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Abstract
This thesis examines and evaluates the Object-Oriented Client/Server  (OOCS)  model, a process
model that can be used when IT organizations develop  object-oriented client/server applications. In
particular, it defines the roles  in the development team and combines them into the process model.
Furthermore,  the model focuses on the client/server architecture, considering it explicitly.  The model
has been under construction for several years and it has been tested  in a number of industrial projects.
Feedback from practice has thus been an  important source when the model has been evolving into its
current form. Another  source for evolution has been other process models and technical progress in
this field. This thesis reveals the theoretical and practical aspects that have  influenced the model's
characteristics and developmnt.

The object-oriented paradigm has been the driving force when creating the  OOCS  model. The
first object-oriented development models were, however, both  inadequate and contradictory to each
other. The OOCS model utilizes the best  practices from these early models. The model also defines
artifacts to be  delivered in each phase. The artifacts are synchronized with the Unified  Modeling
Language (UML), a new standard modeling notation.

From the very beginning the OOCS model has included a strong client/server  viewpoint, which
is not stated so clearly in other object-oriented models. A  three-tier division of the application (pres-
entation, business logic, data  management) can be found in each phase. This division has become
crucial in  recent years, when applications have been built on distributed architecture. The team-based
roles included in the model are based on the work of a few other  researchers, although this topic has
not gained the importance it should have  had. Namely, it is people that develop the application and
their involvement in  the process should be stated explicitly. The roles of the developers are closely
connected to the OOCS process model via the concept of activities included in  the model. The roles
concentrate mainly on project members, but company-level  aspects have also been considered.

This thesis summarizes the work carried out in the last five years. It  shows how  the model has
evolved in practice and how other models have contributed to it.  The team-based OOCS model is in
use in some IT organizations. The cases  presented in this thesis illustrate how to adapt the model into
specific  organizational needs.

Keywords: object-orientation, client/server, software engineering, team



Preface

This thesis summarizes my work in the field of object-oriented client/server application
development. It all started around 1990, when object-orientation landed into a company I
work for (MSG Software). Before that I had developed applications for about seven years
for PCs, mini computers and mainframe computers. Especially, mainframe-based applica-
tion development has given me experience of how to build large applications that may
have hundreds of on-line users, tens of user interfaces, large databases, complex function
logic, high performance and reliability criteria, etc. However, object-orientation was said
to have a new paradigm shift;  a new kind of thinking was needed. Object-oriented analy-
sis and design methods and programming techniques were introduced by many research-
ers. My own interests also arose and I spent over a year at the Department of Information
Processing Science at the University of Oulu collecting information about object-
orientation. My interests were especially in process models: what kind of phases were
needed, what were the activities in each phase, what were the deliverables and how they
should be described. One extra interest I had was the roles of the project members. As a
result of this time the first sketches of the role model were made. I thought then that the
process models described in the literature were suitable, so I concentrated on the role
issue.

Later on, in practical projects, I realized that those process models were inadequate for
object-oriented client/server projects: some models (actually, quite many) were meant to
be used in embedded application development. Some of the models covered only the
analysis and/or design phase and some of the models were purely commercial. In addition,
there were competitive concepts and notations, among other problems. Due to all this
confusion I started to develop a process model which would focus on user interfaces, busi-
ness logic and databases. It took about three years to develop the model. First versions of
the model were tried in in-house projects, then later on parts of it in customer projects. In
1995 the whole model was ready to be used in application development. Today, the model
has evolved due to feedback from the projects and theoretical and experience papers pub-
lished by other researchers. New technological innovations (for instance, internet applica-
tions) have caused me to consider the model’s ability also to cover these new kinds of
applications. The new standard notation language (UML) has also been adopted to the
newest release of the model.

The thesis reveals the background to the development of the team-based OOCS model.
It also illustrates the design rationale behind the decisions. The role issue is also empha-
sized in this thesis, because the thesis wants to pay attention to the important connection
between the project group and the process model.

I see that the development of a process model is a continuous process (as any Software
Process Improvement activity is). Thus, this thesis describes the events of the development
process so far, and the development of the OOCS process goes on. The role issue is also a
much broader issue than what is covered in this thesis; cultural and social impacts on the
role changes are beyond the scope of this thesis.

I would like to thank my supervisors, Ph.D. Ilkka Tervonen and DTech Veikko Sep-
pänen, for their help and advise during the long process starting from ‘I have a vision of a
future software process model’ to this thesis in hand. I would also like to thank all those
brilliant people in MSG Software and several IT departments and companies that have



been directly or undirectly involved in the evolution of the OOCS process model. Without
their enthusiasm to try something new there would not be any model.

During the years I have had long off-duty periods when I have concentrated on writing
papers and versions of this thesis. Tauno Tönning Foundation and Infotech of Oulu Uni-
versity have financed these periods, which I gratefully agknowledge.

I would also like to thank my parents (Ahti and Helli) for their life long support and my
family (Rauni, Jonna and Jarkko) for their inspiration, encouragement and patience. I
dedicate this thesis to you.

Oulu, November 2000 Kari Kivistö
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1 Introduction

This thesis describes and evaluates a team-based Object-Oriented Client/Server model
(OOCS model), which is a comprehensive process model that combines the roles of soft-
ware developers and a three-tier client/server architecture. The model consists of phases,
defines the roles and the activities in each phase and the artifacts to be produced. The
model can be used by IT (Information Technology)  organizations that perform in-house
development and IT organizations that are subcontractors for in-house IT organizations.
The model puts forward an organization with roles that can be used in projects.

The OOCS model is a combination and extension of previous process models. It has
evolved during the last five years while being used by some IT organizations. Feedback
from practice and related research in this field have influenced the model’s development.

The three key elements of the OOCS are examined more closely in this chapter: cli-
ent/server architecture, object-oriented application development, and the roles of the de-
velopers. The research problem is discussed and the contributions of the thesis are summa-
rized. This chapter also examines the background of the research and the methods used to
solve the research problem.

1.1 Motivation

Software development is one of the key processes in most IT organizations. This process
has gone through radical redesign during the last ten years because of object-orientation
and client/server architecture (c.f. business process reengineering by Hammer and
Champy, 1993). As a consequence, the roles of the software engineers have required con-
siderable rethinking. These issues are examined below in more detail.

1.1.1 Object-oriented application development

Object orientation is a paradigm shift: a way of thinking of everything as objects. Meyer
(1995, p. 24) points out that ‘Object-oriented ideas are meant to be applied to all steps of
software development, including analysis, design, implementation and maintenance, and
to decrease the gaps between these steps’. Object-oriented application development fo-
cused earlier (in the beginning of the 90s) on objects/classes and their hierarchies, while
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now (at the millennium) it focuses on components. The intention is to build the application
using prefabricated components (self-made, tool-specific, commercial, etc.) which are
reliable and maintainable. Many IT organizations claim that their application development
is object-oriented, although its scope and maturity might cause some dispute. However, we
have traveled a long way from the days of competing object-oriented analysis and design
methods and notations. Debates over basic concepts such as what is an object have
changed to fused models and standard concepts and notations. The OOCS model de-
scribed in this thesis is a fusion of well-known object-oriented models, but it is also
broader than many other models. In particular, practice has shown that object orientation
alone is not a panacea: there is a need to consider organizational (project organization and
roles of the developers in this thesis) and architectural (client/server architecture in this
thesis) issues to improve the object-oriented software development process.

1.1.2 Client/Server architecture

Most of the operative applications and information systems are nowadays built using cli-
ent/server architecture. The applications are meant to support the main functions of or-
ganizations such as insurance, banking, manufacturing, administration, etc. A typical ap-
plication may have hundreds of geographically dispersed users, interfaces and transactions
per second and large (possibly distributed) databases.

This thesis emphasizes that the term client/server has a few meanings. Usually, cli-
ent/server architecture refers to a technology where user workstations (clients) are con-
nected to one or more common service providers called servers (such as databases) (see
Orfali et al. below). However, the client/server term also means distribution of the appli-
cation into three tiers: presentation, business logic and data management (for instance,
Microsoft 1993). This latter point of view is crucial when developing object-oriented
client/server applications. Yet another dimension of the distribution of application logic is
the distribution of components. Orfali et al. (1996) write in their book’s preface (p. vii) :

‘Client/server computing has created a deep paradigmatic shift in our industry. It’s re-
placing monolithic mainframe applications with applications split across client and
server lines. The client -typically a PC- provides the graphical interface, while the
server provides access to shared resources -typically a database. Distributed objects
are a paradigm shift within a paradigm shift -they’re a new client/server revolution
within the client/server revolution. Objects break-up the client and server sides of an
application into smart components that can play together and roam across networks.’
The client/server architecture can also be seen from a technological point of view. Mi-

crosoft (1993) divides the client/server architecture into three subarchitectures, namely
Technology Architecture, Data Architecture and Application Architecture. The Applica-
tion Architecture refers to the (software) architecture discussed above. The Technology
Architecture deals with the development and run-time (production) environments, while
Data Architecture deals with data management, data distribution and access strategies.

The OOCS model supports all of the above mentioned meanings of client/server archi-
tecture. Firstly, the client/server architecture consists of three subarchitectures: Technol-
ogy Architecture, Data Architecture and Application Architecture (lower part in Fig. 1.1).
Secondly, the client/server application architecture means division of application into
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presentation, business logic and data management (upper part in Fig. 1.1). This division
can be seen as a three-tier client/server architecture.

                 

Messages

Technology Architecture

Data ArchitectureApplication Architecture

Presentation  Business Logic DataManagement

Run-time Environment
Development Tools
Security

Distribution
Replication
Access Strategy

Distribution of Logic
Structure of the Application
Reusable Components

Messages

Fig. 1.1. The three-tier client/server architecture (upper part) and three subarchitectures
(lower part).

The client/server architecture has not gained the merit it should have among software
process model developers. However, most of the problems discovered in application de-
velopment during the last few years have been technical, i.e. developers have underesti-
mated the relevance of the architecture issue in the emerging technologies. One of the first
requirements when the OOCS model was developed was to consider the client/server ar-
chitecture as an internal part of the model. In practice, the Architecture phase, i.e. selec-
tion of the architecture, its evaluation and testing in parallel with the Analysis phase has
proven to be successful (of course, evaluation and testing of architecture requires design
and implementation of a small portion of the application). The Architecture phase with its
activities and artifacts has also been used alone, when companies or projects have sought
new technologies.

1.1.3 Roles in the development team

The roles and responsibilities of software engineers are one of the main themes in this
thesis. Especially, this thesis tries to point out that the roles should be redefined when
object-oriented client/server application development is concerned. The first reason for
this is the elementary idea of an overall object-oriented paradigm: application develop-
ment from encapsulated objects and components. The intention in object-oriented applica-
tion development is to build the application using prefabricated, well-tested components
which in turn consist of objects. The client/server architecture gives another dimension to
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the component-oriented thinking: the application is split into the presentation tier, business
logic tier and data management tier, each tier having exact interfaces. The role model
defined in this thesis follows this three-tier approach, the roles and responsibilities can be
used as a basis when the project is established. This thesis emphasizes that the roles and
the developers should be connected in the beginning of the project. Normally, the Project
Manager and the Quality Assurance Supervisor have been named exactly in the project
plan and the rest of the developers have usually been named without any exact role. Fol-
lowing the three-tier approach there should be special roles for each tier: one for the pres-
entation tier, one for the business logic tier and one for the data management tier. A role
guiding these developers should also be established.

User involvement in application development is definitely not a new idea and users are
an important part of the project team in the OOCS model. Users (Users can be seen as the
representatives of End-users in the OOCS model) understand objects since they are closely
related to their real world counterparts. Users can also write use cases after a little training
and take part in interface design.

The ownership of business components and the distribution of component libraries is
emphasized in this thesis. The idea is to establish teams around the Business Object De-
velopers (owners of business components). The client/server idea in the object-oriented
sense is broadened to cover the developers: an Application Developer (customer/client)
does not develop services of the business objects owned by others, but instead requests
services from the business object’s owner (supplier/server).

1.2 Research problem

A large number of object-oriented models have been introduced during the last ten to
fifteen years. Adoption of object-orientation in application development projects has af-
fected several new and/or evolved models which are being introduced. This does not nec-
essarily mean that all models are competitive with each other. On the contrary, many mod-
els have been developed with specific goals in mind. While one model might be good
when developing embedded real time systems, use of another model would cause only
disaster. In fact, the software process model should always be adapted to the needs of an
organization. This adaptation process is sometimes called method engineering (Kumar &
Welke, 1992). It is also true that one model is not good for everything, especially, in large
organizations which have different kinds of projects needing different kinds of models
(Goldberg & Rubin, 1995).

Adaptation of object-orientation caused a lot of work for the IT organizations in the be-
ginning, because they started to use object-oriented tools without any regard to the devel-
opment model (Kivistö et al., 1994). Berard (1993, p. 45) notifies this phenomenon:

‘Unfortunately, many people with strong backgrounds in object-oriented program-
ming languages have almost no background in even basic software engineering con-
cepts and methods. (This malady is all too common when people focus on the tools,
e.g., object-oriented programming languages, and not on the task, i.e. better engi-
neered software.’
We claim that researchers have not paid enough attention to the roles and responsibili-

ties of the software engineers. The problem is rarely mentioned in books dealing with
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object-oriented software engineering. This thesis tries to show how important it is to con-
sider the roles of software engineers together with the process. When the process to be
used has been addressed, the roles should be assigned to it. If the roles are fixed in the
beginning of the project, people can concentrate on those parts of the process model which
will be most important to their job. They will also know about each other’s roles. The
CASE tools and other supporting technologies can be selected afterwards, to support the
newly formed teams and their new processes and methods. As Thomsett (1990) puts it:
‘the object-oriented paradigm is an organizational paradigm first and a technical devel-
opment paradigm second’.

Nowadays, companies face emerging technologies which make application develop-
ment a more complex process (c.f. mainframe application versus internet application). An
appropriate process model also needs tools to solve the technological problems. However,
most process models do not pay much attention to technical issues. They usually take for
granted the development and run-time environments. Vice versa, though there are many
books that deal with technical issues they are seldom discussed together with the process
model. Fig. 1.2. depicts the research theme that is discussed in this thesis.

         

People
Skills

Experience

Process
Roles

Activities
Artifacts

Architecture

Architecture
Technology
Application

Data

Project Product

 Participate in

  Selects and uses

 Results in Is tailored to

Fig. 1.2. Process and architecture are focused on in this thesis.

This thesis offers one solution to the following problem.

Thus, the research problem has three dimensions:

1. Organizational dimension (structure of a project organization, roles of the project
members)

How to take into account roles and architectures in a software process model?
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2. Architectural dimension (client/server architecture consisting of three subarchitec-
tures)

3. Process dimension (process model, phases, roles, activities, artifacts, techniques,
architecture)

Paying attention to these three dimensions, the following questions can be put forward:

Q1. What roles are needed in object-oriented client/server application development?
Q2. How to include the client/server architecture in the model?
Q3. How to combine the roles and the client/server architecture with the process

model?

The OOCS process model is one solution to the above problem. It also gives answers to
the questions. An evaluation criteria framework is constructed after examining related
research in Chapter 2. The evaluation criteria are based on expectations on third genera-
tion process models, how roles are treated in them and how architectural issues are han-
dled in them. Each main section in Chapter 2 contributes to the evaluation framework, and
the OOCS process model is evaluated according to these criteria in Chapter 4.

1.3 Contributions of the thesis

The contributions of this thesis are listed and discussed below.

The OOCS process model

This thesis describes the OOCS model that is team-based, object-oriented and aimed at
client/server applications development (Fig. 1.3). It can be used as-is or adapted into the
specific needs of an IT organization. The model defines phases, activities and artifacts and
uses a standard modeling language (Unified Modeling Language).
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Fig. 1.3.  The OOCS process model.

Figure 1.3 depicts the OOCS process including the phases and roles needed in each
phase. It also shows how project management and QA are connected to the application
development. The project level and company level on the left-hand side of the figure gives
the roles that are common to the project/company. The iterative nature of the process is
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illustrated by arrows. In all, the figure has been kept simple in order to show the phases,
and to illustrate how QA and project management fit in the process.

Definition of roles and responsibilities

According to Goldberg and Rubin (1995, p 277) ‘A Role is a job type, a related set of
activities and a team is a group of people who work together in a coordinated way to
meet a clear set of goals and objectives’. We have found it very important that large proj-
ects are broken down into small teams. The roles and responsibilities defined in this thesis
follow the client/server application architecture approach (Fig 1.4). The application is
divided into three tiers (presentation, business logic and data management), with each tier
having its own specialists (the Application Developer, the Business Object Developer, the
Database Developer). In addition, teams are established around the Business Object De-
velopers (business object owners). Team Leaders concentrate on guiding the application
development, while the Project Manager concentrates on guiding the project and its mem-
bers. The goal has been to tie explicitly together the application development life cycle
model and the roles of the project team.
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Project
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Developer
Application
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Object
Business
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Database
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Fig. 1.4. Roles in the teams.

Emphasis on client/server architecture

The OOCS model has been developed to be used in heterogeneous client/server tech-
nology platforms. The model places a heavy emphasis on architectural issues. The three-
tier client/server architecture is considered in every phase of the model (Fig. 1.1). Al-
though the three-tier division is addressed, the model also fits the development of distrib-
uted (cooperative) applications, where there may be several tiers. The model also covers
all the three subarchitectures (technology, data, application) that are present in every cli-
ent/server project, but are rarely given any special attention. The model has a specific
Architecture phase, where technical, data and application-specific features are described.
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Tailored, operative applications

The model suits the development of applications which are both user-centric (lot of user
interfaces) and data-centric (databases are large and in heavy use). The model has been
tested in practice in IT organizations that have built tailored applications, but there seems
to be no reason why this model should not be also suitable for software product develop-
ment.

Configurability

One goal while developing the OOCS model has been to make each phase independent
from each other. This means that when a new project starts, the Project Manager can pick
up those parts of the model that are needed or he/she can join phases in small projects as
well as join deliverables (documents). An example of this are cases where companies have
looked for new technology architecture including operating systems, development tools,
protocol, databases, etc. In these cases the Architecture phase has been taken out of the
OOCS model and carried out. Deliverables from these projects have been architecture
documents as described in the Architecture phase of the OOCS model (Fig. 1.5).

          

Architecture draft in
the System Definition
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Application Architecture

Technology Architecture

Data Architecture
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Analysis Phase

Analysis Phase

System Definition Phase
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Technology reports
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EX

EX

DB EX

TL

TL

 BO

TL

Fig. 1.5. Architecture phase in the OOCS process.

A process model can also be configured for an IT organization. This thesis shows a
couple of examples where the OOCS process model is configured to be used by IT organi-
zations.

The model joins practices from the three dimensions

The model merges well-known object-oriented application development models (proc-
ess dimension). It is also being tested in real projects in a few organizations and it has
evolved from the feedback from those projects. Furthermore, new discoveries and experi-
ences in the field of object-oriented application development have influenced the model’s
evolution. The OOCS model joins the roles of the developers (organizational dimension)
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and client/server architecture (technological dimension) into a process model in a way not
proposed as yet by other researchers (Fig. 1.6).

1.4 Background

The research started due to practical needs. The object-oriented process models intro-
duced in the beginning of the 90’s were considered both inadequate and immature, and
most of them were aimed at embedded systems development. The weaknesses of those
process models were revealed in practice, and the development of the OOCS model started
in 1993 and has continued during the last five years. The model owes credit to the work of
Jacobson et al. (1992), Rumbaugh et al. (1991) and Booch (1991, 1994, 1995). The cli-
ent/server architecture approach described by Microsoft (1993) has also influenced the
model, especially its architectural part. The work of Goldberg and Rubin, summarized in
their book (1995), Booch’s book on object-oriented project management (1995) and Mi-
crosoft’s small team approach in their product development (1994) have influenced our
work on defining the roles. In addition, there are many other researchers that must be
mentioned in this context. The literature study in Chapter 2 is devoted to this subject.
Another main input into the model’s development has been feedback from practice. Fig.
1.6 captures the evolution of OOCS. As can be seen from the figure, the development of
the process model and role model have been carried out side by side until the current ver-
sion where they are joined.
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Fig. 1.6. Evolution of the OOCS model and Team Based role model (TB model).
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Actually, the role issue was there before the development of the OOCS model started.
Our aim in the role modeling research (in years 1992-1993) was to organize the IT de-
partment in order to better support software reuse. The first research activities addressed
the role problem (Kivistö 1993, Kivistö 1992a). When practice revealed that the existing
process models were not good enough for client/server application development, the re-
search focused on process modeling. These two model (OOCS process model and Team
Based (TB) role model) were kept somewhat separate until the current version (ver. 2.0),
although the roles were included in version 1.0 of the OOCS model (Kivistö 1997).

The feedback from practice has been most valuable when improving the model. The
OOCS model is in use in some Finnish IT departments. The model has been adapted to the
needs of those organizations. Experiences from the adaptation process can be found in
Chapter 4.

The introduction of the standard Unified Modeling Language (UML) has been a relief
for all process model developers. There were competitive notations before UML appeared,
although OMT notation (Rumbaugh et al. 1991) was some kind of standard. The OOCS
joined from the very beginning use cases and their notation (as described in Jacobson et al.
1992) with OMT. The UML notation version 1.1 was adopted to the OOCS model in the
beginning of 1998.

1.5 Research methods

The research methods (Fig. 1.7) used in this thesis comprise a literature study and case
studies, where the case studies involve several industrial software development projects
and feedback from them. In terms of Järvinen’s (1999) categories the research method
could be placed under the ‘theory-creating’ approaches, although theory is too strong a
term to be used; we prefer the term model instead.

                           

OOCS
- phases
- activities
- artifacts
- roles
- architectures
- project management
- quality

Best practices
- literature study

OOCS in practice
- real projects
- adaptation of the model

 Method development

 Usage in real projects
 Feedback Feedback

 Seek Seek

Fig. 1.7.  Research methods.
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Eisenhardt (1989) presents an approach to theory building from case study research.
Putting our researh in this framework would look like as follows (we follow the presenta-
tion of Järvinen, 1999):

1) Getting started. The research started in 1992 after getting acquainted with some first
object-oriented methods and perceiving their shorcomings in practice. The first object-
oriented models did not pay attention to the client/server architecture nor to (relational)
databases. They also lacked user interface design. Our goal was to develop a process
model that supported both object-oriented methods and client/server architecture. The first
versions of the OOCS model joined parts from several sources. The literature study covers
a wide variety of books and papers and it is discussed in Chapter 2. The division of
method books into three generations manifests the progress in this field during the ‘90s.

2) Selecting cases. The first cases selected tested only parts of the process model giving
feedback on how to improve the model. Later on, when all the parts of the model were
ready, the cases were selected from more challenging real life projects. Because every
project producing tailored software is unique it is hard to find cases that use the model
totally or could be compared. However, it is part of project planning to configure the pro-
cess model to the needs of the project in hand. The process model has been used in student
projects to get knowledge about how novice users of the model take it. The process model
has been used in real life projects without any interference by the researcher in the last few
years. These kinds of cases have given feedback on how software professionals use the
model.

3) Crafting instruments and protocols. We have used multiple data collection tech-
niques while developing the model. The best feedback was given by the software develop-
ers using the model, of course. In addition, observing how developers interpret the model
has influenced us to rewrite parts of the instructions several times paying special attention
to templates and figures. Quality metrics data is also collected from the projects, although
this kind of data does not necessarily give evidence to model’s superiority. Final reports of
student projects provide information on what kind of attitudes novice users of the model
adopt. Finally, client inquiries give some information on how they see the model. Many
clients have several subcontractors using different kinds of process models, so they can
compare the models through the outputs, i.e. documentation and product releases.

4) Entering the field. At first we participated in projects and could thus observe and
guide other project members. When we adapted the process model to other IT organiza-
tions action research was also used some extent, i.e. the progress of the model’s adaptation
can be found as well as the reasons to the model’s advancement. All real life projects in
the last two to three years have been made entirely without the influence of the researcher
making them ‘good’ cases and free of the problems that action research might have, that is,
the researcher’s influence on the project and the model’s usage in it.

5) Analyzing data. Data analysis was partially discussed in previous the items 3 and 4.
Data comes from several sources during a software development project where a new
process model is tried. A researcher has to concentrate on certain kinds of data paying less
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attention to some other data (although important). We selected the data that improved the
model and helped developers to adopt the model. The research problem and its three di-
mensions were selected to control data analysis. For instance, we realized and recognized
the social impacts of roles in IT organizations, but we did not systematically gather or
analyze data about this issue.

6) Shaping hypotheses. In our case ‘shaping hypotheses’ has meant adjustment of the
model according to the data analysis. The process model has been used in several cases
during the last few years giving evidence to its usefulness. Feedback from practice has
guided the model’s development as the literature study has done, too. However, the origi-
nal ‘hypotheses’ have remained valid from the very beginning (roles, architecture and
process).

7) Enfolding literature. As can be found out from the references of this thesis, a broad
range of literature has been examined by the researcher. The model represented in this
thesis is a fusion of many models. On the other hand, there are many books and papers
referenced also in this thesis that have not contributed the OOCS model. We have tried to
explain the reasons to this in Chapter 2. One of the main contributions of this thesis is that
we fused some models earlier than their original creators did.

8) Reaching closure. There are three main points when iteration between literature
study, model development and real life project trials has come nearer to ‘theoretical satu-
ration’. Firstly, the process model was entirely ready for the first time in 1995. At end of
year 1997 it was adapted to two other IT organizations and the model was described in my
Licentiate thesis (Kivistö, 1997). Soon after that the model was enhanced by the UML
modeling language and its usage in real life projects was continued. We noticed soon that
UML did not give any further value to the model itself, but rather clarified documentation
through diagrams. So we came to the conclusion that our research had reached ‘theoretical
saturation’ and concentrated on writing this thesis in 1999.

1.6 Contents of the thesis

Chapter 2 consists of the literature study. The books and articles that have influenced the
work are named and discussed briefly. The chapter helps to understand the model’s back-
ground and the theoretical point of view. The team-based object-oriented client/server
application development model (OOCS) is described in Chapter 3. The model binds the
three main themes in this dissertation, namely the client/server architecture, the object-
oriented application development and the roles of the developers. The chapter starts with a
presentation of the roles and their evolution. The OOCS model is then described in a sim-
ple manner so that the reader can see the plain model without any extensive or confusing
explanations. One example of the model’s usage is also shown in this chapter. Chapter 4 is
devoted to the evaluation of the model. The aim of the chapter is to handle various aspects
of application development and to show how they are handled in the OOCS model. The
conclusion and some prospects for future work are discussed in Chapter 5, while Chapter 6
consists of the references.
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In summary, this thesis describes the evolution of the OOCS process model to its cur-
rent state. It gives one example of its usage and finally evaluates the model. The OOCS
process model can be used when an IT organization develops object-oriented client/server
applications. In addition, it defines the roles in the development team and combines them
into the process model. The model also focuses on the client/server architecture and con-
siders it explicitly in the model.

The model has been under construction for several years and it has been tested in real
projects. Feedback from practice has been an important source while the model has
evolved into its current form. Another source for evolution has been other process models
and technical progress in this field. This thesis reveals the theoretical and practical aspects
that have influenced the model’s development and points out reasons why any previous
model has not been enough to be used instead of this model.



2 Related research

This chapter concentrates on related research. Especially, it focuses on the research of the
three main topics of this thesis. The first section deals with object-oriented process mod-
els, the second section with architectural issues and the third section with role issues in IT
organizations.

2.1 Process models

The last twelve years are divided into three periods: the first covers the years 1986-1992,
the second the years 1993-1996 and the third starting around 1997. The samples from the
first period are object-oriented process models based on development models that existed
prior to that time, for instance, structured analysis and design and data modeling. Several
competitive approaches to object-oriented modeling were introduced, some of them hav-
ing their own notations and concepts. The second generation models have mainly evolved
from the first generation ones. The impetus behind their evolution arose from the feedback
from practice and the influence that the other models had. The third period taking place
now is also based on feedback from practice. However, there have been other factors in-
fluencing the evolution. Researchers have joined their models forming new, better devel-
opment models and comprehensive processes. There are two large consortiums which will
be introduced and discussed in more depth. There is also a consensus on the modeling
language: the Unified Modeling Language (Booch et al. 1999) has been standardized by
the Object Management Group (OMG). Another issue that has influenced this field is
architectural, i.e. applications are to be built on distributed architecture. The term cli-
ent/server in this thesis also covers distributed architectures like cooperative and internet
architectures.

The First Generation (1986-1992)

The writings from the first generation lay the foundation for object orientation and ob-
ject-oriented application development. Many of these books and papers also reveal the
foundation of the models they represent; the models have their background in structural
methods or in purely relational data modeling. Rumbaugh et al. (1991), Jacobson et al.
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(1992), Lorenz (1993) and Booch (1991) influenced our work most at the beginning, so
these books are examined more closely.

Rumbaugh et al.’s (1991) Object Modeling Technique (OMT) is probably the most
widely referenced methodology in the field of object orientation and it is also a good ex-
ample of the first generation. The methodology is comprised of four phases: Analysis,
System Design, Object Design and Implementation (Fig. 2.1, drawn by the author).
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Fig. 2.1. OMT methodology.

This book was useful reading at the time, although it confused our work because of its
data flow diagrams (or their ‘object-oriented’ adaptations). The object modeling part and
the notation was adopted by the OOCS model. The OMT methodology does address ar-
chitecture issues, though only application architecture in the System Design phase. In
addition, testing and other QA aspects are missing. While the method is useful for embed-
ded systems, its use in client/server information systems is less obvious. The model fo-
cuses on the analysis and design phases, while giving some advice on the implementation
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phase and coding. There is no picture of the whole process in the book (Fig. 2.1. is made
by the author), which requires the IT organization to adapt the model. However, the OMT
methodology cannot be underestimated and it has been a source for many improved mod-
els (referenced later on in this section).

Jacobson et al. (1992) also contributes the OOCS model. The best part of their OOSE
model is the ‘use case’ concept and its use in application development. Use cases control
the whole system development, as seen in Fig. 2.2. Use cases were immediately adopted
by the OOCS model. They spread to other models some years later.

                    

Use case model

class ... ok

ok

fail

expressed in terms of structured by realized by implemented by tested in

Domain object model Analysis model Design model Implementation model Testing  model

Fig. 2.2. The use case model is the source of all other models proposed by Jacobson et al. (1992,
p. 132).

The OOSE process model is a comprehensive model in the sense that it describes
phases from analysis to testing (see Fig. 2.3). The OOSE is based on object-oriented pro-
gramming, conceptual modeling and block design and the idea is to build models, each
focusing on a certain aspect of the system.
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Fig. 2.3 The OOSE process.

The use of three types of an object (interface, control, entity) has also guided our work.
The problem with these objects was first in their definitions and use. Jacobson et al. saw
that all behavior should be placed either in interface objects or in entity objects. Only
operations that did not naturally belong to either of these objects should be placed in con-
trol objects. Control objects were reflected in both business objects and application ob-
jects in our projects. This was a clear choice when designing client/server applications.
The OOSE model does not have a phase in which architectural questions can be handled.
There is only a mention between the analysis and design phases that the implementation
environment should be taken into consideration in the design phase. The model does not
describe the documents to be produced, nor does it show any document structures. Docu-
mentation guidelines must be collected from the model descriptions and examples. OOSE
has its own symbols for the object model and its notation has not gained wider acceptance.
Project management issues are handled very generally. The roles (or groups) are described
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at a very general level. One of the guidelines is that the same people should participate in
all the phases and that they should concentrate on some part of the system. This is also
noted in the role model in this thesis. When there are different persons or groups responsi-
ble for the analysis and design and/or construction, information is lost between the phases.
They also emphasize the ‘ownership’ of objects and subsystems, referring in this way to
Business Object Developers in this thesis.

This thesis and the work done in practice owes a great deal to the work of Jacobson et
al. which was the first model to be used in practice. As mentioned above, the division of
objects into three categories caused some confusion at first, but when we adapted these
categories to a client/server architecture we gained the benefits that Jacobson et al. had
promised. The use cases were another new experience for us. Application developers have
tried over the years to capture the users’ requirements and prerequisites regarding the
application. The use case approach has turned out to be the most promising solution to the
central problem in application development: how to make the user’s invisible know-how
visible in the software system. Nonaka and Takeuchi (1995) speak of knowledge conver-
sion from users to experts when defining the same problem in the business domain. In the
application development domain the tacit knowledge in the heads of the users must be
transformed into explicit knowledge in the software system. Use cases can be applied in
this externalization process (Nonaka and Takeuchi, 1995, pp. 56-73).

After finding the proper form of use cases we have used them successfully during the
years. We have also noticed that after a short preparation most of the users are able to
write use cases by themselves.

The OOSE process captures the three-tier architecture, although it does not point it out
so clearly as in the OOCS process model. Additionally, the OOSE focuses on use cases
analysis, interface design and object modeling in the Analysis phase. However, their mu-
tual order is not so obvious as in OOCS. Both process models rely on iterative and incre-
mental development. The OOSE process model also includes a component development
process that is a shared process among several product processes.

There has been some criticism of use cases and scenarios. Martin and Odell (1995, p.
314) state that use cases should capture the desired state of the system (what it should be)
and not the present state (what it is). This is a good point, and the developers should be
aware of it. They also say that use cases should cover the whole system and not just parts
of it. Their last concern is user involvement in application development. This has nothing
to do with use cases, but is merely a general observation. Instead, the strength of the use
case lies in its ability to tie users to application development without introducing notations
or graphs that are unfamiliar to them. Graham (1995, p. 286-287) claims that use cases are
an old invention whose roots are in DFD (Data Flow Diagram) process bubbles, stereo-
typical scripts and hierarchical task analysis in HCI (Human Computer Interaction). These
claims do not reject use cases in any way. Graham’s own concept is task script. Accord-
ing to Graham (Graham et al. 1997, p. 52), task scripts describe business processes
(knowledge level), whereas use cases describe interactions between user roles and the
software system (information level). In addition, one use case is equivalent to a set of
scenarios in design (data level).

Graham (1995) also claims that use cases are better for user interface description than
for internal analysis and design of the system. This is true, but it must be remembered that



29

use cases are not intended for internal structure definitions. There are other better tech-
niques available for that, e.g. the object model and interaction diagrams.

Lorenz (1993) is a practician in object-oriented application development and one of the
first to adapt use cases to his model. The model may not have a solid theoretical basis, but
it was worth testing at the time. This book has guided our practical work more than our
theoretical work. The model comprises four phases: Business, Analysis, Design and Test,
and Packaging.

This model does not have an architectural phase. By architecture, Lorenz refers to the
application architecture and its structure (classes, class categories and so on). The model
follows the object-oriented paradigm. Lorenz also prefers use cases in the analysis phase.
In addition, he suggests ‘use case - object model’ coupling, i.e. use cases as a good source
for an object model. The same coupling is used in the model defined in this thesis. There
is another ‘coupling’ mentioned that we disagree with: the model teaches that the user’s
manual is derived from user interfaces. In the OOCS model this is the reverse, i.e. the first
version of the user manual is employed in user interface design.

The life cycle development model leans heavily on iterative development, and has all
the relevant phases needed in application development except the architecture phase. Lo-
renz also tackles the roles issue and describes the roles in his last chapter.

Booch’s (1991) point of view is design and implementation-specific. He had a notation
of his own in the beginning, but he started to use the OMT notation some years later.
Booch uses concepts such as micro and macro architecture when describing the life cycle
model. Booch’s concept architecture refers mostly to application architecture in this thesis.

Other books that were examined when the first version of the OOCS model was elabo-
rated were Coad and Yourdon (1990, 1991), Shlaer and Mellor (1988, 1992), Beck and
Cunningham (1993),  Wirfs-Brock et al. (1990) and Martin and Odell (1992), to name but
a few. The influence of these books is not so explicit as that of the others.

Graham classifies first generation development models into two categories (Graham
1995, p. 225). Object-oriented analysis and design methods of the first type mimic existing
structured methods and have notations for data, dynamics and processes. Examples of this
approach are Rumbaugh (1991), Martin and Odell (1992), Shlaer and Mellor (1988,
1992). The second type combine data and processes into objects. The best examples of
this approach are Jacobson et al. (1992), Lorentz (1993) and Wirfs-Brock et al.  (1990).

Monarchi and Puhr (1992) evaluated models from the first generation by dividing the
models into those that included process or presentation or both. (Note. The above list also
includes references that were not evaluated by Monarchi and Puhr, for instance, the work
of Jacobson et al. (1992) and Lorenz (1993) were published later). They also divided the
models into pure object-oriented, adaptive and combined approaches and left the ranking
of them to future research. Among other future research issues they set, are abstraction
levels and their integration (this means components today), identification of typologies and
defining an evaluative model that would measure technical and semantical aspects of the
results of the process. Monarchi and Puhr do not explicitly rank the models, but from their
results (Table 4, pp. 42-43) one can see that Booch (1991),  Rumbaugh et al. (1991) and
Coad and Yourdon (1991) stand out from the models. Jacobson et al. (1992) would defi-
nitely have got many marks if it had been evaluated. Another comparison made is that of
de Champeaux and Fare (1992). The lack of formality is their key conclusion from the
comparison. Iivari (1995) compares six well-known methods for object-oriented analysis.
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The comparison framework has two dimensions. The first dimension distinguishes be-
tween the individual object and a community of objects and the second dimension distin-
guishes between structural, functional and behavioral aspects of the method. Although the
study concentrates on the analysis phase only, it still reveals inconsistencies and weak-
nesses in the models. For instance, object community functioning (i.e. how the objects
work as a system) is not addressed in those models. Iivari names use cases by Jacobson et
al. (1992) and subsystem by Wirfs-Brock et al. (1990) as candidates for solving the prob-
lem.

In summary, the first generation ended with confusion. There were several competing
process models with their own notations and, above all, there were disputes over concepts.
IT organizations became acquainted with one or few models and tried them in small pilot
projects. However, most of the work in the IT organizations concentrated on object-
oriented languages and tools instead of object-oriented analysis and design.

The Second Generation (1993-1996)

Books and papers of the second generation could be placed under the titles ‘lessons
learned’ and ‘combined methods’. Booch (1995), Goldberg and Rubin (1995), Love
(1993), Meyer (1995) and Berard  (1993) are good examples of books reporting experi-
ences with first generation object-oriented methods and providing enhancements to them.

Object-oriented methods were used by many companies, and experiences were gath-
ered. The models were also improved by including ideas from different models and expe-
riences from practice. The importance of client/server architecture as a part of object-
oriented application development was also noticed.

Coleman et al.  (1994)  combine structural and object-oriented methods in their Fusion
Method. The model fuses Rumbaugh et al. (1991),  Booch (1991), Jacobson et al. (1992)
and Wirfs-Brock et al. (1990). This book is a good example of a second generation publi-
cation. The weight of the Fusion method lies in its commitment to structured analysis and
design. In addition, some users of the model have added use cases as a part of the re-
quirements capture stage of Fusion (Malan et al. 1995).

Firesmith’s (1993) software engineering approach to object-oriented requirements
analysis and logical design is aimed for use in large, complex, real-time projects. Its
documentation is fine-tuned to please military clients in the US. The documentation has its
own notation and seems very laborious to create and maintain. Without tool help it is quite
impossible to document a project’s deliverables. Firesmith distinguishes object-oriented
domain development and object-oriented application development, the former to be used
in reusable component production in a given domain and the latter in application devel-
opment projects.

Graham (1995) has his background in mainframe-based systems, and has made an ex-
tensive study of the migrating issue: how to build an object-oriented application around
old legacy systems. He explains carefully how to build and use ‘wrappers’,  i.e. how to
cover old legacy systems and gradually replace them. Graham also describes a method for
use in object-oriented application development. His SOMA model relies on ‘task scripts’
as an alternative to use cases. This book has contributed to our work when dealing with
cooperative systems.
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Henderson-Sellers and Edwards (1994) have developed the MOSES model, which
has a fountain-like life cycle instead of a waterfall or any other scheme. The model takes
an iterative development process approach similar to Lorenz (1993).

Microsoft’s ‘Analysis and Design of Client/Server Systems’ (Microsoft, 1993) has in-
fluenced the development of OOCS a great deal. The idea of three subarchitectures (Solu-
tions Architecture) was adopted to the OOCS process model. Microsoft recommends some
guiding principles when adopting a new process model: multithreaded processes (i.e. it-
erative and waterfall together), object-oriented methods with reusability in mind, devel-
opment in small teams, and adding of the solutions architecture stage to the process model.
(The Solutions Architecture is discussed in more detail in the section ‘Literature Study on
Architectures’). Figure 2.4 depicts the process on a high level.
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Fig. 2.4. Analysis and Design of Client/Server Systems (Microsoft, 1993, p. 323).

Although this model introduces object-oriented methods, it is still data and process
modeling oriented. In addition, the model does not describe construction and test phases.

Martin and Odell (1992, 1995) base their model on Information Engineering.
Putkonen (1994) defines a Structured Object-Oriented Analysis (SOOA) methodology,

a rigorous methodology that defines the system purely by means of object-oriented con-
cepts. It also pays attention to the maintenance phase. The methodology includes accom-
panying metrics, a valuable addition for project management.

Reenskaug et al. (1995) have developed a method called OOram (Object-Oriented role
analysis and modeling). The idea is to model the system starting from roles and their func-
tions. The idea is somewhat the same as in use case analysis in Jacobson et al. (1992).
Again, the method has its own notation.

In summary, a number of comprehensive process models were introduced in this period.
Object-oriented methods were used in industrial projects giving feedback to the develop-
ment of models. Researchers and practicians joined their forces at the end of this period in
order to create more mature process models. This (process model instead of OOA/OOD
model) is the key difference between first and second generation models.
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The Third Generation (1997 -)

There are three main issues that have dominated this on-going era: convergence and fu-
sion of models, distributed architectures and the search for a commonly approved model-
ing language. Researchers and praticians are working together to produce comprehensive
life cycle process models.

There are at least two groups that fuse previously independent methods, namely the
OPEN and UML consortiums (details below). The idea behind both proposals is to de-
scribe a modeling language with strict semantics and notation, and also to offer project
management and quality advice.

The development of distributed applications means more pressure on client/server ar-
chitecture. New technologies and distributed databases are needed. The application archi-
tecture needs to be constructed differently in a multi-client/multi-server (distributed) ar-
chitecture from a multi-client/one-server environment. There is a set of standards given by
the Object Management Group focused on distributed architecture (CORBA). Unfortu-
nately, there are competitive specifications and implementations (like Microsoft’s COM
and DCOM) which cause confusion and trouble in the field. We next concentrate more
closely on some third-generation process models.

Rumbaugh,  Jacobson and Booch elaborated the Unified Modeling Language (Booch
et al. 1999, Rumbaugh et al. 1999). UML was accepted as a notation standard at the end
of 1997 by the Object Management Group. The documentation set defines the semantics,
notation and diagrams of an object-oriented process. However, the documentation does
not include any process model to be used, but it prefers a process model  that is use-case
driven, iterative and incremental, and architecture-centric. The OOCS model described in
this thesis is based on the work of these researchers, although it was ready before they
revealed UML. The UML is suitable for use as a modeling language with the OOCS
(Kivistö 1998a). Because the UML is a standard modeling language, several process mod-
els that capture the UML have been evolved.

Jacobson et al. (1999) describe the Unified Software Development Process. This proc-
ess model was developed by the UML authors (Jacobson, Booch and Rumbaugh) and it is
their view of the UML-specific process model. The Unified Process is use-case driven,
architecture-centric, iterative and incremental. By a use-case driven process the authors
mean that use cases drive the development process (analysis, design, implementation and
test) as in the OOSE by Jacobson et al. (1992). The architecture-centric process means
that the Unified Process emphasizes application architecture and its design as in Booch
(1995). The software product is developed by the Unified Process iterating basic
workflows (requirements, analysis, design, implementation and test) inside the phases
(Inception, Elaboration, Construction and Transition), with each iteration resulting in an
increment to the final product. Fig. 2.4 describes the Unified Process.
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Fig. 2.5. The Unified Process (Jacobson et al. 1999, p. 11).

Fig. 2.5 shows how iteration actually takes place inside the phases. It also shows how
much work is needed in different phases and on what workflows it is focused. As in the
OOCS model the Unified Process defines the workers (roles in OOCS) needed in each
workflows (phases in OOCS), activities in the workflow (as in OOCS) and artifacts to be
produced (as in OOCS). Both models also define the UML diagrams to be used with the
artifacts. Although the Unified Process is architecture-centric, the architectural decisions
mainly focus on application architecture, while it is less concerned with technology and,
especially, data architecture. Architectural issues are also mainly handled inside the
workflows in the Inception and Elaboration phases making the issue hard to see as a
whole. It must be admitted, however, that application architecture is well-handled in the
Unified Process. Another weakness of the Unified Process is its attitude towards data
modeling and design; the Unified Process is almost silent of this issue. Data modeling and
design (one of the three tiers) plays a central role in client/server application development
and these activities might be better addressed in the Unified Process.

The Unified Process defines the workers of the development team and their activities in
the workflows (to be discussed in section 2.3 in more detail). It is one of the only process
models that connects roles and activities with the process model.

Jaaksi (1997) with his colleagues (Jaaksi et al. 1999) have developed OMT++, a
model based on OMT by Rumbaugh et al. (1991) and Fusion by Coleman et al. (1994)
and aimed at the construction of interactive systems. Jaaksi also favors use cases (Jaaksi
1998). The model handles use cases and user interface design and relies heavily on MVC
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(Model-View-Control) modeling. OMT++ has also been changed to use UML notation.
The next figure (Fig. 2.6) depicts the OMT++ process model.
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Fig. 2.6. The OMT++ process.

The analysis phase concentrates on the presentation and business logic tiers in terms of
the three tier architecture used in this thesis, while the data management tier is not dis-
cussed explicitly. Use cases have an essential role in OMT++. Use cases and class model-
ing direct user interface design as it should be. It is interesting to notice that in OMT++ (as
in OOCS) the first draft of the user’s guide is written in this phase. The analysis phase
produces three documents: the Feasibility study document, The Analysis document and the
User Interface Specification document.

The design phase in the OMT++ model consists of architectural design and detailed de-
sign. The architectural design covers the technological and application architecture in
terms of client/server architecture represented in this thesis. OMT++ follows the ideas of
Kruchten’s 4+1 View model (Kruchten 1995) modifying it into 3+1 View (logical, run-
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time, development views plus scenario view). The logical view illustrates how the system
is partitioned into applications, while the run-time view specifies executable components
and the development view independently developed components. The scenario view shows
the collaboration of the components. OMT++ is one of the few process models that em-
phasize the architectural issue so explicitly. The detailed design takes as input the results
from the analysis phase and redevelops them with the architectural design in mind. In
detailed design a MVC++ (Model-View-Controller) approach is used as a framework to
design. MVC++ (Jaaksi 1995) was modified from the original MVC (for instance, Kranser
and Pope 1988). Our experiences from MVC and MVC++ are that they are arduous but
their use is rewarded in implementation. The artifacts from the design phase are the archi-
tecture document and the detailed design document. Programming and Testing phases are
put forward very briefly in Jaaksi et al. (1999).

Jaaksi et al., unlike many others, favors the waterfall development process in certain
cases. In their experience the waterfall development process is suitable when the require-
ments are clear, methods and tools are well-known or when building the next release of the
application. They recommend the use of an incremental and iterative development process
when developing a new application or if there are uncertanties in the functional (i.e. re-
quirements) and/or non-functional (technological) elements. From our experiences we
agree with them.

OMT++ is clearly an alternative to OOCS in some cases. Their roots are partially the
same, but OOCS emphasizes also the third tier, i.e. data management. OMT++ does not
handle the roles explicitly as OOCS does. It might be worth trying to use OOCS as a
framework for the process model and include the best practices from OMT++ in it. On the
other hand, OMT++ might benefit from fusing parts of the OOCS into it.

Henderson-Sellers, Firesmith and Graham (with over 30 other researchers) have
worked together and created the Object-Oriented Process, Environment and Notation
(OPEN) methodology (Graham et al. 1997) that originally merged MOSES by
Henderson-Sellers and Edwards (1994), SOMA by Graham (1995) and Firesmith’s
method (1993). The OPEN methodology also includes Common Object Modelling Nota-
tion (COMN) and Common Object Methodology Meta model Architecture (COMMA),
which together form the OPEN Modeling language (OML, Firesmith et al. 1997). Actu-
ally, OML was one of the candidates for a standard modeling language, but UML was
approved by the Object Management Group (OMG). One guide book is dedicated to the
techniques (Henderson-Sellers & Younessi, 1997).

One leading idea behind the OPEN methodology is that it is tailorable, i.e. OPEN con-
sists of  a process model framework (see Fig. 2.7) and process patterns (tasks and tech-
niques) that can be gathered and used depending on the project’s features (small, large,
line of business, r&d, product development, etc.). Developers of OPEN also observe that
organizations have different cultures. Thus, any general process model has to be tailored
to the needs of an organization. Furthermore, the standard process model of an organiza-
tion has to be tailored to the needs of a project. The methodology also pays (like OOCS)
attention to project management including the team structure and roles, although roles are
not named precisely.
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Fig. 2.7. Contract-driven life cycle model - one example of instantiation (Graham et al., 1997,
p. 29).

OPEN comprises some 80 tasks and subtasks (described in Graham et al. 1997) and
over 100 techniques (described in Henderson-Sellers and Younessi, 1997). One must note
that the tasks and techniques are worthwhile reading and usable also with other models.

In OPEN, technology mainly means tool support for development and design, whereas
in OOCS technology also covers run-time environment. It then seems odd that OPEN
places technological selections (tool set, hardware) inside project management issues. If
the project is dealing with new technologies, selection and evaluation of development and
production environments should be part of the project itself. Moreover, technology has an
even more central role in the OOCS model.

It is somewhat difficult to attain an overall view of OPEN, even though we know the
models prior to OPEN. While their fusion might need further development, another prob-
lem lies in the notation; the OML notation is much less known than UML. The future of
OML is yet to be seen, since UML is the standard. The OPEN Consortium emphasizes,
however, that UML can be used instead of OML.
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In summary, the software process models introduced in this period have matured. How-
ever, technology (for instance, internet and mobile telecommunication) causes constantly
enhancements to models. We also believe that the role issue is getting more attention,
because the software development process is utilized by people.

As can be seen above, model development is an everlasting process. The process model
development takes into consideration new paradigms (like object orientation), new tech-
nological innovations (like the internet) and also feedback from practice. The OOCS
model is no exception to this, although its basis has turned out to be very firm.

Reuse was claimed to be one of the key assets of object-orientation (for instance, Mar-
tin and Odell 1992, Rumbaugh et al. 1991). Reuse was first seen as a reuse of classes by
inheritance and delegation. However, now reuse is aimed at the component level (one
component includes several classes). Reuse has not reached the expectations set by the
early advocates of object-orientation. In their study on software reuse Frakes and Fox
(1995) asked 16 questions from the users of the object-oriented approach. The following
factors affected reuse: software process model, education for reuse, high quality assets and
perceived economic feasibility. Factors that did not affect reuse were, among others, the
programming language, the CASE tool, repository, the size of the organization, experi-
ence, awards and reuse measurement. From this survey one can conclude that a common
software process model promotes reuse whereas technical aids do not. They also remarked
that developers are willing to reuse components instead of building them.

Today, process models are in their third generation. First generation models were de-
veloped by one person or a small team around one ‘guru’. The models were inadequate,
aimed at some special purpose and they introduced several notations. The second genera-
tion models joined the best parts from first generation models and feedback from practice.
A couple of third generation models were introduced. There are ‘consortiums’ behind
these models, i.e. several researchers and practicians have joined forces and developed
comprehensive models from prior separate models. What are the key features of a third
generation process model? The Unified Process (Jacobson et al. 1999) is use-case driven,
architecture-centric and uses an iterative and incremental development approach. The
process explicitly defines the workers (i.e. the team members), their activities and artifacts
to be produced in each workflow and phase. In addition, tools that support the process are
needed in successful projects. The OOCS process model is a third generation model, al-
though it was finished as early as 1995, in the second generation period.

Royce (1998, pp. 63-65) lists 10 principles of modern software management. Accord-
ing to him the process should be based on an architecture-first approach, be iterative, em-
hasize component development, include change management, use tools that support round-
trip engineering, use rigorous modeling language, emphasize quality control and assess-
ment, be demonstrative-based, be based on evolving increments and be configurable. The
OOCS model covers all these principles, although change management and tool support
do not have such a central role.
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2.2 Architectures

In particular, the thesis focuses on the client/server architecture consisting of three subar-
chitectures: Technology architecture, Application architecture and Data architecture (Mi-
crosoft, 1993).

There is actually a fourth architecture, the Business Architecture (Figure 2.8), which
drives the Technology architecture that, in turn, guides Application and Data architectures.
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Fig. 2.8. The solutions architecture framework (Microsoft, 1993, p. 40).

The four architectures are characterized as follows (Microsoft, 1993, pp. 40-41):

1.  Business Architecture
•  Drive the strategic decisions in the technology architecture
•  Provide the basis for strategic applications in information technology
•  Define relationships in the business operations
•  Identify business systems and their interactions
•  Identify functional responsibilities of the business units

2.  Technology Architecture
•  Evaluate and select technologies and application programming interfaces
•  Define the base technology for the application and data architectures

3.  Data Architecture
•  Understand data origination point and ownership to determine the loca-

tion of data
•  Understand data access and usage pattern to determine the data distribu-

tion strategies
•  Design transactional and informational databases

4.  Application Architecture
•  Present a single system image to the application developers
•  Provide the foundation to build reusable services with well-defined inter-

faces
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The Business Architecture was left out from the OOCS process model, because it deals
with the  strategic decisions of a company. Of course, the Business Architecture is always
present when architectural issues are discussed.

Technology Architecture

The Technology Architecture refers to both the development and run-time environ-
ments. The development environment consists of all tools, devices, networks, operating
systems, protocols, etc. that are needed during the development time. The run-time envi-
ronment consists of the same elements, but usually excludes development and design tools.
Although the purpose is simple (to select development tools for a run-time environment),
it is not so in practice. Vayda (1995) reports a case where a large legacy system was
reengineered into client/server architecture. As a result, the performance decreased from
100 transactions/sec to only 5 transactions/sec. The reason was that the project did not pay
enough attention to the technology architecture. Vayda has also noticed that ‘getting the
architecture right is an absolute prerequisite to success’ (p. 442). He recommends that the
architecture problems should be solved in parallel with analysis and design. This is also
the idea in OOCS where the architecture issue is first handled as part of the System Defi-
nition phase. Then an appropriate architecture is selected, evaluated and tested in parallel
with the analysis phase. The architecture phase - a unique feature of the OOCS model -
ends this activity.

Hart and Rosenberg (1995) and especially, Orfali et al. (1996) address the many as-
pects of client/server technology, showing how many possibilities there actually are to
build a system. Practice has proven that even if a company has selected the tools and the
run-time environment, the technology still has to be evaluated and tested every time a new
system (or a new release of a system) is built; new releases of the development tools or
new requirements for the system’s functionality may cause problems to the development.
Graham (1995) has developed an approach that can be used when legacy systems are to be
kept up and running. His idea is to ‘wrap’ old systems which means that a new interface is
built around the legacy systems.

The references mentioned above are just a few examples of the literature in this field.
Technology changes so rapidly that books become obsolete very soon. When doing archi-
tectural studies in the projects the best sources are articles and technological descriptions
of the software products.

Application Architecture

Meyer’s (1995) architectural principle states that ‘Object technology primarily affects
the architecture of software systems’ (p. 9). Jacobson et al (1999), Booch (1995), Jaaksi et
al. (1999), Kruchten (1995) are good examples of how application architecture is stressed
in the process models. The basic question is which components the application is made of.
The division of the application into three tiers (presentation, business logic and data man-
agement) is a good starting point. Further decomposition depends on the heuristics that a
company has chosen to use; MVC++ (Jaaksi 1995) is one possibility. In all, the chosen
technology and the application’s ‘environment’ (ie. collaborating applications) guide the
application architecture design. Experience is the key word in this issue.
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Data Architecture

The significance of Data Architecture has expanded during the last few years due to the
distributed and cooperative systems. The distribution of databases introduces many prob-
lems that have to be solved (for instance, replication, access and security issues).

Microsoft’s (1993) client/server analysis and design model addresses this problem ex-
tensively. It shows explicitly what parts a comprehensive data architecture design consists
of. It also includes data analysis and database design activities.

New versions of database management systems (for instance, Oracle’s 8i, IBM’s Uni-
versal DB) include possibilities to code part of the application inside the database. We
already studied in 1992 (Kivistö 1992a) what this means and what effects it has on appli-
cation development (Kivistö, 1992b). Although the progress in the DBMS field has been
slower than we predicted (Jaaksi et al. (1999) discusses the current situation), there is now
room for the Database Developer. We will return to this subject later on in the next section
when we discuss the roles.

We conclude this section by saying that architectural questions will gain more and more
attention when complex systems are built on emerging technologies. The time spent on
technological issues in the projects is growing all the time. A competent process model
should take this into account. Furthermore, application architecture is important, but it is
not the only architecture to be addressed. Technology and data architectures are also im-
portant, because technology architecture provides the framework to application and data
architecture. In addition, when data is distributed, extra work is needed to design its distri-
bution. The OOCS model has been developed with these issues in mind. The model in-
cludes the Architecture phase that is aimed at solving the architectural problems.

2.3 Project organization and roles

This section concentrates on project organization and the roles of the project members. A
summary of suggestions for object-oriented project organizations in the literature is made
and evaluated.

Goldberg and Rubin (1990a, 1990b, 1995) have observed this field for a long time.
Their first articles actually influenced our early works (Kivistö, 1993). They discuss
prototyping and software reuse in object-oriented application development and describe
the roles and tasks of the Application, Framework, Cross-Project and Reuse Teams.
Goldberg and Rubin support the idea that a life cycle model and its activities must be tied
to the roles of the team.

They present some notions about teams and roles that are worth mentioning (1995, pp.
294-296).

•  The number and kinds of roles on a project are tied to the kinds of activities that
have to be carried out to meet the project’s goals and objectives.
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•  Successful teams enroll the end user as an insider, an active member of the product
team.

•  The role of managing is to make sure that team members have the information and
resources they need to accomplish their jobs.

•  The managers cannot be on the critical path of (hands-on) development.
•  A manager cannot meet a deadline to which the developers have not agreed.
•  Teams should be partitioned according to the target system partitioning so that a

subteam consists of six to eight people.
We can subscribe to all the six claims through our experience. For instance, the fourth

statement has been recorded in our quality instructions (we have a table that includes the
roles and it shows which roles cannot be joined).

Application Teams are responsible for developing applications within the same gen-
eral domain. The authors list three important ideas behind the Application Team (1995, p.
282):

1. The application development model defines the activities that map to
useful team roles.

2. When the model involves partitioning, the partitions define independent
subprojects, each with its own team members and each needing to co-
ordinate with the other subprojects.

3. Objects provide a common language by which all team members, re-
gardless of their roles, can communicate.

The same ideas are behind the role model in the OOCS model. The roles are associated
to activities in the OOCS development model (item 1), large projects are divided into
teams according to business components (item 2), and the Unified Modeling Language
provides a common language for the teams (item 3 extended).

The idea of the Framework Team is to focus on the design and development of gen-
eral frameworks that can be reused by a number of Application Teams. A Framework
Team can be an independent team or it can be a subteam in a large project. In our experi-
ence, this idea has not materialized in most of the companies. Perhaps, quite a lot of pre-
liminary work is needed before the benefits are to be seen. The idea of the Framework
Team is quite normal in projects where some developers solve problems that will help
everyone. This is quite close to the job of the Cross-Project Team. The job of a Cross-
Project Team is to facilitate the sharing of the results of projects going on in parallel. As
there are many projects going on at the same time, they will probably be facing the same
kinds of problems and looking for the same kinds of solutions. The team is looking for
reusable components for development projects.

The Reuse Team manages the reuse process model. This team is responsible for the
company’s reuse library. The distinction between the Framework Team and Reuse Team is
that the former is only responsible for creating the framework product, whereas the Reuse
Team is responsible for carrying out the entire reuse process. The idea in our model differs
from this point of view, because we have not seen successful reuse teams at the company
level. Reuse in the OOCS model happens when Business Object Developers take care of
the responsibilities of the Reuse Team, i.e. there is no company level Reuse team, but
small teams around the Business components. The control and coordination is much better
since the components are ‘owned’ by someone. The ownership of the components is lost in
the Reuse Team approach in the same way as in the work of database administrators: they
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control and coordinate the databases (physical level), but they are not aware of its con-
ceptual model or content (logical level).

The role model defined by Goldberg and Rubin is a result of their years of experience
with object-oriented application development. In large organizations (one hundred or more
employees) the model may work well, but in smaller organizations combining the Reus-
able and Framework Teams would be recommended. If a company uses several tools in
projects, the work of a Reusable Team and Framework Team will be problematic. This
may also lead to only minor benefits if any, in a company’s application development. An
ideal situation only calls for one development tool or tool set. All this implies that when a
company has several tools, the work of unified Reusable and Framework Teams is frame-
work-centric, while in the opposite case (few tools) it will be reuse-centric.

Lorenz (1993) proposes an organization which will support object-oriented application
development. He defines two teams: one team constructs reusable components and the
other team reuses them. Lorentz emphasizes that class ownership should be used. This
leads to higher-quality design and code, since the owner is also the best person to maintain
and modify it. Second, the classes should be grouped according to their usage instead of
their inheritance hierarchy. In this way developers can focus on the application (problem
domain) and not on the implementation (solution domain). Lorenz’s role model is simple
and easy to understand, but there are important roles missing. Who is responsible for data
modeling, for instance, who will do object modeling, etc. The role of the Class Program-
mer is understood to be the same or nearly the same as the Business Object Developer in
the OOCS’s roles.

Microsoft has used a small team approach successfully when developing their off-the-
shelf software products (Microsoft 1994, Cusumano and Selby, 1995). The Team Model
presupposes a team of peers, i.e. small teams each responsible for a part of the software
(Fig. 2.9).

Product
Manager

Program
Manager

Developers

Tester/
QA

User
Educator

Logistics
planner

Product
Manager

Program
Manager

Developers

Tester/
QA

User
Educator

Logistics
planner

Project
Manager

Fig. 2.9. Team of peers.
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A typical team size is from two to five or six people. If more people are needed, a new
team must be created and vice versa, if the team has only two or three persons, roles must
be combined. There are some limitations on how the roles can be combined, for instance,
the Program Manager and Product Manager cannot be the same person, the Program Man-
ager cannot be a Developer and a Developer cannot be responsible for Quality Assurance.
These are quite natural rules, although frequently forgotten. These are also taken into
account in the OOCS model. The team reports to the Project Manager, System Manager or
Business Manager, but he is outside the team. The Team Model is aimed at developing
off-the-shelf products, and since this thesis deals with developing tailored systems, the
roles are adapted slightly. The role of the Program Manager has responsibilities that are
both managerial and developmental. The managerial tasks are moved to the Project Man-
ager in the OOCS and the development duties to the Team Leader, who is in a central
position in the team.

The role of the User Educator is also redefined. The on-line help documentation activ-
ity is moved to the Users, who are best in this field, because they are domain specialists.
They need technical training to be able to do this job. In our projects, developers usually
make the first versions of the on-line help, but as these first versions tend to be rather
technical in nature, it is wise to let the users write the next versions.

The main idea is that the team makes the application together. Everyone is responsible
for delivering high quality software. The development schedule is drawn up together and
not by the Project Manager. The commitment to the schedule will then be stronger.

The Team Model has strengthened our belief in development in small teams. Further-
more, the current trend in software engineering is towards small-team development.

Booch (1995) describes an object-oriented development team, in which the develop-
ment model and the roles and activities of the development project have been put together.
This model describes three teams: a Core Team, a Supplemental Team and a Peripheral
Team (Fig. 2.10).
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The Core Team comprises three key roles: Architect, Abstractionist and Application
Engineer. The Project Manager is the fourth main role, but Booch sees him/her as being
more responsible for people than for the application, which is the Core Team’s concern.
Thus the Project Manager’s role belongs to the Supplemental Team as well as the QA.
The Supplemental Team supports the activities of the core developers. The third set of
roles is called the Peripheral Team, because the roles lie on the boundary of the project
and its context. There are the roles of  the End User and the Patron who funds the project.
The Analyst in the Supplemental Team is responsible for user requirements including use
case analysis. In small projects the roles of the Abstractionist and Application Engineer
can be combined. In large projects Application Engineers can be in the roles of

− GUI design
− Database programmer
− Network programmer
− Transaction programmer
− Security and administration programmer

The Project Manager belongs to the Supplemental Team and not to the Core Team. He
also places the End user and the Analyst outside the Core team, whereas we - and many
others - would put them inside it. In other respects Booch’s teams and roles are quite
similar to our approach.

Meyer (1995) discusses the technical and non-technical sides of project management.
He sees the Project Manager as a non-technical manager whose main responsibilities are
risk management, project planning and controlling (‘deadline keeper’), communication
outside the project, protection of the team’s sanity, crisis remedy and infrastructure (in-
cluding hardware) provider. The Technical Manager or Project Leader is responsible for
the development of the software or piece of it (‘cluster’ in Meyer’s vocabulary). If he/she
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is responsible for the entire software system, he/she integrates the different parts of the
software. He/she is also responsible for mentoring the method and other software engi-
neering disciplines. The Technical Leader has to be able to take part in analysis, design
and programming. This means that where the Project Manager does not have to be a soft-
ware professional, the Technical Manager does.

This division of Project Manager and Technical Manager can also be found in the roles
in the OOCS model, where the Project Manager manages ‘peopleware’ and the Team
Leader ‘software’. Meyer also states that the size of a project could exceed 12 developers
only in some situations. We suggest that when project occupation exceeds six to eight
people, the project group should be divided into at least two teams. Usually, the division
into teams is quite natural and does not require any specific rules.

Herbsleb et al. (1995) compare O-O projects to traditional ones and tries to improve
the claimed benefits of the O-O approach (better communication and coordination via
single representation, propagation of application domain knowledge because of shared
representation and organization of teams around components). They conclude the organ-
izational part of the survey by noting that the role of the chief architect is needed. This role
is about the same as the Team Leader in the OOCS model. They emphasize that the role
issue is important and more studies are needed.

Fayad et al. (1996) give a comprehensive transition plan that they have used when
conducting organizations in object-oriented software development. They list three key
roles that are needed when an organization follows an object-oriented software process.
The first role is the OO Guru who tailors the chosen OO technique to the needs of the
project. This includes CASE tool adaptation, documentation and reviews, among other
things. The second role mentioned is the Domain Analyst whose main responsibility is to
find reusable components in his/her application domain and to coordinate the reuse of the
projects in his/her domain. The third new role is the Prototyping Expert (‘super hacker’)
who can develop software rapidly. Of the three roles the role of the Domain Analyst can
be seen as the most important. They are needed whatever the development paradigm is.
Responsibilities of the Domain Analyst listed by Fayad et al. are given to the Business
Object Developer in OOCS model and the tasks of the Prototyping Expert are given to the
Application Developer. Fayed et al. also recommend (as we do) that the process model
should be adapted to the needs of the organization.

The idea to combine roles, the development process and architecture has been studied
seldom. Cockburn (1996) deals with the interaction of social issues and software archi-
tecture. He gives six principle patterns and describes one case study where social forces
(i.e. skill mix, movement of people, team structuring) affect software design decisions (for
instance, inheritance hierarchies, access functions, subsystems). Of these six principles
three concern teams and roles explicitly (Table 2.1):
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Table 2.1. Three Principle-Patterns that handle teams (Cockburn, 1996).

Principle-
Pattern

Principle Meaning

PP2: Subsystem
by skill.

Separate subsystems by
staff skill requirements.

Developers should be separated into different
subsystems according to their skills, for
instance UI design and domain analysis.

PP3: Owner per
Deliverable.

Ensure there is an owner for
each deliverable.

Each deliverable (use cases, class, class dia-
gram, etc.) should be assigned an owner.

PP4: Subclass
per team.

Where two subsystems
collide in one class, assign
them to different layers of
the class hierarchy.

Only one team should be allowed to make
changes to one class or component.

These principles can be found in the OOCS model in the three-tier application archi-
tecture and the roles related to the tiers. The PP2 in the OOCS means that the Application
Developer is responsible for the use cases and user interface design and the Business Ob-
ject Developer is responsible for domain analysis. The PP3 can be seen in the OOCS
model in the tables defining the activities and deliverables of each role. In addition, the
PP3 means that the business objects/components are owned by the Business Object De-
velopers. The PP4 is a natural consequence of PP3.

The concurrent-development process model by Aoyama (1993, 1996) organizes the
project into teams of fixed sizes. The teams may be geographically located perhaps all
over the world. The aim is to shorten the development time and lower the total costs.
Among the key elements of this approach are organization and project management (the
other key elements are product and process management and the software engineering
environment). The concurrent-development approach can be seen in the OOCS model
both in team structuring and in the process itself. The idea of the OOCS from the project
management point of view is to organize the project group into rather autonomous teams
each having clear responsibilities. Keeping the teams in control requires both project man-
agement activities and process control over the deliverables of each team. Once again, a
common process model (like OOCS) and common modeling language (like UML) help
communication between teams.

Cantor (1998) lists five ‘enemies’ of every software project: inadequate and unstable
requirements, inadequate customer communication, poor team communication, unneces-
sary complexity and ineffective team behavior (Cantor 1998, p. 15). He proposes that
these enemies can be conquered by Object Technology. Furthermore, he describes the
Product Team Communication Model that can be used to solve the above mentioned
communication problems and ineffective team behavior. There are three overlapping
teams in the model, namely the Requirements Team, the Design and Implementation
Team, and the Transition Team.
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The Requirements Team consists of
- System Engineer (leader of the team)
- Domain Expert
- Program Manager
- System Architect
- Customer

The Design and Implementation Team consists of
- System Architect (leader of the team)
- Development Team Leader(s)
- Test Team Leader(s)
- Program Manager
- Customer

The Transition Team consists of
- Test Team Leader(s) (leader of the team)
- System Architect
- Development Team Leader(s)
- Program Manager
- Customer

Furthermore, he lists some twenty roles (Cantor, p. 156) that are needed in Product
Teams (a kind of Design and Implementation Teams). Cantor underlines communication,
ownership of all deliverables, a common process model and a modeling language as a
means to success in (object-oriented) software development. His process model follows
roughly the process model of the UML authors, especially that of Jacobson et al. (1999).

Jacobson et al. (1999) use the term worker when they specify the roles of a project
team (see Table 2.2 for short descriptions). The authors support the view that software is
best developed in small teams. They also recognize that a process model and people are
connected in the project and furthermore, activities in the process model and workers
(roles) of the project should also be connected. This is best done by specifying the workers
and their activities in each workflow and phase in the process model. The Project Manager
is responsible for assigning the workers to the people, whereby the activities of the work-
ers are defined as a side effect without any additional effort. Kruchten (1998) lists some
30 workers that are named in the Rational Unified Process. The extra workers (compared
to Jacobson et al. (1999)) deal with issues like business modeling and design, reviews,
configuration management, project management and training.
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Table 2.2. Workers and activities.

Worker Activities
System Analyst Find Actors and use cases, Structure the Use-Case Model
Use-Case Specifier Detail a use case
User-Interface
Designer

Prototype User Interface

Architect Prioritize use cases, Architectural Analysis, Architectural
Design, Architectural Implementation

Use-Case Engineer Analyze a use case, design a use case
Component Engineer Analyze a class, Analyze a package, Design a class, design

a subsystem, implement a subsystem, implement a class,
perform unit test, implement test

Test Engineer Plan test, design test, evaluate test
System Integrator Integrate test
Integration Tester Perform integration test
System Tester Perform system test

One new, interesting aspect will arise in application development when databases with
object-oriented  features can be used instead of pure relational databases. The problem of
dividing the program between client and server (application architecture) will be reconsid-
ered, since current (relational) DBMSs prefer a division in which the application runs on
the client's side (fat client) and the server is only responsible for managing the data. This
subject is discussed in more depth in  (Kivistö, 1992b).

In conclusion, several approaches to the team and role issue were introduced in this
section. Especially the work of Goldberg and Rubin (1990, 1990a), Constantine (1990)
and Lorenz (1993) inspired our work in the beginning. Later on, Microsoft’s (1994, 1995)
small team approach, Booch’s (1995) Team model and Goldberg and Rubin’s (1995)
Teams have influenced our work. As we can see from the work of Jacobson et al. (1999)
other researchers have also started to think over the roles and their activities in the process
model.

Table 2.3 contains suggested roles found in literature. The roles have been grouped ac-
cording to the responsibilites used in this thesis.
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Table 2.3. Responsibilities and suggested roles.

Responsi-
bility

Booch,
1995

Cantor,
1998

Goldberg
and Rubin
1995

Jacobson et
al.. 1999

Microsoft,
1994

Project
Management

Project
Manager

Project
Manager

Administra-
tive
Manager

Project
Manager

Product
Manager

Application
Develoment
Management

Architect Develoment
Technical
Leader

Technical
Leader

Architect Program
Manager

Business
Component
Develoment

Abstrac-
tionist

Domain
Expert

Component
Engineer

User
Involvement

User Customer User User

Application
Develoment

Applica-
tion
Engineer

Analyzer,
Designer,
etc.

Use Case
Specifier,
Use Case
Engineer,etc

Developer

Database
Develoment

(Applica-
tion
Engineer)

QA and
Testing

QA Test Team
Leader

Tester Test Engi-
neer, Inte-
gration
Tester, etc.

QA, Test

Analysis of the work done on this subject leads to the following conclusions:

1. Every project needs a role responsible for ‘humanware’, persons involved in carrying
out the work. Goldberg and Rubin’s ‘Administrative Manager’ describes this role suc-
cinctly. The term Project Manager is normally used rather than Administrative Man-
ager because it is well-known. Administrative tasks are underlined in this role.

2. A project also needs a head for application development. Microsoft calls this role Pro-
gram Manager, Goldberg and Rubin Technical Leader and Booch and Jacobson et al.
Architect. They all emphasize the task of directing the development process.

3. An object-oriented application should be based on business components, of which each
reflects its business counterpart in reality. This is an Architect in Lorenz’s model and
an Abstractionist in Booch’s model. In Goldberg and Rubin’s model this role’s respon-
sibilities can be found in the Domain Analyzer and many of the roles in the Framework
Team.

4. The Developer’s role can be found in every model, although its name can be   Class
Programmer, Application Programmer, Analyzer, Analysis Prototyper, Designer, De-
sign Prototyper, Application Engineer, and so on. The point here is that the (Applica-
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tion) Developer should be capable of analyzing, designing and constructing the appli-
cation.

5. The Database Designer’s role is not considered in many papers. Only Booch names
this as a special role of the Application Engineer. It will be needed even more in the
future however, with the emergence of the use of object-oriented features of databases.

6. Quality Assurance is an evident part of application development. As a role, this activity
has two sides: the Quality Assurance Person comes from outside the project, while
Testers are usually from inside the project. Inspection/review activities might also be
assigned explicitly to some roles. Nevertheless, quality should be seen as an in-built
feature of every software engineer.

7. The User role is a key role. Object-oriented application development has brought new,
easier possibilities for users to take part in application development: objects, use cases,
user interface design, on-line help and user documentation and prototyping, to name
but a few. While the user role is always highlighted, it is seldom included in the role
model.

The small team concept has been used with success according to the references in this
section. The division of developers into those who develop components and those who use
them is likely to work in very large companies and projects. In modest-sized projects (3 to
10 members) developing tailored applications, the team model works better and gives
better results. In the future, when large application development departments of companies
are broken down into pieces and the developers are sent to operative departments, the
team model will work even better than it did in the IT department. One team can now
concentrate on a few business objects. They will be the owners of these objects, and users
and developers will work side by side in the team. Distribution of this kind has already
started in many companies.

2.4 Summary

Related research was surveyed in this chapter. The first section dealt with object-oriented
process models during the last ten years. The period was divided into three generations:
first generation models might be called ‘pioneers’, second generation models were en-
hanced by feedback from research and practice and parts from other models, while in the
third generation models we can see maturity, unity and a standard modeling language. The
OOCS model has its roots in the first generation models, but it includes also features from
approaches other than the purely object-oriented ones. The only major change made to
make it third generation model has been the adoption of the standard modeling language.

Related research on architectural issues was the subject of the second section. The nor-
mal definition of a software architecture refers to the application architecture in the OOCS
model, but there are two other subarchitectures that have to be analyzed and defined,
namely technology and data architecture. All these three architectures were defined and
discussed. The OOCS model includes an Architecture phase, where all the three architec-
tures are defined and documented.
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The third section in this chapter was devoted to the roles of the developers. Roles are a
less studied field, although their relevance has been noticed. Roles are derived from the
three-tier client/server architecture and object orientation in the OOCS model.

Two main points make the OOCS model stand out from the competing models: it joins
the roles of the developers to the activities in the model, and it focuses much more on the
three architectures than any other model.

This chapter concentrated on related research, but it also serves as a basis and introduc-
tion to the description of the OOCS model in the next chapter.



3 The team-based OOCS process

This chapter includes descriptions of the roles and OOCS model and one example of its
usage. Before the descriptions, the evolution of the roles and the model are briefly pre-
sented.

3.1 Descriptions of the roles

After the huge changes in software development during the last few years, it seems amaz-
ing how little attention the issue of roles has attracted among both researchers and practi-
cians. Yet, nearly everything has changed (development paradigm, methods, techniques,
notation, tools, complexity of systems, etc.), and one might have expected more interest in
the roles of the developers and  those of the teams and the project organization. The next
section gives some background information on how the roles have been evolved,  while
the subsequent section describes the roles that are used in OOCS.

3.1.1 Evolution of roles

The development of the role model (the Team-Based, TB model) started in 1992, although
the first drafts were quite immature (Kivistö 1992c, Kivistö 1993). The research concen-
trated on the structure of the overall IT organization developing object-oriented applica-
tions at that time. The shift was changed to a project level, because this subject was dis-
cussed in books dealing with application development, but there were no good role models
available. Goldberg and Rubin (1990a, 1990b) and Constantine (1990) were among the
first to raise this topic. Jacobson et al. (1992) and Lorenz (1993) proposed some roles, but
it was the small team development approach by Microsoft (1994) and the first version of
the OOCS model that together influenced the first version of the TB model. Soon after that
both Booch (1995) and Goldberg and Rubin (1995) published their books on the role and
organization issues. The version 0.9 of the TB role model was then included as an exten-
sion to the OOCS model. After that there have not been any changes to the roles.
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3.1.2 Roles in the OOCS model

The roles presented below have been derived mainly from the object-oriented paradigm
and the three-tier application architecture. The three-tier architecture divides the applica-
tion into three parts: presentation (i.e. user interfaces and reports), business logic (i.e.
business components according to business domains), and data/object management (i.e.
central/distributed databases). Hence there should be three roles in the development team,
one for each tier. We name and describe the roles in the following way:

Application Developer (AD)

These developers analyze, design, develop and test the requested applica-
tion, using reusable components whenever possible. They write the use cases
with the users and design and implement the interfaces and reports. They may
also design and develop new reusable components or drafts during the project
under the leadership of a Business Object Developer. Note that application de-
velopers are able to work in all phases, avoiding information loss between the
phases.

Business Object Developer (BO)

The Business Object Developer designs, develops, maintains and owns re-
usable business objects. If there is more than one team in the project, each
team has at least one Business Object Developer. The BO may be responsible
for searching for reusable components from different sources. His/her key ac-
tivities are to analyze, design and construct business objects, which are the
company’s key assets.

Database Developer (DB)

The Database Developer is responsible for data modeling and database de-
sign, and acts as an expert in data architecture definition. The role is an essen-
tial part of the project for two reasons. First, the applications are database-
intensive. Second, the new versions of database management systems include
object-oriented features providing possibilities to place parts of the functional
logic in the databases. This means that the Database Developer has to design
and code parts of the application, which is why we speak of ‘developer’.

The fourth essential role is the User:

User/End-user (US)

The Users are an essential part of the development team. User involvement
in application development is never overestimated. Users take part in system
definition, analysis and testing and, with some training, they are also capable
of writing use cases, on-line help and user manuals.
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The Users and Application Developers constitute a very close mini team and cooperate
on writing use cases and designing user interfaces.

A leader for the team is also needed:

Team Leader (TL)

The Team Leader is responsible for directing the application development
process. He/she is the chief architect of the project. The Team Leader works as
a peer for the Project Manager. The Team Leader’s skills are tested at two
critical points: in the system definition phase, where the team leader is the vi-
sionary for the new system and in the architecture phase, where he/she designs
the application architecture. These two activities call for experience and
knowledge.

Fig. 3.1 depicts a team organization up till this point.

     

Team
Leader

Developer

Business

Developer
Application

ObjectUser Developer

Database

Presentation Business Logic
Data

Management

Fig. 3.1. Roles of the team and object-oriented client/server architecture.

These roles make up the basic team and a project is made up of such teams. Teams
should be established for the business domains, each team being responsible for the por-
tions of the application dealing with one business domain.

The teams make up the project and the project is managed by the Project Manager:

Project Manager (PM)

The Project Manager is responsible for human resources management, in-
cluding management of the project’s resources (both human and technical),
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tasks, deliverables, schedule and planning. He/she controls the project and the
teams and determines the rhythm of the project.

There are two additional roles that are needed in the project organization:

Quality Assurance Supervisor/Tester (QA/TE)

The Quality Assurance Supervisor is an outsider in the project, who comes
from the QA department and reviews, inspects and audits the quality of the
project. The Tester is an insider, who is responsible for making test specifica-
tions and testing. Application Developers also take part in testing and may
write test specifications. This is always the case in small projects.

Expert (EX)

There are at least two categories of experts, namely domain experts and
technical experts. Domain Experts work with Business Object Developers and
can also help Application Developers, while technical Experts take part in the
architectural phase and are interviewed in the system definition phase when ar-
chitectural issues are under discussion. These Experts may also check the in-
stallation instructions, test the installation and perform system tests.

Fig. 3.2 depicts the project organization that consists of two small teams.
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Fig. 3.2.  A project consisting of two teams.

We should note that one person may act in several roles and vice versa. However, there
are some limitations. For instance, the QA cannot take part in the development process
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and the Team Leader should avoid coding, in order to be able to supervise the  team’s
work.

The roles and their activities are connected in the next section, where the OOCS proc-
ess model is described.

3.2 Description of the model

This section is about how the process model has evolved into its current form. The com-
prehensive OOCS model is shown at the end of the section.

3.2.1 Evolution of the OOCS process model

The first sketches of the model were made in the summer and autumn of 1993. This was
preceded by a literature study which concentrated on existing models of the First Genera-
tion (1986-1992). Of the existing models Jacobson et al. (1992) and Rumbaugh et al.
(1991) made the strongest impression. The book by Rumbaugh et al. (1991) described
object modeling and dynamic modeling in an understandable way. A weak point in the
model was the connection between the three models (structure, behavior and function).
However, object and dynamic modeling were chosen to form the framework of the OOCS
model. Jacobson et al. (1992) popularized use cases in their OOSE model. The model also
brought the client/server view to the process model. Use cases were immediately adopted
by the OOCS model. The idea of the three object types (i.e. interface, entity and control)
was tried at first, but they were left out later on because of confusing the developers in
their first object-oriented projects. However, the idea of the three object types can still be
found in the model (i.e. interface object - presentation, control object - business/functional
logic, entity object - database). Lorenz (1993) convinced us in his book about use cases
and the three-tier client/server architecture. He also (as did Jacobson et al. 1992) under-
lined the coupling between use cases and object modeling. One remarkable thing was the
inclusion of data modeling and database design from the very beginning in the OOCS
model. Most of the other models did not consider this part significant; for instance, this
was added to the MOSES model (Henderson-Sellers and Edwards 1994) at the end of
1995 (Case et al. 1995) and to the Object-Oriented role analysis and modeling (OOram,
Reenskaug et al. 1995) in 1997 (Reenskaug, 1997). The OOCS model credits a lot to the
work done by Microsoft (1993). The client/server architecture is based on their work.

The OOCS model was first utilized in practice in the summer of 1994. The application
project had two goals. It had to chart object-oriented design and development tools and a
run-time platform (operating systems of workstations and servers, distribution of servers
and databases, etc.). Secondly, it had to make a prototype of one part of the new system.
Use case analysis, object modeling and data modeling were used in the Analysis phase and
the basis of the user interfaces came from use cases and the object model. Users (and
software engineers of the customer) faced use cases and objects for the first time. These
subjects were trained in group lessons and individually. One observation was that the users
caught the idea more easily than the software engineers. One reason might be that the
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software engineers were used to data modeling, which seemed to dominate over object
modeling. Software engineers were also used to analyzing general functions of the systems
instead of user role-specific functions (use cases). One of the practical problems was the
documentation, especially CASE tools, i.e. there were no tools that supported both use
cases and object modeling. We decided to use general drawing and text editors. Use cases
were drawn according to Jacobson et al. (1992) and other diagrams according to Rum-
baugh et al. (1991).

In parallel with the analysis went architecture design. The work concentrated on tech-
nology and data architecture, but it also outlined application architecture. This part of the
project really convinced us of the importance of the Architecture phase. After that we have
applied this approach in all projects dealing with architectural questions.

Feedback from the project enhanced the model. The System definition phase, the
Analysis phase and the Architecture phase took the shape that they pretty much still have.

The development work continued side by side with practical projects in 1994 and 1995.
One of the problems encountered by us lay in the Design phase and its documentation, i.e.
how to present the dynamics and functionality of the system. Each existing model had
slightly different notation and naming. This was solved in practice so that the names and
notations used were those that preferred by customer. A design tool was sometimes deter-
mined in the selection process. (The Unified Modeling Language (Rumbaugh et al. 1999)
has at last solved the problem). At the end of this period version 0.9 of the OOCS model
was completed. Actually, it was not the 9th version, but here we want to show that the
overall model was ready to be adapted to other organizations as well. The model was
adopted consecutively by two organizations in 1995-1996. Feedback was first gathered
from the first organization and then from the other. The adaptation processes are described
in Chapter 4. Most of the feedback caused changes to the documentation of the model, i.e.
they were clarified, more pictures were used and examples given, whereas the model itself
kept its form. The results were gathered in Kivistö (1997).

The Unified Modeling Language (Rumbaugh et al. 1999) was accepted as a standard by
the Object Management Group in September 1997. It gave rise to a change in the docu-
mentation, diagram names, diagrams and notation. Three new diagrams (Activity, Compo-
nent and Deployment diagram) were included in the model. This release was version 1.1
of the model. Feedback from projects using UML was collected in 1998 and included in
version 2.0 described below.

3.2.2 Introduction to the OOCS model

The model consists of  seven phases:

1. System Definition phase defines both functional and technical requirements of the
system.

2. Analysis phase divides the system into the three-tier architecture: presentation is
described by use cases and user interfaces, business logic by the class model and
data management by the data model.

3. Architecture phase defines the three subarchitectures.
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4. Design phase is devoted to the technical design of the system. The three-tier de-
velopment approach is continued.

5. Construction phase concentrates on the implementation of the system.
6. Testing phase contains unit, integration and system testing.
7. Deployment phase consists of activities such as installation and training.

Fig. 3.3 depicts all the relevant parts of the OOCS model. Descriptions of the phases
are given in the next sections, indicating what to do (activities), who will do it (roles and
responsibilities) and what the deliverables (artifacts) are.
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Fig. 3.3. The OOCS process model.
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The model can also be illustrated in a way (Fig. 3.4) that better captures its iterative and
incremental nature. The figure follows the idea represented by Jacobson et al. (1999, p.
11).

Phases

Core Workflows

System Definition

Analysis

Architecture

Design

QA:Reviews and Test

Inception Elaboration Construction Transition

Iter.
#1

Iter.
#2

Iter.
#n-1

Iter.
#n

... ... ... ... ...

����������������������������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������
������������������������������������������������������������������������������������

Iterations

Deployment

Implementation

����������������������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������������������

�����������������������������������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������������������������

Project Management

����������������������������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������������������������

Fig. 3.4. Iterations and incrementations in the OOCS process model.

Figure 3.4 also shows the effort needed in each phase.

3.2.3 The system definition phase

The goal in the System Definition phase is twofold (Fig. 3.5). First, the requirements of
the system are gathered and represented in the form of user roles (actors) and their main
functions (functional requirements). User role descriptions (actors) will serve as a basis for
the use cases in the Analysis phase. Optionally, a draft business object model can be de-
scribed, which can be used as a basis for the object model in the Analysis phase. Second,
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the architectural assumptions and requirements for the system are documented (non-
functional requirements). The architectural description will in turn provide the basis for
the architecture design, evaluation and testing, which takes place in parallel with the
Analysis phase up to the Architecture phase, where the selected architecture is docu-
mented.

              

System definition
Users’ main functions
Interfaces to other
systems

Assumptions and
requirements for the

architecture

Users, actors and roles

Business objects

Use this for help:
Old system
Other relevant systems
Interviews
Books, articles
etc.

 US EX BOTLTL TL

Fig. 3.5. The system definition phase.

User involvement starts from this phase. Their involvement is crucial if the intention is
to build a system that satisfies them. Technical experts are also needed when defining the
architecture. The problem in practice in this phase is to find a balance (or a common lan-
guage) between the Users and technical Experts. Use cases are one solution to this, and
although the Users’ main functions are not necessarily written in the form of use cases, the
grouping of the main functions along the user roles is the first step towards them. The
Users are informed at this step that the main functions will be redefined and written in the
form of use cases in the Analysis phase.

The Team Leader plays the main role in this phase. He/she receives requirements from
different user groups, consults Business Object Developers about existing business objects
and Experts about architectural issues. The Team Leader uses this information to shape the
overall system. He/she has to have a clear vision of the system to be built and be able to
share this vision with the developers and users.

The Business Object Developer models the first drafts of the object model. If there are
business objects already in use, he/she will think over what changes are needed.

Table 3.1 summarizes the roles and their activities; the artifacts and the UML diagrams
that can be used in this phase.
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Table 3.1. System definition phase.

Roles Activities Artifacts UML Diagrams
US & TL Define the system, users’

main roles and functions
System definition, roles
of the users,
main functions

Use case Diagram
Activity Diagram

BO & TL Define business objects System’s business
Objects

Class diagram

TL & EX Define Architecture draft Architecture draft Deployment
diagram

TL & EX Define interfaces for
other systems

System’s boundaries and
interfaces

Deployment
diagram

The deliverable from this phase is a document (or a set of documents) that describes
both the system as seen by the users and the technical architecture as seen by the technical
experts. The team leader must be capable of constructing this document. The document
serves as a starting point for the later activities. The user roles and their main functions are
inputs for use cases, the business object model for object modeling and the architecture
draft for the architectural phase.

3.2.4 The analysis phase

The three-tier client/server approach in the Analysis phase can be seen in Fig. 3.6, where
the presentation is described by use cases and interfaces, the business logic by an object
model and operations, and the data model by a data model description.

Iteration and prototyping are used in the analysis phase. Feedback from Users is a criti-
cal factor for the success of the project, and the best feedback is guaranteed via user inter-
faces. Thus, the first drafts of the user interfaces should be drawn after the analysis phase
has started and the first use cases and objects are described.

The analysis phase consists of four main parts: use case and user interface  descriptions,
object model and data model. The division follows the ideas of client/server application
structure (presenta-tion, business logic, object/data management). The object model refers
to the business logic, the data model to database management and user interfaces to the
presentation of the system. Use cases help both object modeling and user interface design.
The analysis phase is started by defining the use cases from the main functions of the sys-
tem (defined in the system definition phase). Use cases are written out, and the business
objects can be found in them. Use cases are the source for user interface definitions and
later for system test cases. The user manual is also drafted here. In fact, it is not a ‘man-
ual’, but rather the first version of the on-line help. Business objects are placed in the
object model, which also provides a good start for data modeling. If the system has sub-
systems defined by other teams, the object model and the data model will be common to
all the teams. Teams may initially create their own object and data models, but these will
be later combined into unified models.
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Fig. 3.6. Analysis phase.

Fig. 3.6 shows that the link between the use cases and the object model is strong, and
points out that the user interfaces are defined after both the use cases and the object model
have been designed. This does not, however, mean that the use cases and the object model
have to be ready before going on as the process is iterative by nature. On the other hand,
the use cases should be available for the user interface design and the object model for
data modeling, not vice versa. Use cases also act as input to the User’s manual. Jacobson
emphasis the same in his later writings (Jacobson, 1995). However, use cases do not
dominate the overall life cycle in OOCS as they do in Jacobson et al. (1992, 1999).

The Users are part of the project group in the OOCS model. Their main work load is
carried out in the Analysis phase when the use cases and user interfaces are designed. The
use cases have been tested in reality and they have shown their power when user needs are
gathered. Use cases were adopted by the OOCS soon after Jacobson et al. published their
book (Jacobson et al. 1992). There were some practical problems at the beginning, since
the OMT by Rumbaugh et al. (1991) was one of the best known methods and it did not
have use cases. Furthermore, the OMT included scenarios as design time artifacts, which
confused the developers (see, Kivistö 1997, pp. 61-62). Practice has shown us that most
users can adopt use cases after a short training period and that they are able to write and
update use cases whenever necessary.

The Business Object Developer performs the object-oriented analysis with the others
and is responsible for the object model. Application Developers and Users write the use
cases and user manual and also design the user interfaces. The Database Developer de-
signs the data model using the object model as the basis.

The Team Leader leads the team. He/she has a vision of the overall system: how the
pieces gradually come together to establish the system. Table 3.2. summarizes the work in
the Analysis phase.
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Table 3.2. Analysis phase.

Roles Activities Artifacts UML Diagrams
US & AD Use case analysis Use case  descriptions Use Case

Diagram
Activity Diagram

US & AD Write user manual draft
and on-line help texts

User manual and on-line
help draft

US & AD Define user interfaces
and reports

User interfaces and
Reports descriptions

BO Define Business
objects

Class descriptions Class Diagram

AD & BO Define operations Operations descriptions Class Diagram
DB Carry out data

modeling
Data model description Class Diagram

The UML lacks a data modeling notation and diagram. A Class diagram can be used for
data modeling, but one would expect the presence of a specific data modeling diagram in
the UML (Kivistö, 1998a). Fortunately, tools that implement the UML usually include
data modeling capabilities like the mapping of a class model to the data model and the
data model to the database model.

The deliverables from this phase are documents and possibly a prototype of the system.
User interfaces and reports can be designed using development tools. The UML lacks user
interface descriptions. One would expect at least some kind of a high level description
mechanism for user interface hierarchies to show how the windows communicate with
each other. Jaaksi et al. (1999) recommend state, class and sequence diagrams to be used
with the enhanced Model-View-Control model. The third main lack of UML is business
process descriptions. Developers can use Data-flow Diagrams in the OMT when they
describe the business processes. In addition, tools that support UML usually also support
business process modeling.

The produced documents can be separate, but they can also be combined in small proj-
ects. In larger projects, especially when there is more than one team, one common docu-
ment for the object model and data model is the best solution to avoid misunderstandings.
The object models and data models produced by the teams are merely working papers at
the beginning of the analysis phase or when they are working on a separate parts of the
system, but at the end of the analysis phase there is only one document with only one ob-
ject model and one data model.

3.2.5 The architecture phase

The Analysis phase is normally followed by the Design phase. The OOCS model empha-
sizes the Architecture phase before design begins. Technology architecture is changing
rapidly nowadays and both the technical infrastructure (workstations, servers, network,
operating systems, etc.) and the tools (CASE, I-CASE, application development tools,
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etc.) are evolving faster and faster. Two things must be ensured: the application shall be
rational and it shall be possible to build it with the chosen technology and the technology
shall be valid and usable in future years. So, the development and run-time environments
are defined in this phase (Fig. 3.7).
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Fig. 3.7. Architecture phase.

The architecture consists of three parts: technology architecture, data architecture and
application architecture.

The technology architecture deals with issues such as the technological configuration,
tool selection and API selection. The data architecture consists of data distribution, the
data replication strategy and data access strategy. The application architecture includes
identification and use of the reusable components and the structure or strategy for con-
structing the system. The decisions made are partly tool dependent and partly based on the
developers’ experience on how a good application should be constructed.

The tools to be used in the construction phase are selected in this phase. If the tools
were selected beforehand, the project group would have to confirm that the system can be
built with these tools.  The data management is also designed here. If this has been solved
before, it must be checked that the system can be built with the selected tools. The most
interesting part of the application architecture is the identification of reusable objects or
components. This includes identification of both reusable parts that have to be built up
during the construction phase and those which are already available (made in other proj-
ects, bought from vendors, and so on).

The application architecture describes the structure of the application and how it will be
divided into presentation, business logic and data management. If the business logic is to
be divided between client and server, this division is decided here. Other relevant parts
here are the reusable components, which means that one should look for parts in the sys-
tem that should be constructed with reusability in mind. These parts could be moved later
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into a company’s reusable component library. Parts that could be constructed either from
the company’s own reusable libraries or bought from vendors should also be looked for.

This phase, if any, calls for expertise. The Team Leader again has the main role when
he/she designs the architecture together with the other experts. Although this phase usually
increases the work load of the overall project, its benefits are seen later when there are less
problems in the Design and Construction phases. We have also been involved in projects
where about half of the time from the System Definition phase to the Architecture phase is
spent on architecture selection, evaluation and testing. However, in moderate or large
projects (around 20 developers, lasting two years, in emerging technologies) the benefit
has been seen in the Construction phase: the client/server architecture, including all the
three subarchitectures, has been tested in advance and there have been less technical
problems than in projects that have used new tools without prior testing.

Team Leaders and Experts in architectural issues are needed, and Business Object De-
veloper(s) may take part in discussions about the application architecture and the database
developer about the data architecture. Table 3.3 summarizes the activities of each role.

Table 3.3. Architecture phase.

Roles Activities Artifacts UML Diagrams
TL & EX Define Technology

architecture
Technology architecture
description

Deployment
Diagram

BO & TL
& EX

Define Application
architecture

Application architecture
description

Component
Diagram

DB & TL
& EX

Define Data archi-
tecture

Data architecture descrip-
tion

Deployment
Diagram

The architecture document is the deliverable from this phase. This can be divided into
two or three documents, if desired. The reason is that the application architecture is appli-
cation-dependent, while the technology and data architectures may be strategic decisions
of the company. In that case these documents will be common to all subsequent projects in
the company.

The Component and Deployment diagrams are a good addition to the UML. So far, the
architectural descriptions have been more or less company-specific, with each company
having its own description standards. The diagrams mentioned can be used in the OOCS
model with texts, lists and other diagrams meeting the requirements of document.

3.2.6 The design phase

The goal of the design phase is to make the construction phase as easy as possible. The
design phase has as its inputs models from the analysis phase and the architecture descrip-
tions (Fig. 3.8).
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Figure 3.8. The design phase.

The technical classes are added to the object model and the business objects are rede-
fined, and the behavior (operations) of the classes is defined exactly. The interfaces are
also redefined here, and the aim is to define the finite interfaces. The logic of the main
functions of the system is defined precisely. There is no need to define simple and trivial
functions using the diagrams, as a short textual description of an operation is usually ade-
quate.

The main roles of the team work intensively in this phase. All make detailed specifica-
tions that are to be implemented in the next phase. The Team Leader controls and guides
the application design in accordance with the decisions in the application architecture. The
Business Object Developer makes the class design and takes part in the business logic
design when the focus is on business objects. Application Developers design and docu-
ment all the necessary descriptions. The Database Developer concludes the database de-
sign. Table 3.4 summarizes the design phase.
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Table 3.4. The design phase.

Roles Activities Artifacts UML Diagrams
TL &
BO &
AD

Design structure of
Application

Package diagram, Component
diagram

AD Do detailed class
and operation
design

Class descriptions
(other than business
classes)

Class diagram, Statechart
diagram, Activity diagram,
Sequence diagram, Collabora-
tion diagram

BO &
AD

Do detailed
business class and
operation design

Business class de-
scriptions

Class diagram, Statechart
diagram, Activity diagram,
Sequence diagram, Collabora-
tion diagram

DB Do database design Database descrip-
tion

Class Diagram

The UML offers several diagrams for the description of logic. There is a sequence dia-
gram and a collaboration diagram for describing the communication between objects and a
statechart diagram and an activity diagram for describing state transitions of a class. How-
ever, these should be used sparingly.

Work continues on the same documents as in the analysis phase. The development envi-
ronment also affects the decisions made. The aim is to make one document consisting of
the object model and one consisting of the data model (database). These documents are
common to all those involved in the project.

3.2.7 The construction phase

Object-oriented application development is a bottom-up activity. The entire application
will be constructed from small parts (classes, components, etc.). This is a very challenging
task as all the pieces must fit together to make the application work smoothly (Fig. 3.9).
Development of the system starts at full strength in this phase. Parts of the application may
already have been implemented in the analysis and design phases (user interfaces, data-
base). The business logic is often the main missing part of the application. The goal here is
to implement the classes that have been designed. After construction, the aim is to have
new reusable components that can be added to a common component library for future
use.
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Fig. 3.9. The construction phase.

A release of the whole system or parts of it (portions) is made available for testing.
Programs are made and commented on according to the style guide. On-line help is ready
for use. The scripts for the database are ready to be copied onto installation diskettes. All
diagrams are updated in this phase, so that the implementation of the software and its
descriptions fit each other.

Again, the roles from each tier work to construct the application from the components.
Business Object Developers and  Application Developers occupy the main role. The Da-
tabase Developer works when needed (stored procedures, triggers, views, scripts, opti-
mizing, tuning, etc.). The Team Leader is only involved in analysis or design issues and
most often does not participate in coding.
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Table 3.5. The construction phase.

Roles Activities Artifacts UML Diagrams
US &
AD

Finish User manual and
on-line help

User manual and on-
line help

AD Implement user interfaces
and reports

User interfaces and
reports

AD Implement classes and
methods

Classes and methods
(other than business
classes)

Update diagrams

BO &
AD

Implement business classes
and methods

Business classes and
methods

Update diagrams

DB Implement database Database Update diagrams

3.2.8 The testing phase

Quality assurance will be present in all the phases of the project. It is divided into two
parts: the first is reviews of the documents, while the second consists of the creation of the
test specifications, testing,  and the management of testing and errors. Unit, integration and
system testing are carried out according to the test plan and using the test specifications.
Errors are saved in the test logs. Acceptance tests are made by th eclients and users who
usually apply their own test specifications, although sometimes they also use test specifi-
cations made by testers in the project.

The use cases provide a good input when test cases for system tests are designed. The
activity diagrams also help in the design of system tests, since they depict workflows of the
users, which focuse on the system tests.
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Fig. 3.10. The test phase.

The team carries out unit, integration and system testing so that the work of each devel-
oper is tested by someone else.

Testing does not come directly into the scope of this thesis, but is briefly described here
as a part of the application development model. Testing, and especially object-oriented
testing, is an art of its own. Those interested in testing in more detail are recommended to
consult books such as Goglia (1993), Kit (1995) and Lorenz and Kidd (1994), to name but
a few. Those interested in reviews and inspections might find books like Gilb and Graham
(1993) and Tervonen (1994) quite interesting.

QA, testers and users are the key roles. Testers are normally application developers
and business object developers. The Quality Assurance Supervisor  is responsible for the
test specifications. This does not mean that the QA should write all the test cases, but
he/she ensures that all the relevant tests are performed. The users are also good testers, but
they seldom do unit or integration testing. They are usually asked to take part in system
testing. The test plan and test specifications are reviewed and test logs and a report are
written after the tests.
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3.2.9 The deployment phase

The Deployment phase is an important phase in tailored application development, as also
in off-the-shelf product development, involving production of the installation diskettes and
instructions. Deployment planning has started during the construction phase. The training
of the users of the system starts and the training materials are made. The application is
deployed according to the deployment plan. The deployment diagram can be used in this
phase to show how the run-time system is constructed (Table 3.7).

Table 3.7. Deployment phase.

Roles Activities Artifacts UML Diagrams
AD Produce installation

discs and instructions
Deployment diagram

TL &
EX

Deploy application,
training and educa-
tion material

3.2.10 Project management and quality assurance

Project management and application development leadership are separated in the OOCS
model: the Team Leader is responsible for the latter, and the Project Manager for the for-
mer. We have observed that project management calls for skills that a software profes-
sional does not necessarily have. In addition, an experienced software professional should
concentrate on application development. On the other hand, one experienced project man-
ager can manage two moderate size projects (less than ten members in a project).

Quality assurance is described in the OOCS model from the development point of view,
i.e. showing explicitly the reviews and testing. Of course, all other activities in the project
are subjected to the quality control. QA includes, for instance, activities in project man-
agement: change control and management, version management, reviews of project plan,
QA plan, project and steering committee meetings, etc. From the application development
point of view, we next discuss reviews and testing in more detail (Fig. 3.11).
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Figure 3.11.  Scope of reviews and testing

Reviewing is always used where documents are concerned. Usually, the first draft of a
document is checked by someone other than the author of the document, for instance, the
Team Leader. The formal review is carried out when the document is about to be pre-
sented to the customer (Users), since they accept the documents. However, a draft docu-
ment can be also presented to the Users with a note that the document is only a draft.

Testing begins with test planning. A test plan describes testing as a whole, what is to be
tested, how, when, by whom, etc. The documents provide the basis for the test specifica-
tions. Tests include individual testing, group testing, testing by users, etc. The test results
can be found in error logs. The level of the maturity of the software can be directly de-
duced from the statistics of the error logs (open errors and their severity, defect discovery
rate, etc.).

The application development part of the OOCS model itself is not alone adequate for
software development. Project management and quality assurance are needed to fulfill the
model. The adaptation of the model to the needs of an organization consists of the appli-
cation development part, but the quality aspects of project management are also consid-
ered in parallel with the model’s adaptation.



74

3.3 Example of the model

This project was carried out between May 1999 and December 1999. Deployment and
training started at the beginning of the year 2000 lasting about five months. The product of
this project is an intranet system by which bank officers can sell home insurances to their
customers. Figure 3.12 depicts the business case and outlines the overall system.

 Bank Office

 Bank Office

 Bank Office

  Central Bank

  Insurance Company

 Bank’s Intranet

Connection to Insurance
Company

Fig. 3.12. Outline of the system.

The project had three subprojects. One subproject concentrated on the intranet selling
system, one concentrated on the connections to the other systems of the bank, and one
subproject was devoted to building connections between the bank and the insurance com-
pany. The intranet subproject is described here in more detail.

Each phase is described below in more detail to show the activities inside the phases.
Then we try to pull them together to show how iteration and incrementation work.

3.3.1 System definition

When the project was started the business case was clear: to build a system that sup-
ported the selling of insurances in banks. Thus the functional requirements were quite easy
to put together. Three main user roles were identified: an Administrator manages the
salespersons’ user rights, a Salesperson sells insurances (or actually gives an offer that the
customer accepts) in the bank, a phone Salesperson sells insurances in the call center (‘a
telephone bank’).

The non-functional requirements were also easy to document, since the bank’s strategy
was to build new systems using Microsoft’s internet/intranet technology (Visual Basic,
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ASP, IIS, SQL Server). We emphasize the phrase ‘easy to document’, because the tech-
nology has to be tested anyway. We have noticed that even if the technology is known and
used in projects, there is a need to reconsider the technology once more in every project: is
it suitable for this project, can all the parts of the system be built  with these tools, are
there any new releases from the tool vendor that we should know, etc. In this case the
system to be constructed was the largest intranet system built so far in the bank, and the
connections to the bank’s other systems and the insurance company’s system had to be
defined and tested properly, although connections between the bank and the insurance
company had been established and used before in other systems. There was also a style
guide available that would guide user interface design. The most challenging non-
functional requirement was performance, and moreover, response time: there were seven
points in the system with the upper limit of the response time varying from 5 to 90 sec-
onds. The response time was tested later on in architecture tests.

Most of the work in this phase was carried out during the first month (Figure 3.13). Ac-
cording to our experiences the System Definition phase accounts for 1-3 % of the total
project hours, and in this project it was 2%. However, depending on the project’s nature it
may take much longer. The time spent in this phase depends on the feasibility studies
made beforehand.
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Workload

Fig. 3.13 System definition phase.

The System Definition document consisted of six main chapters (Figure 3.14).
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System Definition Document
1. Introduction

•  A brief introduction to the subject
•  List of Parties and Participants

2. Concepts
•  Main concepts of the system and their definitions

3. Functional and non-Functional Requirements
•  A detailed list of requirements
•  Non-Functional requirements serve as a starting point to

architectural design
4. Limitations

•  What is left out from the system
5. User Roles and Main Activities

•  Connects main user roles and functional requirements
•  Serves as a starting point for use case analysis

6. Main Objects of the System
•  These descriptions provide the basis for object modelling

Fig. 3.14 Content of the system definition document.

There were six iterations (versions) made to the document before it was reviewed and
accepted by the client. Of these six versions three were more or less comment rounds,
while two were reviews made inside MSG before giving it to the customer to be reviewed.
This kind of procedure applies to all documents.

3.3.2 Analysis and design

The Analysis and Design phases follow the three-tier application architecture in the
OOCS process model, i.e. use case analysis and user interface design stand for the pres-
entation tier, class modeling stands for the business logic tier and data modeling and data
base design for the data management tier. The three-tier approach clarifies the activities in
the Analysis phase and guides the team members in this phase. The Design phase adds
technical details to these models.

This phase started by defining the use cases (Figure 3.15). The actors (roles) of the
system and their main functions were described in the System Definition phase making an
input to the use case definitions. Thirty (30) use cases were defined, each use case con-
sisting of its name, description and possible exception(s). In addition, the use cases were
grouped by user roles. In this case the use cases were quite easy to describe because of the
small number of user roles (Figure 3.16). Sometimes when there are several user roles it
may cause some problems to define how to divide an activity into use cases by the user
roles.
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Use Cases Document
1. Introduction

•  A brief introduction to the subject
2. User role-1 and use cases

•  Use case name, description and exceptions
3. User role-2 and use cases

•  Use case name, description and exceptions
4. User role-n and use cases

•  Use case name, description and exceptions

Fig. 3.15. Content of the use case document.

The first accepted document was released after six iterations. Later on during the proj-
ect a couple of use cases needed to be redefined.

Use Case Name Description Exceptions
Changing Customer
information

Salesperson selects customer
whose information he/she wants
to change from Customers list
and moves to Customer informa-
tion screen

If Customer id is got as a
parameter, it cannot be
changed

Next Use Case Description Exceptions

Fig. 3.16. A sample use case.

Class modeling got input from both the bank’s and the insurance company’s earlier
class models, since there was actually nothing new in the system from the business point of
view. The class model was made using a CASE tool.

The user interfaces were defined using the style guide. About fifteen screens were de-
signed during this process. User interfaces utilize use cases and the class model, and this
time there were no major problems thanks to the simplicity of the system and the style
guide. Of course, there are always several opinions about the contents of a screen, but they
belong to design. The seventh version of the document was accepted by the customer, and
the document was updated five times after its initial approval (Figure 3.17a and 3.17b).
This is not a bad thing, but illustrates iteration in the process. Note that reports are also
described in this document.
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User Interfaces Document
1. Introduction

•  A brief introduction to the subject
2. Common features of user interfaces

•  Features that are common to interfaces
•  Style guide used as a basis

3. Screens
•  Description of each screen

4. Reports
•  Description of each report

Fig. 3.17a. Content of the user interface document.

Fig. 3.17b. Contents of a user interface.

Data modeling was derived from the class model also taking into account the data
needed in other systems, i.e. the other systems in the bank and the insurance company
presumed certain data on the insurances that had been sold. Besides data modeling and
database design this activity includes the design of control files, structure of the files on
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the workstation and server, and the data structure of files sent and received between the
systems. All these actually took more time than data modeling and database design. A
combined document was made that put all of this together (Figure 3.18).

          

Class Model and Data Model Document
1. Introduction

•  A brief introduction to the subject
2. File directories

•  Workstation
•  WWW Server
•  Database Server

3. Start-up data
•  Parameters from the system that launches the application

4. Control parameters
•  Some 30 parameter collections that dynamically control the

application’s behavior
5. Class model
6. Data and database model

•  Includes table descriptions
7. Data transfers

•  Data structure descriptions of  transferred data

Fig. 3.18. Content of the class and data model document.

Seven iteration rounds were made before the document was accepted. The document
clearly demonstrates that it is made during both analysis and design.
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Fig. 3.19. Work done in the analysis phase.

Analysis and Design took about 17% of the total resources, which can be considered
slightly less than average (Figure 3.19). User interface design took most of the time (Fig-
ure 3.20). There was a style book for the web user interfaces, but the users had no or very
little experience of these kinds of interfaces. In fact, the users insisted on some changes to
the user interfaces that were in contradiction to the style guide but made their work easier.
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In addition, the class model and the data model were derived (‘inherited’) from the old
systems, so there was less work to be done.

                      

Use cases

User Interfaces

Class Modeling

Data Modeling

Fig. 3.20. Workload percentages of activities in the analysis phase.

3.3.3 Architecture

Architecture in the OOCS model consists of three subarchitectures, which all have to be
solved for application development to be successful. In this case the technology architec-
ture was chosen beforehand, i.e. Microsoft’s internet/intranet technology (Interdev, Visual
Basic, ASP, IIS, SQL Server, etc.). As mentioned before, there is still always a need to
validate the technology, even if it is used in other projects. There were actually three ar-
chitecture test sections in the project. The first architecture test was carried out about
month after the project had started. In these tests the intranet part of the system was tested
using some initial user interfaces, business logic and database. The application architecture
was also tested. The data architecture was tested only partially, since the connections to
the other systems were not ready.

The second architecture test was carried out after about three months of work, when
about 25 % of the system had been coded. This test was much more comprehensive than
the first one. It was carried out in an environment imitating the real run-time environment.
The connections to the other systems were also working. The last large-scope architectural
test took place as part of the acceptance test.
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Architecture Document
1. Introduction

•  A brief introduction to the subject
2. Technology Architecture

•  Development environment
•  Run-time environment

3. Application Architecture
•  Structure of the application
•  Interfaces to other systems

4. Data Architecture
•  Description of data architecture

Fig. 3.21. Content of the architecture document.

About 6 % of the total resources were spent on activities in the Architecture phase
(Figure 3.22). This is more than usually in our projects (2-4 %). However, testing took
about half of the time leaving actually 3 % to architecture design and documentation.
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 Fig. 3.22. Workload in the architecture phase.

On the other hand, the technology architecture was given beforehand, which decreased
the work load. The data architecture was also quite simple, although the system has con-
nections to other systems. It was actually the Application architecture that required plenty
of time.

3.3.4 Construction

When we look at how the efforts on construction are divided during the project, we get
an idea of what iteration and incrementation mean in practice. As can be seen from the
figure, construction started soon after the project itself had started. We can also see how
time spent on construction increased after the Analysis and Design phases and how the
Architecture phase produced results. The peak was reached five months after the project
had started and the effort started to diminish gradually (Figure 3.23).
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Fig. 3.23. Workload in the construction phase.

3.3.5 Testing

The OOCS process model divides testing into four parts. Unit testing covers tests for
single user interfaces, reports, modules and so on. Integration tests handle navigation be-
tween user interfaces, co-operation of modules and co-operation between user interfaces
and reports. System tests include architectural tests like installation of the system (applica-
tion and database, etc.) and normal usage tests, i.e. test cases derived from use cases. Ac-
ceptance tests are carried out by the customers and users of the system. Depending on the
case the project members can take part in testing (Figure 3.24). System tests took about 70
% of the total testing hours, which might be considered quite a high percentage.
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 Fig. 3.24. Workload of testing.

15 test specifications were made in this project. Each test specification consisted of tens
of test cases.

3.3.6 Project management

Project Management includes project planning and tracking as well as the project group
and steering group meetings. As can be seen from figure 3.25, project management takes
the same time irrespective of the phases.
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Project Management normally takes 7-10 % of the entire project. In this case it was 11
%. This can be explained by the three subprojects that had to be kept informed of what
was going on.
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 Fig. 3.25. Hours spent on project management.

About half of the project management hours were spent on planning and tracking, some
35 % on project meetings and the rest on the steering group meetings.

3.3.7 Quality assurance

Quality Assurance consists of inspections, the design of a test plan and test specifica-
tions and, of course, the work carried out by the QA Supervisor. About ten document
reviews, 15 test specification reviews and some 60 code reviews made during the project.
Each code review included several modules.

The QA hours were about 9% of the total hours (Figure 3.26). It is close to normal ac-
cording to our experiences. Inspections took about 70 % of the total hours, test specifica-
tions about 20 % and the rest of the hours were spent on version management.
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Fig. 3.26. Hours spent on quality assurance.
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3.3.8 Summary of hours

Figure 3.27. shows how the hours were used as a whole. Due to quite good prior analy-
sis and design documents, the Analysis and Design Phases  required less work than usu-
ally.

            

System
Definition

Analysis and
Design

Architecture

Construction

Testing

Project
Management

Quality
Assurance

Fig. 3.27. Total hours used in the project.

Project Management and Quality Assurance took about the normal time.



4 Evaluation of the OOCS model

The OOCS model is evaluated in this chapter. The evaluation framework is based on the
three main themes in this thesis: we first evaluate the OOCS from the process model point
of view, then from the architectural point of view, and  lastly from the organizational point
of view.

4.1 Process dimension

The process evaluation starts from the basic concepts of a process and how they appear in
the OOCS process model. In addition, we compare the OOCS model to two other third
generation process models. The tailorability of the process model to the needs of an IT
organization is then discussed. Two examples are described in detail. The last part con-
centrates on projects in which the model is used.

4.1.1 Basic concepts

Phases
There are seven phases in the OOCS model (System Definition, Analysis, Architecture,

Design, Implementation, Test and Deployment). The Architecture phase is not found in
many other models. However, it has been proven to be an important part of the model in
many cases. Especially, when the product is to be developed by new tools or the run-time
environment contains new technology, a thorough search, evaluation and selection of
architecture is needed. Another point to be made concerning the architecture is the visibil-
ity of the three-tier architecture in the phases; the project pays attention to this subject,
because it is explicitly described in the phases. One consequence of this is that data man-
agement (modeling and design of the database) is promoted to the same level of impor-
tance as presentation and business logic. Most of the other models deem this less impor-
tant. In other respects the phases in OOCS model are similar to many other models.

Activities
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The same similarities and differences that were listed above apply to the activities. The
activities are derived from the three-tier architecture (presentation, business logic, data
management) and object-oriented application development (i.e. OOA, OOD, OOP) with-
out forgetting testing, quality assurance and project management.

Artifacts
The artifacts are described by UML in the OOCS model. In addition, Entity-Relation

modeling and notation are recommended to be used in data modeling and design, because
UML does not cover them. Of course, class diagrams can be used, but there is a danger of
confusion when doing so.

Every document can be produced using a template. If a CASE tool is used, templates
have instructions on how to link diagrams to documents.

Roles
The roles have been an integral part of the OOCS process description for a long time.

The idea behind this is that by connecting the roles and activities the work of the Project
Manager becomes easier and the members of the project team know the activities to be
carried out.

There are other process models that have recently concluded this. The roles in the
OOCS model are based on the three-tier architecture: there are roles for each tier and the
Team Leader runs the overall development, while the Project Manager concentrates on
project planning, control and tracking.

Iterative and incremental development
Most process models, including the OOCS, stress iterative and incremental develop-

ment. Iterative development means analyze-design-implement-test loops in which a part of
the application is solved by refining the part in question. Incremental development means
the construction of the application in small parts. The biggest difference in concurrent
development (Aoyama 1993 and 1996) and incremental development is that in the latter
the goal is to construct features of one release at time whereas in concurrent development
the goal is to construct features of several releases concurrently.

Use-Case driven development
The OOCS process emphasizes use cases, but not so intensively as Jacobson et al.

(1992, 1998). Use cases are a good means to capture user requirements, but they also help
user interface design and are a good source to test cases. However, the OOCS process
model does not address their use in analysis, design and construction of business and data
tiers as Jacobson et al. does.

Development in large projects
There are several ways to delegate the work (Meyer, 1995). A typical example of cen-

tralized, sequential development is a turn-key project, where the customer orders the
whole system from a subcontractor. Distributed, sequential development is used, for in-
stance, when customer orders detailed design and implementation from the subcontractor.
A typical example of distributed, concurrent development is a case where a large applica-
tion is divided into smaller parts which can be developed concurrently. Gorton and Mot-
wani (1996) go even further when they add a global dimension into the development, i.e.
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they speak about 24-hour software development (software shift work) when development
teams are globally distributed into different time zones. They prefer distributed, concurrent
(co-operative) and distributed, sequential (delegation structure) development models when
establishing virtual teams. Gorton and Motwani report information exchange and commu-
nication and project management being among the critical success factors. The idea of
structuring the project into teams in the OOCS model results from these ideas behind the
incremental and concurrent development models. In addition, when teams are from differ-
ent organizations and even from different countries, the responsibilities of each team must
be stated cleary. Again, the weaker the couplings between the teams are, the better the
possibility to succeed is.

Reuse
Reuse has been claimed to be one of the cornerstones in object orientation (for instance,

Martin and Odell, 1995). However, practice has shown that it is hard to achieve. Reuse
was first seen as a reuse of classes via inheritance. Application development models of the
first generation emphasized this approach. We call this kind of reuse ‘reuse-in-small’. In
addition, IT organizations were encouraged to establish units or departments responsible
for reuse. These units, called by various names such as Framework Team and Reuse Team
(Goldberg & Rubin, 1995) were aimed at this kind of reusablity. For some time the focus
has been on components and their reuse (reuse-in-large here) and the same organizational
unit has been responsible for common components. Components can be divided into tech-
nical and business components and their ownership into central and distributed, respec-
tively. The reuse in the OOCS model is aimed at business components reuse, i.e. the pri-
mary goal of reuse on the company level is to produce reusable components that are de-
rived from the domain analysis. These kinds of components usually reflect the company’s
main functions and processes. At the project level the teams should be constructed around
the domains so that each team is responsible for developing their own domain components
whereas other teams are responsible for requesting and reusing those components. This
idea is used successfully in Japan (Isoda 1996). It is better that the technical components
are made centrally, because they usually call for technical skills.

4.1.2 Configurability of OOCS

Method engineering according to Brinkkemper (1996) ‘is the engineering discipline to
design, construct and adapt methods, techniques and tools for the development of infor-
mation systems’. This section provides real-life examples on how the OOCS model has
been ‘method engineered’ to the use of IT organizations. The aim is two-fold. The first is
to give an overall picture on how an organization can adapt a new development process
model such as OOCS. The second goal in this section is to describe the method engineer-
ing process in practice via two cases and give some idea on how the process proceeds and
what an organization might expect of such a process.

The OOCS model can be adapted to the needs of an IT organization in the following
way (see Fig. 4.1). First, the OOCS model is introduced to the organization and the current
development model used in the organization is examined. Then, first versions of the in-
structions are written down in the form of quality instructions (versions 0.1 in Fig. 4.1). As
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the pilot project proceeds, detailed instructions are written before each phase or task is
started. Group and individual teaching are also given during the project. Feedback is col-
lected all the time and the model and documentation are improved according to this feed-
back (versions n+1 in the figure). There are usually 5 to 10 iterations until the final version
is reached.

           

  OOCS  Model ver. 0.1

   Work in project

 OOCS  Model ver. n+1

  Document templates
  ver. 0.1

  Instructions ver. 0.1

  Document templates
  ver. n+1

  Instructions ver. n+1

 OOCS  Model ver. 1.0   Document templates
  ver. 1.0

  Instructions ver. 1.0

 Start of the project

 End of the project

Fig. 4.1. Iteration in the adaptation of the model.

As a result of the project the OOCS model is described in the form of a model descrip-
tion and quality instructions (versions 1.0 in the figure). There are usually about 20 docu-
ments, which include the process model, methods and techniques to be used in each phase
and the document templates. In addition, there may be instructions on how to use the
CASE tool and development tools with the model.

Projects vary in size and scope. They may be research projects or development projects,
and further, the project may develop the first or nth release of the application. This all
means that when planning the project, the Project Manager has to recognize its nature and
take those parts of the OOCS model that are needed. This is one of the reasons why the
model is expressed in strict phases, each phase having clear activities and deliverables.

THE FIRST CASE

A typical client/server application was to be built in the first case. It is a good example,
because the development tool was a purely object-oriented one (C++). The project group
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had a good opportunity to learn how to implement objects of the analysis phase as classes
in the construction phase.

System

Organization A was about to start developing a system (System A) when we were asked
for consultation. The system was a typical client/server system with graphical user inter-
faces and relational databases and was to be used all over Finland by one to three users at
each site (there are over 400 sites nowadays using this system), each site with its own
database. The development tool was C++ -based and the CASE tool first used Booch’s
concepts and notation (Booch 1991, 1994). Later versions which were released during the
project also used Rumbaugh et al.’s (1991) concepts and notation (OMT). The relational
database that was chosen had to support many platforms. The whole system (programs and
database) had to run both on a single machine and on a local area network (database on a
server) without changes to the programs.

Organization

The project group (about 10 people) was put together from the Organization’s different
departments. The idea was to send them back after the project to spread the object-
oriented message. The group had taken courses in object-oriented analysis, design and
programming in C++ and were taught the OMT of Rumbaugh et al. (1991). All the mem-
bers of the project team had at least a few years’ experience in software engineering.

The Project

The project team worked almost one year on developing the first version of the soft-
ware. The tailored OOCS model was ready in six months, by which time the process
model had been iterated five times. Detailed instructions and document templates were
produced at the same time.

The creation of the first version took at least one month, although the final version was
not much different from the original one. The reason for this was mainly the software
engineering culture. There were first of all naming and context conflicts, i.e. what does the
System Specification or Analysis or Design phase include? Another problem were the use
cases. The project team was taught OMT, in which scenarios are produced in the design
phase and not in the analysis phase, and it took time to convince them that scenarios and
use cases were not synonyms. At that time (1995) use cases were not taught in OMT
courses, as they were added to the course materials about a year later. The term scenario
remained in the project team’s vocabulary, although it meant a use case. The team also
wanted to combine the construction and test phases, because they were used to doing so.

It took quite some time to accept and understand the process model document. The
project team reflected the model into OMT, which did not have use cases or an architec-
ture phase.

In the second version of OOCS the phasing was changed again. Now the design and
construction phases were combined and testing had its own phase. The main reason for
this was probably the fact that quality aspects were also reconsidered. When the project
team realized that testing includes unit, integration and system tests, they wanted to sepa-
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rate it into a phase of its own. They also understood that the testing of client/server sys-
tems is much more important than that of mainframe systems. If there is an error in a main-
frame program, it can be fixed quickly and all the users will use the new version of the
program immediately, since they are using a centralized system. If there is an error in a
client/server system, it might take the same time to fix the program, but it could take at
least one or two weeks to send new diskettes to all the users around the country.

The third version of the process model document was released about one month after
the first version. A list of concepts was added at the beginning, and the user interface
documents were changed so that the functional logic was moved from the interface docu-
ment to the object model and interaction model documents. This version also described the
roles and responsibilities. There were two points in the team model that the project team
did not agree with on the first occasion. The first point was the role of the Business Object
Developer. The team did not consider it possible or reasonable that some team members
should be responsible for business objects. They thought that everyone had to make his or
her own changes to the business objects (classes). Much later, after many problems, they
realized that it was the only rational way to maintain business objects.

The second problem involved the Organization’s culture: there was a division between
designers and programmers, and the designers did not code. It was quite the opposite in
the role model, however, as an Application Developer had to write use cases, design the
user interfaces, write and draw scenarios and the interaction diagram and code it all. For-
tunately the group was very excited about the project and everyone was more than happy
to do all these tasks.

The fourth version of the process model was released three months later. There was
only one major change in this document. A CASE tool was chosen and its use in the proj-
ect was documented. The CASE tool supported only Booch’s notation, so the project team
had to learn this notation.

The fifth and last version came out about one month later. Most of the changes were
stylistic, since the document was about to be accepted for use. The maintenance phase was
added to this version. Since the first version of the program was in preparation, the main-
tenance phase could be tested in practice a few months later. This version was actually the
one that was taken into use. Later on, when the CASE tool started to support the OMT
notation, the documentation was adapted to it.

Epilogue

The OOCS model document has remained unchanged in its development part, but de-
ployment and change management parts have been added. The OOCS model is being
taught to new designers as a part of their first few weeks of training. Certain projects (es-
pecially client/server projects) use OOCS in their projects, although the company also use
another process model when developing legacy systems, because the development tool for
legacy systems includes a process model of its own.

The architecture phase is used alone when new client/server applications are planned. It
has proven to be a valuable guide when designing new applications that require new tech-
nology.

Business component development is distributed according to their ownership. A small
application was made to support this activity. The application includes the search for com-
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ponents, requesting for them, the status of the development of a component, and their
descriptions.

The OOCS in this case was first aimed at conventional client/server development, but it
is also used when developing cooperative applications.

THE SECOND CASE

The second case was architecturally much more complicated than the first one. The
system to be built was a cooperative one that included Windows-based workstations and a
mainframe server. The functional logic had to be split between the workstations and the
server. The difficulty arose from the implementation of the object model. Different objects
had to be implemented differently depending on the platform. The results of this project
apply to a distributed (multi-server) architecture. The project had two goals. First of all, it
had to tailor the OOCS model to be used in a forthcoming larger project, and secondly, the
model had to be tested in a pilot project, in which a small part of the whole project was put
through all the phases. The feedback from the pilot project was used when evolving the
model. Another part of the pilot project was to develop and test the technology architec-
ture. This part included reusable interface component building and components to be used
with middleware software. As this part is beyond the scope of the thesis, it is left out.

Organization

The project group of about 8 people was put together from one department. The pri-
mary goal was to create instructions and documentation to be used in a department of
about 25 workers. The secondary goal was to give it later to the main IT department. The
documentation was reviewed by a member of that department and his comments and feed-
back were taken into account. In the group there were two members with a good object-
oriented background. There were also novices with no or little knowledge about object
orientation. However, all the members were experienced software engineers.

Project

The pilot project lasted about six months, and the development of the OOCS model and
other documentation took about four months.

The process model from which the tailoring started was the same as in the first case, but
this time the technology architecture was much more complicated. There was a mainframe
acting as a server and workstations connected to it. The process model had to take into
consideration that there could be database(s) in the LAN (Local Area Network). Of
course, the system specification or analysis phases did not involve any changes caused by
the technical architecture (no process model should). The difference between this case and
the preceding one can be seen in the deliverables of the design phase. The design phase is
always performed with the implementation architecture (both development and operational
architecture) in mind. In this case there were two kinds of implementation instructions
depending on the development tool. One reason for this was that the Organization had
developed good standards on how to document and implement mainframe services and it
also had a browser with which one could find the desired services.
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The first version of the process model was the same as the original one except that the
service descriptions of the classes (methods, operations) were separated from the object
model document, for the reason explained above. Otherwise, the review of the first version
was more or less academic. There was a debate about the terms object and class, which
concepts and descriptions should be used, etc. This debate continued later until the fourth
version, in which the terms were fixed. A Component Developer’s role was added to the
original list. This role was responsible for the technical components.

The errors and comments arising from the first version were corrected in the second
version. This version was given to the whole project group for comments and reviews.

A user manual was added to the third version of the process model. The idea was that
the users should write descriptions of their work. Thus the use cases, user manual and later
on user interfaces formed a triangle that users could easily follow and understand. The
user manual was not meant to be a manual (a text book) but the first version of the on-line
help. This third version was also the first one that was taken into use in the pilot project. It
was ready about month after the first version.

At the same time as process model development was proceeding, development of all the
detailed instructions and document templates was taking place. The whole documentation
consists of about 20 documents and templates. The OOCS process model description
document is the lincpin between them.

The fourth version of the process model was written about a month after the third. The
project group had gone through the system definition and analysis phases, and nearly all
the documents had been written at least once (one to three iterations) in the analysis phase.
This version was updated according to feedback from the project group using the third
version and other documented material (e.g., use cases and user interface documents).
There were no major changes to the documents, but certain details were clarified.

The fifth and sixth versions of the document consisted of stylistic updates. Figures were
improved and some were added, and in particular the flowcharts for each phase were
drawn again to make them more informative. They imitate quite closely the flowcharts
shown in Chapter 3.

The seventh version was updated about one month after the fourth. This update was
much like that of the fourth version. The project group had worked one more month. They
had made some iterations in the analysis and design phases and had written some code.
The feedback focused again on details of the process model and on other documentation.

In the final, eighth version the documenting of the functional logic was clarified once
more. Three kinds of functional logic and their documentation were distinguished: the
functional logic of user interfaces, the functional logic of services in workstations and
servers, and the functional logic of components as a special case of the latter. This version
was also the one accepted for use (version 1.0) and sent to the other IT department.

Epilogue

The documentation has been given to the other department of the organization and will
be used in new projects when they start. The CASE tool selected in this Organization
supported both use cases and object modeling with OMT notation. It also had an interac-
tion modeling possibility and data modeling capabilities. The tool supports the developers’
work and the document templates are partially adapted with this tool in mind. The roles
matched quite nicely in this project. While the focus in the first case was on the Business
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Object Developers, that in the second case was more on the technical component develop-
ers.

4.1.3 The OOCS process in practice

This section comprises a summary of the usage of the OOCS process in practice. The
material was gathered from interviews with developers, customer feedback and quality
metrics from the projects. Because the data material is not very large, the outcomes cannot
be consider statistically relevant. However, the results provide interesting information on
the effects of a well-defined process.

The OOCS process could be illustrated similarly to the Unified Process (Fig. 4.2). Be-
cause OOCS solves architectural problems centrally and also contains deployment tasks as
an independent activity, there are two extra workflows in the figure. In addition, the test
workflow is intensified by reviews (or inspections) to emphasize the QA aspect, and proj-
ect management is shown as an independent workflow.
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Fig. 4.2. Workflows and phases in the OOCS process.

The architecture workflows start after the first architecture requirement drafts have been
discussed and they usually proceed in parallel with the analysis.

The OPEN process might be characterized as iterative and incremental (they also use
the term evolutionary), seamless (no ‘gaps’ between analysis and design) and tailorable (to
organizational software development culture and current needs). In fact, tailorability char-
acterizes the OPEN process best, because the OPEN process specification (Graham et al.
1997) lists activities, tasks of every activity and techniques needed to carry on tasks (de-
tailed technique descriptions can be found in Henderson-Sellers & Younessi, 1997). The
process model is described on a very general level to allow organizations to use their own
process model or develop one from the given guidelines.

A comparison of OPEN, OOCS and UP (the Unified Process) might lead to following
findings:
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•  UP and OOCS can be taken into use quite quickly, while OPEN might need more
planning.

•  UP and OOCS are quite similar, but OOCS emphazises the three-tier architecture
more.

•  Architecture is underlined in both OOCS and UP, but only OOCS treats architec-
ture from three points of view (technology, application and architecture)

•  OPEN’s described tasks and techniques are a valuable addition to both OOCS and
UP.

•  UP and OOCS uses UML, whereas OPEN has COMN. However, COMN can be
replaced by UML in OPEN (but not totally).

•  UP and OOCS explicitly connect the roles and activities in the process model,
whereas OPEN admits this need, but does not address it particularly.

There is another classification of process models. Graham et al. (1997, pp. 273-275)
places methodologies into three categories. Complete methodologies (level 3) ‘are com-
plete descriptions of the software development process in that they contain all the ele-
ments necessary to run a commercial project successfully’. Core/pilot methodologies
(level 2) ‘are focused on particular areas of the software development process or are less
complete in their description of the process’. Teaching methodologies (level 1) ‘are used
for teaching OO development to users and students’. From the third generation method-
ologies (process models) the Unified Software Process model (Jacobson et al. 1998) with
all its co-products (Kruchten 1998) is at level three, whereas OPEN might be currently at
level two. However the OPEN with MeNtOR (Graham et al. 1997, p. 273-275) is going
towards level three. The OOCS model is at level two (as was its aim to start with). Extra
work is needed to raise it to level three. There are no intentions to develop supportive
tools or large mentor libraries, but to adapt the process model to the existing software
development culture of an organization and to select the CASE tools from existing ones.
In this way, inside one organization, OOCS can reach level three.

4.2 Architectural dimension

Information Technology has changed rapidly in the last decade. Object-oriented technol-
ogy and client/server architecture appeared in the beginning of the 90s, then came distrib-
uted architecture, cooperative systems and, eventually, internet and wireless communica-
tion have introduced a vast variety of new possibilities. Has this affected application de-
velopment process ? We feel that it should have. Most of the process models consider the
technology issues between analysis and design phases. However, they usually state that
design is made with the chosen technology in mind. This is a sufficient statement if a
proven technology is used. If there are any risks in the technology, they should be exam-
ined thoroughly to mitigate them. Technology issues are emphasized in the OOCS model.
In our experience, the three subarchitectures form an extensive framework for the man-
agement of technology. The explicit three tier client/server application architecture has
clarified all the phases of the development model. It has also influenced the role defini-
tions.
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Architecture in software development usually refers to application (software) architec-
ture. Application architecture is an essential, but not adequate part of architectural design.
Before application architecture can be designed, we have to decide which development
technology will be used and what the target technology environment is. In addition, data
architecture is a relevant part of many applications. Large companies may have subsidiar-
ies all over the world, while small companies establish networks; these are just two exam-
ples where data distribution is needed. Current database technology makes it possible to
move parts of the application to be taken care of by the database server.

Microsoft’s (1993) solutions architecture was adopted as a part of the OOCS model in
the very beginning. It has proven to be a valuable addition in real life projects, because
technology changes so rapidly. The architecture phase has been carried out on its own
several times just to mitigate the risks of new technology. In addition, many projects have
carried out the System Definition and Architecture phase activities side by side. As a mat-
ter of fact, the System Definition phase consists of functional and non-functional require-
ments, whereas non-functional requirements usually deal with technological issues.

We suggest that an architectural dimension improves any process model and removes
many technological risks in the projects.

4.3 Organizational dimension

This thesis proposes roles that we have found suitable for object-oriented client/server
application development. The roles are derived from the object-oriented paradigm and
client/server architecture (three-tier architecture). We see that small teams should be es-
tablished around business objects/components, and each business component should be
owned by exactly one Business Object Developer. The client/server application architec-
ture divides the application into three (or more) tiers, and each tier’s development should
be occupied by a certain developer role. Application Developers focus on the presentation
tier, Business Object Developers on the business logic tier, and Database Developers on
the data management tier. A Team Leader is needed to control the work of these develop-
ers and be an architect of the application. He/she must see the application as whole. Proj-
ect Manager manages project issues like schedule, resources, risks, and so on. There may
be several small teams in one project. The teams need to have a common goal to succeed,
but above all, they need to communicate. To succeed in communication, the teams need a
common process model (like OOCS) and a common modeling language (like UML). Of
course, there are many other factors that contribute to the project’s success. Use cases are
a good means for communication; they are easy to learn and use. User involvement is one
of the crucial elements in successful projects. It must also be noted that IT is taught nowa-
days starting from the elementary school. Younger users in particular are familiar with
computers and can communicate with IT professionals surprisingly well.

Quality Assurance controls that everyone complies with the process model and follows
all the instructions. The Unified Process (Jacobson et al. 1998) follows the idea of roles
and activities as a part of the process model. Their example probably makes other process
researchers define roles and furthermore, assign them to activities in their process models.
After using this approach in the OOCS for many years we can recommend it.
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The roles have been adopted with a positive attitude. However, some problems are met
in the organizations (Kivistö 1999) trying to adapt these roles. One of the main problems
is that in the OOCS the developer roles (Application Developer, Business Object Devel-
oper and Database Developer) are assumed to participate in analysis, design and coding,
but in many organizations those who are Analysts do not design and/or code. This is actu-
ally a matter of status. There are at least two reasons why this attitude should be changed.
Firstly, Analysts usually are experienced designers and programmers and their contribu-
tion would be valuable. Secondly, the object-oriented paradigm aims at seamless transition
between the phases. When the actor changes between the phases some knowledge is lost.

The issue of roles is a very large field. It needs an improvement plan and a lot of work,
commitment and support by the management and personal commitment in order to suc-
ceed (Humphrey, 1997). It takes much longer than the adoption of a new process. Con-
necting the roles and activities in the process model helps in this progress.

4.4 Summary

This chapter has given some material for the evaluation of the model. Of course, we are
incapable to make an unbiased evaluation. New and enhanced models from other sources
will appear in the near future and the evaluation of them and OOCS might be one prospect
for future research. A clear advantage of OOCS compared to other models is that it joined
ideas and models that are now in focus (use cases, component development, architecture,
data modeling as part of the process, roles and activities as part of the process model, etc.)
earlier than the others. Thus, there is practical evidence of the model’s suitability for or-
ganizations. Architectural considerations are gaining more attention due to the distributed
(for instance, cooperative and internet) environments. The OOCS model has always em-
phasized architecture as a part of the overall process model. Distributed applications are
one more reason to think over the roles of the developers. The roles are an internal part of
the OOCS model. They are designed to meet the challenge of distributed applications
development.



5 Conclusions

This chapter summarizes the work that has been done, lists the contributions and out-
lines the main prospects for future research.

5.1 Summary

The OOCS model described in this thesis has merged several process models together and
evolved through practical experiences. Chapter 2 concentrated on related work in the three
key areas of the model. Firstly, the object-oriented application development models were
arranged into three generations. The first generation models brought object-oriented de-
velopment into the main stream. The second generation models were influenced by prac-
tice and other models and the third generation is still going on. Today’s models are quite
sophisticated and use commonly accepted modeling notation (UML). Unfortunately, there
is a competing camp with a notation of their own (OPEN’s COMN). However, their proc-
ess model (OPEN) can be used with UML. Despite the OOCS model being a third genera-
tion model, it was released in 1995 during the era of second generation models.

The literature study on architectural issues looked at the topic from three architectural
points of view: Technology Architecture, Application Architecture and Data Architecture.
We wanted to stress that solving the problems of  the application’s (software’s) architec-
ture is only a part of the whole problem area. Problems in Technology and Data Architec-
ture must also be solved in order to succeed in application development.

The third part of the literature study was dedicated to role issues. The roles proposed by
other researchers were described and discussed. Many researchers have far too many roles,
while in the OOCS the idea is to minimize the number of them.

Chapter 2 served as a background to Chapter 3, where the roles and OOCS model were
described. The chapter started by describing the history of roles and continued by defining
them. Then, the evolution of the model was described, followed by a detailed breakdown
of the process phases in the model. Each phase was described including the roles needed,
activities to be carried out, and artifacts to be produced. The chapter ended with an exam-
ple of the model. Chapter 3 is thus the main chapter in this thesis. Although the model has
a strong basis and it has been proven in practice, it cannot be claimed to be the best model
of all because process models evolve all the time. In the beginning this model was differ-
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ent as it joined together ideas from separate models, which had not been done before.
Now, the prevailing consensus accepts this as being a good way to create effective models.
We must also remember that no one process model is suitable for all situations, but IT
organizations should have several models, each for a different purpose. The OOCS model
works best in object-oriented client/server projects, which are both user and data centric. It
has also helped novice developers in object-oriented development by identifying the roles
and activities.

The model was evaluated in Chapter 4. The evaluation was made from various points of
view and the objective was to give the reader a picture of how the model handles the fea-
tures of a process model. Of course, the evaluation is partly subjective and more objective
evaluation is needed, which is one viable area for future research. The model joins three
dimensions that are not seen in other models. Firstly, the architectural focus in the OOCS
model is aimed at helping the developers when they construct complex applications for
heterogeneous, distributed platforms. Secondly, the roles of the developers are defined to
help distributed development and to make the developers’ work easier by joining the roles
and activities in the process. Concurrent development in small teams is nowadays a key
success factor in application development. The OOCS model is suited to this kind of de-
velopment. The process itself is the third dimension. As process models in general, it con-
sists of phases, activities and deliverables, and encourages iterative and incremental devel-
opment. The above mentioned two extra dimensions make it different from many other
models. By including them in the process model it makes the OOCS model worthwhile to
adopt by IT organizations.

5.2 Contributions

The OOCS model is based on both client/server architecture and object-oriented appli-
cation development. The model also ties the project team into the model by role defini-
tions. These three aspects (dimensions) are combined in a way not found in other models.
The model has evolved during the last few years. The feedback from practical projects has
been the driving force when redeveloping the model. Another remarkable change has been
caused by the new process notation language (the Unified Modeling Language). This no-
tation was adopted in the latest version of the model. The third improvement is due to
feedback from internet and cooperative projects, although this has caused only minor
changes to the model. The model provides a good basis for component-oriented develop-
ment, although more practical experience is needed to prove it. The role concept needs
more practical experience to evolve further. The contributions of this thesis can be listed
as follows:

Configurability

One goal while developing the OOCS model was to make each phase independent of
each other. This means that when a new project starts, the Project Manager can pick up
those parts of the model which are needed or he/she can join phases in small projects. The
use of the Architecture Phase alone is one example of this. The OOCS process model can
also be configured to other IT organizations. A couple of cases were demonstrated.
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In addition, an IT organization can adopt the model as-is or make the changes needed to
adapt it to their use. An example of the adaptation process was represented in Chapter 4.

Defined roles and responsibilities

The roles and responsibilities that we have defined in Chapter 3 have been found use-
ful. The roles are derived from the three-tier client/server application architecture (pres-
entation tier, business logic tier and data management tier) where each tier has its own
specialists. In addition, teams are established around the Business Object Developers
(business object owners). Team Leaders concentrate on guiding the application develop-
ment, while the Project Manager concentrates on guiding the project and its members. One
goal when developing the OOCS model was to tie together the application development
life cycle model and the project team’s roles. As stated in the previous contribution, the
roles and activities are connected in the model which is not seen in other models.

Emphasis on Client/Server architecture

The OOCS model was developed to be used in heterogeneous client/server platforms,
where client/server also covers distributed and cooperative platforms. The model puts a
heavy emphasis on architectural issues. The three-tier client/server architecture is consid-
ered in every phase of the model. Although the three-tier division is mentioned, the model
also fits the development of distributed applications where there may be several tiers. The
model also handles all the three subarchitectures (technology, data, application) that are
present in every client/server project, but are rarely given any extra attention. The model
has a specific architecture phase where technical, data and application-specific features are
described centrally.

Tailored, operative applications in focus

The model is suited to operative systems development as opposed to embedded, real-
time systems. The model suits the development of tailored applications, which are both
user-centric (a lot of user interfaces) and data-centric (databases are large and in heavy
use). All the projects where OOCS has been utilized have involved tailored applications
development. However, there seems to be no reason why this model should not be suitable
for software product development.

The model joins practices from three dimensions

The model gathered the best parts of well-known object-oriented application develop-
ment models (process dimension). It has also been tested in real projects in a few organi-
zations and it has evolved from the feedback from those projects as well as from new
discoveries and practices in the field of object-oriented application development. In addi-
tion, the model joins the roles of the developers (organizational dimension) and cli-
ent/server architecture (technical dimension) into a process model in a way not seen else-
where.
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5.3 Prospects for future research

This thesis can be used as a starting point for several research topics. Some of the inter-
esting ones are listed below.

1. Validation and redevelopment of the model

The validation of the model should be continued by other researchers and practicians.
Companies are also free to adapt the model to their needs. The feedback from these adap-
tation processes provides valuable information when developing the model. The OOCS
process model has been developed for organizations making tailored applications. The
implementation of the model in product development organizations and feedback from
them would be especially valuable. As the application development is  constantly evolving
process, the model will need updating from time to time.

2. Model’s connections to other processes

Although not treated in this thesis, the OOCS model (as any software process model)
has connections to other processes like Software Configuration Management (SCM),
Software Process Improvement (SPI), Project Management (PM) and Quality Assurance
(QA), the last two of which were discussed to some extent in this thesis. It could be inter-
esting to study these connections in more detail.

3. Roles and responsibilities

The role issue calls for more practical experience. The whole issue is much broader
than the scope of its discussion in this thesis. For instance, we have encountered resistance
when we have introduced the roles. This is quite predictable and acceptable since people
are afraid of change, per se. The research might involve both sociological (for instance,
how the new roles are accepted) and technical aspects (for instance, skills and training in
Humphrey (1997)).
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