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ABSTRACT

This article describes the architecture development process in an international ICT company, which is
building a comprehensive e-business system for its customers. The implementation includes the integration
of data and legacy systems from independent business units and the construction of a uniform Web-based
customer interface. We followed the early process of architecture analysis and definition over a year. The
research focuses on the creation of e-business architecture and observes that instead of guided by a pre-
scribed method, the architecture emerges through somewhat non-deliberate actions obliged by the situation
and its constraints, conflicts, compromises, and political decisions. The interview-based qualitative data is
analyzed using grounded theory and a coherent story explaining the situation and its forces is extracted.
Conclusions are drawn from the observations and possibilities and weaknesses of the support that UML
and RUP provide for the process are pointed out.
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INTRODUCTION research provides design tools for technical

architecture design, including, for instance, ar-
chitecture description languages (Dashofy, Van
derHoek, & Taylor, 2005; Medvidovic & Taylor,
2000), common architectural patterns and styles

Robust technical architecture is considered
one of the key issues when building successful
e-business systems. The design of technical
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. The software architecture

(Monroe, Kompanek, Melton, & Garlan, 1997),
architectural trade-off methods (Kazman, Klein,
& Clements, 2000), architectural frameworks
(Leist & Zellner, 2006), and technologies for
e-business implementation (Bichler, Segev,
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& Zhao, 1998). In an ideal world, the work
of an architect would be to find the explicit
requirements for architecture, and select the
best possible design tools and technologies to
implement the architecture. Furthermore, the
architecture development team would make
rational trade-offs concerning the requirements,
and produce the best realistic solution for the
architecture with the selected design tools and
implementation technologies.

However, the literature contains many ex-
amples of cases where technical rationality has
not been sufficient for the success in IS projects
(e.g. Sauer, Southon, & Dampney, 1997). Ar-
chitecture researchers have found that the work
of'an architect and the usage of architecture are
bound by more diverse organizational issues and
limitations that the classical technical software
architecture research ignores. These include
for example the diverse role of an architect in
an organization observed by Grinter (1999)
and varying uses and meanings of architecture
in practice (Smolander & Péivérinta, 2002a).
The main message of these studies is that an
architect has a social, and even political, role
in an organization and that different stakehold-
ers relate different meanings to architecture to
fulfill their informational requirements in the
development process. This phenomenon has
remarkable similarities to information systems
developmentin general. As pointed outby Klein
& Hirscheim, the implicit assumption of ratio-
nality of the development processes hides the
legitimating of the goals and differing political
agendas of various stakeholders (Hirschheim
& Klein, 1989).

To understand the issues involved in ar-
chitecture development, we observed a project
that was developing e-business architecture in
an international ICT company. We interviewed
various stakeholders to gain a deep insight into
the process. The company already had several
e-commerce systems in individual business
units, but it needed a more uniform customer
interface for its various systems. The e-busi-
ness project included the integration of data
and legacy systems from these units and the
construction of a uniform Web-based customer

interface hiding the differences of the business
units. Our goal was to find ways for supporting
architecture development by means of methods
and description languages, such as UML. We
were aware of efforts of supporting architec-
ture design with UML (e.g., Conallen, 1999;
Garlan & Kompanek, 2000; Hofmeister, Nord,
& Soni, 1999b; Object Management Group,
1999, 2006), but these efforts were mostly
targeted to technical software design and we
did not know how well these would support a
large socio-technical or organizational project,
such as enterprise or e-business architecture
development. Therefore we decided to observe
a real world project and concentrate on the
requirements that e-business architecture devel-
opment in its complex organizational context
state on description languages and develop-
ment methods. Next, we decided to compare
the observed requirements to the support that
UML and RUP offer, because they, together,
form the current methodological basis formany
systems development organizations. UML is
the de-facto standard language in software
and systems development and RUP (Jacob-
son, Booch, & Rumbaugh, 1999) is a widely
known process model that claims to improve
development process maturity (Kuntzmann &
Kruchten, 2003). We believed that this kind of
knowledge would benefit both practitioners in
process improvement and developers of UML
extensions.

Another interest was to find out what factors
influenced the creation of e-business architec-
ture: was it designed purposefully by software
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
political decisions? This is a very important
issue, as unlike software architecture, e-busi-
ness architecture is very tightly coupled with
the business models of the company and thus
the architecture has a far more direct impact on
business than for example low-level system ar-
chitecture. Furthermore, if the business models
are notsupported by the e-business architecture,
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then the business strategy will not work (Ross,
Weill, & Robertson, 2006).

We used open interviews of various ac-
tors in the projects to gather the necessary
information about the project. We analyzed
the qualitative data from the interviews using
grounded theory (Glaser & Strauss, 1967) as
the research method and concluded the analysis
by categorizing the issues that had emerged
using the taxonomy of Lyytinen (1987). Thus,
we classified the issues as belonging into
technical, language and organizational context.
From this classification of issues, we extracted
requirements for development methods when
developing integrated e-business solutions and
compared these requirements to the support that
the combination of UML and RUP provides.

We observed that most of the problems
encountered had very little to do with descrip-
tions of the architecture per se. Rather what was
problematic were the issues that architecture
development exposed about the underlying
organization. This is an important finding, as
most of the research into architecture has been
abouteffective description languages and design
processes and there is a void of research about
the organizational consequences of architecture
development.

Thearticleis organized as follows: we start
by explaining in more detail what is meant by
architecture in this article (section 2). In sec-
tion 3, we describe the research process and
method used. section 4 describes the situation
the company is facing and the motives for the
change and implementation of the e-business
system. In section 5, we describe the situation
and the context of the development project
aiming at e-business implementation and the
consequences of the situation for the progress
ofthe development project. From the observed
issues faced by the development project we draw
conclusions and extract the requirements for
development methods in e-business architecture
development and compare the requirements to
support that the combination of UML and RUP
provides (section 6). We point out areas where
current research is not supporting the needs of

the practice of general and particularly e-busi-
ness architecture development.

ARCHITECTURE IN SYSTEMS
DEVELOPMENT

In this study, we describe a process where com-
prehensive e-business architecture is being cre-
ated. In addition to e-commerce systems serving
external customer transactions, e-business
includes both the integration ofand streamlining
ofinternal information systems to serve the new
digitally enabled business processes (Kalakota
& Robinson, 2001) and the unified customer
interface (Ross et al., 2006). 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
systems as in (Kalakota & Robinson, 2001).
This enables us to interpret the process in the
studied organization as the process of building
anintegrated e-business architecture. Ross etal.
(2006) stress the architecture as the necessary
foundation for execution of comprehensive,
across the functions operating, e-business.

Conventionally, architecture is understood
as a high-level logical abstraction of the system
defining the main components of the system and
theirrelationships. The term architecture is also
used both in the context of an individual system
and in the context of systems integration. The
software architecture typically concentrates on
the architecture of a single software system,
whereas the terms information systems (IS)
architecture and enterprise architecture (Kim &
Everest, 1994; Ross etal., 2006; Sowa & Zach-
man, 1992) refer to the overall architecture of
all information systems in an organization.

In practice, however, the borderline be-
tween a single system and a set of systems is
difficult to determine. Practically no system
today is isolated from other systems, and the
relationship of a system to its environment
may be architecturally more important than
the inner structure of the system, especially
when developing e-business systems. Usually,
systems rely on acommon technical infrastruc-
ture, (including networks, processing services,
operation services, etc.) which is common for
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all the systems in an organization. Organiza-
tionally, architecture design is a co-operative
effort involving many roles in the development
environment. These roles include the role of an
architect who is specifically associated with
the task of architecture design. An architect
needs contribution and commitment from many
individuals, teams, and parts of organization to
succeed in the effort (Grinter, 1999).

By architecture development, we mean a
process where early design decisions are real-
ized into an architecture defining that defines
system’s composition from various viewpoints.
Architecture also contains the blueprints for
system’s implementation from conceptual and
physical components. This process forms a set
of documents which different stakeholders can
use to relate their concerns to the issues made
concrete by the architecture and discuss their
needs in the terms defined by the common
architecture. They can also make decisions
concerning system development strategies and
policies using architecture as a common refer-
ence. This conception sees architecture not only
as a technical artifact but also as a boundary
object (Star & Griesemer, 1989) having strong
organizational connotations.

The conventional role of architecture is to
serve as an enabler for further design and imple-
mentation (Hofmeister, Nord, & Soni, 1999a;
Shaw & Garlan, 1996). Obviously, sound and
well-designed technical architecture makes the
detailed design and implementation of a system
casier and less risky than it would be without
such architecture. Architecture defines, for
example, the modules or components which the
system is composed of, and therefore it focuses
and constrains the solution space of individual
designers that develop individual components.
Thistechnical view ofarchitecture has produced
also studies related to UML. In the end of last
decade, possibilities and weaknesses of UML
as an architecture description language, and its
complexity ( Siau & Cao, 2001; Siau, Erick-
son, & Lee, 2005) were widely evaluated and
enhancements were proposed (Conallen, 1999;
D’Souza & Wills, 1998; Egyed & Medvidovic,
1999; Garlan & Kompanek, 2000; Hofmeister et

al., 1999b; Medvidovic, Egyed, & Rosenblum,
1999; Rumpe, Schoenmakers, Radermacher,
& Schiirr, 1999). The recent developments in
this area include the SysML extension of UML
(Object Management Group, 2006). Different
profiles and enhancements to UML have been
proposed to tackle its limitations in electronic
commerce (Dori, 2001).

RESEARCH PROCESS

The studied organization is a globally op-
erating ICT company having thousands of
employees worldwide. Its customers include
both consumers and businesses for which the
organization provides various products and
services. Software is one of the key assets in the
organization’s service production and product
development. Historically, the organization has
had several independent business units targeted
at diverging 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
information systems in use have been imple-
mented and operated by the business units that
have been quite independent in their decisions
concerning strategies for information manage-
ment. However, recent developments in markets
and technology have led the organization to set
its strategies to amore integrative direction. For
this reason, the organization has setan objective
to provide an integrated e-business solution 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.

The research process followed the
grounded theory method (Glaser & Strauss,
1967), which is a research method developed
originally for social sciences by Glaser and
Strauss in the 1960s and later developed and re-
interpreted by the original authors (e.g., Glaser,
1978; Strauss & Corbin, 1990) and others (e.g.,
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Locke,2001; Martin & Turner, 1986). Grounded
theory promotes inductive theory creation
from the data. The objective is not to validate
or test theories but to create one. The analysis
process of the grounded theory is explicitly
defined and consists of several coding phases.
The coding starts from open coding in which
any incident, slice, or element of the data may
be given a conceptual label for the identifica-
tion of commonalities. These commonalities
are called categories and they are described in
terms of their properties (Fernandez, Lehmann,
& Underwood, 2002). The coding continues
with axial coding (Strauss & Corbin, 1990) or
theoretical coding (Glaser, 1978), where rela-
tionships between the categories are resolved.
The coding ends at selective coding (Strauss
& Corbin, 1990) where the resulting theory is
“densified” (Glaser, 1978) or a core category
selected (Strauss & Corbin, 1990) and theory
about that is described. The data collection is
based on the notion of theoretical sampling,
which means adjusting the data collection
process according to the requirements of the
emerging theory. The sources of data may
be adjusted during the process and the data

Table 1. Interviewed persons and their roles

collection can be stopped whenever a state of
theoretical saturation is achieved, meaning a
situation where no additional data would further
develop the categories and their properties.

Inthe study, we interviewed 19 participants
of the ongoing e-business system architecture
design project during 2002, first in January and
February and then later in November and De-
cember. The interviewees included six system
architects, five enterprise system managers,
three project managers, two software develop-
ment managers, one project leader, one system
analyst, and one marketing manager. Table 1
describes their relationship to the e-business
development project. The interviews lasted from
45 to 120 minutes and they were completely
transcribed as text.

The interview themes of this study were
adjusted during the data collection to reflect
better the developing theoretical understanding
oftheresearchers and the specific knowledge of
theinterviewees. The emphasis of the interviews
changed according to the interviewee and the
special knowledge in his or her possession.
Because the data collection proceeded partly in
parallel with the analysis, the emerging theory

Role Tasks

Interviews

System architect

Deals with technological solutions and architectural structures in
the e-business development project

6

Enterprise system manager

Is responsible for a portfolio of systems and technologies that are
used in a particular organization. Acts as a customer in the internal | 5
e-business development project or participates it as an expert.

Project manager

Manages resources and is responsible for the execution of a sub-
project of the e-business development project

Software development
manager

Is responsible for a permanent software development organization | 2

Project lead ; i
roject leader its set of sub-projects.

Manages the e-business development super-project and supervises

System analyst

Participates the requirements gathering and analysis phases as an
intermediate between customers and technical experts.

Marketing manager

project.

Is responsible for the public image and services of the electronic
channel. Requirements setter and a customer to the development 1
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also caused changes in the emphasis of the in-
terview themes. In grounded theory this kind of
adaptation is called theoretical sensitivity, and
for theory-building research this is considered
legitimate because “investigators are trying to
understand each case individually and in as
much depth as feasible” (Eisenhardt, 1989, p.
539). Eisenhardt calls the process where the
emergence of a new line of thinking causes the
altering of data collection controlled opportun-
ism “in which researchers take advantage of the
uniqueness of a specific case and the emergence
of new themes to improve resultant theory”
(Eisenhardt, 1989, p. 539).

The analysis in this study started with the
open coding phase. In the beginning, we did
not have any explicit a priori constructs for
the analysis. Our task was to search mentions
from the interviews that could be interpreted
as meaningful related to the research question,
“What are the conditions and constraints for
creating and designing architecture in a large
information systems development project?” The
identified mentions related to this question were
categorized using the software tool ATLAS.ti.
During the open coding phase, altogether 187
emergent categories were found, and the cat-
egories were assigned to emerging scheme of
super categories or category families, including
for instance changes, conflicts, consequences,
experiences, problems, purposes, and solutions
occurring during the e-business architecture
design and implementation process.

The axial coding started in parallel with
the open coding and causal relationships be-
tween categories were recorded with Atlas.ti’s
semantic network capability. Figure 1 shows
an example of such a network diagram. In
the figure, the boxes represent categories, the
arrows between them interpreted causalities,
and the lines associations between categories.
The number of categories and the number of
identified relationships between the categories
added up to 187 categories and 200 relation-
ships, which created a problem of how to report
suchamultitude of categories and relationships.
The solution was sought through abstracting
out those categories that were rarely occurring

in the data and interpreted as not so relevant
regarding the research question. In addition,
more attention was paid to those categories that
occurred frequently in the data.

Inductively, we produced an explaining
story to the events and forces under which the
e-business development project had to work.
The organization is facing market changes
and changing the organization according to
the changing markets. The objectives for the
e-business development emerge from these
changes and because the change is continuous
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 ofthe organization cause conflicts and
problems in the development when combined
with the need for change. These fluctuating
objectives and emerging conflicts and problems
brought certain consequences to the e-business
architecture development in the organization.
The formation and description of this explain-
ing story can be considered as selective coding
(Strauss & Corbin, 1990) and its details in the
studied organization are explained in the next
three sections.

The study has required extensive interpreta-
tion and exploration in the studied organization
and therefore the main instruments of the re-
search has been the researchers and their ability
tointerpretevents and people’s actions correctly.
Robson (2002) lists three threats to validity in
thiskind of research, reactivity (the interference
of the researcher’s presence), researcher bias,
and respondent bias, and strategies that reduce
these threats. We have used these strategies in
the following way:

*  Prolonged involvement: Although this
study lasted for one year, the research
project altogether lasted for more than
two years in the same organization and
consisted of several phases and data col-
lection rounds.

*  Triangulation: The study has used data
and observer triangulation as presented by
Denzin (1978). To reduce the bias caused
byresearchers, weused observer triangula-
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Figure 1. An example of a semantic network from axial coding
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tion, because the data collection was done
by tworesearchers. The bias caused by data
was minimized using data triangulation,
where different sources of data were used.
Interviews were the primary data collection
method, but we also received many kinds
of project and company documents and
architecture descriptions.

*  Peerdebriefingand support: Theresearch
has included regular meetings and discus-
sions with involved research participants
from several research institutions. In
addition, preliminary results of research
phases have been presented and discussed
inconferences and workshops (Smolander,
2003; Smolander, Hoikka, Isokallio et al.,
2002; Smolander & Piivirinta, 2002a,
2002b; Smolander, Rossi, & Purao, 2002,
2005).

e Member checking: The interpretation of
the data has been confirmed by presenting
the results to company participants in the
research project.

e Audit trail: All interviews have been
recorded and transcribed. The notes and
memos of the study have been preserved
and data coding and analysis results are
available through the analysis tool used,
ATLAS ti.

CHANGES AND THEIR
EFFECTS IN THE
DEVELOPMENT CONTEXT

Starting Point:

Changing Markets, Changing
Organization

During the time of the data collection, there
was a considerable change going on in the ICT
market and the organization under study had
undergone a deep change. A few years ago, the
strategies 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 extranets, whichresulted
to a fragmentary set of e-commerce solutions
to customers with own Internet sites, sales
and billing systems, and Web-based customer
support.

When the beliefs in 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. With indepen-
dent 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 customers only in the context of
its independent business. To produce a unified
customer interface a profound change to the
way of building information systems and an
integrated e-business solution was needed. 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 architecture as an enabler of change.
The IS organizations in independent business
units were obliged to cooperate and enforce
commitment to the integration of information
systems. This also emphasized the role of cen-
tral information management, which had been
in a minor role this far. Now, its roles would
include the enforcement of information systems
integration and enabling the unification of the
sales channels and customer 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 organization. In the following section,
we shall describe the context and the forces
under which this group of architects were de-
veloping and designing the unified e-business
architecture.

Conflicts, Problems and Varying
Purposes

The context for e-business architecture develop-
ment included many issues, which the working
group for technical architecture development
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had to face and be aware of. These included the
market changes as described above, historical
organizational inertia, fluctuating requirements
and objectives, and conflicts and problems
emerging from the market changes, inertia, and
unclear objectives.

Historical Inertia

The organization’s history with independent
businesses and their diverging functions and
objectives had both psychological and technical
consequences causing slow progress and con-
flicts in the integrated e-business development.
Each of the business units had legacy systems
with incompatible information structures, tech-
nical architectures, and operating principles.
It was not possible in practice to replace these
systems with a uniform solution at once.

The historical inertia had effects also on
the organization responsible for information
management and information systems. Be-
cause of the independence, the organization
had no clear central information management
that could take responsibility of the e-business
architecture development. Many ofthe conflicts
and problems described later arose from this
situation.

The Observed Objectives for the
E-Business System

The fluctuating objectives, meanings, and
requirements for the e-business architecture
created another source of conflicts and prob-
lems. In a large organization with a high de-
gree 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 different purposes for
the e-business system, which were then clas-
sified in five distinct classes:

*  Creation of a unified electronic customer
interface.

*  Reduction of costs.

* Integration of information systems.

*  Gaining business advantage.

*  Implementing an organization change.

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

Emerging Conflicts and Problems
Changes in markets and organization, the his-
tory of the organization, and the complicated
objectives for the e-business system put the ar-
chitecture development group in a difficult situ-
ation. The group and its members were obliged
to respond by some means and these responses
shaped mitigated the role of deliberate design
in the development process. In open coding,
we identified in total 48 categories of conflicts
and problems. This list was further combined
to seven main categories, as follows:

e Varying requirements and unclear objec-
tives

e Problems in the cooperation between
technical and business people

*  Conflict avoidance and problems in deci-
sion-making

e Problematic role of the central informa-
tion management and its missing working
practices

» Difficulties in creating common under-
standing about the architecture

» Difficulties in determining the level of
integration

e Problems of implementing the integra-
tion

As described earlier, the purposes of the
system were manifold and complicated and the
requirements varied according to the business
needs in the business units. The architects held
this ambiguity of objectives and requirements as
the biggest obstacle in the development. Those
in the managerial level recognized the problem
as well, but explained it as unavoidable in the
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situation and expected that the first prototypes of
the system will bring more clarity to the objec-
tives. This resembles the chicken-egg problem:
architects must know well the objectives to
design the architecture, but the objectives are
further clarified only after the first version of
the architecture is built.

There were several mentions about the
problems in the cooperation between technical
and business people. Architects expected the
business managers to explicate clear require-
ments and objectives for the system and its
architecture. However, they considered the
task impossible, because they thought that
the business managers do not possess enough
understanding about the possibilities of cur-
rent technology. They felt that this leads to
unrealistic objectives, which were manifested
especially when considering the possibilities
of legacy systems integration: people with
business background had far more optimistic
views than architects.

Conflict avoidance and problems in de-
cision-making slowed the progress. Again,
because of the history of independency, a
central authority that could take care of the
architectural decisions for the integrated e-
business solution was missing. Because nobody
took a full responsibility of the situation, this
led to avoidance of conflicts and enforced the
tendency towards compromises. A frequently
occurring phrase among the architects included
the term “lowest common denominator,” which
was usually noting to the compromised solution
with a single sign-on procedure and a minimal
level of customer information integration.

Therole ofthe central information manage-
ment was unclear and it was lacking the routine
oflarge development efforts. 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
contained considerable differences implying
that also common working practices needed
to be established for the development process
of the e-business system.

Even the understanding of the designed
architecture and related technical solutions
were difficult to communicate across the or-
ganization. Since the business units have had
their own histories and produced their own
legacy systems and information architectures,
the interpretations on the situation and objec-
tives diverged. This, combined with changing
organization, unclear objectives, and missing
common working practices, created difficulties
in understanding and transferring architectural
knowledge between the participants from dif-
ferent business units.

Itwas also difficultto determine the level of
integration between the systems. 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 be-
comes, “who owns the 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 possibly other information too) shifts from
the business units.

In addition to determining the integration
level, the actual implementation of integration
proved to be problematic. Since the diverging
legacy systems could not be replaced, they all
had to be interfaced. Of the seven conflicts and
problems occurring when creating e-business
architecture, only the problem of implementing
the integration 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
organization with independent businesses. In
the following, we shall look closer on what
consequences these conflicts and problems
cause for the architecture design and develop-
ment process.

CONSEQUENCES:
LIMITED DESIGNS AND
MINIMAL SOLUTIONS

In the beginning of the project a unified archi-
tecture was seen as a panacea for solving the
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problems of systems integration, streamlining
the organization and unifying the customer inter-
face. However, during the projectitbecame clear
that the aforementioned conflicts and problems
would have some unfavorable consequences.
While it was of paramount importance for the
company to be able to streamline its systems
and develop a more coherent architecture
enabling the creation of an e-business system,
therealities of legacy systems and the organiza-
tion led to situation where it was best to seek
satisfying, even minimal, solutions instead of
optimal ones.

In the early phases of the project architec-
ture was seen as general blueprints or roadmaps,
largely drawn from scratch. Soon, however,
the technical experts realized that evolutionary
prototyping was the only possibility for progress
in the architecture development. Because the
schedule was tight, the objectives and require-
ments unclear and changing, and because the
business units were rather independent, it was
hard to achieve common understanding and
commitment. With prototyping, it would be pos-
sible to clarify objectives and commit stakehold-
ers by showing them visible results and benefits.
This could be seen as “extreme” architecture
design (Merisalo-Rantanen, Tuunanen, & Rossi,
2005). This could however lead to new prob-
lems. The technically oriented architects were
specially worried that, combined with the quar-
ter-based reporting system in the organization,
evolutionary prototyping can easily produce
quick-and-dirty and ad hoc solutions. We could
classify the interviewees to those with positive
attitudes towards prototyping 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 archi-
tectural solutions.

Prototyping and minimal solutions formed
a vicious circle that made the development of
robustand clear architectures nearly impossible
by severely limiting the options available for

the architecture developers. Existing legacy
systems, the evolutionary approach, varying
requirements, unclear objectives, difficulties in
creating common understanding, and problems
in decision making created a complex situation
where textbook methods, description languages,
and rational architecture design, as it is con-
ceived in the literature, had no possibilities for
immediate success. The degrees of freedom
of design became limited. The system and its
architecture could not be designed rationally
as a whole, but rather one needed to accept the
conditions and limitations caused by the factors
above and to keep the day to day operations
running while the new systems are continuously
created through evolution.

The situation had also organizational con-
sequences. We found clear hints of low-level
networking and formation of shadow organiza-
tions as the result of unclear project 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 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
is, that in fact the e-business architecture be-
comes emergent: itis created gradually through
compromises, constraints, and conflicts (c.f.,
Ciborra, 2000; Hanseth, Monteiro, & Hatling,
1996). The exact objectives and responsibilities
will be resolved as the architecture emerges
through evolutionary prototyping. Compared to
the conventional view on software architecture
design (Hofmeister et al., 1999a), most of the
claimed benefits of rigorous architecture de-
velopment seem to be lost. There is no “grand
plan” since the work is proceeding in a day-to-
day basis and the well defined responses and
interfaces between systems do not necessarily
emerge in a rationally planned way, but rather
most duplicate functions are kept and there is
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agreement only on a few items that become the
“architecture.”

DERIVED REQUIREMENTS
FOR E-BUSINESS SYSTEMS
DEVELOPMENT
METHODOLOGY

From the previous observations and explana-
tions, we can derive a set of requirements that
an e-business systems development methodol-
ogy should meet. The grounded theory process
resulted in an explanation model (Figure 2),
from which a set of methodological require-
ments can be extracted. Changing markets and
organization, historical inertia, and unclear
objectives for the development produced a
complex combination of conflicts and problems
that brought various difficult consequences
to the e-business development process. We
analyzed the complex socio-technical situation
and its consequences and reasoned the set of
most pertinent methodological requirements.
This was done by identifying and coding the
methodological requirements in the interview
transcripts and further combining them in 13
requirements as described below.

According to Lyytinen et al. a design
methodology should conform to a set of key
requirements (Lyytinen, Smolander, & Tahva-
nainen, 1989). It must embed several concep-
tual structures and description languages, and
support several levels of abstraction at which
the development process takes place. It should
also cover the whole spectrum of activities

in information systems development (ISD),
include a prescribed model of activities to be
carried out during the development process,
include a model of the organizational form of
the development (a set of human roles), and try
to reuse existing descriptions and implemen-
tations. Tools for drawing, manipulating, and
managing the descriptions should also support
the methodology, in a balanced manner.

We can further elaborate this conception
of ISD methodology by distinguishing between
three separate contexts in ISD, namely the
technical, language, and organization contexts
(Lyytinen, 1987). The technical context is con-
cerned with the technical components of the
system (like hardware and software), language
context forms the environment for linguistic
communication, and the organization context
provides the environment for systematic hu-
man interactions, including decision-making
and operative control. An ISD methodology
includes assumptions, models, languages, and
tools related to these three contexts. In the fol-
lowing, we shall extract from the case the gen-
eral requirements for e-business development
methodology and classify them according to
these contexts. The objective of this classifica-
tion is to illustrate the nature and requirements
of'e-business architecture development in large
organizations with several business areas and
to highlight the areas with a weak methodical
support.

Lyytinen commented already in 1987 that
most development methodologies have too
limited scope and they tend to concentrate on

Figure 2. Deriving the methodology requirements

Diverse objectives
for e-business
systems
development

Changing markets ,
changing
organization

Changing markets ,
changing
organization

Historical inertia

Consequences to e-
business architecture
development

Requirements
for e-business
development

methods
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technological issues late in the development
lifecycle (Lyytinen, 1987). This limited scope
omits most of the institutional and governance
issues which seemed to be central for most
stakeholders according to this study on ar-
chitectural practice. One could argue that the
organizational context is particularly relevant
for e-business area, as most proponents of e-
business emphasize the changes it brings about
to work processes and organizations (Kalakota
& Robinson, 2001).

The research into e-business architecture
development is in a relatively immature stage.
Previous literature has largely assumed that it
solves technical issues for known problems
(Taylor, McWilliam, Forsyth, & Wade, 2002).
However, from the previous passages it has
become obvious that methods for forming
the problem statement and reaching a mutual
agreement on what the architecture is in the
end of the day are crucial. In this section, we
take this as a starting point and observe the
issues that rose in the described case starting
from the inner, technical context and ending
to the general organizational issues. This cor-
responds to Lyytinen’s idea that the contexts
are hierarchically ordered, because languages
are presented by material carriers of technology
context and language is needed for organized
social action (Lyytinen, 1987). We identify
e-architecture approaches in these areas and
show how they propose solutions to the issues
raised in our study.

In the following, we shall present the
methodological requirements for each context.
We also refer to the rows in Table 1 with the
notation R1-R13.

Requirements from the
Technology Context

Observed Requirements

The technical requirements of e-business de-
velopment methods do not differ much from
those of methods for traditional transaction-
based information systems. E-business system
developmentincludes methodical requirements
concerning e.g. distribution, error recovery, and

networking, but those requirements can be met
without a special “e-business support.” A stan-
dard way to describe such technical solutions
is of course required /R1/.

Integrated e-business architecture neces-
sitates the integration of information systems
in the organization and the rationalization
of technology and development processes.
Existing legacy systems will be integrated
to the e-business functionality. This requires
the selection of an integrative technology and
the construction of development processes
supporting the implementation of the integra-
tion. Because the integration is the basis and
characteristic to e-business development, the
development methodology should have spe-
cialized and usable techniques for describing
information systems integration /R2/.

Thekey issue inthe development ofe-busi-
ness systems is the keeping of the day-to-day
operations running and at the same time imple-
menting the integration between existing 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 proj-
ect. Current systems development methodolo-
gies and models of thought are mostly aimed
at designing new systems instead of changing
existing ones. This problem has beenrecognized
before the advent of e-business, but it becomes
more critical in the e-business development.
From this we can derive a requirement that the
development methodology for e-business sys-
tems should support evolutionary approaches
to architectures and systems /R3/.

Existing Solutions

Most research on e-business systems develop-
ment in general, and e-business architecture in
particular, concentrates on this view. Much of
the support that UML and RUP or their deriva-
tives provide seems to concentrate on this area.
Component aware methodologies, such as the
Catalysis extension to UML, seem suitable
for e-business. In addition, there are UML 2.0
extensions, such as SysML (Object Manage-
ment Group, 20006), that provide better support
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for technical architecture design. Bischler and
Segev (Bichleretal., 1998) investigate the pos-
sibilities of component oriented approach for
e-business. They take atechnical viewpoint, and
provide auseful listing of enabling technologies
for e-business. An applicable standard in this
area is the SysML extension to UML (Object
Management Group, 2006). A work by Rossi
& Schwabe (Rossi & Schwabe, 2000) uses
patterns and frameworks as building blocks for
e-business systems. This kind ofapproach could
be particularly useful forarelatively well-speci-
fied domain, such as trade processes, which are
assumed to be generic in nature. Baskerville &
Pries-Heje see a relatively fixed architecture as
a common ground, on top of which e-business
systems can be built (Baskerville & Pries-Heje,
2001).

As mentioned earlier, in the e-business
domain there are several layers of compo-
nents available. The InterNCA architecture
in (Lyytinen, Rose, & Welke, 1998) describes
some of these and outlines needs for new breed
of development methodologies, which would
take into the account the particular problems
of e-business systems development. Greunz &
Stanoevska-Slabeva present an extension of
UML, which can be used to realize systems on
top of “media platform” architecture (Greunz
& Stanoevska-Slabeva, 2002).

Requirements from the Language
Context

The language context provides a means and
an environment for linguistic communication
which encompasses the use, nature, content,
context and form of signs (Lyytinen, 1987).
The methodology requirements coming from
the language context deal with the ability of
stakeholders to communicate successfully
during the e-business architecture develop-
ment process.

Observed Requirements

The chicken-egg problem between objectives
andarchitecture becomes problematic in e-busi-
ness development. To design a robust technical
architecture, one must have clear objectives,

and to select realistic objectives, one must
understand the possibilities of the technical
architecture. To overcome this problem, it is
necessary to have a close cooperation between
technical architects and those responsible of the
business. This, however, induces a language
problem. These groups often do not have a
common language. To overcome the language
problem, we need architecture description
languages that business managers understand
/R4/ and business descriptions that are explicit
enough for technical people /R5/.

The problems of objectives and integra-
tion culminate on architecture design because
the designs and prototypes related to technical
architecture become the first concrete artifacts
in the development showing implications of
decisions to businesses and to the information
management. Before architecture design, the
plans and designs have been on the “PowerPoint
presentation” 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 distinctrequire-
ments for the development methodology: the
methodology should take the development to a
very concrete level (both politically and techni-
cally) very soon after the project initiation /R6/
and the architecture designs and descriptions
(and their implications) should be approachable
and intelligible by the various stakeholders
participating the process /R7/.

Existing Solutions

As a description language, UML and its exten-
sions offera fairly strong support for engineering
in the language context. Yet, there are very few
articles describing these issues of having a com-
mon language in e-business area, but one could
expectthat methodologies used in other domains
for participative processes and joint application
development could be applied here (August,
1991). In this context, architecture serves as a
language between the participants in the devel-
opment process, enabling communication and
making the consequences ofthe implementation
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concrete to the participants. Using architecture
as an enabler of communication between a
diverse set of participants (including various
levels of management and technical experts)
requires informal and expressive approaches,
which are practically non-existent in the field
of software architecture research. This kind of
conception of “architecture as language” can
be associated with approaches that include rich
and informal description techniques, like “rich
pictures” in (Wood-Harper, 1985), the wall-
charting technique (Saaren-Seppald, 1988), and
genre-based approaches (Péivarinta, Halttunen,
& Tyrviéinen, 2001).

Requirements from the Organiza-
tion Context

Observed Requirements

These problems formed the largest bulk in
our study. They included issues such as or-
ganizational inertia as well as environmental
limitations, characteristics of a given business
environment, codes of conduct in business, and
regulatory and societal factors. These factors
form together the ‘ballpark’ for an organiza-
tion to act in relationship with its providers
and customers.

The first organizational requirement comes
from the overall conclusion of the case. The
transition from heterogeneous e-commerce to
integrated e-business is not only technically
challenging. It is more a profound change to
the organization. In fact, the primary challenge
is in the change of the organization, not in the
implementation of the technology. Therefore,
e-business systems development methodology
should support also the description of organi-
zational change /RS8/.

In this change of organization and imple-
mentation of technology, the role of central
information management or some kind of
central authority in the organization is crucial.
The central authority should take care of the
multitude of conflicts occurring when aiming
at integration and coordinate the creation of
objectives for the system. An e-business devel-
opment methodology should enable the creation

of a common vision /R9/, which can then be
enforced by the central authority.

Evolution with modest but growing objec-
tives 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 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 /R10/.

The implementation of e-business integra-
tion 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, contracts, and products. The ownership
and responsibilities related to information must
be decided and described during the develop-
ment process. The development methodology
should include descriptions for organizational
responsibilities and ownership of information
/R11/.

Identifying and agreeing about objectives
became the most difficult problem in this case.
Thus, to become valuable in practice, e-business
development methodology should support not
only the formation and recording of objectives
but also measuring of success related to objec-
tives /R12/.

Therequirements directed to an e-business
development organization are quite conflicting.
On the other hand, the development requires a
strong authority that can control the process
through conflicts, and on the other hand, the
formation of unofficial and shadow organiza-
tion (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
developing organizations.

Existing Solutions

From a more managerial and decision oriented
view one could look at business- and strategy
development methods, which aim at creation of
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acommon understanding and vision of business
strategy. This view sees building of architecture
as a common vision building effort rather than
asystem building effort. It could also be argued
that e-business architecture building is quite
similar to organizational change processes,
especially the introduction of enterprise wide
information systems, such as ERP. Koontz
has argued for this by presenting e-business
architecture development model, which is very
generic (Koontz, 2000).

Organizational issues are largely neglected
by the traditional systems development meth-
odologies, but form important context and
frame for the implementation of the e-busi-
ness systems and architectures. The work on
organizational change and observation of the
power-play could be fruitful if applied to early
stages of architecture development. However,
they do merely observe the issues than provide
solutions. Checkland’s SSM methodology is
one of the few general-purpose methodologies
that identifies and models the “essence” of the
organizational idea of the system and then
proceeds to actual development of the system
(Checkland & Scholes, 1990). Itis clear from the
observations in this case study that the explicit
identification and framing of the problem to be
solved, and then resolving the actual goals of
the architecture forms the basis for architecture
development.

Most studies thus far seem to assume that
the development of e-architecture and infra-
structure can be guided by the deliberate actions
and decisions of management. However, as can
be seen here the technological changes often
evolve from designers’ and users’ experience
with such technologies and are often unpredict-
able (Ciborra, 2000).The problem of loosing
the original target while developing partial
solutions and prototypes (e.g., see R10) could
be helped by explicitly recognizing emergent
and opportunistic possibilities created on the
process.

Summary of Issues
The list above shows that most solutions and
research this far, has concentrated on the techni-

cal level. Unfortunately, most of the problems
seem to be non-technical in nature, they are
rather more of the linguistic or organizational.
E-business cuts across functional borders in
organization and is built on a complex infra-
structure of ERP and legacy systems and it
shares many ofthe challenges and opportunities
of these organizational technologies.

Table 2 summarizes these derived require-
ments for e-business development methodol-
ogy. The requirements and their rationale are
described in the text above. The ‘Type’ column
places the requirement to the appropriate context
or contexts (T: technology, L: language, O:
organizational). The last column in the table
(“Support in RUP employing UML”) ana-
lyzes how unified modeling language (Object
Management Group, 2005) and the Unified
Process (Rational Software Corporation, 2001)
support the e-business specific characteristics
of the development process. This is important,
because UML and RUP together form the cur-
rent methodological basis for many software
organizations. The column shows that the sup-
port is generally poor. The e-business specific
requirements are not met by UML and RUP
—only the standard technical issues are well
covered. This conclusion calls for method de-
velopment supporting better these e-business
specific requirements.

In the technical context we noted that
e-business development would benefit from
method enhancements in IS integration and
evolutionary development. However, the lan-
guage and especially the organization context
appeared to have more importance in the de-
velopment. In the language context, there was
an urgent need for more understandable and
concrete architecture descriptions that could
be used among many groups involved in the
process, including technical and non-techni-
cal people. The organization context appeared
as the most important target for research and
practical methodical improvements. In that
context, we could identify a multitude of is-
sues requiring improvements, including better
understanding and usable methods for the
design and implementation of organization
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Table 2. Summary of the requirements for e-business development methodology

. . Support in RUP employ-
Requirement Type | Rationale ing UML
Technical issues (like distri- These issues will oceur
RI bution, error recovery, and T as in all modern svs- Good; this is what UML
networking) must be described Y and RUP are for
. tems development
in a standard way.
Poor; no specialized tech-
Specialized techniques for IS integration is char- uque for t.he Qescrlptlon
R2 describing the information T acteristic to e-business of integration in standard
. . UML. Some UML 2.0
systems integration development .
extensions are however
available.
The development methodol- The change a1.1d.maln- Moderate; UML and RUP
ogy should support evolution- tenance of existing are mainly targeted at
R3 gy . L/T systems forms a major
ary approaches to architectures . the development of new
part of the e-business
and systems. systems
systems development
To enable realistic ob-
Architectural description lan- jective selection, busi- | Poor; the descriptions
R4 guages that business managers | L ness managers must necessitate too much tech-
understand have some understand- | nical skills and knowledge
ing on architecture
To understand the
Business descriptions that are objectives, techni- Moderate; no description
RS explicit enough for technical L cal people must have techniques showing overall
people understanding on aggregate view
business
The methodology should take The more architecture
the development to a very becomes concrete,
. T/L/ | the more stakeholders | Good (technically), none
R6 concrete level (both politically 0 become aware of the (politically)
and technically) soon after the p Y
roject initiation consequences, con-
p flicts, and problems
The archl?ec_ture designs . To enable wide
and descriptions (and their .
. L understanding to Moderate; no relevant de-
implications) should be ap- . . .
R7 . . L/O | the consequences of scription technique besides
proachable and intelligible . . .
. architectural selections | Use Case diagrams
by the various stakeholders (cf. R4)
participating the process ’ ’
. . Poor; some thoughts of
Support for the description of e-business involves “organization engineer-
R8 . (¢} deep changes to orga- Lo R .
organizational change L ing” in RUP’s Business
nization .
Architecture
RO Support for the description of 0 Resolve conflicts, Poor; no common language
a common vision build objectives for all stakeholders
Gain commitment
Both prototypine and careful and resolve objectives | Moderate; iterative basis in
R10 'p ypIng T through prototyping, RUP, but its implementa-
architecture design needed . . Lo - .
aim at robust archi- tion is difficult in practice
tecture

continued on following page
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Table 2.continued

. . Support in RUP employ-

Requirement Type | Rationale ing UML
Methodology should contain The ownership of in-

R11 descrlpt}qn§ for orgamzatlongl L/O formatlon beyorpes an Poor; only general thoughts
responsibilities and ownership issue when aiming at
of information e-business integration
e-business development ?dentlfymg a'nd agree- Poor: the objectives are
methodology should support ing about objectives mostly supposed to be

R12 | the formation and recording L/O is one of the most dif- iven};o t}I:Sdeve]o ment
of objectives and measuring ficult issues in e-busi- gro'ect P
of success related to objectives ness development proj

Strong authority is

The development p rocess needed to handle the Poor; development organi-
should support organization- . . e

R13 . (6] conflicts and unofficial | zation “design” in a general
ally both effective control .

s structures for creative level
structures and flexibility .
solutions
change, organizational vision, organizational CQONCLUSION

ownership of information, and organizational
responsibilities.

Figure 3 shows concisely our findings.
When creating e-business or enterprise archi-
tecture, the major problems to be solved are
organizational. This does not align with the
support that UML and RUP provides, because
they mostly concentrate on solving the problems
in the language and technical contexts. It is the
task of future research to provide improvements
to this, but, as can be seen from Table 2, it might
need quiteradical extensions or changes to UML
and RUP to be able to support effectively the
formation of e-business architecture.

Figure 3. Support and requirements
Benefits of UML/RUP

High

Medium

Low

Technical Language Organizational

We have described a process where a large
ICT company is building architecture for a
comprehensive e-business system. From the
case, we extracted 13 requirements for method-
ology supporting integrated e-business systems
development and classified the requirements
to technology, language, and organization
contexts. We also compared the requirements
to the support that UML and RUP offers and
concluded that the e-business specific require-
ments are not metin UML and RUP. Successful
e-business development requires alternative
approaches that support better organization
change, communication between stakeholders,

Problems in architecture creation

High

Medium

Technical

Low

Language Organizational
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systems integration, objective formation, and
evolutionary development.

In our study, 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 take into account the
organizational situation in the company. At
the same time the architecture starts shaping
and changing the organization, thus forming a
doublemangle (e.g.,Jones, 1998). The architects
also realized that technical rationality is not
enough for success in this kind of a situation.
To succeed in e-business architecture devel-
opment, 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 char-
acterized as a process of seeking boundaries,
finding sufficient consensus, and identifying
commonalities across organizational borders.
Most previous literature on architectural meth-
ods 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 important to seek tools that aid in build-
ing common understanding about the system
and its architecture and tools for processing
the emerging conflicts. Thus, we maintain that
the field of architecture for e-business would
benefit from tools that help to identify and
process the emerging conflicts than tools that
aid in developing a technically “perfect” and
optimized solution. These tools could be used
in early phases of development to augment
UML and RUP based tools. Examples of such
tools are group support systems and different
participation facilitation systems. Thus we do
not call for replacing UML, but rather adding
tools that can be used to communicate with non-
technical people about the architecture.
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