support for the description of a com-
mon vision

Resolve conflicts, build objectives

Poor; no common language for
all stakeholders

R3

Specialized techniques for describing
the information systems integration

IS integration is characteristic to e-
business development

Poor; no specialized technique
for the description of integration

R4

Architectural description languages
that business responsibles understand

To enable realistic objective selection,
business responsibles must have some
understanding on architecture

Poor; the descriptions necessi-
tate too much technical skills
and knowledge

RS

Business descriptions that are explicit
enough for technical people

To understand the objectives, techni-
cal people must have understanding
on business

Poor; no description techniques
showing overall aggregate view

R6

Both prototyping and careful architec-
ture design needed

Gain commitment and resolve objec-
tives through prototyping, aim at ro-
bust architecture

Mediocre; iterative basis in
RUP, but its implementation is
difficult in practice [2]

R7

Method should contain descriptions
for organizational responsibilities and
ownership of information

The ownership of information be-
comes an issue when aiming at e-
business integration

Poor; only general thoughts

R8

Technical issues (like distribution,
error recovery, and networking) must
be described in a standard way.

These issues will occur as in all mod-
ern systems development

Good; this is what UML and
RUP are for

R9

The development method should sup-
port evolutionary approaches to archi-
tectures and systems.

The change and maintenance of exist-
ing systems forms a major part of the
e-business systems development

Poor; UML and RUP are mainly
targeted at the development of
new systems

R10

e-business development methods
should support the formation and re-
cording of objectives and measuring of
success related to objectives

Identifying and agreeing about objec-
tives is one of the most difficult issues
in e-business development

Poor; the objectives are mostly
supposed to be given to the de-
velopment project

R11

The methods should take the devel-
opment to a very concrete level (both
politically and technically) soon after
the project initiation

The more architecture becomes con-
crete, the more stakeholders become
aware of the consequences, conflicts,
and problems

Good (technically), none (politi-
cally)

R12

The architecture designs and descrip-
tions (and their implications) should
be approachable and intelligible by the
various stakeholders participating the
process

To enable wide understanding to the
consequences of architectural selec-
tions (cf. R4).

Poor; no relevant description
technique besides Use Case dia-
grams

R13

The development process should sup-
port organizationally both effective
control structures and flexibility

Strong authority is needed to handle
the conflicts and unofficial structures
for creative solutions

Poor; development organization
“design” in a general level
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prototypes related to system architecture become the first
concrete artifacts in the development showing concrete
implications to businesses and to the information man-
agement. In the process before system architecture design,
the plans and designs have been on the “PowerPoint pres-
entation” level, showing ambiguous and general roadmaps
and noble objectives. The more concrete the architecture
becomes, the more various stakeholders become aware of
the consequences, conflicts, and problems they will be
facing. This leads to two distinct requirements for the de-
velopment methods: the methods should take the devel-
opment to a very concrete level (both politically and tech-
nically) very soon after the project initiation (R11) and the
architecture designs and descriptions (and their implica-
tions) should be approachable and intelligible by the vari-
ous stakeholders participating the process (R12).

The requirements concerning an e-business develop-
ment organization are quite conflicting. On the one hand,
the development requires a strong authority that can con-
trol the process through conflicts, and on the other hand,
forming of unofficial and shadow organization (peer-level
networking) should be fostered to allow creative solutions
and frictionless cooperation between businesses (R13).
This requirement is, however, not a new one when devel-
oping organizations [c.f. 26].

Table 1 summarizes these derived requirements for e-
business development methods. The last column in the
table (“Support in UML and RUP”) analyzes how Unified
Modeling Language [27] and the Unified Process [28, 29]
support the e-business specific characteristics of the de-
velopment process. This is important, because UML and
RUP together form the current methodological basis for
many software organizations. The column shows that the
support is generally poor. The e-business specific require-
ments are not met by UML and RUP — only the standard
technical issues are well covered. This conclusion calls for
method development supporting better these e-business
specific requirements.

7. Conclusions

We have described a process where a large ICT com-
pany is developing system architecture for a comprehen-
sive e-business system. The external situation, changing
markets, caused motivation to build an integrated e-
business system, but left the objectives of the system un-
clear. The history of the organization combined with
changes in markets and organization, and unclear objec-
tives, created a large set of conflicts and problems that the
architecture development group had to face. These led to
several consequences: evolutionary prototyping was con-
sidered as the only possible principle for the development,
minimal instead of optimal solutions predominated, and
the possibilities of design became limited. In other words,

e-business system architecture became emergent. The ex-
act objectives and responsibilities will be resolved as the
architecture emerges through evolutionary prototyping.

From the case, we extracted 13 general requirements
for methods supporting integrated e-business systems de-
velopment. We also compared the requirements to the
support that UML and RUP offers and concluded that the
e-business specific requirements are not met in UML and
RUP. Successful e-business development requires alterna-
tive approaches that support better organization change,
communication between stakeholders, systems integration,
objective formation, and evolutionary development.

In our study, system architecture manifested itself as a
catalyst that makes business and organizational conflicts
and problems concrete. When making decisions about
architecture, the systems architects had to consider the
organizational situation in the company. The architects
also realized that technical rationality is not enough for
success in this kind of a situation. To succeed in e-
business architecture development, one has to be aware of
the political and organizational forces that are driving the
development and its objectives. E-business architecture
development can therefore be characterized as a process of
seeking boundaries, finding consensus, and identifying
commonalities across organizational borders. Most previ-
ous literature on architectural methods has neglected this
and sought to develop description languages for describing
the actual architectures for systems with clear problem
statements, whereas we claim that it would be more im-
portant to seek tools that aid in building common under-
standing about the system and its architecture and tools for
resolving the emerging conflicts. Thus, we maintain that
the field of architecture for e-business would benefit more
from methodology and tools that help to identify and proc-
ess the emerging conflicts than tools that aid in developing
a technically “perfect” and optimized solution.

In the future, the research should provide tools and
methods that are more appropriate for e-business systems
development and take seriously the requirements listed
here. Our objective is to follow this studied process of e-
business system development also longitudinally to
achieve a full picture of an e-business implementation
process. Through these experiences, we wish to formulate
a full model of the forces affecting on e-business imple-
mentation and to provide a full list of requirements for
successful and in practice usable e-business development
methods.
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